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1.0  SUMMARY DESCRIPTION 
 
In accordance with 10 CFR 50.90, Energy Harbor Nuclear Corp. is providing this 
evaluation in support of amending Renewed Facility Operating License No. NPF-3 for 
the Davis-Besse Nuclear Power Station, Unit No. 1 (DBNPS). The proposed change in 
the design basis would accept laminar concrete cracking of a limited width in the outer 
reinforcement layer of the shield building containment structure as discussed in the 
updated final safety analysis report (UFSAR). The proposed changes to the DBNPS 
UFSAR require prior Nuclear Regulatory Commission (NRC) approval. 
 
2.0  DETAILED DESCRIPTION 
  
2.1  System Design and Operation 
 
As described in Section 1.2.10 of the UFSAR, the containment system consists of two 
structures: a steel containment vessel and a reinforced concrete shield building, and 
their associated systems. The containment system provides protection for the public 
from the radiological consequences of a hypothetical accident discussed in Chapter 15 
of the UFSAR.  
 
The containment vessel, including all its penetrations, is a low-leakage steel structure 
designed to withstand a postulated loss-of-coolant accident and to confine a postulated 
release of radioactive material. It is a cylindrical pressure vessel with hemispherical 
dome and ellipsoidal bottom. It houses the reactor vessel, reactor coolant piping, 
pressurizer, pressurizer quench tank and coolers, reactor coolant pumps, steam 
generators, core flooding tanks, letdown coolers, and containment air cooling and 
recirculating systems.  
 
The containment vessel is completely enclosed by a reinforced concrete shield building 
having a cylindrical shape with a shallow dome roof. An annular space is provided 
between the wall of the containment vessel and the shield building, and clearance is 
also provided between the containment vessel and the dome of the shield building. With 
the exception of the concrete under the containment vessel there are no structural ties 
between the containment vessel and the shield building above the foundation slab. 
Above this there is freedom for differential movement between the containment vessel 
and the shield building 
 
The shield building is designed to provide biological shielding during normal operation 
and from hypothetical accident conditions. The building provides a means for collection 
and filtration of fission product leakage from the containment vessel following a 
hypothetical accident through the emergency ventilation system, an engineered safety 
feature designed for that purpose. In addition, the building provides environmental 
protection for the containment vessel from adverse atmospheric conditions and external 
missiles. The shield building is a nuclear safety-related, seismic Class 1 structure 
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important to safety and designed to remain functional in the event of a maximum 
possible earthquake and design basis events. 
 
The reinforced concrete shield building was designed in accordance with American 
Concrete Institute (ACI) 307-69, “Specification for the Design and Construction of 
Reinforced Concrete Chimneys,” and checked by the ultimate strength design method 
in accordance with ACI 318-63, “Building Code Requirements for Reinforced Concrete.” 
Load combinations specified in ACI 307-69 provide the design basis of the shield 
building. Further details of the shield building design and design bases are provided in 
Section 3.8.2.2 of the UFSAR. 
 
2.2  Current Requirements 
 
As described above, UFSAR Section 3.8.2.2 specifies that the design of the shield 
building structure conforms to ACI 318-63 and ACI 307-69. In accordance with ACI, the 
shield building design includes adequate reinforcing in the concrete walls, dome, and 
foundation to resist design forces and control cracking due to concrete shrinkage and 
temperature gradients. However, the ACI codes do not specify allowable limits or 
discuss the acceptability of laminar concrete cracking in regards to structural behavior 
or capacity of the shield building. 
           
2.3  Reason for the Proposed Change 
 
Laminar concrete cracking in the plane of the outer reinforcement mat of the shield 
building was observed in 2011 while creating a temporary opening for the reactor 
pressure vessel head replacement. The Shield Building Monitoring Program described 
in Section 18.1.43 of the UFSAR supplements the Structures Monitoring Program and 
monitors for extent and width of concrete cracking, as well as visible change of material 
properties and loss of material for both concrete and rebar in areas of laminar concrete 
cracking. 
 
The intent of Energy Harbor is to repair areas of laminar cracking. However, some 
areas where laminar cracking has been observed have limited access for repair. 
Laminar cracks in these areas, less than or equal to 0.050 inches, would not be 
immediately repaired; however, these areas would continue to be part of the monitoring 
program described above. The proposed change would be to the shield building design 
basis to specify that cracks less than or equal to 0.050 inches are acceptable and do 
not affect the structural behavior or capacity of the shield building. 
 
2.4 Description of the Proposed Change 
 
As indicated above, the shield building design includes adequate reinforcing in the 
concrete walls to resist design forces and control cracking due to concrete shrinkage 
and temperature gradient. The original structural analysis did not include allowance for 
laminar concrete cracking. Recent analysis, discussed below, determined a laminar 
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concrete crack width that has a negligible effect on the overall stiffness, dynamic 
characteristics and performance of the shield building and is therefore deemed 
acceptable. 
 
The proposed change will update the UFSAR with a statement that laminar concrete 
cracks with widths less than or equal to 0.050 inches in the outer reinforcement layer of 
the shield building are acceptable in the design bases without explicit consideration in 
the analysis. Laminar concrete cracks with a width greater than 0.050 inches would be 
repaired. 
 
3.0  TECHNICAL EVALUATION 
 
In order to support the proposed change, conservative experimental tests and analyses 
have been performed and are presented in Attachment 1, Bechtel Power Corporation 
Technical Report, 25884-000-30R-C01R-00002. The report concludes that crack widths 
of up to 0.050 inches have no adverse impact on the capacity of the reinforcing bars to 
perform their intended function, ensuring shield building structural adequacy. Also, 
composite action of the shell, overall structural response, and serviceability and 
durability of the shield building are not adversely impacted with laminar concrete 
cracking up to 0.050 inches. The monitoring program ensures that any exceedance in 
cracking is adequately identified and addressed. 
 
The test results show that the outer circumferential reinforcement bars maintain their full 
design capacity with the presence of laminar concrete cracks with widths up to 0.050 
inches. Additionally, review of the load-deflection behavior of the specimens in the test 
programs does not indicate any significant change in the reloading stiffness of 
specimens after introduction of the laminar concrete cracks with widths exceeding 0.050 
inches. 
 
The shield building is designed for all applicable loads and load combinations in 
accordance with UFSAR Section 3.8.2.2.4, including dead and live loads, wind and 
tornado loads, and operating basis and safe shutdown earthquakes. The controlling 
load combinations for the design of the shield building involve the design basis safe 
shutdown earthquake, for which the shield building will behave like a cantilever where 
most of the forces are transferred through in-plane shear and axial membrane forces 
and very little through out-of-plane bending of the shell. The laminar concrete cracking 
has no impact on in-plane stiffness of the cylindrical shell, which will resist most of the 
applicable seismic loads. For thermal and tornado loads that produce hoop tension and 
moment, the existence of laminar concrete cracking does not change the concrete 
section behavior since the concrete shell is already assumed to be cracked through-
thickness. The applicable tension forces are primarily resisted by the hoop 
reinforcement, which were demonstrated in testing to maintain their design function with 
crack widths up to 0.050 inches. Therefore, it is concluded that no changes need to be 
made to the analytical model in order to account for the effect of the limited laminar 
concrete cracking on shield building stiffness. 
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Therefore, the effect of laminar concrete cracking on the overall stiffness, dynamic 
characteristics, and performance of the shield building is negligible. 
 
Finally, the ability of the shield building to perform its other UFSAR-described design 
functions of biological shielding and a boundary for the emergency ventilation system 
are not affected by the laminar concrete cracking. Laminar concrete cracking does not 
reduce the concrete thickness required for adequate biological shielding.  Also, the 
laminar concrete cracking in the outer reinforcement mat of the shield building will not 
degrade the shield building pressure boundary since it does not penetrate through-wall. 
 
4.0  REGULATORY EVALUATION 
 
4.1  Applicable Regulatory Requirements / Criteria 
 
The following regulatory requirements and guidance are applicable to this license 
amendment request. 

 
• As reflected in Section 3 of the UFSAR, the following General Design Criteria are 

applicable to this proposed change. Appendix A to 10 CFR Part 50 - General Design 
Criteria for Nuclear Power Plants: 

 
Criterion 1 - Quality Standards and Records. Structures, systems, and components 
important to safety shall be designed, fabricated, erected, and tested to quality 
standards commensurate with the importance of the safety functions to be 
performed. Where generally recognized codes and standards are used, they shall be 
identified and evaluated to determine their applicability, adequacy, and sufficiency 
and shall be supplemented or modified as necessary to assure a quality product in 
keeping with the required safety function. A quality assurance program shall be 
established and implemented to provide adequate assurance that these structures, 
systems, and components will satisfactorily perform their safety functions. 
Appropriate records of the design, fabrication, erection, and testing of structures, 
systems, and components important to safety shall be maintained by or under the 
control of the nuclear power unit licensee throughout the life of the unit. 
 
Criterion 2 - Design Bases for Protection Against Natural Phenomena. 
Structures, systems, and components important to safety shall be designed to 
withstand the effects of natural phenomena such as earthquakes, tornadoes, 
hurricanes, floods, tsunami, and seiches without loss of capability to perform their 
safety functions. The design bases for these structures, systems, and components 
shall reflect: (1) appropriate consideration of the most severe of the natural 
phenomena that have been historically reported for the site and surrounding area, 
with sufficient margin for the limited accuracy, quantity, and period of time in which 
the historical data have been accumulated, (2) appropriate combinations of the 
effects of normal and accident conditions with the effects of the natural phenomena 
and (3) the importance of the safety functions to be performed. 
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Criterion 4 - Environmental and Dynamic Effects Design Bases. Structures, systems, 
and components important to safety shall be designed to accommodate the effects 
of and to be compatible with the environmental conditions associated with normal 
operation, maintenance, testing, and postulated accidents, including loss-of-coolant 
accidents. These structures, systems, and components shall be appropriately 
protected against dynamic effects, including the effects of missiles, pipe whipping, 
and discharging fluids, that may result from equipment failures and from events and 
conditions outside the nuclear power unit. However, dynamic effects associated with 
postulated pipe ruptures in nuclear power units may be excluded from the design 
basis when analyses reviewed and approved by the Commission demonstrate that 
the probability of fluid system piping rupture is extremely low under conditions 
consistent with the design basis for the piping. 
 
Criterion 16 - Containment Design. Reactor containment and associated systems 
shall be provided to establish an essentially leak-tight barrier against the 
uncontrolled release of radioactivity to the environment and to assure that the 
containment design conditions important to safety are not exceeded for as long as 
postulated accident conditions require. 
 
Criterion 50 - Containment Design Basis. The reactor containment structure, 
including access openings, penetrations, and the containment heat removal system 
shall be designed so that the containment structure and its internal compartments 
can accommodate, without exceeding the design leakage rate and, with sufficient 
margin, the calculated pressure and temperature conditions resulting from any loss-
of-coolant accident. This margin shall reflect consideration of (1) the effects of 
potential energy sources which have not been included in the determination of the 
peak conditions, such as energy in steam generators and energy from metal-water 
and other chemical reactions that may result from degradation but not total failure of 
emergency core cooling functioning, (2) the limited experience and experimental 
data available for defining accident phenomena and containment responses, and (3) 
the conservatism of the calculational model and input parameters. 

 
• Codes and Standards: 

 
American Concrete Institute (ACI) 307-69, “Specification for the Design and 
Construction of Reinforced Concrete Chimneys,”  
 
ACI 318-63, “Building Code Requirements for Reinforced Concrete.” 

 
The test results in Attachment 1 show that the outer circumferential rebars maintain 
their full design capacity with the presence of laminar concrete cracks with widths up to 
0.050 inches. Therefore, laminar concrete cracking up to this width has no effect on the 
structural behavior or capacity of the shield building considering reinforcement 
engagement, composite action of the shell, overall structural response, and 
serviceability/long term durability of the structure. In conclusion, the effect of laminar 
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concrete cracking up to this width on the overall stiffness, dynamic characteristics and 
performance of the shield building is negligible. 
 
The proposed change does not affect compliance with the specified regulations or 
guidance and will ensure that the lowest functional capabilities or performance levels of 
equipment required for safe operation are met. 
 
4.2  No Significant Hazards Consideration Analysis 
 
Pursuant to 10 CFR 50.90, Energy Harbor Nuclear Corp. is submitting a request to 
amend the Renewed Facility Operating License No. NPF-3 for the Davis-Besse Nuclear 
Power Station, Unit No. 1. The proposed change would accept a limited width of laminar 
concrete cracking along the outer reinforcement layer in the design basis of the shield 
building containment structure as discussed in the updated final safety analysis report. 
 
Energy Harbor Nuclear Corp. has evaluated whether or not a significant hazards 
consideration is involved with the proposed amendment by focusing on the three 
standards set forth in 10 CFR 50.92, "Issuance of amendment," as discussed below: 
 

1.  Does the proposed amendment involve a significant increase in the probability or 
consequences of an accident previously evaluated? 
 
Response: No 
 
The shield building functions to protect against and mitigate potential accidents. 
The proposed change of laminar concrete cracking in the outer reinforcement 
layer up to the width of 0.050 inches has been evaluated with a conclusion that 
the effect on the overall stiffness, dynamic characteristics, and performance of 
the shield building is negligible. Based on this, the shield building capability to 
perform its specified design function is maintained. The proposed change does 
not involve a significant increase in the probability of an accident previously 
evaluated. 
 
The effect of the proposed change on the overall shield building integrity and 
structural capability have been determined to be negligible. Also, the ability of the 
shield building to perform its other UFSAR-described design functions of 
biological shielding and a boundary for the emergency ventilation system are not 
affected. Since the shield building function is maintained, there will not be a 
significant increase in the consequences of a previously evaluated accident. 

 
Therefore, the proposed amendment does not involve a significant increase in 
the probability or consequences of an accident previously evaluated. 
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2.  Does the proposed amendment create the possibility of a new or different kind of 
accident from any accident previously evaluated? 
 
Response: No 
 
The proposed change of laminar concrete cracking in the outer reinforcement 
layer up to the width of 0.050 inches has been evaluated with a conclusion that 
the effect on the overall stiffness, dynamic characteristics, and performance of 
the shield building is negligible. The proposed change does not affect the design 
function or operation of the shield building or any other plant system, structure or 
component. Laminar concrete cracks up to 0.050 inches are shown to be 
negligible with cracks greater than 0.050 inches requiring repair. Based on this, 
there are no new failure mechanisms or accident initiators created by this 
proposed change. 
 
Therefore, the proposed amendment does not create the possibility of a new or 
different kind of accident from any previously evaluated. 
 

3.  Does the proposed amendment involve a significant reduction in a margin of 
safety? 
 
Response: No 
 
The proposed amendment is requesting approval of changes to the UFSAR and 
shield building design basis to allow a limited width of laminar concrete cracking 
along the outer concrete reinforcement layer of the shield building. The current 
licensing and design basis does not provide an explicit acceptance value for 
laminar concrete cracking, this change specifies a value of 0.050 inches. 
 
Experimental test results have shown that the outer circumferential reinforcement 
bars maintain their full design capacity with the presence of laminar concrete 
cracks with widths up to 0.050 inches. Conservatisms included in the tests 
included concrete strength differences between tested and as-built, not including 
the effect of staggering of spliced reinforcement bars in the tests, and not 
including the curvature of the shield building in the tests. It is concluded that the 
effect of laminar concrete cracking up to this width on the shield building design 
is negligible and the margin of safety is maintained.  
 
Therefore, the proposed amendment does not involve a significant reduction in a 
margin of safety. 
 

Based on the above, Energy Harbor Nuclear Corp. concludes that the proposed 
amendment does not involve a significant hazards consideration under the standards set 
forth in 10 CFR 50.92(c), and, accordingly, a finding of "no significant hazards 
consideration" is justified. 
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4.3  Conclusions 
 
In conclusion, based on the considerations discussed above, (1) there is reasonable 
assurance that the health and safety of the public will not be endangered by operation in 
the proposed manner, (2) such activities will be conducted in compliance with the 
Commission’s regulations, and (3) the issuance of the amendment will not be inimical to 
the common defense and security or to the health and safety of the public. 
 
5.0  ENVIRONMENTAL CONSIDERATION 
 
A review has determined that the proposed amendment would change a requirement with 
respect to installation or use of a facility component located within the restricted area, as 
defined in 10 CFR 20, or would change an inspection or surveillance requirement.  
However, the proposed amendment does not involve (i) a significant hazards 
consideration, (ii) a significant change in the types or significant increase in the amounts of 
any effluents that may be released offsite, or (iii) a significant increase in individual or 
cumulative occupational radiation exposure.  Accordingly, the proposed amendment 
meets the eligibility criterion for categorical exclusion set forth in 10 CFR 51.22(c)(9). 
Therefore, pursuant to 10 CFR 51.22(b), no environmental impact statement or 
environmental assessment need be prepared in connection with the proposed 
amendment.  
 
6.0  REFERENCES 
 
1. American Concrete Institute (ACI) Standard 307-69, “Specification for the Design 

and Construction of Reinforced Concrete Chimneys.” 
 

2. American Concrete Institute (ACI) Standard 318-63, “Building Code Requirements 
for Reinforced Concrete.” 
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1.0 Objective

The objective of this report is to provide a description of the testing and analysis work 
performed that establishes the technical justification for including laminar cracks of up to 
0.050 inch (unit denoted as ” throughout this report) in the design basis of the Davis-
Besse Shield Building. 

This report addresses the impact of laminar cracking on reinforcement capacity, 
composite action of the shell, overall structural response, and serviceability and long-term 
durability to provide the technical justification that laminar cracking up to 0.050” does not 
adversely impact the structural capacity and performance of the Shield Building. 

It should be noted that a repair program has been instituted to completely repair shoulders 
where laminar cracking exists. This repair program provides general repair to the entire 
shoulder using ACI codes and guidelines under safety-related work restrictions to 
eliminate the laminar cracking condition. This repair program restores the Shield Building 
to the design/licensing basis. However, there are some isolated regions where the 
cracking is not greater than 0.050” and repair would be difficult due to significant 
interferences. Thus, this Technical Report supports the repair program by providing the 
technical justification for incorporation of 0.050” as the acceptance limit for laminar crack 
width, where cracking less than 0.050” has no effect on the structural capacity and 
performance and would be incorporated into the design/licensing basis. 

General references throughout this report include the USAR as the licensing basis (Ref. 
4a), the DCM as the design basis (Ref. 4b), and ACI 318-63 and ACI 307-69 as the design 
codes of record (Refs. 5a & 5b). 

2.0 Background

During the creation of the temporary opening in the cylindrical wall of the Shield Building 
for the Reactor Pressure Vessel Head (RPVH) replacement at the Davis-Besse nuclear 
power plant, a laminar crack was observed on October 10, 2011 in the architectural flute 
shoulder area in the vicinity of the opening. The crack was located in the plane of the 
main outer reinforcing bar mat. During the original investigation, crack widths were 
determined using core bore samples. The cracks were established to be tight with crack 
widths of less than 0.010” in most cases. Since the original investigation, some of these 
cracks have propagated and/or widened as observed through the Shield Building 
monitoring program. 

2.1 Shield Building Description 

The Shield Building at the Davis-Besse nuclear power plant is a safety-related 
freestanding cylindrical reinforced concrete structure capped with a shallow spherical 
dome. The structure configuration can be found in References 3a-3c and is shown in 
Figure 1. The cylindrical wall and dome are 30” and 24” thick, respectively, and the inner 
radii to the inner surfaces of the wall and dome are 69.5 feet (unit denoted as ’ throughout 
this report) and ~123.3’, respectively. There are eight (8) architectural flute areas on the 
outer periphery of the cylindrical wall, with each area comprised of two built-up or 
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thickened shoulders. The original Shield Building design considers the flute shoulders as 
purely architectural features providing no structural capacity beyond that provided by the 
cylindrical wall.  

The Shield Building cylindrical wall is reinforced by meridional (vertical) and 
circumferential (hoop) reinforcing bars forming a grid near both faces of the wall, with the 
hoop reinforcement located outside the vertical reinforcement. The reinforcing 
arrangements for both vertical and hoop rebar varies along the height of the Shield 
Building. Reinforcing for the shoulders consists of vertical bars and horizontal ties 
conforming to the profile of the shoulder and intersecting the main reinforcing. 

Figure 1: Shield Building Plan and Section 
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During the original construction of the Shield Building, a temporary opening was provided 
in the cylindrical wall, which was subsequently closed at the end of construction activities. 
In 2002, a temporary opening was created and then restored to allow removal and 
replacement of the RPVH. Subsequently, a temporary opening was created and then 
restored to allow the removal and replacement of the RPVH in 2011 (a temporary opening 
with the same profile and location as the 2011 opening was also used for the Steam 
Generator (SG) replacement in 2014). The arrangement of the original and subsequent 
temporary openings is depicted in Figure 2. 

RPVH/SGs

Figure 2: Shield Building Temporary Openings 

2.2 History of Laminar Cracking Condition 

During the creation of the 2011 temporary opening for the RPVH replacement, a crack 
was observed on October 10, 2011 in the architectural flute shoulder area at the edge of 
the opening (see Figure 3). The crack was found on the left vertical side of the opening 
(looking from the outside) and identified to be in the plane of the outer main reinforcing 
bar grid. The crack indication disappeared after some minor manual chipping along the 
edges of the opening and the crack was established to be a circumferential laminar crack 
with no indication in the radial (through-thickness) direction.  
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Figure 3: Cracking in Flute Shoulder Region on Left Edge of Temporary Openings 

Further investigations and examinations were carried out, including impulse response (IR) 
scanning by Construction Technology Laboratories (CTL) of the accessible areas around 
the circumference of the Shield Building. IR scanning could not be performed on 
inaccessible areas including the exterior Shield Building wall areas covered by the ladder 
and vent stack as well as the interior Shield Building wall areas within the Auxiliary 
Building envelope that were covered by a double wall or equipment. The IR scanning 
indicated that the laminar cracking was not just limited to the shoulder where the 
temporary openings were located, but rather was also present in the other shoulders. 
These scans also revealed that similar cracking was present outside the shoulder areas 
in the top 20’ of the cylindrical wall (approximately between El. 780’ and 801’) and that 
local cracking was present near main steam Penetrations 39 and 40. The observations 
from IR scanning were corroborated by core bores taken from the areas with laminar 
crack indications. Laminar cracking was not identified in the Shield Building dome. 

In general, the observations indicated that the laminar cracking is in line with the outer 
mat of the main cylindrical reinforcing. The IR maps and core bores in these regions, 
along-with the chipping conducted on the left edge of the temporary opening, show that 
in general the cracks terminate when approaching the location where the shoulder 
reinforcing intercepts the outer mat of the main cylindrical reinforcing.  

The widths of the cracks observed in 2011 were measured using a crack comparator from 
core bores taken at as many locations as possible. These indications of laminar cracking 
were observed to be tight, with most cracks with widths less than 0.010” (one reading of 
0.013”). 

Since the cracks were tight and there was no evidence of carbonation on the cracked 
surfaces or of any rebar corrosion, the age of the cracks could not be accurately 
established. The root cause analysis of the condition concluded that these cracks had 
been present in the Shield Building for a long time with no adverse impact on its structural 
integrity and safety function.  

During the initial technical acceptance of the Shield Building, industry experts Prof. Mete 
Sozen of Purdue University and Prof. David Darwin of the University of Kansas were 
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consulted for an independent assessment of the structural integrity of the Shield Building. 
As part of their review, they recommended that the potential impact of the laminar crack 
on the bond capacity of rebar should be investigated at the splice locations by performing 
additional experimental testing. The details of the testing process and results is outlined 
in subsequent sections. 

Also, as part of initial technical acceptance of the Shield Building, a crack monitoring 
program was instituted (Ref. 6a). This periodic monitoring program utilizes the 
combination of IR scanning and core bores to evaluate the condition of the building and 
to identify any changes in the crack configuration within the building. As committed to in 
USAR Section 18.1.43, implementation of this monitoring program is per site procedure 
to identify concrete condition, crack width/extents, and rebar condition (if exposed within 
the core bores). Inspection is per industry standards and inspectors are qualified as 
described in Chapter 7 of ACI 349.3R (Ref. 5c). The monitoring program covers the 
circumference of the Shield Building using a sampling that provides a representative 
sample for the regions with laminar cracking and incorporates the knowledge gained from 
previously collected crack data to help track any potential crack growth and/or 
propagation. The data from the crack monitoring program is documented in References 
3d and 3e.  

The data from the crack monitoring program in 2013 and 2014 indicated no significant 
change in crack widths and no indications of any crack propagation from the initial 
observations.  

The data from the crack monitoring program in 2015 indicated that there was an increase 
in the crack widths at some core bore locations, with the maximum crack width of 
approximately 0.016” at one location; however, there was no indication of any propagation 
of cracks beyond the initially identified areas.  

The crack monitoring program observations from 2016 indicated that crack widths at most 
locations were higher than the corresponding 2015 readings, with the maximum crack 
width exceeding 0.050”. The monitoring also observed cracking in previously uncracked 
bores. Since these observations were significantly different from those in previous 
monitoring programs, an independent verification of the plant crack measuring procedure 
was carried out by CTL (Ref. 6b). A comparison of the data collected by plant personnel 
with that from CTL for the same crack locations and using similar techniques generally 
produced comparable results, with some exceptions where CTL results indicated higher 
crack widths at some locations. In summary, the independent review by CTL verified the 
plant procedure for crack width measurements and confirmed that cracks exceeded 
0.050” at some locations. The 2016 monitoring program also indicated the first evidence 
of rebar corrosion in the areas with laminar cracking. 

The crack monitoring program observations from 2017 to current indicate a continued 
trend of propagation in both crack width and extent of cracking. Each year’s findings are 
documented and evaluated to establish continued operability.  

As noted in Section 1.0, a repair program has been instituted to perform bulk concrete 
repair of the shoulders where laminar cracking exceeds 0.050”. In the subsequent 
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sections, this Technical Report provides the basis for incorporation of the 0.050” 
acceptance limit into the design/licensing basis. 

3.0 Rebar Capacity 

The initial technical evaluation identified that the bond strength of the lap splices for the 
reinforcement in the region of laminar cracking was the main item that needed further 
investigation. Since the laminar cracking is located along the plane of the reinforcement, 
the capacity of the reinforcing bars has the greatest potential to be affected by the laminar 
cracking. The limiting component of this effect was determined to be at the lap splices, 
where the laminar cracking had the potential to cause slippage and prevent the reinforcing 
bar from developing its full capacity. 

To establish the structural adequacy of the Shield Building with the initially observed 
laminar cracking with crack widths of up to 0.013”, an experimental test program (Phase 
I) was conducted at Purdue University and the University of Kansas in 2012 with the main 
objective of investigating the effect of laminar cracks (with widths approaching those 
observed in the Shield Building) on the bond capacity of the reinforcement at the lap splice 
locations (Ref. 1a). The observations and conclusions from the Phase I test program were 
used to perform the initial structural design evaluation of the Shield Building and 
demonstrate compliance with applicable codes of record and regulatory requirements.  

Subsequently, a Phase II test program was conducted at Purdue University in 2016 to 
establish the maximum width of laminar cracks that will not affect the load carrying 
capacity of the reinforcement at the lap splice locations (Ref. 1b). The main goal of the 
Phase II test program was to help establish the structural adequacy of the Shield Building 
for any crack widths observed during the plant periodic monitoring that may not be 
covered by the conclusions from the Phase I test program.  

As noted earlier, the 2016 crack monitoring program identified significant widening and 
propagation of the laminar cracks compared to those observed in previous periodic crack 
monitoring. Some of the laminar crack observations exceeded the bounding crack width 
limit recommended by the Phase II test program. Therefore, a Phase III test program was 
designed and conducted at Purdue University in 2017 to investigate the effectiveness of 
post-installed adhesive anchors on the load carrying capacity of reinforcement at the lap 
splice locations (Ref. 1c), as a potential repair mechanism for the Shield Building. The 
experimental setup for the Phase III test program was different from that used in the 
Phase I and II test programs, but it did include reference specimens without anchors to 
benchmark the results.  Although the use of post-installed anchors was not adopted as 
the repair mechanism for the Shield Building, the observations from the Phase III 
reference specimens without anchors provided additional data that can be used to 
supplement and confirm the conclusions on maximum crack widths from the earlier test 
programs. 

The details of these three test programs are provided below. It is noted that this technical 
report is based on the Phase I, II and III testing at Purdue University only. Although the 
results from the Phase I testing at the University of Kansas were utilized in the initial 
structural adequacy evaluation of the Shield Building and produced similar results as the 
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testing at Purdue University, they are not included in this report because the testing was 
not continued at the University of Kansas beyond Phase I (i.e., did not evaluate the effect 
of laminar cracking on the rebar splices for widths in the range relevant to this technical 
report).    

For all the testing phases, it was not possible to exactly match the concrete properties 
given the age of the concrete. Therefore, every effort was made in the test programs to 
test at relatively lower (conservative) compressive strength and tensile strength values to 
produce conservative bond capacity values. The average 28-day compressive strength 
from original construction of the Shield Building was 5,836 psi; the average compressive 
strength of in-place concrete obtained from cores taken during the Shield Building 
evaluation in 2011 was 7,571 psi, with a corresponding tensile strength of 918 psi. The 
material properties used for the Phase I, II, and III test programs are described in Sections 
3.1.2, 3.2.2, and 3.3.2, respectively. All reinforcing bars used in testing conformed to 
ASTM A615, which is the same as for the original construction of the Shield Building. 

3.1 Phase I Test Program 

The objective of the Phase I test program in 2012 was to evaluate the effect of laminar 
cracking with crack widths on the order of 0.010”, on the load carrying capacity of 
reinforcing bar (Ref. 1a). Based on a review of Shield Building reinforcement details, the 
79” lap splices for vertical rebar and hoop rebar below EL 780’ and 120” lap splices for 
hoop rebar above EL 780’ were postulated to be within the regions of laminar cracking. 
The vertical bars are confined by the hoop bars and concrete cover, so the splices for 
vertical bars are less critical than the splices for the hoop bars. The reinforcement is 
comprised of both #10 and #11 bars. The #10 reinforcing bar requires less development 
length and is therefore less critical than the #11 reinforcing bar. 

The Phase I test program was established and conducted at Purdue University, testing 
12 specimens of 79” and 120” lap splices for #11 bars. The specimen configuration in the 
Phase I test program used 6” spacing between bars (matching the minimum spacing of 
rebar for the Shield Building) and was prepared with lap splices placed side by side, as 
compared to the actual construction of the Shield Building where the splices are 
staggered. These conservatisms maximized the effect of the rebar/splices on each other. 
Also, the specimen configuration was conservative in that the splices in the Shield 
Building conform to the curvature of the building, which would provide an additional 
confinement effect, but this curvature was not included in the straight beam tests.  

The test specimens were large-scale girders with rectangular sections, as typically used 
for testing splices. The specimens were 4-point girders, simply supported at two points 
equidistant to the center and loaded at two points, outside the supports, also equidistant 
to the center. A total of 12 specimens were tested under static loading, with six (Series 
A) having 120-in splices (nominally 85 bar diameters) and the remaining six (Series B) 
having 79-in splices (nominally 56 bar diameters). In both Series A and B, loading was 
applied monotonically in two test girders. In the remaining four test girders, an initial load 
was applied to or beyond yield to cause initial cracking, then the specimens were 
unloaded then reloaded.  
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In addition to load and deflection measurements, crack patterns and widths as well as 
longitudinal and transverse deformations of the test girders were recorded. The observed 
behavior of the test girders is described in terms of measured load-deflection 
relationships, recorded crack-width developments, and calculated reinforcement 
stresses. Detailed information on those topics is provided in Appendix A.  

3.1.1 Experimental Outline  

The test setup for the 120” and 79” splices is shown in Figures 4 and 5, respectively. Each 
girder in Series A had a total length of 39’, with the ends of the 120” splice at 3’ from the 
closer support. The cantilevered portions of the girder were 11’-6” long. Loads were 
applied on each cantilever segment at 10’ from the support. Each girder in Series B had 
a total length of 34’-4”, with the ends of the 79” splice at 3’ from the closer support. The 
cantilevered segments of the girder were 10’-10 ½” long. Loads were applied on each 
cantilever segment at 9’-8 ½” from the supports.  

The test specimen configuration was based on the following considerations: 

 Include more than one lap splice to simulate the interaction of adjacent lap splices 
(two splices were used). 

 Use a minimum cover of 3” that translated to a clear distance of 6” between the two 
splices and led to a cross-sectional width of (4x3+4x1.41)”. The width of the girder 
section was set at 17 5/8” (Figure 6). 

 Produce a splitting crack in the horizontal plane that would intersect both splices. To 
increase the probability of a splitting crack in the horizontal plane, given that cracking 
tends to occur in the direction in which cover is smallest, a side cover of 3” was used 
and a top cover of 5” was used. 

The loads were generally applied in increments of 6 kips up to 36 kips, and above 36 kips, 
load increments were determined by measured displacement. Four of the specimens in 
Series A were subjected to loading in increments of 6 kips to yield and then to a mid-span 
deflection of 0.9”, unloaded, and reloaded. In Series B, the four specimens were loaded 
to 36 kips in 6-kip increments, unloaded, and then reloaded. 
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Figure 4: Series A Test Girder (From Appendix A) 

Figure 5: Series B Test Girder (From Appendix A) 
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Figure 6: Cross-Sectional Dimensions of Series A and B Girders (From Appendix A) 

Load and deflection measurements were obtained continuously and crack patterns and 
widths were recorded at different load steps in each test.   

3.1.2 Materials 

The opening of splitting cracks depends on the relationship between the tensile strength 
of the concrete and the intensity of bond stress that creates the splitting stresses. Since 
the compressive strength of the in-place concrete for the Shield Building exceeded 6,000 
psi, the tests were conservatively designed to have a concrete strength at time of tests 
not exceeding 6,000 psi. 

Concrete used in the specimens was mixed and delivered to the laboratory by Irving 
Materials Inc. of West Lafayette, IN. Each girder and its related cylinders were cast using 
concrete from a single truck. The mix proportions by weight were: 

Component Weight of Component / Weight of Cement

Cement 1
Fine Aggregate 2.4
Coarse Aggregate  
(max. size = 1¼ in.)

2.6 

Water 0.55

Target air entrainment was 5%, similar to the in-situ Shield Building. As concrete was 
being placed, temperature, air content, and slump of the mix were measured. Air 
temperature was also recorded. Target moist curing was 7 days but the curing period was 
reduced for some specimens as a result of early cylinder tests that indicated high strength. 
Table 1 shows the concrete strength data and detailed information for each casting is 
included in Appendix A. 
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All reinforcing bars came from the same heat and the actual material yield and tensile 
strengths of rebar were 66 ksi and 103 ksi, respectively (Table 2). Stress-strain properties 
of the bars are included in Appendix A. 

Table 1: Concrete for Phase I Test Program 

Test Girder 
Designation

Cast Tested Concrete 
Compressive 

Strength 

[psi]

Concrete 
Splitting 
Cylinder 
Strength 

[psi]

Lap 
Length 

[in.]
A1 17 April 2012 4 June 2012 5270 480 120 

A2 17 April 2012 1 June 2012 6030 500 120 

A3 17 April 2012 30 May 2012 5890 480 120 

A4 24 April 2012 8 June 2012 5110 440 120 

A5 24 April 2012 7 June 2012 5240 440 120 

A6 24 April 2012 5 June 2012 5490 450 120 

B1 10 April 2012 10 May 2012 4460 450 79 

B2 10 April 2012 23 May 2012 4800 480 79 

B3 10 April 2012 21 May 2012 4780 420 79 

B4 30 April 2012 14 May 2012 5460 490 79 

B5 30 April 2012 17 May 2012 5260 480 79 

B6 30 April 2012 25 May 2012 5230 450 79 
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Table 2: Reinforcement for Phase I Test Program 

Bar Designation #11
Nominal Diameter, in. 1.41
Nominal Area, in2 1.56
Nominal Perimeter, in. 4.43
Unit Weight, lbf/ft 5.31
Yield Stress*, ksi 66
Strength*, ksi 103 
Limiting Strain in 8 in., % 14,18,19

*Note: mean from tests of three coupons 

3.1.3 Load-Deflection Relationships 

Figures 7 and 8 contain the measured load-deflection relationships of the Series A and B 
girders, respectively. The reported deflection is the relative movement (deflection up 
considered to be positive) of girder mid-span with respect to the supports. The reported 
load is the averaged load applied near the end of the cantilever section.  

All load-deflection curves measured had two common characteristics: (1) Yield moment 
of the section was developed after appearance of laminar cracks at low loads and at zero 
load in the case of the reloaded girders, and (2) all girders tested demonstrated a definite 
capability to maintain strength with increase in deflection beyond the yield.   

It is of interest to note that the overall behavior of test girders A1, A4, A5, and A6 that 
were loaded, unloaded, and reloaded differed very little from those of A2 and A3 that were 
only loaded once, even though the specimen failures were initiated by the splice bond. 
In-fact, all the specimens had similar shapes to the envelope curves. All girders in Series 
A had the same yield deflection (approx. 0.5”) and similar maximum mid-span deflections 
(ranging from 1.4”-1.8”). Similar conclusions can be made for the responses of girders of 
Series B. For this series, the yield deflection was approximately 0.3” and the maximum 
deflection ranged from a little below 0.5” (Girder B1) to above 0.6” (Girder B6).  

The range in concrete strength from 4460 to 5460 psi did not have a significant influence 
on the yield deflection. The three test girders with relatively low concrete strengths 
(Girders B1, B2, and B3) did have slightly lower maximum deflections; but the maximum 
recorded value for B1 (0.47”) with a concrete compressive strength of 4460 psi was not 
significantly lower than that of B5 (0.55”) which had a concrete compressive strength of 
5260 psi. 

Maximum applied loads ranged from 42.0 kips to 44.1 kips for Series A and from 39.7 
kips to 40.6 kips for Series B. Based on the maximum applied load alone, it is hard to 
differentiate the results for Series B compared to those of Series A. It is also worth noting 
that results of both Series A and Series B tests showed repeatability and consistency of 
results as shown in Figure 9 which is reassuring in terms of expected performance. 
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Figure 7: Force Deflection Behavior of Series A Specimens (From Appendix A) 
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Figure 8: Force Deflection Behavior of Series B Specimens (From Appendix A) 
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Figure 9: Consistency of Results for Phase I Test Program 

3.1.4 Crack Measurements 

Changes in crack patterns and widths were recorded in detail and are reported completely 
in Appendix A. Observed development of flexural crack patterns and thicknesses were 
consistent with what is normally expected in reinforced concrete beams responding 
primarily to flexure. Figure 10 shows a typical pattern of observed cracking. The flexural 
cracks occurred at a spacing of approximately twice the top cover or ~10”. It is also seen 
that the cracks near mid-span did not reach as far towards the compressed edge of the 
girder as the ones near the support. This was an indication that the lap splice was 
effective, and all four bars resisted the load. 
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Figure 10 also shows the typical pattern of the horizontal crack at or near the level of the 
reinforcement in the test specimens (highlighted in red and representative of the laminar 
crack). A descriptive metaphor for their formation is provided by visualizing the bars as 
thin-walled pressurized tubes embedded in concrete. The internal pressure causes 
circumferential tensile stresses in the concrete around the tube that decrease with 
distance. The crack is initiated in the weakest plane which corresponds to the plane 
resulting in the minimum cover. The crack is initiated in the immediate surface of the tube 
and progresses out as the pressure in the tube increases. It is also relevant to note that 
a splitting crack can exist next to the reinforcement but not be visible on the surface of 
the girder. 

Figure 10: Typical Pattern of Cracks – Phase I (From Appendix A) 

The projection of this metaphor to the test girders suggests that the splitting crack would 
occur on a horizontal plane intersecting the reinforcement and that the surface width of 
the crack is likely to be smaller than its width next to the spliced bars. The force transfer 
mechanism in the splice is best understood by the following measurements: (1) 
longitudinal strain distribution at reinforcement level, (2) vertical deformation of the girder 
surface, and (3) distribution of widths of the splitting cracks. These are presented in detail 
in Appendix A. 

The longitudinal-strain data show that there was a dominant pattern in strain distribution 
along the splice. In the first loadings, rapid change in strain occurred primarily in the outer 
20” segments of the splice, indicating the region where most of the force transfer from bar 
to bar took place. The test results confirm that the regions of relatively large vertical 
deformation occurred in the outer 20” of the splices for both the 79” and 120” splices.  

The crack-width observations documented that measurable (0.005” or more in thickness) 
laminar cracks of limited length (6”-12”) occurred at low loads on the order of one fourth 
of the maximum load resisted. Cracks reached levels in excess of 0.100” at loads 
approaching the maximum load. At such levels of load, laminar cracks meandering along 
the level of the reinforcement covered virtually the entire test span. In fact, for specimens 
that were loaded, unloaded, and reloaded, the maximum crack widths reached 0.100” for 
Series A and 0.030” for Series B specimens during the initial loading. 
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Figures 11 and 12 show the magnitude of the recorded maximum crack width and vertical 
deformation along the splice lengths of Series A and B, respectively. The results show 
good correlation between the crack width and the vertical surface deformation. The 
results also show that cracks well exceeded the initial crack widths observed in the Shield 
Building, which were generally less than 0.010”, with one crack of 0.013”. 
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Figure 11: Correlation of Vertical Deformation with Crack Width for Series A 
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Figure 12: Correlation of Vertical Deformation with Crack Width for Series B 
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3.1.5 Maximum Reinforcement Stresses Attained  

As documented in detail in Appendix A, maximum tensile stresses achieved at the ends 
of the splice were computed based on the moment at the end of the splice and cross-
sectional properties of the test girder. The calculated stresses are shown in Table 3. The 
minimum tensile stress attained in the reinforcement at the end of the splice was 69 ksi 
(Test Girder B2) and the maximum was 80 ksi (Test Girders A2 and A3). 

Table 3: Summary of Results for Phase I 

Test Girder 
Designation

Concrete
Splitting 
Strength 
(Tensile)

[psi]

Concrete 
Compressive 

Strength 

[psi]

Lap 
Length

[in.]

Maximum
Applied 
Load 

[kip]

Maximum
Moment 

at 
Support 

[kip*ft]

Maximum
Moment 

at 
Splice 
End 

[kip*ft]

Calc. 
Reinf. 
Stress

at 
Support

[ksi]

Calc. 
Reinf.
Stress

at 
Splice 
End 

[ksi]
A1 480 5270 120 43.5 481 470 81 79
A2 500 6030 120 44.1 487 476 82 80
A3 480 5890 120 44.1 487 476 82 80
A4 440 5110 120 43.3 479 468 81 79
A5 440 5240 120 43.4 480 469 81 79
A6 450 5490 120 42.0 466 455 78 77
B1 450 4460 79 39.5 425 417 72 71
B2 480 4800 79 38.9 419 419 71 69
B3 420 4780 79 39.7 427 419 72 70
B4 490 5460 79 39.7 427 419 71 70
B5 480 5260 79 40.6 436 428 73 72
B6 450 5230 79 40.6 436 428 73 72

3.1.6 Key Observations 

Based on a review of the Phase I test results and the details presented in Appendix A, 
the following important observations can be made: 

 Strain measurements and observed distribution of laminar cracks created during the 
tests confirmed that most, if not all, of the force transfer from one bar to another 
occurred in the end of the splice over a length of approximately 20” (~15 bar 
diameters). In the four specimens that were unloaded and reloaded, the measured 
maximum widths of these cracks during the initial loading exceeded 0.100” for Series 
A and 0.030” for Series B, with the maximum widths of the cracks at zero load before 
reloading being 0.080” for Series A and 0.015” for Series B.   

 In both series, laminar cracks formed at a fraction of the yield load in all test girders. 
The difference between the strength and behavior of the girders loaded monotonically 
and those unloaded after reaching or exceeding yield and reloaded was negligible. 
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The existence of laminar cracks at the beginning of loading did not change the strength 
of the splices. The ratio of the limiting deflection to the yield deflection was 
approximately 3:1 in Series A with 120” splices and 2 in Series B with 79” splices. 

 The yield strength of the rebar was 66 ksi, and for Series A and B test girders, the 
tensile stresses of 69 ksi to 80 ksi were attained in the reinforcement at the end of the 
splice (i.e., the rebar achieved more than its yield strength). The maximum 
reinforcement stresses in the test girders loaded to develop laminar cracks and 
reloaded differed negligibly from those in girders loaded monotonically. Each test 
specimen included two splices placed next to each other without stagger and with 6” 
spacing. This was a conservative test condition compared to that of the Shield building 
where splices are staggered and typically have a 12” spacing.  

The tests indicated that despite the conservative test conditions, the effect of laminar 
cracking with crack widths larger than 0.015” (conservatively considering the minimum 
crack widths at zero load before reloading) is inconsequential to the bond or force transfer 
capacity of both 79” and 120” lap splices, and full yield capacity could be used for design 
basis calculations.  

3.2 Phase II Test Program 

A total of 6 specimens were tested as part of the Phase II test program at Purdue 
University in 2016 to estimate the maximum width of laminar cracks that would not affect 
the load carrying capacity of the rebar splices (Ref. 1b). Because the first cracks observed 
in the Shield Building were narrow, Phase I focused on the effects of laminar cracks on 
the strength of lap splices without specific attention to establishing a plausible limit to the 
width of those cracks. Therefore, the goal of Phase II testing was to estimate such a 
bounding maximum crack width that can be used to help establish the structural adequacy 
of the Shield Building with the crack widths approaching those observed under the plant 
monitoring program. Based on the results of the Phase I testing, #11 rebar with 79” lap 
splices were used as the bounding configuration in the Phase II test program (see 
Appendix B). 

3.2.1 Experimental Outline and Loading Protocol 

The Phase II test program specimens were labeled as Series C to supplement the Series 
A and B Phase I specimens at Purdue University. The Series C test girders had the same 
geometry and configuration as the Series B test girders shown in Figure 5. Similar to the 
approach used for the Series B tests, the specimens were tested by applying an initial 
loading and unloading to initiate laminar cracks in the plane of the spliced rebar, and then 
reloading, with the loads applied in increments during the loading and reloading cycles. 
However, the loading for Series C girders was applied using a different loading protocol 
discussed below than that used for Series B girders. Unless noted otherwise, the term 
“deflection” below refers to the mid-span deflection for Phase II tests. 

From the Phase I test results for Series B specimens, it was observed that most of the 
specimens yielded at a deflection of approximately 0.30” to 0.35”. The magnitudes of 
crack widths are directly correlated to the applied loads and corresponding deflections. 
The unloading for the Series B girders was initiated before or just at yielding (i.e., at a 
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deflection less than 0.35” at the maximum applied load during the initial loading and 
unloading). To develop cracks wider than those observed for Series B girders, the initial 
loading for Series C girders was applied, in stages, to a total deflection of at least 0.4” 
before starting to unload the specimen. Four (4) girders (C-1 to C-3 and C-5) were loaded 
to a deflection of 0.4” during the initial loading and two (2) girders (C-4 and C-6) were 
loaded to a deflection of 0.5” during the initial loading. 

Similar to Phase I tests, load and deflection measurements were obtained continuously 
and crack patterns and widths were recorded at different load steps in each test. 

3.2.2 Materials 

The concrete mix design for the Series C tests was kept the same as that used in the 
Phase I tests at Purdue University. Concrete used in the specimens was mixed and 
delivered to the laboratory by Irving Materials, Inc. of West Lafayette, IN. Each test girder 
and its associated cylinders were cast using concrete from a single truck.  

Similar to Phase I, target air entrainment for the concrete mix was 5%. As concrete was 
being placed, air and concrete temperatures, air content, and slump of the mix were 
measured. The specimens were cured for a week in accordance with the approved 
Purdue test procedure. The compressive strength of concrete for the Series C specimens 
is summarized in Table 4 and shows that the mix used for the test girders was of uniform 
quality and strength. Detailed information and records for each casting are included in 
Appendix B. 

Table 4: Concrete for Phase II Test Program 

Test 
Girder 

Cast 
Date 

Test Date Concrete 
Compressive 

Strength*  

[psi] 

Concrete 
Splitting Cylinder 

Strength  

[psi] 

Age of 
Specimen 

[days] 

C1 

2/2/2016

3/21/2016 5300 500 48 
C2 3/28/2016 5200 450 55 
C3 4/4/2016 5900 500 62 
C4 4/11/2016 5700 500 69 
C5 4/12/2016 5600 500 70 
C6 4/14/2016 5300 400 72 

*mean of six cylinder tests 

All reinforcing bars came from the same heat. Stress-strain properties of the bars are 
included in Appendix B. The properties of the reinforcing bars are presented in Table 5. 
The actual material yield strength of the rebar used for Phase II tests was 65 ksi. 
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Table 5: Reinforcement for Phase II Test Program 

Bar Designation #11 
Nominal Diameter, in 1.41 
Nominal Area, in2 1.56 
Nominal Perimeter, in 4.43 
Unit Weight, lbf/ft 5.31 
Yield Stress*, ksi 65 

*mean from tests of three coupons 

3.2.3 Load-Deflection Relationships 

Figure 13 depicts the measured load-deflection relationships separately for each of the 
six (6) test girders and Figure 14 shows the results superimposed in one plot. The 
reported load is the averaged load applied near the end of the overhang segments and 
the reported deflection is the mid-span deflection (deflection upward considered to be 
positive). From Figures 13 and 14, the results of Series C tests showed repeatability and 
consistency, which provides assurance for the acceptability of the tests (including test 
results) and expected performance.

The test girders showed yield deflection of approximately 0.28” and maximum deflection 
ranging from 0.70” to 0.92”. The ultimate load ranged from 39.7 kips to 40.9 kips for the 
Series C girders. All test girders demonstrated a definite capability to maintain strength 
with increase in deflection beyond yield, irrespective of the point of unloading. 
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Figure 13: Measured Load-Deflection Relationships for Phase II (Appendix B) 



Technical Report - Incorporating Laminar Cracks of Up To 
0.050 Inch in the Design Basis of Davis-Besse Shield Building  

   25884-000-30R-C01R-00002, Rev. 000 
Page 27 of 45 

Figure 14: Consistency of Test Results – Phase II 

3.2.4 Crack Measurements 

Figure 15 shows the vertical deformation plot during the initial loading and unloading for 
each girder in the middle 80” of the specimen, which approximately corresponds to the 
length of the splice. The vertical deformation plot for girder C3 contains the data for the 
South end only, due to a sensor malfunction in the North end.  
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Figure 15: Vertical Deformations for Series C Test Girders during Initial Loading (from 
Appendix B) 
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Consistent with the Series B test girders, the results showed that most of the force transfer 
occurs at the ends of splice over lengths of approximately 15-bar diameters (i.e., 
approximately 20”). The calculated crack widths at the surface of specimens and the 
length of cracks are listed in Table 6. 

Table 6: Crack Measurements for Phase II (from Appendix B) 

Test 
Girder 

Max. Mid-
span 

deflection 
at Initial 
Loading 

[in]

Max. 
Crack 
Width 

reached 
during 
Initial 

Loading 

[10-3 in]

Mid-span 
Deflection 

at last 
reading 
during 
reload 

[in]

Max. 
Crack 

Width at 
last 

reading 
during 
reload 

[10-3 in]

Max. 
Crack 
Length 

at South 
Splice 
End 

[in]

Max. 
Crack 
Length 
at North 
Splice 
End   

[in]
C1 0.42 42 0.70 90 27 23 
C2 0.40 21 0.41 25 22 27 
C3 0.41 39 0.41 42 23 11 
C4 0.52 52 0.50 53 28 24 
C5 0.43 54 0.42 57 24 18 
C6 0.52 30 0.52 33 22 0 

3.2.5 Maximum Reinforcement Stresses Achieved 

The maximum stresses in reinforcement at the support and splice end were calculated 
using the same approach as that in the Phase I test program. The stresses correspond 
to the moments at the respective locations that are primarily due to applied load, but also 
include contributions from other loads such as self-weight. The rebar stress calculations 
are reported in Appendix B and are summarized in Table 7. The tensile stresses attained 
in the reinforcement were well beyond the rebar yield strength, ranging from 73 ksi to 75 
ksi.  
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Table 7: Summary of Test Results for Phase II (from Appendix B) 

Test 
Girder

Concrete 
Comp. 

Strength 

[psi]

Concrete 
Splitting 
Tensile 

Strength 

[psi]

Max. 
Applied 
Loads 

[kips]

Max. 
Midspan 

Deflection 

[in]

Max. 
Moment 

at 
Support 

[ft-kip]

Max. 
Moment 

at 
Splice 
End  

[ft-kip]

Calc. 
Rebar 
Stress 

at 
Support 

[ksi]

Calc. 
Rebar 
Stress 

at 
Splice 
End 

[ksi]
C1 5300 500 39.7 0.70 427 419 74 73 
C2 5200 450 40.0 0.85 430 422 75 74 
C3 5900 500 40.4 0.79 434 426 76 74 
C4 5700 500 40.9 0.83 439 431 76 75 
C5 5600 500 40.2 0.82 432 424 75 74 
C6 5300 400 40.7 0.92 437 429 76 75 

3.2.6 Key Observations  

Based on a review of the Phase II test results and the details presented in Appendix B, 
the following important observations can be made: 

 The strength and ductility response of the test girders did not vary significantly with 
the maximum load applied during the initial loading. This means that the strength and 
ductility behavior of the test girders are independent of the maximum crack widths 
generated in the initial loading and unloading. The ductility ratio for the Series C test 
girders was approximately 3. 

 The maximum crack widths at the surface of the specimens at the maximum load 
applied in the initial loading cycle ranged from 0.021” to 0.054”.  

 Laminar cracks parallel to the spliced reinforcing bar opened at low loads. Widths of 
the laminar cracks varied along the length of the spliced region, with maximum widths 
typically in regions close to the ends of the splice.  

 Most of the force transfer from one rebar to another occurred in the end of the splice 
over a length of approximately 15-bar diameters (approximately 20”).    

 The yield strength of the rebar was 65 ksi, and for all test girders, the tensile stresses 
of 73 ksi to 75 ksi were attained in the reinforcement at the end of the splice (i.e., the 
rebar achieved more than its yield strength). 

The intent of the Phase II test program was to estimate the maximum crack width that 
would not have an effect on the load carrying capacity of the lap splices. Table 6 shows 
that the maximum crack width during initial loading reached 0.054” for Series C test 
specimens, demonstrating that the load carrying capacity of the lap splices is not 
impacted for crack widths up to 0.054”. 
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The repeatability and consistency of the test results shows that the results are reliable. 
Also, the results are conservative and have a built-in safety margin for the following 
reasons, similar to those for the Phase I test program: 

 The Series C test girders had an conservative configuration, since the pair of spliced 
rebar was placed closely next to each other and without stagger, specimen concrete 
compressive strength was lower than the average compressive strength of the in-
place concrete in the Shield Building, and confinement effects due to the curvature of 
Shield Building and the extra concrete thickness of the Shield Building shoulders were 
neglected. Therefore, the Series C test results are conservative when compared to 
the behavior of the spliced rebar in the Shield Building. 

 For a deformed rebar embedded in concrete and subjected to pullout force, the 
splitting stresses are highest next to the rebar and decrease away from the rebar. 
Therefore, the widths of laminar cracks are expected to be higher next to the rebar 
compared to those at the surface of the specimen. Therefore, the crack widths 
reported in Table 6 that are measured at the surface of the specimen are conservative. 

 The maximum deflection limit of 0.50” during the initial loading was chosen based on 
considerations of personnel and equipment safety. Irrespective of the maximum load 
applied during the initial loading prior to unloading, the Series C test girders had similar 
strength and ductility response. If safety during testing was not a consideration, it is 
possible that a higher deflection limit could be achievable which would result in larger 
crack widths and, thus, potentially showing that crack widths larger than those 
reported in Table 6 may have no adverse impact on the load carrying capacity of the 
reinforcement.  

Phase II tests showed that crack widths of up to 0.054” did not have an adverse impact 
on the load carrying capacity of the reinforcing bar lap splices. Reference 1b 
recommended using a safe bounding crack width limit of 0.050” for the purpose of 
assessing the acceptance of the observed cracking in the Davis-Besse Shield Building. 
Appendix D includes a technical memo from Purdue University concluding that laminar 
cracks with widths up to 0.050” have no adverse effect on the load carrying capacity of 
the rebar lap splices. 

3.3 Phase III Test Program 

The purpose of the Phase III test program at Purdue University in 2017 was to investigate 
the effect of post-installed anchors on the load carrying capacity of the rebar lap splices 
(Ref. 1c). This main intent was to evaluate the adequacy of the anchor system as a 
potential repair mechanism for the Shield Building at locations where the laminar crack 
width exceeded the recommended threshold limit of 0.050” based on Phase II test results. 
Similar to the Phase II test program, the Phase III investigation focused on the #11 rebar 
with 79” lap splices, which is the critical configuration.  

It should be noted that the anchor system tested during Phase III did not ultimately end 
up being implemented. However, this testing program did utilize reference samples 
without anchors, which provided additional data to supplement the Phase I and II testing. 
Also, as will be discussed below, a different test configuration and protocol were utilized 
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for Phase III; however, the results were similar to Phase I and II, thus providing 
confirmation of the conclusions reached during Phase I and II.  

3.3.1 Experimental Outline and Loading Protocol 

Because of the large number of specimens for the Phase III test program and the potential 
necessity of significantly more tests that would need to be conducted, a simpler test 
configuration and loading protocol was utilized compared to those used for the Phase I 
and II test programs at Purdue University. As discussed earlier, Phase I and II test 
programs used long test girders subjected to 4-point transverse loading that produced 
constant flexure over the test span and subjected the #11 rebar with lap splice to tensile 
loading. For the Phase III test program, a simplified test configuration was used, wherein 
shorter (6’-8” long) specimens were used, but having the same cross-section (17-
5/8”×30”) as that for the test girders used in the previous test programs (see Figures 16 
and 17). The specimen length was dictated by the 79” lap splice length. The test 
specimens were subjected to tensile loading applied directly to the spliced #11 rebar to 
produce similar effects as in the test girder specimens used in the previous test programs. 
The tensile force to the rebar was applied through a “self-reacting” loading frame (see 
Figures 16 and 17). Refer to Appendix C for details. 

Specimens were tested both without any anchors and with different anchor configurations 
(depth of embedment, spacing, etc.) as transverse reinforcement. Since the use of 
anchors is not the subject of this Technical Report, only the six (6) specimens without 
anchors will be discussed.

Figure 16: Series D Test Loading Frame Setup (From Appendix C) 
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Figure 17: Series D Test Setup and Loading Arrangement (From Ref. 1c) 

Table 8: Phase III Test Program Matrix (from Appendix C) 

Test 
Series

Test 
Specimen

Anchor Details 
Bearing 

Plate No. of 
Anchors

Spacing, s 
(in)

Embedment depth, de

(in)

1 

D1 

0 N/A N/A N/A 

D2 

D3 

D9 
D11 

D17 

The loading scheme for the tests involved (a) initial loading cycle to create laminar cracks 
in the specimen, (b) unloading completely, (c) installation of anchors (not covered in this 
report), and (d) reloading, with loads applied in small increments during the initial loading 
and reloading cycles. Additionally, during the initial loading cycle, loading was applied to 
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the specimen to create maximum crack widths exceeding the recommended bounding 
limit of 0.050” from the Phase II program.  

During the test, the forces in reinforcing bar, vertical and horizontal deformations, and 
crack widths were measured and the crack maps were recorded (see Appendix C). 

3.3.2 Materials 

The concrete mix design for the Series D tests was kept the same as that used in the 
Phase I and II tests at Purdue University. Concrete used in the specimens was mixed and 
delivered to the laboratory by Irving Materials, Inc. of West Lafayette, IN. The first set of 
specimens was cast on January 11, 2017 and the second set of specimens was cast on 
April 27, 2017.  

Similar to Phases I and II, target air entrainment for the concrete mix was 5%. As concrete 
was being placed, air and concrete temperatures, air content, and slump of the mix were 
measured. The specimens were cured for a week. The compressive strength of concrete 
for the Series D specimens is summarized in Table 9 and shows that the mix used for the 
test girders was of uniform quality and strength. Detailed information and records for each 
casting are included in Appendix C. 

Table 9: Compressive Strength of Concrete – Phase III Program 

Test 
Specimen

Cast Date Test Date
Concrete 

Compressive 
Strength* 

Concrete 
Splitting 
Cylinder 

Age of 
Specimen 

(days)
D1 1/11/2017 2/13/2017 3900 450 33 

D2 1/11/2017 2/15/2017 3900 450 35 

D3 1/11/2017 2/15/2017 3900 450 35 

D9 1/11/2017 3/10/2017 4100 400 58 

D11 1/11/2017 3/17/2017 4300 400 65 

D17 4/27/2017 7/5/2017 4400 450 69 
*mean of three tests 

All reinforcing bars came from the same heat. Stress-strain properties of the bars are 
included in Appendix C. The nominal properties of the reinforcing bars are presented in 
Table 10. The actual material yield strength of rebar used for Phase III tests was 67 ksi. 
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Table 10: Reinforcement Properties – Phase III Program 

Bar Designation #11 
Nominal Diameter, in 1.41 
Nominal Area, in2 1.56 
Nominal Perimeter, in 4.43 
Unit Weight, lbf/ft 5.31 
Yield Stress*, ksi 67 

*mean from tests of twelve coupons 

3.3.3 Test Results and Key Observations 

Figure 18 shows the load vs. crack width plots for the specimens without anchors. 
Appendix C also provides the plots of variations of vertical and horizontal deformations 
along the length of specimens and the load vs. specimen elongation plots. Table 11 lists 
the results, including the maximum crack width and maximum rebar stresses during initial 
loading cycle and at failure.  

In general, Figure 18, along with the test results for the specimens with anchors (Appendix 
C), shows consistency of results and provides assurance for the acceptability of the tests 
(including test results) and expected performance. The results for Series D specimens 
without anchors confirmed that the rebar lap splices can maintain full load carrying 
capacity with laminar cracks of widths exceeding 0.050”.  
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Figure 18: Load vs Crack Width for Phase III Specimens without Anchors (from 
Appendix C) 
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Table 11: Crack Widths and Rebar Stresses (from Appendix C) 

Test 
Specimen 

Max. Rebar Stress at 
Splice End (ksi) 

Max. Laminar Crack 
Width (in.) 

Initial Loading Failure Initial Loading Failure 
D1 72 73 0.07 0.08 
D2 71 71 0.06 0.07 
D3 80 81 0.11 0.18 
D9 76 76 0.09 0.09 

D11 71 71 0.06 0.06 
D17 77 77 0.13 0.13 

The behavior of the specimens without anchors generally shows predictable response 
with specimen failure occurring at crack widths exceeding 0.060”. 

The conservatisms noted for Phase I and II test programs are also applicable to Phase 
III. These include the conservative test configuration with lap splices located side by side 
in a straight specimen and the measurement of cracks at the surface of the specimen 
instead of at the rebar location.  

3.4 Summary of Phase I, II, and III Purdue Test Results 

A total of 24 specimens were tested at Purdue University during the Phase I, II, and III 
test programs (excluding the specimens tested with post-installed anchors). The testing 
utilized a conservative test configuration to determine the limiting condition.  

Phase I was conducted to test lap splices in the presence of existing laminar cracks 
without specific attention to initial crack width. In Phase II, laminar cracks were observed 
to have no detrimental effect on splice strength and deformability for cracks widths 
reaching up to nearly 0.050” during initial loading. In Phase III, the threshold of 0.050” 
was confirmed by specimens that were able to attain their full strengths after forming 
splitting cracks with widths ranging from 0.060” to 0.130" during initial loading. Table 12 
provides the maximum reinforcement stress at failure and crack widths for the Phase I, 
II, and III specimens (without anchors) and Figures 19 and 20 shows the maximum 
reinforcement stress at failure. 
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Table 12: Compiled Summary of Phase I, II, and III Test Results 

Test 
Program

Test Girder 
Designation

Concrete 
Compressive 

Strength  

[psi]

Lap 
Length 

[in]

Max. Crack 
Width at Initial 

Loading  

[in]

Max. Crack 
Width at 

last reading 
during 
reload 

[in]

Calculated 
Reinf. 
Stress  

[ksi]

Phase I 

A1 5270 120 

(a) (a) 

79 
A2 6030 120 80 
A3 5890 120 80 
A4 5110 120 79 
A5 5240 120 79 
A6 5490 120 77 
B1 4460 79 71 
B2 4800 79 69 
B3 4780 79 70 
B4 5460 79 70 
B5 5260 79 72 
B6 5230 79 72 

Phase II 

C1 5300 79 0.042 0.090 73 
C2 5300 79 0.021 0.025 74 
C3 5900 79 0.039 0.042 74 
C4 5700 79 0.052 0.053 75 
C5 5600 79 0.054 0.057 74 
C6 5300 79 0.030 0.033 75 

Phase 
III 

D1 3900 79 0.070 0.080 73 
D2 3900 79 0.060 0.070 71 
D3 3900 79 0.110 0.180 81 
D9 4100 79 0.090 0.090 76 

D11 4300 79 0.060 0.060 71 
D17 4400 79 0.130 0.130 77 

(a) Crack widths not reported because Phase I focused on the effects of laminar cracks 
on the strength of lap splices without specific attention to establishing a plausible 
limit to the width of those cracks. See Appendix A.
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Figure 19: Maximum Reinforcement Stress at Failure for Phase I 

Figure 20: Maximum Reinforcement Stress at Failure for Phases II and III 
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From the Phase II and III results only, it is evident that the lap splices maintained their full 
load carrying capacity, with maximum reinforcement stresses ranging from 73 ksi to 81 
ksi, with pre-existing crack widths up to 0.130”. The average stress in reinforcement at 
failure was 74.5 ksi with coefficient of variation of 3.6%.  

As discussed earlier, the Phase I tests were conducted with smaller widths of pre-existing 
laminar cracks to establish the structural adequacy of Shield Building with the laminar 
crack characteristics prevalent at that time. However, the load-deformation relationships 
of the Phase I specimens are similar to those of the Phase II and III specimens. 
Additionally, as noted for Phase I tests, the load deformation relationships of the 
specimens that were loaded, unloaded, and reloaded are almost identical to the response 
of specimens that were loaded monotonically. Besides demonstrating the repeatability of 
the test performance, this shows that the response of Phase I test specimens would lead 
to the same conclusions even if pre-existing cracks with crack widths approaching those 
in Phase II and III test programs were created. Considering all test results from all Phases, 
the maximum reinforcement stress ranged from 69 ksi to 81 ksi with an average stress of 
73.2 ksi and a coefficient of variation of 4.0%.  

Based on the summary of results presented above, it is concluded that the Shield Building 
rebar lap splices will safely maintain its full load carrying capacity with laminar cracks 
widths of up to 0.050”. 

3.5 Quality Assurance  

It is noted that the Phase I and II test programs were deemed equivalent to an “augmented 
quality”, with associated QA/QC oversight, the results thereof, are considered appropriate 
as input to safety-related design. Although the Phase III test program was characterized 
as “exploratory” and thus, “non-safety”, with an intent to establish a suitable anchor 
system layout, a similar degree of engineering and management oversight was also 
provided for the Phase III tests. Additionally, as noted above, the results across the three 
phases are reproducible and consistent. Therefore, the conclusions established in 
Section 3.4 are considered applicable for safety-related design of the Shield Building.  

The QA/QC records from Phase I and II programs are not repeated here, but are available 
in References 1a and 1b, respectively.  

4.0 Composite Action of Shell 

The composite action of the section for the out-of-plane bending effects can be evaluated 
by the magnitude of in-plane shear transfer capacity across cracked concrete.  

Shear force can be transmitted across a crack if the crack faces are moving in opposite 
directions. This shear transfer capacity can come from three mechanisms: 1) aggregate 
interlock; 2) dowel action; and 3) axial steel force (see Figure 21).  
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Figure 21: a) Aggregate interlock; b) Dowel action; c) Axial steel force 

For a crack without reinforcement across it, shear transfer comes exclusively from the 
aggregate interlock. The parameters, which affect the aggregate interlock capacity, , are 
identified by different researchers (Walraven, 1980, 1981 (Refs. 7d-7e); Bazant and 
Gambarova, 1980 (Ref. 7a); Gambarova, 1981 (Ref. 7b); Gambarova and Valente, 1990 
(Ref. 7c)) as the crack width, w, the shear displacement, , the concrete crushing 
strength, f , and the maximum aggregate particle diameter, D . See Figure 22 for 
illustration.  

Figure 22: Shear transmission across an un-reinforced crack 

Walraven (1980) reported numerous experimental results with the range of D =16 ~ 32 mm (0.63” – 1.25”) and f N/mm  (1944 psi – 8572 psi), covering 
different cases of crack width ranging from 0.1 to 1.0 mm (0.004” – 0.039”).  Based on 
theoretical analysis and the aforementioned experimental results, Walraven proposed the 
following equation for the shear transmission across an un-reinforced crack (Refs. 7d-
7e): 

30 + ( + ( ) )  (1)
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In which: 

 : shear transmission across an un-reinforced crack, N/mmf  : concrete crushing strength, N/mmw : crack width, mm

 : shear displacement, mm

Using principles of fracture mechanics, alternative solutions of the shear transfer 
mechanism across an un-reinforced crack are proposed by Bazant, Gambarova, and 
Valente (Refs. 7a-7c). 

 A comparison of various methodologies mentioned above indicate that significant shear 
capacity can develop across the plane to develop a composite action as shown in Figure 
23. 

Figure 23: Shear transmission capacity across an un-reinforced crack 

Furthermore, in Section 2505 of ACI 318-63, which is used for the ultimate strength design 
of the Shield Building, the shear transfer along the concrete contact surface without 
mechanical anchorage (reinforcement) is permitted to be 40 psi for service loads and 76 
psi (1.9 × 40 =76 psi) for ultimate loads. These values are comparable to results 
discussed above.  

Note that per the design calculations, the magnitude of shear across the laminar crack is 
very small compared to the capacity values discussed above, given the relatively nominal 
out-of-plane bending effects on the shell due to seismic, wind or tornado effects. It is, 
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therefore, concluded that laminar cracking of 0.050” (1.25 mm width) in the outer rebar 
mat will not impact the expected composite behavior of the shell for the design loads.  

5.0 Overall Structural Response

The test results show that the outer circumferential rebar maintains its full design capacity 
with the presence of laminar cracks with widths up to 0.050”. Additionally, review of the 
load-deflection behavior of the specimens in all three test programs does not indicate any 
significant change in the reloading stiffness of specimens after introduction of the laminar 
cracks with widths exceeding 0.050”.  

The Shield Building is designed for all applicable loads and load combinations in 
accordance with USAR Section 3.8.2.2.4 and DCM Section II.G, including dead and live 
loads, wind and tornado loads, and operating basis and safe shutdown earthquakes. The 
controlling load combinations for the design of the Shield Building involve the design basis 
safe shutdown earthquake, for which the Shield Building will behave like a cantilever 
where most of the forces are transferred through in-plane shear and axial membrane 
forces and very little through out-of-plane bending of the shell. The laminar cracking has 
no impact on in-plane stiffness of the cylindrical shell, which will resist most of the 
applicable seismic loads. For thermal and tornado loads that produce hoop tension and 
moment, the existence of laminar cracking does not change the concrete section behavior 
since the concrete shell is already assumed to be cracked through-thickness. The 
applicable tension forces are primarily resisted by the hoop reinforcement, which are able 
to maintain their design function with crack widths up to 0.050” per the testing. Therefore, 
it is concluded that no changes need to be made to the analytical model in order to 
account for the effect of laminar cracking on stiffness of the Shield Building.  

Based on above discussion, it can be safely concluded that the effect of laminar cracking 
on the overall stiffness, dynamic characteristics and performance of the Shield Building 
is negligible.

6.0 Serviceability and Long-Term Durability

Per applicable codes of record for the Shield Building (ACI 318-63 and ACI 307-69) 
serviceability essentially relates to crack control under service load conditions (not faulted 
load conditions). Service life of the structure can be affected by the nature, extent and 
width of cracking present on the surface of the structure that may provide a path for 
moisture penetration resulting in reinforcement corrosion. For cracking induced by applied 
loads such as flexure or hoop tension, the primary objective is to limit the crack width (at 
the surface) to 0.010” per the ACI Standard Building Code, as noted in USAR Section 
3.8.2.2.5, in order to limit potential moisture paths that could lead to corrosion of 
reinforcing steel. The initial detailed condition assessment (supplemented by continued 
periodic monitoring) did not indicate any unusual surface cracking due to either shrinkage 
or flexure, with observed surface cracks much tighter than 0.010”.  

The monitoring program has subsequently indicated rebar corrosion at the locations of 
maximum laminar crack widths. To address this, a repair program has been implemented 
and requires removal and replacement of concrete in areas of cracking exceeding 0.050” 
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with/without any signs of corrosion. The repair program involves chipping of concrete and 
rebar removal/replacement (as required) to a larger extent than depicted in the latest IR 
scans. Additionally, a passive cathodic protection program is implemented to mitigate and 
prevent rebar corrosion after the repair is completed. The periodic monitoring program 
will continue to verify that the implemented measures are effective in ensuring there is no 
further rebar corrosion and there are no pathways for moisture infiltration.    

Therefore, it is concluded that the long-term durability of the Shield Building is not 
adversely affected with laminar crack widths of up to 0.050” within the thickness of the 
cylindrical wall.  

7.0 Conclusions 

Based on a detailed review of all the relevant technical documents and test reports, it is 
concluded that crack widths of up to 0.050” have no adverse impact on capacity of 
reinforcing bars to perform their intended function to ensure the structural adequacy of 
the Shield Building. Moreover, there are several additional layers of conservatisms that 
add margin to the design capacity. These conservatisms include a higher strength of the 
in-place concrete versus the strength of test specimens, not including the effect of 
staggering of spliced rebars in the test specimens, and not including the curvature of the 
Shield Building in the test specimen.   

It is also concluded that the composite action of the shell, overall structural response and 
serviceability and durability of the Shield Building are not adversely impacted with laminar 
cracking of 0.050”.  The monitoring program in place will ensure that any exceedance in 
cracking or evidence of corrosion are adequately identified and addressed.  

Appendix E contains a memorandum from Prof. Santiago Pujol, who was responsible for 
the experimental testing at Purdue University, supporting these conclusions.  
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SUMMARY 
 

The object of the experimental investigation reported was to study the effect of laminar cracks on the 

strength of unconfined lap splices of #11 Grade-60 reinforcing bars embedded in concrete. The study 

focused on the influence of pre-existing laminar cracks on the strength of lap splices for #11 bars. The 

planned variables for the study were the length of the splice and the loading program. Twelve girders 

with lap splices were tested in two series, A and B, of six. Series A had 120-in long splices and series B 

had 79-in. splices. Concrete strength was not a planned variable. Concrete mixes were selected  to 

produce  a concrete strength at 28 days not exceeding 6000 psi. Measured concrete strength at time of 

test varied from approximately 4500 to 6000 psi.  Yield stress of the reinforcing bars was 66 ksi. 

In each series, two girders were loaded monotonically to failure. The two series A girders (A-2 and A-3) 

reached their yield capacities and then failed in flexure to resist a maximum moment of 487 k-ft. The 

two series B girders also reached their yield capacities and had splice failure at maximum moments of 

425 k-ft (Girder B1) and 427 k-ft (Girder B4). 

In series A, the remaining four girders were loaded to a deflection beyond yield, unloaded, and then 

loaded, with pre-existing laminar cracks, to failure.   Maximum moments resisted were 481 k-ft(Girder 

A1), 479 k-ft (Girder A4), 480 k-ft (Girder  A5), and 466 k-ft (Girder A6). 

In series B, the four were loaded to yield, unloaded, and then loaded, with pre-existing laminar cracks, 

to failure.  Maximum moments resisted were 418 k-ft (Girder B2), 426 k-ft (Girder B3), 435 k-ft (Girder 

B5), and 435 k-ft (Girder B6). 

Load-deflection relationships recorded for the 12 girders are presented in Fig. 13 through 24. 

Reinforcement stresses developed at splice ends are listed in Table 3. For girders with 120-in splices 

maximum reinforcement stress attained at ends of splice ranged from 77 to 80 ksi. For girders  with 79-

in. splices, the range was  69 to 72 ksi.   

Differences between the load-deflection responses of initially uncracked and pre-cracked girders were 

found to be negligible. 

 

Strain measurements and observed distribution of bursting (laminar) cracks confirmed that most , if not 

all, of the force transfer from one bar to another occurred in the end of the splice over a length of 

approximately 20 in.(<15 bar diameters). In this region of high bond-stress demand, cracks paralleling 

the spliced bars opened at as low as one fourth of the maximum load in all girders tested. In the four 

specimens that were unloaded and reloaded, the measured maximum residual widths of these cracks at 

zero applied load were 0.08 in for series A and 0.015 for series B.   

 

All load-deflection curves measured had two common characteristics: (1) Yield moment of the section 

was developed after appearance of laminar bursting cracks at low loads and at zero load in the case of 

the reloaded girders, and (2) all girders tested demonstrated a definite capability to maintain strength 

APPENDIX A, Purdue Phase I Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 7 of 595 



 
 

7  

 

with increase in deflection beyond yield. The latter characteristic satisfies the traditional demand of 

professional consensus documents for cases where the loads may be dynamic and/or not known closely.  

 

 

1. Introductory Remarks 

Since the publication of Abrams’s monumental study of bond between concrete and steel1 the 

engineering profession has been aware of the fact that, in transferring stress to concrete, deformed bars 

tend to cause bursting stresses in the concrete. The cracks caused by bursting stresses reach the surface 

of the concrete in which a deformed bar is embedded in a random pattern and tend to parallel the bar 

causing the stress. Their appearance on the surface of the concrete is a cause for concern. 

What if such cracks develop without the influence of bursting stresses related to bond? How much bond 

stress can a reinforcing bar develop in cracked concrete with the cracks approximating the trajectory of 

the bar? The experimental investigation described in this report was undertaken to answer this question 

within a limited domain of variables: “If lap splices of #11 Grade 60 bars with three-in. cover happen to 

be in concrete having laminar cracks along the plane of the splices, what is the limit to the tensile force 

that can be transferred from one bar to the other?” 

The investigation was carried out at Bowen Laboratory for Large-Scale Civil Engineering Research, West 

Lafayette, IN. to address this question.  

2. Object and Scope 

The object of the investigation reported was to study the effect of cracks on the strength of lapped 

splices of #11 Grade-60 reinforcing bars embedded in concrete. The cracks in question are laminar 

cracks, or cracks that lie in a plane that coincides with or is parallel and close to the axis of the spliced 

bars.  The fundamental question for the investigation was to determine what level of tensile stress 

spliced #11 bars could develop if the surrounding concrete already has such cracks. 

The test specimens were of a type used usually for testing splices (Fig. 1). They were large-scale girders 

with rectangular sections.  They were simply supported at two points equidistant to the center of the 

specimen and loaded at two points, outside the reactions, also equidistant to the center of the 

specimen. A total of 12 specimens were tested under static loading, test durations ranging from three to 

six hours.   Six of these (Series A) had 120-in splices (nominally 85 bar diameters) and the remaining six 

(Series B) had 79-in splices (nominally 56 bar diameters)..   

In each of series A and B, loading was applied continually to failure in two test girders. In the remaining 

four, loading was first carried to or beyond yielding. Then the load was reduced to zero to be increased 

again until failure occurred.  

                                                           
1
 Abrams, Duff A., “Tests of Bond between Concrete and Steel,” Bulletin #71, Engineering Experiment Station, 

University of Illinois, Urbana, 1913, 245 pp. 
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Concrete strength was not a planned variable in the program. For the test girders with the 120-in splices 

concrete strength, determined using standard 6x12-in. cylinders, varied from approximately 5000 to 

6000 psi. For those with 79-in. splices, it varied from approximately 4500 to 5500 psi (Table 1).  

Appendix 1 includes details about the tests of concrete samples. 

Yield stress and strength of the #11 bars were determined to be 66 ksi and 103 ksi, respectively. Limiting 

strain, measured over a gage length including the part of the bar that fractured, ranged from 14 to 19 % 

(Table 2). 

In addition to load and deflection measurements, crack patterns and widths as well as longitudinal and 

transverse deformations of the test girders were recorded. Failure characteristics of the test girders 

were captured by a high-speed camera operating at 5,000 frames per second. 

Following sections contain brief descriptions of the materials, construction and instrumentation of the 

test girders. Detailed information on those topics is provided in the appendices of this report.  The 

observed behavior of the test girders is described in terms of measured load-deflection relationships, 

recorded crack-width developments, and calculated reinforcement stresses.    

2.1 Experimental Outline 

As mentioned in the preceding section, two series of six tests were conducted, one with 120-in. splices 

and the other with 79-in. splices. Specimens A were cast in groups of three on 17 April 2012 and on 24 

April 2012. Specimens B were also cast in groups of three, the first cast being on 10 April 2012 and the 

second on 30 April.  

Because of the concern resulting from early cylinder tests that the concrete strength might surpass 

6,000 psi at the intended time of test, specimens of Series B were tested first, during the period             

10 through 25 May 2012. Specimens of Series A were tested afterwards during the period 30 May 

through 8 June 2012. Test dates are listed in Table 1. 

The planned variables in the tests were the length of the splice (79 or 120 in.) and the loading program.  

Two specimens in each series were subjected to increasing applied loads at each loading stage of 6, 12, 

18, 24, 30, and 36 kips. Above 36 kips, load increments were determined by measured displacement. 

Four of the specimens in series A were subjected to loading in increments of 6 kips to yield and then to a 

mid-span deflection of 0.9 in, unloading, and reloading to failure. In series B, the four specimens were 

loaded to 36 kip in 6-kip increments, unloaded, and then loaded to failure.    

Load and deflection measurements were obtained continuously in each test.  Deflections were also 

measured by dial gages whenever loading was stopped. An Optotrak tracking system was used to 

measure deformations of the girder after each load increment until there was a threat of failure. Crack 

patterns and widths were recorded up to a loading stage which was considered to be safe for those 

making the measurements. This limit, stated in terms of applied load, varied from 30 to 41 kip. Still 

photographs of the test specimen were taken at all loading stages.  

Profile dimensions of the specimen in Series A and B are shown in Fig. 2 and 3 
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Properties of the girder cross section were based on four considerations. 

The first was to have more than one lap splice to simulate the interaction of adjacent lap splices.  Two 

splices were used. 

The second was to have a minimum cover of 3 in. that translated to a clear distance of 6 in. between the 

two splices and led to a cross-sectional width of (4x3+4x1.41) in. The width of the girder section was 

made 17 5/8 in. 

The third was to produce a bursting crack in the horizontal plane that would intersect both splices.  To 

increase the probability of a bursting crack in the horizontal plane and given that cracking tends to occur 

in the direction in which cover is smaller, the desired minimum side cover of 3 in. was used on the 

outside bars of the splices and a cover of 5 in. was used on top. 

The fourth condition was to make sure that with four #11 bars the section would have a moderate 

reinforcement ratio not exceeding 1.5 %. An overall depth of 30 in. satisfied that requirement. 

The resulting cross-section is shown in Fig.4. Girders of Series A and B had the same-cross sectional 

dimensions and the same reinforcement. Each girder in series A had a total length of 39 ft .The lap splice 

length was 120 in. as indicated in Fig. 2. Ends of the splice were each at three ft from the closer support. 

The cantilevered portions of the girder measured 11 ft 6 in. in length.  Loads were applied on each 

cantilever segment at 10 ft from the support.  

Each girder in series B had a total length of 34 ft 4 in. Length of the lap splice was 79 in. and was located 

as shown in Fig. 3. The ends of the splice were each at three ft from the closer support. The cantilevered 

segments of the girder were 10 ft 10 ½ in. long. Loads were applied on each cantilever segment               

at 9 ft 8 ½ in. from the supports.  

To make certain that shear or bond problems did not occur in the cantilevered segments of the girder, 

they were equipped with post-tensioned external stirrups comprising pairs of 3-in. channels at each end 

and two 5/8in-diameter rods. Figure 4 shows the external stirrups. There were 12 of them on each 

cantilevered segment placed at equal spacing. Post-tensioning forces in the external stirrups were not 

measured.  

Measured dimensions of test specimens and test setup, obtained before testing, are listed in Appendix 

2. 

 

Load was applied through the use of two 60-kip hydraulic center-hole rams near each end of the girder. 

The rams were supported by a custom-built steel channel. One of the rams on each side was in series 

with a load cell. A 10x4-in. tube supported the two rams.  
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3. Materials 

(a) Concrete 

Concrete used in the specimens was mixed and delivered to the laboratory by Irving Materials Inc. of 

West Lafayette, IN. Each girder and related cylinders were cast using concrete from a single truck. The 

mix proportions by weight were 

Component Weight of Component / Weight of Cement 

Cement 1 

Fine Aggregate 2.4 

Coarse Aggregate (max. size = 1¼ in.) 2.6 

Water 0.55 

 

Target air entrainment was 5%. As concrete was being placed, temperature, air content, and slump of 

the mix were measured. Air temperature was recorded. Target moist curing was seven days but the 

curing period was reduced for some specimens as a result of early cylinder tests that indicated high 

strength .  Detailed information for each casting is included in Appendix 2. Information about curing is 

given in Appendix 3. 

(b)  Steel 

All #11 reinforcing bars came from the same heat. Stress-strain properties of the bars are included in 

Appendix 4.   

 

 

4. Observed Relationships between Applied Load and Deflection 

Figures 13 through 24 contain the measured load-deflection relationships of the 12 test girders. The 

reported deflection is the relative movement (deflection up considered to be positive) of girder mid-

span with respect to the supports.  The reported load is the load applied near the end of the cantilever 

section.  

It is important to note that a direct comparison of the measured load-deflection curves of girders in 

series A and B is not justified because of (1) the difference in middle spans (16 ft for girders A and 12 ft 7 

in. for girders B), (2)  the slight difference in the lever arms of the applied loads (10 ft for girders A and 9 

ft 8 ½ in. for girders B) and (3)  the difference in the initial selfweight moment (45.8 kip-ft for girders A 

and 41.7 kip-ft for girders B). 

All load-deflection curves measured had two common characteristics: (1) Yield moment of the section 

was developed after appearance of laminar bursting cracks at low loads and at zero load in the case of 

the reloaded girders, and (2) all girders tested demonstrated a definite capability to maintain strength 

with increase in deflection beyond yield. The latter characteristic satisfies the traditional demand of 

professional consensus documents for cases where the loads may be dynamic and/or not known closely. 

Considering the Series A girders only, the similar behavior of A2 and A3 is not unexpected. These girders 
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had similar reinforcement, similar concrete strength ( 6030 and 5890 psi), similar spans and they were 

loaded to failure similarly. In both cases failure was initiated by failure of concrete in flexural 

compression after yielding of reinforcement at the supports. It is of interest to note that the overall 

behavior of test girders A1, A4, A5, and A6 that were loaded, unloaded, and reloaded to failure differed 

very little from those of A2 and A3 even though the failures of these four girders were initiated by bond. 

In fact one could not identify easily the ones that were reloaded by studying the shapes of the envelope 

curves. Girders in series A all had the same yield deflection (approx. ½ in.) and similar maximum mid-

span deflections (ranging from 1.4 to 1.8 in.). 

Inspection of Fig. 19 through 24 yields similar conclusions for the responses of girders of series B. For 

this series, the yield deflection was approximately 1/3 in. and maximum deflection ranged from a little 

below 0.5 in. (Girder B1) to above 0.6 in. (Girder B6). The range in concrete strength from 4460 to 5460 

psi would not be expected to have a perceptible influence on the yield deflection. The three test girders  

with  relatively low concrete strengths (Girders B1, B2, and B3) did have the lower maximum deflections 

but the maximum recorded value of ~0.47 in. for B1 with a concrete compressive strength of 4460 psi 

was not that much lower than that of B5 that had a concrete compressive strength of 5260 psi (0.55 in.) 

Maximum applied loads for series A ranged from 42 to 44.1 kip. This range was from 39.7 to 40.6 for 

series B. In fact, on the basis of maximum applied load alone, it is hard to discriminate the results for 

series B vis-à-vis those of series A.   

The narrow ranges of measured peak loads indicate consistency and that the sample size (6 repetitions) 

was proper. 

 

5. Crack Development 

Changes in crack patterns and widths were recorded in detail and are reported completely in Appendix 

7.  Observed development of flexural crack patterns and thicknesses was consistent with what is 

normally expected in reinforced concrete beams responding primarily to flexure. As seen in Fig. 6, 

flexural cracks occurred at a spacing of approximately twice the top cover or ~10 in. It is also seen that 

the cracks near mid-span did not reach as far towards the compressed edge of the girder as the ones 

near the support. This was an indication that the lap splice was effective, with most of the force transfer 

occurring near its ends as discussed later. All four bars were participating in load resistance.  In the 

range of linear response to flexure, the neutral axis depth increases with increase in the reinforcement 

ratio. Even though the total tensile force in the reinforcement at mid-span was comparable to that at 

the support, the amount of reinforcement was twice as much. This was reflected in the relative lengths 

of the flexural cracks at mid-span and at the support. 

Examples of crack patterns observed are shown in Fig.7 through 12 and Appendix 11. 
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Cracks of primary interest in this study are those caused by the bursting stresses related to high bond 

demand. Appendix 7 contains records of their development in detail for every one of the 12 girders 

tested.   

Figure 6 that shows typical flexural cracks also shows the bursting cracks that traverse the beam surface 

horizontally at or near the level of the reinforcement. A descriptive metaphor for their formation is 

provided by visualizing the bars as thin walled pressurized tubes embedded in concrete as illustrated in 

Fig. 25  The internal pressure causes circumferential tensile stresses in the concrete around the tube 

that decrease with distance as shown ideally in the figure. The crack is initiated in the weakest plane 

which corresponds to the plane resulting in the minimum cover.  The crack is initiated in the immediate 

surface of the tube and progresses out as the pressure in the tube increases.  It is also relevant to note 

that a bursting crack can exist next to the reinforcement but not be visible on the surface of the girder. 

The projection of this metaphor to the test girders suggests that the bursting crack would occur on a 

horizontal plane intersecting the reinforcement and that the surface width of the crack is likely to be 

smaller than its width next to the spliced bars. It also provides an introduction to develop an 

understanding of the bond phenomena observed in the test girders by combining three sets of 

measurements: (1) Longitudinal strain distribution at reinforcement level, (2) vertical deformation of the 

girder, and (3) distribution of widths of the bursting cracks.  

The first two sets of data were obtained from movements of targets attached to the test girder and 

monitored using the Optotrak, an optical system for determining the coordinates of the targets in three 

dimensions. The locations of the targets in specimens of series A and B are shown in Fig. 26 and 27.  

The distributions of measured strain along the splices are shown in Fig. 30 through 33. Figures 30 and 31 

contain the data from the initial loadings. Figures 32 and 33 include the data from reloadings of four of 

the girders in each of series A and B.  

Despite the inherent scatter, the longitudinal-strain data show that there was a dominant pattern in 

strain distribution along the splice. In the first loadings, rapid change in strain occurred primarily in the 

outer 20-in. segments of the splice as indicated by the slopes of the plotted curves in Fig. 30 and 31. 

Recognizing that the bars within the splice remain in the linear range of response, the slope of the strain 

distribution becomes a measure of the rate of stress change. Optotrak measurements identify that the 

critical segments of the splice where most of the force transfer from bar to bar took place were the 

outer 20-in. lengths.      

Because four girders in each series were unloaded and reloaded, Fig. 32 and 33 contain four plots. These 

sets of data confirm that, in general, the middle 80 in. of the 120-in. splices and the middle ~40 in. of the 

79-in. splices were essentially inert.   

Measured vertical deformations of the test girders are shown in Fig. 34 and 35.  The results included in 

these figures confirm that the regions of relatively large vertical deformation occurred in the outer 20 in. 

of the splices for both the 79 and 120-in. splices. An aspect of these vertical-deformation measurements 

is of special interest. Normalweight-aggregate concrete is expected to have a short-time tensile-strain 
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capacity not exceeding 0.0002. The vertical deformation measurements were made over a gage length 

of 26 in. Any reliable measurement of tensile extension exceeding 0.005 may be interpreted to indicate 

the presence of cracks. It is plausible to infer from Fig. 34 and 35 that bursting cracks did exist in the 

outer 20-in. segments of the splices. Most of the tensile force transfer between the spliced bars 

occurred in splice segments with bursting cracks. 

In the following paragraphs, measured widths of bursting cracks are discussed with perspectives 

provided by the horizontal strain and vertical deformation measurements made. 

Lacking a generally accepted index value such as the intensity scale used for earthquake damage to 

organize and define data susceptible to scatter, the main generalization that can be made about crack-

width observations made in this study is that measurable (0.005 in. or more in thickness) bursting cracks 

of limited length (six to 12 in.) occurred at low loads on the order of one fourth of the maximum load 

resisted. Bursting cracks reached levels in excess of 0.1 in. at loads approaching the maximum load. At 

such levels of load, bursting cracks meandering along the level of the reinforcement covered virtually 

the entire test span.  Representative bursting cracks are shown in Fig. 38 and 39.   

To organize the observed bursting-crack widths for discussion, it was decided to divide the middle span 

into six regions A through F as shown in Fig. 28 and 29. The selection of the lengths of the regions was 

influenced by the arrangement of the Optotrak targets (Fig. 26 & 27).  Selected lengths of regions A 

through F are shown in Fig. 28 for series A and in Fig. 29 for series B. 

Maximum widths of the horizontal cracks in the selected regions at selected values of the applied load 

are shown in Fig. 40 through 51. The horizontal-axis legend shows the distance from mid-span to the 

center of the region in inches. The legend on the right-hand side of the plot indicates the applied load at 

which the readings were recorded. The numbers at the peaks of the “cones” indicate the maximum 

crack width in thousandths of an inch. 

Given the randomness of the tensile strength of concrete and the tensile-stress demands set up by 

bond, one does not expect uniform results in the charts shown in Fig. 40 through 51. Nevertheless, 

certain trends may be inferred from the charts. Again, the bursting cracks were wider at the splice ends 

and at the supports.  These trends are confirmed by the vertical deformations shown in Fig. 34 and 35.  

Comparisons of measured vertical deformations and measured cracks widths are shown in Fig. 52 and 

53.  At the maximum loads shown in Fig. 40 through 51, the maximum crack width reached 0.15 in. (Fig. 

40). 

Bringing together the observed data from measurements of longitudinal strain, vertical deformation, 

and crack-width distribution, it becomes clear that most if not all of the force transfer in the splice took 

place in regions with bursting cracks. With that knowledge, the mean unit bond strength evaluation on 

the basis of assuming the bond stress to be distributed uniformly along the splice would seem irrelevant. 

However, to place the results obtained in the realm of common practice, unit bond stresses were 

calculated. The mean unit bond strength obtained from the tests was 3.1√f’c for the 120-in splices and 

4.4√fc for the 79-in splices. The decrease in mean bond strength with increase in length of splice is 
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consistent with the observation that most of the stress transfer through bond occurred within 

approximately 15 bar diameters from each splice end. It is of interest to note that the ratio of the 

observed mean bond strengths, 0.70, is close to the ratio of the splice lengths, 0.66.  

 

 

6. Maximum Reinforcement Stresses Attained  

As documented in detail in Appendices 5 and 6 maximum tensile stresses achieved at the ends of the 

splice were computed based on the moment at the end of the splice and cross-sectional properties of 

the test girder.  Fig. 54 shows the distribution of bending moments.  The calculated stresses are shown 

in Table 3. 

The minimum tensile stress attained in the reinforcement at the end of the splice was 69 ksi (Test Girder 

B2) and the maximum was 80 ksi (Test Girders A2 and A3) 

 

 

7. Conclusions 

Two girders in each of Series A and B were loaded monotonically to failure. 

Four girders of series A were loaded to a deflection of 0.9 in. (approximately twice the yield deflection) 

and the unloaded to be reloaded to failure. Four girders of series B were loaded to yield, unloaded and 

reloaded to failure. 

At the start of reloading, lengths of approximately 15 bar diameters at each end of each splice were 

populated with bursting cracks along the splices.  Most of the force transfer between spliced bars 

occurred within these lengths. 

The two series of tests conducted were designed to address the question: what is the limit to the tensile 

force that can be resisted by lap splices of #11 Grade 60 bars with three-in. cover and in concrete having 

laminar cracks near the plane of the splices?  In both series, laminar bursting cracks formed at a fraction 

of the yield load in all test girders.  The difference between the strength and behavior of the girders 

loaded directly to failure and those unloaded after reaching or exceeding yield and reloaded was 

negligible. The existence of laminar cracks at the beginning of loading did not change the strength of the 

splices. The ratio of the limiting deflection to the yield deflection was approximately  three in Series A 

with 120-in. splices  and two in Series B with 79-in. splices. 

As listed below and illustrated in Fig. 55, maximum reinforcement stresses in the test girders loaded to 

failure after having been loaded to develop bursting (laminar) cracks and reloaded differed negligibly 

from those in girders loaded monotonically to failure.    
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Test Girder Type of Loading  Maximum Reinforcement Stress at Splice End 

A2  Monotonic     79 ksi 

A3  Monotonic     80 ksi 

B1  Monotonic     71 ksi 

B4  Monotonic     70 ksi 

 

A1  Reloaded after Laminar Cracking  79 ksi 

A4  Reloaded after Laminar Cracking  79 ksi 

A5  Reloaded after Laminar Cracking  79 ksi 

A6  Reloaded after Laminar Cracking  77 ksi 

 

B2  Reloaded after Laminar Cracking  69 ksi 

B3  Reloaded after Laminar Cracking  70 ksi 

B5   Reloaded after Laminar Cracking  72 ksi 

B6     Reloaded after Laminar Cracking  72 ksi  
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TABLES 

Table 1 Concrete 

Test Girder 

Designation 

Cast Tested Concrete 
Compressive 

Strength 
 
 

psi 

Concrete 
Splitting 
Cylinder 
Strength 

 
psi 

Lap Length 
 
 
 
 

in. 

A1 17 April 2012 4 June 2012 5270 480 120 

A2 17 April 2012 1 June 2012 6030 500 120 

A3 17 April 2012 30 May 2012 5890 480 120 

A4 24 April 2012 8 June 2012 5110 440 120 

A5 24 April 2012 7 June 2012 5240 440 120 

A6 24 April 2012 5 June 2012 5490 450 120 

B1 10 April 2012 10 May 21012 4460 450 79 

B2 10 April 2012 23 May 2012 4800 480 79 

B3 10 April 2012 21 May 2012 4780 420 79 

B4 30 April 2012 14 May 2012 5460 490 79 

B5 30 April 2012 17 May 2012 5260 480 79 

B6 30 April 2012 25 May 2012 5230 450 79 

 

 

 

 

 

Table 2  Reinforcement 
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Bar Designation #11 

Nominal Diameter, in. 1.41 

Nominal Area, in2 1.56 

Nominal Perimeter, in. 4.43 

Unit Weight, lbf/ft 5.31 

Yield Stress*, ksi 66 

Strength*, ksi 103 

Limiting Strain in 8 in., % 14,18,19 

*Note: means from tests of three coupons 
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Table 3 Summary of Results 

Test Girder 
Designation 

Concrete 
Splitting 
Strength 
(Tensile) 

 
 

psi 

Concrete 
Compressive 

Strength 
 
 
 

psi 

Lap 
Length 

 
 
 
 

in. 

Maximum 
Applied 

Load 
 
 
 

kip 

Maximum 
Moment 

at 
Support 

 
 

kip*ft 

Maximum 
Moment 

at 
Splice 
End 

 
kip*ft 

Calc. 
Reinf. 
Stress 

at 
Support 

 
ksi 

Calc. 
Reinf. 
Stress 

at 
Splice 
End 
ksi 

A1 480 5270 120 43.5 481 470 81 79 

A2 500 6030 120 44.1 487 476 82 80 

A3 480 5890 120 44.1 487 476 82 80 

A4 440 5110 120 43.3 479 468 81 79 

A5 440 5240 120 43.4 480 469 81 79 

A6 450 5490 120 42.0 466 455 78 77 

B1 450 4460 79 39.5 425 417 72 71 

B2 480 4800 79 38.9 419 419 71 69 

B3 420 4780 79 39.7 427 419 72 70 

B4 490 5460 79 39.7 427 419 71 70 

B5 480 5260 79 40.6 436 428 73 72 

B6 450 5230 79 40.6 436 428 73 72 
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FIGURES 
 

 
Figure 1 Overall Properties of The Test Girders 
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Figure 2 Test Girder, Series A 
 
 

 

 
Figure 3 Test Girder Series B 
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Figure 4 Cross-Sectional Dimensions of Series A and B Girders 

 
 

 
Figure 5 Photograph of One of The Cantilevered Segments of A Test Girder 
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Figure 6 Flexural Cracks and Bursting Cracks 
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Figure 7 West Elevation of Test Girder A4. Initial Loading. Applied Load = 36 kip 
 

 

 
Figure 8 East Elevation of Test Girder A4. Initial Loading. Applied Load = 36 kip 
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Figure 9 West Elevation of Test Girder A4 Reloaded to 36 kip 
 

 

 
Figure 10 East Elevation of Test Girder A4 Reloaded to 36 kip 
 
 

  

APPENDIX A, Purdue Phase I Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 25 of 595 



 
 

25  

 

 

 

 

 
Figure 11 West Elevation of Test Girder A4 Reloaded to 42 kip 
 
 

 

 
Figure 12 East Elevation of Test Girder A4 Reloaded to 42 kip 
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Figure 13 Load-Deflection Plot for Test Girder A1 
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Figure 14 Load-Deflection Plot for Test Girder A2 
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Figure 15 Load-Deflection Plot for Test Girder A3 
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Figure 16 Load-Deflection Plot for Test Girder A4 
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Figure 17 Load-Deflection Plot for Test Girder A5 
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Figure 18 Load-Deflection Plot for Test Girder A6 
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Figure 19 Load-Deflection Plot for Test Girder B1 
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Figure 20 Load-Deflection Plot for test Girder B2 
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Figure 21 Load-Deflection Plot for Test Girder B3 
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Figure 22 Load-Deflection Plot for Test Girder B4 
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Figure 23 Load-Deflection Plot for Test Girder B5 
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Figure 24 Load-Deflection Plot for Test Girder B6 

 
 

  

0

5

10

15

20

25

30

35

40

45

50

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

A
p

p
lie

d
 L

o
ad

, 
ki

p

Deflection at Mid-Span, in.

Test Girder B6

APPENDIX A, Purdue Phase I Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 38 of 595 



 
 

38  

 

 
Figure 25 Qualitative Illustration of Internal Stresses Leading to Bursting Cracks 
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Figure 26  Optotrak Targets on Series A Girders 
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Figure 27 Optotrak Targets on Series B Girders 
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Figure 28  Selected Regions for Maximum Bursting Crack Widths in Series A Girders 

 
 

 
Figure 29 Selected Regions for Maximum Bursting Crack Widths in Series B Girders 
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Figure 30 Longitudinal Strains at Level of Reinforcement, First Loading of Series A Girders 
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Figure 31 Longitudinal Strains at Level of Reinforcement, First Loading of Series B Girders 
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Figure 32 Longitudinal Strains at Level of Reinforcement, Reloading of Series A Girders 
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Figure 33 Longitudinal Strains at Level of Reinforcement, Reloading of Series B Girders 
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Figure 34 Transverse Deformations, First Loading of Series A Girders 
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Figure 35 Transverse Deformations, First Loading of Series B Girders 
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Figure 36 Transverse Deformations, Reloading of Series A Girders 
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Figure 37 Transverse Deformations, Reloading of Series B Girders 
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Girder A-1, Load = 36 kip (reload). Girder A-2, Load = 36 kip. 

  
Girder A-3, Load = 36 kip. Girder A-4, Load = 40 kip (reload). 

  
Girder A-5, Load = 40 kip. Girder A-6, Load = 46 kip (reload) 

Figure 38 Representative Cracks, Test Series A. 
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Girder B-1, Load = 36 kip. Girder B-2, Load = 36 kip (reload). 

  
Girder B-3, Load = 36 kip (reload). Girder B-6, Load = 36 kip (reload). 

Figure 39 Representative Cracks, Test Series B 
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Horizontal axis of chart  indicates distances of strip centers from mid-span 
Maximum crack widths measured in each strip at selected applied loads (legend on right) are listed in the chart.  
“0 k - Reload” refers to unloaded state of the girder before reloading. 
Strip widths are 50, 20, and 26 in. on each side of mid-span. 
Value 1 indicates existence of a crack not exceeding 0.004 in. in thickness. 

 

Figure 40  Recorded Maximum Surface Widths (in thousands of an inch) (in thousands of an inch) of Bursting Cracks 
at Reinforcement Level, Test Girder A-1. 
 

 

 
Horizontal axis of chart  indicates distances of strip centers from mid-span 
Maximum crack widths measured in each strip at selected applied loads (legend on right) are listed in the chart.  
“0 k - Reload” refers to unloaded state of the girder before reloading. 
Strip widths are 50, 20, and 26 in. on each side of mid-span. 
Value 1 indicates existence of a crack not exceeding 0.004 in. in thickness. 
 

Figure 41  Recorded Maximum Surface Widths (in thousands of an inch) of Bursting Cracks at Reinforcement Level, 
Test Girder A-2. 
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Horizontal axis of chart  indicates distances of strip centers from mid-span 
Maximum crack widths measured in each strip at selected applied loads (legend on right) are listed in the chart.  
“0 k - Reload” refers to unloaded state of the girder before reloading. 
Strip widths are 50, 20, and 26 in. on each side of mid-span. 
Value 1 indicates existence of a crack not exceeding 0.004 in. in thickness. 

 
Figure 42  Recorded Maximum Surface Widths (in thousands of an inch) of Bursting Cracks at Reinforcement Level, 
Test Girder A-3. 

 
 

 
Horizontal axis of chart  indicates distances of strip centers from mid-span 
Maximum crack widths measured in each strip at selected applied loads (legend on right) are listed in the chart.  
“0 k - Reload” refers to unloaded state of the girder before reloading. 
Strip widths are 50, 20, and 26 in. on each side of mid-span. 
Value 1 indicates existence of a crack not exceeding 0.004 in. in thickness. 

 
Figure 43  Recorded Maximum Surface Widths (in thousands of an inch) of Bursting Cracks at Reinforcement Level, 
Test Girder A-4 
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Horizontal axis of chart  indicates distances of strip centers from mid-span 
Maximum crack widths measured in each strip at selected applied loads (legend on right) are listed in the chart.  
“0 k - Reload” refers to unloaded state of the girder before reloading. 
Strip widths are 50, 20, and 26 in. on each side of mid-span. 
Value 1 indicates existence of a crack not exceeding 0.004 in. in thickness. 

 

Figure 44  Recorded Maximum Surface Widths (in thousands of an inch) of Bursting Cracks at Reinforcement Level, 
Test Girder A-5. 
 

 

 
Horizontal axis of chart  indicates distances of strip centers from mid-span 
Maximum crack widths measured in each strip at selected applied loads (legend on right) are listed in the chart.  
“0 k - Reload” refers to unloaded state of the girder before reloading. 
Strip widths are 50, 20, and 26 in. on each side of mid-span. 
Value 1 indicates existence of a crack not exceeding 0.004 in. in thickness. 
 

Figure 45  Recorded Maximum Surface Widths (in thousands of an inch) of Bursting Cracks at Reinforcement Level, 
Test Girder A-6. 
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Horizontal axis of chart  indicates distances of strip centers from mid-span 
Maximum crack widths measured in each strip at selected applied loads (legend on right) are listed in the chart.  
“0 k - Reload” refers to unloaded state of the girder before reloading. 
Strip widths are 30, 19, and 26.5 in. on each side of mid-span. 
Value 1 indicates existence of a crack not exceeding 0.004 in. in thickness. 

 
Figure 46  Recorded Maximum Surface Widths (in thousands of an inch) of Bursting Cracks at Reinforcement Level, 
Test Girder B-1. 
 

 

 
Horizontal axis of chart  indicates distances of strip centers from mid-span 
Maximum crack widths measured in each strip at selected applied loads (legend on right) are listed in the chart.  
“0 k - Reload” refers to unloaded state of the girder before reloading. 
Strip widths are 30, 19, and 26.5 in. on each side of mid-span. 
Value 1 indicates existence of a crack not exceeding 0.004 in. in thickness. 

 
Figure 47  Recorded Maximum Surface Widths (in thousands of an inch) of Bursting Cracks at Reinforcement Level, 
Test Girder B-2. 
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Horizontal axis of chart  indicates distances of strip centers from mid-span 
Maximum crack widths measured in each strip at selected applied loads (legend on right) are listed in the chart.  
“0 k - Reload” refers to unloaded state of the girder before reloading. 
Strip widths are 30, 19, and 26.5 in. on each side of mid-span. 
Value 1 indicates existence of a crack not exceeding 0.004 in. in thickness. 

 

Figure 48  Recorded Maximum Surface Widths (in thousands of an inch) of Bursting Cracks at Reinforcement Level, 
Test Girder B-3. 
 

 

 
Horizontal axis of chart  indicates distances of strip centers from mid-span 
Maximum crack widths measured in each strip at selected applied loads (legend on right) are listed in the chart.  
“0 k - Reload” refers to unloaded state of the girder before reloading. 
Strip widths are 30, 19, and 26.5 in. on each side of mid-span. 
Value 1 indicates existence of a crack not exceeding 0.004 in. in thickness. 

Figure 49  Recorded Maximum Surface Widths (in thousands of an inch) of Bursting Cracks at Reinforcement Level, 
Test Girder B-4. 
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Horizontal axis of chart  indicates distances of strip centers from mid-span 
Maximum crack widths measured in each strip at selected applied loads (legend on right) are listed in the chart.  
“0 k - Reload” refers to unloaded state of the girder before reloading. 
Strip widths are 30, 19, and 26.5 in. on each side of mid-span. 
Value 1 indicates existence of a crack not exceeding 0.004 in. in thickness. 

 
Figure 50  Recorded Maximum Surface Widths (in thousands of an inch) of Bursting Cracks at Reinforcement Level, 
Test Girder B-5. 
 

 

 
Horizontal axis of chart  indicates distances of strip centers from mid-span 
Maximum crack widths measured in each strip at selected applied loads (legend on right) are listed in the chart.  
“0 k - Reload” refers to unloaded state of the girder before reloading. 
Strip widths are 30, 19, and 26.5 in. on each side of mid-span. 
Value 1 indicates existence of a crack not exceeding 0.004 in. in thickness. 

 
Figure 51  Recorded Maximum Surface Widths (in thousands of an inch) of Bursting Cracks at Reinforcement Level, 
Test Girder B-6.  
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Figure 52  Comparison of crack-width measurements and measured vertical deformations, test series A. 
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Figure 53  Comparison of crack-width measurements and measured vertical deformations, test series B. 
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Figure 54 Moment and Shear Diagrams 
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Figure 55 Maximum Unit Stress Reached by Spliced Reinforcement 
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FENOC PROJECT 2012 SUMMARY
CONCRETE STRENGTH

25 May 2012

A1

5020

5500
5190

5460
5220

5210

















psi:= mean A1( ) 5.27 ksi⋅=

stdev A1( ) 0.17 ksi⋅=

COV1
stdev A1( )
mean A1( )

:= COV1 3.1 %⋅=

max A1( ) 5.50 103× psi⋅=

min A1( ) 5.02 103× psi⋅=

A2

5810

5620
5860

6460
6330

6120

















psi:= mean A2( ) 6.03 ksi⋅=

stdev A2( ) 0.3 ksi⋅=

COV2
stdev A2( )
mean A2( )

:= COV2 4.9 %⋅=

max A2( ) 6.46 103× psi⋅=

min A2( ) 5.62 103× psi⋅=

Sheet 1 of 4
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FENOC PROJECT 2012 SUMMARY
CONCRETE STRENGTH

25 May 2012

A3

6000
6010

5820
5840

5830
5850

















psi:= mean A3( ) 5.89 ksi⋅=

stdev A3( ) 0.08 ksi⋅=

COV3
stdev A3( )
mean A3( )

:=
COV3 1.4 %⋅=

max A3( ) 6.01 103× psi⋅=

min A3( ) 5.82 103× psi⋅=

A4

5120
5240

5270
4950

4870
5240

















psi:= mean A4( ) 5.11 ksi⋅=

stdev A4( ) 0.15 ksi⋅=

COV4
stdev A4( )
mean A4( )

:= COV4 3 %⋅=

max A4( ) 5.27 103× psi⋅=

min A4( ) 4.87 103× psi⋅=

Sheet 2 of 4
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FENOC PROJECT 2012 SUMMARY
CONCRETE STRENGTH

25 May 2012

A5

5320

5430
5110

5360
4750

5470

















psi:= mean A5( ) 5.24 ksi⋅=

stdev A5( ) 0.25 ksi⋅=

COV5
stdev A5( )
mean A5( )

:=
COV5 4.7 %⋅=

max A5( ) 5.47 103× psi⋅=

min A5( ) 4.75 103× psi⋅=

A6

5170

5640
5370

5690
5530

5570

















psi:= mean A6( ) 5.49 ksi⋅=

stdev A6( ) 0.18 ksi⋅=

COV6
stdev A6( )
mean A6( )

:= COV6 3.2 %⋅=

max A6( ) 5.69 103× psi⋅=

min A6( ) 5.17 103× psi⋅=

Sheet 3 of 4
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FENOC PROJECT 2012 SUMMARY
CONCRETE STRENGTH

25 May 2012

f'c

mean A1( )

mean A2( )

mean A3( )

mean A4( )

mean A5( )

mean A6( )

















:= x

1
2

3
4

5
6

















:= f'c

5267
6033

5892
5115

5240
5495

















psi⋅=

Mean Concrete Strength

Test Girders B

f'c
psi

x

Sheet 4 of 4
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FENOC PROJECT  2012 SUMMARY
CONCRETE STRENGTH

25 May 2012

TEST GIRDER B1

Cast 10 April 2012
Tested 10 May 2012

B1

4250

4520

4720

4400

4300

4600

psi mean B1( ) 4.46 ksi

stdev B1( ) 0.17 ksi

COV1
stdev B1( )
mean B1( )

COV1 0.04

max B1( ) 4.72 103psi

min B1( ) 4.25 103psi

TEST GIRDER B2

Cast 10 April 2012
Tested 23 May 2012

B2

5080

4730

4970

4660

4710

4680

psi
mean B2( ) 4.80 ksi

stdev B2( ) 0.16 ksi

COV2
stdev B2( )
mean B2( )

COV2 0.03

max B2( ) 5.08 103psi

min B2( ) 4.66 103psi

Sheet 1 of 4
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FENOC PROJECT  2012 SUMMARY
CONCRETE STRENGTH

25 May 2012

TEST GIRDER B3

Cast     10 April 2012
Tested 21 May 2012

B3

4540

4910

4760

4960

4860

4670

psi mean B3( ) 4.78 ksi

stdev B3( ) 0.14 ksi

COV3
stdev B3( )
mean B3( )

COV3 0.03

max B3( ) 4.96 103psi

min B3( ) 4.54 103psi

TEST GIRDER B5 

Cast     30 April 2012
Tested 14 May 2012

B4

5470

5160

5710

5540

5230

5650

psi
mean B4( ) 5.46 ksi

stdev B4( ) 0.20 ksi

COV4
stdev B4( )
mean B4( )

COV4 0.04

max B4( ) 5.71 103psi

min B4( ) 5.16 103psi

Sheet 2 of 4
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FENOC PROJECT  2012 SUMMARY
CONCRETE STRENGTH

25 May 2012

TEST GIRDER B5
Cast     30 April 2012 
Tested 17 May 2012

B5

5120

5340

5350

5160

5370

5230

psi mean B5( ) 5.26 ksi

stdev B5( ) 0.10 ksi

COV5
stdev B5( )
mean B5( ) COV5 0.02

max B5( ) 5.37 103psi

min B5( ) 5.12 103psi

TEST GIRDER B6
Cast     30 April 2012

Tested 25 May 2012

B6

5130

5460

5130

5220

5320

5120

psi mean B6( ) 5.23 ksi

stdev B6( ) 0.12 ksi

COV6
stdev B6( )
mean B6( )

COV6 0.02

max B6( ) 5.46 103psi

min B6( ) 5.12 103psi

Sheet 3 of 4
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FENOC PROJECT  2012 SUMMARY
CONCRETE STRENGTH

25 May 2012

CONCRETE COMPRESSIVE STRENGTH SUMMARY 

f'c

mean B1( )

mean B2( )

mean B3( )

mean B4( )

mean B5( )

mean B6( )

x

1

2

3

4

5

6

f'c

4.46 103

4.80 103

4.78 103

5.46 103

5.26 103

5.23 103

psi

1 2 3 4 5 6
0

500
1000
1500
2000
2500
3000
3500
4000
4500
5000
5500
6000

Mean Concrete Strength

Test Girders B

f'c
psi

x

Sheet 4 of 4
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FENOC PROJECT CONCRETE TENSILE STRENGTH 30 May 12 Mean
Measured Tensile Tensile

GIRDER B1 ylinde Date Diam 1 Diam 2 Diam 3 Mean D Length 1 Length 2 Mean L Max. Force Strength Strength
in. in. in. in. in. in. lbf psi psi

1 10 May 12 6.03 6.03 6.03 12.10 12.00 12.05 44,320 388
2 10 May 12 6.05 6.04 6.05 12.00 12.00 12.00 61,910 543
3 10 May 12 6.04 6.04 6.04 12.00 12.00 12.00 45,350 398
4 10 May 12 6.05 6.05 6.05 12.00 12.10 12.05 50,500 441
5 10 May 12 6.04 6.03 6.04 12.00 12.10 12.05 58,460 512
6 10 May 12 6.01 6.01 6.01 12.00 12.10 12.05 44,720 393

446
GIRDER B2 1 23 May 12 5.95 5.99 6.04 5.99 12.00 12.00 12.00 49,810 441

2 23 May 12 5.97 6.01 6.05 6.01 12.00 11.90 11.95 48,200 427
3 23 May 12 5.95 5.98 6.04 5.99 12.00 12.00 12.00 52,890 468
4 23 May 12 5.95 5.99 6.05 6.00 12.10 12.10 12.10 60,360 530
5 23 May 12 5.96 6.00 6.03 6.00 11.90 12.00 11.95 62,970 559
6 23 May 12 5.96 6.00 6.05 6.00 12.00 12.00 12.00 49,490 437

477
GIRDER B3 1 21 May 12 6.05 6.00 5.96 6.00 12.00 12.10 12.05 48,840 430

2 21 May 12 6.04 6.04 5.96 6.01 12.00 12.00 12.00 42,010 371
3 21 May 12 6.05 6.05 5.97 6.02 12.00 12.00 12.00 44,800 395
4 21 May 12 6.03 6.03 5.94 6.00 12.00 12.00 12.00 48,410 428
5 21 May 12 6.04 6.04 5.96 6.01 12.00 12.00 12.00 49,470 436
6 21 May 12 6.05 6.05 5.95 6.02 12.00 12.00 12.00 53,510 472

422
GIRDER B4 1 14 May 12 5.93 6.04 5.99 12.00 12.00 12.00 52,080 462

2 14 May 12 5.94 6.04 5.99 12.00 12.00 12.00 55,050 488
3 14 May 12 5.94 6.06 6.00 12.00 12.00 12.00 56,490 499
4 14 May 12 5.94 6.06 6.00 12.00 12.00 12.00 52,570 465
5 14 May 12 5.94 6.05 6.00 12.00 12.00 12.00 53,690 475
6 14 May 12 5.93 6.07 6.00 12.00 12.00 12.00 59,530 526

486
GIRDER B5 1 17 May 12 5.96 5.99 6.06 6.00 12.05 12.05 12.05 57,310 504

2 17 May 12 5.95 6.00 6.05 6.00 12.05 12.05 12.05 52,820 465
3 17 May 12 5.95 5.99 6.06 6.00 12.00 12.00 12.00 51,370 454
4 17 May 12 5.96 5.99 6.05 6.00 12.05 12.00 12.03 53,620 473
5 17 May 12 5.96 6.00 6.05 6.00 12.00 12.00 12.00 52,730 466
6 17 May 12 5.95 6.00 6.06 6.00 12.00 12.05 12.03 54,540 481

474
GIRDER B6 1 25 May 12 5.95 5.98 6.04 5.99 12.00 12.00 12.00 49,690 440

2 25 May 12 5.96 6.00 6.05 6.00 12.00 11.90 11.95 53,150 472
3 25 May 12 5.96 6.01 6.03 6.00 12.00 12.00 12.00 49,780 440
4 25 May 12 5.94 5.99 6.04 5.99 12.10 12.00 12.05 45,810 404
5 25 May 12 5.95 5.99 6.04 5.99 12.10 12.10 12.10 46,720 410
6 25 May 12 5.97 6.00 6.02 6.00 12.00 12.10 12.05 65,270 575

457
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Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Date Disp Ticket Num 

'-I Ir+ 1~53, 2 1 

Casting Documentation v.1 

(Rev. 03/30/2012) 

General Information 

Truck No. Time on Ticket 

16 6'1 l ?~ 'J_q~~ 

l+-i Specimen:, ________ _ 

Sheet 1 of 1 

Time of Arrival Temp. in Lab 

I J:LJSPM 00 .. F 
Measurements made upon arrival of concrete 

Slump{ASTM C143 -10a) Air Content (ASTM C231 - 10) 

Time1 Result1 Time1 Result1 S/N of Air Meter 

t?- : -S- I 7'J- ·~ 
1: 04- 6. s X 4 t 3o =, i b~<=> I '1 

Time2 Result2 Time2 Result2 S/N of Scale 

I ' JG 1¾ { :.2.0 5 .~
0/0 0 &=14 to 5 6ftN\ 

I 

Unit Weight (ASTM C138 - 10b) 

Time1 Wt. of Cont.1 Total Wt. 1 Wt. of Conc.1 Result 1 = Wt. of Conc./Vol. of Cont. 

f : 00 g,5 {\: 44.<l~ ~6.31:f - It-ts,, :1 * lc-t+. 
Time2 Wt. of Cont.2 Total Wt. 2 Wt. of Conc.2 Result2 = Wt. of Conc./Vol. of Cont. 

l: 20 2>?tS~ 44::~ i5i'3:tv lLt3~2 "=# I e-+t-. 
Times of actions during and after casting 

Layer 1 placed 
Layer 1 vibration 

Layer 2 placed 
Layer 2 vibrat ion Top surface struck Truck Departing 

complete complete off Lab 

ft: 5o-l -1'N\ ✓ lf M - 1:10 ✓ I: OB I ; 05 f' fv\ 

Lifting Inserts Covered with 
Plastic removed 

Covered w it h Burlap doused Covered with 

Placed plastic burlap with water plastic 

\ ', 'i5-f M ~--''SOf'M IO:30fM LO~ 35 t>H 10 ~ t{.01°1'--'1 tO~'iSt°M 

Recorded by Signature Date Time 

s. P. ) --~--~~ -4 /r=t/1'2-- .,, \ -
Checked by Signature 

1 
Date Time 

~frZ ~.:?f-c-\,J Y /1~ /17 :J~CX)fM 
Checked by Signature Date Time 

~j,J! );?J?_f St-}, Jo~ f /r1/1z /: JI fr 
Comments· (n I~ ~ @ · - 6 :p 6 g 0 'f 'b ho.+iA... . t;c.r-e e.Mfe: IZ . '::> . i 

d:__s,+4.IL Rt' t:1h ~ -1-hermoMe+ers 
Ar,1b1e.n+ T ~W\.D ~. {;0° -f" 

*The following ASTM standards and spe~ifications will be followed during casting: C172-10, C192-07, C470-09 
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Truck Driver User· Disp Ticket. Num Ticket. ID 
1669 2140 u::ser 1858981 0 
Load Size Mix Code Returned Qty Mix Age Seq 
6.50 

MZ!lerl!I! 
STONE-S 
STOhE-4 
8AN0·23 
C.SMENT 
WATER 
AIR 

Actuzd 
l.oDd 
Slump: 

CYD= 1008 

Deslgr,Qtv Requlr~ 
:940 lb 6159 lb 
~lb 4ll30 lb 

1435 lb 3962 lb. 
$%lb 3822 lb 

3:ll2 lb 1417.7 lb 
.80 JC 30.~ oz 

l>./1.m Bllt~/le5: 
25239 lb 

6.DD In 
CJeslgr1W/C: 0.550 

., Wl!ler In Truck: 

D 

BZ!lched '1ii Vs '161.,4 ol5!ure Actulll Wm 
6100 lb -D.§l!b 0.81l'16M 6 !11 
4lllll lb -0.74'!& 
9920 lb -D.42'!6 S.Sll'l&M 76 gl 
71$15 It> -0.18% 

14112.D lb -1.11l'l& 1.68.D g! 
31150 oi -a.2S'l6 

1 
W!!lerfCemcnt. 0.551 T Design 2S1.7 l)I Actu81 
0.D lb Aq)ustW&r: 0.0 lb f LDlld Trfm W!!ler: 0.0 lb / 

Time Date 
12:29 4/17/12 

Load ID 
1105 

249.S gl 
Cl'C 

ToAdd: Z.3 gl 
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Remit To: P.O. Box 7048, Group #2 

Indianapolis, IN 46207-7048 

I Plant # lncket Numbe~ Truck 

! Sold To 

Concrete Delivery Ticket 
Load Size Mix Slump Use Date 

ITax Code! Driver I Project No. 

0 • 

lllll 
lrvlug Materials, Inc. 

Customer 

I Order No. 

I Denvery Address P.O. Number 

Load Quanti Total Ordered Quan~ Product Code Product Descri tlon Unit Price Amount 

Water Added ~ 0 • - I 
c!'it~~~~~ R9j1Jes1 - I Cl 

Ion Job Time rlnish Pour Tlme 

Total 

No. Gallons 

Slump Met~• 
lieaillrig: . 

1 ------

Subtotal 

Tax 

Total 

PROPERTY DAMAGE RELEASE / WARNING - Irritating To The Skin and Eyes 

59J..50 

Dear Customer - The. Seller is not responsible for slumps, strength or quality of concrete to which water or any other material has been added by the purchaser or at his request. 

The undersigned hereby authorizes Irving Materials, Inc. t9 use private property for making the delivery shown here on and assumes full responsibility for any damage or injury due to the premises. 

The undersigned agrees to reimburse said Company for loss of time and equipment by reason of such delivery and also to identify and save harmless said Company from any and 
all claims, demands and suits for or on account of or in any manner caused by or arising from private property delivery. 

The undersigned assumes responsibility for a suitable roadway from public highway to point of delivery and is responsible for any needed wrecker service charges as a result. 

SAFETY WARNING: Keep away from children. Contains Portland Cement. Irritating to the skin and eyes. Wear rubber boots, gloves and eye protection. Prolonged contact may cause 
burns. In case of cgntact with skin or eyes, flush thoroughly with water. If irritation persists, get medical attention. For addit(onal information regarding the HAZARDS OF READY MIX 
CONCRETE, consult the Material Data Safety Sheet (MSDS) available upon request. 

PRODUCT NOTICE: Seller will not be held responsible for the final appearance of exposed aggregate, integral coloring, stamped and decorative surfacing, and all other forms of 
architectural and design concrete. 

DELIVERY NOTICE: Seller assumes no responsibility for deliveries beyond the public right of way. Buyer assumes responsibility for damages Including but not limited to curb, sidewalk, 
driveway, or any property of the contractor or property owner or agents. 

NOTICE; MY SIGNATURE BELOW INDICfTES THAT I ~AVE READ THE SAFETY AND HEA';_TH WARNING NOTICE AND ACCEPTANCE OF THE LOAD. 

Release, Load and Terms Accepted By: /I -- ,'t-...,___ , ;y{ 
X ,, \ ' J ~ , : ..A..---"\ , _ 

~----- j ~---✓ - \ 0 .... 

M 
Q' 
Q' 
fJ'I 
\0 
M 
(\J 

I I 1 

:; ! lllll lllf ll lllll lllllJIIII Jllllllllllllil Jllr 1,11 l -·· , B..,t,..,(;J4t, 

Concrete - Sand - Gravel - Stone "We're Proud Of Our Work" General Office (317) 326-310 1 

CUSTOMER COPY 
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Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Section 
1 

Plan 33''· l\ ?1 · 

8-8 \?· '),f 

C-C \1· s-/_.-

D-D \7"' \(..•' 

E-E 11 · ¾· 

F-F \1 · ]1'1 ., 

Recorded by: 

LL'M 
Checked by: 

'&fYc-
Checked by: 

Comments: 

2 

-3~: \\ ¾" 

l'.)- ~'i ... 

l " 3:,- '.15 

7,o. '1'i --

~ ~ ,. 
- It. 

.X,- ~ -· 

3 

Y6-- \\ 7f 

\J· 11;,(.· 

17 .. };,{ 

\1.->J.t 

l? '~ .. ., 11.. 

l 1- 1i/ 

Setup and As-built Dimensions v.1 

{Rev. 04/04/2012) 

Concrete As-built Dimensions 

4 5 

j~ '. \\ 3~" 

~-,·: 
,o- l[~· 

:x:,. "& .. 

2o- v,l. .. 

~- 'l,c.. 

Signature 

~ LL 
Signature 

~ -- ~ 
Signature 

*See concrete as-built drawings for dimension locations 

Specimen:___;Ac...:.-...;\:....._ ____ ___ _ _ 

Sheet 1 of 2 

6 7 8 

Date Time 

l--z- rz. ):ror-' 

Date Time 

G/~/1:1 \:CXJf/v\ 
Date Time 
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Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Sect ion 
1 

Plan 39'-0" 

B-B 17-5/8" 

c-c 17-5/8" 

D-D 17-5/8" 

E-E 17-5/8" 

F-F 17-5/8" 

Section 
1 

Plan 34'-4" 

B-B 17-5/8" 

c-c 17-5/8" 

0 -0 17-5/8" 

E-E 17-5/8" 

F-F 17-5/8" 

2 3 

39'-0" 39'-0" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

2 3 

34'-4" 34'-4" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

Setup and As-built Dimensions v.1 

(Rev. 04/04/2012) 

Concrete As-built Dimensions Key - Series A 

4 5 

39'-0" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

Concrete As-built Dimensions Key - Series B 

4 5 

34'-4" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

Specimen:, __ ___;_A_-__ \.___ ___ ___ _ 

Sheet 2 of 2 

6 7 8 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

6 7 8 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 
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, . 
' 

. ' ' . '. 
r l NORTH 

J 0 
. .. 

'-: ...-' 
► ► . . 

r l 

LI 0 
. 

\ l, \ 

Specimen A-\ Sheet: 1 of 4 
BOWEN 

LABORATORY Behavior of Lap Splices of No. 11 Drawn by: L,(Af\ Checked by: Sfte. 
P U R D U E- U N IV E R :S I TY Reinforcing Bars 

Date: (.. .. 1. .... 11, 
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SOUTH 

SOUTH 

r---------------1---------------1 

r---------------2----------------i 
Top Plan 

2 Spa.@ 

3•-1•-•1·-60"Ea.-•-1•-•1 3' 

rB re rD rE rF 

Profile 
*For section B-8 through F-F see Sheet 3 of 3 

i---------------3---------------

i-----------------4----------'--------i 

Bottom Plan 

Drawing: Series A Concrete As-builts Sheet: 2 

NORTH 

NORTH 

of 4 
BOWEN 

,£ABORATORY Project: Experimental Investigation of Drawn by: BPR Checked by: SP 

PURDUE UNIVERSITY 
p: ·9 lid Capacity of Lap Splices of No. 

11 Reinforcing Bars Date: 04/04/2012 
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i-------------1--- ----------i 

SOUTH NORTH 

-------------2---------------1 

Top Plan 

2 Spa.@ 

3' I .. • I .. 39.5" Ea. .. , .. 

rs re rD rE 

Profile 
*For section B-B through F-F see Sheet 3 of 3 

-------------3-------------

SOUTH NORTH 

-------------4-------------

Bottom Plan 

Drawing: Series B Concrete As-builts Sheet: 3 of 4 
BOWEN 

;LABORATORY 
ez MU !IQl'lfl# 

PURDUE UNIVERSITY 

Project: Experimental Investigation of Drawn by: BPR Checked by: SP 
Capacity of Lap Splices of No. 
11 Reinforcing Bars Date: 04/04/2012 
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BOWEN 
LABORATORY 
. . . . . 

PURDUE UNIVER·SITY 

4 

1 

~----3-----1 
Section 8-B, C-C, D-D, E-E & F-F 

*Facing North 

2 

Drawing: Concrete As-built Sections Sheet: 

Project: Experimental Investigation of Drawn by: 
Capacity of Lap Splices of No. 
11 Reinforcing Bars Date: 

4 of 4 

BPR Checked by: SP 

04/04/2012 
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Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Section 
1 

A-A 11- 3 - 3/-g 
B-B 1 - 'Is 
C-C '3- '18 
D-D )-\/g 

E-E 3-\is 
F-F L{ - \Ii 

Recorded by: 

130( 
Checked by: 

-('p 
Checked by: 

2 

/10-0 

'8- ~14 

5 '½ - (6 

2 '3/, . - I & 
•. ' 

(, - 1/t 

4-~/(b ~ 

3 

I ~ct -o 

2-\tro 
3 - /'/6 
5- 7/g 

'2- r/8 

f-> b -'2->li b 

As-built Dimensions v.1 

(Rev.04/04/2012) 

Formwork As-built Dimensions 

4 5 

l:J.i - 0 lJo-T(;" 
-21 _::>/s 2s- '½'6 

'2 ~-o/8 2 3 - '½ , 
~ 3 - ~I'-( '2 5- l~lrb 

'Yt 13- (b 1.s-~ 

'23 -o/t(, 13 --- o/3 
Signat ure 

~ :1k* 
Sig_pature 

<f11V ffel- -
Signature 

Specimen: _ _ /-\_-_1 _____ _ 
Sheet 1 of 2 

6 7 8 

l~3-% 
·30 -\lrg '3o- \/-g r:r- '/2 
30 - 6 3o-Y(b \ 7~ 1/2 
30--'(8 ~o -Yt~ 1 ·1 -½6 , 

'30·-0 ?>0 -1/tb 17 -%-3/i, 
·30 -Vg :So -1/g \ 7- -o/~½ i--

Date Time 

'-f / 1s Lf ~l:fofM 
Date Time 

4/ 1~ 4:1./l?P/iJ 
Date Time 

Comments: 

* S~'o.A. ~ P-i ' S-8 -6 F - F ol.,'~s~s l 1 :2/ ~ 3 0--V'e.. oy>pos:--+e- +Le- l~ 

*See form work as-built d rawings for dimension locations 

l 
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Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Section 
1 

A-A 14'-6" 

B-B 4-3/8" 

C-C 3" 

D-D 3" 

E-E 3" 

F-F 3" 

Section 
1 

A-A 13'-10.5" 

B-B 4-3/8" 

C-C 311 

D-D 3" 

E-E 3" 

F-F 3" 

2 3 

101-011 14'-6" 

6'' 4-3/8" 

6" 3" 

6" 3" 

6" 3" 

8-3/4" 3" 

2 3 

6'-7" 13'-10.5" 

6" 4-3/8" 

6" 3" 

6" 3" 

6" 3" 

8-3/4" 3" 

As-built Dimensions v.1 

(Rev. 04/04/2012) 

Formwork As-built Dimensions Key - Series A 

4 5 

14'-6" 10'-0" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

Formwork As-built Dimensions Key - Series B 

4 5 

13'-10.5" 6'-7" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

23-5/8" 23-5/811 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

Specimen: _ _ A __ -_1 ______ _ 
Sheet 2 of 2 

6 7 8 

14'-6" N/A N/A 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

6 7 8 

13'-10.5" N/A N/ A 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

30" 30" 17-5/8" 
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SOUTH 

.-
A 

,BOWEN 

1 

6 

.LABORATORY 
--=,v~M 77 WH 181 . JIIMltif 

PURDUE UNIVERSITY 

2 

~ I ~ 5 

Section A-A 

2 Spa. @ 

3' -+1-· -·+-I· - 60" Ea. ----• 1--· __ _.__I 3' 

rs re rD rE rF 

*For section B-8 through F-F see Sheet 3 of 3 

Series A 

Drawing: Series A Formwork As-builts 

Project: Experimental Investigation of 

Capacity of Lap Splices of No. 

11 Reinforcing Bars 

3 

NORTH 

4 

-. 
A 

Sheet: 1 of 3 

Drawn by: BPR Checked by: SP 

Date: 04/04/2012 
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SOUTH 

.
A 

-BOWEN 
LABORATORY 

dlli I ■l!Ml81~~ 

PURDUE UN IVE R:S I TY 

1 

6 

.. I . 2 

} 
5 

Section A-A 

2 Spa.@ 

3' I • • 1 · 39.5" Ea. • I • • I 3' 

rB re rD rE rF 

*For section B-8 through F-F see Sheet 3 of 3 

Series B 

Drawing: Series B Formwork As-builts 

Project: Experimental fnvestigation of 

Capacity of Lap Splices of No. 

11 Reinforcing Bars 

3 

NORTH 

4 

-. 
A 

Sheet: 2 of 3 

Drawn by: BPR Checked by: SP 

Date: 04/04/2012 



APPENDIX A, Purdue Phase I Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 86 of 595 

6 

-----8-----i 

4 5 

2 ----~f- 3 

Section C-C, D-D, & E-E 

*Facing North 

7 6 

-----8-----

4 5 

t----- 2 -----

Section B-B & F-F 

*Facing North 

i------i- 3 

Drawing: Formwork As-built Sections Sheet: 3 

7 

of 3 
.BOWEN 

LABORATORY 
t 1 ~--· 118 I 

Project: Experimental Investigation of Drawn by: BPR Checked by: SP 

PURDUE UNIVER-SITY Capacity of Lap Splices of No. 
11 Reinforcing Bars Date: 04/04/2012 
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Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Date Disp Ticket Num 

'1 /r+/12 (<o5898! 

Casting Documentation v_l 

(Rev. 03/30/2012) 

General Information 

Truck No. Time on Ticket 

i~8Z 3:zs 

Specimen:._--'-A---'--_-.;::;.:) ____ _ 

Sheet 1 of 1 

Time of Arrival Temp. in Lab 

3 ~ +i 6'2.°F 
Measurements made upon arrival of concrete 

Slump (ASTM C143 - 10a) Air Content (ASTM C231 - 10) 

Time1 Result1 Time1 ··Result1 S/N of Air Meter 
-

~ : -15 .q- II 3 : 5'2- 5.l 0/ 0 
Lf I 3o~ib '69 I 

Time2 Result2 Time2 Result2 S/N of Scale 

~:,o t:i Yz 11 i.' \l- 5.0°10 O6-:p-/605 {;, HM 
Unit Weight (ASTM C138-10b) 

Time1 Wt. of Cont.1 Total Wt. 1 Wt. of Conc.1 Result1 =Wt.of Conc./Vol. of Cont. 

~ -. So g'. 5f -14. i~ ,-, 3b.3~ ILtS .. 2 ~le.-~, 
Time2 Wt. of Cont.2 Total Wt. 2 Wt. of Conc.2 Result2 = Wt. of Conc./Vot. of Cont. 

~~ t5' <g ·.5~ 45,o~ s~ls-u: /Y{; IO ~1 l ~. 
Times of actions during.and after casting 

Layer 1 placed 
Layer 1 vibration 

Layer 2 placed 
Layer 2 vibration Top surface struck Truck Departing 

complete complete off Lab 

J :45 -3:ss ✓ ~:ss- ~ i\·. ,~ \{.\S Lt: l ~ 
Lifting Inserts Covered with 

Plastic removed 
Covered with Burlap doused Covered with 

Placed plastic burlap with water plastic 

J 'S~~OfM tO:sofM 10 ~S'S fM l \ : oo ffl l \ '.. O$'f1'-{ 

Recorded by Signature Date Time 

Br~ ~~ (_;I /1~/t2 5l__?-()fK 

Checked by Signature Date Time 

KAf1 -/~ L 1-17- }z_ 5': 3of'A 
Checked by ~ignature Date Time 

~~'1 V ,_ ) l) p • _>--.. ....... =:::> ~\<11 
l 
-~ 2---

Comm~s:~ 
-

~~ 6./t. . 0 

~~;09 

* The following ASTM standards and specifications wilt be followed during casting: C172-10, C192-07, C470-09 
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Truck Driver User Disp Ticket Nurn Ticket ID Time Date 
1982 
Load 
6.50 

MZ!terll!I 
8TONE-S 
STONE-4 
SAN0-23 
CEMENT 
WATER 
AIR 

/\ctu!II 
Lm!d 
811.8'111): 

1076 u5er 1858982 0 
Size Mix Code Returned Qty Mix Age 

CYD~ 1008 

Design Qt,- RCQl.llrcd Bmcne-:1 %Var%Motsture Actual Wat 
940 lb 6153 lb 6100 lb -0.96% O.S!Jll!aM 6 gt 
620 lb '41l3Dlb 4000 lb ·0.74%, 

14~ lb 3962 lb 9320 lb •0.4Z'l& 6.80>;,,M 7& i;JI 
58alb ~22 lb :381S lb ·Q.18'!6 

3:Z3:.2 lb 1417.7 lb 1406.0 lb ·0.82'!!, 168.S gl 
.ffl iC '.311.sa az 30.SIJ oz ·0.2S'l& 

2524'3 ID 
6.IJll In 

NUITI Bitches: 1 /. 
CJe51gntl\JTC: D.SS0 WllfenCement: C1SS1 T OB!gn 251.7 g! 

., WlllertnTn;ck: a.a lb MJU5tW!lter. a.a lb f ~ Trtm'Wllter. 

15:25 4/17/12 
Seq Load ID 
D 1106 

/\.,:uml 250.0 gf ToAdd: 1.a gl 

0.0 lb ! C:X C Note: M arnmt reed occurcd 
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Remit To: P.O. Box 7048, Group #2 

Indianapolis, IN 46207-7048 

I Plant # ITicket Numbeq , Truck 

I SoldTo 

Concrete Delivery Ticket 
Load Size Mix Slump Use Date 

!Tax Godel Driver I Project No. 

8 • 

l.llll 
Irving l'laterlals, Inc. 

Customer I 

I order No. 

I Delivery Address P.O. Number 

! Load Quantity I Total I Ordered Quantity I Product Code ( Product Description Unit Price I Amount 

'Water !l,dded At , 
<;:u~tomer•s· Req_ues~ 

Ion Job Time 
-I 

Total 

No. Gallons 

rlnlsh Pour Time 

Slump Meter 
_Reading I I I I Subtotal 

Tax 

Total 

PROPERTY DAMAGE RELEASE / WARNING • Irritating To The Skin and Eyes 

591. 50 

Dear Customer - The Seller is not responsible for slumps, strength or quality of concrete to which water or any other material has been added by the purchaser or at his request. 

The undersigned hereby authorizes Irving Materials, Inc. to use private property for tnaking the delivery shown here on and assumes full responsibility for any damage or injury due to the premises. 

The undersigned agrees to reimburse said Company for loss of time and equipment by reason of such delivery and also to identify and save harmless said Company from any and 
all claims, demands and suits for or on account of or in any manner caused by or arising from private property delivery. 

The undersigned assumes responsibility for a suitable roadway from public highway to point of delivery and is responsible for any needed wrecker service charges as a result. 

SAFE1Y WARNING:· Keep away from children. Contains Portland Cement. Irritating to the skin and eyes. Wear rubber boots, gloves and eye protection. Prolonged contact may cause 
burns. In case of contact With skin or eyes, flush thoroughly with water. If irritation persists, get medical attention. For additional information regarqing the HAZARDS OF READY MIX 
CONCRETE, consult the Material Data Safety Sheet (MSDS) available upon request. 

PRODUCT NOTICE: Seller will not be held responsible for the final appearance of exposed aggregate, integral coloring, stamped and decorative surlacing, and all other forms of 
architectural and design concrete. 

DELIVERY NOTICE: Seller assumes no responsibilityfor deliveries beyond the public right of way. Buyer assumes responsibility for damages including but not lim~ed to curb, sidewalk, 
driveway, or any property of the contractor or property owner or agents. 

NOTICE: MY SIGNATURE BELOW INDICATES THAT I HAVE READ THE SAFETY AND HEALTH WARNING NOTICE AND ACCEPTANCE OF THE LOAD. 

Release, Load and Terms Accepted By: 

X 

i 1!111111111 Jllll lllll Jllll lllll /JIii ~Ill jll lJII 

Concrete - Sand - Gravel - Stone "We're Proud Of Our Work" General Office (317) 326-3101 

CUSTOMER COPY 
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u 
Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

Section / 

1/ , 
Plan 38-l;ii·· 

B-8 l' - '9 / {6 " 

C-C 1, - r;/~" 

D-D 
CJ;; <I 

11 - IG 

E-E 17 - r; I~., 

F-F 11 - ':J /(6
11 

Recorded by: 

T.. N . H. 

Checked by: 

gpg 
Checked by: 

Comments: 

-
2 

31/ - j1 ~ ti 

"?0- I/~•• 

so - t;~" 

5Q - l / t& 
. , 

?0 - 1 t --1" 

~0- i / (6 .. 

u 
Setup and As-built Dimensions v.1 

(Rev. 04/04/2012) 

/' f>ft/2. S/31 Concrete As-built Dimensions 

3 4 5 

3i~~" 
I =r,-11 

3'3-117 
/1. ~ "I 

r7,, -'' t,i/ ~ ' I ,. o- 8 

l1 - ~111€1'
1 

' 1• .~o - 1,6 

l ~ / " l - .._, :?O - I 1, 6 , . 

,-, - s/ '(," ~o - 't 8 ,. 

l 7 - s I g '' 50 , ~/ (6 r• 

_.,.....--- ~ 'iignature 

/ ff ---L 
/ ~ ' --~/ ( Sigfl¢e 

~ --~ 
Signature 

*See concrete as-built drawings for dimension locations 

Specimen: A-L 
Sheet 1 of 2 

6 7 8 

Date Time 

c; : ~1 . t"l L.,: o o 

Date Time 

S /3(/J;i 3-~L/srn 
Date Time 
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u 
Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Section 
1 

Plan 39'-0" 

8-B 17-5/8" 

C-C 17-5/8" -

0-D 17-5/8" 

E-E 17-5/8" 

F-F 17-5/8" 

Section 
1 

Plan 34'-4" 

B-B 17-5/8" 

C-C 17-5/8" 

0 -0 17-5/8" 

E-E 17-5/8" 

F-F 17-5/8" 

2 3 

39'-0" 39'-0" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

2 3 

34'-4" 34'-4" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

0 
Setup and As-built Dimensions v.1 

(Rev.04/04/2012) 

Concrete As-built Dimensions Key- Series A 

4 5 

39'-0" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

Concrete As-built Dimensions Key - Series B 

4 5 

34'-4" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

L,; 

Specimen:--4A_._- L.-=-------- -
Sheet 2 of 2 

6 7 8 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

6 7 8 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 
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u u C 

~f-_~ ~ /l.cr,Jl c.,.;, 
~ ............. :' _. (2,AI\ II Z,,'1.. •• '. ' 

. 
r 1 

NORTH 

' Jl!J Iii. 
► ' 

I 

' ,. I " I I 5~wS e, •p·.. +,. ~'1 I - l l II r 
I\ s,_+ C.. i · ~""" o/. ~./ 16 -16 

ef ~ C,c,t\ 

~ ,(:/ .......... ~ t..AI'\ ~I\ 
•• 

'► ' ► ' ► ' . ' ► ~ 

f 1 
NC1lm:I 

. ' . 
ID '. r 

l \ ,,. '., ~ t 
I 

I b ' - I~ II 

' I 

l I ~~w.i ~ i -k: •1. 'I,,.' II I .. I • ~r- e. 'i· ,,<i •1. ,.'i 

Specimen A-::t Sheet: 1 of 4 

~BOWEN 
!:LY!E~ !'!.-!X Behavior of Lap Splices of No. 11 Drawn by: i,(Af'\ Checked by: BP~ 

PURDUE UNIVERSITY Reinforcing Bars 
Date: S"-~Hi. 
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u u 

1 

SOUTH NORTH 

2 
Top Plan 

2 Spa.@ 
3' I · · I · 6011 Ea. . , . · 1 3' 

rs re rD rE rF 

Profile 
*For section B-B through F-F see Sheet 3 of 3 

i----------------3------------------i 

SOUTH NORTH 

i------~-~-------4--------------~ 

.BOWEN 
.·LABORATORY 

PURDUE UNIVERSITY 

Bottom Plan 

Drawing: Series A Concrete As-builts Sheet: 2 of 4 

Project: Experimental Investigation of Drawn by: BPR Checked by: SP 
Capacity of Lap Splices of No. 
11 Reinforcing Bars Date: 04/04/2012 
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u u 

t------------- 1-------------i 

SOUTH 

i-----~--- -----2- -------------.J 

Top Plan 

2 Spa.@ 

3' I • • I • 39.5" Ea. • I • • J 3' 

rB re ro rE rF 

Profile 
*For section B-B through F-F see Sheet 3 of 3 

f-..------------3------------ --.J 

SOUTH 

i--- -----------4- -------------.J 

Bottom Plan 

Drawing: Series B Concrete As-builts Sheet: 3 
.BOWEN 

LABORATORY 
• - I 1 -

NORTH 

NORTH 

of 4 

PURDUE UNIVERSl"TY 

Project: Experimental Investigation of Drawn by: BPR Checked by: SP 
Capacity of Lap Splices of No. 
11 Reinforcing Bars Date: 04/04/2012 



APPENDIX A, Purdue Phase I Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 95 of 595 

.BOWEN 
LABORATORY - -•=~• ·11:1 

PURDUE UN IVE R:S ITY 

4 

0 

1 

------3-----i 
Section B-B, C-C, 0-0, E-E & F-F 

*Facing North 

2 

Drawing: Concrete As-built Sections Sheet: 

Project: Experimental Investigation of Drawn by: 
Capacity of Lap Splices of No. 
11 Reinforcing Bars Date: 

4 of 4 

BPR Checked by: SP 

04/04/2012 
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Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Section 
1 

A-A \~~ -y~ 
8-B '2-lo/(b 

C-C ·2-i3/ib 
D-D ·1- ·rs 
E-E 2- \3/t'7 

,, 

L\ - 3/i" F-F 

Recorded by: 

~fR 
Checked by: 

10 
Checked by: 

Comments: 

2 

JJ0--- 1/t, 
13-'/& 
6 - \/s 
6- '/g 
b - rxb 
G-1/i 

3 

As-built Dimensions v.1 

(Rev. 04/04/2012) 

Formwork As-built Dimensions 

4 5 

I+~ -- 1S/J, I +'-1 -O 120-0 
. 1/1 ~ - (b '2 3- o/,b 2~ -'¼6 

~ - \/'8 ']. 3 - iYtb 2~ -5"/8 
~ - 0 23>-1/g '2.s-½ 
~ - \It(:, '2 --s -1/s 23 - 'Y{b 

L-\ ... ~I:> 1_3,->/4 23-o/g 
Signat ure 

~~ 
Signature 

, 

~ k-rliL----. 
Signature 

Specimen: __ A_-_;;2.. _____ _ 
Sheet 1 of 2 

6 7 8 

l+Y-0 
30- '(g 30-1/tt:, \ 7- l/2 

~o- o 3o-½6 \ '1 - l/2., 

30-0 30-0 \t~~¼lz. 
so-o io-1/i6 \ ·1 - 11tb 
30- \/g 30-Yg \11/2 

Date Time 

Y / 1 S 5 ~ 30fM 

Date Time 

4/,5 ~~OP/1-1 

Date Time 

* Sec.µ~ £-f> ~ F-F ol,}\AA~S~OV\.S l" .2; ~ 3 c:,L.,V'e °f pc,s rl--e -\-L..e_:s1ke..y 

*See formwork as-built drawings for dimension locations 
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Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

Section 
1 

A-A 14'-6" 

8-B 4-3/8" 

C-C 3" 

0-D 3" 

E-E 3" 

F-F 3" 

Section 
1 

A-A 13'-10.5" 

B-B 4-3/8" 

C-C 3" 

D-D 3" 

E-E 3" 

F-F 3" 

2 3 

10'-0" 14'-6" 

6" 4-3/8" 

6" 3" 

6" 3" 

6" 3" 

8-3/4" 3" 

2 3 

6'-7" 13'-10.5" 

6" 4-3/8" 

6" 3" 

6" 3" 

6" 3" 

8-3/4" 3" 

As-built Dimensions v.1 

(Rev. 04/04/2012) 

Formwork As-built Dimensions Key - Series A 

4 5 

14'-6" 10'-0" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

Formwork As-built Dimensions Key - Series B 

4 5 

13'-10.5" 6'-7" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

Specimen: ___ A __ -_J. ______ _ 
Sheet 2 of 2 

6 7 8 

14'-6" N/A N/A 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

6 7 8 

13'-10.5" N/A N/A 

30" 30'' 17-5/8" 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

30" 30" 17-5/8" 
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SOUTH 

r
A 

BOWEN 

1 

6 

.. 
ORATORY -PURDUE UNIVER.SITY 

2 

::: 5 

Section A-A 

2 Spa.@ 

3' -1 ·-· ,---· - 60
11 

Ea.---,•-• I 3' 

rB re ro rE rF 

*For section B-8 through F-F see Sheet 3 of 3 

Series A 

Drawing: Series A Formwork As-builts 

Project: Experimental Investigation of 

Capacity of Lap Splices of No. 

11 Reinforcing Bars 

3 

NORTH 

4 

--.. 
A 

Sheet: 1 of 3 

Drawn by: BPR Checked by: SP 

Date: 04/04/2012 
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SOUTH 

.
A 

BOWEN 
LABORATORY 
~ 

PURDUE UNIVERSITY 

1 

6 

.. I • 2 -+------3-------l 

: : : 5 -+------4-----i 

Section A-A 

2 Spa.@ 

3' I • • J · 39.5" Ea. .. , .. • I 3' 

rs re jD rE rF 

*For section B-B through F-F see Sheet 3 of 3 

Series B 

Drawing: Series B Formwork As-builts Sheet: 2 

NORTH 

-. 
A 

of 

Project: Experimental Investigation of Drawn by: BPR Checked by: 
Capacity of Lap Splices of No. 

11 Reinforcing Bars Date: 04/04/2012 

3 

SP 
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6 

-----8------i 

4 5 

1-1--,..--,~ 2 t---1- 3 

Section C-C, D-D, & E-E 

*Facing North 

7 6 

-------8-----1 

4 5 

t--2--

Section 8-8 & F-F 

*Facing North 

1---~I- 3 

Drawing: Formwork As-built Sections Sheet: 3 

7 

of 3 
.BOWEN 

LABORATORY 
~: -- - t ..... 

Project: Experimental Investigation of Drawn by: 8PR Checked by: SP 

PURDUE UN IVE RS IT Y Capacity of Lap Splices of No. 

11 Reinforcing Bars Date: 04/04/2012 
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Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Date Disp Ticket Num 

Y/ F~-/ 12 l'13Soii3 

Casting Documentation v.1 

(Rev. 03/30/2012) 

General Information 

Truck No. Time on Ticket 

1-=o 34 1s:s-+ 

Specimen: _ ___;_A_-_3 _____ _ 
Sheet 1 of 1 

Time of Arrival Temp. in Lab 

4~ C'S f>M 62-oF 
M easurements made upon arrival of concrete 

Slump (ASTM C143 - 10a) Air Content (ASTM C231 - 10) 

Time1 Result1 nme1 Result 1 S/N of Air Meter 

L\'.Z..3 5'¼'' '2 4~s '-\- ,C\D/o l-f l30+~{, o9 I 
Time2 Result2 Time2 Result2 5/N of Scale 

Lf.LfY &. I/ 4~ s-~ S~ l C/v 0 6~ bOS b H-H 

Unit Weight (ASTM C138 - 10b) 

Time1 Wt . of Cont.1 Total Wt. 1 Wt. of Conc.1 Result1 = Wt. of Conc./Vol. of Cont. 

4;1 "1. i.s ·4-5_4 36,9:it: IL.f+.6:t:t/e-~. 
Time2 Wt. of Cont.2 Total Wt. 2 Wt. of Conc.2 Result2 = Wt. of Conc./Vol. of Cont. 

4 5 -i, i.s 44,Q )6 ,3#- l<..f 5 , 2. ~, wC..~ t 

Times of actions during and after casting -~ 
Layer 1 placed 

Layer 1 vibration 
Layer2pl~ 

/(ayer 2 vibration Jop surface struck Truck Departing 

complete complete/ off / Lclb ~--
'-\: 2-s t,: 3o V ✓ 
Lifting Inserts Covered with 

Plastic removed 
Covered with Burlap doused Covered with 

Placed plastic burlap with water plastic -

V S~2ofM ~I : 10 ~M t t ~1sPM ll : ;rov>M l I ~;iSfM 

Recorded by Signature Date Time 

e~ ~~ L-J /1=r- L[.' S+PM 
Checked by Signature Date Time 

~t1 7~ L '-t-(7~12- 6~Zo(M 
Checked by Signature Date Time -

l i\hr? ~ ~ S A \A:JJ fl'\\.\;'"' t.\\,1t \ ¥ 

Comments: i \ 
I 

' <() 20 
CavcJZ;~-re ,~ r '-<? i/) ,, 

*The following ASTM standards and specifications will be followed during casting: C172-10, C192-07, C470-09 
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Truck 
1839 

Driver 
2463 

User 

Load 
6.50 

Mmerlal 
8TONE-8 
STONE-4 
8AND23 
CEMENr 
WATER 
AIR 

u~er 
Size 

CYD~ 
Mix Code 
1008 

De!gnQl'f Require.:! 
340 ib ✓ 6153 lb 
620 lb , 403D It> 

1435 It> ✓ 936211) 
S!lelb ✓ 38221b 

323.21b ✓ 1417.7 lb 
.SO JC / 30.58 az 

f\Jlm Blllch= 

Returned 

Slllctied 
6100 lb 
4000 lb 
9920 lb 

iifiS lb 
1Pa lb 

31.CJD •Jl 

:, 

Disp Ticket 
1858983 

Qty 

'Ii, VIII" 'If, M olsture 
·O.S6'lb D.81l'l6M 
-D.74% 
·D.42% 6.Sll'l&M 
1.39'!1, 

-1.10'1&c 
1.39% 

Num Ticket ID 
0 

Mix Age Seq 
D 

A,:tlml W!!t 
6 ill 

76 gl 

168.0 g! 

Time Date 
15:57 4/17/12 

Load ID 
1107 

Adulll 
I.mid 

Slump: 
25299 lb DeslgnWiC: O.SSD Wlllen'Cerneit: D.54Z T Design 251.7 QI i\CMII 249.5 gt ToAdd: 2.3 gt 

6.DD In 'ti Watcr!nTrucl\: a.a Iii Aq)ustW!ller: a.a lb / I.mid Trlrn W!lii!r. 0.0 lb / CY [ 
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Remit To: P.O. Box 7048, Group #2 

lndfanapolis, IN 46207-7048 

/ Plant # /Ticket Numbe~ Truck 

I Sold To 
-. •r; 

Concrete Delivery Ticket 
Irving l'lat.erlals, Inc. 

Load Size Mix Slump Use Date Customer I 

~-
IT~ Oodel Driver I Project No. I Order No. 

I-._. _.,'I 

I .Delivery Address I P.O. Number 

Load. Quanti Total Ordered Qua!lli Product Code 

.'..00-::l 

'water Adiled At _ -~I 
C'!st'o,m~r:s. Request 

Total 

No. Gallons 

,~n Job Time rlnish Pour'Time 

Product Descri tion 

Slump. Meter 
Reading 

F 'I' 

Unit Price 

Subtotal 

Tax 

Total 

PROPERTY DAMAGE RELEASE / WARNING - Irritating To The Skin and Eyes 

'I,,-:-' 1-
< ··•• • .r 

Amount 

Dear Customer - The Seller is not responsible for slumps, strength or quality of concrete to which water or any other material has been added by the p urchaser or at his request. 

The undersigned hereby authorizes Irving Materials, Inc. to use private property for making the delivery shown here on and assumes full respcnsibility for any damage or Injury due to the premises. 

The undersigned agrees to reimburse said Company for loss of time and equipment by reason of such delivery and also to identify and save harmless said Company from any and 
all claims, demands and suits for or o n account of or in any manner caused by or arising frdm private property delivery. 

, The undersigned assumes responsibility for a suitable roadway from public highway to point of deli\rery and is respor:,sible for any needed wrecker service charges as a result 

SAFETY WARNING: Keep away from children .. Contains Portland Cement, Irritating to the skin and eyes. Wear rubber boots, gloves and eye protection. Prolonged contact may cause 
bums. In case of contact With skin or eyes, flush thoroughly with water. If irritation persists, get medical attention. For additional information regarding the HAZARDS OF READY MIX 
CONCRETE, consult the Material Data Safety Sheet (MSDS) available upon request. 

PRODUCT NOTICE: Seller will not be held responsible for the final appearance of exposecj aggregate, integral coloring, stamped and decorative surfacing, and all, other forms of 
architectural and design concrete. __ -•·- · · 

DELIVERY NOTICE: Seller assumes /2respo_!J.Sibililyfor deliveries beyond the public right of ~y,.-eufeT'~sumes responsibility for damages including but not limited to curb, sidewalk, 
driveway, or any property of the co ractor:.or proi:ierty owner or agents. _ __.-----

NOTICE: MY SIGNAHJJ:!E BEL,Si~\tJ01CATES);AAT I HAVE READ THE ~ mAND HEALTH WARNING NOTICE AND ACCEPTANCE OF THE LOAD. 

Release. Load and_Jem;svAcceptedf!y: / _,,.,.,..-x .,,.:7 / / / ___..-----

I I II.Ill 111111 JIU! 11ll!jllll 1111HIIII ~IHJl!l lUI 
1 " .J -- . _, -~ 

, ·-

Concrete - Sand - Gravel - Stone "We're Proud Of Our Work" General Office (317) 326-3101 

CUSTOMER COPY 
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Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

u 
Setup and As-built Dimensions v.1 

(Rev. 04/04/2012) 

Section /:" r- l'M'Je S/31 Concrete As-built Dimensions 

1/ \2 . 3 4 5 

I ' '½ II 3i" ::J... t! 39 ._ 0 .. 
39'-0 11 Plan 3'3-11 5 --1-1-

~ 

B-B l1 - 11
/1& 

,, 
~0 - 11; 

•I 
l 7 - "/ 16 " '?O- l/~" 

C-C \1 - 7?/ 'i
11 7s O - 1/t6 ,, ( 1 - -; 1i ,, so -, / 16 11 

D-0 11 -9
/~ 

11 ~o - 11~·· l 1 -~t; ., ~Q - ~ lt6 
I\ 

E-E l l - ~/ -; '' ~o - ~t,6'' 11 - ~ / ,; II 10 - ~ 1,6'' 

F-F (1 _,1,,6 ,1 ~0 - I / --4 ,1 11 - ~' i '' ".so-' /1" 

Recorded by: ~~t ure 

TN.~ -
/ ~/--
.#'/~ ~ 

~ 

./ / } 
Checked by: (. ~e 

{brtc ~ 
</9,_ 

Checked by: Signature 

Comments: 

*See concrete as-built drawings for dimension locations 

Specimen: A - ~ 
Sheet 1 of 2 

6 7 8 

Date Time 

c; _-,,<3. l1- &~i Q 
Date Time 

s/:c,/12 7~0OfM 
Date Time 
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u 
Project: Tests t o Determine t he 

Behavior of Spliced #11 Bars 

Section 
1 

Plan 39'-0" 

8-8 17-5/8" 

C-C 17-5/8" 

D-D 17-5/8" 

E-E 17-5/8" 

F-F 17-5/8" 

Section 
1 

Plan 34'-4" 

B-B 17-5/8" 

c-c 17-5/8" 

D-D 17-5/8" 

E-E 17-5/8" 

F-F 17-5/8" 

2 3 

39'-0" 39'-0" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

2 3 

34'-4" 34'-4" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

u 
Setup and As-built Dimensions v.1 

(Rev. 04/04/2012) 

Concrete As-built Dimensions Key - Series A 

4 5 

39'-0" N/A 

30" N/A 

30" N/A 

30" N/ A 

30" N/A 

30" N/A 

Concrete As-built Dimensions Key - Series B 

4 5 

34'-4" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

C 
Specimen: __ A __ -_3 _______ _ 

Sheet 2 of 2 

6 7 8 

N/A N/A N/A 

N/A N/A N/ A 

N/A N/A N/A 

N/A N/ A N/A 

N/A N/A N/ A 

N/A N/A N/A 

6 7 8 

N/A N/A N/A 

N/A N/A N/A 

N/A N/ A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 
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BOWEN 
LABORATORY -----,·~ PURDUE UNIVER:SITY 

Specimen A -3 

Behavior of Lap Splices of No. 11 

Reinforcing Bars 

> . . ' ' 

1 
NORTH 

It, ' 

I ' _!.. n + ..,l.. •f/ 

- ~ 

' 
1 

11 
. ~ 

' / ,. 
I @'l' .. , ..... , l:2.cs ~ -q-~--

l 

Sheet: 1 of 4 

Drawn by: ef f'z Checked by: 

Date: 
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u u 0 

1 

SOUTH NORTH 

2 
Top Plan 

2 Spa.@ 
3' 

I · · 1 · 
60" Ea. 

· I · - I 
3• 

rs re ro rE rF 

Profile 
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Drawing: Series A Concrete As-builts Sheet: 2 of 4 

Project: Experimental Investigation of Drawn by: BPR Checked by: SP 
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Top Plan 

2 Spa.@ 
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Profile 
*For section B-B through F-F see Sheet 3 of 3 

i------ ------- --3-------------i 

t-----------------4---------------i 

Bottom Plan 

Drawing: Series B Concrete As-builts Sheet: 3 

NORTH 

NORTH 

of 4 
.BOWEN 

LABORATORY 
I . 'I . -,,- W 4 tttrt ♦ ~IIIIIINID 

Project: Experimental Investigation of Drawn by: BPR Checked by: SP 

PURDUE UNIVERSITY Capacity of Lap Splices of No. 

11 Reinforcing Bars Date: 04/04/2012 
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BOWEN 
:LABORATORY 

. - -PURDUE UNIVER.SITY 

4 

C) 

1 

i------3-----
Section B-8, C-C, D-D, E-E & F-F 

*Facing North 

Drawing: Concrete As-built Sections 

2 

Sheet 

Project: Experimental Investigation of Drawn by: 
Capacity of Lap Splices of No. 
11 Reinforcing Bars Date: 

4 of 4 

BPR Checked by: SP 

04/04/2012 
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Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Section 
1 

A-A l-=t-Y -½ 
8-8 ']_- lS"lto 
C-C ~-o 
D-D ,~- o 

E-E 2 - \¾, 
F-F 4 -3/2 

Recorded by: 

~'°~ 
Checked by: 

TD 
Checked by: 

2 

I l.'1 -'3/u, 

'3 ~ 7/g 
6 - \3/t.6 
6 -to/i b 

G- \3/ib 

G- '/g 

3 

l+i-0 

3- \ llb 

5 _ \/(b 

~ - Vt b 
~- \1_6 

4- ~/ 8 

As-built Dimensions v.1 

(Rev. 04/04/2012) 

Formwork As-built Dimensions 

4 s 

f1-9 -f3/LL {lq - is/it 

1..3-o/s 1.3-o/ib 

23- 'Yt-b 1,. ~ - n/t b 

~s--½ 1. 3 _13/k; 

2~ _5'/~ 2 ~-\l/26 

'2-S- 3/g 2.s-·1/,f, 
Signature 

~~ 
_ Signature 

1Jij/\ 'rt)_ 
V 

Signat ure 

Specimen:. __ A __ -_3 ____ _ 
Sheet 1 of 2 

6 7 8 

\=?--3 - t 3/, f 

so-Vg ~3o-1/g ,-=r\12-

30-0 3o - \Ii" \ -=, - 1/z. 
~o-o so- \/8 \1- Yz 
~6-- Yi~ '3o -'lg 1'1--- i/2 

30-Y8 3C?-3/t, l 1 _l/2. 

Date Time 

'--t/ ts S: SOf/V\ 
Date Time 

~11~ 5 :}:)-0 A11 
Date Time 

Comments: 

~-B ~ F-F ol;---v¼-~S ,'O\A..S A~ Off OS ;4e ~C- ~/ ~ 5e..c..\..~ 
l , .2, ~ 3 

*See formwork as-built drawings for dimension locations 
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Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Section 
1 

A-A 14'-6" 

B-8 4-3/8" 

C-C 3" 

D-D 3" 

E-E 3" 

F-F 3" 

Section 
1 

A-A 13'-10.5" 

8-B 4-3/8" 

C-C 3" 

D-D 311 

E-E 3'' 

F-F 3" 

2 3 

10'-0" 14'-6" 

6" 4-3/8" 

6" 3" 

6" 3" 

6" 3" 

8-3/4" 3'' 

2 3 

6'-7" 13'-10.5" 

6'' 4-3/8" 

6" 3" 

6" 3" 

6" 3" 

8-3/4" 3" 

As-built Dimensions v.1 

(Rev. 04/04/2012) 

Formwork As-built Dimensions Key - Series A 

4 5 

141-611 10'-0" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

Formwork As-built Dimensions Key - Series B 

4 5 

13'-10.5" 6'-7" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8'' 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

Specimen: ____ A __ -_3 _____ _ 
Sheet 2 of 2 

6 7 8 

14'-6" N/A N/A 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

6 7 8 

131-10.511 N/A N/A 

30" 3011 17-5/8" 

30" 30" 17-5/8" 

3011 30" 17-5/8" 

30" 30" 17-5/8" 

30" 30" 17-5/8" 
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SOUTH 

.
A 

BOWEN 

1 

6 

LABORATORY --PURDUE UN IVE R ·S IT Y 

2 

::: 5 

Section A-A 
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rB re rD rE rF 

*For section B-B through F-F see Sheet 3 of 3 

Series A 

Drawing: Series A Formwork As-builts 

Project: Experimental Investigation of 

Capacity of Lap Splices of No. 

11 Reinforcing Bars 

3 

NORTH 

4 

-----. 
A 

Sheet: 1 of 3 

Drawn by: BPR Checked by: SP 

Date: 04/04/2012 
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1 
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.BOWEN 
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2 

;:; 
5 

Section A-A 

2 Spa.@ 

3' I • • 1 · 39.5" Ea. .. I • • I 3' 

rB re rD rE rF 

*For section B-B through F-F see Sheet 3 of 3 

Series B 

Drawing: Series B Formwork As-builts 

Project: Experimental Investigation of 

Capacity of Lap Splices of No. 

11 Reinforcing Bars 

3 

NORTH 

4 

Sheet: 2 of 3 

Drawn by: BPR Checked by: SP 

Date: 04/04/2012 
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-----8-----i 

4 5 

1 ----1---~ 2 .--.---.11- 3 

Section C-C, 0-D, & E-E 
*Facing North 

7 6 

i------8-----

1 -+---~ 

4 5 

---- 2 ----1-i 

Section 8-B & F-F 

*Facing North 

.___1-3 

Drawing: Formwork As-built Sections Sheet: 3 

7 

of 3 
BOWEN 

LABORATORY 
..... $ fWJ 1£Nf 

Project: Experimental Investigation of Drawn by: BPR Checked by: SP 

PURDUE UNIVER:SITY Capacity of Lap Splices of No. 

11 Reinforcing Bars Date: 04/04/2012 
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) 

Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Date Disp Ticket Num 

y / :J..,c; {<85~ iii 

Casting Documentation v.1 

(Rev. 03/30/2012) 

General Information 

Truck No. Time on Ticket 

I e:,35 1:2~~{:, 

1\ -'i Specimen: ________ _ 

Sheet 1 of 1 

Time of Arrival Temp. in Lab 

ti~t.tDY'>-1 b 2,,
0 r 

M easurements made upon arrival of concrete 

Slump{ASTM C143 - 10a) Air Content (ASTM C231-10} 

Time1 Result1 Time1 Result1 S/N of Ai r Meter 

( 1.. ·-4t 1~ 5 '/ /Z.: 58 4 _Q "/4 11 3 0 -=t8' hg 9 / 
Time2 Result 2. Time2 Result 2 S/N of Scale 

13,'l t c:z .:)11 l3; ;;~°t0 /o os,4111 
Unit Weight (ASTM Cl38 - 10b) 

Time1 Wt. ofCont. 1 Total Wt. 1 Wt. of Conc.1 Result 1 = Wt. of Conc./Vol. of Cont. 

12.~ 55 '3. s~ ---t-1-~:=r ~6.2# 1-J 
"-

tY4,<8 ::,;t:../&4-, 
Time2 Wt. ofCont.2 Total Wt. 2 Wt. of Conc.2 Result2 = Wt.of Conc./Vol. of Cont. 

\3 : is ~.s* 44.fo 3b.l ~ lYt.t. 4 ~ =/c_:r+, 
Times of actions during and after casting 

Layer 1 placed 
Layer 1 vibration 

Layer 2 placed 
Layer 2 vibration Top surface struck Truck Departing 

complete complete off Lab 

✓ ✓ ✓ ✓ ✓ 
4-. 

l ~ ID r'M 
Lifting Inserts Covered with 

Plastic removed 
Covered with Burlap doused Covered with 

Placed plastic burlap with water plastic 

~ ~f.f Cl°M 2: <{ S PM <6: ISPM 73:XlPM '3::;t_sfM ~:3o,~ 

Recorded by Signature - Date Time 

s --p_ ) ~ 1/ 24 / : 20 
I ---r-

I 

Checked by Signature Date Time 

t~K ~t>v ~ <-I I -::z_ y ) .' 3Lf Y'JV1 

Checked by Signature Date Time 

~ JIKA'Ir Jj 
- - I V'-- -'U __ __,., 7 ~ .5tJ a_Jfl~-r J..J..-'1 '1-/2-+• /.' UJ 

Comments: 3 laly~r-s'y-- ~ 
( 

fi~ o F CoNc. T .E. NJ P ; (D!j ~ Ca/ j _t!l j t:.S) 

*The following ASTM standards and specifications will be followed during casting: C172-10, C192-07, C470-09 
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1 
J uck Driver- Uset' Disp Ticket Num Ticket ID Time Date 
1635 1867 user 1859188 0 12:26 4 / 24 / 12 
Load Size Mix Code Returned Qty Mix Age Seq Load ID 
6.50 

Materlm 
8TONE-S 
STOI\E-4 
8AN0-23 
CEMENT 
WATER 
AIR 

Actul!I 
Lolld 

SIUYilP: 

) 

CYD~ 1008 D 1310 

Ocs!gnQt!J Required Batched '1n Var% Mulsture A,llml Wm 

1 54i'J lb 611C lb 6Il6Ulb -0.82'1R M 
S2IJ lb 4ll3IJ lb 4000 lb -0.7491, 

14...'>S lb 3S41 lb 98llll lb -0.41'!6 5.Sll'lflM 51 gl 
588 lb 3822 lb JS051b -0.44~ 

323.2 lb 1587.8 lb 1578.D lb -D.62'1& 1.89.1 gl 
.so ,c 30.58 ax 31100 c,z -1.88'!!, 

Num BZ!lcties: 

25245 lb ~gnW/C: 0.550 Wl!teifeemert: 0.552 T Design 251.7 g( Aett.m! 2SD.3 gJ ToAdd: 1.4 Ill 
6.DD In # WzslerlnTruck: 0.0 lb AdjustWlller: 0.0 lb J I..D8d Trim W!lter: ll.D lb f CN C 

A-4 
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Remit To: P.O. Box 7048, Group #2 

Indianapolis, IN 46207-7048 

I Plant # iTTcket Numberl Truck 

I SoldTo 

Concrete Delivery _Ticket 
- . 

Load Size Mix Slump Use : Date 

ITax Godel Driver I Project No. 

• • 1m1 
Irving Materials, Inc. 

Customer 

I Order No. 

[ Delivery Address I P.O. Number 

I 

Load Quantity Total Ordered Quantity Product Code Product Description Unit Price Amount 

( 

. w~} Added At I -fb-t Total Slump Meter 

I I \_op mer's Request 
No. Gallons Reading Subtotal ~SJ .. ~~o 

L. ~ -

Tax 
Ion Job Time I Finish Pour Time i--+·n-i. ti: f.}; · ·.!} l ld T,:,l. ;, j : ~'.?3 t ,, :~~0 Total ~-~JJ . 50 

PROPERTY DAMAGE RELEASE / WARNING • Irritating To The Skin and Eyes 
Dear Customer - Ttie Seller is not responsible for slumps, strength or quality of concrete to which water or any other material has been added by the purchaser or at his request. 

The undersigned hereby authorizes Irving Materials, Inc. to use private property for making the delivery shown here on and assumes full responsibility for any damage or injury due to the premises. 

The undersigned agrees to reimburse said Company for loss of time and equipment by reason of such delivery and also lo identify and save harmless said Company from any and 
all claims, demands and suits for or on account of or in any manner caused by or arislng from private property delivery. 

The undersigned assumes responsibility for a suitable roadway from public highway to point of delivery and is responsible for any needed wrecker service charges as a result. 

SAFETY WARNING: Keep away from children. Contafns Portland Cement. Irritating to the skin and eyes. Wear rubber boots, gloves and eye protection. Prolonged contact may cause 
burns. In case of contact with skin or eyes, flush thoroughly with water. If irritation persists, get medical attention. For additional information regarding the HAZARDS OF READY MIX 
CONCRETE, consult the Material Data Safety Sheet (MSDS) available upon request. 

PRODUCT NOTICE: Seller will not be held responsible for the final appearance of exposed aggregate, integral coloring, stamped and decorative surfacing, and all other forms of 
arch1tectural and design concrete. 

DELIVERY NOTICE: Seller assumes no responsibility for deliveries beyond the public right of way. Buyer assumes responsibility for damages including but not lltnlted to curb, sidewalk, 
driveway, or any property of th,;, contractor or property owner or agents. 

NOTICE: MY SIGNATURE BEt'ow INDtc}n;S.J..l:_!AT I HAVE READ THE SAFETY~ HEALTH WARNING NOTICE AND ACCEPTANCE OF THE LOAD. 

\ 
111111 llllfl !IHI111111111111111111111111111/l lfll ~- * 'f B ':i 9 1 ij 8 ~-

Concrete ~ Sand - Gravel - Stone "We're Proud Of Our Work" General Office (317) 326-3101 

DRIVER COPY 
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u 
Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Section 
1 

Plan s'3' 'Is'' 

B-B ll - l/~11 

C-C ( 7 - I /,_•1 

D-D t1 - ; 1, 6 n ' 

E-E 11 - •1/ r5 •. 

F:F l 1 - 11 l t6 11 

Recorded by: 

J. N -H. 

Checked by: 

~ f )l 
Checked by: 

Comments: 

2 

~ ~ · 

10- i/(6 11 

I/ ,, 
~Q - L6 

~o - 'Is 
,. 

~0- 'Ito,. 

~o - -; /i.6 " 

<.._ 

(J 

Setup and As-built Dimensions v.1 

(~ev. 04/04/2012) 

Concrete As-built Dimensions 

3 4 s 

~ '3' ~9 • '1'6 ., 

l 7 - LI 1,6 ,. so-'tg t( 

\1 - 1/;" ~o- 11ie·· 

l 1 - c;/i" ~O - 1/'f? .. 

l1-ulto" 10- 1
/ ~ ., 

l1- 11/ 16 ~ ~o - 1/ tf, l t 

~ - Signature 

(__/L~ -- /.P"7' 
..... 

/ I ' Signature 

~~ 
Signature 

*See concrete as-built drawings for dimension locations 

A-Y Specimen: _ _ _ _ ____ __ _ 

Sheet 1 of 2 

6 7 8 

Date Time 

6 .1 . l'1. i ;~o 
Date Time 

6/=t-/ll y :3ofM 

Date Time 
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Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Section 
1 

Plan 39'-0" 

8-8 17-5/8" 

C-C 17-5/8" 

D-D 17-5/811 

E-E 17-5/8" 

F-F 17-5/8" 

Section 
1 

Plan 34'-4" 

8-8 17-5/8" 

C-C 17-5/8" 

D-D 17-5/8" 

E-E 17-5/8" 

F-F 17-5/8" 

2 3 

39'-0" 39'-0" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

2 3 

34'-4" 34'-4" 

30" 17-5/8" 

30" 17-5/8" 

30'' 17-5/8" 

30" 17-5/8" 

30" 17-5/8'' 

0 
Setup and As-buiit Dimensions v.1 

(Rev. 04/04/2012) 

Concrete As-built Dimensions Key - Series A 

4 5 

39'-0" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

Concrete As-built Dimensions Key - Series B 

4 5 

34'-4" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

v 
Specimen: __ A __ -_tf _______ _ 

Sheet 2 of 2 

6 7 8 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

6 7 8 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 
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u u 
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' '. 'p ' • . ' ► 
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NORTH 

-. ' ► · ► ' ' 

.D L • ' ·• 

14 16 r_ ~/,6'' ~ ~ ti 
fco-t:J. \ IIP':J-'l<J"±lf-i'' uGJ<J-1'-1 1·:t-1/.{ ,. ~_;-1 ~Ce-II ,I ~• I 

" ,I ., 
<;o':'TH 

•i ' p p .. • • .. • • . 
N)df{TH - f 1 

,LJ 0 
. . .. 

~ t b I - '/g" ~ 

Specimen A-L-f Sheet: 1 of 4 -BOWEN LABORATORY Behavior of Lap Splices of No. 11 Drawn by: f.N-~. Checked by: ·iy,~ 
PUROOE UNr\iERSlTY Reinforcing Bars 

Date: 6.1.l'l. 
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u G 

i----------------1---------------.1 

SOUTH NORTH 

t--------------- ---2---------------i 
Top Plan 

2 Spa.@ 

3' -1 •~· 1 •-60" Ea. -•-1 •-· I 3' 

rB re rD rE rF 

Profile 
*For section B-B through F-F see Sheet 3 of 3 

i-----------------3------------------i 

SOUTH NORTH 

i------------------4------------------i 

Bottom Plan 

Drawing: Series A Concrete As-builts Sheet: 2 of 4 
.BOWEN 

:LABORATORY 
PURDUE UNIVER.SITY 

Project: Experimental Investigation of Drawn by: BPR Checked by: SP 
Capacity of Lap Splices of No. 
11 Reinforcing Bars Date: 04/04/2012 
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0 C 

i---------------1--------------.J 
SOUTH NORTH 

i----------------2--------------i 
Top Plan 

2 Spa.@ 

3' I • • I • 39.5" Ea. • I • • I 3' 

rs re ID rE rF 

Profile 
*For section B-8 through F-F see Sheet 3 of 3 

i--------------3-------------i 
SOUTH NORTH 

i----~----------4--------- ----i 

Bottom Plan 

Drawing: Series B Concrete As-builts Sheet: 3 of 4 
BOWEN 

-LABORATORY Project: Experimental Investigation of Drawn by: BPR Checked by: SP 

PURDUE UNIVER:SITY Capacity of Lap Splices of No. 
11 Reinforcing Bars Date: 04/04/2012 
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u 

·OWEN 
· saRATORY 

PUR.OUE UNIVER.SITY 

4 

0 

1 

-----3------i 
Section B-B, C-C, D-D, E-E & F-F 

*Facing North 

Drawing: Concrete As-built Sections 

2 

Sheet: 4 of 4 

Project: Experimental Investigation of Drawn by: BPR Checked by: SP 
Capacity of Lap Splices of No. 
11 Reinforcing Bars Date: 04/04/2012 
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.G 
Project: Tests to Determine the 

· Behavior of Spliced #11 Bars 

Section 
1 

A-A \::J-3 3::. 8 

8-8 L-{ - 1>/B 

C-C 3--Y~ 
D~D 3-Y~ 
E-E s- \,(~ 
F-F ~- \!t1= 

Recorded by: 

- ~J GrK-
Checked by: 

-rD 
Checked by: 

Comments: 

2 3 

(?-O. l\b \+~ 3/l~ 

(; - t/2 4- 31~ 
6- 1/f b 2-yg? 

6-0 7_ ... 7/4 
-- 1t ) - (~ 3- X& 
<3 --~A 3- '/(6 

*See formwork as-built drawings for dimension locations 

u 
As-built Dimensions v.l 

(Rev. 04/04/2012) 

Formwork As-built Dimensions 

4 5 

r=,-tt 3/,i l~-o 

? :>-YL. 2 :>- Yrt> 

1.~-¾ 2 3 ·- 1/z 
·2~- o/~ 2 3>- r/4 

'7=-3 - \ it b 2. 3- \½b 
zs- 9 /2'7 2-~ _ tVJb 

Signature 

~~ 
Signature 

<fAJ)/0 ___ -

"V - I. 
Signature 

-

0 
Specimen: __ A_-__ t-i ____ _ 

Sheet 1 of 2 

6 7 8 

11-~ _±_ ,g 

so- lit~ . so-Yi b l7-Y2 

3o- D 3c,- ~ b [?-- \/2.. 

~D-0 "30- 1/<g ' \7- 1/.2-
~D--0 5()- l((G, \1-Y2 
~0 - \/$3 30 -3/ib )7 l/,z_ 

Date Time 

~/;i-3 :2~"40 PM 
Date Time 

~(23 z:-~o 
Date Time 
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Project; Tests to Determine the 
Behavior of Spliced #11 Bars 

Section 
1 

A·A 14'·6" 

B·B 4-3/8" 

C-C 3" 

D-D 3" 

E-E 3" 

F-F 3" 

Section 
1 

A-A 13'-10.5" 

B-B 4·3/8" 

C-C 3" 

D·D 3" 

E-E 3" 

F-F 3" 

2 3 

10'·0" 14'·6" 

6" 4-3/8" 

6" 3" 

6" 3" 

6" 3') 

8·3/4" 3" 

2 3 

6'-7" 13'-10.5" 

6" 4-3/8" 

6'' 3" 

6" 3'' 

6" 3" 

8-3/4" 3" 

0 
As-built Dimensions v.1 

(Rev. 04/04/2012) 

Formwork As-built Dimensions Key - Series A 

4 5 

14'·6" 10'·0" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

23·5/8" 23-5/8" 

23-5/8" 23·5/8" 

23-5/8" 23-5/8" 

Formwork As-built Dimensions Key - Series B 

4 5 

13'·10.5" 6'-7" 

23-5/8" 23-5/8" 

23-5/8" 23·5/8" 

-
23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

Specimen; ____________ _ 

Sheet 2 of 2 

6 7 8 

14'·6" N/A N/A 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

6 7 8 

13'-10.5" N/A N/A 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

30" 30" 17-5/8" 
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Section A-A 

2 Spa.@ 

3'-+-1-· ----i---1 •-60" Ea.--¾-• 1-· -•-1--1 3' 

rs re rD rE rF 

*For section B-B through F-F see Sheet 3 of 3 

Series A 

Drawing: Series A Formwork As-builts 

Project: Experimental Investigation of 
Capacity of Lap Splices of No. 
11 Reinforcing Bars 

3 

NORTH 

4 

-. 
A 

Sheet: 1 of 3 

Drawn by: BPR Checked by: SP 

Date: 04/04/2012 
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1 

SOUTH 

6 

BOWEN. 
LABORATORY 

Mlllt'Qltftt 1tet:mrzn:mrn ee 1 · ·a, 

PURDUE UNIVERSiTY 

• I . 2 

:I: 5 

Section A-A 

2 Spa.@ 

3' / • .. 1 • 39.5" Ea. • 1 • .. I 3' 

rs re rD rE rF 

*For section B-B through F-F see Sheet 3 of 3 

Series B 

3 

NORTH 

4 

Drawing: Series B Form~ork As-builts Sheet: 2 of 3 
I 

Project: Experimental Investigation of Drawn by: BPR Checked by: SP 
Capacity of Lap Splices of No. 
11 Reinforcing Bars Date: 04/04/2012 

I 
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6 

i-------8-----

4 5 

2 t------1'--3 

Section C-C, D-D, & E-E 

*Facing North 

7 6 

-----8--------i 

4 5 

Section B-B & F-F 
*Facing North 

1-----1- 3 

Drawing: Formwork As-built Sections Sheet: 3 

7 

of 3 
BOWEN 

LABORATORY 
' --

Project: Experimental Investigation of Drawn by: BPR Checked by: SP 

PURDUE UNIVER:SITY Capacity of Lap Splices of No. 
11 Reinforcing Bars Date: 04/04/2012 
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) 

) 

Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Date Disp Ticket Num 

l1 I ~c.f ( 'is 5c(/ C(/ 

Casting Documentation v.1 

(Rev. 03/30/2012) 

General Information 

Truck No. Time on Ticket 

l 613 /3 ~ 0 f 

Specimen:. _____ A-__ -_S __ _ 
Sheet 1 of 1 

Time of Arrival Temp. in Lab 

I ~JOPM 6;2°F 
Measurements made upon arrival of concrete 

Slump (ASTM C143 -10a) Air Content (ASTM C231 - 10) 

Time1 Result 1 Time1 Result1 S/N of Air Meter 

I~ 2 s ~( 
2 

,, 
[; 3,3 1. {; 0/0 S.atML ~ -A~ 4 

Time2 Result2 Time2 Result 2 S/N of Scale 

I ,, -1. ,-;. S.a/,\,\.1.,. t:/.J') +.-4 f. So ~2,. 
,,._ 5,z 

Unit Weight {ASTM C138 - 10b) 

Time1 Wt. of Cont.1 Total Wt. 1 Wt. of Conc.1 Result1. = Wt. of Conc./Vol. of Cont. 

J O 3 I ~-5 ff" 44.4 it 
Time2 Wt. of Cont.2 Total Wt. 2 Wt . of Conc.2 Result2 = Wt. of Conc./Vol. of Cont. 

I :50 8'.st 14.~# 
Times of actions during and after casting 

Layer 1 placed 
Layer 1 vibration 

Layer 2 placed 
Layer 2 vibration Top surface struck Truck Departing 

comple~e complete off Lab · 

t/ v' 
✓ ✓ i/ /:.so 

Lifting Inserts Covered with 
Plastic removed 

Covered with Burlap doused Covered with 

Placed plast ic burlap with water plast ic 

2 ! lf o ~M 2.~Lf S~M <i$:<J-0f'M CZ' ~ .?.S (> t--{ '6:~ofM CS~ ~5(-'M · 

Recorded by Sjgnature Date Time 

s 'P. .1·. -p - 4/21 I ,s? 

Checked by Signature Date Time 

~'f~ ~~ ~ /2-cr -;;) ! 2->1 fk 

Checked by Signature Date Time 
" A 

u0~t-k _,<j ~o~ i(.2-.v-}ti ~ t:S5p 
Comments: 

CoNc.. T1=vi ) : G9' . ·5 ° F ~ 
3 f~1ev..s 

*The following ASTM st andards and specifications will be followed during casting: C172-10, C192-07, C470-09 
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) 
'riuck" Driver User 
1693 2774 user 

Disp Tick-et Num 
1859191 

Ticket 
0 

ID Time Date 
13 : 01 4 / 24 ( 12 

Load Size Mix Code Returned Qty Mix Age Seq Load ID 
1313 6 . 50 

MZ!ierl!!I 
STONE-$ 
STONE-4 
8/'IN0-23 
CEMENT 
W/\TER 
AIR 

.A..:tt.ml 
~ 

Slump: 

) 

) 

CYD!: 1008 D 

QesgnQt:; RC<jU!red Batched 'Iii Vs % M oJsture Ad!ml W!i! 
940 lb 6110 lb 6C6C lb ·D.S2% M 
620 lb 41l3D lb 400D lb ·D.74% 

1435 lb 9841 lb 9SlllJ lb ·D.41% S.SO'laM 61 g! 
588 lb 3822" lb 3820 lb ·D.!l5'ffi 

323.2 lb 1581.B lb 15"'.llD lb ·D.49'Jfi 1e93 gl 
.80 JC 30.5~ GE 30.50 ~ ·0.2S'I!, 

2_ 
NumBl!tches: 

25262 lb Design W/C: D.SSO WIiier/Cement 0.55b T 
6,Dtl In "# W!lter In Truck: a.a lb Adjust Wlltcr. 

Design 251.7 gt Actual :ZS0.6 g! ToAdii: 

a.a lb fl.Dad Tr1mW!!ler: 0.0 lb/ eve: 
1.2 gl / ' 
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Remit To: P.O. Box 7048, Group #2 

Indianapolis, IN 46207-7048 

I Plant# !Ticket Numbe~ Truck 

- .,_, J.F11
~

1
~ 1 ~·-

' Sold To 

Concrete Delivery Ticl).et 
Jrvlng lllatcrlals, Inc. 

Load Size Mix Slump Use Date Customer 

. (1CI 111.1c~~_r· r 
jrax Code/ Driver 

f:J ! '? :; . '· . 
j Project No. I Order No. 

[ Delivery Address P.O. Number 

load Quantity 

w .. ter Added'At 
)>mer 's Request 

l 

IOnJob Time 

Total Ordered Quantity Product Code 

.l9,50cy 

Total 

No. Gallons 

I Finish Pour nme 

Product Description / 

Slump- Meter 
Reading I I I I 

Unit Price / Amount 

,//~ 

lj'], fJ~ '-'fJ. 'j(,-. 

Subtotal 

Tax 
Total 

PROPERTY DAMAGE RELEASE / WARNING - Irritating To The Skin and Eyes 
Dear Customer - The Seller is not responsible for slumps, strength or quality of concrete to which water or any other material has been added by the purchaser or at his request. 

The undersigned hereby authorizes Irving Materials, Inc. ta use private property for making the delivery shown here on and assumes full responsibility for any damage or injury due to the premises. · 

The undersigned agrees to reimburse said Company for lass of lime and equipment by reason of such delivery and also to identify and save harmless said Company from any and 
all claims, demands ano' suits for or on account of or in any manner caused by or arising from private property delivery. 

The undersigned assumes responsibility for a suitable roadWay from public highway to point of delivery and is responsible for any needed wrecker service charges as a result. 

SAFETY WARNING: Keep away from children. Contains Portland Cement. irritating to the skin and eyes, Wear rubber boots, gloves and eye protection. Prolonged contacl may cause 
burns. In case of contact with skin or eyes, ftush thoroughly with water. If irritation persists, get medical attention. For additional information regarding the HAZARDS OF READY MIX 
CONCRETE, consult the Material Data Safety Sheet (MSDS) available upon request. 

PRODUCT NOTICE: Seller will not be held responsible for the final appearance of exposed aggregate, integral coloring, stamped and decorative surfacing, and all olher form~ of 
architectural and design concrete. 

DELIVERY NOTICE: Seller assumes no responsibility for delfveries beyond the public right of way. Buyer assumes responsibility for damages including but not limited to curb, sidewalk, 
driveway, or any property of the contractor or property owner or agents. 

NOTICE: MY SIGNATURE BELOW INDICATES THAT I HAVE READ THE SAFETY AND HEALTH WARNING NOTICE AND ACCEPTANCE OF THE LOAD. 

Release, Load and Terms Accepted By: 

X 

; I lllll ll!III JIiii JJIIIJllll ,(1111 /1111 jlll 11111! II 

Concrete - Sand - Grave l - Stone "We're Proud Of Our Work" General Office (317) 326-310 1 

DRIVER COPY 
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u 
Project: Tests to Determine t he 

Behavior of Spliced #11 Bars 

Section 
1 

Plan o/'.' .. 11 .,~ •• 

B-8 \7., \ ., 
/?. 

C-C \7 -- i1z. •· 

D-D \7- \I .,. 
't 

E-E \ 1 <1 .. - It. 

F-F \ 7 - «\1ic.. .. 
Recorded by: 

tfAt"\ 
Checked by: 

6f~ 
Checked by: 

Comments: 

2 

31' ' - \ \ 1/"1-

10 Vi ,, - /(. 

\ -· ,o- 1/it. 

J C - 'Ii<. •• 

Jo - ~--

30 \ , .. - ~ 

3 

u 
Setup and As-built Dimensions v.l 

{Rev. 04/04/2012) 

Concrete As-built Dimensions 

4 5 

\, 7 .. 
31 - \\ "i ~,: n 7/s· 

\7- ;~·· :o- .. 
0 

\ 7 .. .,~ ., 30 - 1/i(,., 

\7 - ,~-- ?J)- 1/"\ 
.. 

l 7- ~ .. 30 '1. ,. 
- IC..-

l 7 -- '1/it JO-~·-
Signature 

~~ {__ 
Signat ure 

7/4-!:~/ 
Signature 

*See concrete as-built drawings for dimension locations 

Specimen:_--'A'--'-_-_S ___ ___ _ 

Sheet 1 of 2 

6 7 8 

Date Time 

~-l- ('Z., 4 : ,s-r--
Date Time 

6/6/1:i Y -' 2 .s t°M 

Date Time 
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u 
Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

Section 
1 

Plan 391-0" 

B-B 17-5/8" 

C-C 17-5/8" 

D-D 17-5/8" 

E-E 17-5/8" 

F-F 17-5/8" 

Section 
1 

Plan 34'-4" 

B-B 17-5/8" 

c-c 17-5/8" 

D-D 17-5/8" 

E-E 17-5/8" 

F-F 17-5/8" 

2 3 

39'-0" 39'-0" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8'' 

30" 17-5/8" 

30" 17-5/8" 

2 3 

34'-4" 34'-4" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

u 
Setup and As-built Dimensions v.1 

(Rev. 04/04/2012) 

Concrete As-built Dimensions Key - Series A 

4 5 

39'-0" N/A 

30" N/A 

30'' N/A 

30" N/A 

30" N/A 

30" N/A 

Concrete As-built Dimensions Key - Series B 

4 5 

34'-4" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

0 
Specimen: _ _ A __ -__ s ______ _ 

Sheet 2 of 2 

6 7 8 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

6 7 8 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 
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Specimen A -
Behavior of Lap Splices of No. 11 

Reinforcing Bars 

~~ 

'p ► ' ' ' 

o· ►. ·► 

,~----~-\ 
II ~r~ e, i- ~-· ~1.. v"'I ,. 

,a 

. ► . 

0 
'► ► ' 

• 

Sheet: 1 

1 
NORTH 

/t.J l,c,\\ 

r-'1..V\ - \\ 
s~ 
~ 1 

of 4 

Drawn by: i_i)/\ Checked by: ~f~ 

Date: 
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0 0 
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SOUTH NORTH 

i-----------------2---------'-------------.1 
Top Plan 

2 Spa.@ 

3' -1 -~-1 •- 60" Ea. ____._______._I_•-• I 3' 

rs re rD rE rF 

Profile 
*For section B-B through F-F see Sheet 3 of 3 

---------------3-----------------i 
SOUTH NORTH 

i----------------4-----------------i 

Bottom Plan 

BOWEN. 
Drawing: Series A Concrete As-builts Sheet: 2 of 4 

LABORATORY 
PU RD OE U N l VE R:S IT Y 

Project: Experimental Investigation of Drawn by: BPR Checked by: SP 
Capacity of Lap Splices of No. 

11 Reinforcing Bars Date: 04/04/2012 
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u 0 0 

i---~-----------'-- --1--~---__._ _____ --' 

SOUTH NORTH 

i--------------2--------------1 

Top Plan 

2 Spa.@ 

3' I • .. I "" 39.5" Ea. .. I • • I 3' 

rs re rD rE rF 

Profile 
*For section B-B through F-F see Sheet 3 of 3 

i----------------3------------~ 

SOUTH NORTH 

i--------------4-------------i 

Bottom Plan 

-BOWEN 
Drawing: Series B Concrete As-builts Sheet: 3 of 4 

-1.ABORATOBY 
PUR_OlJE UNIVER '.SITY 

Project: Experimenta l Investigation of Drawn by: 
Capacity of Lap Splices of No. 

11 Reinforcing Bars Date: 

BPR Checked by: SP 

04/04/2012 
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u 

IIOWEN 
,LABORATORY 

P U RO U E U N I VE R -8 I.TY 

4 

u 

-----3-----
Section B-B, C-C, D-D, E-E & F-F 

*Facing North 

2 

Drawing: Concrete As-built Sections Sheet: 

Project: Experimental Investigation of Drawn by: 
Capacity of Lap Splices of No. 
11 Reinforcing Bars Date: 

4 of 4 

BPR Checked by: SP 

04/04/2012 
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u 
Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Sect ion 
1 

A-A l+i- Ir 
8-8 Y- \/2-
C-C 3-V<J 
0-D 3-Yth 
E-E ~-D 
F-F 1_ , 7/~ 

Recorded by: 

Bfl< 
Checked by: 

TD 
Checked by: 

Comments: 

2 3 

tl'1 -§_ 
lb l+t.f -0 

5 lfi' - l l, Lf .- S/'6 

5-7/~ s~o 
\3 . 5- 1lb ·s- 1/\b-

5- ~1~ 3- 'lg 
2 -~/4 ~- ½ 

*See formwork as-built drawings for dimension locations 

0 
As-built Dimensions v.1 

(Rev. 04/04/2012) 

Formwork As-built Dimensions 

4 5 

\+t:t-t \20-0 

23 - '12 2~...-5/53 

23-% 2,'::>- 3/g 
23- 7/g 23- o/8 
'Zs - 1/g 2-s- 'X b 

~~-Slg> '2.3- \ 'It G 
Signature 

17~~~ 
Sig9at u~ 

<f1 WJ,ifl----
Signature 

C 
/\ -5 Specimen: ________ _ 

Sheet 1 of 2 

6 7 8 

f~~-½ 
3o-Ys 3o- l/tb I?- 1/2-
30 - 1/g 3::>- Yg \'1-·'fz 

3o-Y8 ~-}16 17 - Yz_ 
'30-1/i ~ 3 0 -- \/lb l?- 3/i~ 

3o- Vrs 1D-3lii:> .\r ·- 1/2 
Date Time 

C1 /;;i..3 ;?_! SOt°VVJ 

Date Time 

Lt/2s ? ~5DPr,1 
Date Time 
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u 
Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Sect ion 
1 

A-A 141-611 

B-B 4-3/8" 

C-C 3" 

D-D 3" 

E-E 3" 

F-F 3" 

Section 
1 

A-A 13'-10.5" 

B-B 4-3/8" 

C-C 3" 

0-D 3" 

E-E 3" 

F-F 3" 

2 3 

10'-0" 141-611 

6" 4-3/8" 

6" 31i 

6" 311 

6" 3" 

8-3/4" 3" 

2 3 

61-711 13'-10.5" 

6" 4-3/811 

6" 3" 

6" 3" 

6" 3" 

8-3/4" 3" 

As-built Dimensions v.1 

(Rev.04/04/2012) 

Formwork As-built Dimensions Key - Series A 

4 5 

141-611 10'-0" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

23-5/8" 23-5/811 

Formwork As-built Dimensions Key - Series B 

4 5 

13'-10.5" 6'-7° 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

C 
Specimen: ___ _________ _ 

Sheet 2 of 2 

6 7 8 

141-611 N/A N/A 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

30" 30" 17-5/811 

30" 30" 17-5/811 

3011 30" 17-5/8" 

6 7 8 

13'-10.5" N/A N/A 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

30" 30" 17-5/8" 
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1 2 

::~ 
3 

SOUTH NORTH 

6 5 4 

Section A-A 

2 Spa.@ 
3' I · · I · 60 11 Ea. · I · · I 

31 

rB re rD rE rF 

r- -. 
A A Ls Le Lo LE LF 

*For section B-B through F-F see Sheet 3 of 3 

Series A 

Drawing: Series A Formwork As-builts Sheet: 
BOWEN 

1 of 3 

LABORATORY Project: Experimental Investigation of Drawn by: BPR Checked by: SP ~.,,,,,,,.,, 
e *'*• Capacity of Lap Splices of No. PU R.00 E UNIVERSITY 

11 Reinforcing Bars Date: 04/04/2012 
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SOUTH 
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BOWEN 
LABORATORY 

frtlffefee:met:!1:W.1&!&~41 I> ◄ ;w 
PURDUE UNIVER:SITY 

• I . 2 

; 1 · 

5 

Section A-A 

2 Spa.@ 

3' I • .. 1 • 39.5" Ea. .. I • • I 3' 

rs re rD rE rF 

*For section B-B through F-F see Sheet 3 of 3 

Series B 

Drawing: Series B Formwork As-builts 

Project: Experimental Investigation of 

Capacity of Lap Splices of No. 

11 Reinforcing Bars 

3 

NORTH 

4 

Sheet: 2 of 3 

Drawn by: BPR Checked by: SP 

Date: 04/04/2012 
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6 

i--------8-----i 

4 5 

1~--....i 2 t---i-3 

Section C-C, D-D, & E-E 

*Facing North 

7 6 

i-----8-----

1-t--~ 

4 5 

-----2-~ 

Section B-B & F-F 
*Facing North 

---~1-3 

Drawing: Formwork As-built Sections Sheet: 3 

7 

of 3 
BOWEN 

LABORATORY -.-.:e-
Project: Experimental Investigation of Drawn by: BPR Checked by: SP 

PURDUE UNIVERSITY Capacity of Lap Splices of No. 

11 Reinforcing Bars Date: 04/04/2012 
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) 

Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Date Disp Ticket Num 

1/24/12 /& G 91~3 . 

Casting Documentation v.1 

(Rev. 03/30/2012) 

General Information 

Truck No. Time on Ticket 

I e3 1 1 -. s I 

Specimen:. ___ .-.:.1.....,__-_& __ _ 
Sheet 1 of 1 

Time of Arrival Temp. in Lab 

2;. 0 3 61.t) f 
M ea~urements made upon arrival of concrete 

Slump (ASTM C143 - 10a) ' \ Air Content (ASTM C231 - 10) 

Time1 Result1 \ Time1 Result 1 S/N of Air Meter 

2: OS ; 8 // \ 
1 2: I 5 1-l °/,, Sal¾L ~ ./+ -5 

Time2 Result 2 Time2 Result2 S/N of Scale 

:£:25 & I I/ 
fz_.. z::30 4.b% s~Cv) -A. -5 

Unit Weight {ASTM C138 - 10b) 

Time1 Wt . of Cont.1 Total Wt. 1 Wt. of Conc.1 Result1 = Wt. of Conc./Vol. of Cont. 

2 ; I~ 8'. e:; :/1= 4-5 =#=-
Time2 Wt. of Cont.2 Total Wt . 2 Wt. of Conc.2 Result2 = Wt. of Conc./Vol. of Cont. 

:l: JO 0µS 44-'6# 
Times of actions during and after casting 

Layer 1 placed 
Layer 1 vibration 

Layer 2 placed 
Layer 2 vibration Top surface struck Truck Departing 

complete complete off Lab 

'2..: /5 ✓ / ✓ J ;J__, J_OV1f-1 

Lifting Inserts Covered with 
Plastic removed 

Covered with Burlap doused Covered with 

Placed plastic burlap with water plastic 

J : Lt O f f.-1 ;z ~ tt :;, v> M 5~;L5PK 5~30PM ~:3SPM ?; ; t.JOPM 

Recorded by Signature Date Time 

M, A.. S--0 "z:;e.,v, t,~~-A~ 2'+~ \ z_ L',~\ 

Checked by Signature Date Time 

(3frZ ~l/ti~±-~ '-I/ J. t.J /1;2 ).i33 fN 

Checked by Signature Date Time 

,,,(14f../4 /2if }./l, Jfl) yf".,p✓ 11~v1t~ ~·3YPM ,, "" 
Comments: 

C DN'- T~""-f' 
- V a"" I I, 

61 - s 0 

3 L , f t:.s 

* The following ASTM standards and specifications will be followed during casting: C172-10, C192-07, C470-09 
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J 
Truck Driver User Disp Ticket Num Ticket ID 
1839 2463 u::ier 1859193 0 
Load Size Mix Code Returned Qty Mix Age Seq 
6.50 CYD~ 1008 D 

Mllterl!fl 

°"""'"" /"' 
811tchcd 'lb VII!" 'l& M ofsture Actuzll WIii 

8TOI\JE-8 940 lb ~110 ib 6!ISll lb -Q.82'!6 M 
8TOl'E-4- 620 lb · 4030 lb · 40(][] lb -n,4% 
-SI\N0-23 14-3S lb 9841 lb 9Sll!l lb -0.41% 5.Sll'!&M 61 gl 
CEMENT ~ lb 3822 lb 3861J lb D.S3'16 
WATER 323.2 lb 1:58?'.S lb 157'3.D lb -D.74% 188.9 gl 
~.IR .80 !C 31l5e ar. :llJ,tll CZ -1.88116 

Nun, Batches. 
Design WiC: D.SSO WIiier/Cement; 0.544 T I Design 251.7 ~ ActJm! 

Actulll 
I.Dad 

81ump: 
2S29131b 
6.00 In 1/. W21tertnTl'U(I\: a.a lb MlustWZder. □.□ lb/ l..o!!d Trim Water: □.□ lb I 

) 

) 

Time Date 
13:51 4 / 24/12 

Load ID 
1315 

2Sll 1 gl 
C-YC 

ToAdd: 1.7 gJ 
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Remit To: P.O. Box 7048, Group #2 

Indianapolis, IN 46207-7048 

I Plant # lncket Numbeq Truck 

[Sold To 
f ~11L r\-"'1HlJ 

Concrete Delivery Ticket 
Load Size Mix Slump Use Date 

''i; 

jTax Codel Driver I Project No. 
, P ,;:r,Nrr. '-''M, '. 11 

• • 1m1 
Irving l'laterlals, Inc. 

Customer 

j Order No. 
1 ni::~c.. 

I D~livery Address I P.O. Number 
..,_ 

5(J!}E-.H r~T ~,1 ; L Et.\Gt f-Jf-.SR 1 Mei !:1W 
1 
i 

! Load Quantity I Total .JOrdered Quantity I Product Godel Product Description 

'-·~y Added At 
p mer's Req·uest ' 

./ 

Ion Jobl1me 

1
1 ,1··; Total 
·-L_ -· 
.· ·· No. Gallons 

'Finish PourTlme 

PUHDI JF EXPf-}I Ji'>tENfflL 

' / 

Slump Me ter 
Reading 

Unit Price 

Subtotal 

Tax 

Total 

Amount 

PROPERTY DAMAGE f;iE°LfASE-/ WARNIN9,.=)rritating To The Skin and Eyes 
Dear Customer· The Seller is not responsible tor slumps, strength or quality of concrete to which W.<Jtilr or ar:,y other material has been added by the purchaser or at his request. 

The undersigned hereby authorizes Irving Materials, Inc. to use private property for ml!l<ing the delivery shown.here on and assumes full responsibility for any damage or injury due to the premises. 

The undersigned agrees to reimburse said Company for loss of time and equipment by reason of such delivery and also to identify and save harmless said Company from any and 
all claims, demands and suits for or on account of or in any manner caused by or arising from private property delivery. 

The undersigned assur;nes responsibility for a suitable roadway from public highway to point of delivery and is responsible for any needed wrecker service charges as a result. 

SAFETY WARNING: Keep away from children. Contains Portland Cement. Irritating to the skin and eyes. Wear rubber boots, gloves and eye protection. Prolonged contact may cause 
burns. In case of contact with skin or eyes, flush thoroughly with water: If irritation persists, get medical attention. For additional information regarding the HAZARDS OF READY MIX 
CONCRETE. consult the Material Data Safe,tySheet (MSDS) available upon request. 

PRODUCT NOTICE: Seller will not be held responsible for the final appearance of exposed aggregate, integral coloring, stamped and decorative surfacing, and all other forms of 
architectural and design concrete. . .. · · • 

DELIVERY NOTICE: Seller assul"l]es no responsibility for deliveries beyond the public right of way. Buyer assumes responsibility for damages including but not limited to curb, sidewalk, 
driveway, or any property,_.of the ~ontractor or pr_'.:P.$,jy, .owner br agents. 

NOTICE: MY SIGNATURE BELO~D,_L.CATESTHAT I HAVE READ THE SAFETY AND HEALTH WARNING NOTICE AND ACCEPTANCE OF THE LOAD. 

Release, Load and Ter.ms Accepted By: X . 

tjf 
If) 
,JJ 
O'I 
,JJ 
M 
(\J 

Concre te - Sand - Gravel~ Stone "We're Proud Of Our Work" General Office (317 ) 3.26-3101 

DRIVER COPY 
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Project: Tests to Qetermine the 

Behavior of Spliced #11 Bars 

Section 
1 2 

Plan 3q '-o c• 
t ~ .. , 

3~ -((~ 
B-B n-,~ .. '3D -1e,'. 

C-C 11-~~ X, I ,• -lit, 

D-D \7- ~ ft 
Jo- Yce," 

E-E t"l -•Y,~ ., 3D- ~" ,, 

F-F 1'7-'4/ 
' ,-,o- ~ 

Recorded by: 

i A"' 
Checked by: 

6PR 
Checked by: 

Comments: 

*See concrete as-built drawings for dimension locations 

3 

3't '-D t• 

n- ,1~ .. 
\ 1 · ~;./ 

,1, •. 
\ 7- IL 

\ 1- 1J1,(, ,. 

\ 7- l'J't<.t,. 

Setup and As-built Dimensions v.1 

(Rev. 04/04/2012) 

Concrete As-built Dimensions 

4 5 

I '3 t i 

3'3 - l l-q-

~I •• "3 

~b. 1/,1, •. 

3b I •· '1 

.X,- ~., ,. 

»~·· 
Signature 

~ i t.,, 
Signature 

~~ 
Signature 

-

Specimen:_~A~LJ _ _______ _ 

Sheet 1 of 2 

6 7 8 

Date Time 

Lr '1 · l"t.., lO:.iOµ' 
Date Time 

6/'1/t:2 JO! '30fl1 
Date Time 
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Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Section 
1 

Plan 39'-0" 

8-8 17-5/8" 

C-C 17-5/8" 

0-0 17-5/8" 

E-E 17-5/8" 

F-F 17-5/8" 

Section 
1 

Plan 34'-4" 

8-8 17-5/8" 

C-C 17-5/8" 

0-0 17-5/8" 

E-E 17-5/8" 

F-F 17-5/8" 

2 3 

39'-0" 39'-0" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30'' 17-5/8" 

30" 17-5/8" 

2 3 

34'-4" 34'-4" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

Setup and As-built Dimensions v .. l 
(Rev. 04/04/2012) 

Concrete As-built Dimensions Key - Series A 

4 5 

39'-0" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

Concrete As-built Dimensions Key - Series B 

4 5 

34'-4" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

Speclmen:._ .... A...;.~_l,-"--------- --
Sheet 2 of 2 

6 7 8 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

6 7 8 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 



APPENDIX A, Purdue Phase I Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 148 of 595 

.~ ~~ 
q)~ 

/ v,1,z., '\. • ,->"' 
I -~ . ' • • . 

' 1 NORTH 

. .. • ,t:J 0 
. 

I 
lb ~o ,. 

I 
• -. l ~' I t I 

\\t~e er-~ % ~ - II I " I • II, 

Q)l\,.xt, 
ffd.lM'f e. , . ~ ♦✓- ~ ~ rJJ'I, 

\.: '~ ✓ Q.Y'. ,, 
' e--

• ' . . . . . ,o.JL 

f l NORTl:L 

0 0 
' ' .. . 

I 16 I -
..J_,, 

l I 

I 5 
II sr~c.-t I!. i. ~" 41. !--.; I r ' II Sf<-i It,,. •1.,•· ~- '1-./ 

Specimen A-£ Sheet: 1 of 4 
~BOWEN \gf}2_ LABORATORY Behavior of Lap Splices of No. 11 Drawn by: ti.A" Checked by: 

~~~~.::..~ 

Reinforcing Bars PURDUE UNIVERSITY 
Date: L.-"\-11., 
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I 

1 I 

I I 
SOUTH NORTH 

I 
2 I I 

I 

Top Plan 

2 Spa.@ 
3' 

1 · · I · 
60" Ea. 

· 1 · · I 
3

• 

rs re ro rE rF 

Ls Le Lo LE LF 
Profile 

*For section 8-B through F-F see Sheet 3 of 3 

- ' 3 ' 

SOUTH NORTH 
I 

4 I 
I I 

Bottom Plan 

Drawing: Series A Concrete As-builts Sheet: 2 of 4 
-BOWEN 

LABORATORY Project: Experimental Investigation of Drawn by: BPR Checked by: SP 
..,..;..-,....,,.___~-~~-~~~ Capacity of Lap Splices of No . PURDUE UNIVERSITY 

11 Reinforcing Bars Date: 04/04/2012 
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I 

1 I 
I I 

SOUTH NORTH 
I 

2 I I 

' 
Top Plan 

2Spa.@ 
3' I · .. I ◄ 39.5

11 
Ea. • I • .. I 3' 

rs re rD rE rF 

Ls Le Lo LE LF 

Profile 
*For section S-S through F-F see Sheet 3 of 3 

I 

3 I 

I I 

SOUTH I I NORTH 
I 4 I 
I I 

Bottom Plan 

Drawing: Series S Concrete As-builts Sheet: 3 of 4 

-BOWEN 
LABORATORY Project: Experimental Investigation of Drawn by: SPR Checked by: SP 
~--=· ~-.... ~~~ Capacity of Lap Splices of No. PU R.D U E UNIVERSITY 

11 Reinforcing Bars Date: 04/04/2012 
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I 1 I 

I 

4 2 

I 
3 I 

I I 

Section B-B, C-C, D-D, E-E & F-F 

*Facing North 

Drawing: Concrete As-built Sections Sheet: 4 of 4 

-BOWEN 
~~~£~!!'~! Project: Experimental Investigation of Drawn by: BPR Checked by: SP 

PURDUE UNIVERSITY Capacity of Lap Splices of No. 

11 Reinforcing Bars Date: 04/04/2012 
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u 
Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Section 
1 

A-A l:]-5-¾ 
8-8 L(- -s/g 
C-C -:s- 0 

D-D ~-b 

E-E ~-0 

F-F 3- \/~ 
Recorded by: 

2 

f JJ_C)-¥ 

l - i(~ 

C _ \(E 

~- \/g 

6 - '/'6 

i- \3/ib 

t3PIZ 
Checked by: 

-tD 
Checked by: 

Comments: 

3 

1+3-1 
8 

Y- 3/2?-

~:S- () 

2.-'o/i b 

]_- \S( 6 

~-'o/i b 

*See formwork as-built drawings for dimension locations 

C 
As-built Dimensions v.1 

(Rev. 04/04/2012) 

Specimen:_.L...A_ -__;b:..__ ____ _ 

Sheet 1 of 2 

Formwork As-built Dimensions 

4 5 6 7 8 

lf-1-d \ \ 9 -.l?_ 
l t-, r=1-3--J2-l6 

1..3,- t/2 23 - \/2- ~ - 3/(,b so--- \('?S l 7- '!2 
22,; -- ~1~ 1~- S-/g 3o- ,;,-' '3o - \/1 b \ 7 ~ Yir-~ 
2s- 7/.g Zs-½ :so-o so- 'lrb f 7-o/tt, 
23-~il& 23- ''i( b 3o- \1 b 3o- '/~ \ 7- \/2. 

13-9/(.b -z:>-o/8 3o-"/8 3o- Y~ \ 7-_ 1/j6 
Signature Date Time 

~~ '-I 1~?; '3 .rJ-OfJVI 
Sj,gnature Date Time 

TLJ1£ Li/2-s 3:20P111 
Signature Date Time 
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V 

Project: Tests to Determi ne the 

Behavior of Spliced #11 Bars 

Section 
1 

A-A 14'-6" 

B-8 4-3/8" 

C-C 3" 

D·D 3" 

E-E 3" 

F-F 3" 

Section 
1 

A-A 13'-10.S" 

B-B 4-3/8" 

C-C 3" 

D-D 3" 

E-E 3" 

F-F 3" 

2 3 

10'-0" 14'-6" 

6" 4-3/8" 

6" 3" 

6tt 3" 

6" 3" 

8-3/4" 3" 

2 3 

6'-7° 13'-10.S" 

6" 4-3/8" 

6" 3" 

6" 3" 

6" 3'' 

8-3/4" 3" 

u 
As-built Dimensions v.1 

(Rev. 04/04/2012) 

Formwork As-built Dimensions Key - Series A 

4 5 

14'-6" 10'-0" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

23-5/8" 23-5/811 

23-5/8" 23-5/8" 

Formwork As-built Dimensions Key - Series B 

4 5 

13'-10.5" 6'-7" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

C 
Specimen: _ _ _ _ ______ __ _ 

Sheet 2 of 2 

6 7 8 

14'-6" N/A N/A 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

30" 30'' 17-5/8" 

30" 30" 17-5/8" 

6 7 8 

13'-10.5" N/A N/A 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

3011 30" 17-5/8" 

30" 30" 17-5/8" 
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u 

SOUTH 

-r
A 

BOWEN· 

1 

6 

LABORATORY 
PURDUE UNIVER:SITY 

2 

: I : 5 

Section A-A 

2 Spa.@ 

3' -1 ·-· 1-· - 60" Ea. -·-1 ·-· I 3' 

rB re rD rE rF 

*For section 8-B through F-F see Sheet 3 of 3 

Series A 

Drawing: Series A Formwork As-builts 

Project: Experimental Investigation of 

Capacity of Lap Splices of No. 
11 Reinforcing Bars 

3 

NORTH 

4 

-. 
A 

Sheet: 1 of 3 

Drawn by: BPR Checked by: SP 

Date: 04/04/2012 
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u 

1 • I • 2 

I 
3 

SOUTH NORTH 

6 5 4 

Section A-A 

2 Spa.@ 

3' I • • I • 39.5" Ea. .. I • • I 3' 

rs re ro rE rF 
r- .__I ~=-=-=-===---===---===---=-===---===---=-===---=-=_=_=_===---=-===---=-=_===---===---=-~I 7 

Ls Le Lo LE LF 

i:BOWEN 
LABORATORY 

PURDUE UNIVERSITY 

*For section B-B through F-F see Sheet 3 of 3 

Series B 

Drawing: Series B Formwork As-builts 

Project: Experimental Investigation of 

Capacity of Lap Splices of No. 

11 Reinforcing Bars 

Sheet: 2 of 

Drawn by: BPR Checked by: 

Date: 04/04/2012 

3 

SP 
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u 

6 

-----8-----i 

4 5 

2 t---il- 3 

Section C-C, D-D, & E-E 

*Facing North 

7 6 

i------8-----i 

1---+--~ 

4 5 

Section 8-8 & F-F 

*Facing North 

-----.II- 3 

Drawing: Formwork As-built Sections Sheet: 3 

7 

of 3 
BOWEN 

LABORATORY 
. U I It U .a.a~ 

Project: Experimental Investigation of Drawn by: 
Capacity of Lap Splices of No . 

BPR Checked by: SP 

PURDUE UNIVER.SITY 
11 Reinforcing Bars Date: 04/04/2012 
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Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Date Disp Ticket Num 

'-I/ 10 /12 1858 84 B 

Casting Documentation v.l 

(Rev. 03/30/2012) 

General Information 

Truck No. Time on Ticket 

/~32 /2: Q 3 

B-i Specimen: ________ _ 

Sheet 1 of 1 

Time of Arrival Temp. in Lab 

I: oo PM 6oop 
Measurements made upon arrival of concrete 

Slump (ASTM C143 - lOa) Air Content (ASTM C231 - 10) 

nme1 Result1 Time1 Result1 S/N of Air Meter 

1: as g-. s" I : I =t 5. t% l-{ I ~ 0 =7-<J ~ ~'1 ( 
Time2 Result2 Time2 Result2 S/N of Scale 

I :4-c, ~.o'' \\Sw 5 I 610 Ot>l-'-/b0S6HM 
Unit Weight (ASTM C138 - lOb) 

Time1 Wt. of Cont.1 Total Wt. 1 Wt. of Conc.1 Result1 = Wt . of Conc./Vol. of Cont. 

!= oi ~.s~ 1~. C,-=fr 
Time2 Wt. of Cont.2 Total Wt. 2 Wt. of Conc.2 Result2 =Wt.of Conc./Vol. of Cont. 

I : st..t X '?J.S'.t1 Lt'3 .:)ff 
Times of actions during and after casting 

Layer 1 placed 
Layer 1 vibration 

Layer 2 placed 
Layer 2 vibration Top surface struck Truck Departing 

complete complete off Lab 

1~1,-1:1'2. ✓ ( I : f 5 ✓ ! : '50 

Lifting Inserts Covered with 
Plastic removed 

Covered with Burlap doused Covered with 
Placed plastic burlap with water plastic 

2.::4-S 3 ·.oo ?tv\ i: 10 ✓ v ✓ 
Recorded by Signature Date Time 

s .P· J ~ 1 /10 / /2 2.:00 ,I -

/ 1 

Checked by Signature ' Date Time 

:t3, 12 ?~%_ L/ /10/i-1 '2~00 
Checked by Signature Date Time . 

~»~~ ✓11-t J ~Al_,, )i\ '/211; !1~ :J,; Cb fJ A.. 
Com merits: 'y- ~ I I , 

l fu,v...p near M..;J SfP'~ . ---? '13roketA- /\lo leaks• 

Cone re+~ Tew-..per"a+ur.e. : t7 °~ @. I: 3,3 :PJ.11 ~ lv'feirc Pro he.. 
G?:J° F ~ { :4 0 'PM E. Probe. f P::1n.lcow 

*The following ASTM standards and specifications will be followed during casting: C172-10, C192-07, C470-09 
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Tt:uck 
1982 

Driver 
1076 

User 
U!ie:r 

Disp Ticket Num 
1856848 

Ticket ID 

Load Size Mix Code 
5.75 CYD~ 1008 

Returned Oty 
0 

Mix Age Seq 
D 

Ml!!eillll 
8TOI\E-8 
STONE-4 
8.A.r\D-23 
CEME1'1T 
Vv:l'.TER 
AIR 

De:fgnQrf R~r!O 
340 lb 5405 lb 
620 ID 35&510 

1435 ID U-6411:i 
S!elb 3381 lb 

JD.2 lb 144513c lb 
.80 IC 27.05 QZ 

Ntr,1 Bl!lch--..s: 
22609 lb 

6.00 In 
Ocslgn W/C: 0.5-Sll 

1' Wl!!cr in Truck: 

Bm~~ 
53601b 
3&1l lD 
86-IDID 
3375 lb 

14:?.!.0 lb 
26.Sl oz 

W!icrfecmert: 
D.O lb 

'ill V11r 'l!: Mo15turc ,\C11J:lj Wm 
-n.a3'!6 

~ 6.59'!& 
-0.27'"-.i 
-ll.18'!6 
-0.~ 
-2.t:ml, 

0.551 T / 
A,iusi i.\lzier: 

M 

5.0lmM 

Design 

a.a lo fl..o8d 

49 QI 

171.6 gl 

'122.7 QI 
Tr1mWZlter: 

Actu.i!I 

0.0 lb i 

1 
Time Date 
12!23 4/10/12 

Load ID 
972 

220.9 gl 
C:H 

ToAckt 1.8 gl 
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Remit To: P.O. Box 7048, Group #2 

Indianapolis, IN 46207-7048 

I Plant # Ticket Numbe~ Truck 

I Sold To 

Concrete Delivery Ticket 
Irving Materials. Inc. 

Load Size Mix Slump Use Date Customer I 

Tax Code Driver Project No. Order No . 

I Delivery Address I P.O. Number 

Load Quanti 

Water Added At 
Customer's Request 

Ion JobTime 

Total Ordered Quantit Product Code 

Total 

No. Gallons 

I Finish Pour Time 

l 
Product Descri l ion 

Slump Meter 
Reading I I I I 

Unit Price 

Subtotal 

Tax 

Total 

PROPERTY DAMAGE RELEASE / WARNING - Irritating To The Skin and Eyes 

Job NoJ 

Amount 

Dear Customer - The Seller is not responsible for slumps. strength or quality oi concrete to which water or any other material has been added by the purchaser or at his request. 

The undersigned hereby authorizes Irving Materials. Inc. to use private property for making the delivery shown here on and assumes full responsibility for any damage or injury dl.lB to the premises. 
The undersigned agrees to reimburse said Company for loss of tlme and equipment by reason of such delivery and also to identify and save harmless said Company from any and 
all claims, demands and suits for or on account ol or in any manner caused by or arising from private propeny delivery. 

The undersigned assumes responsibility for a suttable roadway from public highway to point of delivery and is responsible for any needed wrecker service charges as a result 

SAFETY WARNING: Keep away from children. Contains Portland Cement. Irritating to the skin and eyes. Wear rubber boots, gloves and eye protection. Prolonged contact may cause 
bums. In case of contact with skin or eyes, flush thoroughly with water. If irritation persists, get medical attention. For additional information regarding the HAZARDS OF READY MIX 
CONCRETE, consult the Material Data Safety Sheet (MSDS) available upon request. 
PRODUCT NOTICE: Seller will not be held responsible for the final appearance of exposed aggregate, integral coloring, stamped and decorative surfacing, and all other forms of 
architectural and design concrete. 
DELIVERY NOTICE: Seller assumes no responsibility for deliveries beyond the public right of way. Buyer assumes responsibility for damages including but not limited to curb, sidewalk, 
driveway, or any property of the contractor or property owner or a.gents. 

NOTICE: MY SIGNATURE BELOW INDICATES THAT I HAVE READ THE SAFETY AND HEALTH WARNING NOTICE AND ACCEPTANCE OF THE LOAD. 

Release. Load and Terms Accepted Sy: 

X 

0 
~ 

M 
(J'I 

'° f') 

C\J 

Concrete - Sand - Gravel - Stone "We're Proud Of Our Work" General Office (317) 326-3101 

CUSTOMER COPY 
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Remit To: P.O. Box 7048, Group #2 
Indianapolis, IN 46207-7048 

! Plant# lncket Numberl Truck 

! Sold To 

Concrete Delivery Ticket • • IIlll 
Irving Materials, Inc:. 

Load Size Mix Slump Use Date Customer 

JTax Code! Driver I Project No. I Order No. 

! Delivery Address I P.O. Number 

! Load Quantity I 

Water Added At 
Customer·s Request 

Ion Job Time 

Total ) Ordered Quantity I Product Code! 

Total 

No. Gallons 

rnish Pour Time 

Product Description 

Slump Meter 
Reading 

n 

I I I I 

Unit Price 

Subtotal 

Tax 

Total 

PROPERTY DAMAGE RELEASE / WARNING • Irritating To The Skin and Eyes 

Job NoJ 

l I 

Amount 

Dear Customer • The Seller is not responsible for slumps, strength or quality of concrete to which water or any other material has been added by the purchaser or at his request. 

Toe unde!Signed hereby authorizes Irving Materials, Inc. to use private property for making the delivery shown here on and assumes full responsibility for any damage or Injury due to the premises. 

The undersigned agrees to reimburse said Company for loss o f time and equipment by reason of sucti delivery and also to iden1ify and save harmless said Company from any and 
all claims. demands and suits for or on account of or in any manner caused by or arising from private property delivery. 

The undersigned assumes responsibili1y for a suitable roadway from public tiighway to point of delivery and is responsible for any needed wrecker service charges as a result. 

SAFETY WARNING: Keep away from children. Contains Portland Cement. Irritating to the skin and eyes. Wear rubber boots. gloves and eye protection. Pro longed contact may cause 
burns. In case of contact with skin or eyes, flush thorough ly with water. If Irritation persists, get medical attention. For additional information regarding the HAZARDS OF READY MIX 
CONCRETE, consult the Material Data Safety Sheet (MSDS) available upon request. 

PRODUCT NOTICE: Seller will not be held responsible for the final appearance of exposed aggregate. integral coloring, stamped and decorative surfacing, and all other forms of 
architectural and design concrete. 
DELIVERY NOTICE: Seller assumes no responsibility for dellveries beyond the public right of way. Buyer assumes responsibility for damages including but not limited to curb, sidewalk, 
driveway, or any property of the contractor or property owner or agents. 

NOTICE: MY SIGNATURE BELOW INDICATES THAT I HAVE READ THE SAFETY AND HEALTH WARNING NOTICE AND ACCEPTANCE OF THE LOAD. 

Release, Load and Terms Accepled By· 

X 

0 
T-1 
M 
O'I 

'° M 
(\J 

l lllll llllll [llllll lllJlllllllll lllll lllllllll llll 

Concrete - Sand - Gravel - Stone "We're Proud Of Our Work" General Office (317) 326-3101 

DRIVER COPY 
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u 
Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Sect ion 
""\ 

1 . 

Plan ·3Y'- 31 

B-8 17 11/,{o 
C-C ,17 5~ 

c'i)- • 

D-D 
~ -·~t; \\ Wji ; ' . _ . .., 

-~ 
\ 

E-E \l cq (h 
F-F \l 5p, 

Recorded by: 

2w 
~\ ,.1 

-~3 

so·u,)\lo 
_3oM 

1o lt (G 

3o I 
{fo 

:3 0 \1,o 

\--t\, ~, So~ 
Checked by: 

S. fu·
1
~ 

, 
Checked-by: 

Comments: 

u 
Setup and As-built Dimensions v.l 

(Rev.04/04/2012) 

~ Concrete As-built Dimensions 

3 4 5 5 

?, '1 '- :st t i 3~'- ~q 

\755 ?to(i~l 

\7 :t ~~ 

\l 5 l<o 3 0
11 

'\\1=> So" 
II 

·t\66 3ro I 
{f, 

Signature 

~~--~ \) -

,. Signature 

X ._- !~ ,_A\tF'--
~ -

\ignat ure 

*See concrete as-built drawings for dimension locations 

C 
rb-1 Specimen: __________ _ 

Sheet 1 of 2 

6 7 8 

Date Time 

~ "4\~ 8!socl \'t)'1 Wa... 

Date Time 

7M~.!:1'1r>12 ,/ o :,Z.::Zam 

Dat e Time 
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Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

Section 
1 

Plan 39'-0" 

B-B 17-5/8" 

C-C 17-5/8" 

D-D 17-5/8" 

E-E 17-5/8" 

F-F 17-5/8" 

Section 
1 

Plan 34'-4" 

B-B 17-5/8" 

C-C 17-5/8" 

D-D 17-5/8" 

E-E 17-5/8" 

F-F 17-5/8" 

2 3 

39'-0" 39'-0" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

2 3 

34'-4" 34'-4" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

-

u 
Setup and As-built Dimensions v.1 

(Rev.04/04/2012) 

Concrete As-built Dimensions Key - Series A 

4 5 

39'-0" N/A 

3011 N/A 

30" N/A 

3011 N/A 

30" N/A 

30" N/A 

Concrete As-built Dimensions Key - Series B 

4 5 

34'-4" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

0 
fB-1-specimen: ___ , ___ _____ _ 

Sheet 2 of 2 

6 7 8 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

6 7 8 

N/A N/A N/A 

N/A N/A N/A 

-

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 
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2 
Top Plan 
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1 · · I · 60" Ea. . 1 · . I 3• 

rs re rD rE rF 

Profile 
*For section 8-B through F-F see Sheet 3 of 3 
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SOUTH NORTH 

t------------------4---------------1 
Bottom Plan 

Drawing: Series A Concrete As-builts Sheet: 2 of 4 
BOWEN 

LABORATORY 
PURDUE UNIVERSITY 

Project: Experimental Investigation of Drawn by: BPR Checked by: SP 
Capacity of Lap Splices of No. 
11 Reinforcing Bars Date: 04/04/2012 
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SOUTH NORTH 
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Top Plan 

2 Spa.@ 
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rs re rD rE rF 

Profile 
*For section B-8 through F-F see Sheet 3 of 3 

-------------3-------------
SOUTH NORTH 

-------------4-------------

Bottom Plan 

Drawing: Series 8 Concrete As-builts Sheet: 3 of 4 
BOWEN 

LABORATORY Project: Experimental Investigation of Drawn by: BPR Checked by: SP ---PURDUE UNIVERSITY Capacity of Lap Splices of No. 
11 Reinforcing Bars Date: 04/04/2012 
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BOWEN 
LABORATORY 
~ 

PURDUE UNIVERSITY 

4 

G 

1---- --1 

-----3-----i 
Section B-B, C-G, D-D, E-E & F-F 

~Facing North 

2 

Drawing: Concrete As-built Sections Sheet: 

Project: Experimental Investigation of Drawn by: 
Capacity of Lap Splices of No. 
11 Reinforcing Bars Date: 
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4 of 4 

BPR Checked by: SP 

04/04/2012 
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Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Section 
1 

A-A 
ll,L " " 

B-B "l >/4b 

C-C 1... -r.,,'3 

D-D j 

E-E i ·~l. 

F-F ~ ,_.,fS 

Recorded by: 

\AAA 
Checked by: 

WHP 
Checked by: 

Comments: 

2 

7~ '"Al 

S'i'" 

~ IS"{~ 

(.. 

5 \5;. 
I~ 

i~1, 

3 

H.,L Vic. 

~ 4i/l(. 

5~~ 

~ 

~ 

l>1L 

1/~ 

As-built Dimensions v.1 

(Rev. 04/04/2012) 

Formwork As-built Dimensions 

4 5 

\U., ''1- n 

'231/T -z:5¾ 
1,~ •v,{, 1.36"~ 

lb"lit. 1.3 Sj~ 

-z~ 0/'i' z~ 141 

-Z.3 >t'--\ 'Z~ .s;i' 
Signature 

t · t-
Sjgnature 

?Ii>~ -

Signature 

*See formwork as-built drawings for dimension locations 

Specimen: __ ..;_B_-_l _ ______ _ 

Sheet 1 of 2 

6 7 8 
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*For section B-8 through F-F see Sheet 3 of 3 

Series A 

Drawing: Series A Formwork As-builts Sheet: 1 of 3 
BOWEN 

LABORATORY Project: Experimental Investigation of Drawn by: BPR Checked by: SP 
= Capacity of Lap Splices of No. PURDUE UNIVERSITY 

11 Reinforcing Bars Date: 04/04/2012 
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Drawing: Formwork As-built Sections Sheet: 3 
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-

( 

-

Project : Tests to Determine the 

Behavior of Spliced #11 Bars 

Date Disp Ticket Num 

LJ/to /1 -:J.. /'3588?? 

Casting Documentation v.1 
(Rev. 03/30/2012) 

General Information 

Truck No. Time on Ticket 

I <l> 3q 1:45 

lfu - :J_ 
Specimen:. ________ _ 

Sheet 1 of 1 

Time of Arrival Temp. in Lab 

2 :0~ 58°/= 
Measurements made upon arrival of concrete 

Slump (ASTM C143 - 10a) Air Content (ASTM C231 - 10) 

Titne1 Result1 Time1 Result1 S/N of Air Meter 

2, : /0 '8 ½ If 2.. ·. ( (? 5.f'% '-i 13 0=1-15 f/89 t 
Time2 Result2 Time2 Result2 S/N of Scale 

f : 3f.o 3 11 2.:to c;,1-01o ()b-:+L/60Si> HM 
Unit Weight (ASTM C138 -10b) 

Time1 Wt. of Cont.1 Total Wt. 1 Wt. of Conc.1 Result1 = Wt. of Conc./Vol. of Cont. 

2 : /2. YJ,<5.Gt 4f3 .C) i\=-
Time2 Wt. of Cont.2 Total Wt. 2 Wt. of Conc.2 Result2 = Wt. of Conc./Vol. of Cont. 

2. : 36 i.51r i'3.B 
Times of actions during and after casting 

Layer 1 placed 
Layer 1 vibration 

Layer 2 placed 
Layer 2 vibration Top surface struck Truck Departing 

complete complete off Lab 

2=/b i o 2 :'}}) ✓ 2: t.i - 2: 2.t v ✓ '2...: 32.. 

Lifting Inserts Covered with 
Plastic removed 

Covered with Burlap doused Covered with 

Placed plastic burlap with water plastic 

~: t{, 0 3'. L(S v ✓ ✓ / 
Recorded by Signature Date Time 

i~~ J---• c--- -
-......./ ·--= S~r/- 4 /10/,~ 2, : 50 

~ 

Chec~ed by \ Signature I Date Time 

By--·,~ V\ K·, c. \.-\ +er- ~ti~ ~11°/1-z. 3:00 

,..l 
Checked by Signature Date Titne 

~&~ '}}Od Mttl/{JJ-L 7j1/0/l z_ ~ -~ ( 

Comments: Sp.,..t2W 14'' @ 2.: to 1£ II e, 2.=36 N6 -la.a. ks ) 

f e.JV..e . of COl'\C r~ # ·. r;, s 0,=- E bta~ • 

3 L~ts. 3rd l;f-t 2 : 2. 5 ;o 2. ; ,a · v;hrt:.t+ed: / 
*The following ASTM standards and specifications will be followed during casting: C172-10, C192-07, C470-09 
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Truck Driver User Disp '!'icket Num Ticket ID Tim~ Date 
1839 2463 u::icr 1858853 0 13:48 4/10/12 
Load Size Mix Code Returned Qty Mix Aae Seq Load ID 
5 . 75 CYD~ 1008 D 977 

Mlllerllll Desl!ll'I Qtf Rcqijrcd B!llched 'lb Va; 'I& M oisue Acttml Wlll 
STOI\E-8 340 lb 5'IDS lb 5360 lb -D.83% I-A 
STOI\E-4 670 lb 2!:-65 lb 3540 lb -0.;'0% 

~ SAN0-23 1435 lb 86641b 864ll lb -D.27'!6 5.CD'l6hl 49 gl 
CEMEI\IT 588 lb 3381 lb 3365 lb -□ 47% 
WATER 323.2 lb 1445.8 lb 1442.C lb -D.Z7'l& 172.S gl 
i'.IR .80 IC 27.05 OI 27.50 ll'Z 1.67% £---··---~ 
Actual l'Ui"IB!iche.: I 
l.m!,j 22-~3 lb Desl~WIC: C.551l Wzter!Ccmcrt: D.552 / T Desi~ "122.7 gl Actulll 222.1 gl ToAdd: D.6 gl 

81UT¥); 6.00 In , Willer In Truck: ' a.a lb Adjust Water. 0.0 lb/Lo;,cl Tr1mWater: 0.0 lb I CVC 
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Remit To: P.O. Box 7048, Group #2 

Indianapolis, IN 46207-7048 

I Plant # Ticket Numbei Truck 

I Sold To 

Concrete Delivery Ticket 
Load Size Mix Slump Use Date Customer 

. Tax Code Driver Project No. Order No. 

Delivery Address P.O. Number 

I Load Quantity I 

Water Added At 
Customer's Request 

Ion Job Time 

Total Ordered Quantity Product Code 

Total 

No. Gallons 

!Finish Pour Time 

Product Description 

Slump Meter 
Reading I I I I 

2 
Unit Price 

Subtotal 

Tax 

Total 

PROPERTY DAMAGE RELEASE / WARNING· Irritating To The Skin and Eyes 

Job No·., 

Amount 

Dear Customer - The Seller is not responsible for slumps, s1rength or quality of concrete to which waler or any other material has been added by the purchaser or at his request 

The undersigned hereby authorizes Irving Materials, Inc. to use private property for making the delivery shown here on and assumes full responslbRity for any damage or injury due to the premiseS. 

The undersigned agrees to reimburse said Company for loss of time and equipment by reason of such delivery and also to identify and save harmless said Company from any and 
all claims. demands and suits for or on account of or in any manner caused by or arising from private property delivery. 

The undersigned assumes responsibility for a suitable roadway from public highway to point of delivery and is responsible for any needed wrecker service charges as a result. 

SAFETY WARNING: Keep away from children. Contains Portland Cement. Irritating to the skin and eyes. Wear rubber boo1s, gloves and eye protection. Prolonged con1act may cause 
burns. In case of contact wtth skm or eyes, flush thoroughly with water. If irritation persists, get medical attention. For additional Information regarding the HAZARDS OF READY MIX 
CONCRETE. consult the Material Data Safety Sheet (MSDS) available upon request. 

PRODUCT NOTICE: Seller will not be held responsible for the final appearance of exposed aggregate, Integral coloring, stamped and decorative surfacing, and all other forms of 
architectural and design concrete. 

DELIVERY NOTICE: Seller assumes no responsibility for deliveries beyond the public right of way. Buyer assumes responsibility for damages including but not limited to curb. s1dewalk, 
driveway, or any property of the contractor or property owner or agents. 

NOTICE: MY SIGNATURE BELOW INDICATES THAT I HAVE READ THE SAFETY AND HEALTH WARNING NOTICE AND ACCEPTANCE OF THE LOAD. 

Release. Load and Terms Accepted By: 

X 

U1 
..-f 
M 
O'I 

'° M 
(\J 

( 

Concrete - Sand - Gravel - Stone "We're Proud Of Our Work" General Office (317) 326-3101 

CUSTOMER COPY 
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Remit To: P.O. Box 7048, Group #2 

Indianapolis, IN 46207-7048 

I Plant # fricket Numbeq Truck 

I Sold To 

Concrete Delivery Ticket • • 1m1 
l rvlng l"la.terlab, Inc. 

Load S ize Mix Slump Use Date Customer 

ITax Code! Driver I Project No. I Order No. 

I Delivery Address I P.O. Number 

2 Job No.J 

I Load Quantity ] Total j Ordered Quantity ] Product Code I Product Description Unit Price Amount 

Water Added At 

I ,:. I Total Slump Meter 

I 11 I ~~1 Customer's Request No. Gallons 
Reading I_ Subtotal 

Ion Job Time IRnlsh Pour Time 
Tax 

Total 

PROPERTY DAMAGE RELEASE / WARNING • Irritating To The Skin and Eyes 
Dear Customer - The Seller is not responsible for slumps, strength or quality of concrete to which water or any other material has been added by the purchaser or at his request. 

The undersigned hereby authorizes IMng Malerials. Inc. to use private property for making the delivery shown hefe on and assumes full responsibtlity for any damage or Injury due to the premises. 

The undersigned agrees to reimburse said Company for loss of time and equipment by reason of such delivery and also to identify and save harmless said Company from any and 
all claims, demands and suits for or on account of or in any manner caused by or arising from private property delivery. 

The undersigned assumes responsibility for a suitable roadway lrom public highway to point of delivery and Is responsible for any needed wrecker sefVice charges as a result. 

SAFETY WARNING: Keep away from children. Contains Portland Cement. lrrilating to the skin and eyes. Wear rubber boots, gloves and eye protection. Prolonged contact may cause 
burns. In case of contact with skin or eyes, Hush thoroughly with water. If irritation persists, get medical attention. For additional information regarding the HAZARDS OF READY MIX 
CONCRETE, consult the Material Data Safety Sheet (MSDS) available upon request. 

PRODUCT NOTICE: Seller will not be held responsible for the final appearance or exposed aggregate, integral coloring, stamped and decorative surfacing, and all other forms of 
architectural and design concrete. 

DELIVERY NOTICE: Seller assumes-no responsibility for deliveries beyond the public right of way. Buyer assumes responsibility for damages including but not limited to curb, sidewalk, 
driveway, or any property of the contractor or property owner or agents. • 

NOTICE: MY SIGNATURE BELOW INDICATES THAT I HAVE READ THE SAFETY AND HEALTH WARNING NOTICE AND ACCEPTANCE OF THE LOAD. 

Release, Load and Tetms Accepted By: X ~ { 
r 

If) 
-f 
(") 
O"I 

'° (") 

N 

111111111111 JIIII IIIII I lllljlll 111111111111111111 

Concrete - Sand - Gravel - Stone "We're Proud Of Our Work" Gen eral Office (317) 326-3101 

DRIVER COPY 
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u 
Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Section 
1 

Plan 3 '-f ,_ '1 t'' 
B-B n-~8 ·· 
C-C \ 7 -¾ •' 

D-D \ 7 - '½c..•' 

E-E ~7., '¼l, ,, 
F-F \? j ,, 

- 1/'1 

Recorded by: 

ii A/\ 
Checked by: 

Br~ 
Checked by: 

Comments: 

2 

• 3 ,, 
'5'1 - t.t ~ 

I .. 
:,0-j 

..:x, _'/?5 ,. 

30- ~-· 

.3'). ~8 .. 

I •• ,o~~ 

u 
Setup and As-built Dimensions v.1 

(Rev. 04/04/2012) 

Concrete As-built Dimensions 

3 4 5 

' l H 3 '1 - '-t ~Lt 3<-t '- t.t± u 

1 ., 
\ 1- Vi~ 3::,-~--

1 .., ,, l - Y,c, ~~ Y,~·-

\7- ~11· 30--'1 --
\ l, 

17- $";/ '?D .. '{c/ 

\7- Si,/ 30 ... ~ ,, 

Signature 

1/L ~(__ 
Signature 

~~ 
Signature 

*See concrete as-built drawings for dimension locations 

Specimen: _ _ 8_-_2 ________ _ 
Sheet 1 of 2 

6 7 8 

Date Time 

~-zz--11.. ~:eo~ 
Date Time 

5 I ;J.;L/ ,:i. S: lOt°M 

Date Time 
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u 
Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Section 
1 

Plan 39'-0" 

B-B 17-5/8" 

C-C 17-5/8" 

D-D 17-5/8" 

E-E 17-5/8" 

F-F 17-5/8" 

Section 
1 

Plan 34'-4" 

B-B 17-5/8" 

C-C 17-5/8" 

D-D 17-5/8" 

E-E 17-5/8" 

F-F 17-5/8" 

2 3 

39'-0" 39'-0" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

2 3 

34'-4" 34'-4" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

0 
Setup and As-built Dimensions v.1 

(Rev.04/04/2012) 

Concrete As-built Dimensions Key - Series A 

4 5 

39'-0" N/A 

30'' N/A 

30" N/A 

30" N/A 

30'' N/A 

30" N/A 

Concrete As-built Dimensions Key - Series B 

4 5 

34'-4" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

C 
B-2 Specimen: ___________ _ 

Sheet 2 of 2 

6 7 8 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

6 7 8 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 



APPENDIX A, Purdue Phase I Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 177 of 595 

u 0 

"-: 
► 

f 

w r 

II~€ c:r' t V,/ / . 6-, ,, 
;2.. - -, 

......... ' ~ 
' ~ 

' ' ' '~ ' ~ ' ► ' ► · ► 

r 
'► ' ~ ' 

ill . . 
I 1.'' ,. 

I _. ♦ I 
,. 

/ :2.-b 

BOWEN 
Specimen - 2 

l.ABORATORY Behavior of Lap Splices of No. 11 
•::: r r e,u·1 

Reinforcing Bars PURDUE UNIVERSITY 

► 

Il 
; 

n f~t.,c,,S e 4f t 1/,,t 
I; 

, 

~ ' ► 

w ► ' ► ► 

,., . 
~ I 

Sheet: 1 

Drawn by: liAI\ 

Date: 

. 
~ 

~ 

C 

l 
NORTH 

I:-"' 

l 

~c.c,l\ 

✓ ~»\\ 

$ COT~ 

NOR'rll 

of 

Checked by: 

&~-7.1;\'L,, 

4 

8~ 



APPENDIX A, Purdue Phase I Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 178 of 595 
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Project: Tests to Determine the 

Behavior of Spliced #11 Bars 
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Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Date Disp Ticket Num 

L/ /10/,;;_ /B58"8f;, / 

Casting Documentation v.1 

(Rev. 03/30/2012) 

General Informat ion 

Truck No. Time on Ticket 

I i.39 ~:54 

Specimen: _ ___:__Y3...;__-_r! __ 3=---
Sheet 1 of 1 

Time of Arrival Temp. in Lab 

3 :05 58 ° F 
Measurements made upon arrival of concrete 

Slump (ASTM C143 - lOa) Air Content (ASTM C231 - 10) 

Time1 Result1 Time1 Result1 S/N of Air Meter 

~:11- 9,3/4 
If ~.\\~ 4. i 0/t> '--I 13 O+ ~G 7>~ t 

Time2 Result2 Time2 Result2 S/N of Scale 

-:s-.~q i I\. 3.-~1 '-t.~o/o C) G ""+Y bO 5 c-, HM 
Unit Weight {ASTM C138 -10b) 

Time1 Wt. of Cont.1 Total Wt. 1 Wt. of Conc.1 Result1 = Wt. of Conc./Vol. of Cont. 

:$,'\Lo 3.5:ff 44,-S 
Time2 Wt. of Cont.2 Total Wt. 2 Wt. of Conc.2 Result2 = Wt. of Conc./Vol. of Cont. 

i.Skf ~lr-Lo 
Times of actions during and after casting 

Layer 1 placed 
Layer 1 vibration 

Layer 2 placed 
Layer 2 vibration Top surface struck Truck Departing 

complete complete off Lab 

~·- \c.. ✓ ✓ v ✓ '0: ? ? 
Lifting Inserts Covered with 

Plastic removed 
Covered with Burlap doused Covered with 

Placed plastic burlap with water plastic 

L-f: /0 fH ½':1sVH ✓ ✓ ✓ g-: 35 

Recorded by Signature Date Time 

13 . :f2. $~#~ 11 /10 Ir')._ 3 \SOfH 

Checked by Signature Date Time 

} -~ 'vJ__ 's\SQff.1 s.p_ 4/ 10/1~ 7 - -- - ~ 
Checked by Signature \ Date Time 

))-AJf)~ S~~c~~h1 U\ i \ \U \-Z,, 3: l\-lptv'-
Comments: '5 ~"' ~ \'~I\ 5 ~~<2YS t ~oppiV\~ 

C ONC ;z.e.-1" ef \e.Mf . b0°F" C1i·• 1 ·1V1sev-f'1CfV\ of vdQr'4+ov 
N\c.t d ~ -( rilW\ Zr'\d l MiJ) ~ 

*The following ASTM standards and specifications will be followed during casting: C172-10, C192-07, C470-09 
., 
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'I' ruck Driver U3er Disp Ti:ket Num Ticket ID Time Date 
1839 2463 u=e r 1858861 C, 14:54 4 10/12 

Load Size Mix Code Ret;urne.j Qr:,y Mix Age 3eq Loaa ID 
5 . 75 CYD~ 1008 D 985 

•,1111er1m De:5!i1110!Y R~re,j Blic~ 'lE, hi: 'lb l,lots!l.le "clu31 ~at 

3 STO~E-8 340 lb / SWS lb S36tl lb -D.~3'11: ,. 
~TONE-4 €'211 II) ✓ 3565 lb :.sUllb [l~Z'l!, 

8Ar,J023 1.;:?S lb I 86641b 364011> · O.Z7'1b 5,llll'!6M 4'3 7 
C1:MENT 588 lb ~ 3~ lb 3380 lb -na3'ln 

W."TER ~.n 2 lb 14453 lb U::.;.O lb -n&:.'!ii 1n1, 
o\lF .~n IC / 27.QS .:.z: :zG.50 ('J: - 2.!l?'!& 

Actln NL!tnB!llch6 
ns~ / T L.olld 2Z?3S lb OesgnW/C: D.S50 wmenc= Design ZZZ.7 gl Actl.DI 221.4 gl ToAdd: 1.3 gl 

31:.1'1'1). b Ill 1n ,. .,. scr In Tru"k: no lb AC!lU!ll:Vfl!ler: 0.0 ,O I i...oad TrtmWZ!ler: 0.0 lb/ CH 
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Remit To: P.O. Bo x 70 48 , Gro u p #2 

Indianapolis, IN 4 62 07-7048 

I Plant # Ticket Numbe? Truck 

I Sold To 

Concrete Delivery Ticket 
Load Size M ix Slump Use Date 

Tax Code Driver Project No. 

• • ImI 
Irving Materials, Inc. 

Customer I 

Order No . 

l Delivery Address P.O. Number 

I Load Quantity I 

Water Added At 
Customer's Request 

Ion JobTlme 

Total I Ord e red Quan1ity Product Code 

Total 

No. Gallons 

' Finish Pour Tlme 

Product Desc ription 

Slump Meter 
Reading 

3 
Unrt Price 

Subto tal 

Tax 

Total 

PROPERTY DAMAGE RELEASE / WARNING - Irritating To The Skin and Eyes 

Job No. ► 

Amount 

Dear Cuslomer - The Seller is not responsible for slumps, slrength or quality of concrete to which water or any other material has been added by the purchaser or at his request. 

The undersigned hereby authorizes INing Materials, Inc. to use pnvate property for making the delivery shov-111 here on and assumes full responsibility for any damage or injury due to the premises. 

The undersigned agrees to reimburse said Company for loss of time and equipment by reason of such delivery and also lo identify and save harmless said Company from any and 
all claims, demands and suits for or on account of or in any manner caused by or arising from private property delivery. 

The undersigned assumes responsibility for a suitable roadway from public highway to point of delivery and is responS1ble for any needed wrecker service charges as a result 

SAFETY WARNING: Keep away from children. Contains Portland Cement. Irritating to the skin and eyes. Wear rubber boots. gloves and eye protection. Prolonged contact may cause 
burns. In case of contact with skin or eyes, flush thoroughly with water. If irritation persists, get medical attention. For additional information regarding the HAZARDS OF READY MIX 
CONCRETE, consult the Material Data Safety Sheet (MSDS) available upon request. 

PRODUCT NOTICE: Seller will not be held responsible for the final appearance of exposed aggregate, integral coloring, stamped and decorative surfacing. and all other forms of 
architectural and design concrete. 

DELIVERY NOTICE: Seller assumes no responsibility for deliveries beyond the public right of way. Buyer assumes responsibility for damages including but not limited to curb. sidewalk, 
driveway, or any property of the contractor or property owner or agents. 

NOTICE: MY SIGNATURE BELOW INDICATES THAT I HAVE READ THE SAFETY AND HEALTH WARNING NOTICE AND ACCEPTANCE OF THE LOAD. 

Release, Load and Terms Accepted By: 

X 

C") 
C\J 
C") 
O'I 

'° M 
C\J 

Concrete - Sand - Gravel - Stone "We're Proud Of Our Work" General Office (31 7) 326-3101 

CUSTOMER COPY 
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Remit To: P.O. Box 7048, Group #2 

Indianapolis, IN 46207-7048 

Plant# 1cket Numbe Truck 

Sold To 
r 

Concrete Delivery Ticket • • 1m1 
lrvlng l'latedals, Inc. 

Load Size Mix Slum Use Date C ustomer 

Tax Code Driver Project No. Order No. 

I Delivery Address I P.O. Number 

Load Quantity 

Water Added At 
Customer's Request 

Ion Job Time 

Total Ordered Quantity Product Code 

Total 

No. Gallons 

r nlsh Pour Time 

Product Description 

Slump Meter 
Reading 

3 
Unit Price 

Subtotal 

Tax 

Total 

Job NoJ 

Amount 

PROPERTY DAMAGE RELEASE / WARNING - Irritating To The Skin and Eyes 
Dear Customer - The Seller Is nol responsible for slumps, strength or quality of concrete to which water or any other material has been added by the purchaser or at h1s request. 

The undersigned hereby autholizes Irving Materials, Inc. to use private property for making the delivery shown here on and assumes full responsibility for any darnage or injury due to the premises. 

The undersigned agrees to reimburse said Company for loss of time and equipment by reason of such delivery and also to identify and save harmless said Company from any and 
all claims, demands and suits for or on account of or In any manner caused by or arising from private property delivery. 
The undersigned assumes responsibility for a suitable roadway from public highway to point of delivery and is responsible for any needed wrecker service charges as a result. 
SAFETY WARNING: Keep away from children. Contains Portland Cement. Irritating to the skin and eyes. Wear rubber boots, gloves and eye protection. Prolonged contact may cause 
bums. In case of contact with skin or eyes, flush thoroughly wilh water. If irritation perslsts, get medical attention. For additional Information regarding the HAZARDS OF READY MIX 
CONCRETE, consult the Material Data Safety Sheet (MSDS) available upon request. 
PRODUCT NOTICE: Seller will not be held resppnsible for the final appearance of exposed aggregate, integral coloring, stamped and decorative surfacing, and all other forms of 
architectural and design concrete. 
DELIVERY NOTICE: Seller assumes no respoJ1Sibllity for deliveries beyond the public right of way. Buyer assumes responsibility for damages Including but not limited to curb, sidewalk, 
driveway, or any property of the contractor or property owner or agents. 
NOTICE: MY SIGNATURE BELOW INDlq.TES THAT I HAVE READ THE SAFElY AND HEALTH WARNING NOTICE AND ACCEPTANCE OF THE LOAD. 

Release, Load and Terms Accepted By· 

X 

M 
(\j 
M 
m 

'° M 
(\j 

111111111111 !1111 lllllJllll lllll lllll Jllll 11111111 

Concrete - Sand - Gravel - Stone "We're Proud Of Our Work" General Office (517) 326-3101 

DRIVER COPY 
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u 
Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Section 
1 

Plan 3 ~ ·-~t ~, 
B-8 l 7 - '3J/ 

C-C ~ ' \ 1a ~,-( 

D-D t 7 · '},•. ·· ' V;,.t 

E-E 1 •1 ~ ~\ I, - "1 

F-F \ 1 , ·1\ 

t 1J /,11 

Recorded by: 

\l.AI\ 
Checked by: 

BPt2_ 
Checked by: 

Comments: 

2 

3~•-~ 

2(),- \ 
., 

2.o· •,,/ 

~ ;,,~ ,, 

. ,, 
'?i>- ~ 

;:b~ 11t:' 

3 

u 
Setup and As-built Dimensions v.1 

(Rev. 04/04/2012) 

Concrete As-built Dimensions 

4 5 

?:, (.f-t.t ¼ ll ~ "I '- Y " 

i ... J's)-~ ~1 \7. ~f ' 
.. .,..,. ~, ,, 

X)' y)l) 
.. 

x->·\ \1· ¾'' 

9J~1k \7- ~, 
,. 

·J/ .... 
'70 -- .. j(, \?a Si,••_ 

Signature 

-1L L L 
Signature 

~ ~ 
Signature 

*See concrete as-built drawings for dimension locations 

u 
Specimen: _ _ B __ -_3 _______ _ 

Sheet 1 of 2 

6 7 8 

Dat e Time 

S', \"\.- It... y :,o~ 
Date Time 

5/ti/t2 4 :10 f>M 

Date Time 
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u 
Project : Tests to Determine the 

Behavior of Spliced #11 Bars 

Section 
1 

Plan 39'-0" 

B-B 17-5/8" 

C-C 17-5/8" 

D-D 17-5/8" 

E-E 17-5/8" 

F-F 17-5/8" 

Section 
1 

Plan 34'-4" 

B-B 17-5/8" 

C-C 17-5/8" 

D·D 17-5/8" 

E-E 17-5/8" 

F-F 17-5/8" 

2 3 

39'-0" 39'-0" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

2 3 

34'-4" 34'-4" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

0 
Setup and As-built Dimensions v.1 

(Rev. 04/04/2012) 

Concret e As-built Dimensions Key - Series A 

4 5 

39'-0" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

Concrete As-built Dimensions Key - Series B 

4 5 -

34'-4" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

&-?; 
Specimen: ____ _ _ _____ _ 

Sheet 2 of 2 

6 7 8 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

6 7 8 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 
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Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Section 
1 

A-A \LL J/~ 

8-8 't "'lit., 

C-C 

' D-D z 19. 
It 

E-E "3 
F-F z '1/ic., 

Recorded by: 

\/4.AP' 
Checked by: 

wlif 
Checked by: 

Comments: 

2 

746 111{ 

l 

L'' l~ 

c \~ 

5 •-v IL 

, 

3 

lU.. ,1, 

4\ 'l'1.. 

3'11L 

3 

ii ~L 

3\ ~ 

As-built Dimensions v.1 

(Rev. 04/04/2012) 

Formwork As-built Dimensions 

4 5 

lLl •i~ 1~ •;,(, 

2l'i l.1> '1-i. 

7,J l~ ~o ~li<t 

Zl .,1'1 1 33/. ~ 

2~~ 2 ) v'i 

23 ~/'l. 'Z] 1/"\ 

Signature 

/JL t~ 
~ Signature 

hfll1/~ 
Signature 

*See formwork as-built drawings for d imension locations 

Specimen:_....;;;.8_-_3.;;:__ _ ______ _ 

Sheet 1 of 2 

6 7 8 
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1~ 
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X, '/'i, 
l 

DO /f5 \ 7 '11.. 

Date Time 

l{ -<{-(Z., tt'-p P/\ 
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i '1/~t?-- I I -- ;o !?fa) 
Date Time 
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4 5 

1-+------1 2 .__~1-3 

Section C-C, D-D, & E-E 

*Facing North 

7 6 

-----8-----

1-1----~ 

4 5 

._--2----J 

Section B-B & F-F 

*Facing North 

1---~I- 3 

Drawing: Forrnwork As-built Sections Sheet: 3 

7 

of 3 
BOWEN 

LABORATORY Project: Experimental Investigation of Drawn by: BPR Checked by: SP 
BZl!WW/Ji(~hUl!»tf ii 'll ti J¥4P.J!t:~ 

PURDUE UNIVERSITY Capacity of Lap Splices of No. 
11 Reinforcing Bars Date: 04/04/2012 
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_) 

) 

Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Date Disp Ticket Num 

Y/30 I 'Ds13n 

Casting Documentation v.1 

(Rev. 03/30/2012) 

General Information 

Truck No. Time on Ticket 

f CC ~ :?.. ls ~so 

Specimen:_-",g=-__ y ___ _ 
Sheet 1 of 1 

Time of Arrival Temp. in Lab 

-;;_: os rM ~O J-

Measurements made upon arrival of concrete 

Slump (ASTM C143 - 10a) Air Content (ASTM C231 - 10) 

Time1 Result1 Time1 Result1 S/N of Air Meter 
.,,, 

;J: ts ON\ s-xu A:~~ ~/3 '-1160 +<o 6~9 / 
I 

Time2 Result2 Time2 Result2 S/N of Scale 

-s~~/ ~·';t ~ '-/ r tJ 06:/-U, (;056 t{K. 

Unit Weight (ASTM C138 - lOb) 

Time1 Wt. of Cont.1 Total Wt. 1 Wt. of Conc.1 Result1 = Wt. of Conc./Vol. of Cont. 

' a~s:;t: ~ :~ L( 1-/so 36.S l<-ib ~ le~. 
Time2 Wt. of Cont.2 Total Wt. 2 Wt. of Conc.2 Result2 = Wt. of Conc./Vol. of Cont. 

'3 ,.S-:tt.: '-lS, 'I 6t> /1 IL-f+,£ ~Ii v-?h 
Times of actions during and after casting 

Layer 1 placed 
Layer 1 vibration 

Layer 2 placed 
Layer 2 vibration Top surface struck Truck Departing 

complete complete off Lab 

~;~ tf- ;;:_·. ·Jo 2-.-·Y:S J :37 ;} ; '-1.0 ;}. : r..eof M 
Lifting Inserts Covered w ith 

Plastic removed 
Covered with Burlap doused Covered with 

Placed plastic burlap with water plastic 

~-~tfo ~/+£ ~- q : '--($ \f M. Cf ~so 'fK c; ! 'S6 V' ,-..L 10'-DO Y' M. 
-

Recorded by Signature Date Time 

8P~ ~~ '-1 / 30 et~2 SfJ-1 
Checked by Signature Date Time 

Checked by Signature Date Time .. 
; 

k_)A /_d <; IJ /J h R-r ~ tf/:JD/;v 1-diJ 
Comments: A.' z_ 

~ 5'"'" l 
I, , I 

~ 11t/ ~ 

*The following ASTM standards and specifications will be followed during casting: C172-10, C192-07, C470-09 
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rr1uck Driver Uaer Disp Ticket Num Ticket ID 
1982 
Load 
5.75 

Mlllerl!ll 
STONE-8 
STONE-4 
SAIID-23 
CEMENi 
WATER 
AIR 

Aciuai 

U18d 
i3[ump; 

) 

) 

1076 u:,c: J::' 1859311 0 
C: • _,ize Mix Code 

CYD:: 1008 

oestonQtt Require-:! 
940 lb 5454 lb 
620 lb 35861b 

1435 lb SS04 ltl 
588 lb 3381 lb 

323.2 lb 861.8 lb 
.80 JC 27.DS o:z 

Nun, Blltches: 
21964 lb 

4.00 In 
06lgnWJC: O.SSD 

WIiier In Truck: 

Returned Qty Mix Age 

Bmched 'l!i Vs% Molsb.re: Actual Wm 
5400 lb -o.~ D.Sll'!6M 6 gJ 
3S6tl lb -0.74'!!, 0.61l'l6M 3 gl 
8780 lb ·0.279& 6.70'l(, M 65 gl 
3370 lb ·0.33% 

852.0 lb -1.13% 102.1 Sll 
~.SD az: . ·21D% 

1 
WmerfCemenl: D.552 T Design m. 7 gt 
a.a lb MlustWllter: D.O lb 11.D!!d Trim Wlller: 

Seq 
D 

Actual 
-~.D lb I 

j_ 

Time Date 
13:50 4/30/12 

Load ID 
1436 

176.5 ol 
eve 

ToAdd: 
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Remit To: P.O. Box 7048, Group #2 Conc·r~· te De11·111-:ery T1·~•,..e-t 

lndiana19_olis, IN 46207-7048 . W · ft 
• • IIlll 
Irving Materials, Inc. 

Plant# Ticket Numbe Truck Load Size Mix Slum Use Date Customer 

: 13 l P:";·-:r -; } 7)1J TF:::=. T f\l; · --o.·t ,~· 
! Sold To !Tax Codej Driver j Project No. j Order No. 

[ Delivery Address I P.O. Number 

Load Quantity 

5 .. 75 

" '-•> ·Added Al 
mer's Request 

L -

On Job Time 

Ordered (1tf13,ntity Product Code .:: • . :''- :.f Product Descafoiq_ Unit Price 

Finish Pour Time, . f ,.,._ 

Total 

No. Gallons 

Slump Meter 
Reading I I I I 

523 .. ?5 

Subtotal 

Tax 

Total 

PROPERTY DAMAGE RELEASE / WARNING • Irritating To The Skin and Eyes 

Amount 

Dear Customer · The Setler is not responsible for stumps, strength or quality of concrete to which water or any other material has been added by the purchaser or at his request. 

The undersigned hereby authorizes Irving Materials, Inc. to use private property for making the delivery shown here on and assumes full responsib!ity for any damage or injury due to the premises. 

The undersigned agrees to reimburse said Company for toss of time and equipment by reason of such delivery and also to identify and save harmless said Company from any and 
all clalms, demands and suils for or on account of or in any manner caused by or arising from private property delivery. 

The undersigned assumes responsibility for a suitable road~ from public highway to point of delivery and is responsible for any needed wrecker service charges as a result. 

SAFETY WARNING:. l<ja)ep.away from children .. Conl ai,rjs ·Portland Cement. Irritating to the skin and eyes. Wear rubber boots, gloves and eye protection. Prolonged contact may cause 
burns. In case .9.t.conta'c;t,with skin or eyes, Jtush ttro"roughly with water. If irritation persists, get medical attenti0n. For.additional information reg~rdlng the HAZARDS OF REAOt MIX 
CONCRETE, <JS>nSLllt ttie Material Data Safety Sheei (lv!SDS) available upon request. 

PRODUCT NOTICE: Setter will not be held responsible for the final appearance of exposed aggregate, integral coloring, stamped and decorative surfacing, and all other forms of 
architectural and design concrete. . 

DELIVERY NOTICE: Seller assumes~o responsibility for deliveries beyond the public right of way. Buy,er assumet responsibility for da_ma_ge1 1nsl9ding but not limited to c,urp, sid~walk, 
driveway, or any property of the cori) adpro; E!i:.9.P,lJ,'1Y owner or agents. ., _ J': - ,.. ,;' . ;' i ' . [ i '- i 
NOTICE; MY SIGNATURE BELOW) ; DICATES THl'!'°I HA\(~ READ THE SAFETY AND HEALTH WARNIN~ J10TICE AND ACCEPTANCE OF THE LOAD. 

Release, Load and Terms Accepted B:;/ \ \ \. _ .:.,../" --~--_.,~-1-- .\- -. z::_,,.~·--\ '-" 

Concrete - Sand - Gravel - Stone "We're Proud Of Our Work" General Office (317) 326-3101 

DRIVER COPY 



APPENDIX A, Purdue Phase I Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 202 of 595 

Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

u 
Setup and As-built Dimensions v.1 

(Rev. 04/04/2012) 

Concrete As~built Dimensions 

Specimen: __ [_3 __ 4 _____ _ 
Sheet 1 of 2 

Section t-------.------ --r-------,r------,---------,---------r--------.------1 
1 2 3 4 5 6 7 8 

Plan 
"2 ( ,, 
::./--1 - '-/ 

8-8 

c-c 

D-D 30 
E-E 3o 
F-F 

Recorded by: Signature Date Time 

Checked by: I Signature Date Time 

Checked by: Signature l Date Time 

Comments: 

*See concrete as-built drawings for dimension locations 
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u 
Project: Tests to Determine t he 

Behavior of Spliced #11 Bars 

Section 
1 

Plan 39'-0" 

B-B 17-5/8" 

c-c 17-5/8" 

D-D 17·5/8" 

E-E 17-5/8" 

F-F 17-5/8" 

Sect ion 
1 

Plan 34'-4" 

B-8 17-5/8" 

C-C 17-5/8" 

D-D 17-5/8" 

E-E 17-5/8" 

F-F 17-5/8" 

2 3 

39'-0" 39'-0" 

30" 17·5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

2 3 

34'-4" 34'-4" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

Setup and As-built Dimensions v.1 

{Rev. 04/04/2012) 

Concrete As-built Dimensions Key - Series A 

4 5 

39'-0" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A · 

Concrete As-built Dimensions Key - Series B 

4 5 

34'-4" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

BY Specimen: _____ ______ _ 

Sheet 2 of 2 

6 7 8 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

6 7 8 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 
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f 
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' 

' 

0 

► 

[J 
I -:;.,I l 7- - 16 "' 

I V 

/ ,J 

v" 

[J l )- ,_ b l?,t/' 
1, 

;I ; ·---.~-~-

Specimen \3 -~ 
Behavior of Lap Splices of No. 11 

Reinforcing.Bars 

. '. 

rt 
,,., 

I' I 

l] ," t 

' 

' ' '► 

'. '► 

' ' ► 

-- ·-

Sheet: 

: 

• 

' 

-·-

: 

' 
' ► '► 

-t 

1 

,,.,,-) teet-v- ~:i. 
--:::., loe..J-.. ce..l I 

l NORTH 

l 

of 4 

Drawn by: (Sf {l Checked by: At_ 
Date: 5 /r L-f /t.). 
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u 

1--------- -------1------------ ---i 

SOUTH NORTH 

i----------------2-------------- -1 
Top Plan 

2 Spa.@ 

3' -1 •~· 1 ·-60" Ea. -·-1 ·-· I 3' 

rs re rD rE rF 

Profile 
*For section B-B through F-F see Sheet 3 of 3 

t---------- -----3-----------------i 

SOUTH NORTH 

i----------------4-----------------1 

Bottom Plan 

Drawing: Series A Concrete As-builts Sheet: 2 of 4 
BOWEN 

LABORATORY Project: Experimental Investigation of Drawn by: BPR Checked by: SP 

PURDUE UNIVERSITY 
\dW P N 1 Capacity of Lap Splices of No. 

11 Reinforcing Bars Date: 04/04/2012 
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0 

t--------------1-------------.1 

SOUTH NORTH 

i-------------2-------------1 

Top Plan 

2 Spa.@ 

3' I " " 1 · 39.5" Ea. .. I " 

rs re rD rE 

Profile 
*For section B-8 through F-F see Sheet 3 of 3 

i--------------3------------~ 

SOUTH NORTH 

i---------------4-------------1 

Bottom Plan 

Drawing: Series B Concrete As-builts Sheet: 3 of 4 
BOWEN 

LABORATORY 
' ~ 
PURDUE UNIVERSITY 

Project: Experimental Investigation of Drawn by: BPR Checked by: SP 
Capacity of Lap Splices of No. 
11 Reinforcing Bars Date: 04/04/2012 
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u 

BOWEN 
LABORATORY 

4i M'mi'!\10S JSi $1- ◄ JW 

PURDUE UN IVERS I TY 

4 

0 

1 

i------3----
Section 8-8, C-C, D-D, E-E & F-F 

*Facing North 

Drawing: Concrete As-built Sections 

2 

Sheet: 

Project: Experimental Investigation of Drawn by: 
Capacity of Lap Splices of No. 
11 Reinforcing Bars Date: 

C 

4 of 4 

BPR Checked by: SP 

04/04/2012 



APPENDIX A, Purdue Phase I Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 208 of 595 

Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Section 
1 

A-A l66 ½ 
r_ 

B-B l~ ib 

c-c 5-D 
-:;_ 

Q 
..,. 

D-D -:::> { (, 

~ 
--✓-.., 

E-E -I l:.C, 

3 \ -F-F g 

Recorded by: 

-ro 
Checked by: 

Y3frZ 
Checked by: 

Comments: 

2 3 

·71* l £6-q 
<<_ r; ...:=- L'~ 

-~ 
8 lb 

C "3 ,, - 11& ( b 

C- o L +[ 
.LT ~ ~-b l ,:., 

~ 
\ 3, 

3 
J_ - lb L-'7 

*See formwork as-built drawings for dimension locations 

u 
As-built Dimensions v.1 

(Rev. 04/04/2012) 

Formwork As-built Dimensions 

4 5 

166 i. '-f +? .J2_ 
I(:, 

- I \ z~ ~ 2~ Tb ~ 

3 z.s ~ ,z-z -_, 'i ~ 
T ·1-2-z '2?:> ...... ~ ~ ~ 

.2.. 'L.?..., .-12-23 'i ✓ s 

Specimen:_6_-Lf_u __ 1 
Sheet 1 of 2 

6 7 8 

\£6½ 
·30 J_. 

B -~ i '[G 1·1 "5_ 
.J_ ' lt _g_ )D ... 2 ·-
~ :;Q (<,;., 1"-

.J-. _? -Sc:, ·3 J_ l1 (& o·," t6 

.l. 7 .1. ·30 so \l' i0, ~ \~ 

23 . .:l 5 . .l. ----o _J_ t 7 ~ Z.3 ·~o I~ - lf, :S I <o ~ 

Signature .,,. Date Time 

~--JdA ///LA_ ~Y/30 CL ~A-Iii'\ 
V V r 

Signature Date Time 

~~ Y /30 Cj ','30AM 

Signature Date Time 
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Project: Tests to Determine t he 

Behavior of Spliced #11 Bars 

Section 
1 

A-A 14'-6" 

B-8 4-3/8" 

c-c 3" 

D-0 3" 

E-E 3" 

F-F 3" 

Section 
1 

A-A 13'-10.5" 

B-B 4-3/8" 

C-C 3" 

D-D 3" 

E-E 3" 

F-F 3" 

2 3 

10'-0" 14'-6" 

6" 4-3/8" 

6" 3" 

6" 3" 

6" 3" 

8-3/4" 3" 

2 3 
I 

6'-7" 13'-10.5" 

6" 4-3/8" 

6" 3" 

6" 3" 

6" 3" 

8-3/4" 3" 

u 
As-built Dimensions v.l 

(Rev. 04/04/2012) 

Formwork As-built Dimensions Key - Series A 

4 5 

14'-6" 10'-0" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

Form work As-built Dimensions Key - Series 8 

4 5 

13'-10.5" 6'-7" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

~ - ~ Specimen: _ _ __________ _ 

Sheet 2 of 2 

6 7 8 

14'-6" N/A N/A 

30" 30" 17-5/8" 

30" 30" 17-5/8)1 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

6 7 8 

13'-10.5" N/A N/A 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

30" 3011 17-5/ 8" 

30" 30" 17-5/8" 

30" 30" 17-5/8" 
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u 

~----1-------i-----2-----,~-----3-----i 

SOUTH NORTH 

-~---6-----------5---_._-----4-----
Section A-A 

2 Spa.@ 
3' I · · I · 60" Ea. · I· · I 3' 

rs re ro rE rF 

..--- l ] ----. 
A 

La Le Lo 

A 

LE LF 
*For section B-B through F-F see Sheet 3 of 3 

Series A 

BOWEN 
Drawing: Series A Formwork As-builts Sheet: 1 of 3 

LABORATORY Project: Experimental Investigation of Drawn by: BPR Checked by: SP . , c&•1aH ·1 Capacity of Lap Splices of No . PURDUE UNIVER.SITY 
11 Reinforcing Bars Date: 04/04/2012 
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u 

BOWEN 
LABORATOR·Y 

448l Cb4W;t,i u I! -·em 

PURDUE UNIVERSITY 

u 

Section A-A 

2 Spa.@ 

3' 1-- .. ,- 39.5" Ea. .. I • 

rB re rD rE 

*For section B-B through F-F see Sheet 3 of 3 

Series B 

Drawing: Series B Formwork As-builts 

Project: Experimental Investigation of 

Capacity of Lap Splices of No. 

11 Reinforcing Bars 

NORTH 

Sheet: 2 of 3 

Drawn by: BPR Checked by: SP 

Date: 04/04/2012 
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u 

6 

i-----8-----

4 5 

1-+--~ 2 -----1- 3 

Section C-C, D-D, & E-E 
*Facing North 

u 

7 6 

-----8-------.l 

1 -

4 5 

l---2---J 

Section 8-8 & F-F 
*Facing North 

~-II- 3 

Drawing: Formwork As-built Sections Sheet: 3 

u 

7 

of 3 
-BOWEN 

l.ABORATORY 
V'.75 _,_ er 

Project: Experimental Investigation of Drawn 'by: 8PR Checked by: SP 

PURDUE U'NiVERSl'TY Capacity· of Lap Splices of No. 
11 Reinforcing Bars Date: 04/04/2012 
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u 

_ _) 

Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Date Disp Ticket Num 

l-f /90 liSct3(3 

Casting Documentation v.1 

(Rev. 03/30/2012) 

General Information 

Truck No. Time on Ticket 

,C1'S :l Jl(!5<-/ 

,I) -- 5 Specimen: __ Jv _____ _ _ 
Sheet 1 of 1 

Time of Arrival Temp. in Lab 

3 ~05fM -=t{)OF 

M easurements made upon arrival of concrete 

Slump (ASTM C143 - 10a) Air Content (ASTM C231 - 10) 

Time1 Result 1 Time1 Result1 S/N of Air Meter 

'3: \i- (1/4 ti 3 ; --zo >f ,.<l Lf 1· 30·+i 6 caCJ I 
Time2 Result 2 nme2 Result2 S/N of Scale 

'°3' ,34- nM 
--;// '3~~'t 1 1-j,~ Ob'.r'-lbO~l µ1-1 

l Unit Weight {ASTM C138-10b) 

Time1 Wt . ofCont.1 Total Wt. l Wt . of Conc.1 Result1 =Wt.of Conc./Vol. of Cont. 

3:· 1~ )S . 5 :it"- tf'f. CJ ''3 ' ' t-( -tt: . l '15, b ·:tt=-/ c~. 

Time2 Wt. of Con,t .2 Total Wt. 2 Wt. of Conc.2 Result2 = Wt. of Conc./Vot. of Cont. 

3 :·39 <g . S:ii: 'i'f 5· 3,~o #- l <-t '1 ~/ C ~ I 

Times of actions during and after casting 

Layer 1 placed 
Layer 1 vibration 

l ayer 2 placed 
layer 2 vibration Top surface struck Truck Departing 

complete complete off Lab 

3~·A0fNt =3 : 2.2/)I"\ 3Z6 1µ ~ :2~# V ✓ 
. 

Lifting Inserts Covered with 
Plast ic removed 

Covered with Burlap doused Covered with 

.lJa_£etj / plastic burlap w it h wat er plastic 

-~b/r-1 3A~ 10: OOi~ LO ~OS.Pt-{ LO!.lDfM {0'~ fSf'>M 

Recorded by Signature Date Time 

13PJe. ~~ c;/30 '-/ .r7:S f j{ 

Checked by Signature Date Time 

Cl ecked by Signature Date Time ,., ,, 

S'A-l1 .1 o~--r Ju u~f~:! f/3:1/ti-- f,/0 
Comme';}; If I / { \ 

, 

~q,t¾ Ye/If 
*The following ASTM standards and specifications will be followed during casting: C172-10, C192-07, C470-09 
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:,: 

Truck Driver 
1982 1. 12171.:, 

L E Size Mix Code 
5 .-t~i CYDB 1.IZ11Z1B 

user 
Returned 

Material DesignRut
1
y Reguired 

STONE-8 94~ b 5454 lb 
STONE-4 620 lb 3586 lb 
SAND-23 1435 lb 8804 lb 
CEMENT 58B ib 3381 lb 
WATER 323.2 lb 1235.5 lb 
AIR .80 iC 27.05 oz 

! Actual Nu1 Batches: 1 

Batched 
5400 lb 
356"0 ib 
8800 lb 
3375 lb 

1226.0 lb 
27.00 oz 

Disp Ticket l\lu.m 
1859313 

Ticket ID 
1327 

Qty Mix ~lge Seq 
D 

'/. Var 
-0.98li 
-0.74'i. 
-0.05li 
-0.18% 
-0.77'/. 

* -0.18li 

'[. Moisture 
0.90'/. M 
0.60¼ M 
6, 70'/. M 

Actual Wat 
6 gl 
3 gl 

66 gl 

146.9 gl 

Time 
14· : 51+ 4/-30/ 12 

Load ID 
1437 

Load Total: 22363 lb Design 0.550 Water/Ce1ent 0,551 T 
Slump: 4. 00 in Water in Truck: 0. 0 lb Adjust Water: 0. 0 lb 

Design 2£2, 7 gl Actual 221.4 gl 
/ Loaa Trim Qater: 0,0 lb/ CYD 

To Add: 

2-8-5 

) 

1.3 gl 
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Remit To: P.O; Box 7048, Group #2 

Indianapolis, IN 46207-7048 Concrete Delivery Ticket • • 1m1 
Irving l'laterlals. Inc. 

I Plant# J'fir,;ket Numbe~ Truck Load Size I Mix I Slump I Use ' • Date , ,- Customer 

18 185'3313 
I Sold To 

r %f U:)RD 

[ Delivery Address 

1382 

LAFA'r'ETTE &. t.JINAMr~ 

100B :, • !i10 TEST 
!Tax CodeJ Driver 

H1 DOUG PHEBUS 

BOt,JEM O VIL EMGINEERHlG LAB TRUCV, RELEASE 

TRUCK RELEASE 

I Load Quantity I Total 

1,V~ter Added At 

L 1 mer's Reque;i 

Ion Job Time 

BRIAN 

I Ordered Quantity I Product Code I Product _Des~cjption 

PURDUE EXPERIMENTAL 

Total 

No. Gallons 

Slump Meter 
Reading I I I I 

i07£ 

04 /30 '12 1&091 
I Project No. I Order No. 

5 

Unit Price 

Subtotal 

Tax 

Total 

I8l5 

I P.O. Number 

SCN25'1f1 

Job No<:tC:N254& 

Amount 

Slt. '75 

1L 50 

523j125 

- , '" - /", ~ , .· ' ~ • " . • __,-• . ~~- ~ , 1 ~ ·/ I • '' ' 

;;;, . ,"..._ U , , ·; PR9P.ER"f¥~·p~MAGE .. R · _. /•WARN"IN'G • Irritating To The Skin and Eyes 
Dear Customer - The Seller. is not responsible for slumps, strength or quality of concrete to which water or any other material has been added by the purchaser or at his .request. 

The undersigned hereby authorizes Irving Materials, Inc. to use private property for making the delivery shown here on and assumes full responsibility for any damage or,injury due to the premises. 

The undersigned agrees to reimburse said Company for loss of time and equipment by reason of such delivery and also to identify and save harmless said Company from .iny and 
all claims. demanq.s ,iq.~ suits for or on account of or in any manner caused by or arising from private property delivery. 

The undersig_,,t ( ss~:tfesponsibilily for a ~!,Jila,\!)e r~dway from public highway to point of delivery and is respcnsible for any need~ wrecker service charges as~ result , 
SAFETY WARl)JIJ)JG:, ~l?ij'g\N_a,Wrom childrerfi Cpntaj_Qs Portland Cement. Irritating to the"skin and eyes. Wear rubbey boots, gloves and eye proteclion. Prolonged contact may cause 
burns. In case of ccmtacf,1vith skin or eyes; .fldsn thoroughly with water. If irritation persists, get medical attention. For additional information regarding the HAZARDS OF READY MIX 
CONCRETE, consult the Material Data Safety Sheet (MSDS) available upon request. 

PRODUCT NOTICE: Seller will not be held responsible for the final appearance of expcsed aggregate, integral coloring, stamped and decorative surfacing, and all other torms of 
architectural and design concrete. 

DELIVERY NOTLCE: Seller assttmes no responsibility for deliveries beyond the public right of way. $uyer assumes responsibility forda'?ages including but not limited to curb, sidewalk, 
driveway, or any property ofth1 c6ntri3Ct0~OlJ:roperty owner or agents. . - • - . , ,.: ( .· .· / / ~ 1 r , i ' 7-- ' ,Lt 
NOTICE: MY SIGNATURE BELOW INDICATES THAT I HAVE READ THE SAFETY AND HEALTH'WARNING NOTICE AND ACCEPTANCE OF THE LOAD. I ' · 

Concrete - Sand - Gravel - Stone "We're Proud Of Our Work" General Office (317) 326-3101 

DRIVER COPY 
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Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Section 
1 

Plan ~ I ·s 5 It 
'i - 5 

B~B \7-S'i ,-

C-C \ , -- S;f, ·' 

D-D \1-·¾.' 

E-E ' ~ . 1- 1/il, 

F-F 11 -%/ 
Recorded by: 

VAi\ 
Checked by: 

f>rrz 
Checked by: 

Comments: 

2 
I) 

3CJ'--3! 

3o -\:· 

3D- \/~ •' 

3(.)- i/'o ,. 

3(,)- \~ .. 

3b I ,• • "II 

Setup and As-built Dimensions v.1 

(Rev. 04/04/2012) 

Concrete As-built Dimensions 

3 4 5 

~t.t t - L/ h 3<-f ~~II 
95 

\7 -1\/IL ~ 3 i •' (J- ~1$ 

\ 1- "18 
.. ~ I •• 

- /'ij 

,~ .. 3/~" ~ \ ,. , /'6 

\1· 51~ ~ 30- \"'l, •• 

/ •. 
\1~ ::.;~ ~- 1,,'1$ ••• 

Signature 

/{, l L 
Signature 

~ £~ 
Signature 

*See concrete as-built drawings for dimension locations 

Specimen: _ _ _,JB:~-...::;) _ _ _____ _ 
Sheet 1 of 2 

6 7 8 

Date Time 

S, ll--1 '2... 
Date Time 

s/1~ /12 t ( :co1rM 
Date Time 
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Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

Section 
1 

Plan 39'-0" 

B-B 17-5/8" 

C-C 17-5/8" 

0-0 17-5/8" 

E-E 17-5/8" 

F-F 17-5/811 

Section 
1 

Plan 34'-4" 

B-B 17-5/8" 

C-C 17-5/8" 

D-D 17-5/8" 

E-E 17-5/8" 

F-F 17-5/8" 

2 3 

39'-0" 39'-0'' 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

2 3 

34'-4" 34'-4" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

Setup and As-built Dimensions v.l 

(Rev. 04/04/2012) 

Concrete As-built Dimensions Key - Series A 

4 5 

39'-0" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

Concrete As-built Dimensions Key - Series B -

4 5 

34'-4" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

Specimen: ___________ _ 

Sheet 2 of 2 

6 7 8 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

6 7 8 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 
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r 

:::0 II f~ e, j '' Y. '1./ 
,I l \ I I 

~ ---. 
. 

f 

I 
I\~ ec('I, :t,. ID 

/ 
/ l I ( 

,BOWEN 
Specimen \)-5 

-LABORATORY Behavior of Lap Splices of No. 11 
m, 

PURDUE UNIVERSITY Reinforcing Bars 

m 
/ 

I 

ill 
,I 

/ 

►. ► ► ► 

II ~~<!/, , .. t/, '1'1' 

' ' ' 

. 
H~@.1'' -tt. 1

1"'" 

Sheet: 1 

Drawn by: V.A/\ 

' 

' 

' 

r 
'\"-

1 
NORTH 

I<" 
b.s>lc.A 

~AM ~11 
5?,.A,h, 
-MORIA 

,f-

1 

of 

Checked by: 

Date: 5'-t~ \'2.. 

4 

~f/2 
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i-----------"----------1----------------i 

SOUTH NORTH 

i----------------2--------------
Top Plan 

2 Spa.@ 

3' -+--1 •-•-+--1 • - 60" Ea.---+• 1-• --•-, 3' 

rB re rD rE rF 

Profile 
*For section B-B through F-F see Sheet 3 of 3 

i---- -------------3--------------~ 

SOUTH NORTH 

i----------------4---------------i 
Bottom Plan 

Drawing: Series A Concrete As-builts Sheet: 2 of 4 
BOWEN 

LABORATORY 
PURDUE UN IVE R:S I TY 

Project: Experimental Investigation of Drawn by: BPR Checked by: SP 
Capacity of lap Splices of No. 
11 Reinforcing Bars Date: 04/04/2012 
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SOUTH 

SOUTH 

t--~~------------1--------~------c 

i---------__,__ ________ 2 __________ ___..___-i 

Top Plan 

2 Spa.@ 

3
1 I • .. I"" 39.5" Ea. .. I , • I 3

1 

rs re rD rE rF 

Profile 
*For section B-B through F-F see Sheet 3 of 3 

r---------------3------------~ 

i-------------4---------------i 

Bottom Plan 

Drawing: Series B Concrete As-builts Sheet: 3 

NORTH 

NORTH 

of 4 
BOWEN 

·LABORATORY Project: Experimental Investigation of Dr.awn by: BPR Checked by: SP 
--~ 1 i ntt1m1 1:a · rm·,11 r ir 

PURDUE UNIVER.SITY Capacity of Lap Splices of No. 
11 Reinforcing Bars Date: 04/04/2012 
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BOWEN 
.LABORATORY 

PUR.DUE UNIVER:SITY 

4 

1 

i-----3-----i 
Section B-B, C-C, D-D, E-E & F-F 

*Facing North 

2 

Drawing: Concrete As-built Sections Sheet: 

Project: Experimental Investigation of Drawn by: 
Capacity of Lap Splices of No. 
11 Reinforcing Bars Date: 

4 of 4 

BPR Checked by: SP 

04/04/2012 
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u 
Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Section 
1 

A-A 
g 

}66 - 3 

3 B-8 l\ ~ 
C-C ·s - ,'::;> 

~-- . ..L D-D 
I&> 

..-. .J... E-E s <'3 

F-F 3--\ 
Recorded by: 

2 

:j--9-rl; 
~ G --{ '==-

C ~ -lb 

6 '3 -----lh 

~--D 

S5 
-~ -1.--j 

BfR 
Checked by: 

\D 
Checked by: 

Comments: 

3 

166 - -1 
ll 

~ 3a. 
8 

·2~ 

2 
' ..:;-l.--
Lb 

~-b 

s -- o 

0 
As-built Dimensions v.1 

(Rev. 04/04/2012) 

Formwork As-built Dimensions 

4 5 

I 66- ~ -~-0 
,_ 

2.~~ ---2 ~ 
..., -£ ( 'O 

2..~-½ ~ 
~"$8 

3 3 
2~ 2 'S 'i LI 

23 . .LL z~+~> lb 

i -s. 5 ~ 
-'2~ ·1 

Signature 

~ffeb-
Signature 

</. ~ ;~-71 \ '11 
J V ' Signature 

*See formwork as-built drawings for dimension locations 

Cs-5 Specimen: __________ _ 

Sheet 1 of 2 

6 7 8 

166 -{-
'<, i 
✓o~ 

2 _J_ 
"70 ~ 

_J._ \f 2 
_L 

30 \6 ~D(~ \·1 ~ 

?Dti ·~_\.. :z \7 l<=> )6 

3 6 ·~ ~ -_L 7.1 \7 -8 !b 

3ot 3 j_ ~ 

\+ OS -lb-
Date Time 

'-1/30 Cf: 50AM 
Date Time 

L.-f (~o q .: 5bA Vl-1 

Date Time 
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Project: Tests to Determine t he 

Behavior of Spliced #11 Ba rs 

Section 
1 

A-A 14'-6" 

B-8 4-3/8" 

C-C 3" 

D-D 3" 

E-E 3" 

F-F 3" 

Section 
1 

A-A 13'-10.S" 

B-B 4-3/8" 

C-C 3" 

D-D 3" 

E-E 3" 

F-F 3" 

2 3 

101-0" 14 '-6" 

6" 4-3/8" 

5u 3" 

6" 3" 

6" 3" 

8-3/4" 3" 

2 3 

6'-7" 13'-10.5" 

6" 4-3/8" 

6" 311 

6" 3" 

6" 3" 

8-3/4" 3" 

u 
As-built Dimensions v.1 

(Rev. 04/04/2012) 

Formwork As-built Dimensions Key - Series A 

4 5 

14 '-6" 10'-0" 

23-5/ 8" 23-5/8" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

Formwork As-built Dimensions Key - Series B 

4 5 

13'-10.5" 6'-7" 

23-5/8" 23-5/8'' 

23-5/8" 23-5/8" 

23-5/8" 23-5/8" 

23-5/8" 23-5/811 

23-5/8" 23-5/8" 

~-5 Specimen: _______ _____ _ 

Sheet 2 of 2 

6 7 8 

14'-6" N/A N/A 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

6 7 8 

13'-10.5" N/A N/A 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

30" 30" 17-5/8" 

30" 30" 17-5/8" 
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u u G 

------1-----~---2----~-~---3----~ 
SOUTH NORTH 

------6-----4-----5---------4-----i 
Section A-A 

2 Spa.@ 
3' I · · I · 60" Ea. 

· 1 · · I 
3' 

rs re ro rE rF 

.... l n -. 
A 

Ls Le Lo 

A 

LE LF 

*For section B-B through F-F see Sheet 3 of 3 

Series A 

Drawing: Series A Formwork As-builts Sheet: 
BOWEN 

1 of 3 

LABORATORY Project: Experimental Investigation of Drawn by: SPR Checked by: SP 
PURDUE UN IVER-SIT Y Capacity of Lap Splices of No. 

11 Reinforcing Bars Date: 04/04/2012 
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u 

SOUTH 

BOWEN 
LABORATORY - ,,. .. 

PURDUE UNIVER-SITY 

u 

Section A-A 

2 Spa.@ 

3' I · · ,- 39.5" Ea. .. , • • I 3' 

rB re rD rE rF 

*For section B-8 through F-F see Sheet 3 of 3 

Series B 

Drawing: Series B Formwork As-builts 

Project: Experimental Investigation of 

Capacity of Lap Splices of No. 

11 Reinforcing Bars 

C 

NORTH 

Sheet: 2 of 3 

Drawn by: BPR Checked by: SP 

Date: 04/04/2012 
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-_) 

) 

Project Tests to Determine the 

Behavior of Spliced #11 Bars 

Date Disp Ticket Num 

'-I/ 30 l?JSCJ?>I~ 

Casting Documentation v.1 

(Rev. 03/30/2012) 

General Information 

Truck No. Time on Ticket 

fct t-f er is:30 

'0- 6 Specimen: ___ J_t> ____ _ 
Sheet 1 of 1 

Time of Arrival Temp. in Lab 

3~5Cv"H =toot= 
Measurements made upon arrival of concrete 

Slump (ASTM C143 - 10a) Air Content (ASTM C231 - 10) 

Time1 Result1 Time1 Result1 5/N of Air Meter 

3rSt"t1~ <g)ff. /1 1-: 03 ~$~ '1 r~o-::r-2> 6 ~'i , 
Time2 Result2 Time2 Result2 5/N of Scale 

If. .. I b /,J IJ/i ; ¼ ·- ti t/. ':? ~~% 06+4605~ HM 
., 

Unit Weight (ASTM Cl38 - 10b) 

Time1 Wt. of Cont.1 Total Wt. 1 Wt. of Conc.1 Result1 = Wt. of Conc./Vol. of Cont. 

L/: fJ//)/J\- '3, S.:i+- 1/L/, 7 ~ -2~ (lit.t/3 ~/~ 
~ 

Time2 Wt. of Cont.2 Total Wt. 2 Wt. of Conc.2 Result2 = Wt. of Conc./Vol. of Cont. 

'-j; -u:> ~:s~ 1·tt.-z '35,+* JLL2.'3 * c._-t4, 
Times of actions during and after casting 

Layer 1 placed 
Layer 1 vibration 

Layer 2 placed 
Layer 2 vibration Top surface st ruck Truck Departing 

complete complete off Lab 

1-/. {) s,.,.- 7'~'o-? J/- -/ 3 IIS- 1,·zt/ ✓ 
I 

Lifting Inserts Covered with 
Plastic removed 

Covered with Burlap doused Covered with 
Placed plastic burlap with water plastic 

tf, ~~D i3b JO: IS f'M.. IO :?DPt-t to ~:;)..$ \PM \ 0 ~ 3oPH 

Recorded by Signature Date Time 

~\OR ~~ '-l/'30 cr~2srn 
Checked by Signature Date Time 

_g~ 
Checked by Signature Date Time ,.., 

5 tJ 11/4;, ~ /-1--(, JlcJ.i1 J / 

~ - 11/..?LJ/; z 1 JR, '/1-r 

Comments: L{ f ~ 
~ 

, 
~ 

q:O . I ;;r.bf /t, 
*The following ASTM standards and specifications will be followed during casting: C172-10, C192-07, C470-09 



APPENDIX A, Purdue Phase I Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 227 of 595 
-------- ----------

Tr uck Driver User 
1 QLr'3 1395 
_ ) tl Sb:e Mix Code 
~i:-75 CYDS 1008 

user 
Returned 

Material Design 11ty Reguired 
STONE-8 940 lb 5454 lb 
STONE-4 62@ lb 3586 lb 
SAND-23 1435 lb 8804 lb 
CEMENT 588 lb 3381 lb 
WATER 323.2 lb 1235,5 lb 
AIR .80 iC 27.05 oz 
Actual Nua Batches: 1 

Batched 
15400 lb 
3560 lb 
8780 lb 
3380 lb 

1230. 0 lb 
27.50 oz 

Di sp Tid-<t?t t,lum 
185931/i-

Ticket ID 
IZl 

Glty M:ix Age Seq 
D 

'/. Var 
-0. 98'/. 
-0. 741, 
-0.27'i, 
-0.03'/. 
-0.45'/. 

* 1. 671, 

'/. Moisture 
0,90'/. M 
0.60Y. M 
6. 70% M 

Actual Wat 
6 gl 
3 gl 

66 gl 

147.4 gl 

Time D~,. t e 
l5~3lf) 4-/30/ti::'. 

Load ID 
14-38 

Load Total: 22352 lb Destgn 0.550 Water/Ce■ent 0.550 T 
Slump: 4.00 in Water in Tr1Jck : 0.0 lb Adj1Jst Water: 0.0 lb 

Design 222. 7 gl Actual 2"21 .8 gl 
/ Loacl Trig i;Jater: 0. 0 lb/ CYD 

To Add: 

) 

) 

0.9 gl 
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Remit To: P.O. Box 7048, Group #2 

Indianapolis, IN 46207-7048 Concrete Delivery Ticket • • 1m1 
Irving Maurlals, Inc. 

I Plant# Ficket Numberl Truck Load Size 

i 8 rnr:r'' 4 , I Sold T; ' _, 
1 

~GE CARD 

[ Delivery Address 

LAFAYETTE & WINAMA 

Mix Slump 

t008 ,:i,. t!J0 ii:;'ST 
!Tax Godel Driver 

IN JOE ZYGAS 

BQt..J[N 'CIVIL EHGIHEERTN6 tr1B TflUCH RFLEASE 

TRUCK RELEPSE 

Load Quantity Total 

, 
f 

BR IAtJ 

Ordered Quantity Product Code Product Descriptlon 

PURDUE EXPERIMEMTAL 

-i,/ 
./··,.-_/ 

f' 
. , 

Envi(onmental Fee 

7 
,:;....,-

Use 

13'35 

w~.} r Added At 
mer's Request 

L ~ 

Total 

No. Gallons 

Slump Meter 
Reading I I I I I Finish Pour Time 

Date Customer 

04 1 30.'lZ 1S~:H 
I Project No. I Order No. 

1315 

I P.O. Number 

SCN254B 
Job Ncf.f-:N2548 

Time Prin~ed 15:29 
Unit Price Amount 

Subtotal 
Tax 

.• Total 
l 

1 1.50 

,. / · 
4

-· ·' 7-, l?flOfERTY DA[v1PlGE RE~EASE / WARf\lJNG._ 1'irritating r9,Tlie'Slcifl/~nd Eyes · 
Dew Customer - The Seller is not responsitile for slumps, strerigth or ~uality'of concrete to w'hich 0ater 6r any other mateiial b.a~been added by the purchaser or a! his request. 

The underslgned hereby authorizes Irving Materials, Inc. to use private property for making the deliVery shown here on and assumes full responsibility for any damage or injury due to the premises, 

The undersigned agrees to reimburse said Company for loss of time and equipment by reason of such delivery and also to identify and save harmless said Company from any and 
all claims, demands and suits ior or on account of or in any manner caused by or arising from private property delivery. 

The undersigned assumes r~ponsLbil~fcii.a suitable roadway from public highway to point of delivery and is responsible for any needed wrecker service charges as a result. 

SAFETY y'IARNJl>JG: Keep avJ'.fy irdm chjloren:-Cont11ins Portland Cerj1ent. Irritating to the skin and eyes. Wear rubber boots, gloves and eye protection. Prolonged contact may cause 
burnsf-ln case:;o(cqntact with" skin or eves, llus,h thoroughly with water. If irritatton pe1sists, get 11'\edical attention. For additional information regarding the HAZARDS OF READY MIX 
CONCR.ETE.sotisolt the Material Data·safety·Sheet-(MSDS) available upon request. · - . , 1 _ , , 

PRODUCT NOTICE: Seller will not be held r_esponsible for the final appearance of exposed aggregate, integr~I ~oloring, sta'mped and decqr,itlve surfacing, and all other forms of 
architectural and design concrete. _. ,_- µ,.,.;-- ' r ; '/· { 
DELIVERY NOTICE: Seller assy/J)eS'"np responsibility for deliveries beyond the public right of way. Buyer assumes responsibility for dama.ges including but not limited to curb, sidewalk, 
driveway, or any property of the contractor or property owner or agents, · 

NOTICE: MY SIGNATURE BELOW INDICATES THAT I HAVE READ THE SAFETY AND HEALTH WARNING NOTICE AND ACCEPTANCE OF THE LOAD. 

xase, Load and Terms Accepted By: ,-fo-1/, Z- Cr;:::-~ 

Concrete- Sand - Gravel - Stone "We're Proud Of Our Work" General Office (317) 326-3101 

DRIVER COPY 
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u 
Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Section 
1 

Plan 5t.f ,_ 3-iu 
8-B 

l. , . ,, 

\ 7 _'.lj 

C-C \l 111. ,, • ll, 

D-D \ 7- ''lie.: 

E-E 7 11/i ,I \ .. ll, 

F-F \7 .. 111iL' 

Recorded by: 

l/41) 
Checked by: 

GfR-
Checked by: 

, 

Comments: 

2 

3 I +" ~ -~~ 

30 'l/. .• • IC. 

3D- ~T 

10¼_·-

,ct 

Jo'' 

3 

0 
Setup and As-built Dimensions v.1 

(Rev. 04/04/2012) 

Concrete As-built Dimensions 

4 ·s 

t /-l '-c..t., s c..i ,_ l.( t.1 

l 7 · 6i9·· c))--3/.:'' f(. 

\ 7- \•' .:o- '/~-· 

l7 .. '1 .. » ~·· 

17- f ,s ·· 30 ,. 

II ,. 
I 7- YiL ~ct 

Signature 

~LL 
Signature 

~~- ~*-
Signature 

*See concrete as-built drawings for dimension locations 

G 
Specimen: _ _ e_-_~ __ £ ______ _ 

Sheet 1 of 2 

6 7 8 

Date Time 

o>z"{ 3:1.r,...,..._ 

Date Time 

5 /~'1 S ~ lSl°M 

Date Time 
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u 
Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Section 
1 

Plan 391-0" 

B-B 17-5/8" 

C-C 17-5/8" 

D-D 17-5/8" 

E-E 17-5/8" 

F-F 17-5/8" 

Section 
1 

Plan 34'-4" 

B-B 17-5/8" 

C-C 17-5/8" 

0-D 17-5/8" 

E-E 17-5/8" 

F-F 17-5/8" 

2 3 

39'-0'' 39'-0" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

2 3 

34'-4" 34'-4" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30" 17-5/8" 

30'' 17-5/8" 

G 
Setup and As-built Dimensions v.1 

(Rev. 04/04/2012) 

Concrete As-built Dimensions Key - Series A 

4 5 

39'-0" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

Concrete As-built Dimensions Key - Series B 

4 5 

34'-4" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

30" N/A 

Specimen: _ _ '8_-_~_£ ______ _ 
Sheet 2 of 2 

6 7 8 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

6 7 8 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 
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W "'-~ \o uv-l°f 

Rec cn.re..vaJ. u...:i I ~ la-s--h "c. 

Recorded by Signature Date Time 

Bl°K ~#ic:fi, <-f /~3 3~00V'M 
Checked by ~ ~iJnat~e Date Time 

l ,, ---- -
JNH - .. ~ i .""17.J,_ '1 -: OOF't'\, 7·7 ) 

Checked by ./ '-r• "'15110.ure Date Time 

Comments: 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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) 

Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Specimen(s) 

Curing Documentation v.1 

(Rev. 03/30/2012) 

General Information 

Date 

Purdue University - Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

B-1 6-2 ~l-3 Gt /7->1 /1?- ,~-~ 
I I 

:J> CyL~ Time Beginning Time Ending 

l\ AM \\ -.. •~-A-H 
Temperature inside Lab (deg. F) 

6,?-C>F 

Description of Work Performed 

C)\.A.C~ s vc~'-v---~5 ( s+orrJ um'j) 

Recorded by Signature Date Time 

~r~ ~~ '1 I ::L'1 l l ! (S AM 
Checked by Signature Date Time 

PPfi ~o- J !,;f /~tf 4 ~ ID 
Checked by Signature Date Time 

Comments: 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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Project: Tests to Determine t he 

Behavior of Spliced #11 Bars 

Specimen(s) 

A-1, A-2, ~A-3 

C-O'A"eSf~½ +-
e-y \ } "'Ae..e:. 

Ocru seA. k, ~°f LU / 
YLe--~ 

-

Recorded by 

tl°te. 
Checked by 

,D 
Checked by 

Comments: 

Curing Documentation v.1 

(Rev. 03/30/2012) 

General Information 

Date 

'-I /1 '6 /J ~ 
Time Beginning 

'3:00 PM 

Purdue University - Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

1 -clo-1 
Time Ending 

~ ~3oPM 
Temperature inside Lab (deg. F) 

(,50 f= 
Description of Work Performed 

l.,U'a..--k-r 

Signature Date Time 

~~ 4 /ti /1;;. 4 ~:J-Ot°M 
Signature Date Time . 

Ta1JL )'}A rL L-IJ/ \ g//-z_ LJ:2o'{)fl) 
r - . 

Signature Date Time 

*Test specimens and associated cylinders are t o be cured under wet burlap for seven days 

... 
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J 

) 

Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Specimen(s) 

A-I A -2 ~ /\-3 
I I 

~ C1 l~\.,J__e__rs 

Curing Documentation v.1 

(Rev.03/30/2012) 

General Information 

Date 

Time Beginning 

Purdue University - Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

Time Ending 

Temperature inside Lab (deg. F) 

Description of Work Performed 

S~~rfecl ~vY\u.ro-.--k ~ ~ e-1 \~ess 
~ V\A,olols ( to~ '30N1- 2 f M) 

M~ be~s ~ ~ p lo-~s ( ;2.PM - <.1 \PM) 

~ \,~ ... s ~ e-y \. (;.A.)/ ~ \ovr-\o._p ~ rt~~'c, 
( L\ \"M - CS: \S iH) 

Recorded by Signature Date Time 

(sY-'te. ~~~ Y /1<1 h?- S ~ISVM 
Checked by Signature Date Time 

l!A~ ~~ L /,,\~\~-\ 7.,,, S-! 70 P-4 
Checked by Signature Date Time 

Comments: 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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0 

0 

0 

Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Specimen(s) 

A -l, A -:2, iS A -3 

);- Cy f,~er-s 

Curing Documentation v.1 

(Rev. 03/30/2012) 

General Information 

Date 

<-1 /;Jo /1 ;;._ 
Time Beginning 

6::o 

Purdue University - Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

~~c½s 
Time Ending 

(.;.oc:, 

Temperature inside Lab (deg. F) 

6~° F 
Description of Work Performed 

lJ vt.cov-e..veJ... --sf c.c:. cLec..-.. 5 ~ c 7 l ,'d__ev-s ( s+cpj°~ C.0--r11'j) 

Recorded by Signat ure Date nme 

UA/\ ~i C, '1--ZO- J-Z., c·.cor-
Checked by Signature Date Time 

8PR ~~ l-f /;J.(J / 1:i 6 !OS PM 

Checked by Signature Date Time 

Comments: 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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() 

Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Specimen(s) 

A~'-'t A-S 
I / ~ A-(, 

;h- c..1 l~cl.-ers 

\?o-vsecl \ou-,-\°f 

r2.e.~ ,_,._, I 

Recorded by 

t3 rte. 
Checked by 

Curing Documentation v.1 

(Rev. 03/30/2012) 

General Information 

Date 

L-{ / -;;_5/ JJ. 

Time Beginning 

t.t:oo PM 

Purdue University - Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

1 1/1- - cLa,16 
Time Ending 

Lf ;; -;;..o (J fvt 

Temperature inside Lab (deg. F) 

6s0
,-

Description of Work Performed 

w..;) / ~-+e..r 
f lo.s-h'c. 

Signature Date Time 

~//4,Y:_ '-I I ;;:LS ""::}-: IO t?M 

Signature Date Time 

tf..Aj/\ 4£ t, 4-Z-5'-)"Z.- 7·,00 pi~ 

Checked by Signature Date Time 

Comments: 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Specimen(s) 

Curing Documentation v.1 

(Rev. 03/30/2012) 

General Information 

Date 

Purdue University - Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

/4. -ut 1 A - 5, ;1 A- 6 '-I/ 'J-' I I;;.. i-~s 

~ 
Time Beginning Time Ending 

C-CTW'G5 ra~\-vt3 lo: ~o f->..M L[:Y5fM 
~ i ;-,Vl cl,e,,<:s 

Temperature inside Lab (deg. F) 

No+ ~eco~e,J ~Y'~ 1:,/1/ri. 
· Description of Work Performed 

UVLc.. CJ\re.lCe_cl, sre.c-~e<,,\.$ ~ 6/l~~-<5 

'5~\\Pfecl ~s _sh- f°Ffezl °1\~~l:5 

MoveJ... sfe.e-t~e<AS 

c·~ sy>ec, ~ °j \.\Acle,f"> f..J.J / u..rc-+ bv-v-lo..p 

c~ <bfec, _b ~\.~e.1/'"S U-)/ I° los\-.'c 

Recorded by Signature Date Time 

Y3PR ~//4_~ '-/ /Jl:>/1~ Lf! 50t1M 
Checked by Signature Date Time 

l/A.M //ZL L( -ZC,- 1 'Z..- 5"":C5C) f' .l'1 
Checked by Signature Date Time 

Comments: 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Specimen(s) 

Curing Documentation v.1 

(Rev. 03/30/2012) 

General Information 

Date 

Purdue University - Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

/~ -Lt 1 A- s, ~ A -t> l-f /;;i_~ 3-~<; 

~ cevvesr~::,-~,'vj 
Time Beginning Time Ending 

?- ~ '30 \0 ,vt ?- ! t.f <; fv~ 
clj \i'-\A~ 

Temperature inside Lab (deg. F) 

b5°F 
Description of Work Performed 

Vavsecl lv~bp U->J ~ 
fe_ec~ (.,)JI f (as{,\:_ 

Recorded by Signature Date Time 

~fte_ ~~ LJ l~-=t-/1J- ·3 !00PM 
Checked by Signature Date Time 

Lt<Atll /Ji t l · '1- 7.-l ~ J 1,. 7 :~A-
Checked by Signature Date Time 

Comments: 

* Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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) 

) 

Project: Tests to Determine t he 

Behavior of Spliced #11 Bars 

Specimen(s) 

Curing Documentation v.1 

(Rev. 03/30/2012) 

General Information 

Date 

Purdue University - Bowen laboratory 

Sheet 1 of 1 

Specimen Age 

A-<-f A-S I I 
2r A - (, ~ / 22 /J 2 Y -~s 

Time Beginning Time Ending 

l: OOf f--\ P30rM 
Temperature inside Lab (deg. F) 

65C)F 
Description of Work Performed 

VcnYsecl L~°f (>) I UJ-0----\er 

Recave~ v.J/ r lo..s~c 

Recorded by Signature Date Time 
.. 

~~ C-f / ;;;i..?; B'f'IZ l ~30\P~ 
Checked by Signature Date Time 

LOtll ffi L-- lf-?r:1~ I--~ P/( 
Checked by Signature Date Time 

Comments: 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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J 

0 

) 

Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Specimen(s) 

A. -'-i, A- S I ¢ A - G 

Curing Documentation v.1 

(Rev. 03/30/2012) 

General Information 

Date 

L-t I 30 / 1i 

Purdue University - Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

b- ~ 15 

¢ c, t }~J..e.✓- .5 Time Beginning Time Ending 

. '1?- : IS AM '3~'-iSAM 
Temperature inside Lab (deg. F) 

GS°F 
Description of Work Performed 

VCF2-F5~ 6u-r\o..-p ~! ~-¼-er 

V2 -e COvevJ U--) I F \a_ s-h ~ c. 

Recorded by Signature Date Time 

Bf,Q. ~~ i---/) 36 / 1;;:z q:/SAM 
Checked by Signature Date Time 

K.A1V1 //ii i-o-, u ~·-1s-)/L 
Checked by Signature Date Time 

Comments: 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Specimen(s) 

A,1,s-,ta 

i~ 

~ 

Recorded by 

UAI\ 
Checked by 

)'3p,e_ 
Checked by 

Comments: 

~ 

Curing Documentation v .1 

(Rev. 03/30/2012) 

General Information 

Date 

S-l..-l"L 

Time Beginning 

I :a:, f'-

Purdue University - Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

7~ 
Time Ending 

l'- lS'"'f""' 
Temperature inside Lab (aeg. F) 

c~ 
Description of Work Performed 

~ 
9\~ ~ "F~" ~ ~ :.,~ 

-

Signature Date Time 

~~ L \) - \ ... \ "1., 1-·~ 
Signature Date Time 

~~ 3/ I 4 ! ~Y'f'C 

Signature Date Time 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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0 

) 

Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Specimen(s) 

\3 ... '-\,S, (.. 

D~ 

Recorded by 

v(AI\ 
Checked by 

Y3FR 
Checked by 

Comments: 

Curing Documentation v.1 

(Rev. 03/30/2012) 

General Information 

Date 

s-.. \,\,Z.. 

Time Beginning 

\: \)pr'\ 

Purdue University- Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

'~ 
Time Ending 

\ ',DO,~ 
Temperature inside Lab (deg. F) 

c..6° 
Description of Work Performed 

gv<\°fl ,~ ,r~;, ~~~s 

Signature Date Time 

1/~ (_ o-l-1~ \:~'°"' 
Signature Date Time 

~~ s/, '-I ! :::70 t° M 
Signature Date Time 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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0 

) 

Project: Tests t o Determine the 

Behavior of Spliced #11 Bars 

Specimen(s) 

-:;; -
t7~t~L 

~ -1,_,W\~~ 

Recorded by 

L.zA ,,vi 
Checked by 

if\'<.. 
Checked by 

Comments: 

Curing Documentation v.1 

(Rev. 03/30/2012) 

General Information 

Date 

6-3-\"Z 
Time Beginning 

4 ·. co a.,-" 

Purdue University - Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

·7 ~ 
-;J ,, 

Time Ending 

~~cr~ f' v . . ,.....___ 

Temperature inside Lab (deg. F) 

'1o0 

Description of Work Performed 

s~ v---~--'V"\ s C-o\,~ ~C-. r,. ✓ 

Signature Date Time 

9t I tf~ 2--1 '? 
.,,.~ ,Ct.) 
Y · ,p-...__. .I .-

Signature Dat e Time 

~~ 5 - '3-) :i. s :cor,vt 
Signature Date Time 

* Test specimens and associated cylinders are to be cured under wet burlap for seven days 



APPENDIX A, Purdue Phase I Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 267 of 595 

Tinius Olsen Testing Machine Company 
Displacement Measuring System Verification Report & Certificate 

Specifications per ASTM E 2309 ,,~-'SS2)·~,, 
"--~_,.-<:. 

Date or Issue May 02, 2011 

Issued by: 

Tinius Olsen Testing Machine Company 

l 065 Easton Road 

P.O. Box 1009 

Horsham. PA 19044-8009, USA 

Tel (215) 675-7100 

Fax (215) 441-0899 

www.TiniusOlsen.com 

Certificate Number 9M9AHP05 

Page 1 of3 

Authorized Signature 

Cheryl Spinieo 

t~ 
~ .... ~,: 
,..1.,/"';::::;, ,,~~ .. 

,,,,.11,\,\ 

Owner/Location LABORATORY TESTING [NC, 233 I Topaz brive, Hatfield, Pennsylvania 19440 

Calibration Location SAME 

CAVBRATTot!CER.T~DI 

Hem Description SIN 20605 lP - POSITION #60013377 Ascending - w/ Computer Display #206051 - As Found/As Left
No Adjustments - Good Condition 

Year of Manufacture UNKNOWN 

Verification Date April 29, 2011 Verification Recall April 29, 201 2 

This is to certify that the above testing equipment has been verified by Tinius Olsen Testing Machine Company 
personnel on Order Number 448750. The listed data is in accordance with the latest practices of ASTM E 2309, and 
Tinius Olsen Procedure #2600, and have been temperature corrected as necessary. Tinius Olsen's Quality System is 
maintained in compliance with ANSI/ NCSL Z540-l 1994, ISO/IEC 17025 (Complies with ISO 9000 Series for 
Calibration Activity), ISO 10012-1, and M1L-STD-45662A. 

Range 

in 

9,0000 

9.0000 

Class Range 

in 

0.1000 TO 9.0000 

0.9000 TO 9.0000 

Class 

B 

A 

Services have been performed in accordance with Tinius Olsen Quality Manual, dated 03/13/09 _. 

Lll 

~l DATE II 

These resulls relate only to Lhe items calibrated. This Report and Certificate shall not be reproduced except in foll, without lhe written .ipproval of Tinius 
Olsen. 
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Tinius Olsen Testing Machine Company 
Displacement Measuring System Verification Report & Certificate 

Specifications per ASTM E 2309 

Verification Date April 29, 2011 Certificate Number 9M9AH.P05 

Page 2 of 3 

All verification devices are traceable to the rnternational System of Units (SI) through National Institute of 
Standards and Technology (NTST) or the National Physical Laboratory (NPL). Serial Number, Manufacturer, Type, 
Maximum Device Error, Calibration Vendor, and Expiry Date for each standard used during the Certification is 
listed below. 

Serial No. 

655-4041-J-2 

Manufocturcl' 

Starrett 

Type 

INDICATOR 

Mnx Device Error Vcnilol' 

.0007500 Olsen 

Expiry Oal'e 

13-Jul-l I 

The expanded uncertainties reported are estimates of the measurement uncertainty in the errors determined during 
the verification. They are eipressed as percentages of their respective verification readings. The expanded 
uncertainties reported are based on combined standard uncertainties, multiplied by a coverage factor of 2, which 
provide a confidence interval of approximately 95%. The uncertainties reported do not represent the uncertainty of 
the testing machine or the results of any subsequent tests performed with the testing machine. 

1.6.17/1.1.34/32 
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Tinius Olsen Testing Machine Company 
Displacement Measuring System Verification Report & Certificate 

Specifications per ASTM E 2309 Certificate Number 9M9AHP05 

Verification Date April 29, 2011 Verification Recall Date April 29, 2012 PaJ!,e 3 of 3 

Owner/Location LABORATORY TESTING INC, 233 1 Topaz Drive, Hatfield, Pennsylvania 19440 

Calibration Location SAME 

Jtem Description SIN 20605 1 P - POSITION #600133 77 Ascending - w/ Computer Display #20605 1 - As Found/ As Left - No Adjustments - Good 
Condition 

Order No. 448750 Customer PO No. PO000282 l Customer ID No. Year of Mfg. UNKNOWN 

Backlash As Found Back.Lash As Left Temp. Start 22.8 °C End 22.8°C 

Range Resolution Yer Read I Marh Rcad l Ver Read 2 Mach Read 2 Fixed Error Error Difference llnrcrtainty Class 
in in in 

9 0.0001 9 .0000 

0,0001 6. 7500 

0. 000 1 4.5000 

o.<)001 2.2500 

0 ,000! 0.9000 

0.000 1 0.6750 

0,000 1 0.4500 

00001 0,2250 

0 .0001 0.1000 

Calibration Technician/Engineer Br ian Campbe ll 
1.6.17/1.134/32 

in in in 

8.9733 9.0000 8.9756 

6.7252 6 ,7500 6.74 15 

4 .4929 4.5000 4.5027 

2.2440 2 .2500 2.2466 

0.9020 0.9000 0,8997 

0.6767 0.6750 0.6775 

0.4514 0.4500 0.4516 

0.2255 0.22SQ 0.2258 

0. !004 0.1000 0. 1003 

in % % % 

-0.0267 -0,J0 -0,03 0.38 A 

-0.0248 -0.37 -0.24 0.38 A 

-0.0071 -0.J 6 -0,22 0.38 A 

-0.0060 -0.27 -0.12 039 A 

0 .0020 0,22 0.26 0.35 A 

0,0025 0.37 -0.12 0,33 B 

0.0016 0.36 -0.04 0.33 B 

0 .0008 0.36 -0.13 0.54 B 

0 .0004 0 .40 0 .10 I 14 B 

Witness Kevin Kline 
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Tinius Olsen Testing Machine Company 
Certificate 

Certificate No. 9M9AHP06 

Issued By: 
Tinius Olsen Testing Machine Company 
1065 Easton Road 

Certificate page 1 of 1 

Horsham, PA 19044 USA 
Telephone: 215-675-7100 
Fax: 215-441-0899 
Email: service@tiniusolsen.com 

u i..)_,,u,L. ~ k.tf!d_---, 
Autho';ized"Sigature 

Owner/Location: LABORATORY TESTING INC., HATFIELD, PA 19440 

Calibration Location: SAME AS ABOVE 

Item Description: Crosshead Speed Rate on Machine 5/N 206051SR (#6001337) - As 
Found/As Left - No Adjustments - Good Condition 

Verification Date: April 29, 2011 Verificiation Recall Date: April 29, 2012 

This is to certify that the Crosshead Speed Rate on the above testing equipment has been verified by 
Tinius Olsen Testing Machine Company personnel on Order Number S448750. The listed data is in 
accordance Tinius Olsen Procedure #2700. Tinius Olsen's Quality System is maintained in 
compliance with ISO/IEC 17025 (Complies with ISO 9000 Series for Calibration Activity), ANSI/ NCSL 
2540-1 1994, ISO 10012-1, and MIL-STD-45662A. The estimated expanded uncertainty of the 
calibration results is: 0.0016 in. The reported expanded uncertainty is based on a standard 
uncertainty multiplied by a coverage factor of k=2, providing a level of confidence of approximately 
95 percent. 

Crosshead Speed Rate Certificate 

All verification devices are traceable to the International System of Units (SI) through either National 
Institute of Standards and Technology (NIST) or National Physical Laboratory (NPL) and have been 
verified within one (1) year or less of the above date. For Verification details, refer to the attached 
Verification Data and Report Form bearing the same Order or Cert.ificate Number as this Certificate. 

Serial No Manufacturer Description Calib Vendor Expiry Date 
DSW-0002 HANHART STOPWATCH TINIUS OLSEN 4/28/16 

655-4041-J-2 STARRETT DIAL INDICATOR TINIUS OLSEN 7/13/11 

Services have been performed in accordance with Tinius Olsen Quality Manual, dated March 13, 
2009. 

These results relate only to the items calibrated. This Certificate shall not be reproduced except in full, 
without the written approval of Tinius Olsen. 

Rev. 2009.0 
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Tinius Olsen Testing Machine Company 
Rate Verification Datasheet & Report 

Tinius Olsen Procedure used 2700 
Rev. 10 April 2007 

Page 1 of 2 

Date i/ iR9 /II -~-~-~----- Certificate# 9n1Cfll/./P0(0 

Order No. '-/'f 8 7;;;· D Purchase Order No.lb ooo ·;;1..&:J-1 

Customer l4/3t:h:rrvt.y 'T6::S:l--✓,u1,. Machine Mfg. -r1N11J s Oc..St.:.,J 

Location /../,q-;-Ft COJ Pil Model and Serial# SlJPell.. I... ;?lJ~DS 1 

Machine Display _ _._1__0~0 ............ ;:i,~----- Capacity and Units ?"~. ~_,. 

Customer ID No. &;DOt.;';.37 7 Cal. Technician~,.;...,Y~ 

Stopwatch S/N 1)5£.J-oao.;L Strain Device S/N - -----------
Dial Indicator SIN t.r£>5~90'11-:r-;;_ Gauge Length ___________ _ 

Temperature __ 7_3 __ _ 

Condition (Circle One) ~ As Found/ As Left/ No Adjustments/ Limited Calibration I Out of Tolerance 

Load Rate (Circle One) Lbf/Min Kgf/Min N/Min Other ____ _ 

Control Load Load Rate Change in 
Time Actual Load Error 

Setting Range Displayed Load Rate (actual) 

I I I 
IV/, 

I/ 

Strain Rate (Circle One) in/in/min mm/mm/min %/min Other _____ _ 
Split Specimen/Broken Specimen* Previously Untested Specimen 

Control Strain Strain Rate Change in 
Time Actual Strain Error 

Setting Range Displayed Strain Rate (actual) 

/ J 

;{/ IA 
, 

~ .. If a Split Specimen or Broken Specimen was used for Strain Rate then the ability of the machine to control was not verified. 

Error 
% 

Error 
% 
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Tinius Olsen Testing Machine Company ~~''~'':,,,, 
Testing Machine Verification Report & Certificate fl.a™ 

Specifications per ASTM E 4 ~~l 
'l,,f. r'. ,,~ 

,,,,,1 "'" Date of Issue May 02, 2011 

Issued by: 

Tinius Olsen Testing Machine Company 
l 065 Easton Road 
P.O. Box 1009 
Horsham. PA 19044-8009, USA 
Tel (215) 675-7100 
Fax (215) 441-0899 
www.TiniusOlsen.com 

Certificate Number 9M9AHP07 

Page 1 of3 

Authorized Signature 

Cheryl Spinieo 

Owner/Location LABORATORY TESTING INC, 233 l Topaz Drive, Hatfield, Pennsylvania 19440 

Calibration Location SAME 

-[AccitEDITED) 
CAU8AA110N CE:RT 11387.01 

Item Description SIN 206051 - 400000 lbf HYO SPR L602#600133 77 - w/ Digital lndicator - As Found/ As Left - No 
Adjustments - Good Condition 

Serial Numbers: Machine 20605 I LC# NIA 

Computer# 206051 

Year of Manufacture UNKNOWN 

Verification Date April 29, 2011 

REC# NIA 

Cal-Check No. 190577 

Verification Recall April 29, 2012 

This is to certify that the above testing equipment has been verified by Tinius Olsen Testing Machine Company 
personnel on Order Number 448750. The listed data is in accordance with ASTM E 4-10, and Tinius Olsen 
Procedure #l000, and have been temperature corrected as necessary. Tinius Olsen's Quality System is maintained 
in compliance with ANSI I NCSL ZS40-J 1994, ISO/IEC 17025 (Complies with ISO 9000 Series for Calibration 
Activity), ISO 10012-1, and MIL-STD-45662A. 

Capacity Range 

lbf 

0 to 400000 

Loading Range 

lbf 

798.00 TO 40 I 000.00 

Percent Error 

-0.24 

ASTM E 4 Allowable Tolerance± 1.0% 

Services have been performed in accordance with Tinius Olsen Quality Manual, dated 03/13/09 _. 

Range 

Pass/Fail 

Pass 

These results relate only to the items calibrated. This Rerort and Certfficare shall not be reproduced except In full, without lhe written approval of Tinius 
Olsen 
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Tinius Olsen Testing Machine Company 
Testing Machine Verification Report & Certificate 

Specifications per ASTM E 4 

Verification Date April 29, 20 I I Certificate Number 9M9AHP07 

Page 2 of3 

All verification devices comply with the latest practices of ASTM E 74, and are traceable to the International System 
of Units (SI) t hrough Natioual Institute of Standards and Technology (NIST) or the National Physical Laboratory 
(NPL). Serial Number, Manufacturer, Class A Loading Range, Calibration Vendor, Expiry Date, and Certificate 
Number for each standard used during the Certification is listed below. The class of the verification equipment was 
equal to or better than the requirements of the classification to which this device has been verified. 

Eqp # S/N Manufacturer Class A Loading Range Calib. Vendor Calib. Date Expiry Date 
104713A (HI) Tovey 100.00 to 10000.00 lbf Morehouse 03·Marl0 03·Marl2 

2 110211A Tovey 2017.60 to 60000.00 lbf Tovey 02·Aprll D2·Apr-12 

3 106244A Tovey 31836.00 to 600000.00 !bf Tovey 0l·Mar-10 0l·Mar-12 

This Calibration was performed in Compression for increasing forces only. For Universal Testing Machines that 
have two work areas with a common force application and indicating device, calibration performed in the lower test 
area in compression is the same for tension in the upper work area and vice versa. 

"The constant indicated/constant true force method was used for the verification. Verification by Standard 
Weights'' and/or " Verification by El.astic Calibration Device" 

fnformative Notes: 

The expanded uncertainties reported are estimates of the measurement uncertainty in the errors determined daring 
the verification. They are expressed as percentages of their respective verification readings. The expanded 
uncertainties reported are based on combined standard uncertainties, multiplied by a coverage factor of 2, which 
provide a confidence interval of approximately 95%. The uncertainties reported do not represent the uncertainty of 
tbe testing machine or the results of any subsequent tests performed with the testing machine. The accuracy of the 
testing equipment has been found to conform with the tolerance(s) indicated above. 

The uncertainties stated refer to the values obtained during verification and make no allowance for factors such as 
long-term drift, temperature and alignment effects - the influences of such factors should be taken into account by 
the user of the testing machine. 

1,6.33/ 1.1.34/32 
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Tinius Olsen Testing Machine Company 
Testing Machine Verification Report & Certificate 

Specifications per ASTM E 4 

Certificate No. 9M9AHP07 Verification Date April 29, 20 I 1 ----"--~-------- - - ---------
Page 3 of 3 

Owner/Location LABORATORY TESTING INC. 2331 Topaz Drive Hatfield. Pennsvlvania 19440 

Calibration Location SAME 

Item Description SIN 206051 - 400000 lbf HYO SPR L602 #60013377 - w/ Digital Indicator-As Found/As Left - No Adjustments - Good 
Condition 

Customer ID No. Year of Mfg. UNKNOWN Cal-Check No. 190577 

Order No. 448750 Customer PO No. PO0002821 Temperature Start 22.8 °C End 24.4 °C 

Serial Numbers: TM206051 LCN/A 

RECN/A COMP 206051 

Verification Recall Date April 29, 2012 

LOAD VERJFTC. MACHINE VERIFIC. MACHINE FrxED ERROR DJFFER. UNCERTAINTY RESOLUT10N 

RANGE * READ#! READ#l READ #2 READ#2 ERROR %OF %OF %OF FOR RANGE(S) 
lbf lbf lbf lbf !bf lbf VALUE VALUE VALUE lbf 

400000 798.2 800.0 802.4 801 .4 1.8 0.22 0.35 0.44 4.0 

1607.1 1606.9 1606.2 1606.0 -0.3 -0.02 0.01 0.26 4.0 

3199.4 3201.6 3201-6 3199.5 2.2 om 0.14 0.19 4.0 

2 5600.5 5599.7 560L1 5600.2 -0.8 -0.02 0.00 0.19 4.0 

2 8003.3 8002.1 8003.4 8002.2 -1.2 -0.01 0.00 0.17 4.0 

2 16010.8 15999.7 16012.0 16000.9 - 11.2 -0.07 0.00 0.16 4.0 

2 32028.J 31996.6 32006.7 31999.1 -31.5 -0. 10 -0.07 0.16 4.0 

3 56100.9 56004.5 :56080.4 55998.6 -96.4 -0. 17 -0.03 0.20 4.0 

3 80174.9 79994.9 80165.3 79998.7 -179.9 -0.22 -0.02 0.18 4.0 

3 160383,5 159997.2 160380.8 159995.4 -386.3 -0.24 0.00 0.17 4.0 

3 240465.1 239976.9 240469.2 239982.8 -488,2 -0.20 0.00 0.16 4.0 

3 320610.9 319905.7 320560.3 319989.5 -705.2 -0.22 -0.04 ().16 4.0 

J. 401079.8 400352.4 401127.7 400670.5 -727.4 -0.18 -0.07 0.16 4.() 

o.o 0.0 0.0 0.0 0 0.00 0.00 NIA 0.0 

Calibration Technician/Engineer Brian Campbell ---~-------- Witness Kevin Kline 

1.6.33/1. 1.34/32 
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Tinius Olsen Testing Machine Company 
Certificate 

Certificate No. 9M9AHP08 Certificate page 1 of 1 

Issued By: 
Tinius Olsen Testing Machine Company 
1065 Easton Road 
Horsham, PA 19044 USA 
Telephone: 215-675-7100 
Fax: 215-441-0899 
Email: service@tiniusolsen.com ~au«) 

A riz ignature 

Owner/Location: LABORATORY TESTING INC., HATFIELD, PA 19440 

Calibration Location: SAME AS ABOVE 

Item Description: Strain Rate on Machine SIN 206051STR (#60013377) - As Found/As Left -
No Adjustments - Good Condition 

Verification Date: April 29, 2011 Vertiflcation Recall Date: April 29, 2012 

This is to certify that the StraJn Rate on the above testing equipment has been verified by Tinius 
Olsen Testing Machine Company personnel on Order Number 5448750. The listed data is In 
accordance Tinius Olsen Procedure #2700. Tinius Olsen's Quality System is maintained in 
compliance with 1sonec 17025 (Complies with ISO 9000 Series for Calibration Activity), ANSI/ NCSL 
2540-1 1994, ISO 10012-1, and MIL-STD-45662A. The estimated expanded uncertainty of the 
calibration results is: 0.12% of reading. The reported expanded uncertainty is based on a standard 
uncertainty multiplied by a coverage factor of k=2, providing a level of confidence of approximately 
95percenl 

Strain Rate Certificate 

All verifteation devices are traceable to the International System of Units (SI) through either National 
Institute of Standards and Technology (NIST) or National Physical Laboratory (NPL) and have been 
verified within one (1) year or less of the above date. For Verification details, refer to the attached 
Verification Data and Report Fonn bearing the same Order or Certificate Number as this Certificate. 

Serial No Manufacturer Description Calib Vendor ExoirvDate 
DSW-0002 HANHART STOPWATCH TINIUS OLSEN 4128/16 

Services have been perfonned in accordance with Tinius Olsen Quality Manual, dated March 1 l, 
2009. 

These results relate only to the items calibrated. This Certificate shall not be reproduced except in full, 
without the written approval of Tinius Olsen. 

Rev. 2009,0 
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Date -1/41 /1 I 

Tinius Olsen Testing Machine Company 
Rate Verification Datasheet & Report 

Tinius Olsen Procedure used 2700 
Rev. 10 April 2007 

Page 1 of 2 

Certificate # 9 JY) q AH Poi 
Order No. ~tf875D Purchase Order No. t1:) O<X,.12..o~ I 

Machine Mfg. -r1;J1 IJ0 Dt.::,c. v Customer ur 8u,h'fh,JZ. y,c:;7'1 -0 ~ 

Location 1-/,rr r,C..l-1) 1 PA Model and Serial# <::,oPt:,K L ~~o..'S I 
Machine Display_..,./.p::;.___O_"Zl ______ Capacity and Units 9 DD, DOD <./3;r 
Customer ID No. 10Ob t ,3 ~ 7 7 Cal. Technician 4'.uh<>-!.- {7 fJ;.,L-eL/ 
Stopwatch S/N D.st:::.·ooo &;2. Strain Device S/N ixO J 3 1..1<..\ 
Dial Indicator S/N _________ Gauge Length ___ _;-;;;_,::,:;;;....;_' ...:..'-'...;.;:c :..:..N.;..;:t:=--· s ____ _ 
Temperature __ 7_3~--
Condition (Circle One) ~ As Found/ As Left/ No Adjustments/ Limited Calibration/ Out of Tolerance 
Load Rate (Circle One) Lbf/Min Kgf/Min N/Min Other _ ___ _ 

Control Load Load Rate Change in 
Time Setting Range Displayed Load 

I ) 
/V / ~ 

I , l 

Strain Rate (Circle One) in/in/min %/min 
s rts Pl pec1men ro en ;pec,men 

mm/mm/min 
/8 k S * 

Control Strain Strain Rate Change in 
Time Setting Range Displayed Strain 

Actual Load Error 
Rate (actual} 

Other _____ _ 
p rev1ous y n es e !Ut tdS pec1men 

Actual Strain Error 
Rate (actual) 

Error 
% 

Error 
% 

I C,C• c:; Al/{), orx ,,., 
lJdD oo.-s-w~ .or-0oc..'6 I (o ()()'") 

• If a Spht Specimen or Broken Specimen was used for Strain Rate then the ability of the machine to control was not verified. 
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Tinius Olsen Testing Machine Company 
Instrument Verification Report & Certificate 

Specifications per ASTM E 83 

Date of Issue May 03, 2011 

Jssued by: 

Tinius Olsen Testing Machine Company 
l 065 Easton Road 

Certificate Number 9M9AHP01 

Page 1 of3 

Authorized Signature 

P.O. Box 1009 
Horsham. PA 19044-8009, USA 
Tel (215) 675-7100 

Uu-u,L) A_' . 
rJ / ~ 

Fax (215) 441~0899 

www.TiniusOlsen.com 

Cheryl Spinieo 

Owner/Location LABORATORY TESTING INC, 2331 Topaz Drive, Hatfield, Pennsylvania 19440 

Calibration Location SAME 

ft.em Description SIN 207344 - LS-4%-2 EXTENS #60013378 - w/ Digital Indicator #20605 l - As Fmmd - Out of 
Tolerance Condition 

Year of Mfr. UNKNOWN Mfr. Tinius Olsen 

Verification Date April 29, 20 I 1 

Cat-Check No. N/A 

Verification Recall April 29, 2012 

Cal Factor NIA 

This is to certify that the above testing equipment has been verified by Tinius Olsen Testing Machine Company 
personnel on Order Number 448750. The listed data is in accordance with the latest practices of ASTM E 83, and 
Tinius Olsen Procedure #2000, and have been temperature corrected as necessary. Tinius Olsen's Quality System is 
maintained in compliance with ANSI/ NCSL Z540-1 1994, 1SO/IEC 17025 (Complies with ISO 9000 Series for 
Calibration Activity); lSO 10012-1, and MTL-STD-45662A, 

Range 

in/in 

0.0400 

Calibration Factor 

0.004 

Class Range 

in/in 

0.00 IO TO 0.0400 

Class 

D 

LTI 

OA~ IN. 
DATE If 

Services have been performed in accordance with Tinius Olsen Quality Manual, dated March 13, 2009. 

These results relate only to the items calibrated. This Report and Ccniticate shall not be reproduced except in full, without the written approval of Tinius 
Olsen. 
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Tinius Olsen Testing Machine Company 
Instrument Verification Report & Certificate 

Specifications per ASTM E 83 

Verification Date April29, 201 I Certificate Number 9M9AHP01 

Page2of3 

All verification devices comply with the latest practices of ASTM E 83, and are traceable to the International System 
of Units (SI) tbrougb National Institute of Standards and Technology (NIST) or the National Physical Laboratory 
(NPL). Serial Number, Manufacturer, Type, Calibration Vendor, Expiry Date, and Max Device Error for each 
standard used during the Certification is listed below. The class of the verification equipment was equal to or better 
than the requirements of the classification to which this device has been verified. 

Serial No. 1\bnufncturcr 

174409-1 Olsen 

Informative Notes: 

Type 

CALIBRATOR 

Max Device Error Vendor 

. OOOOt-000 Olsen 

Expiry Date 

IS-Jul-I I 

The expanded uncertainties reported are estimates of the measurement uncertainty in the errors determined during 
the verification. They are expressed a.s percentages of their respective verification readings. The expanded 
uncertainties reported are based on combined standard uncertainties, multiplied by a coverage factor of 21 which 
provide a confidence interval of approximately 95%. The uncertainties reported do not represent the uncertainty of 
the instrument or the results of any subsequent tests performed With the testing machine. The accuracy of the testing 
equipment has been found to conform with the tolerance(s) indicated above. 

The uncertainties stated refer to the values obtained during verification and make no allowance for factors such as 
long-term drift, temperature and alignment effects -the influences of such factors should be taken into account by 
the user of the testing machine. 

The expanded uncertainties reported have been calculated in accordance with tbe latest revision of ASTM E83 -
Appendix X4. 

1.6.27/1 .1.34/32 
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Tinius Olsen Testing Machine Company 
Instrument Verification Report & Certificate 

Specifications per ASTM E 83 

Verification Date _A ..... p..__1_·il_2_9-"-,_2_0_1_1 _ _ ____ _ Certificate No. 9M9AHP01 

Page 3 of 3 

Owner/Location LABORATORY TESTING INC. 2331 Topaz Drive Hatfield. Pennsylvania 19440 

Calibration Location SAME 

Item Description SIN 207344 • LS-4%-2 EXTENS #60013378 - w/ Digital Indicator #206051 - As Found• Out of Tolerance Condition 

Order No. 448750 -------
Year of Mfg. UNKNOWN 

Gauge Length: Design 2.00in 

Customer PO No. PO0002821 

Temperature Start 21.7 °C 

Measured 1 2.001 ILn 

Measured 2 2.0011 in 

Uncertainty 0.002in 

Customer ID No. 

Mid N/A llC End 21.7 °C 

Error 0.001 lin 0.055% 

Error 0.0011 in 0.055% 

Verification Method Direct 

Attachment Method AS PER INSTRUCTIONS Calibration Position Vertical Readout Method Digital 

Cal-Check No. N/A ---- Cal Factor N/A 
--'---

Verification Recall Date April 29, 2012 

STRAIN VERIPJC. MACHINE VERIFIC. MACHlNE FTXED ERROR DIFFER. UNCERTAINTY RESOLUTION CLASS 

RANGE READ#! READ/I .I READ /12 READ#2. ERROR ¾OF %OF %OF POR RANGE(S) FOR 

in/in in/in in/in in/in in/in in/in VALUE VALUE VALUE in/ in READING 

0.0400 .0010000 .0009728 .0010000 .0000000 -.0000272 -2.72 -2.72 2.40 0.0000010 8-1 

.0020000 .0016575 .0020000 .0000000 -.0003425 -17.12 •17.12 1.20 0.0000010 C 

.0040000 .0026340 .0040000 .0000000 -.0013660 -34.10 -34.10 0.60 0.0000010 D 

.0070000 .0041731 .0070000 .0000000 -.0028269 -40.40 -40.40 0.34 0.0000010 D 

.0100000 .0072402 .0100000 .0000000 -.0027598 -27.60 -27.60 0.24 0.0000010 D 

.0200000 .0167961 .0200000 .0000000 -.0032039 - 16.02 -16.02 0.12 0.0000010 D 

.0400000 .0375147 .0400000 .0000000 -.0024853 -6.21 -6.21 0c12 0.0000010 D 

Calibration Technician Brian Campbell Witness Kevin Kline 

l.627/l.1.34/32 
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Tinius Olsen Testing Machine Company 
Instrument Verification Report & Certificate 

Specifications per ASTM E 83 

Date of Issue May 03, 2011 

Issued by: 

TiJlius Olsen Testing Machine Company 

1065 Easton Road 

P.O. Box 1009 
Horsham. PA 19044-8009, USA 
Tel (215) 675-7100 

Fax (215) 441-0899 

www.TiniusOlsen.com 

Certificate Number 9M9AHP02 

Pagel of3 

Authorized Signature 

Cheryl Spinieo 

Owner/Location LABORATORY TESTING fNC, 2331 Topaz Drive, Hatfield, Pennsylvania 19440 

Calibration Location SAME 

-[iccRiDITED) 
CALI.BRATION C'afT 1887,01 

Item Description SIN 207344 - LS-4%-2 EXTENS #60013378 - w/ Digital Indicator #206051 - As Left- Good Condition 

Year of Mfr. UNKNOWN Mfr. Tinius Olsen Cal-Check No. NIA Cal Factor NIA 

Verification Date April 29, 20ll Verification Recall April 29, 2012 

This is to certify that the above testing equipment has been verified by Tinius Olsen Testing Machine Company 
personnel on Order Number 448750. The listed data is in accordance with the latest practices of ASTM E 83, and 
Tinius Olsen Procedure #2000, and have been temperature corrected as necessary. Tinius Olsen's Quality System is 
maintained in compliance with ANSI/ NCSL Z540-1 1994, [SO/lEC 17025 (Complies with ISO 9000 Series for 
Calibration Activity), lSO 10012-1, and MIL-STD-45662A. 

Range 

in/in 

0.0400 

Calibration Factor 

0.004 

Class Range 

in/in 

0.0010 TO 0.0400 

Class 

B-l 

Services have been performed in accordance with Tinius Olsen Quality Manual, dated March 13, 2009. 

These results relate only to the it.ems calibrated. This Report and Certificate shall not be reproduced except in full, withoul Ilic written approval of Tinius 
Olsen. 
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Tinius Olsen Testing Machine Company 
Instrument Verification Report & Certificate 

Specifications per ASTM E 83 

Verification Date April 29, 2011 Certificate Number 9M9AHP02 

Pagel of3 

All verification devices comply with the latest practices of ASTM E 83, and are traceable to the International System 
of Units (SI) through National Institute of Standards and Technology (NIST) or the National Physical Laboratory 
(NPL). Serial Number, Manufacturer, Type, Calibration Vendor, Expiry Date, and Max Device Error for each 
standard used during the Certification is listed below. The class of the verification equipment was equal to or better 
than the requirements of the classification to whicll this device has been verified. 

Serial No. 

174409-1 

Informative Notes: 

Manufacturer 

Olsen 

Typr 

CALIHRATOR 

Mall Device Error Vendor 

.00002000 Olsen 

Expiry Date 

15-Jul•l 1 

The expanded uncertainties reported are estimates of the measurement uncertainty in the errors determined during 
the verification. They are expressed as percentages of their respective verification readings. The. expanded 
uncertainties reported are based on combined standard uncertainties, multiplied by a coverage factor of 2, which 
provide a confidence interval of approximately 95%. The uncertainties reported do not represent the uncertainty of 
the instrument or the results of any subsequent tests performed with the testing machine. The accuracy of t he testing 
equipment has been found to conform with the tolerance(s) indicated above. 

The uncertainties stated refer to the values obtained during verification and make no allowance for factors such as 
long-term drift, temperature and alignment effects - the influences of such factors shou Id be taken into account by 
the user of the testing machine. 

The expanded uncertainties reported have been calculated in accordance with the latest revision of ASTM E83 -
Appendix X4. 

1.6.27/1.1.34/32 
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Tinius Olsen Testing Machine Company 
Instrument Verification Report & Certificate 

Specifications per ASTM E 83 

Verification Date _A_,p._r_il_2_9..:., _2_0_1 _I _____ _ Ce1·tificate No. 9M9AHP02 

Page 3 of 3 

Owner/Location LABORATORY TESTING TNC. 233 1 Topaz Drive Hatfield, Pennsylvania 19440 

Calibration Location SAME 

Item Description SIN 207344 - LS-4%-2 EXTENS 1160013378 - w/ Digital Indicator #206051 - As Left - Good Condition 

Order No. 448750 Customer PO No. PO0002821 Customer ID No. ------- --------
YearofMfg. UNKNOWN 

Gauge Length; Design 2.00iu 

Temperature Start 21.7 °C 

Measured 1 2.001 lin 

Measured 2 2.0011 in 

Uncertainty 0.002in 

Mid 22.8 °C End 22.8 °C 

Error 0.00llin 0.055% 

Error 0.0011 in 0.055% 

Verification Method Direct 

Attachment Method AS PER INSTRUCTIONS Calibration Position Vertical Readout Method Digital 

Cal-Check No. NI A Cal Factor N/A ---- ----
Verification Recall Date April 29, 2012 

STRAIN VERIFIC. MACHINE VERlFIC. MACHINE FIXED ERROR DIFFER. UNCERTAINTY RESOLUTION CLASS 

RANGB READ#! READ/II READ/12 READ#2 ERROR %OF %OF %OF FOR RANGE($) roR 
in/in in/in in/in in/in in/in in/in VALUE VALUE VALUE in/in READING 

0.0400 .0010000 .0010014 .0010000 .0010015 .0000015 0.15 -0.01 2.40 0.0000010 B-1 

.0020000 .0019952 .0020000 .0020057 .0000057 0,29 -0.53 1.20 0.0000010 B-1 

.0040000 .0039754 .0040000 .0039928 -.0000246 -0.61 -0.43 0.60 0.0000010 B-1 

.0070000 .0069742 .0070000 .0069895 -.0000258 -0.37 -0.22 0.34 0.0000010 B-1 

.0100000 .0099552 .0100000 .0099872 -.0000448 -0.45 -0.32 0.24 0.0000010 8-1 

.0200000 .0199417 .0200000 .0199958 -.0000583 -0.29 -0.27 0.12 0.0000010 B-1 

.0400000 .0399920 .0400000 .0400414 .0000414 0.10 -0.12 0.12 0.0000010 B-1 

Calibration Technician Brian Campbell Witness Kevin Kline 

1.6.27/1.1.34/32 
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I • I 
Tinius Ci) Olsen 

~ 

May 3, 2011 

LABORATORY TESTING INC 
233 I Topaz Drive 
Hatfield, Pennsylvania 19440 

Attn: Frank Peszka 

Re: Service Visit S448750 

Ladies/Gentlemen: 

Tinius Olsen Testing Machine Ct 
Corporate Headquarters 
1065 Easton Road 
Horsham. PA 19044-8009, USA 
Tel (215) 675-7100 
Fax (215) 441-0899 
www .TiniusOlsen.com 

Enclosed please find your Report and Certificate(s) of Verification covering the fo llowing equipment: 

SIN 207344 • LS-4%-2 EXTENS #60013378 - w/ Digital Indicator #206051 - As Found• Out of Tolerance Condition 

S/N 207344- LS-4%-2 EXTENS #60013378 - w/ Digital lndicator#206051 -As Left - Good Condition 

SIN 64167 - S-1 EXTENS - wl Digital Indicator #206051 - As Found - Out of Tolerance Condition 

SIN 64167 - S-1 EXTENS - w/ Digital lndicator#206051 -As Left - Good Condition 

SIN 206051P- POSITION #60013377 Ascending -w/ Computer Display #206051 • No Adjustments - Good Condition 

SIN 206051SR- SPEED RATE #60013377 - No Adjustments· Good Condition 

SIN 206051 - 400000 lbf HYO SPR L602 #60013377 • w/ Digital Indicator - No Adjustments - Good Condition 

SIN 206051-STR-STRAIN RATE #60013377 - No Adjustments - Good Condition 

We trust these certificates complete your files. 

Very truly yours, 

Tinius Olsen Testing Machine Company 

VwLcff-4~:.,,,~ 
Cheryl Spinieo 
Authorized Signature 

Encl. 
Since 1880 . .. a tradition of leadership in materials testing 
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Tinfus Olsen 

Corporate Headquarters 

1065 Easton Road 

Horsham, PA USA 19044-8009 

(215) 675-7100: Fax (216) 441-0899 

Seivtce@TinlusOlsen.com 

www, TiniusO!sen. com 

Date: 

Customer: 

29-Apr-2011 

Frank Peszka 

t = I 
Tinius Ci) Olsen ---

Field Service Report 

Service Order Number: 

Purchase Order Number: 

448750 

PO0002821 
LABORATORY TESTING INC 

Account Number: 

2331 Topaz Drive 

Hatfield, Pennsylvania 19440 

304995 

Si;beg!,!lell Work Co!!ml~teg 

Date Serial Number 

29-Apr-2011 207344 

Calibration: 1 

Calibration: 2 

29-Apr-2011 64167 

Calibration: 1 

Calibration: 2 

29-Apr-2011 206051P 

Calibration: 1 

29-Apr-2011 206051SR 

Calibration: 1 

29-Apr-2011 206051 

Calibration: 1 

29-Apr-2011 206051-STR 

Calibration: 1 

service Technic;an Notes 

Capacity Name 

LS-4%-2 EXTENS #60013378 

w/ Digital Indicator #206051 - As Found - Out of Tolerance Condition, Witnessed By: 
Kevin Kline 
Notes: I found the pivot screws very loose. 

w/ Digital Indicator #206051 - As Left- Good Condition, Witnessed By: Kevin Kline 

S-1 EX.TENS 

w/ Digital Indicator #206051 - As Found - Out of Tolerance Condition, Witnessed By: 
Kevin Kline 
Notes: I found the readings out over 1%. 

w/ Digital Indicator #206051 - As Left - Good Condition, Witnessed By: Kevin Kline 

POSITION #60013377 

Ascending - W/ Computer Display #206051 - No Adjustments - Good Condition, 
Witnessed By: Kevin Kline 

SPEED RATE #60013377 

No Adjustments - Good Condition, Witnessed By: Kevin Kline 
Notes: THE EQUIPMENT USED FOR THIS CALIBRATION WAS THE MACHINES 
CALIBRATED POSITION DISPLAY ALONG WITH A CERTIFIED STOP WATCH. 

400000 LBF HYO SPR l602 #60013377 

- w/ Digital Indicator - No Adiustments - Good Condition, \Mtnessed By: Kevin Kline 

STRAIN RATE #60013377 

No Adjustments - Good Condition, Witnessed By: Kevin Kline 
Notes: THE EQUIPMENT USED FOR THIS CALIBRATION WAS A CALIBRATED 
EXTENSOMETER ANO A DUMMY SPECIMEN. 

The above mach1ne calibrated to Within 1 % no adjustments were made. Position speed and strain were also performed. As Found and 
As Left was performed on both e)(lensometers. 

Parts Used 
Item Number Description 

90001429 PIVOT SCREW with Hex Nut, Standard 5-44 THDS 

Work performed by: Campbell, Brian 

Arrive: 29-Apr-2011 08:30 AM 

Page No. 

Depart: 

Qty 

2 

01 :00 PM 
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SOLO 
TO: 

SHIP
TO: 

HARRIS SUPPLY SOLUTIONS INC 
318 ARVIN AVE 
STONEY CREEK ON LSE 2M2 
CANADA 

HARRIS SUPPLY SOLUTIONS INC 
CIO KINDER MORGAN CHICAGO IL 
162 EAST 28TH STREET 
CHICAGO HEIGHTS, IL 60411-

NUCCIPII 
NUCOM llT6llL KANKAKe•, INC, 

Malena I ·Safety Da~ Sheets are avallabte al www.nucorbar.com or b · contaatll'lg your inside sales repres~n\ative. 

PHYSICAL TESTS 
HEATNUM." DESCRIP11ON YIELD TENSILE ELONG 

P.S.i. P.S.I. % IN a~ 

PO#"=> f'109963-CYCLE 3 
KN1110050601 Nucor.Steel • Kankakee Inc 69,560 

361#11 Rebar 60' 480MPa 
A~15M $r420 (Gr60.) 
ASTM A615/A615M-09b GR 60(420] 

AASHTO M31-07 ' 
Melted 01 /31/11 Rol l ed oi/10/11 

PO#:=> 
KN1110054001 

P10fl963-CYCLE 3 
Nucor Steel - Kankakee Inc 66,054 

99,605 
687MPa 

98,737 
361#11 Rebar 60' 455MPa 681 MP a 
A615M Gr420 (Gr60) 
ASTM A615/A615M-09b GR 60[420) 

AASHTO M31-07 
Melte d 02 /07 /11 Rol.1e d 02/10/1.1.· 

: l-.o.r"'t.y c-e~t.Hy that. W\~ ~t~r.t• l ,.danc:eih«J h t .cni r.-.r~ 1>t11:tn ~m! •et-urod it:. '41:CC'Qt~nce v.ich 
~.hJit ttp0,cl t'icatd.ont! nrtd .at.ndar.ds U.~t.ft{l ._~.,.• &tJd th&t. h:: ,4t!a..f!~• t.hcot! ~u!,;-ara&nta, , 
J • ! Ko.l o r,epa.ir i,:u not pc1:rtctnJ1ed on thia: me.t ut-.1 . 
2 .. * ! ted ~n\d }lanuf6Ctu;ed in t:lm U.ni Ced ·st,t:t?a ., 
.). l Mt:: cm:y, lU-dilL"n; a t l\.l.ph• :i:101.tt',e:;:e t!!lfl\;,t,dai.s- in 4:','f £0:'t!l 

hAYt oot l>o<m •~ed lt1 the .!>~ .... ~I<>~ o! thJc, .... ~~d&l, 

10.0% 

16.0% 

BEND 

OK 

OK 

CERTIFIED MILL TISST REPORT 

Ship from: 
Nucor Steel Kankakee, Inc. 
One Nucor Way 
Bourbonnais, IL 60914 
84;5-837~~131 

-3.5% .;39 1.21 
.085 .23 .16 

-3.2% .40 1.04 
.084 .w ,09 

\. 

OUAL.t'r't 

,013 
.069 

.013 

.063 

Page: 1 

Date_; 24-May-2011 
B.L Number: 424276 

Load Number. 211049 

.041 .21 .38 

.007 .002 

.047 .23 .35 

.0'19 .002 

CJ::. 

.63 

.60 

ASSURAWca, _ __:;CW:':.::::;,,::;Ci:.:S:....::G.::;1,=en:n::::.;_ ________ ____ _ 
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SOLO 
TO: 

SHIP 
TO: 

HARRIS SUPPLY SOLUTIONS INC 
318 ARVIN AVE 
STONEY CREEK ON LBE 2M2 
CANADA 

HARRIS SUPPLY SOLUTIONS INC 
CfO KINDER MORGAN CHICAGO IL 
162 EAST 26TH STREET 
CHICAGO HEIGHTS, 1L 60411-

NUCCll=I 

Matertal Safety Dela Shae.ts are available at www.nueoibar.com or contac!Jng your Inside s.ales ter>reseotaUve. 
PHYSICAL TESTS 

HEATNUM. • DESCRIPTION YIELD TENSILE ELONG 
P.S.I. P.S.l. % IN 8" 

PO#=> 
KN1110329601 

P111330 
Nucor Steel - Kankake& Inc 
13/#4 Rebar 60' 
A615M Gr420 (Gr60) 
ASTM A615/A615M-09b GR 60[420] 

MSHTO M31-07 

68,748 104,38'8 
474MPa 720MPa 

Melted oa/02/ll Rolled 08/10/ll 
PO#=> 

KN1110329701 
p111330 
Nucor Steel • Kankakee Inc 
13/#4 Rebar 60' 
A815M Gr 420 (Gi:60} 
ASTM A615/A615M-09b GR 60(420) 

AASHTO M31-07 

64,499 97,943 
445MPa 675MPa 

Melted 08 / 02/11 Roll ed 08 /10/ll 

l ha.s;ll}:ly e.eit"tity t.,-\. U•...$ 'IM-\:.~r!a.J d••~t:~ .b"'r•.i.n h• bfttn Mr.utectured ir, •ceota.-.nco- 11tlth t.>w •po.cif!"41-!Q"8 illUI •tMd.ord# lh<ed - ~ ..,,.. t.n.at u ~•t.cf.h• tlloa<t ""'1'11:u--,tJJ. l I 'told N'jliei:- ..... t"-4:tt p&r fOTtt41C) Ofl ttuw tr~to.ri&l . a.I n..Jt<d .... d Hon"11c~11: ad ln u,. IIAitdd s .... .. 
:! .. 1 ,._r'C'Vr,. iltlclh~. ot JJp l"'.ot 1)0.Ji'C'e ~tftt""J.&11 lt\ ll"Y £..1J'n!t 

l\h•.r• flpt"; bNn woad !Tl t he product.Lon ttt tt)l:i.~ tutfl:ri.al . 

14.8% 

17.5% 

BEND 

OK 

OK 

CERTIFIED MILL TEST REPORT 

Ship from: 
Nucor Steel Kankakee, Inc. 
One Nucor Way 
Bourbonnais, IL 60914 
815-937-3131 

-.8% 
.030 

-2.7% 
.030 

.38 

.26 

.36 

.25 

.99 

.11 

.99 

.12 

.016 
,078 

.015 
,069 

Page: 1 

Date: 25--Aug-2011 
B.l. Number· 429448 

Load Number: 214504 

.047 

.011 

.050 

.011 

.22 

.002 

.20 

.002 

.35 

.38 

C.E. 

.58 

.56 

QUIU,l't't 
/iSSURANCE: _ __::CU=r=i::i:::.:s:....;::G.;:.len=n,;._ ____________ _ 
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105 

95 
s 

84 
_, 

T 

+-t-+-l +-'--1~- . 

74 

R 

63 

E 
::=:::t:1=::t:::+-::.:::=:::t:1:;:u t++++-t-t--H-t-+++-1-Hl-t-H-t-+H---H--++-H-++H-+-IH-++++++-t-+-f-++++-,-~' ,_~-; +-.t:t.:t.t:'.:::t: 
_-++++-+t-t"':+-H-1!---+H-H-+++-<+-H- -Ht-lJ~+-+-11--++4-;...J-H---l--+-..--,_I f-tt++-t-;----H-t--J-rt---i--t-1r-1-t-tt-rti--t-t----t1-'f-t-t+H;-t,H-+t++++-t-+-f-+++++-+-r-t-+-H++-H-!-

,__ 

5J 

s 

42 

s ::t::!:t!::ttJt!::td:tt:l:t!.::t .,..,.....-+-H--++-H-1--+--+-i ... ' 

32 - T -

ksi 

21 

11 

0.20 0.40 0,60 0.80 1.00 1.20 1.40 1.60 1.80 2.00 

STRAIN,% 

Laboratory Testing Inc. 
2331 Topaz Drive 
Hatfield, PA 19440 

Rebar@ .2% Offset 

Customer 
Traveler# 
Machine# 
Extensometer # 
Caliper# 
Micrometer# 
Operator 

Test Setting 

Sample No. : 

Heat No.: 

Diameter, in: 

Area. in2
: 

Modulus, Mpsi: 

Ultimate, lbf: 

Yield Pt. , lbf: 

OS@ .2, lbf: 

Ultimate, ksi: 

Yield Pt. . ksi: 

OS@ .2, ksi: 

TE, %: 

Frac. Location: 

Purdue University 
12-13151 
400K ( 60013377 ) 
2'' ( 60013378 ) 
( 60012882 ) 
N/A 
PLS 

Rebar .2% Offset 
Yield 

***** 

1.4100 

1.5600 

31.2 

160911 

102674 

102558 

103 

66 
65.5 

19 

Within 2/3 

Apr9 2012 4:18:46 PM 
SN. 206046-R2 V7 02 10 
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105 
. .! 

95 
s 

84 

T 

74 

R 

63 

E 

53 

s 

42 
--H-H-+tt-++--t++io+-Hf+°'+-~.+'-HK+~++I +➔+tt+--t+H--H -HH--l-t-H-H-l....,.....-+-+-t-+-Hc+-+-t--t-++++H-++--+-+-l.......,__H--+-<--1--1--++4-+-l--i--h 

s 

32 -
,. 

ksi - -
21 

h 

11 

+ 

cf l 

0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00 

STRAIN, % 

Laboratory Testing Inc. 
2331 Topaz Drive 
Hatfield, PA 19440 

Rebar @ .2% Offset 

Customer 
Traveler # 
Machine# 
Extensometer # 
Caliper# 
Micrometer# 
Operator 

Test Setting 

Sample No.: 

Heat No.: 

Diameter, in: 

Area, in2
: 

Modulus, Mpsi: 

Ultimate, lbf: 

Yield Pt., lbf: 

OS@ .2, !bf: 

Ultimate, ksi: 

Yield Pt. , ksi: 

OS@ .2, ksi: 

TE, %: 

Frac. Location: 

Purdue University 
12-13151 
400K ( 60013377 ) 
2" ( 60013378 ) 
( 60012882) 
NIA 
PLS 

Rebar .2% Offset 
Yield 

2 
***** 

1.4100 
1.5600 
28.5 

160609 
102397 

102583 

103 

65.5 
66 
14 
Outside 2/3 

Apr 9, 2012 <::20;56 PM 
SN: 2060<:6-R2 V7 C2 1 C 
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42 

s 

. j: f. I+ 
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-h- I ·-· 

32 

ksi 

21 

:1+· 
- . ' 
- I , . !..'....!...:... • 1 I - ; I 

~tt , rr--
. ; . /:j: :~ifi -'- +-

:- : R= : 1· 
' 

_,..... 
- J -~ 
-

11 -· -t+ r:::.i: . 
I 

\-

fl !... · I 
' h-

0.20 

I . J ; 

' 
-

1 

' 
- 1,_ 1 ..... 

'-

I..J.. 

. 

. 

-

' . 
--' 

0.40 0.60 

' 

-. 

-
•· 

' ' 

...... 

-· 

,_ 

.. 

0.80 

' 

I 

1.00 

STRAIN, % 

f+ ~J + 

' .I 

' I ---"-· 

l . ' 
. 

·-

I 

f+ +-

t ' 
- I· . .. . - r 

r 

' 
' ._ 
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--~ .,.. H - -
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- l -
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··• 

i 
1 

1.20 1.40 1.60 

- I+ -
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L.. 

--
L.. 
L.. 

f-. '-

-

L.. 
L.. 

-

C 

' 
' ... 

~ 

' -
. 

' 

1.80 2.00 

Laboratory Testing Inc. 
2331 Topaz Drive 
Hatfield, PA 19440 

Rebar @ .2% Offset 

Customer Purdue University 
Traveler# 12-1 3151 
Machine # 400K ( 60013377 ) 
Extensometer # 2" ( 60013378 ) 
Caliper# ( 60012882 ) 
Micrometer# N/A 
Operator PLS 

Test Setting 
Rebar .2% Offset 
Yield 

__ .. ____________ -----

Sample No.: 3 

Heat No.: ...... 
---------·-----------
Diameter. in : 1.4100 

Area, in2 : 1.5600 

Modulus, Mpsi: 30.9 

---------------------
Ultimate, lbf: 160453 

Yield Pt , lbf: 102794 

OS@ .2, lbf: 102589 

------ -----------
Ultimate, ksi: 103 

Yield Pt. , ksi 66 

OS@ .2, ksi: 66 
TE, %: 18 

Frac. Location: W ithin 2/3 

Apr 9. 2012 4:22.16 PM 
SI>./· 2060~6-R2 V7 02 1 C 



SERIES A
A1

Reinforcement Stress Formatted 27 May 12 
Printed 6/17/2012

TEST GIRDER A1 

39 ft

11 ft 6 in. 16 ft 11 ft 6 in.

1 ft 6 in. 1 ft 6 in.

10 ft 10 ft

X-Sect. Area for a #11 Bar Asb 1.56in2

Diameter, # 11 Bar db 1.41in

Nominal width of Section b 17
5
8

in

Nominal height of Section h 30in

Top cover ct 5in
Effective depth d 30in ct

db
2 d 24 in

Yield Stress fy 66ksi

Concrete Strength f'c 5270psi

Total Length Lt 39ft

Cantilevered Span a 11ft 6in a 11.5ft

Interior Span Lm 16ft Lm 16ft

Reinforcement Ratio ρ 2
Asb
b d ρ 0.73 %

Initial moment at support Msupinit 45.8kip ft

Sheet 1 of 5
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SERIES A
A1

Reinforcement Stress Formatted 27 May 12 
Printed 6/17/2012

EVALUATION AFTER TEST TO FAILURE 

REINFORCEMENT STRESS AT MEASURED MAXIMUM LOAD

Note : Following calculations are made considering 
the supports not to have width in the direction of the span.

Unit selfweight ws b h 150
lbf

ft3
ws 0.55

kip
ft

Measured Maximum Applied Load Pmax 43.5kip

Moment at support related to selfweight and loading gear

Msupinit 46 kip ft
Maximum moment at support

Msupmax Pmax a 18in( ) Msupinit

Moment at 3 ft toward mid-span from support

M3ft Msupmax
ws Lm

2
3ft ws

3ft( )2

2

M3ft 470 kip ft

NOTE : Strain distributions over the depth of the section at the
supports and at ends of the spliced bars are not linear once
cracking is initiated. To assume a linear strain distribution and
then to use an "exact" stress-strain relationship for the concrete
is not correct. In the following, stresses in the reinforcement will
be calculated assuming both linear and nonlinear response in the
compressed concrete, and the lower value determined will be
taken as the stress achieved.   In both sets of calculations,
contribution of the tensile strength of the concrete will be
considered negligible. 

Sheet 2 of 5
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SERIES A
A1

Reinforcement Stress Formatted 27 May 12 
Printed 6/17/2012

MAXIMUM REINFORCEMENT STRESS IN CONTINUOUS
BAR AT END OF SPLICE ASSUMING FULLY NONLINEAR
DISTRIBUTION OF COMPRESSIVE STRESS IN THE
CONCRETE

fsnon3
M3ft

2 Asb d 1 0.4
ρ 79ksi
0.7 f'c

79 ksi

MAXIMUM REINFORCEMENT STRESS IN CONTINUOUS BAR 
AT END OF SPLICE ASSUMING LINEAR  DISTRIBUTION OF
COMPRESSIVE STRESS IN THE CONCRETE

fslin3
M3ft

2 Asb d 1
k
3

82 ksi

Check related maximum concrete stress

fclin3
M3ft

k b d2

2
1

k
3

4.4 103psi Compression( )

Sheet 4 of 5
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SERIES A
A1

Reinforcement Stress Formatted 27 May 12 
Printed 6/17/2012

SUMMARY

Reinforcement stress based on observed maximum load

At support 

NONLINEAR LINEAR 

fsupmaxnon 81 ksi fsupmaxlin 84 ksi

At splice end

fsnon3 79 ksi fslin3 82 ksi

NOMINAL UNIT BOND STRESS 

Length of splice Ld 120in

Bar diameter db 1.41 in

Average bond stress at maximum load

μavg
fsnon3 db

4 Ld

round
μavg
psi

1 psi 230psi

The number listed above for bond stress has relevance to
design but is irrelevant to the actual bond stress at maximum
load.

The hard information from the test is that the 120-in splice for
No. 11 bars has developed a maximum bar stress of at least

fsnon3 79 ksi

Sheet 5 of 5
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SERIES A
A2

Reinforcement Stress Formatted 27 May 12 
Printed 6/17/2012

TEST GIRDER A2 

39 ft

11 ft 6 in. 16 ft 11 ft 6 in.

1 ft 6 in. 1 ft 6 in.

10 ft 10 ft

X-Sect. Area for a #11 Bar Asb 1.56in2

Diameter, # 11 Bar db 1.41in

Nominal width of Section b 17
5
8

in

Nominal height of Section h 30in

Top cover ct 5in
Effective depth d 30in ct

db
2 d 24 in

Yield Stress fy 66ksi

Concrete Strength f'c 6030psi

Total Length Lt 39ft

Cantilevered Span a 11ft 6in a 11.5ft

Interior Span Lm 16ft Lm 16ft

Reinforcement Ratio ρ 2
Asb
b d ρ 0.73 %

Initial moment at support Msupinit 45.8kip ft

Sheet 1 of 5
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SERIES A
A2

Reinforcement Stress Formatted 27 May 12 
Printed 6/17/2012

EVALUATION AFTER TEST TO FAILURE 

REINFORCEMENT STRESS AT MEASURED MAXIMUM LOAD

Note : Following calculations are made considering 
the supports not to have width in the direction of the span.

Unit selfweight ws b h 150
lbf

ft3
ws 0.55

kip
ft

Measured Maximum Applied Load Pmax 44.1kip

Moment at support related to selfweight and loading gear

Msupinit 46 kip ft
Maximum moment at support

Msupmax Pmax a 18in( ) Msupinit

Moment at 3 ft toward mid-span from support

M3ft Msupmax
ws Lm

2
3ft ws

3ft( )2

2

M3ft 476 kip ft

NOTE : Strain distributions over the depth of the section at the
supports and at ends of the spliced bars are not linear once
cracking is initiated. To assume a linear strain distribution and
then to use an "exact" stress-strain relationship for the concrete
is not correct. In the following, stresses in the reinforcement will
be calculated assuming both linear and nonlinear response in the
compressed concrete, and the lower value determined will be
taken as the stress achieved.   In both sets of calculations,
contribution of the tensile strength of the concrete will be
considered negligible. 

Sheet 2 of 5
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SERIES A
A2

Reinforcement Stress Formatted 27 May 12 
Printed 6/17/2012

MAXIMUM REINFORCEMENT STRESS IN CONTINUOUS
BAR AT END OF SPLICE ASSUMING FULLY NONLINEAR
DISTRIBUTION OF COMPRESSIVE STRESS IN THE
CONCRETE

fsnon3
M3ft

2 Asb d 1 0.4
ρ 80ksi
0.7 f'c

80 ksi

MAXIMUM REINFORCEMENT STRESS IN CONTINUOUS BAR 
AT END OF SPLICE ASSUMING LINEAR  DISTRIBUTION OF
COMPRESSIVE STRESS IN THE CONCRETE

fslin3
M3ft

2 Asb d 1
k
3

83 ksi

Check related maximum concrete stress

fclin3
M3ft

k b d2

2
1

k
3

4.5 103psi Compression( )
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SERIES A
A2

Reinforcement Stress Formatted 27 May 12 
Printed 6/17/2012

SUMMARY

Reinforcement stress based on observed maximum load

At support 

NONLINEAR LINEAR 

fsupmaxnon 82 ksi fsupmaxlin 85 ksi

At splice end

fsnon3 80 ksi fslin3 83 ksi

NOMINAL UNIT BOND STRESS 

Length of splice Ld 120in

Bar diameter db 1.41 in

Average bond stress at maximum load

μavg
fsnon3 db

4 Ld

round
μavg
psi

1 psi 230psi

The number listed above for bond stress has relevance to
design but is irrelevant to the actual bond stress at maximum
load.

The hard information from the test is that the 120-in splice for
No. 11 bars has developed a maximum bar stress of at least

fsnon3 80 ksi

Sheet 5 of 5
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SERIES A
A3

Reinforcement Stress Formatted 27 May 12 
Printed 6/17/2012

TEST GIRDER A3 

39 ft

11 ft 6 in. 16 ft 11 ft 6 in.

1 ft 6 in. 1 ft 6 in.

10 ft 10 ft

X-Sect. Area for a #11 Bar Asb 1.56in2

Diameter, # 11 Bar db 1.41in

Nominal width of Section b 17
5
8

in

Nominal height of Section h 30in

Top cover ct 5in
Effective depth d 30in ct

db
2 d 24 in

Yield Stress fy 66ksi

Concrete Strength f'c 5890psi

Total Length Lt 39ft

Cantilevered Span a 11ft 6in a 11.5ft

Interior Span Lm 16ft Lm 16ft

Reinforcement Ratio ρ 2
Asb
b d ρ 0.73 %

Sheet 1 of 5
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SERIES A
A3

Reinforcement Stress Formatted 27 May 12 
Printed 6/17/2012

Initial moment at support Msupinit 45.8kip ft

EVALUATION AFTER TEST TO FAILURE 

REINFORCEMENT STRESS AT MEASURED MAXIMUM LOAD

Note : Following calculations are made considering 
the supports not to have width in the direction of the span.

Unit selfweight ws b h 150
lbf

ft3
ws 0.55

kip
ft

Measured Maximum Applied Load Pmax 44.1kip

Moment at support related to selfweight and loading gear

Msupinit 46 kip ft
Maximum moment at support

Msupmax Pmax a 18in( ) Msupinit

Moment at 3 ft toward mid-span from support

M3ft Msupmax
ws Lm

2
3ft ws

3ft( )2

2

M3ft 476 kip ft

NOTE : Strain distributions over the depth of the section at the
supports and at ends of the spliced bars are not linear once
cracking is initiated. To assume a linear strain distribution and
then to use an "exact" stress-strain relationship for the concrete
is not correct. In the following, stresses in the reinforcement will
be calculated assuming both linear and nonlinear response in the
compressed concrete, and the lower value determined will be
taken as the stress achieved.   In both sets of calculations,
contribution of the tensile strength of the concrete will be
considered negligible. 

Sheet 2 of 5
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SERIES A
A3

Reinforcement Stress Formatted 27 May 12 
Printed 6/17/2012

MAXIMUM REINFORCEMENT STRESS IN CONTINUOUS
BAR AT END OF SPLICE ASSUMING FULLY NONLINEAR
DISTRIBUTION OF COMPRESSIVE STRESS IN THE
CONCRETE

fsnon3
M3ft

2 Asb d 1 0.4
ρ 80ksi
0.7 f'c

80 ksi

MAXIMUM REINFORCEMENT STRESS IN CONTINUOUS BAR 
AT END OF SPLICE ASSUMING LINEAR  DISTRIBUTION OF
COMPRESSIVE STRESS IN THE CONCRETE

fslin3
M3ft

2 Asb d 1
k
3

83 ksi

Check related maximum concrete stress

fclin3
M3ft

k b d2

2
1

k
3

4.5 103psi Compression( )

Sheet 4 of 5
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SERIES A
A3

Reinforcement Stress Formatted 27 May 12 
Printed 6/17/2012

SUMMARY

Reinforcement stress based on observed maximum load

At support 

NONLINEAR LINEAR 

fsupmaxnon 82 ksi fsupmaxlin 85 ksi

At splice end

fsnon3 80 ksi fslin3 83 ksi

NOMINAL UNIT BOND STRESS 

Length of splice Ld 120in

Bar diameter db 1.41 in

Average bond stress at maximum load

μavg
fsnon3 db

4 Ld

round
μavg
psi

1 psi 230psi

The number listed above for bond stress has relevance to
design but is irrelevant to the actual bond stress at maximum
load.

The hard information from the test is that the 120-in splice for
No. 11 bars has developed a maximum bar stress of at least

fsnon3 80 ksi

Sheet 5 of 5
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SERIES A
A4

Reinforcement Stress Formatted 27 May 12 
Printed 6/18/2012

TEST GIRDER A4 

39 ft

11 ft 6 in. 16 ft 11 ft 6 in.

1 ft 6 in. 1 ft 6 in.

10 ft 10 ft

X-Sect. Area for a #11 Bar Asb 1.56in2

Diameter, # 11 Bar db 1.41in

Nominal width of Section b 17
5
8

in

Nominal height of Section h 30in

Top cover ct 5in
Effective depth d 30in ct

db
2 d 24 in

Yield Stress fy 66ksi

Concrete Strength f'c 5110psi

Total Length Lt 39ft
Cantilevered Span a 11ft 6in a 11.5ft

Interior Span Lm 16ft Lm 16ft

Reinforcement Ratio ρ 2
Asb
b d ρ 0.73 %

Initial moment at support Msupinit 45.8kip ft

Sheet 1 of 5
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SERIES A
A4

Reinforcement Stress Formatted 27 May 12 
Printed 6/18/2012

EVALUATION AFTER TEST TO FAILURE 

REINFORCEMENT STRESS AT MEASURED MAXIMUM LOAD

Note : Following calculations are made considering 
the supports not to have width in the direction of the span.

Unit selfweight ws b h 150
lbf

ft3
ws 0.55

kip
ft

Measured Maximum Applied Load Pmax 43.3kip

Moment at support related to selfweight and loading gear

Msupinit 46 kip ft
Maximum moment at support

Msupmax Pmax a 18in( ) Msupinit

Moment at 3 ft toward mid-span from support

M3ft Msupmax
ws Lm

2
3ft ws

3ft( )2

2
468 kip ft

M3ft 468 kip ft

NOTE : Strain distributions over the depth of the section at the
supports and at ends of the spliced bars are not linear once
cracking is initiated. To assume a linear strain distribution and
then to use an "exact" stress-strain relationship for the concrete
is not correct. In the following, stresses in the reinforcement will
be calculated assuming both linear and nonlinear response in the
compressed concrete, and the lower value determined will be
taken as the stress achieved.   In both sets of calculations,
contribution of the tensile strength of the concrete will be
considered negligible. 

Sheet 2 of 5
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SERIES A
A4

Reinforcement Stress Formatted 27 May 12 
Printed 6/18/2012

MAXIMUM REINFORCEMENT STRESS IN CONTINUOUS
BAR AT END OF SPLICE ASSUMING FULLY NONLINEAR
DISTRIBUTION OF COMPRESSIVE STRESS IN THE
CONCRETE

fsnon3
M3ft

2 Asb d 1 0.4
ρ 80ksi
0.7 f'c

79 ksi

MAXIMUM REINFORCEMENT STRESS IN CONTINUOUS BAR 
AT END OF SPLICE ASSUMING LINEAR  DISTRIBUTION OF
COMPRESSIVE STRESS IN THE CONCRETE

fslin3
M3ft

2 Asb d 1
k
3

82 ksi

Check related maximum concrete stress

fclin3
M3ft

k b d2

2
1

k
3

4.3 103psi Compression( )

Sheet 4 of 5
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SERIES A
A4

Reinforcement Stress Formatted 27 May 12 
Printed 6/18/2012

SUMMARY

Reinforcement stress based on observed maximum load

At support 

NONLINEAR LINEAR 

fsupmaxnon 81 ksi fsupmaxlin 83 ksi

At splice end

fsnon3 79 ksi fslin3 82 ksi

NOMINAL UNIT BOND STRESS 

Length of splice Ld 120in

Bar diameter db 1.41 in

Average bond stress at maximum load

μavg
fsnon3 db

4 Ld

round
μavg
psi

1 psi 230psi

The number listed above for bond stress has relevance to
design but is irrelevant to the actual bond stress at maximum
load.

The hard information from the test is that the 120-in splice for
No. 11 bars has developed a maximum bar stress of at least

fsnon3 79 ksi

Sheet 5 of 5
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SERIES A
A5

Reinforcement Stress Formatted 27 May 12 
Printed 6/18/2012

TEST GIRDER A5 

39 ft

11 ft 6 in. 16 ft 11 ft 6 in.

1 ft 6 in. 1 ft 6 in.

10 ft 10 ft

X-Sect. Area for a #11 Bar Asb 1.56in2

Diameter, # 11 Bar db 1.41in

Nominal width of Section b 17
5
8

in

Nominal height of Section h 30in

Top cover ct 5in
Effective depth d 30in ct

db
2 d 24 in

Yield Stress fy 66ksi

Concrete Strength f'c 5240psi

Total Length Lt 39ft

Cantilevered Span a 11ft 6in a 11.5ft

Interior Span Lm 16ft Lm 16ft

Reinforcement Ratio ρ 2
Asb
b d ρ 0.73 %

Initial moment at support Msupinit 45.8kip ft

Sheet 1 of 5
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SERIES A
A5

Reinforcement Stress Formatted 27 May 12 
Printed 6/18/2012

EVALUATION AFTER TEST TO FAILURE 

REINFORCEMENT STRESS AT MEASURED MAXIMUM LOAD

Note : Following calculations are made considering 
the supports not to have width in the direction of the span.

Unit selfweight ws b h 150
lbf

ft3
ws 0.55

kip
ft

Measured Maximum Applied Load Pmax 43.4kip

Moment at support related to selfweight and loading gear

Msupinit 46 kip ft
Maximum moment at support

Msupmax Pmax a 18in( ) Msupinit

Moment at 3 ft toward mid-span from support

M3ft Msupmax
ws Lm

2
3ft ws

3ft( )2

2

M3ft 469 kip ft

NOTE : Strain distributions over the depth of the section at the
supports and at ends of the spliced bars are not linear once
cracking is initiated. To assume a linear strain distribution and
then to use an "exact" stress-strain relationship for the concrete
is not correct. In the following, stresses in the reinforcement will
be calculated assuming both linear and nonlinear response in the
compressed concrete, and the lower value determined will be
taken as the stress achieved.   In both sets of calculations,
contribution of the tensile strength of the concrete will be
considered negligible. 

Sheet 2 of 5
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SERIES A
A5

Reinforcement Stress Formatted 27 May 12 
Printed 6/18/2012

MAXIMUM REINFORCEMENT STRESS IN CONTINUOUS
BAR AT END OF SPLICE ASSUMING FULLY NONLINEAR
DISTRIBUTION OF COMPRESSIVE STRESS IN THE
CONCRETE

fsnon3
M3ft

2 Asb d 1 0.4
ρ 79ksi
0.7 f'c

79 ksi

MAXIMUM REINFORCEMENT STRESS IN CONTINUOUS BAR 
AT END OF SPLICE ASSUMING LINEAR  DISTRIBUTION OF
COMPRESSIVE STRESS IN THE CONCRETE

fslin3
M3ft

2 Asb d 1
k
3

82 ksi

Check related maximum concrete stress

fclin3
M3ft

k b d2

2
1

k
3

4.4 103psi Compression( )

Sheet 4 of 5
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SERIES A
A5

Reinforcement Stress Formatted 27 May 12 
Printed 6/18/2012

SUMMARY

Reinforcement stress based on observed maximum load

At support 

NONLINEAR LINEAR 

fsupmaxnon 81 ksi fsupmaxlin 84 ksi

At splice end

fsnon3 79 ksi fslin3 82 ksi

NOMINAL UNIT BOND STRESS 

Length of splice Ld 120in

Bar diameter db 1.41 in

Average bond stress at maximum load

μavg
fsnon3 db

4 Ld

round
μavg
psi

1 psi 230psi

The number listed above for bond stress has relevance to
design but is irrelevant to the actual bond stress at maximum
load.

The hard information from the test is that the 120-in splice for
No. 11 bars has developed a maximum bar stress of at least

fsnon3 79 ksi

Sheet 5 of 5
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SERIES A
A6

Reinforcement Stress Formatted 27 May 12 
Printed 6/18/2012

TEST GIRDER A6 

39 ft

11 ft 6 in. 16 ft 11 ft 6 in.

1 ft 6 in. 1 ft 6 in.

10 ft 10 ft

X-Sect. Area for a #11 Bar Asb 1.56in2

Diameter, # 11 Bar db 1.41in

Nominal width of Section b 17
5
8

in

Nominal height of Section h 30in

Top cover ct 5in
Effective depth d 30in ct

db
2 d 24 in

Yield Stress fy 66ksi

Concrete Strength f'c 5490psi

Total Length Lt 39ft

Cantilevered Span a 11ft 6in a 11.5ft

Interior Span Lm 16ft Lm 16ft

Reinforcement Ratio ρ 2
Asb
b d ρ 0.73 %

Initial moment at support Msupinit 45.8kip ft

Sheet 1 of 5

APPENDIX A, Purdue Phase I Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 315 of 595 

[- - - - ~ 



SERIES A
A6

Reinforcement Stress Formatted 27 May 12 
Printed 6/18/2012

EVALUATION AFTER TEST TO FAILURE 

REINFORCEMENT STRESS AT MEASURED MAXIMUM LOAD

Note : Following calculations are made considering 
the supports not to have width in the direction of the span.

Unit selfweight ws b h 150
lbf

ft3
ws 0.55

kip
ft

Measured Maximum Applied Load Pmax 42.0kip

Moment at support related to selfweight and loading gear

Msupinit 46 kip ft
Maximum moment at support

Msupmax Pmax a 18in( ) Msupinit 466kip ft

Moment at 3 ft toward mid-span from support

M3ft Msupmax
ws Lm

2
3ft ws

3ft( )2

2

M3ft 455 kip ft

NOTE : Strain distributions over the depth of the section at the
supports and at ends of the spliced bars are not linear once
cracking is initiated. To assume a linear strain distribution and
then to use an "exact" stress-strain relationship for the concrete
is not correct. In the following, stresses in the reinforcement will
be calculated assuming both linear and nonlinear response in the
compressed concrete, and the lower value determined will be
taken as the stress achieved.   In both sets of calculations,
contribution of the tensile strength of the concrete will be
considered negligible. 

Sheet 2 of 5
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SERIES A
A6

Reinforcement Stress Formatted 27 May 12 
Printed 6/18/2012

MAXIMUM REINFORCEMENT STRESS IN CONTINUOUS
BAR AT END OF SPLICE ASSUMING FULLY NONLINEAR
DISTRIBUTION OF COMPRESSIVE STRESS IN THE
CONCRETE

fsnon3
M3ft

2 Asb d 1 0.4
ρ 77ksi
0.7 f'c

77 ksi

MAXIMUM REINFORCEMENT STRESS IN CONTINUOUS BAR 
AT END OF SPLICE ASSUMING LINEAR  DISTRIBUTION OF
COMPRESSIVE STRESS IN THE CONCRETE

fslin3
M3ft

2 Asb d 1
k
3

79 ksi

Check related maximum concrete stress

fclin3
M3ft

k b d2

2
1

k
3

4.3 103psi Compression( )

Sheet 4 of 5
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SERIES A
A6

Reinforcement Stress Formatted 27 May 12 
Printed 6/18/2012

SUMMARY

Reinforcement stress based on observed maximum load

At support 

NONLINEAR LINEAR 

fsupmaxnon 78 ksi fsupmaxlin 81 ksi

At splice end

fsnon3 77 ksi fslin3 79 ksi

NOMINAL UNIT BOND STRESS 

Length of splice Ld 120in

Bar diameter db 1.41 in

Average bond stress at maximum load

μavg
fsnon3 db

4 Ld

round
μavg
psi

1 psi 220psi

The number listed above for bond stress has relevance to
design but is irrelevant to the actual bond stress at maximum
load.

The hard information from the test is that the 120-in splice for
No. 11 bars has developed a maximum bar stress of at least

fsnon3 77 ksi

Sheet 5 of 5
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SERIES B
B1

Reinforcement Stress Formatted 27 May 12 
Printed  6/18/2012

TEST GIRDER B1 

X-Sect. Area for a #11 Bar Asb 1.56in2

Diameter, # 11 Bar db 1.41in

Nominal width of Section b 17
5
8

in

Nominal height of Section h 30in
Top cover ct 5in
Effective depth d 30in ct

db
2 d 24 in

Yield Stress fy 66ksi
Concrete Strength f'c 4460psi
Total Length 

Lt 2 14in 2 9ft 2 8.5in 2 3ft 6ft 7in Lt 34.3ft

Cantilevered Span a 10ft 10.5in a 10.9ft

Interior Span Lm 12ft 7in Lm 13ft

Reinforcement Ratio
ρ 2

Asb
b d ρ 0.73 %

Initial moment at support Msupinit 40.5kip ft

Sheet 1 of 5
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SERIES B
B1

Reinforcement Stress Formatted 27 May 12 
Printed  6/18/2012

EVALUATION AFTER TEST TO FAILURE 

REINFORCEMENT STRESS AT MEASURED MAXIMUM LOAD

Note : Following calculations are made considering 
the supports not to have width in the direction of the span.

Unit selfweight ws b h 150
lbf

ft3
ws 0.55

kip
ft

Measured Maximum Applied Load Pmax 39.5kip

Moment at support related to selfweight and loading gear

Maximum moment at support

Msupmax Pmax a 14in( ) Msupinit

Moment at 3 ft toward mid-span from support

M3ft Msupmax
ws Lm

2
3ft ws

3ft( )2

2

M3ft 416 kip ft

NOTE : Strain distributions over the depth of the section at the
supports and at ends of the spliced bars are not linear once
cracking is initiated. To assume a linear strain distribution and
then to use an "exact" stress-strain relationship for the concrete
is not correct. In the following, stresses in the reinforcement will
be calculated assuming both linear and nonlinear response in the
compressed concrete, and the lower value determined will be
taken as the stress achieved.   In both sets of calculations,
contribution of the tensile strength of the concrete will be
considered negligible. 

Sheet 2 of 5
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SERIES B
B1

Reinforcement Stress Formatted 27 May 12 
Printed  6/18/2012

MAXIMUM REINFORCEMENT STRESS IN CONTINUOUS
BAR AT END OF SPLICE ASSUMING FULLY NONLINEAR
DISTRIBUTION OF COMPRESSIVE STRESS IN THE
CONCRETE

fsnon3
M3ft

2 Asb d 1 0.4
ρ 71ksi
0.7 f'c

71 ksi

MAXIMUM REINFORCEMENT STRESS IN CONTINUOUS BAR 
AT END OF SPLICE ASSUMING LINEAR  DISTRIBUTION OF
COMPRESSIVE STRESS IN THE CONCRETE

fslin3
M3ft

2 Asb d 1
k
3

73 ksi

Check related maximum concrete stress

fclin3
M3ft

k b d2

2
1

k
3

3.8 103psi Compression( )

Sheet 4 of 5
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SERIES B
B1

Reinforcement Stress Formatted 27 May 12 
Printed  6/18/2012

SUMMARY

Reinforcement stress based on observed maximum load

At support 

NONLINEAR LINEAR 

fsupmaxnon 72 ksi fsupmaxlin 74 ksi

At splice end

fsnon3 71 ksi fslin3 73 ksi

NOMINAL UNIT BOND STRESS 

Length of splice Ld 79in

Bar diameter db 1.41 in

Average bond stress at maximum load

μavg
fsnon3 db

4 Ld

round
μavg
psi

1 psi 310psi

The number listed above for bond stress has relevance to
design but is irrelevant to the actual bond stress at maximum
load.

The hard information from the test is that the 79-in splice for
No. 11 bars has developed a maximum bar stress of at least

fsnon3 71 ksi

Sheet 5 of 5
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SERIES B
B2

Reinforcement Stress Formatted 27 May 12 
Printed  6/18/2012

TEST GIRDER B2 

X-Sect. Area for a #11 Bar Asb 1.56in2

Diameter, # 11 Bar db 1.41in

Nominal width of Section b 17
5
8

in

Nominal height of Section h 30in
Top cover ct 5in
Effective depth d 30in ct

db
2 d 24 in

Yield Stress fy 66ksi
Concrete Strength f'c 4800psi
Total Length 

Lt 2 14in 2 9ft 2 8.5in 2 3ft 6ft 7in Lt 34.3ft

Cantilevered Span a 10ft 10.5in a 10.9ft

Interior Span Lm 12ft 7in Lm 13ft

Reinforcement Ratio
ρ 2

Asb
b d ρ 0.73 %

Initial moment at support Msupinit 40.5kip ft

Sheet 1 of 5
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SERIES B
B2

Reinforcement Stress Formatted 27 May 12 
Printed  6/18/2012

EVALUATION AFTER TEST TO FAILURE 

REINFORCEMENT STRESS AT MEASURED MAXIMUM LOAD

Note : Following calculations are made considering 
the supports not to have width in the direction of the span.

Unit selfweight ws b h 150
lbf

ft3
ws 0.55

kip
ft

Measured Maximum Applied Load Pmax 38.9kip

Moment at support related to selfweight and loading gear

Maximum moment at support

Msupmax Pmax a 14in( ) Msupinit

Moment at 3 ft toward mid-span from support

M3ft Msupmax
ws Lm

2
3ft ws

3ft( )2

2

M3ft 410 kip ft

NOTE : Strain distributions over the depth of the section at the
supports and at ends of the spliced bars are not linear once
cracking is initiated. To assume a linear strain distribution and
then to use an "exact" stress-strain relationship for the concrete
is not correct. In the following, stresses in the reinforcement will
be calculated assuming both linear and nonlinear response in the
compressed concrete, and the lower value determined will be
taken as the stress achieved.   In both sets of calculations,
contribution of the tensile strength of the concrete will be
considered negligible. 

Sheet 2 of 5
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SERIES B
B2

Reinforcement Stress Formatted 27 May 12 
Printed  6/18/2012

MAXIMUM REINFORCEMENT STRESS IN CONTINUOUS
BAR AT END OF SPLICE ASSUMING FULLY NONLINEAR
DISTRIBUTION OF COMPRESSIVE STRESS IN THE
CONCRETE

fsnon3
M3ft

2 Asb d 1 0.4
ρ 69ksi
0.7 f'c

69 ksi

MAXIMUM REINFORCEMENT STRESS IN CONTINUOUS BAR 
AT END OF SPLICE ASSUMING LINEAR  DISTRIBUTION OF
COMPRESSIVE STRESS IN THE CONCRETE

fslin3
M3ft

2 Asb d 1
k
3

72 ksi

Check related maximum concrete stress

fclin3
M3ft

k b d2

2
1

k
3

3.8 103psi Compression( )

Sheet 4 of 5
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SERIES B
B2

Reinforcement Stress Formatted 27 May 12 
Printed  6/18/2012

SUMMARY

Reinforcement stress based on observed maximum load

At support 

NONLINEAR LINEAR 

fsupmaxnon 71 ksi fsupmaxlin 73 ksi

At splice end

fsnon3 69 ksi fslin3 72 ksi

NOMINAL UNIT BOND STRESS 

Length of splice Ld 79in

Bar diameter db 1.41 in

Average bond stress at maximum load

μavg
fsnon3 db

4 Ld

round
μavg
psi

1 psi 310psi

The number listed above for bond stress has relevance to
design but is irrelevant to the actual bond stress at maximum
load.

The hard information from the test is that the 79-in splice for
No. 11 bars has developed a maximum bar stress of at least

fsnon3 69 ksi

Sheet 5 of 5
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SERIES B
B3

Reinforcement Stress Formatted 27 May 12 
Printed  6/18/2012

TEST GIRDER B3 

X-Sect. Area for a #11 Bar Asb 1.56in2

Diameter, # 11 Bar db 1.41in

Nominal width of Section b 17
5
8

in

Nominal height of Section h 30in
Top cover ct 5in
Effective depth d 30in ct

db
2 d 24 in

Yield Stress fy 66ksi
Concrete Strength f'c 4780psi
Total Length 

Lt 2 14in 2 9ft 2 8.5in 2 3ft 6ft 7in Lt 34.3ft

Cantilevered Span a 10ft 10.5in a 10.9ft

Interior Span Lm 12ft 7in Lm 13ft

Reinforcement Ratio
ρ 2

Asb
b d ρ 0.73 %

Initial moment at support Msupinit 40.5kip ft

Sheet 1 of 5
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SERIES B
B3

Reinforcement Stress Formatted 27 May 12 
Printed  6/18/2012

EVALUATION AFTER TEST TO FAILURE 

REINFORCEMENT STRESS AT MEASURED MAXIMUM LOAD

Note : Following calculations are made considering 
the supports not to have width in the direction of the span.

Unit selfweight ws b h 150
lbf

ft3
ws 0.55

kip
ft

Measured Maximum Applied Load Pmax 39.7kip

Moment at support related to selfweight and loading gear

Maximum moment at support

Msupmax Pmax a 14in( ) Msupinit

Moment at 3 ft toward mid-span from support

M3ft Msupmax
ws Lm

2
3 ft ws

3ft( )2

2

M3ft 418 kip ft

NOTE : Strain distributions over the depth of the section at the
supports and at ends of the spliced bars are not linear once
cracking is initiated. To assume a linear strain distribution and
then to use an "exact" stress-strain relationship for the concrete
is not correct. In the following, stresses in the reinforcement will
be calculated assuming both linear and nonlinear response in the
compressed concrete, and the lower value determined will be
taken as the stress achieved.   In both sets of calculations,
contribution of the tensile strength of the concrete will be
considered negligible. 

Sheet 2 of 5
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SERIES B
B3

Reinforcement Stress Formatted 27 May 12 
Printed  6/18/2012

MAXIMUM REINFORCEMENT STRESS IN CONTINUOUS
BAR AT END OF SPLICE ASSUMING FULLY NONLINEAR
DISTRIBUTION OF COMPRESSIVE STRESS IN THE
CONCRETE

fsnon3
M3ft

2 Asb d 1 0.4
ρ 70ksi
0.7 f'c

70 ksi

MAXIMUM REINFORCEMENT STRESS IN CONTINUOUS BAR 
AT END OF SPLICE ASSUMING LINEAR  DISTRIBUTION OF
COMPRESSIVE STRESS IN THE CONCRETE

fslin3
M3ft

2 Asb d 1
k
3

73 ksi

Check related maximum concrete stress

fclin3
M3ft

k b d2

2
1

k
3

3.8 103psi Compression( )
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SERIES B
B3

Reinforcement Stress Formatted 27 May 12 
Printed  6/18/2012

SUMMARY

Reinforcement stress based on observed maximum load

At support 

NONLINEAR LINEAR 

fsupmaxnon 72 ksi fsupmaxlin 74 ksi

At splice end

fsnon3 70 ksi fslin3 73 ksi

NOMINAL UNIT BOND STRESS 

Length of splice Ld 79in

Bar diameter db 1.41 in

Average bond stress at maximum load

μavg
fsnon3 db

4 Ld

round
μavg
psi

1 psi 310psi

The number listed above for bond stress has relevance to
design but is irrelevant to the actual bond stress at maximum
load.

The hard information from the test is that the 79-in splice for
No. 11 bars has developed a maximum bar stress of at least

fsnon3 70 ksi
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SERIES B
B4

Reinforcement Stress Formatted 27 May 12 
Printed  6/18/2012

TEST GIRDER B4 

X-Sect. Area for a #11 Bar Asb 1.56in2

Diameter, # 11 Bar db 1.41in

Nominal width of Section b 17
5
8

in

Nominal height of Section h 30in
Top cover ct 5in
Effective depth d 30in ct

db
2 d 24 in

Yield Stress fy 66ksi
Concrete Strength f'c 5460psi
Total Length 

Lt 2 14in 2 9ft 2 8.5in 2 3ft 6ft 7in Lt 34.3ft

Cantilevered Span a 10ft 10.5in a 10.9ft

Interior Span Lm 12ft 7in Lm 13ft

Reinforcement Ratio
ρ 2

Asb
b d ρ 0.73 %

Initial moment at support Msupinit 40.5kip ft
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SERIES B
B4

Reinforcement Stress Formatted 27 May 12 
Printed  6/18/2012

EVALUATION AFTER TEST TO FAILURE 

REINFORCEMENT STRESS AT MEASURED MAXIMUM LOAD

Note : Following calculations are made considering 
the supports not to have width in the direction of the span.

Unit selfweight ws b h 150
lbf

ft3
ws 0.55

kip
ft

Measured Maximum Applied Load Pmax 39.7kip

Moment at support related to selfweight and loading gear

Maximum moment at support

Msupmax Pmax a 14in( ) Msupinit 426 kip ft

Moment at 3 ft toward mid-span from support

M3ft Msupmax
ws Lm

2
3ft ws

3ft( )2

2

M3ft 418 kip ft

NOTE : Strain distributions over the depth of the section at the
supports and at ends of the spliced bars are not linear once
cracking is initiated. To assume a linear strain distribution and
then to use an "exact" stress-strain relationship for the concrete
is not correct. In the following, stresses in the reinforcement will
be calculated assuming both linear and nonlinear response in the
compressed concrete, and the lower value determined will be
taken as the stress achieved.   In both sets of calculations,
contribution of the tensile strength of the concrete will be
considered negligible. 

Sheet 2 of 5
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SERIES B
B4

Reinforcement Stress Formatted 27 May 12 
Printed  6/18/2012

MAXIMUM REINFORCEMENT STRESS IN CONTINUOUS
BAR AT END OF SPLICE ASSUMING FULLY NONLINEAR
DISTRIBUTION OF COMPRESSIVE STRESS IN THE
CONCRETE

fsnon3
M3ft

2 Asb d 1 0.4
ρ 70ksi
0.7 f'c

70 ksi

MAXIMUM REINFORCEMENT STRESS IN CONTINUOUS BAR 
AT END OF SPLICE ASSUMING LINEAR  DISTRIBUTION OF
COMPRESSIVE STRESS IN THE CONCRETE

fslin3
M3ft

2 Asb d 1
k
3

73 ksi

Check related maximum concrete stress

fclin3
M3ft

k b d2

2
1

k
3

3.9 103psi Compression( )
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SERIES B
B4

Reinforcement Stress Formatted 27 May 12 
Printed  6/18/2012

SUMMARY

Reinforcement stress based on observed maximum load

At support 

NONLINEAR LINEAR 

fsupmaxnon 71 ksi fsupmaxlin 74 ksi

At splice end

fsnon3 70 ksi fslin3 73 ksi

NOMINAL UNIT BOND STRESS 

Length of splice Ld 79in

Bar diameter db 1.41 in

Average bond stress at maximum load

μavg
fsnon3 db

4 Ld

round
μavg
psi

1 psi 310psi

The number listed above for bond stress has relevance to
design but is irrelevant to the actual bond stress at maximum
load.

The hard information from the test is that the 79-in splice for
No. 11 bars has developed a maximum bar stress of at least

fsnon3 70 ksi

Sheet 5 of 5
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SERIES B
B5

Reinforcement Stress Formatted 27 May 12 
Printed  6/18/2012

TEST GIRDER B5 

X-Sect. Area for a #11 Bar Asb 1.56in2

Diameter, # 11 Bar db 1.41in

Nominal width of Section b 17
5
8

in

Nominal height of Section h 30in
Top cover ct 5in
Effective depth d 30in ct

db
2 d 24 in

Yield Stress fy 66ksi
Concrete Strength f'c 5260psi
Total Length 

Lt 2 14in 2 9ft 2 8.5in 2 3ft 6ft 7in Lt 34.3ft

Cantilevered Span a 10ft 10.5in a 10.9ft

Interior Span Lm 12ft 7in Lm 13ft

Reinforcement Ratio
ρ 2

Asb
b d ρ 0.73 %

Initial moment at support Msupinit 40.5kip ft

Sheet 1 of 5
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SERIES B
B5

Reinforcement Stress Formatted 27 May 12 
Printed  6/18/2012

EVALUATION AFTER TEST TO FAILURE 

REINFORCEMENT STRESS AT MEASURED MAXIMUM LOAD

Note : Following calculations are made considering 
the supports not to have width in the direction of the span.

Unit selfweight ws b h 150
lbf

ft3
ws 0.55

kip
ft

Measured Maximum Applied Load Pmax 40.6kip

Moment at support related to selfweight and loading gear

Maximum moment at support

Msupmax Pmax a 14in( ) Msupinit

Moment at 3 ft toward mid-span from support

M3ft Msupmax
ws Lm

2
3ft ws

3ft( )2

2

M3ft 427 kip ft

NOTE : Strain distributions over the depth of the section at the
supports and at ends of the spliced bars are not linear once
cracking is initiated. To assume a linear strain distribution and
then to use an "exact" stress-strain relationship for the concrete
is not correct. In the following, stresses in the reinforcement will
be calculated assuming both linear and nonlinear response in the
compressed concrete, and the lower value determined will be
taken as the stress achieved.   In both sets of calculations,
contribution of the tensile strength of the concrete will be
considered negligible. 
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SERIES B
B5

Reinforcement Stress Formatted 27 May 12 
Printed  6/18/2012

MAXIMUM REINFORCEMENT STRESS IN CONTINUOUS
BAR AT END OF SPLICE ASSUMING FULLY NONLINEAR
DISTRIBUTION OF COMPRESSIVE STRESS IN THE
CONCRETE

fsnon3
M3ft

2 Asb d 1 0.4
ρ 70ksi
0.7 f'c

72 ksi

MAXIMUM REINFORCEMENT STRESS IN CONTINUOUS BAR 
AT END OF SPLICE ASSUMING LINEAR  DISTRIBUTION OF
COMPRESSIVE STRESS IN THE CONCRETE

fslin3
M3ft

2 Asb d 1
k
3

74 ksi

Check related maximum concrete stress

fclin3
M3ft

k b d2

2
1

k
3

4 103psi Compression( )

SUMMARY

Reinforcement stress based on observed maximum load

Sheet 4 of 5
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SERIES B
B5

Reinforcement Stress Formatted 27 May 12 
Printed  6/18/2012

At support 

NONLINEAR LINEAR 

fsupmaxnon 73 ksi fsupmaxlin 76 ksi

At splice end

fsnon3 72 ksi fslin3 74 ksi

NOMINAL UNIT BOND STRESS 

Length of splice Ld 79in

Bar diameter db 1.41 in

Average bond stress at maximum load

μavg
fsnon3 db

4 Ld

round
μavg
psi

1 psi 320psi

The number listed above for bond stress has relevance to
design but is irrelevant to the actual bond stress at maximum
load.

The hard information from the test is that the 79-in splice for
No. 11 bars has developed a maximum bar stress of at least

fsnon3 72 ksi

Sheet 5 of 5
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SERIES B
B6

Reinforcement Stress Formatted 27 May 12 
Printed  6/18/2012

TEST GIRDER B6 

X-Sect. Area for a #11 Bar Asb 1.56in2

Diameter, # 11 Bar db 1.41in

Nominal width of Section b 17
5
8

in

Nominal height of Section h 30in
Top cover ct 5in
Effective depth d 30in ct

db
2 d 24 in

Yield Stress fy 66ksi
Concrete Strength f'c 5230psi
Total Length 

Lt 2 14in 2 9ft 2 8.5in 2 3ft 6ft 7in Lt 34.3ft

Cantilevered Span a 10ft 10.5in a 10.9ft

Interior Span Lm 12ft 7in Lm 13ft

Reinforcement Ratio
ρ 2

Asb
b d ρ 0.73 %

Initial moment at support Msupinit 40.5kip ft

Sheet 1 of 5
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SERIES B
B6

Reinforcement Stress Formatted 27 May 12 
Printed  6/18/2012

EVALUATION AFTER TEST TO FAILURE 

REINFORCEMENT STRESS AT MEASURED MAXIMUM LOAD

Note : Following calculations are made considering 
the supports not to have width in the direction of the span.

Unit selfweight ws b h 150
lbf

ft3
ws 0.55

kip
ft

Measured Maximum Applied Load Pmax 40.6kip

Moment at support related to selfweight and loading gear

Maximum moment at support

Msupmax Pmax a 14in( ) Msupinit

Moment at 3 ft toward mid-span from support

M3ft Msupmax
ws Lm

2
3ft ws

3ft( )2

2

M3ft 427 kip ft

NOTE : Strain distributions over the depth of the section at the
supports and at ends of the spliced bars are not linear once
cracking is initiated. To assume a linear strain distribution and
then to use an "exact" stress-strain relationship for the concrete
is not correct. In the following, stresses in the reinforcement will
be calculated assuming both linear and nonlinear response in the
compressed concrete, and the lower value determined will be
taken as the stress achieved.   In both sets of calculations,
contribution of the tensile strength of the concrete will be
considered negligible. 
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SERIES B
B6

Reinforcement Stress Formatted 27 May 12 
Printed  6/18/2012

MAXIMUM REINFORCEMENT STRESS IN CONTINUOUS
BAR AT END OF SPLICE ASSUMING FULLY NONLINEAR
DISTRIBUTION OF COMPRESSIVE STRESS IN THE
CONCRETE

fsnon3
M3ft

2 Asb d 1 0.4
ρ 72ksi
0.7 f'c

72 ksi

MAXIMUM REINFORCEMENT STRESS IN CONTINUOUS BAR 
AT END OF SPLICE ASSUMING LINEAR  DISTRIBUTION OF
COMPRESSIVE STRESS IN THE CONCRETE

fslin3
M3ft

2 Asb d 1
k
3

74 ksi

Check related maximum concrete stress

fclin3
M3ft

k b d2

2
1

k
3

4 103psi Compression( )

SUMMARY

Reinforcement stress based on observed maximum load

At support 
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SERIES B
B6

Reinforcement Stress Formatted 27 May 12 
Printed  6/18/2012

NONLINEAR LINEAR 

fsupmaxnon 73 ksi fsupmaxlin 76 ksi

At splice end

fsnon3 72 ksi fslin3 74 ksi

NOMINAL UNIT BOND STRESS 

Length of splice Ld 79in

Bar diameter db 1.41 in

Average bond stress at maximum load

μavg
fsnon3 db

4 Ld

round
μavg
psi

1 psi 320psi

The number listed above for bond stress has relevance to
design but is irrelevant to the actual bond stress at maximum
load.

The hard information from the test is that the 79-in splice for
No. 11 bars has developed a maximum bar stress of at least

fsnon3 72 ksi
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BOWEN 
Specimen: A-I Sheet: 1 of 1 

.LABORATORY Average Load: 
LS> \1\1~ Drawn by: M'0N Checked by: 

PURDUE UNIVERSITY 
Average Deflection: Date: h/ '1 /t .1 
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BOWEN 
Specimen: A- I Sheet: 1 of 1 

LABDRATORY Average Load: \ 'J__ 'r--1?$ Drawn by: Mt:>N Checked by: 
PURDUE UNIVERSITY 

Average Deflection: Date: 
(o/Y/1? .. 
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BOWEN 
Specimen: A-\ Sheet: 1 of 1 

.LABORATORY Average load: \'zi \/,.1P.5 Drawn by: MDN Checked by: 
PURDUE UNIVERSITY 

Average Deflection: Date: ~ H /1~ 
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-~SWEN 'I',! . 
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Speelman: A-\ 

Average Load: lt.t IA.tP:, 

Average Deflection: \. ?..5" 

Sheet: 1 of 1 

Drawn by: Mt>N Checked by: 

Date: ~/'-l/12.. 
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• 01.0 .o,o 

Specimen: A-\ Sheet: 1 of 1 

Average Load: 30 "''""s Drawn by: Mt>N Checked by: 

Average Deflection: \. w .. Date: 1..9 /'-1 1,1. 
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\-- 2 ~---, 

Specimen: A-\ Sheet: 1 of 1 

Average Load: 3~ v,.,v.s Drawn by: M oN Checked by. 

Average Deflecllon: ?.· 01 •• Date: (9 /'-1 /i').. 
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Specimen: A-\ Sheet: 1 of 1 

Average Load: Drawn by: M ON Checked by: 

Average Deflection: Date: ts, H I ,i. 
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• 
Specimen: A-\ Sheet: 1 of 1 BlltWEN. 

USDMTQR.Y Average Load: '71 V\IPS Drawn by: Mt>N Checked by: 
p,O,R•PfU e Lf,N,lf:,e·,t s f'TY' 

Average Deflection: i, .00'1 Date: l..D/"i/1~ 
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Specimen: A-\ Sheet: 1 of 1 

Average Load: ,;1 s o r,,P~ Drawn by: Mt:,N Checked by: 

Average Deflection: q • s'1 
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Specimen: A-\ Sheet: 1 of 1 

Average Load: tail lb,,b \J. "'"'-' (,_t.u>A~) 
Drawn by: M'ON Checked by: 

Average Deflection: ~ Date: (; /"'I 112. 
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Specimen: A-\ Sheet: 1 of 1 -
, , 

''FIi/i¥ . .. "' :-" ' Average Load: ;;a I Piif:l ,2_4i Y,M•~ lru. 
;\ Drawn by: Mi>N Checked by: 

" ' , . ' .. "' " Ja~(;f¥.' Average Deflection: ~I Date: <si /"i I 12. 
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Specimen: A-\ Sheet: 1 of 1 

Average Load: ~I 
; """ ~ l'.tP5 ~ 

Drawn by: Mt>N Checked by: 

Average Deflection: $.I.&'' Date: (.g /'-i /1:2. 
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.<>OS .co~ <.0,:,5 <,oo!> <.C>O!> 

Specimen: A-2 Sheet: 
BOWEN 

1 of 1 

LABORATORY 
-=--

Average Load: ~ \1-1?5 
Drawn by: M'DN Checked by: 

PURDUE UNIVERSITY 
Average Deflection: ,, Date: Ql/01/1:2 0.13 
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.01.3 ,013 <.oo, < .ooS .oo5 

Specimen: p,..-7... Sheet: 1 of 1 
BOWEN 

LABORATORY Average Load: It. ~I°?$ Drawn by: 'MON Checked by: 
;fl 

PURDUE UNIVERSITY 
Average Deflection: Data: ~- \ • 12. 
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, Ol O • ,o,o',, < .o . c<:5, ~cc:.<; • . oo7 • , 

Specimen: A~ 2 Sheet: 
. BOWEN 

1 of 1 

LABORATORY Average Load: 18 ~1P::, 
Drawn by: MtlN Checked by: --PURDUE UNIVERSITY 

Average Deflecllon: Date: Ci, - c, - 1:l. 
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• o'l.S • • co'\ , ooA. 

Specimen: A-2 Sheet: 
BOWEN 

1 of 1 

LABORATORY Average Load: JY v,, ~.s Drawn by: Checked by: 
~..:'»~~~ 

PURDUE UNIVERSITY 
Average Deflection: Date: 1. 11" 
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' 

Specimen: A -7.. 

Average Load: 30 11-,,"s 

Average Dellectlon: 1. si, " 

Sheet 1 or 1 

Drawn by: Checked by: 

· Date: 
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Specimen: A _ '.2 Sheet: 1 of 

Average Load: 3&, 1,1,.,cis Drawn by: MDN Checked by: 

Average Deflection: 1 _ 9 1 " Date: 



APPENDIX A, Purdue Phase I Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 368 of 595 

u 

,, 
II 

7 7 --- - - - - -1 
I .. 

. ,, 1------- 7 1 '/.2 _ ____ _ __, 
. 010 

• ,..,o,P . .. 0 10 .olJ .. Ole::> . ov.., 
, 

~ 

Specimen: A. _ 2 Sheet: 1 of 

Drawn by: Checked by: 

Average. Deflection: ·. Date: 
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Specimen: A - ;)_ Sheet: 1 of 1 

Average Load: lj I ii,," D~by: Checked by: 

Average. Deflection: Date: 
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BOWEN 
Specimen: A - 3 Sheet: 1 of 1 

LABORATORY Average Load: Cs, V..W5 Drawn by: MON Checked by: 
=• ' .. 

PURDUE UNIVERSITY 
Average Deflection: 6 . I '-1 11 Date: S/%0/12. 
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BOWEN 
Specimen: A-3 Sheet: 1 of 1 

LABORATORY Average Load: IZ \l-.l1='.$ Drawn by: MDN Checked by: 
PURDUE UNIVERSITY 

Average Deflection: Date: 0.1-1(.,'' 
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BOWEN 
Specimen: A-3 Sheet: 1 of 1 

£ABtJRATORY Average Load: 
ICZ> V-.1PS Drawn by: MON Checked by: 

PURDUE UNIVERSITY 
Average Deflection: Oate: 5-30-1'.l 
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j 

Specimen: A-3 Sheet: 
BOWEN 

1 of 1 

LABORATORY Average Load: 2"1 
ilt1f'f, 

Drawn by: M DN Checked by: 
PURDUE UNIVERSITY 

Average Deflection: I. 2'' Date: 5-30 -12 
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Specimen: A - .3 Sheet: 1 of 1 

Average Load: 30 ~,f'S Drawn by: MoN Checked by: 

Average Deflection: 1. ~" . Date: 5 - 30 ~ \ 2 
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Specimen: A - 3 Sheet: 1 of 

Average Load: ¼ -,_,ps Drawn by: MoN Checked by: 

Average Deflection: 1 _ q5 " Date: .5 - 30- \2 

1 
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u 

Specimen: A-L-f Sheet 1 of 1 BOWEN 
LABORATORY Average Load: cv. Drawn by: Checked by: 

PURDUE UNIVERSITY 
Average Deflection: 0.\1'' Date: ?:i/i /1.2 
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BB.WEN 
Specimen: A -i, Sheet: 1 of 1 

LABORATORY Average Load: f2. I'-. Drawn by: Checked by: 
jq- =••nrrsll . w;-ra, 

PU R, DUE UNIVERS I TY 
Average Deflection: Date: ~ - i -12 
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Specimen: Sheet: 1 of 1 

Average Load: l't> ~ Drawn by: Checked by: 

_Average Deflection: Date: 
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u 

Specimen: A -"1 Sheet: 1 of 1 .,,.., 
~ · 'tJMJ&.OllY Average Load: 2½ K Drawn by: Checked by: ,a · .... • ... 
\ ~ ... ...;......... , ➔ ~ • 

. PU R; ll>\U .E ll N. I '\I E~i$ l'T 5f Average Deflection: Date: ~ Ii 11:i. 
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Specimen: A - '1 Sheet: 1 of 1 

Average Load: Jo..._ Drawn by: Checked by: 

Average Deflection: 1• 1, '' Date: 

_l 
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Specimen: Sheet: 1 of 1 

Average Load: 3eo \I,. Drawn by: Checked by: 

Average Deflection: Date: 

) 
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Specimen: Sheet: 1 of 1 

Average Load: 3,g Yi C'i,(.LD) Drawn by: Checked by: 

Average Deflection: 2.1" Date: 
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Specimen: A _ '-\ Sheet: 1 of 1 

Average Load: 'io"' Drawn by: Checked by: 

Average Deflection: LJ ., Date: 
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,oio ,01 

Specimen: Sheet: 1 of 1 

Average Load: Drawn by: Checked by: 

Average Deflection: Date: 

.) 
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Specimen: A - ~ Sheet: 1 of 1 

Average Load: I 2 ~ Drawn by: Checked by: 

Average Deflection: Date: 

J 
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u 

Specimen: Sheet: 1 of 1 

Average Load: .2'"\ \,(,. (<ztl.OA~c) Drawn by: Checked by. 

Average Deflection: Date: 
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Specimen: A:-'1 Sheet: 1 of 1 

Average Load: 3~'1.. (f:x"°..i,~o) · Drawn by: Checked by: 

Average Deflection: Date~ 
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BIIWEN 
l.ABORAYDRY 

PURDUE UNIVERSfT Y 

0 

Specimen: A-5 
Average Load: Co ~ 

Average Deflection: 

Sheet: 

Drawn by: 

Date: 

L 

1 of 1 

Checked by: 
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BOWEN 
t.ABORATORY 

P U R D U E U N IV E RS I" TY 

Specimen: A-s 

Average Load: 1:2. v--

Average Deflection: 0 _'19,, 

Sheet: 

Drawn by: 

Date: 

0 

1 of 1 

Checked by: 
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0 0 0 

, oo, .OO'I 
.ca, 

Specimen: Sheet: 1 of 1 

Average Load: 1i \I-- Drawn by: Checked by: 

Average Deflection: Date: 
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0 0 G 

Specimen: 1 of 1 

Average Load: ~ '.21-\ K Drawn by: Checked by: 

Average Deflection: Date: 
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Specimen: S~et: 1 of 1 

Average Load: ~ ~ f"i Drawn by: Checked by: 

Average Deflection: Date: 
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0 0 0 

Specimen: A-$ Sheet: 1 of 1 

Average Load: Drawn by: Checked by: 

Average Deftect,lon: Date: 
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0 0 0 

- - -
' ...--.-v 1 ' l ~ ..,~I I 

I · I . , ?' · - .. I I I I I I I· 

~ Y-rl J Jl l . l l . ·-1~ l ✓ l I ,..,_ I I I I I I I I I I I I I I I I I I I I I I ----~---+ - - - +---+---+---+---+---+---+---+--- +---+---+-+-+- - -- --- ----

Specimen: Sheet: 1 of 1 

Average Load: 3&°"-CTic.~o) Drawn by: Checked by: 

Average Defleclfon: ·oate: 
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G 0 0 

Specimen: A_ s Sheet: 1 of 1 

Average Load: ~~ Drawn by: Checked by: 

Average Deflection: L/ .0" Date: {s,/7/,2 

\ 
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G . 0 0 

Specimen: A _ s Sheet: 1 of 1 

Average Load: Drawn by: Checked by: 

Average Defteclfon: :z .o'' Date: 
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0 0 0 

Specimen: A _ ~ Sheet: 1 of 1 

Average Load: I?), (12.eLoAof:O) Drawn by: Checked by: 

Average Deflection: 2.s7 ·• Date: 
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0 0 0 

~ \O • .,01 , .:>l!.o ,oo1 ,013 ~ oi.. 
• O IO 

Specimen: A -~ Sheet: 1 of 1 

Average Load: 2 L\J< .. l Re.ol\ocP) Drawn by: Checked by: 

Average Deflection: 3> . '2?-,, Date: 
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0 0 0 

Specimen: Sheet: 1 of 1 

Average Load: Drawn by: Checked by: 

Average Deflection: 3 . '6 ,, Date: 
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,oO!, <.oo-... < . cos. < .oos- ,o°":, .,oe>.; ,OO.> ,001 

( ,.ooS <.~i. <,co5 <~oat: <. .c& ,o0.5. 

Specimen: A -6 Sheet: 1 of 
~Bt!i.WJ!N 
l.ABORA'TORY 

PURDUE UNIVERSI T Y 

Average Load: r..s, v-.ws Drawn by: M O N Checked by: 

Average Deflection: Date: 

1 
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l--- 1'3"- 1 

,c,,()'t .. oo~ -oo> 
.<. < _, . , o,o 

. oos 

~S.OWEN 
Specimen: A - ~ Sheet: 1 of 1 

LABORATORY Average Load: \~ V-1'1"5 Drawn by: MON Checked by: 
PU R.D U E UNIVERSl"TY 

Average Deflection: Date: &, /~ I 11.. 
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t,-12'4
1

--'( ..-•1'1-t I- ~ •·-; 4--"I"-, '--- IS~ _,. 1------ ,t.~--, .. ~ 
1-ooq .001 .o,~ .01.0 ,o,,!, .o,o 

,o..S < ,o<>S ,013 ,oil ..oos -oo!> <.c,(l, ,co!. 
,0'3 .c,0S 

----

Specimen: A _ <.. Sheet: 1 of 1 

Average Load: ·1 g ""P.S Drawn by: Mor-1 Checked by: 

Average Deflection: Date: ts, I 05 /,?.. 
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Specimen: A - ~ Sheet: 1 of 1 

Average Load: 2'i 11,,~ Drawn by:. MoN Checked by: 

Average Deflection: Date: t,g I o5 / 1?.. 
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• c>l.S 
1---S"-! /- "J''-1 t--\t.o''--t 1,--1~•,t 4 .S:.- 11''-f I--- ,-'1"----1 ,0o'\ , , 1 .;)VJ •OlS ,01 ' 0 ~" 

r 
-OC>1 

Specimen: A - c., Sheet: 1 of 1 

Average Load: .,,... 
.::s.J"-•PS 

Drawn by: Mor-1 Checked by: 

Average Deflection: Date: (g / 05 / i?... 
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\\o"--+ ~\.'-"""'---• _,......,._ $"111--==----;-

Specimen: A - <., Sheet: 1 of 1 

Average Load: .3<s, ~,~s Drawn by: Mor--i Checked by: 

Average Deflection: Date: '9 I 05 /1?.. 

--
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Specimen: · A _ t., 

Average L d: 
I 

Average Deflection: 

Sheet 

Drawn by: 

Date: 

1 of 1 

MON Checked by: 
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Specimen: ·.A - <.o Sheet: 1 of 1 

Average Drawn by: MON Checked by: 

ctlon: y .o'' Data: 



APPENDIX A, Purdue Phase I Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 408 of 595 

Specimen: ·. A _ <., Sheet: 1 of 1 

Average Drawn by. Mor-J Checked by: 

ctlon: Date: 1..s, / 05 J 1?.. 
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Specimen: ·. A _ c.., Sheet: 1 of 1 

Average L Drawn by: MON Checked by: 

ctlon: 2 -6," Date: 
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~ 
Specimen: ·.A-<.., Sheet: 1 of 1 

Wl:1fl 
' .. · ' . , Average L Drawn by: Checked by: rJJJtt.8/l:._ l Q6.t.oA~o) MOr-1 

.~U·RD'-4 a ON IY.1-li$..S("ft Average cllon: Date:. ls,/05/1?-
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.10 

I I I . I I , I I I , I · I I · I I I ---~---~---~---~--~~---~---~---~--- --- - - ~~-~--- --- -

Speelman: ·.A-<s. Sheet: 1 of 1 

Average Lo 3Co ..._ (RE.1.0AC,f.D) Drawn by: MON Checked by: 

on: 3. i q •• Date::. ls, {o!S/11-

.. 
I 
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I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I 

------L---L--- J-~_J_J--L---L---J----L---i---~----L-L-i-L- L---~----~------

BOWEN 
Specimen: B-1 Sheet: 1 of 1 

LABORATORY Average Load: 5,'5 Drawn by: Checked by: -PURDUE UNIVERSliY 
Mld119an Deflection: o. 01i5 Date: 0> /0 z_o 12-
Av~. 
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---r----1"-- -,--i--,--;--1-----,..----,----r-----t--- -1-----,.. -r--t-1"(-r----;-{-- r - - ---
---r---+-- 1--1--1----1--:----t-----i----r---f ----:----t +-f-+ f ------1- --t- ----

1 I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I 'I I I I 
I I I I I I I I I I I I I I I I \ I I I 
I I I I I I I I I I I I I I I I I I I 
I I I I I I I I l I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I 

------1----.!.---...J--1--1-...l-- 1----.l-- ---1--- - l----.l.----1----.l-- .J.-.J._.J.._J. ___ ...J ____ J.. _____ _ 

Specimen: - .I Sheet: 1 of 1 
BOWEN 

LABORATORY Average Load: b,O ¥= -- Drawn by: 'i. W, Checked by: 
PURDUE UNIVERSITY 

...Mldapan. Deflecllon: O.l Date: o.s ,o /2-

~-
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C 
r 

t 

Specimen: &-1 Sheet: 
BOWEN 

1 of 1 

.LABORATORY Average Load: \2,0 O ,~ Drawn by: "-{ w. Checked by: ------~URDUE UNIVERSITY 
ktspan Deflection: (h43 Date: 05 I If} /1). 

A-11,. 

3 
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u 

Specimen: 13-/ Sheet: 
BOWEN 

1 of 1 

LABORATORY Average Load: l'B,O /< Drawn by: ~-W . Checked by: 
PURDUE UN I VERSITY 

Midspan Deflecllon: o~ 7Z ' 
I I'\ Date: oc;/,o / ti 

h~11 · 
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I 

w~e~s wreol 0-f ~tkt Leve) oi -~t~~t . 

bp I.> 2.5 2.\;'" )0 {O 35' ~;- 1.0 

P~ lo 10 ~ 

BOWEN 
Spectmen: )_ Sheet: 1 of 1 

LABORATORY Average Load: 2to ~ Drawn by: ''( UJ. Checked by: 
Aei -PUROUE UNIVERSITY 

-Midspan Deflecllon: Date: (\ 0 8 ·,Y\ - 0 /1--

A-vr 
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u u 

Specimen: ~ -\ Sheet: 1 of 1 
BOWEN 

,LABORATORY Average Load: ?;>O 0 
,,,. Drawn by: .ul. Checked by: 

......;..a&:$Ji - - t---
PURDUE UNIVERSITY 

-Midspan-Deflection: I, l('!, Date: ~/10/ ("2,. 

A,~. 

6 
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u L 

Spedmen: B-l Sheet: 1 of 1 
BOWEN 

.LABORATORY Average Load: ;b, 0 I(._ Drawn by: '( 1/V Checked by: 

PURDUE UNIVERSITY 
Midspan Deflection: L i2 '" Data: 5/I0(/ 2 

7 
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-r- -- -
_L 

I 
I 
I 
I 
I I I 
I I ! 
I I I 
I I I I 
I I I I I I I ------1-----l--- _ _J_....J __ J ____ .j.. ___ ..J ____ L--

BOWEN 
Specimen: " - I 

LABORATORY Average Load: 

PURDUE UNIVERSITY 
Midspan Daflecllon: 

Sheet: 1 of 1 

Drawn by: y vJ. Checked by: 

Date: !5/ro I z 
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_ ----r--- -r------,-.---,r--,--1-----r ----,---- ---1----1" -r--.--r-\-r----.-----r-- __ _ 
- ----~-- I ----J-·+--l 7--:----t --7---- ---:----+ t-f-t +----:----+- ----

1 I I I I I I I I I I - I I I I I I 
I I I I I ' I I I I I I I I I I I I I I 
I I I I I I I I I I I I I J I I I I I 
I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I 

------'----.l.-- - -l--1-..J_.J __ , ____ .i. ___ ...J ____ ).. ___ .,i ___ _ L---.I.-.L-..l-.l.--1-----'----!-------

Sheet: 1 
BOWEN 

LABORATORY 
PURDUE UNIVERSITY 

Specimen: (b - 2 

Average Load: 6 K 
Average Deflecllon: 0 , I 5 ' 1 

of 

Drawn by: f; \DR Checked by: 

Data: 

1 
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0 G 

'00'\ 

- ----r--- r--- - --i--, -,--1----r - - -,---- ---, - --1- - ---r r---r- r- -r----i----,-- - --
- _ __ _ L __ l. ___ __ I -'--'----1 __ .J ______ __ l_ __ 1_ ___ 1 l._.l_l. .l ____ l ____ L_ 

I I I -1 I I- I I I I I I I I I .f,, I l 
I ~ I I I l '\ I I (I i .__ I I I I l I I iY I I 
I , .~ I I I .~ I I ,: ,,..-; I I I I I I I 1,. I I 
I I I I I I I I ' I I I I I ! I I I I I 
I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I ------1----.J.. ___ J _ _J_J_..J __ 1 _ ___ .J.. ___ J _ _ __ L---..l.---- L---.l.- .J..-..t._.J.._.J.. ___ _J ____ J_ _____ _ 

Specimen: I!:> - 2 Sheet 
BOWEN 

1 of 1 

LABORATORY Average Load: );)_\<'. Drawn by: Erf. Checked by: 
PURDUE UNIVERS I TY 

Average Deflection: (5, y s (( Date; 5/;;_ IJ. 
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u 0 u 

'1 '1/ ll 111 •' '-I'' '3't,,,.'' 1--l ~ 1----l I--\ 7'' If \~ ,07.,J:> ~ 
&c....\ ,0\3 ,0\'3 ,01..0 

.010 ,o\o ,<:o'\ .ro, .o-io ,OI".'.> ,01:::, -00'\ .00'1 ,(.)1) ,a::n • C>bS'° . o::>'l .o::,'7 ,c,:::,r, ,c.1'3 

Specimen: B-2 Sheet: 1 of 1 
'BOWEN 

LABORATORY Average Load: /<o K Drawn by: f> \Pr2. Checked by: 
PURDUE UNIVERSITY 

Average Deflection: 0/30" Date: S/)-3/1:;. 
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t-
-I 

,enc> 

;·· 
~---\ t-----1 

,ol~ ,OI'.!> .~-:, .o1c:, 
, <,10 , O\l, , CX>i , co7 ,C'IO .<>10 

Specimen: ~-2 Sheet: 
BOWEN 

.LABORATORY Average Load: 2 L--j /<, Drawn by: 
PURDUE UNIVERSITY 

Average Deflection: 1,13 1
' Date: 

1 of 1 

~f\2- Checked by: 

S/J.s/12 
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(j) 

I' 

M'I/ \($. ,, 
t- \"3 { ~ 

3·· \'?,' 1·· 1'-\'' \ \-l ~ T'f .0-10 ..,,, 
,(:)~ .crz£ ,<r\O SJ .◊w ,oll. ,ow ,013 ,ull ,t)JO .O?,~ ,0"'6 ·® ,OIO ,oil. ,01,0 .o\<> ,oo,5 ,a.,1 ,(.)\) •010 • O\l., .OIL ,ol::) 

Specimen: ~ - J_ Sheet: 1 of 1 

Average Load: 30 I< Drawn by: 'e>fYl Checked by: 

Average Deflection: / , 0 ::;- 1 1 Date: 
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'M" 
II '' I _. 

~ 
115 ,. il.z. 11.-r' 

I ~ f ,d-10 ,o;6' ~ _, ,IS:O •()St) 
,(JUJ ,OI:) ,D\l, •°'L ,0'-10 ,()35' .0~1;:1 ,o'YS 

j 0\() ,01.:s' , C>ll. -~ ,o-ZO 

"1-~1- -r- --i-- -~~_.:i::;;;.--=,:::;.-c~=::1-H:=F1t--,.,ll:;.:~~::-d-
1
1-~ f- ;rc=:.:.:r.r -7-- -,-

-~~ I I : : I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I ------L----.l---...J--1-...J---1--1----.l-- -...J- - - -L----L-- - - 1----.l- - .L-J.-.i._.l. ___ J ____ J.. _ _ ___ _ 

Specimen: ~ - J_ Sheet: 1 of 1 

Average Load: "Sb I<- Drawn by: 'e>f~ Checked by: 

l '
C7 1 ct Average Deflection: o 1::, Date: 
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,a,, , ~o ,Im ,e'?o 
I <J07 • 1.>1 ~ ,e>\l , 010 

Specimen: ~ - 2 Sheet: 

Average Load: I -g \< Uv- ( ou....l Drawn by: 

Average Deflection: l , ~ 5 11 Date: 

,r::i'l.D 
,Ol':) 

1 of 

1e,frl. Checked by: 

1 
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.. . • .. Sp,cJ~en: (6 - .1 
Average Load: Q I..( 

,. ,,, .. .. ' . ·. "'·:· ; Average Deftecllon: 

UV\, loa.vl 

o. L-/ 'D~' 

t .oti; . o<b , c::<>"\ 

,0.)"\ -~ . a:f>' 

Sheet: 

Drawn by: 

Date: 

1 of 1 

tfl?- Checked by: 

5/23/1-:i. 
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. 1)'>5' 
,0'10 

,oo"i. 
, •00.i 

--r- 1'- - --,---ru,~:;.--~'-t:.=,-~L~-:-=:J~1i"f9~j:;:;~~ f- .....---t-J -1--.J l l I I I I I I I I I I I / I I I I I I I I I I I I I I I I I I I I I I ______ L ___ l ___ J_J_J:.J_J ____ l ___ J ____ L ___ J ___ J_ ___ l_l_J_l_l ___ J ____ L _____ _ 

Spe.Ql~en: t -:)_ . Sheet: 1 of 

Average Load: 11 · K ~loo.A, . Drawn by: 'e;ft2- Checked by: 

O. C]<:J. '' Average Deflecllon: o v 

1 
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,C\ . 010 ,t>30 .0'10 
,0\) '<>I'.> 

--i--- _J _ _ 
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I I I I I I I I I I I I I I I I I I I I I I I I I I . I I I I I I I I I I I I I I I · I I I I I I I I I I I I I I I I I I ______ L ___ l ___ J_J_J~J __ L ___ ~ ___ J ____ L ___ J ____ L ___ l_l_J_l_l ___ J ____ L _____ _ 

Sheet: 1 of 

l --0 

1 
. V Average Load: Z'-1 ' Drawn by: tft2- Checked by: 

Avemge Deflection: v\\' 
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i"'\' ,oS'O ,<>"\b 
~ , o::Y::) ,c(.O ..,, 

, o-i6' .o!>O ,01~ ,()U> 

.~I:) .0'10 
,1:)7.S • CMJ,) .o,o ,"'10 • 0:,, 

, 01') ,o'lCC I .:,'Y::, 

s~~en: ~ -1. Sheet: 1 of 1 

Average Load: ~6\~ r2.c: \oo.J. . Drawn by: 't1ft2- Checked by: 
,, .•. .... . "~ - Average Deflection: l 1 9 Lt /C Date: 5/J.3/1-;.. 
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.cuS, 
' 00(:J 
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I I I I I I I I I I I I I I I I I I 
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I I I I I I I I I I I I I I I I I I I 

---- --L~--L--_J_J_J_J __ ~--- ~---J----L- --~-- -~----L-i-~-L-i- --J- - - -~------

BOWEN 
Specimen: rs- s Sheet: 1 of 1 

1.ABORATORY Average Load: 61< Drawn by: BY->Y< Checked by: 
PURDUE UNIVERSITY 

Average Deflection: 0, IY1
' Date: S/ ;i. 1 /t2 
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i,'d : : y: l : : : ,.~ : <,ooS': : •. ~ : : I I I 
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I I I I I I I I I I I I I I I I I I I ______ 1,.. ___ .J.. ___ _j __ , _ _J _ _j __ , ____ .J.. ___ _J ___ _ ,_ ___ _i ____ , ____ .J.._J._J._.J.._J. ___ _J ____ J.. _____ _ 
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25539-000-V1 S-SY01-00001-003 Page 1 of 26 

-· 
BECHTEL POWER CORPORATION 

SUPPLIER DOCUMENT REVIEW 
CLASSIFICATION & STATUS Tests to Determine the Behavior 

of #11 Bars with Lap Splices 
Bowen Laboratory 

□-w.r-- □~~ ~ .... .._,_ 
STA.T\18 C00E: 

1 ~ Wollt - plllOOOd 3 □ ""INlld--and-.tlmlt. 

Purdue University 1C □ =:r:::r..,r:- 4 □ -not~Wollt-
Pll)mMI. 

Spring 2012 

Test Procedure 

~--.... --· 2 0 Ro.-and-Wollt -..-:::,:. ~<II --ll>plllOOOd_lllll_...:::=or--<11doolglt-, 
~~.,...,,. ....,....ior-,.i..,:;.':a....-an11 - ,,_,..,.......,.. __ . 
;- - CIII C8 -- MET PD cm.- -.., 

1. Fabrication "'/A RJ.. EJfA "'A 1#1 ~/A N/A /JfA /J/4 

1.1 Formwork -... ~ ,_ 0/13(/~ 

The formwork shall be made using non-absorbent plywood. Its 
interior shall be caulked to prevent water leakage and it shall be covered with a thin 
layer of oil before casting. The dimensions of the formwork shall be checked and 
recorded using Form 1. 

1.2 Reinforcement Cages 

The steel reinforcement cages shall be built following the drawings attached. 
Reinforcing bars shall be supported by steel chairs placed away from lap splices. To 
ensure alignment, the bars shall be tied to chairs and to one another using gage-16 
steel wire. The location of the reinforcement shall be recorded using Form 1. The 
locations of wire ties and rebar markings shall be recorded using Form 2. 

Tolerances (within the test region) are: 

3/16" for horizontal cover and horizontal spacing measured to the surface of the bar 
( excluding ribs) 
1/4" for vertical distances shown in Form 1 

1.3 Casting 

Fresh concrete properties to be measured include: 

Unit Weight 
Slump 
Air Content 

These measurements shall be made following the Specifications and recorded using 
Form 3. 

Revision 2 1 
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I I I I 
SOUTH NORTH 

I 6 I 5 I 4 I 
I I r I 

Section A-A 

2 Spa. @ 
3' I · · I · 60" Ea. ·I· · I 3• 

rs re rD rE rF 

.--- l j -----. 
A 

Ls Le Lo LE LF 

A 

*For section S-S through F-F see Sheet 3 of 3 

Series A 

Drawing: Series A Formwork As-builts Sheet: 1 of 3 

mBOWEN 
LABORATORY Project: Experimental Investigation of Drawn by: SPR Checked by: SP 

PURDUE UNIVERSITY Capacity of Lap Splices of No. 

11 Reinforcing Bars Date: 04/04/2012 
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SOUTH I I NORTH 

I 6 I 5 I 4 I 
I I I I 

Section A-A 

2 Spa. @ 
3' 1 • • 1 • 39.5" Ea. 

· 1 · · I 
3• 

rs re rD rE rF 

.-- IL j I -. 
A 

Ls Le Lo LE LF 

A 

*For section S-S through F-F see Sheet 3 of 3 

Series S 

Drawing: Series S Formwork As-builts Sheet: 2 of 3 

mBOWEN 
LABORATORY Project: Experimental Investigation of Drawn by: SPR Checked by: SP 

PURDUE UNIVERSITY Capacity of Lap Splices of No. 

11 Reinforcing Bars Date: 04/04/2012 
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i--------8-----

4 5 4 5 

6 7 6 7 

1 -1--............. -1 2 t-----11- 3 1 --i--............. --1 
t---- 2 ---- t-----11- 3 

Section C-C, D-D, & E-E 

*Facing North 

Section B-B & F-F 

*Facing North 

~BOWEN 
c..=.JLABORATORY 
PURDUE UNIVERSITY 

Drawing: Formwork As-built Sections Sheet: 

Project: Experimental Investigation of Drawn by: 
Capacity of Lap Splices of No. 

11 Reinforcing Bars Date: 

3 of 3 

BPR Checked by: SP 

04/04/2012 
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Wire Ties 

I I NORTH 

Bar Marks 

I I NORTH 

Specimen: 

mBOWEN 
LABORATORY Project: Behavior of Lap Splices of No. Drawn by: Checked by: 

PURDUE UNIVERSITY 11 Reinforcing Bars 
Date: 
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• ► • ► . . ► • ► • ► • ► . . • ► • ► • • ► • ► • ► • ► • . 
f 1 NORTH 

• ► . ► .. ► • ► • ► . ► 

D LJ ·• . . ► • ► ► • 

1• :•i . ' 
• ► • ► • ... . . . . ► • ► . .. • ► • ► • .. . . . . . ► • ► • . . 
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D LJ 
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Specimen Sheet: 1 of 4 

mBOWEN 
LABORATORY Behavior of Lap Splices of No. 11 Drawn by: Checked by: 

PURDUE UNIVERSITY Reinforcing Bars 
Date: 
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I 1 I 

I I 
SOUTH NORTH 

I 2 I 
I I 

Top Plan 

2 Spa. @ 
3' 

I · · I · 

60" Ea. 
· 1 · · I 3• 

rs re rD rE rF 

Ls Le Lo LE LF 

Profile 
*For section B-B through F-F see Sheet 3 of 3 

I 3 I 

I I 
SOUTH NORTH 

I 4 I 
I I 

Bottom Plan 

Drawing: Series A Concrete As-builts Sheet: 2 of 4 

mBOWEN 
LABORATORY Project: Experimental Investigation of Drawn by: BPR Checked by: SP 

PURDUE UNIVERSITY Capacity of Lap Splices of No. 

11 Reinforcing Bars Date: 04/04/2012 
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Top Plan 

2 Spa. @ 
3' I · · 1- 39.5" Ea. • 1 • • I 3' 

rB re rD rE rF 

Ls Le Lo LE LF 

Profile 
*For section B-B through F-F see Sheet 3 of 3 

I 3 I 

I I 

SOUTH I I NORTH 

I 4 I 
I I 

Bottom Plan 

Drawing: Series B Concrete As-builts Sheet: 3 of 4 

mBOWEN 
LABORATORY Project: Experimental Investigation of Drawn by: BPR Checked by: SP 

PURDUE UNIVERSITY Capacity of Lap Splices of No. 

11 Reinforcing Bars Date: 04/04/2012 
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I 1 I 

I I 

4 2 

I 3 I 
I I 

Section B-B, C-C, D-D, E-E & F-F 

*Facing North 

Drawing: Concrete As-built Sections Sheet: 4 of 4 

mBOWEN 
LABORATORY Project: Experimental Investigation of Drawn by: BPR Checked by: SP 

PURDUE UNIVERSITY Capacity of Lap Splices of No. 

11 Reinforcing Bars Date: 04/04/2012 
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1• :•i I . . . . . I . ' . . . . . .. . . . . . . . . ' .. . . . . ' .. . . . ' . . ' . ' .. 
( 

. . . . . . . . . . 
l NORTH .. . . . . . . . . 

• • • • 

□ LJ 
• . • • 

Specimen 

mBOWEN 
LABORATORY Behavior of Lap Splices of No. 11 Drawn by: Checked by: 

PURDUE UNIVERSITY Reinforcing Bars 
Date: 



APPENDIX A, Purdue Phase I Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 493 of 595 

Purdue University Specimen : __ A_-_1 ___ _ Date: __ b_ /~_/_1_2 ___ _ 

Avera
1
~ oad North South Nortl, Splice 

Midspan (in) 
Sout h Splice LVDTNorth LVDTSouth North l oad Cell South Load Cell DG North OG South 

(I l,, Overhang (in) Overhang (in) End (In) End (in) Support Support lllfff" L... o-,r k Overhang Un) Overhang (in) 
Time 

1 Q ,"1. 0 . 01 Q .O( o .oo -o.oo -o.oo 0.000 • o .ooo O~:-,_ o .-i ~o o ,oQo 1 :-i--fA a-,..,-: 
~ •on 

l :z. 6 .f; .. f"'I e..-,ld,~ 

3 & o .,.o o.l~ O.o? o.o--t 0. O"l. 0 ,0QO -0 . 000 f, 6 Q . .,_ ~-I O, 1-, l git&A 
• l-1.- o.<;-i. ().c;'t o ,og O , .11 o .o, -0 .ooo • 0 ,000 ,,.. L"l- o . 6H 0 .t:;OQ '6 ; l<J A 
s \g o.~, o .~o o , ,~ 0 . l~ .Q , (; -C).000 0 ,000 li L~ 0 . ,,o Q.~9i C;) :otA 
6 

.,_.., 
t.1..1 (.'"1.1 0 .1g o.,.i o . 19 -o.oo l -0 .00( "1.. '-I 1---\ I . l1..CJ l .1..6<a 'J :~<;A 

7 '?O I. 6 '-I 1.61 0. "l. .... 0 -~6 0 . "2.~ - 0 ,00,. -o .ool ~o ?o 1.i'?B l . 668 10:ooA 
8 N-t~ DG ..,g s-~+ 0 .£00 0 ,<JOO \O t'1-6A 
9 ~G " ,oc; 1.,0<:) o.~, o,"f & o -~l -0 .00'1. -0.00 l sE> 16 \.1. l 6 t -~38 lo: 1.~A 

10 ~1 -~ 'i:Jielcl 
11 ?8 '1...?6 1.. .c; ( 0 -~'> 0 ,c;?. 03i -0 .00? --o.oo I l.S'<;'-f , .,c;c; lO :,;-4A 
12 io •S $ .81 i , t'-4 0 , E,c; o . .:::io 0-68 -o.oot:; , o .oo--1 io.1 "iO , ~ I~: ~~A 
13 "1..Q .1.. "?.o~ -=? .~o o.c;-,._ o .,o 0 .c;;c; -o,ooc; -o.ooc; °1.Q.,. "'l.O."'l. J}d: t;gA 
14 q.-,. l -GJ l i. . i 1 o:~i 0 .1~ o .~G - o .ooc; -0.00<-1 Q r"l.. 0 . "l.. 11.:0$ P 
15 ''l- 1,.-f 1.. 1...6~ o....ti.. 0 .c;c; 0-'-t➔ -o.oo~ .. o.ao--l , ... . o \""l- .o l-i. : 1.0 p 
16 '1--'°i ~ .OS" ~-~'i o.<;,_ 0 -10 0 .c;c; -o.oo~ -o .cO"f 1,.,~.Q 1,--i .O r1: ~1 P 
1) ?6 '1.10 ~-"'" 0 , 61. o .Q6 0 . 6c; -o .oo-1 ---0 .00-1 ~&- 0 ~6.0 \'"l- :c;'i p 
18 '10.7 ~-,, LL(, 1 0.1) \ .01 on? ~ -~ -o.cx:$ 40.\ L.\o.o t: -Z-Z..f 
19 'il.'i f.'¥1 f.~7 o.,o \.'Z) o.,r - c,,<oC .,,O.Q:f/ Lt I, l-1 'if. -z. l:1'~ 
20 ~, l.1'1 l.~1 l.<f1 I.~~ Lr; ~. 010 - . c,IO '11.'Z '1t,/ !='1'1f 
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u u 0 
Purdue University Specimen : __ A_-_2 ___ _ Date: ------------

Average load North South North Splice 
Midspan (in) 

South Splice lVDT North lVDTSouth North l oad Cell South load Cell DG North DG South 
(lbf) Overhang (in) Overhang (In) End (in) End (in) Support Support (lbf) (lbf) Overhang (ln) Overhang (in) 

Time 

l a.ts 0 0 -o. 0/ 0 -0.0/ -0.001 -0.001 0 .3 0 . 3 o.z_ 0 . 2 a :01-1i-
1 sf er: ~c.k af £ .=,k 

.,_, 
p"""" S~A 2 

$' . 

3 

" o. \-i o . l I O.QI 0.01 Q.ol -0 .001 - o .oo I & 6 0.'NO 0 . 111. ~ =01A 
4 \ ..,_ o.,--t -t Q,;i 0 .06 0. 10 o .0 6 • Q .ooo -0 .oC>I t"'L (7,. o. & slij 0 . 611 S ~ s'> A 
5 \~ 0., 'a 0.1~ Q.11 0. lb' 0. l I -o .oo I ; o.oo I L~ I~ 0. 43gc; O . '368 ~. ~s-~ A 
6 1.. --i 1.1 o 1.11 0.1, 0 .1,6 0 .11 -0 .oo l -0.001 "'l....., "1r➔ l -~ s c; 1.167 ~-. "1-I A 
7 ?Q t.S-6 t.<;~ 0.1.:.1. 0 . ~ ... 0 . 1..1. -o .001.. -o .001 10 ~o l.1 &c; l. 11-0 'J : ,;c; A 
8 \'l +- C: DC, 1-Qs.e-f- Q~j"QYO a.000 
9 $6 L~s l.'61 0.1..1 o.--t~ o.,.ca -o.oo-,, - 0-00\ ?E, 16 I.1.1'-f 1. 1 &c; 10 ~-i.~A .,, 
10 '3g,-1 t.. ,1..~ 1... ,"\. L.. 0-1'~ 0.4~ O.'?~ -0.00 I -0.000 l.ffl- l.i<J3 10 ;5~ A 
11 io.s $ . ~~ ~-s C3 o ,c;c; O . i"L o .c;~ 10.& 

.., . -
-C, .00,_ -o.oot 'i I l 1:1"1 A 

M°': Loac "-11 -~ ~k 12 I ' . .. 
13 

14 

l5 

16 

17 

18 

19 

20 
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V 

Purdue University 

Aver~ok North 
Overhang (in) 

1 0 . 16 o .oo 
2 &:1- o .l".s 

) t L. O.··H 

• t~ o .So 
5 1.; 1. 1 ~ 
6 ?o ~-$'> 
7 ~b l -~~ 
a 

9 

10 

11 

12 

1) 

14 

15 

16 

17 

18 

l9 

20 

South North Splice 
Overhang (in) End (in) 

o .oo o.oo 

0 .1<; Q.0"1. 

O .--11 0 .01 

0 .~? o. I '1.. 

t.l9 O . ii 

t.,1 0 -L.i 
t , 'H1 Q ."1..~ 

() 

Specimen : __ A_-_3 __ _ 
Midspan {In) 

South Splice LVOT North LVDT South North Load Cell 
End (in) Support Support (jpf')' "=" 

0.00 o.oo - 0 .00'1. -o .CO!. () _,.. 

o .os 0 .07,. -o .00'1. - 0 .001. 6 .1.. 

0 . I o .oi - 0 .00~ _0.001 \ ,_ 
0 . 1~ O, l--z. - o.oos 0 .000 11 . <3 

0 ,1.6 0 . 11 -o -OOi o ,oo I 1---t 

0 -~$ 0 ."L~ -0 .001 0 .001, 10 
O.'"i,- 0 . '1.~ -o .oo"i o .oo"f 16 

-

G 
Date:_5_/_3_o_/_)~----

South Load Cell OG North DG South 
Time (lbf'i le:" Overhang (In) Overhang (in) 

0 . 1 O , I ~- f ~:O~ 

&.1. '· ~~ Q.i..-ti g: '? 

l1- 0.',~8 o .c;1 S : '?1 

l~ Q ,&<:l'i 0 .<J~2 ~-.o~ 
"t--{ t.1~9 I. 1..~'i ';J =~t 

~o I .&S1 l -&Sl \ o 1 ~ I 
~G ~ ~ 10 : 10 
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u u Ci 
Purdue University Specimen : _ ___,;;A_--~----~ Date: -----------

AVerage Load North South North Splice 
M idspan (in) 

South Splice LVOT-North LVDT South North Load Cell South load Cell OG North DG South (lbf) Overhang (in) Overhang {in} End (In) End (in) Support Support {lbf) (lbf) Overhang (in) Overhang (in) 
Time 

1 0.1 - o .o l -o .o I - 0 .QO -CJ .00 0 .00 -0 .00( - 0 .CJO ( O .s Q ~~ 0 .000 Q ,000 , :..,s A 
2 1. .1. f;v~ C\,, ac:k 
3 &.o 0.11 0 -l6 0.0'2. 0 .O"l 0 .0~ -0.00( -o.o o I 6,-0 f, _Q 0 .169 0 . ',' 1 =S1.A 
• 1'"1. .o 0 --t ':I OS\ O .Of O. l I 0 .07 - 0 .QO I - 0.001.. (.-i. .o \7.....0 Q .i9'-f Q _<;(q 8 t l l A 
s 19 .0 0 .<16 0 .<:] 1. O-l~ 0 ,"1-1 0 . t-t -Q .OOI - O.00 I l~ .o lB .O 0 .96? O.<J1.9 g~~eA 
6 '1..'{ ., [. ~~ ( .1..'J 0 - l CJ Q _-,_ 'J o . l '3 -0 .o O( - 0 .oc t '1-.'-l . I , .... 1.. 'f. I l .?~~ l -1.'3'3 ~-. o-t A 
1 1..~ -<a 1-1~ L&'21 0 ,"Le;" o .scg 0 .1...G -0 .000 - o.oot 1..<3 . <J 7.g . 9 i -1--iO l.106 C;) ~1..-tA 
8 N.f <; DG yQ ~et-- 0 .000 Q.ooO 
9 s6.o '1.. . 1c; L . l7 o . 11. o.-1~ 0 ,4?-i_ -0 .000 0 .001 s6.o ~6 -0 0.-11..g o .st"~<:} 9 : slA 

10 N +c; DG \.-0 ~+ Q . 000 o .o~ro 
ll ~6 .g j j otJ s6.8 ~& -1 
12 ~7 ,g '1.,66 '1.. -67 O-iO o.sa 0 .--{ ~ -o.oo l 0 .oo '1.. ~1 _<g 1'1, g 0 -S"l.O 0 . ~?C3 to ·--ioA 
13 10 .0 ~-~1 '-I .o '*l 0 . 6( o.8S 0 .&6 -0 .QO~ Q . 0071 1<3. ca --tQ , I l.~1..$" z:-~.,,,_ lO :S'iA 

I 
14 "1-0 .-i, -=? . '":? ? .'"1. S' 0 .~ "J 0 .66 o.c:~ - 0 .oO? Q.00"? -i_o .1.. --z..o:z... Q _qg~ l -CIO ll ·. "l<; A 
15 O.~ l. ':}7 "1.. .04:) C -~ I 0---10 0 .'?c;- -o..oo~ 0 .00 ( 0.1 0 . "l. q ~ 1oA , 

16 l"l .0 f'l- _.., <e) '1.. -60 o .:r1 0 .<;( o .--t1 .... o.oo:? 0 .00 I l"l.....0 .,:• ' '"1. .o H>f6A 
17 '1,--f .Q ":s , ( 6 1. '1..6 o.--1~ 0 -66 0 ,c:;'"'f - 0 .Oo'7l 0 .QO<., 1. ~ . I -z.j .Q tt :S"<JA 
18 ~-6-0 ~ -~~ ".? . <iJ ~ O .'>CJ o .8-i. Q . &--¾ -o .oc~ 0 .00~ ?6 .0 16,0 11.: tor 
19 '-to.~ 'i. --H ..t .SG o.6'7l 0 ,16 Q.7c; ..-0-00 ~ 0.QO~ -to .. c; ;o., l"l. :,_~c;p -
,o il.1 £;, 11 s-.c;c; q .g& I. , , o.~~ -Q.00~ 0 .0 0 $ ·i l. 6 ➔ I. q t-i:S'~ p 
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u u 
Purdue University Specimen : __ A_-_5 ___ _ Date: -----------

--Average Load North South North Splice 
Midspan (in) 

South Splice LVOT North LVOT South North Load Cell South load Cell OG North DG South 
Time (lbf) Overhang (in) Overhang (in) End (in) End (in) Support Support (lbf) (lbf) Overhang (in) Overhang (in) 

l 0.1.~ o(i ~o d0.01 0.01 0 .00 -0.001. - 0.0C)'l. o.~ 0-1.. 0.000 0.000 7 :~c;A o.c:, 
2 1."l [. ... ,} c....- le~ 

3 f,. o 0.11 Q, I', o.o~ o.oc; 0.0? -C)-0O"'1. - 0 .001. c;; . 'J E,.,( 0 - 16'3 0 .,s, g;ooA 
• \ ,.,0 0 --t ~ 0 .--1 «J o.o, 0 • l I 0,0, - 0.00 '"2. -o .oo \ 11. , Q '"l. . 0 0.-1~~ ().--\ ~~ 8 ·· "1..I A 
s l'i? .o 0,86 o.~1 o -l~ 0,"LO O . l ~ -o .00,. -o .ool l~ ._o 1 ~ .0 0 .8 60 0 _(J -t & s~-rsA 
6 -i..~.o l ."1.1 L'LS" Q .l~ 0.1..~ o. tea- -0 .0C)l 0.000 1..~ .o '1.,..~ .0 l-1.~I \ _1,<;7 ~ -.ti A 
7 Zo.o l, o l L6~ O.,S Q.11 O.'2-; -0.00 t o .oo l 10 .0 ~o.O 1.G1..1 l , 6-i ~ q :~iA 
8 N ..- c; D <:, .,., ~e+ 0.000 0.000 
9 -:?6,0 '1.. .o, 1.. co <;L ":11 0 .,1 O-l1... -0 .ooo 0 .oo I '?6.0 16.0 0 :-i~O 0--fG~ 10=06 A. 

10 '?l.S ~iolJ ---- ~-.... __,, ' 
11 -y.q~ .,_. '1-i "1..-61 Q,~i Q,9; O,°?'J -0 .000 O.oo\ ?1 . , ~, .t; 0.8?~ O.GJil lO :~-iA 
12 N-t S" DG VO ISQ,f- Q.000 0.000 
13 10. 1. ~-~o '1 . \ 1.,, O. G ~ Q ,<J c; 0-66 -0.ooo ... o .oo l 40_1z_ 40.IL 1->"-10 l-S'~I 10 :ssA 
14 1.(1. ~ ·?.og ~ .L-<J o.c:;o 0 .66 0 , c:; "t. -o.coo -o.oQ I 1..Q.3 1.0.1- 0.61..7.. 0.16, 11 :-;,A 
IS Q. "t. \ . CJ5 ').,['- 0 -';""t 0-o.iO 0-~~ -0. 00'1. -o .oo I 0 •I, Q -1.. p:~8-A. 
16 11. .0 1- , -f 1 '1. -67 O-iQ 0 .<;;\ O-'i'1. -0 .00"'1... -0.00\ { l. ':} l'l . 0 t1 :c:;1A 
17 '!•LO 1 , l I 1- ~--1 o,c;o 0 .67 o.c;--s - o .oo I - o .oo I 1..--L l 1:-LO l-i ·.o'f f 
18 '?6.o s.,1 '-\ -0 ( 0.6( 0.~7.. 0-6~ -0.000 -o .o01 ~6-0 ~6 .0 l "1 :t"'J p 
19 ~Q ,/ i -~~ '-J. f, "l. a '.11 0.1, o.;s 0.000 -0.00 1 10.g -io .6 \'l ·-,1 p 
20 i 1.-. L, C,.1~ S-61 Q.B~ \. .,._ 0 0-~i 0.000 -o.oo~ i'L~ ~ i"l. ,0 \1.. :5<af 
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Purdue University Specimen : A-6· --------------- Date: -----------Average load North South North Splice 
Midspan (In) 

South Splice lVOT North lVOT South North~kl South l oad Cell DG North DG South ~le- Overhang (In) Overhang (in) End (in) End (in) Support Support Jllfffk' Overhang (In) Overhang (In) 
Tlme 

l o:i:? 0 .00 o .oo o .oo -o .oo 0 .oo -0 .ooo •0.0O(7 0 -~ o_ -i. Q , QOO Q .OOQ \ :o~ p 
2 ~ . l~ fr ... rf c: ... ~ cl,: 

3 6 0 . le; 0 - l~ 0.01. o .o~ o .o~ O .OOl - o .ooo 6.0 6 .0 0 -li~ O. (S-i t :n. P 
• \-i 0 ...... c; 0 -'iS' o .o, 0 .Q"") 0 .01 o .oo 'f 0 .000 1'1.. .0 l"1.. • I 0 ·"' 11 o. -.fc;"O I ~10 P 
s Vi3 o .g6 O.'a6 O . I~ o. 18 O . I? 0 .007 - 0 .00l L~ .o \1 .'J 0.8c; I Q -~ ➔s- 1:c;c;p 
6 1i 1-"'l-1 l . '1-~ o.,~ 0 ."\.., O . ( 8 o.ooe -0 -001 1.~ .o 1...'i .o 1. "l-6S I. '1.j'j 1,·.-iSP 
7 so 1-6 ~ 1.64 0 .1..--t 0 -~6 o. 1.4.> 0 .009 -0 .00'1. ,ZQ.0 ~o .o l. 6~':J l .6c; I 1, ; -{'a p 
a N ... S' Db rOr ~+- O . QOO o .oQQ 1. :c;E,p 
9 :3b f .O°J 2 .1 ~ o. i1 0 , '-f-=f. (). 3 3 o.oo, -0 .003 1h 3~ 0 . L.f S''E 0, '-i.:,-5 3: )1 () 
10 s~ '{ ,' ~\J.. 
ll 3~ 2.b3 2,=,.-9 O . ~I O,S9 0, '-1 '-f 0 ,009 -0,00'-( 3=?- 3=?- t .003 l . \ E>3 3~ssp 
12 

l.01.1 ~. I 8 I ..... C' nr. -I • r - "" - ..... -, 
-, ;-i6 p 

13 

O . OOQ 0 .OQO 
14 ~~-g $ .ii '1 - l:7 0 .61. o .Q6 0 .&8 0 . QQ':) -0.00'1 '.?i .CJ "?~-1 l . l 1? 1. 100 i : ?IP 
15 "1-0 • '"l.. s .oo ~-~' 0 ."i<?I 0 -GG 0 .S''-i 0 .00~ -- 0 .007 "1..0 . ' -"LO -~ o .11~ 0 .c;<;"~ 1 :c;7 p 
16 Q ,L. '1. 1.86 ~ -1...0 0 -1\ o .--to o:~s o.oo, -0 .001 0 .1.. 0 . "l. S"·-06 f' 
17 l~ ~ ·3~ 1., .1i 0 -1 ':l o.c;-i 0 . 'i...\ o .oo, - 0 .001 \'2..0 l'1. .0 '7 ~1.1-P 
ll .,_,'-\ 1.01 1 .'-i 0 o .c;o 0 .&1 o .c;s- O .00~ - o .oo; '1.~ .o 1-'f .O t;;sGP 
19 ~6 1·11 '{.o; 0 -bQ Q .~~ o .66 0 .OO<j -0 .oo-, 36 .o ?b .o S":i'l p 
20 10 ,1 -f . ~'"2. --t .'"1 0 Q .1O· 0 .11 (7.17 Q .oo~ -c>.ooc:, 10 .. 1 ?~ . 'J &:r~P 
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I 
.r 

p urdue University Specimen: ~-6 Date: 6.~.{1. 
Average Load North South North Splice 

M idspan (in) 
South Splice LVDT North LVDT South North Load Cell South Load Cell OG North DG South 

Time (lbf) Overhang (In) Overhang (in) End (in) End (In) Support Support (lbf) (lbf) Overhang (in) Overhang (In) 

21 ~\.I c; .o, c;-. '-I --{ 0 .8i l.lc; O .CJ,s" 0 .008 ·O.Ot I '-t l . t '1 l -7.. 6i 1.:~p 
22 M~)( Load ;~4t . I!. 
23 

24 

25 

26 

27 

28 

29 

30 . 

31 

32 

33 

34 

3S 

35 

37 

38 

39 

40 
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u 
Purdue University 

~ -Ir 

Average Load JJISf} North Overhang (in) South Overhang (in) 

l 0.1 b1 l - o.o' 
2 Dq.s ~\,~ 0 

~ 
. ] 

3 ,? 0.05\ 0.04 ... 
4 D~,s o .o3S 0.045 
5 2..3 0.04 0 .04 
6 D~.s 0.03';> o . 044 
7 

~ o. 1~ o. 14 
8 

D~~ 0. 1,zi 0. 14G 
9 12 0.1-4 0 .4,z 

10 D.a. ~ o .414 0. 4-2~ 
u I~ O -=t9 0.1b 
u PE={s C.:'.f~Z. o .::;-=,.o 
13 2-i I.I I. o=t 
14 D~s;; I.Ofc8 I . o =f-=, 

. 

IS 3o IA~ / -4 {. 
' 16 bf.1s . r.401 1.-4 :,,Z. 

17 3b 1- 8i 1.8 I 
18 "v46 - r:oJ..Lv V°<""'" .. . 

19 

20 

v 
Specimen : __ b_-_1 ___ _ 

North Splice End 
Midspan (in) 

South Splice End 
LVOT North Support (in) (in) 

0 0 0 -0.00 1 

O.ol 0 0 0 
. 

o. 0/ 0 0 -0.00 1 

0- 0 2. 0.02. o.o,z o .oo I 

0 .05 0.0-f 0.06 o . 00;, 

o .I O . 1.3 0.1 0 .00 4 

0. 15 0. IB 0.14 o.oo--=r 

o. I c:, o.z4 o . I~ 0.0D 8 -
7 12.. EM6YED 

0. 2.5 o. 31 D.QS 0.00 '1 

. 

Date: 

C 
s /1.0/12 -----------

LVDT South Support North Load Cell (lbf) South Load Cell (lbf) 

- 0.000 0.2 0.'l r 

0 .3. s ;}.? 

0 , ~-1.. t . ? ZfM I 

0.00 / (:, 6 

o.oo j It ft ?..: 2./ 

0. oo 'l. I 'i? 18 

0 .00'2.. 24 fl 4 

o.oo 3 ?0 ?0 

O . 007 ,q,'=, '?;h 
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-
Purdue University 

Average Load North South North Splice 

JJbfrk Overhang (In) Overhang (ln) End (in) 

1 0.'2.. 0 0.0/ 0 

2 3.4 · 12! CP,AC k 
3 b.O a. 14 O. !G 0.02 

• I 2. 0.4:r () _4~ O.Ob 

5 16 0.81 0.18 0.11 

' 24 I. I~ 1.11 0.15 

7 30 I."'.\& 1.46' 0. 2. 

8 3f, l.85 1.8 5 o.t~ 

' 
10 I 8 I. '2 =t 1.t5 0 -1~ 
11 

('j .1.. 0 48 D.48 o.o=, 
I . 

12 I z. 0.6~ O.B~ o./t 

ll 'ZI./ 1.45 I. 3~ 0. 2. 
I I 

14 3b I. 9c, f. 91 O.tB 

LS Df°.\'s 12-~w..o\/ ~.J '2 ~ r:>k 
16 Max Load.~ ~1k.. 
17 

18 

19 

20 

u 
'3-i Specimen : _______ _ 

Midspan (In) 
South Splice LVDT North LVOTSouth North Load Cell 

End (In) Support- Support ).lMt/cip 

0 -0 .of - 0.005 0.0()/ 0. 3 

0 .0'2 0.0/ -o .005 Q,00/ G 

o. o:i 0 .05 -0.004 0 .002. \2. 
' 

0.1 ?J o. lo - () . 00-, 0.00'2 lg 

o .117 o.15 - 0.001.. Q.D03 tf 
0.~5 0. 2. -o.oo\ 0 .004 "30 

O.~~ O.f.b - 0.00/ 0 . 004 3'-

0 .tt o .lq -o .cot 0 .00? lg 

o.og 0 . ob -0.004 o. oO/ o.t 
' 

Q . /1;> 0. // -0.002. o.ooz IZ 

0 .24 0 ./J -o.oo / 0.00 4 -z.1 

0. '" 
o.za -0.001 o .00b ,3b 

Date: ------------
South Load Cell OG North OG South 

Time 
~~,'p Overhang (In) Overhang (in) 

0. 2 f- 0. /00 0./00 =r : 5=f-A 

G 0.238 O.Z44 'B : 30 -A 

1-i. o. s=,-1 0. 5(0 'i!: =S<fA 

lg Q. B'7:t o.e1 I '1 : II -A 

i4 1.211- 1.1.0C, ~ :35 A-

30 /.556 \.s4a 10-00.1>,. 

,3~ f'LA. I .$45 10 ,th A 

~:'~ \.~. 
r2.ELATIVT: 

l?e.se. ('.fe.tl.SV2E ME~ T.s" 

lg- I. ZjG ,~ r. 3zo 11: lo A 

o/L 0.500 0. 550 11: I':;) -A-
I 

,e O . ~14 0.C,bO /J: ?() 4 

!.I/ 1.444 t.480 jl ·· 1 5 A 

3b -- 1.001 l2=00 N, 

\ 
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u 0 v 
Purdue University Specimen : __ 8_-_3 __ _ Date :. __ S .;__/ 2_!_/_( 2 ___ _ 

Average l oad North South North Splice 
Midspan (in) 

South Splice LVOT North LVDT South North Load Cell South Load Cell OG North DG South 
Time Jll,ft"/<. Overhang (in) Overhang (in) End (in) End (in) Support Support l~/f!. (lbfl"' It Overhang (in) Overhang (in) 

1 () . 'l. 0 0 0 0 0 -0.001 -o.oo, o.z. 0.,Z 0 0 'g A 
2 ok.. 1sf cr:;;ick.._ 

l G.2 0./4 0.11 0. 01_ 0 .0 3 0 .02 -0.001 - 0. 00 ,Z.. G. 2. 6.Z 0. /4, o./32. ~;I0-4 
4 I 1.. D.42 0 .10 0 .05 o. 01 0,0? - 0.00? -o. oo-z. I .Z. I ~ o.4'2"7 0.40-:, 'ii'·. 35A 
s /8 o.=,-a 0.::/-4 o -Io o. I 3 O .)Q -o .004 -0 .oo.Z. 16 18 o.::j"'6o 0-~4~ '; : 01-A-
6 Z4 I.OCj I. Ot 0 . 14 0./~ 0 ./5 -0.004 - 0.00'2. ,z4 //.f I .08::J. I. 080 9 ='2.9A 
7 30 1.43 1. 4 I 0./9 o.zs o.2. - 0.004 -o. Oo I :30 ~o /. 41-o I.~~? ~: r;-=,--A 
B 

3b /.1') /.=iS 0.25 0.3'2.. 0. '25 - o. oo.d.. 0.000 3Co 9b J. -=/80 1.-=t<=J 5 10:zeA-
I 

9 0 . 2 0 .44 0-44 0.00 0 .09 .0.0G -0 .00 4 -0.00G, 0 . 'l. o. z... o.43S 0.43b ti :05.1,. 
JO (1- o. Bf, O.B4 o. Jz o. JS 0,12 -0.004 -0.004 /2. I II . o/ 0. '6 SL/ 0 .940 /I ·· /4 A . I 
11 11 1-3~ 1-34 O. IS 0, ,z4 0. 19 - 0.004 -o. 002., 24 ?4 / _35.Z I. ~52. I I : 25-A 

/.a/5 ' 12 :!-0 1.e1 ~ 2~ 0.34 O.~h -6_004 -a.aoJ 3t:;, 3(. l.855 !. 8~4 l(:4?A 

13 MA'/. LDAD ~ 39.8k 
14 

lS 

16 

17 

-
1a 

19 

-

20 
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Purdue University S . n -Y pec1men : __ o _____ _ Date: ---------------
Average Load North South North Splice 

Midspan (in) 
South Splice LVDTNorth LVDTSouth North Load Cell South Load Cell DG North DG South 

Time (lbf) Overhang (In) Overhang (in) End (in) End (in) Support Support (lbf) (lbf) Overhang {in) Overhang (In) 

ll o. '2. 0 0 0 0 0 cJ 0 C>. 2 C) _ ,z 0. L o_-:2. 1 : /0 f' 
2l 3.6 0.0'2. O.o3 0 0 0 0 o.oo/ 3.G :s. s ·. 0-'2'25 o.~-ie, 4: l=f 1 
23 o.1- 0 0 0 0 0 0 0.00/ 0.1 0.'2 0. '20'2. 0 .'202. 1: z=, P 
24 

2S 

26 

27 

28 

29 

30 

31 

32 

33 

34 

3S 

36 

37 

38 

39 

40 
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Purdue University S . () -~ pec1men : ___ ,~ _____ _ Date: ------------
Average Load North South North Splice 

Midspan (in) 
South Splice LVDT North LVDTSouth North Load Cell South Load Cell DG North DG South 

Time (lbf) Overhang (in) Overhang fin) End (in) End (in) Support Support (lbf) (lbf) Overhang (in) Overhang (in) 

1 o.~ 0 0 0 D 0 - 0 ,oo..z -0 .001 O.t o. ,z_ 0.203 t o.~0,13 I : '2.o 
2 5.'L 0.04 0.05 0 0 0 -0. 001 0 5. '2. 5 . 2_ o.2.4s 0.'255 rv I : 35 
3 ~ 1ST c.~A ,-k_ 

4 Ii. 0.3 1 o.;3 0.04 0 .05 O.DS 0 0.001 l 2. 1-Z.. 0.51.Lf 0.53'5 1.58 
s 18 0 .f,'l. O.b3 o. 0'6 o~ II 0 .68 o.oo-:, o. 002.. IB re O_ZJI o. e ,., '2_JlO 

6 ~ 1ST Sfl../ IT. C12.Ac. ll. 24 -24 
7 14 0. <t S 0.94 o. I? 0. Jf> 0./~ 0.004 (). 00'7 21 .z.4 I. I 31 / ·I.J48 / ,Z : 51 

r 

I. 4? 'J I 
6 3C) 1.1b I. 'ZS 0 -11 . o.21 o .1 =r 0 ,006 o. Do4 :?0 30 l.4 31 1 .3 ; ,3 
9 3~ l."e. l.~l 0 .2j ·o.2=r 0.22 0 .00b 0 .004 ~b 3~ l'.$';8 I .ti 24 ~i:o~ 

. I 

10 D6.s R.eWIO\a , .... d. 
11 °3'8 1.1t I . .'.'.1 '=> 0.23 0.? 0.Z..f _6 og -00? 3g - ~3 - - 4 ··5b 

12 

13 

14 

15 

16 

17 

16 ,,-., 
19 

20 
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u L 
Purdue University Specimen : ___ E_-_5 ___ _ 

Average Load North South North Splice 
Midspan (in) 

South Splice LVDT North LVDT South North Load Cell South Load Cell DG North DG South 
Time (lbf) Overhang (in) Overhang (In) End (in) End (In) Support Support _..(lbl1~ .(Jett{t:.. Overhang (in) Overhang (in) 

l o.-z 0 0 0 0 0 0 0 d. ,z 0. '2... 0 0.'3DO /'Z: ,Zo PM 
2 0. ~ 0 0 0 0 0 o. oo I 0 . 001 a. ,z, o. i. 0 o.-:,oo I : i~Pf1 
3 c; 0 . 08 0.05 0 0 , 02 0,0 f o. oo'L 0.001. (; 6 0.0:J.6 o.-;;ao I : 3=/ Plv] 
4 ~1 s-r crz.~ K. o6SE ~VEP 
5 12 0, ?'? 0 , '31':, 0 .04 0.00 0. C) '? o. 004 o. ooz. 11 ,~ 1'2- - o.6GO I~ 5t> Pfv1 
~ I~ O.=fO 0.6S O. OB o. I I 0.09 o.oo4 0.0()'? IB IB O.<o9 / 0.94 8 t:,Z.Of~ 
1 24 1.0 1 6.9'o o. I 2. o. I =r C. /3 0.6°'4 o.oo:; 24 ~4 0. ~en /. Z=t5.., 2 :4artvt 
8 ?>O I.?-; I. ,o o. I =1- o. ~i 0.1 =,- 0. 0()5 0.00? 30 70 l. 30? I. 591; 3: /6-PM 
g 12.ESf= ~ DG{S ; 1.000 J.ooo 

lO 3~ /."7~ l .b? 0 . 1.'l.. 0 .£8 O. l2. 0.00'5 0.004 3~ 3'- I. 343 l.34'2.. ' 3 :44 'PM 
11 

0 0.3~ 0.''39 0 .0? O.b=t C) .os 0.00? o .oo'Z. 0 0 0.08'2... 0.08? 4: 14 f'r-J 
12 12 0 . 7<;, 0.14 0.09 (). 1.; 0-10 0.004 o.oot j l/.. If. 0_444 0.4 41 4:41. pij 
13 ~4 I. '2.S I. '21 0./5 O.f f 0. 1, o_oaq 0.003 Q4 ~1 0.91 8 0.') 15 4:4'] PM 

I 
14 31.... I .5C, l.?3 6.t o_z.q l) . ~ , 0 ,OD 17 o.ootf ~,z 3'! - - 5 '. ~o f'/v{ 

15 

16 
., 

17 

18 

n 

20 
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u u v 
Purdue University Specimen : __ ~_-_t __ _ Date:. __ S_/ .2._S_/_J :2. __ _ 

Average Load North South North Splice 
Midspan (In) 

South Splice lVOT North l VDTSouth North l oad Cell South l oad Cell DG North DG South 
Time •kiri Overhang {in) Overhang (in) End (in) End (in) Support Support ~~ ~k.. Overhang (in) Overhang (in) 

I 
1 

0 . 19 ·O 0.01. 0 0 0 -0.00b 0 0 ."' o.f.. o . 0 .100 -& : f ~ A 
2 ~-~/t. : 1st c, ac/t.. 
3 6 0./ o.r~ 0 -0J o. 01 o.ol - 0-00 5 o.oot ~ 6 o. IO 5, 0 . '1.0=f ~ -- ~1A 
4 12 0. ?7 0, 39 0 .05 O.Ob 0..04 -0 .004 0 -003 12 VL o .?>66 o.410 5: 51 A 
5 !8 o::, 3 o., I o. o" 0 . 11 o.oa 

I 

-o.oo, 0 .003 te /8 o.~10 0 .00':> <} ;01:,4 
6 2.4 l.oq (.04 0 .14 0 .1 't 0 -1? -o .oot 0.004 2-4 2~ -9 t. 0"18 1. 1~0 ?=,oA . 

I 
7 

.30~ ?,O' 
a ~o 1.4~ I .?,b 0.1 Q 0 .11.IL o.r, -o .001 0 .00? 30 ,J, ?JO -I I. 3~2.. I. 4t:>'? ~ ~ 54 A o .2.1,;, . 
9 3~ l.:f" 1.=to ~i- o.t..9 ll.f~ O .00/ o.oo" ~~ S(o ,. 1-34 l. =J-95 \ O i 14A 

10 \<g .. 5 l, \i l ~ t b Q. lb o. \9 0,15 -O,OOJ () .005 )i ,S ic3, 5 t.t ~Cf ' }O:s, A J. 256 
11 0 0 ,4'3 04~ D .Db o.o7 o.os -0 .004 o.oo+ 0 ,'l o .-z o.~04 o.sos ( o :5oA-. 
12 \1.. o.s, o.eo o. u 0 - \'3 0 -IO -o.oo-z. 0 -004 ,~ 1-Z. 0.BO':;; o .eq2.. ll ~ o(:, A 

Q.4 ,. t.9 o.il o. l=J-
I 

14 24 L 3o, It : IS-A-
il I. 3~ O-10 -0.000 0.005 (. ~s, . 
l4 '3Ct, l.~s 1.:ts o.is 0 .'30 o.tA 0 .001 0 -00'7 3~ 3G . { l. s;t.~0 I. R~6 II : 3'fA 
15 38 i .oz '-"' NO D~ i(~ 

u NIA>< LD,l,;p~ .....,4/.'7 
17 

18 

19 

!O 
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TAKING ACCURATE THERMOMETER READINGS 

COMMON TYPES OF THERMOMETERS AND FACTORS AFFECTING THEIR USE 
TOTAL IMMERSION thermometers are designed with scales calibrated to indicate the true temperature when the bulb and the portion of the 
thermometer that contains the mercury column are exposed to the temperature to be measured (practicall'y, less than an inch is permitted to extend 
above the surface, to permit the reading to be made). Most total immersion thermometers can also be used in a condition of complete immersion, in 
which case the entire thermometer is exposed to the temperature being measured, such as in a freezer. 

PARTIAL IMMERSION thermometers are designed with scales calibrated to indicate the true temperature when the thermometers are immersed to 
specified depths. The portion that should be immersed is indicated on the back of each thermometer. 

COMPUTATION OF EMERGENT STEM CORRECTION 
When total immersion thermometers are used only partially immersed, a stem correction may he calculated and applied to the reading for precision 
results. To compute an emergent stem correction, the following variables must be defined: 

T = the reading of the thermometer in situ. 
N = the number of degrees on the thermometer scale between the liquid surface and the top of the mercury column. 
A = the average temperature of the emergent mercury column. To find value A, suspend alongside the subject thermometer a secondary or auxiliary 

thermometer with its bulb centered between the liquid level and the temperature indicated on the subject. thermometer. 
The temperature indicated on this auxiliary thermometer will he value A. 

Find the stem correction (SC) by computation from the following formula: 
SC= 0.00016 x (N x (T-A)) for Celsius temperatures, or 
SC= 0.00009 x (N x (T-A)) for Fahrenheit temperatures. 

Example: A thermometer graduated from -1 ° to 101 °C., immersed to 20°C on its scale, reading 90°C. Toe auxiliary thermometer reads 42C. Hence, 
T=90, N=70 (90.20). A=42 

Working the formula, SC =.00016 x (70 x (90 - 42)) yields a value for SC of +.537. This value must he added to the observed indication of the subject 
thermometer to determine the true temperature of the liquid. Hence, the true temperature of the liquid is 90° + .54° (rounded result)= 90.54° 

GENERAL CONSIDERATIONS FOR MAKING AN ACCURATE READING 
The error due to parallax may be eliminated by taking care that the reflection of the scale can be seen in the mercury thread, and by adjusting the 
line of sight so that the graduation of the scale nearest the meniscus exactly hides its own image: the line.of sight will then be normal to the stem at 
that point. In reading thermometers, account must be taken of the fact that the lines are of appreciable width. The best practice is to consider the 
position of the lines as defined by their middle parts. • 

PERFORMING A CALIBRATION AT THE ICE POINT (0 DEGREES CELSIUS OR 32 DEGREES FAHRENHEIT) 
Select clear pieces of ice, preferably made from relatively pure water. Discard any cloudy or unsound portions. Rinse the ice with distilled water and 
shave or crush into small pieces, avoiding direct contact with the hands or any chemically unclean objects. Fill a Dewar or other insulated vessel 
with the crushed ice and add sufficient distilled (and preferably precooled) water to form a slush, but not enough to float the ice. Insert the 
thermometer, packing the ice gently about the stem, to a depth sufficient to cover the 0°C (32°F) graduation. As the ice melts, drain off some of the 
water and add more crushed ice. · 

Raise the thermometer a few millimeters after at least 3 minutes have elapsed, tap the stem gently and observe the reading. Successive readings 
taken at least one minute apart should agree within one tenth of one graduation. • 

APPLYING THE CORRECTION AT ICE POINT 
Record readings and compare with previous readings. If the readings are found to be higher or lower than the reading corresponding to a previous 
calibration, readings at all other temperatures will he correspondingly increased or decreased. 

Reproduced in part from ASTM E77. 

KESSLER THERMOMETER CORP. 

Precision and Reliability ... from a name you can trust. 
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CALSER CORPORATION 302 N. BELT EAST SWANSEA, IL 62226 

TESTING MACHINE CERTIFICATE OF CALIBRATION 

(618)277-0329 

Owner 
Location 

Machine 
Serial No. 

Purdue University 
1040 South River Rd. - Bowen Lab 
West Lafayette, IN 47907 
Forney 600,000lbf Model F-600-DFM/1 
99058 
w/ Forney DFM/1 Digital R/0 #9902182 
w/ Dynisco P/f #02-23-990747 

Report# : VN# 6560 

Page: 2 of2 

·. Date c,f Service, 06/00/11 

This is to certify that the testing machine listed above has been calibrated by Catser Corporation personnel. 

The method or veriftcatlon and listed data are in accordance with ASTM E 4--09. 

Accuracy or all calibration devices is traceable to lhe National Institute of Standards and Testing (NIST) 

and all calculations have been co~ed for temperature where applicable. 

Capacity Range 

Run 1 
600,000lbf Range 

Run2 
600,000lbf Range 

Run3 
600,000lbf Range 

Verification Equipment Used·: 
(4001000 Load Cell Set) 

Loading Range 

5,000 - 600,000 

5,000 - 600,000 

5,000 - 600,000 

Admet Gage Buster Digital Readout, Serial # GB-9911092, 
and Load Cell(s) Listed Below: 
Serial# Range 
901120B 716.99 -10,000 lbf 
090716C (L.O) 5,572.38 - 100,000 lbf 
090716C (HI) 39,281.95 - 400,000 lbf 

Calib. Date 
08/19/2009 
08/10/2010 
08/10/2010 

Uncertainty 
1.792 lbf 
13.931 lbf 
98.205 lbf 

Max. Error 

1.20 % 

0.10 % 

0.08 % 

This certificate is issued as a statement of the fact lhat oo the above dale the isled tesflng maehine has an accuracy as Indicated. It should not 

be construed or regarded as a Guarantee or Warranty ill any kind (In favor of the client; the clienfs customers. or the public at large) that lhe resting 

machine wm continue to rataln the same percent.age (%) of accuracy or efficiency as delemiined on the dale when lhe catib<ation, and adjuslments 

if required, was performed and reported by "Cafser Corporation" since !he ca~brator has absotute!y no control over the future operation, damage, 

maintenance, repairs, and overal condition of the testing maohine and hereby expressly disdaims any and an liability for damage or toss sustained 

by an parties ansln9 or resutting from !he deterioration, obsolescence, malfunction or substandard pert'ormance of said testing machine; which 

shafl remain the sole responsibility of the machine's re,gufar custodian. owner. and/or user. This certificate shall not be reporoduced except in full. 

without the written appro11al of calser Corporation. 

CALSER CORPORATION 

Quality Control Director atlfv~-
Thomas R. Gagen 

Form# 104--01-Rev 3 
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CALSER CORPORA TIQN 302 N. Belt East, Swansea. IL 62226 (618) 277-0329 

TESTING MACHINE CALIBRATION DATA AND REPORT Report #: VN# 6560 ....:..;...;.;.. ______ _ 
Customer 

) Location 

----✓ 

Purdue University 
1040 South River Rd. - Bowen lab 
West Lafavette, IN 47907 

·) 

Machine 

Serial No. 

AuxBlary Equipment: 

Applied Force 

Run#1 

600,000lbf Ranae 

0 

5,000 

10000 

20,000 

40.000 

60,000 

80,000 

... . .. ____ j00,000 . 

125000 

150,000 

200,000 

300000 

400,000 

500,000 

600,000 

0 

Notes: 

Fomev 600,000lbf Model F-600-DFM/1 
99058 
w/ Fomev DFM/1 Dioital RIO #9902182 
w JV, isco . . 10 P/T#02 23 990747 . Indicated Force Error I % 

Run#1 "As Found" Concf<tion .. 10lbf/OIV 

6C 0 0 0.00 

6C 4,940 -60 1.20 

7 9,880 -120 1.20 
7 19,790 ·2-10 1.05 
8 39,530 -470 1.18 
8 59340 -660 1.10 

8 79,150 -850 1.06 
... 8 . ......98940 _ A,060 ----1,06 

8 123,600 -1.400 1.12 
8 148,330 -1670 1.11 , 

8 197,650 -2350 1.18 
8 296,650 -3350 1.12 

8 395,880 -4,120 1.03 

8 495,110 -4,890 0.98 

8 593,770 -6,230 1.04 
8 0 20 0.00 

Calibration in accordance with ASTM E4-09, 

and Cafser Corporation Procedure# 1--01, Rev 1. 

ACCURACY SUMMARY 
caps. e l.oadi Ra e Max. Error 

Run 1 
600,000lbfRan e 5,000 • 600,000 120 % 

Run2 
600,000lbf Ra e 5,000 - 600,000 0.10 % 

5,000 • 600,000 0.08 % 

calibration T ecmidan Jerry Parker 

. 

. 
6C 

6C 

7 

7 

8 

8 

8 
_a 

8 

8 

8 

8 

8 

8 

8 

8 

Page 1 of2 
Oateof &!Nice -;;0.:.6:..::/06.:./:.,.;1.:.1 _____ _ 
Cosl Order No. ..,V,c.::e;;.:rb:..:a:;..1 _____ _ 
Order Dale ..::06:.:::f:..:0:=2/:....:1..:.1 _____ _ 

Temp. ...;7-,;4.,.,· F":-:-:--::-------
Oale last Done ..::0:.:::5I:....:1c.::c9/:....:1-=.0 _____ _ 

fncftealed Force Efror I % . Indicated Force Error % 

Run#2 •1,s Left" Condition Run#3 ·1,s Left• coooition . 
0 0 0.00 6C 0 0 0.00 

5,000 0 0.00 6C 5,000 0 0.00 

9,990 -10 0.10 7 10.000 0 0.00 

19,990 -10 0.05 7 19,990 -10 0.05 

40,000 0 0.00 8 40,000 0 0.00 

60,010 10 0.02 8 60000 0 0.00 

80,050 50 0.06 8 80,030 30 0.04 

- 100.060 .. 60 . .Q.06 a .... -100.070 _,, ___ .. 70 -- · - .0.01 • 

125090 90 0.07 8 125,100 100 

150,150 150 0.10 8 150,120 120 

199,980 -20 0.01 8 200,010 10 

300 060 60 0.02 8 300,040 40 

400,120 120 0.03 8 400,090 90 

500260 260 0.05 8 500,210 210 

600310 310 0.05 8 600,290 290 

0 -10 0.00 8 0 -30 

•CALIBRATION EQUIPMENT 

Alt verification equlpment-<ndudi119 dead weiglits, pro'""9 tings, load cells, elc, is 

calibrated end traceable to the latest proced..-es stipi.dated by lhe National Institute cl 

S1.andartls a!1d Tesl'fng (NIST) and ASTM E74--06. Ah equiPment is traceable u!1Cler 
guidelines set fo<th in 1S0/IEC 17025 • All inslrument readings have beeo cooected for 

temperature where necessary. 

VERIFICATION EQUIPMENT 
Manufacturer • UC Cliiss A Range fin Ills) 

&Serlal# and Uooertalnty (LBF) 

Strain sense 6C 716.99-10,000 lbf 
901120B 1.792 lbf 
Strainsense 7 5,572.38 - 100,000lbf 

090716C (LO) 13.931 lbf 
Strainsense 8 39 281.95- 400 000 lbf 
090716C <HI) 98.2051bf 

This report shall not be copied eitcept in its entirety 
without express written approval of Calser Corp. 

~ency 

&Date 

Morehouse 
08/19/09 
Morehouse 

08/10/10 
Morehouse 
08/10/10 

0.08 

0.08 

0.01 

0.01 

0.02 

0.04 

0.05 

0.00 

. 

fonn# 103-01-Rev 3 
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CERTIFICATE OF CALIBRATION 
ISSUED BY: INSTRON CALIBRATION LABORATORY 

DATE OF ISSUE: 30--Jan-12 CERTIFICATE NUMBER: 340013012113643 

~ lnstron 
Lab cod&: 200301-0 

Page 1 of 3 pages 

INSTRON" APPROVED SIGNATORY 

825 University Avenue 
Norwood, MA 02062-2643 
Telephone: (800) 473-7838 
Fa)(: (781) 575-5750 
Email: service_requests@instron.com Richard 

Binford 

DigilaUy signed by Richard 
Binford 
ON: cn=Rlchard Binford, 
c=US, l=N<XWOOd, st=MA, 
OUrOVR 

Type of Calibration: 
Date: 2012.01 .3012:01:16 
-05'00' 

Relevant Standard: 

Date of Calibration: 

ASTM E83-10 

30.Jan-12 

Name: 
Address: 

P.O./Contract No.: 

Contact: 

PURDUE UNIVERSITY 
550 STADIUM MALL DR. 
WEST LAFA YE'JTE,IN 47907 
KBROWER@PURDUE.EDU 

KEVIN BROWER 

Nfi~t~f/f!Jll~llll.!Ji:.tf.l~.!~~;J'tt?f!Jflf/i1t!:l&flJJ\ 
Manufacturer: BALDWIN 

Serial Number: 120BTEC502040 
System ID: !20BTEC502040 

Range Type: Single 

Manufacturer: 

Transducer ID: 
Extensometer Type: 

Travel (Tension): 
Travel (Compression): 
Gauge Length: 

INSTRON 
2630-115/590 

Type I 
1 in 
0.1 in 
2 in 

Mode: Static (Tension/Compression) 

The following indicators of the extensometer system were verified and classed: 

Indicator 
Type 

I. Digital Readout 

Description 
Indicator 
Units 

strain 

Range Full Scale 
(%} 

100 

All indicators listed above were verified on-site at customer location by Jnstron in accordance with ASTM E83. 

The verification llild equipment used conform to a controlled Quality Assurance program which meets the specifications 
outlined inANSI/NCSLZS40- t, ISO 10012, ISO9001:2008 and lSO/JEC 17025:2005. 

The testing machine was verified in the 'as found' condition. 

Instron Calpro Version 3.23 
The results indi11ated on this certifie41e and Ole following repon relaleonly to Ole items verified. If there are methods or dalll included iltat are not covered by 
the NVl.AJ' accreditation it will be identified iD the comm en rs. Any limifBlions of use as a result of this verification will be indicated in the comn1en1S. This 
report must not be used to claim product endm:sement by NVLAP or the United States government This repon shaU not be reproduced, except in full, -withou.t 
the approval of the issuing laboratory. 

System 
Class 

B-1 
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CERTIFICATE OF CALIBRATION CERTIFICATE NUMBER: 

340013012113643 

NVLAP ACCREDITED CALIBRATION LABORATORY No. 200301-0 

Indicator I. - Digital Readout (strain) 

%of 
Range 

Qun 1 
Indicated 

(strain) 

100% Range (Full Scale: 1,00016 in) 

Applied 
(in) 

Run 2 
Indicated 

(strain) 

Run Temperature: 70.0 °F Run Temperature: 70.l °F 

Applied 
(in) 

70 0.34995 0:100010 0.349987 0.700023 

JOO 0.49985 l .000162 0.49899 1.000050 

Page 3 of 3 pages 

401 0.19991 0 401)58] 0.1995 0.400013 

=•~~~$~ A ~-;!J • W"~~i;t•~ .... -~ ~'ffi'.x-~~ ~~~ ,.~ r- ,..,,, •;r;ff.P.::~;{J~f · ;!Jr~•.,.,~~i~~v..;.'§ ·~'\~.-: .y,, ~ f~ ,, • ~"at:,_~"':-=Yf.~'W<.£ :,-.,_/"?it•& ~~Wff~'fi't~'i'i.~'ff)&Wf+~ ~ --;;·-... 
?JJ~~~l&~~JB..i~~i~\t~~ :?t~~·:Mfit-:::g,1£~'r!J;Ji':;,'fJ,$.if{f.if!.~~;::y;,,~~,tB!Jt~"'!,"/!/!1J~'l!t'lff%£:1t,irt'.f:iJwr!irll#J~ff.<~;;i 
Verification Equipment: 

Serial Calibration Measurement 
Milke/Model Number Description Agency Range Cal Date 

Extecb 445580 1003552 temp. indicator Tektronix NA 12-Feb-11 
Epsilon 3590VHR A5010 disp. indicator lnstron Ltd 2.00in 14-Feb-ll 

(ASTM) 

* Instron US Gauge Bar 1902 gauge bar AA Jansson NA 1 l -May-10 
*HBMML38 90630412 force indicator lnstron NA 21-Jan- ll 
"Epsilon 3590VHR ASOIO (Note: Also used for displacement measllrements and listed above.) 

(ASTM) 

"'Equipment used for gauge length measurements. 

Verification Equipment Usage: 

Measurernent 

Type 

Displacement 

Serial 
Number 

A5010 (ASTM) 

Range 

(% Full Scale) Percent(s) ofRaoge 

100 0/10/20/40/70/l 00 

Insrron standards are traceable to NJST and/or other National standards. 

Verified by: Rich Binford 

Field Service Engineer 

NOT£: Clause 9 of ASTM E-83 states; It is recommended that extensometer systems be ve.rified annually or more frequently if 
required. In no case shall the time interval between verifications exceed 18 months (un.Iess an extensometer is being used in a 
long-time test running beyond the 18 month period). An exteosometer system shall not be used after an adjustment or repair 

that could affect its accuracy without first verifying its accuracy utilizing the procedure described in this practice. 

Instroo Calpro Version 3.23 

Cal Due 

12-Feb-13 

14-Fcb-12 

II-May-12 

21-Jan-13 
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INSI Rc··N® 
lnstron®··service 

. 825 University Avenue· • Norwood, MA 02062-2643 
Tel: +1-800-473-7838 • ·Fax: +·1-781-575--5755 CEAST/Dynat,;p //ST I SA TEC/Wifson I WOLPERT 

~-~~~'Rilllm;/Jl~!ll!!!iim.!!Slli$.il~~!l®if5'll'll~ll1'.llii!li!Sl!@!$?l!J-~o'iilli-ilii1ll~ilJ!®--!Wai!!®I-E!lil~lii!al~.lfll~-IIH 

FieJd,Seniice Report www.lnstron.com 

Company: 

Address: 

Purdue University 

· 550 Stadium Mall Drive 
Civil Room G151 
West Lafayette, IN 47907 

·. USA 
Contact: Brower Kevin 
Service Order#: · SV1201120017@@1 PO#: 
Field Engineer: Richard Binford Reference #: 

Service Notes: Contract Total Amount: $2330. 

. Credit Card 

Verified force,disploement and the extensometer. Keep a regular check on the pressure transducer oil capsule 
gap regulatly to insure the .030" gap for ac:curate force readings. 

Labor Activities 

- ~:-:-.... 4 bJ.~!f!.t-ffif~'¾-.:~~t;~t,.,..,J.i::w'9(tt]i;.:i:!ESl:&>:: ~~~-~ -!~~-uw':t-:,~~4;£ !d:;f.t;J~,.i;;Jdt. ,1 &,i:t,;.J .-:_)J~~~:t-I1l~~,:,¼~1-'Nf;J1; ~~.;Jji¾ ~~~.1;:;_L",0:,;Ii,.{Z).3.t.Ai:6,..'!.~d.ltiif=}'-f,;,~fPiJ.1S'i~ 

01/30/2012 

01/30/2012 ·-
01/30/2012 

01/30/2012 2630-115/590 

Materials 

01/3012012 

120BTEC502040 0.02 S1400-003-A 

120BTEC502040 1.00 S1460-011 ·A 

120BTEC502040 2:00 S1481-017.C-A 

120BTEC502040 1.00 S1490-003-A 

Technical Support Service_Support@lll$tron.com 
Email: Se,vlca_requesls@instron.com 

Zone 3 For Tensile Service 

Crosshead Displacement Verification 

Force Verification, 68K II>- SOOK lb 
Comoresslon 

Strain Verification,. Static Ext or 
Deflectometer 

Page 1 of1 
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CERTIFICATE OF CALIBRATION 

ISSUED BY : INSTRON CALIBRATION LABORATORY Lab code: 200301,-0 

DATE OF ISSUE: 30-Jan-2012 CERTIFICATE NUMBER: 340013012110833 

,&a 
INSTRDN" 

lnstron 
825 University Avenue 
Norwood, MA 02062-2643 
Telephone: (800) 473- 7838 
Fax: (781) 575- 5755 

Page 1 of3 

APPROVED SIGNATORY 

Dlgltal/y srgned by Richard 
Binford 

Email: service_requests@instron.com 

Richard 
Binford 

ON: cn=Rlehard Binford. <rUS, 
!=Norwood, st-=MA, ou=OVR 
Date: 2012.01.30 11:36:28 
-05'00' 

Type of Calibration: g -.Lftl(H f I ~ 

Relevant Standard: astm e2309 
Date of Calibration: 30.Jan-2012 

~J!~tt'.iitl~~li~ PURDUE UNIVERSITY 

P.O. Number: 
Contact : 

550 STADIUM MALL DR. 
WEST LAF A YETIE, IN 47907 

HARRY TIDRICK 

1. Digital Readout (in) 

Customer Requested Due Date: 30.Jan-2013 

Serial No: 

Make: 

Model: 

C502040 

BALDWIN 

l20BTE 

This certifies that the displacements verified with machine indicator 1 (listed above) were verified by Instron in 
accordance with ASTM E2309-05 (Follow-the-Displacement Method) and Instron work instruction TCA-8-07. 

The testing machine was verified on-site at customer location. Adj ustrnents are noted in the comments section of this 
report with a reference to the "As Found" data. 

The verification and equipment used confonn to a controlled Quality Assurance program which meets the 
specifications outlined in ANSJ/NCSL Z540-l, ISO I 0012, ISO 9001:2000, and ISO/IEC 17025:2005. The Instron 
measurement equipment used for verification is traceable to NIST. 

Indicator 1- Digital Readout (in) 

Max Repeat Max Repeat ASTM 
Verified Range Max Error Max Error Error Error System Resolution Resolution Lower Limit 
(in) (in) (%) {in) (%) Class* (in) Class (in) 

0.2- 1 -0.00268 -0.355 0.00112 0.257 B .001 B 0.2 

*System Class is derivedfrom assessment of the following: error, repeatability, resolution, and standard device classification. 

The results indicated on this certificate and report relate only to the items verified. If there are methods or data included that are not 
covered by the NVLAP accreditation it will be identified in the comments. Any limitations of use as a result of this verification will 
be indicated in the comments. This report must not be used to claim product endorsement by NVLAP or the United States 
government. This report shall not be reproduced, except in full, without the approval oflnstron. 

CalproSDS version 3.3 
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CERTIFICATE OF CALIBRATION 

ISSUED BY : JNSTRON CALIBRATION LABORATORY 

DATE OF ISSUE: 30-JaD-20l2 CERTIFICATE NUMBER: 340013012110833 
Page 2 of3 

Direction of Displacement: Ascending 

Suggested Run 1 Run 1 Run2 Run2 Run3 Run3 Repeat 

Value Error Error Error Error Error Error Error Uncertainty Coverage 
(in) (in) (%) (in) (%) (in) (%) (in) (in)* Factor=k 

0.2 0.00007 0.035 -0.00045 -0.222 -0.00026 -0.129 0.00052 0.00081 2.26 

0.4 -0.00110 -0.276 -0.00086 -0.213 -0.00091 -0.227 0.00024 0.00070 2.26 

0.6 -0.00105 -0.153 -0.00214 -0.355 -0.00176 -0.292 0.00109 0.00150 2.78 

0.8 -0.00268 -0.331 -0.00156 -0.189 -0.00162 -0.203 0.00112 0.00165 2.78 

1 -0.00168 -0.164 -0.00142 -0.142 -0.00198 -0.196 0.00056 0.00086 2.26 

*The reported expanded uncertainty of measurement is based on a combined uncertainty multipied by a coverage factor k to 
provide a level qf co'?fidence of approximately 95 %. 

Runs 1 and 2 are performed to comply with the requirements of ASTM E2309, run 3 is performed to calculate the uncertainty of 
measurement. 

Temperature at start of verification : 67.9 °F 

Run1 Run 2 
Suggested Error 

Value Applied Indicated Class Applied Indicated 

0.2 0.19993 0.200 A 0.20245 0.202 

0.4 0.39810 0.397 A 0.40286 0.402 

0.6 0.68605 0.685 A 0.60314 0.601 

0.8 0.80968 0.807 A 0.82356 0.822 

l 1.02568 1.024 A 1.00142 1.000 

For runs I and 2: the worst Resolution Class is Band the worst Repeatability Class is A. 

Temperature at end of verification: 70 °F 

Starting Point of crossbead : 0 in 

Make/Model 

Instron LDS-10 

EXTECH 445580 

Serial No. 

06105014 

1003552 

Description 

Linear Gage 

Thennometer 

Cal Agency 

AA JANSSON 

TEKTRONIX 

The standards 11.Sedfor this verification are traceable to NIST. 

CalproSDS version 3.3 

Uncertainty of 
Calibration 

.000013 in 
I op 

Run3 
Error 
Class Applied Indicated 

A 0.20126 0.201 

A 0.40091 0.400 

A 0.60176 0.600 

A 0.79962 0.798 

A 1.00798 1.006 

Resolution Cal Date Due Date 

.00001 in 3-Aug-10 3-Aug-12 

.1 op 12-Feb-11 12-Feb-13 
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CERTIFICATE OF CALIBRATION 

lSSUED BY : JNSTRON CALIBRATION LABORATORY 

DATE OF ISSUE : 30-Jan~2012 CERTIFICATE NUMBER: 340013012110833 

Verified By: 

CalproSDS version 3.3 

Page 3 of3 

RICHARD BINFORD 

SNR.SERY .ENGR. 
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CERTIFICATE OF CALIBRATION 
ISSUED BY: INSTRON CALIBRATION LABORATORY 

DATE OF ISSUE: 30-Jan-12 CERTIFICATE NUMBER; 

~~a 
INSTRON' 

Jnstron 
825 University Avenue 
Norwood, MA 02062-2643 
Telephone: (800) 473-7838 
Fax: (781) 575-5750 

340013012095410 

Lab code: 200301--0 

Page 1 of 4 pages 

APPROVED SIGNATORY 

Email: servlce_requests@instron.com Richard 
Binford 

Digitally signed by Richard 
Binford 
ON: on"Richard Binford, 
c=US, !=Norwood, st=MA, 
ou=OVR 

Type of Calibration: 

Relevant Standard: 

Date: 2012.01.3011:08:19 
-05'00' 

Date of Calibration: Customer Requested Due Date: 30.Jan-13 

Name: 

Address: 

P.O./Contract No.: 

Conta1..'t: 

Manufacnuer: 

Serial Number; 

System ID: 

Range Type: 

PURDUE UNfVERSITY 
550 STADIUM MALL DR. 

WEST LAF A YE'ITE,IN 47907 
KBROWER@PURDUE.EDU 

KEVIN BROWER 

BALDWIN 

120BTEC502040 

120BTEC502040 

Single 

l. Digital Readout • PASSED 

Manufacturer: BALDWIN 

Transducer ID: 120BTEC502040 

Capacity: 120000 lbf 

Type: Compression 

This certifies that the forces verified with machine indicator(s) (listed above) that passed are WITI-IlN ;±: l % accuracy, l % 
repeatability, and zero reltlm tolerance. 

AU machine indicators were verified on-site at customer location by lnstron in acco,dance with ASTM E4. 
The certification is based on runs I and 2 only. A third run is taken to satisfy uncertainty requirements according to ISO 17025 
specifications. 

The verification and equipment used confonn to a controlled Quality Assurance -program which meets the spedfications 

outlined in ANSI/NCSL Z540-l, ISO 10012, ISO 900l:2008 and 1SO/IEC 17025:2005. 

The testing machine was verified in the 'as found' condition with no adjusanents carried out 

lnstron CalproCR Version 3.23 

Tilt tcsults indicated on this certificate a,,d the following report rel all: only to the items verified. If there are methods or data included that are not cov~red by the NVLAP 
aocre<litation it will be identified in the ~omments. Any limitations of use as aresult of Ibis verification will be indicated in the comments. This report must not be used 
I<> claim product e.ndorsemcnt by NVLAP or the United States government, This report sruill not be )'.eproduced, except in full. without the approval of the issuing 
laborato,y. 
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CERTIFICATE OF CALIBRATION 

NVLAP ACCREDITED CALIBRATION LABORATORY No. 200301-0 

Temperature at start of verification: 67.00 °F. 

lndicato.r I . - Digital Readout Ob{) 
Range 
Full Scale 
(%) 

100 

Tested Force Range 
(!bf) 

-1194.4 to -119044.9 

Temperature at end of verification: 67.80 °F. 

COMPRESSION 
Run l 
Error 

%ofRange (%) 

100% Range (Full Seale: -119044.9 lbt) 

l 0.47 
2 0.41 
4 0.42 
7 0.77 

10 0.82 
20 0.88 
40 0,81 
70 0.81 

100 0.80 

ASTME4 ASTME4 
Max Max Repeat 

Mode Error(%) Error(%) 

C 0.88 0.11 

Rutt2 Run3 ASTME4 
Enor Em>r Repeat Error 

(%) (%) (%) 

0.43 0.43 0.04 
0.48 0.49 0.07 
0.46 0.45 0.04 
0.76 0.77 0.01 
0.75 0.76 0.07 
0.77 0.78 0,11 

0.81 0.80 0.00 
0.80 0.81 0.01 
0.81 0.81 0.01 

Zero 
Return 

Pass 

CERTIFICATE NUMBER: 

340013012095410 

Page 2 of 4 pages 

ASTME4 
Resolution Lower Limit 

(lbt) (lb:!) 

200 

Relative Uncertainty of 
Uncertainty* Measurement* 

(%) (± lbt) 

0.14 1.661 
0.14 3.321 
0.13 6.213 
0.14 11.254 
0.14 16.908 
0.15 36.187 
0.14 64.283 
0.14 112.494 
0.14 160.702 

._ The reported expanded unce11ainry is based on a standard uncertainty mullipli/!f[ by a coverage fae1or k - 2, provfding a level of 
confidence of approximately 9.5%. 

Run 1 
Indicated Applied 

%of Range (]bf) (Jbt) 

100% Range (Full SeaJe: -119044.9 lbt) 

0 Return 1 

l -1200 -1194.4 
2 -2400 -2390.3 
4 -4800 -4780.1 
7 -8400 -8335.52 

10 -12000 -11902.07 
20 -2A000 -23789.98 
40 -48000 -47615.95 
70 -84000 -83326.29 

100 -U0000 -119044.89 

Insttou CalproCR Version 3.23 

Ruo2 
Indlcated 

(lbt) 

0 
-1200 
-2400 
-4800 
-8400 

-12000 
-24000 
-48000 
-84000 

-120000 

Applied 
(lbt) 

-1194.9 
-2388.5 

-4777.95 
-8336.7 

·11910.33 
-23815.94 
-47615.36 
-8333337 

-l19034.86 

RunJ 
Indicated 

Qbt) 

-I 
-1200 
-2400 
-4800 
-8400 

-12000 
-24000 
-48000 
-84000 

-120000 

Applied 
(lbf) 

-1194.85 
-2388.2 
-4778.S 

-8336.11 
-11909.74 
-23815.35 
-47618.9 

-83327.47 
-119034.86 
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CERTIFICATE OF CALIBRATION CERTIFICATE NUMBER: 

340013012095410 

NVLAP ACCREDITED CALIBRATION LABORATORY No. 200301-0 
Page 3 of 4 pages 

The Re tum to Zero tolerance is± !he indicator resolution, 0. I % of the maximum force verified in the range, or J % of the lowest force 
verified In the range, whichever is greater. 

100%Range 

1.2 
Compression 

- - - - - -- - -0.8 - - - - .. -;e- 0.4 

"--
.... Run 1 

~ + Run2 ... 0 e - 1.00% .. 
uJ 

-1.00%* -0.4 

• ASTM E4 Error Tolerance 
-0.8 

-- -- -
-1.2 

0 0 0 0 
~ ... "i ~ "';- 0 

0 ... "f 'JJ ,... 
' 

Percent of Range 

Serial Calibration 
Make/Model Number Description Agency Capacity Cal Date Cal Due 

Extech 445580 1003552 temp. indicator Tektronix NA 12-Feb-11 12-Feb-13 
HBMML38 90630412 force indicator Instron NA 21-.lan-ll 21-Jan-13 
Strainseuse 050530 050530 load cell Instron 120000 lbf 10-Dec-10 10-Dec-12 
HBMl0KFRR 688077 load cell Jns1ron 12000Jbf 24-Apr-10 2.4-Apr-12 

illlfl!(ffl'w~~B\lfllB11•,ig,111111:ni§1i~iil~t•~~iifJ~~~li'1 
Range Lower Limit for 
Full Scale Standard Standard Class 
(%) Serial Number Mode Percent(s) of Range A I Al (lbt) 

JOO 

100 

050530 

688077 

lnsrron standards are traceable to NIST. 

C 

C 

7/I0/20/40/70/100 
1/2/4 

5000/ 5000 
200 /200 

The standard Class A lower limit ts used for systems with an accuracy of+/- 1.0% and the standard Class Al lower limit is used far 
sys/ems With an accuracy of +I- 0,5% 

Standard farces hmie• been temperature compensated as. necessary. 

lnstron CalproCR Version 3.23 
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CALIBRATION CERTIFICATE 
Address 

86 Seabro Avenue 
Amityville, NY 11701 

Website 
www.kessslerusa.com KESSLER THERMOMETER CORPORATION 

CALIBRATION REPORT FOR THERMOMETER 

Telephone 
631-841-5500 

Facsimile 
631-841-5553 

E-mail 
Ke!,SlerUSA@aol.com 

THIS REPORT OF CALIBRATION SHALL DOCUMENT THAT THE INSTRUMENT DESCRIBED HEREIN WAS EXAMINED AND TESTED IN 
KESSLER'S CALIBRATION LABORATORY AGAINST NIST TRACEABLE REFERENCE STANDARDS, IN ACCORDANCE TO KESSLER'S 
PROCEDURE T-2008, WHICH IS BASED ON ASTM E-77-98 (2003) AND NIST PIBLICATION 250-23. THIS CALIBRATION MEETS THE 
REQUIREMENTS OF ISO/IEC 17025, ANSI/NCLS 22540-1-1994 AND THE ISO 9000 AND OS 9000 SERIES OF QUALITY STANDARDS. 

CUSTOMER INFORMATION: GILSON COMPANY, INC. 

Purchase Order Number: ?000096475 

Date Calibrated: September 20, 2011 

INSTRUMENT DESCRIPTION: 

Next Recommended Due Date: October 20, 2012 

Serial No.: 689373 

Scale Range: 30/ 124°F 

Marked: KESSLER USA 

Divisions: 0.2°F 

RESULTS OF PHYSICAL EXAMINATION: 

Catalog No.: 6340-FC 

Immersion: 3" 

This instrument was examined under a polarized lens and strains in the glass, if any, were judged to be minimal and of no detriment to 
the function of the instrument. The capillary was examined under magnification and no irregularities or foreign material was 
discovered. It was determined that this instrument was suitable for calibration. 

RESULTS OF CALIBRATION: 

TEST TEMP 
32.00 
60.00 
80.00 
100.00 
120.00 

READING 
32.04 
60.00 
80.20 

100.20 
120.20 

CORRECTION 
-0.04 
0.00 

-0.20 
-0.20 
-0.20 

UNCERTAINTY 
+/-0.06 
+/-0.06 
+/-0.06 
+/-0.06 
+/-0.06 

• The above readings were made under magnification and resolved to one tenth of one scale division. 
• The indications of this instrument cannot be adjusted or modified by ordinary means: accordingly, the readings given in the 

table above should be considered, in effect to be both "As Found" and "As Left" readings 
• Laboratory Environment Conditions: Temperature: 25°C ± 5°C I Relative Humidity: Between 40% and 60% 
• All temperatures given in this report are based on the International Scale of 1990 (ITS-90) 

TRACEABILITY INFORMATION: 
NIST Primary Standard: Rosemount Model 162CE Serial No. 5058 
Transfer Standard: Hart Scientific l502A Serial No. Al4422 / 547027 

Calibration Performed By: Barbara Plaza 

Calibration Report Prepared By: RP 

Approved By: W\ 
John Lewis 

Report No.: 092011-03 

1 
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® 

CALIBRATION REPORT 

Pl TAPE® 

Reoort Number: 02221223040412 
Date Issued; Apr-04-12 

Pi Tape Corporation Serial Number: 02221223 
Tape Size: 2" -12" O.D. 

About this Calibration 
Tern erature 68 De rees F ± 2 De 

Relative Humidit 45% ± 15% 
Tension Five Pounds 

Ta e iolerance Within .001" 
Uncertaint of Measurement ±.00025 Inches 

Ta e Reads 

Gae 
4.9" 

Calibration Performed by: Jerry Mathis 

Actual Findin s and Procedure Numbers 
4.9000 Over 4.9000" Procedure 1 

Serial Number 
102098 

Remarks: New Gage 

Calibration E ui ment Used 
Test Date Due Date NIST Traceable Re ort Number 
Ma -12-11 Ma -12-12 86903-1 

This tape has been checked at one or more points over a calibrated measuring standard. Calibration 
performed in accordance with ANSI/NCSL 2540-1-1994, 1S0/IEC 17025 and the former MIL-STD 45662A. 

All standards are traceable to the National Institute of Standards and Technology 

Jerry Mathis, Quality Assurance Manager 

This calibration report shall not be reproduced, except in full, without the written approval of the issuing laboratory. 
Results listed relate only to the item being calibrated. 

Pi Tape Corporation 
344 N. Vinewood St. Escondido, CA 92029 USA 

Phone (760) 746-9830 Fax {760) 746-9196 
www.pitape.com 

Page 1 of 1 
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CERT/FICA T D'ETALONNAGE 
KALIBRIER-ZERTIFIKA T 
CALIB.RA TJON CERTIFICATE 

Objet . 
Gegenstand 
Object 

type 
Typ 
Model 

Numero ae serie 
Serien-Nummer 
Serial number 

' Date d'emission du certificat 
Ausgabedatum.des Zertifikates 
Certificate issue date . 

l ._ 

N° 26594 

lnstrum~nt vertiQ?I 
Vertikal- Messgerat 
Vertical im;trument 

V1004+ 

•" · -1047--3 I A ---

1 :t.@ ·r"s•·•·· ·_.·~iTita.d:S't> 
Kon(ormitatsetkriru·r1g - _. 

Date 
Datum 
Date 

_Declaration de co.nfinni~e 0 

L'instrument de mesure 
auquel se refere ce certificat 
a ete realise co_nformement 
aux donnees techniques ,de 
T;RIMOS contenues dans 

:T f""r i'. fl r~: f'""iJ. ~:"" 
~ Da§ Mess_ger~t:{i ~uf <-t ~,.,.r 

. les documents de vente 
,(prospect1..1s, manuels 
d'util isation). 

R~sponsable depai-terrient qualite: 
Leiter der Qualitatsabteilung; 

. M·a~ager of quality depart~ent! . . 

.,Welches sich dieses 
Zertifika~ bezieht, wurde 
entsprechend den von 
TRI MOS. in den Verkaufs
unterlagen (Prospekte, 
G~brauchsanleitung) 
angegebenen technischen · 
Dalen hergestellt. . · 

' 
Gill;>ert Vill_ard 

; . ' ~~ . ' . . ' __:· -~ . ' . ' -_-, - ~ ; 

Coqtroleur: 
Pruter: 
Inspector: 

La publication ou la repro~uction de ce document n'est autorisee que dans S:a forr.ne integrale .. 

Der lnhalt dieses D~kumente~ darf nur-in voilstal}dlger For~-~~;off~n.tlictit od~r~eiierge~~ben we;;en. . 
: ' . t ' ~ . . ~:\ . - ~ {"-

This document may not be published or forwarded other than in its ei:itire form. 

-:::, ,., TRIMOS SA ' 

~ t+41 2163301 01 
Av. de Lprigemalle .5 
-~ ++412163301 p2 

· CH~-, 020' Renens . 

office@trimos.ch 

13.10.2009 

Conformity declaration · 

. The measuring instrument 
. to which this certificate 
refers to has been 
manufactured in 
acordance with the. given 
TRIMOS SP,ecifications 
stated. in sale documents 
{leaflets, instructions for 
use). 

Philippe D.esponds 

. .. ~~ 
· Pa_ge 
Seite 
Page 

1 / 8 

Switzerland I 
http.:/ iwww.trimos.ch . 

. ,) . ! 
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~@ITRIMOSI 

CERTIFICAT D'ETALONNAGE 
KALIBRIER-ZERTIFIKA T · 
CALIB.RA TION CERT/FICA TE 

Caracteristique de_ l'objet mesure 

N° 26594 

Merkmale des Gegenstahder:der Kalibrierung 
Features of the calibrated object · · 

Nombre d'axes de mesure's 
Anzahl de'r· Messachsen 
Number of measuring axis 

Etendue de ·mesure 
. Messbereich 
Measuring range 

Coefficient de dilatation lineaire 
linearer Ausde,hnungskoeffizient . 
Linear expansion coefficient ' 

Etalonnage 
-Kalibrierung 
Calibration . 

Accessoire(s) utilise(s) 
Verwendete Zubehore 
Used accessories 

Pas de mesure 
Messstufen 
Measuring steps 

. Nombre de serie de mesures 
Anzahl von Messreihen 
Number of measurem~nt .series 

' Principe de mesure 
Messprinzip 

Date 
Datum 
Date 

1 

0-990 mm 

11.5 µm/m 

3 

.Pr,inciple of mer::isurement 

En montant 
Antastung aufwarts 
Upwards direction . '· 

~. 

1 
1 

, Cond.itiOn de ref~fence 
'

1 

Referenzbedingung,en 
,. Reference conditions 

' ' 

Jemperature~ I Te,mReratur / 1,ep1p~~at'ufe t,< , ,. . 

Hu,riidite relative / Relativ.e Luftfeuchtigkeit' / Refativ .humidity · 
- Pression d'air I L.uftdrtick / Air pressure ,:. ' . ... . ' . • . ' ,•. ..... ' 

. ~•._ . ! ' , \ I ... • : ~:\'•;,,_, ,-\ 

La publication ou la reproduction de ce document n'est autorisee que dans sa forme integrale. . 
,· - ' ,, ;; ,• ' 1/"i'\ ·> . .,_ •• 

Der lnhalt dieses Dokumentes darf nur in vollstandiger Form veroffentlicht oder weiiergegeben werden. 
' j ·, ' r -.. , •• • ~ ,-_ • ~ - ; •. • , , • ' ' • • • t~• ·.;, 

This document may not be published or forwarded other than in its entire form: · · 
• .• ·~ - • )I 

29°c +!- o.s0 c · 
50% . .+/- 5% 

'722 mm Hg 
. ' 

Page 
' Seite 
Page 

\ J 1RIMOSSA . . Av. de Longemalle 5 
9 '++4i 21 633'0{02 

CH-7 020 Renens 
. 1 ·'t! ++41 21 63.3 01 01 

~ . ,",. . 

~ - "';\ 

. : offi~e@trimos.ch 

13.10.2009 

. · Switzerland I 
'http://www.frirnos.ch 
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CERTIFICAT D'ETALONNAGE 
KALIBRIER-ZERTIFIKA T 
CALIBRATION CER:riFICA TE 

Etalon de reference ettrac;abilite 
Bezugsnormal u nd Riickvert.olg barkeit 
Reference standard and-tracability 

N° 26594 
Date 
Datum 
Date 

13.10.2009 

Les res1.Jltats ae tnesure contenus dans ce certificat d'etalonnage se referent, par uhe 
trac;:abilite tjocumentee, aux etalons reconnus sur le plan nafional et dont _la conforinite avec 

· le systeme-international d'unite (SI) est demontree. l'etalon.:de reference est compose des 
·elements suivants : , 

Die in diesem ·Kalibrierzertifikat erhaltenen Ergebnisse von Messungen sind uber Bezugs
normale bsw. Einrichtungen auf national Normale rucl<verfolgbar. Deren 00ereinstimmung 
ist durch das lnterriational·e Einheit~nsystem (SI) nachge~jesen. Das Bezugsrr0rmal besteht 
aus folgenderi Elementen : ~- -~ / J~'' · ,, A..t 

, {U 6"~- ~--Mr.:;;_J; 

r~ i ,fit ,t-,- f~ 1-Jt:_i... ·oi-,, t:iS. 

_All measurement results containe~ this calib,ratior:i certifica\~ n\ajntain a liri.kbt- tracability 
recognized by national standard~. Q[4i(ir acc91:.d-:11c~ with t~e;;ititern_~tional u~~ly1 system (SI) is 
proved. The reference standard 1s,9.ompose~(of ffie.fq)!g~trng c9mpfrrents: ~Ji 

Etalon de reference 
Bezugsnormal 
Reference standard. 

. Check-Master 

, ,Equerre 

Marpre 2000x1800 

J . 
0

_ ~:{~,,. -~ir4~1_il,.. , fl,:_ ( 

,tt - ~ "' k!l 
M--O '~" ,i B A f~- f"' · . --~ 

N° de~~rie ~ l \ N;-0 d4,.9,rtif,ipJt Hl'.S 

Serien-Nr. Ze,:tifikat-Nr. 
Serial no. . Certificate no . 

800002 

215-904 

1644 · 

81228 

E310Z106 

* Metrologie et accreditation suisse 

La publication ou la reproduction de ce ·document n'est ·autorise~ que dans sa forme integrale_ 

De; lnhalt diese~ Dokume~tes dart nur in vollst~ndiger Form v~roffentlicht od~r weit~;gege~n werden. 

-~ This doc~m~nt may not be published or fo~arded <:>ther t~an in its entire fa~. 

Etalonn~ par 
.Kalibriert_durch 
Calibrated ~y 

Fabricant 

Kunz SC$ 

K!.JnZ SCS 

Page 
Seite 
Page 

3/8 

'\ ' I TRIMOS SA 
-~ ,++41 21 633 01 01 

Av. de Longemalle 5 
~ ++41 21 63~ 01' 0'2 

CH--1020 Reriens 
office@trimos.ch 

'Switzerland I 
http://www'.trim·os.ch 
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CERTIFICAT D'ETALONNAGE 
l(ALIBRIER-ZERTIFIKA T N° 26594 

.Date 
Datum 
Date 

13.10.2009 
CAL/BRA TION CERT/FICA TE 

Justesse 
Richtigkeit 
Freedom from bias 

0.011 
0.010 -+---------------"---"--------------1 
·0.009 -t-s-----.....,..,....--,------,--,------------------1 
0.,008, -t-~----~-------~------,-------,---,-,:---------1 
0.007 -+----------------------------1 
0.006 +· --------~---'-------------I 
0.005 +--------..-'-----~------------1 
0.004 -+--:------:---'-~-~-.....,-;-~'---'-"--_..;.;_---------l 

0.003 +----------------------------
0.00'2 +--------------------------1 
0.001 
O.QOO 

-0.001 '. 
-0.00~- .· 
-0.003 
-0.004 +--------,--,-----.,:;.;+--,-c:-,.,~____o:_:'-,-----'--'---------"I"' 

-0.005 -+------:----,,,,.-----=-----~-'-,------,----,-------, 
-0.006 +---------'---'-----=\'1'-----'---"'=------"-"---"--~.;.,._--"-----i 

-0.007 ➔- -~----,-------,=,---___._~---~"'-'-----,,'H-'--------l 
-0.008 --------+-;---~--~~~-

. :-0. 009 --------,-~...,,.;--,--~~---~---,-.,,-,::----.-=';-------,--, 
7'0.010 -+----:---------'-c--'--'--=::~~~=-----,..-.-::-----:----:----,.J 

.-0.011 
~TO<t :: 

♦ Serie1 

' ~ Serie2 
' 

• Serie3 

Valeur reelle Serie 1 
WahrerWert . Serie 1 

True value · Series 1 

Serie 2 
Serie2 

Series 2 · 

Serie 3 ~oyenne 
Serie 3 . Mitten we rt 

Series 3 Avera~e 

Ecartmoye·n 
Mittena.bweichung 
Average deviation 

mm mm' 

·0.0000 0.000 
9.9999 10.000 

. 30.0003 30.000 
50.0004 50.000 . 
70;0007 70.000 
So.0001 · 90.001 
110;()'01 '·110.001 

·. ·130.0009 130.001 
150.0()09 150,000 
170:0009 170.000 
190.0009 189.999 

min 

0.000 . 
10.000 
30.000 
49:999 
70.000 ' 
90.Q.01 

110:001 
130.001 
150:000;, ,. 

-170.000 
189.-999-

mm ' mm 

0.000 
10:000 
30.000 
49.999. 
70.000·' 

- 9Q_.000 
110.00,1 
130.001 
150.000 . 
170.000 
189.999 

0:000 
10.000 
39.000 
49.999 
70.000 
90.001 

110.001 
130.001 
150.000 · 
170.000 
1:89.999 

µpl 

0.0 
0.1 

-0.3 
-1.1 
-0.7 
- 0.0 
0.0 
0:1 

-0.9 
:.0.9 
-1.9 

' ·: · L:a publication ou la reproduction de ce document· n'est autoris~e que dans sa forme integrale. ·Page 
Seite 
Page 

••., · · '· Der lnhalt dieses Dokumentes dart nur iri vollstandiger Form ver6ffentlicht oder weitergegeben werden. 

'' · .. I· This docume~t may not be published orfoiwardea other than in its entire form. 

I - '·' I /; 

5'\ I TRiMOS SA . . .. 
,· ~ ++41 21 633' 01 01 

. Av. de Lohgemalle 5 
~ ++41 .21 633 ·of 02 

CH'-1020 Rehens 
. office@trimos.ch 

4 / ·8 

Switzerland I 
http:/ /www.trimos.ch 



APPENDIX A, Purdue Phase I Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 528 of 595 I I I I 

CERTIFICAT·D'ETALONNAGE 
KA4IBRIER-ZERTIFIKA T N° 26594 
CAt.lB{M TION CERTIFiCA TE 

Valeur vraie Serie 1 Serie 2 Serie 3 

Date 
Datum 
Date 

Moyenne 

MO 
13.10.2009 

Ecart moyen 
Watirer Wert - Serie 1 Serie 2 Serie 3 Mittenwert Mittenabweichung 

True value 
mm 

210.0009 
230.001 · 
250.001 
270.001 

290'.0009 
310.0009 
330.0007 
350.0006 
370.0006 

. 390.0006 
410.0006 
430.0006 
450;0004 
470.0006 
490.0003 
.510;0004 
530.0002 
550.0002 
570.0001 
590.0001 .· 

610 
630 
650 

670.0001 
.689.9999 
709.9999 
729.9997 
749.9997 

. 76_9.9998 
789.9998 
809.9997 
829.9998 
'849.9997 

,.869.9996 

889.9996 
90~.9998 

. 929.9997 
949.9996 
969.9995 
989.9996 

Series 1 Series 2' Series 3 
mm mm mm 

209.999 209.999 209.999' 
230.000 230.000 ·230.000 
249.999 249.999 249.999 
269.998 269;998 269.998 
289.998 289.998 289.998 
309.999 . 309.999 309.998 
329.999 329.998 329.998 
349.998- 349:998' 349.998 
369.998 369.998 .369,998 
389.999 1 389.99,9 389.998 
409.998 · 409.998t""' · 409.998 , 
42-8.998 42Sr998 . ..Jf~ 429.998 
449.998 .f4~9.998i ,-i,,~1f~449.998 
169.998 it;46.9f998 •fi1,'. '469.998 
4-a,s.998 t 489 .. 998 YI· 489.998 
509,998 . 'kra:,i5J)~.998 ;,:~ 509i998· 
~29.997 · ,} - 529.@@h ~.,M-t._529~ ,98 
§f9.998 ,i~t;- 549.~98 :...r'lf-·ff549.Jl.98 
&§§.997 569:997- :"-" ,: 569.997 
5&9.99~~ r-1,589.99;8 /1 .~8~.998·-• · 
9,oa.997; r·"i-6o~.9~7·{.r r: ijp~.9i7. .r 
62-9.998 629.998 .629.998 · 
649.997 649.997 649.997 
. 669.998 . 669.998 669.998 
689.997 689.997 689.997 
709.998 709.998 709.998 
729.997 729.997 729.997 

- 749.998 749.998 749.998 
769.997 769.997 769.997 
789.997 789.997 789.997 
.809.997 809.997 809.997 
829.997 , 829.997 829.997 
849.997 849.997 849.997 
'869.998 869.998 869.998 
.889.997 889.997 889.997 
909.997 909.997 . 909.997 
929.997 929.997 929.997 
949.997 949.997 949.996 
969.997 . 9()9.997 969.997 

. 989.997 989.997 .989.996 
La "publication o~ la r eprQduction de ce document n'est autorisee que dans sa forme intigraie. 

Average Average deviation 
mm 

209.999 
230.000 
249.999 
269.-998 
289.998 
309.999 
329.998 
349.998 
369.998 · 
389.999 

-r~,409.998 
.r429.998 
,,.4!449.998 
•6469.998 
!?~489.998 
f p'.09.998 
s R.29.997 
~.,_549.998 
;,569.997 
.~ ,89.998 
c,6,09.997 
629.998 
649.997 
669.998 
689.997 
709.998 
729.997 
749.998 
769.997 
789.997 
809.9.97 
829.997 
849.997 
869.998 
889.997 

. 909.997 
929.997 
949.997 
969.997 
989.997 

µm 

-1 .90 · 
-1 .00 
-2.00 

· -3.00 
-2.90 
-2.23 
-2.37. 
-2.60 
-2.60 
-1.93 
-2.60 

. -2.60 
-2.40 
-2.60 
-2.30 
-2.40 
-2.87 
-2.20 
-3.10 
-2.10 
-3.00 
-2.00 
-3.00 
-2.10 
.-2.90 
-1.90 
-2.70 
-1 .70 
-~.80 
-2.80 
-2.70 
-2.80 
-2.70 

_ .:.1.60 
-2.60 
-2.80 
-2.70 
-2.93 
-2.50 
-2.93 

'oei lnhait dieses Doku~Ei'~tes darf nur in vollstiindiger Form veroif;ntlicht oder weiterge~eben werden. 
-:..,_;\ -~ ~ • , ,.[ ,.· • - .- '"· ---4 • : · 

· This document may riot be published or forwa·rded other than in its entire form. 
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CERTIF/CAT D'ETALONNAGE 
KALIBRIER-ZERTIFIKA T 
CAL/BRA TION CERT/FICA TE 

Resultas de mesure 
Messergebnisse 
Measurement results 

Erreur maximale autorisee 
Max. Fehlergrenze. 
Maximum permissible error 

Erre!,.Jr maximale mesuree 
Grosste gemessene Abweichung _ 

· Maximum er~or measured 

Fideli_te . 
W iederholprazision 
,Repeatability 

Incertitude .de me~ure 

NC? 26594 

.. _;.,.,, 

Date 
Datum 
Date 

5.8 µm-

3.2-,µm 

c , r~o:. 
. '. T~, 

_._ +!- 2s < 2 ~.ID 
··-~:-

Mes,sunsicherheit , ~r+i 
_ .~ncerlclinty of measurement ,flt _ . fr# 

13.10.2009 

. . .. t~-o r~- 'F"''f ! N m . 4'"'"\\: t~ -i~ . 
1 

- L'incertitude de mes~re "U" indiqui:]9i-ai res ra~ r·,i ~efJ ~ inal ,o~ dEf~:: rret~: d~ mesures englobe : 
_ l'objet etal_onne, l'etalon de rMerence, l'eten,di.J13 de mesure etles conc;litions de reference. . 

. . -~' ,·, 

Die nach~tehend angegebene' Me_~~un~ich~~helt "U" fur die !=rmitt{un'g der Messabweichungen umfasst 
folgende Komponente: das kalibrierte .Obj!3kt, d_as ~ezugsnormai, den Messpereich und - • 
d_ie Referenzbedingungen: · · : _ 

1 

• _ • • - -- • · _- • • _ -

The uncertainty of measurement "Uf' for the'deter~ina-tibn of the efrors of measurement given hereafter 
includes the c~lil~rated object, -the reference standard, the measuring range and the reference conditions. 

• • , I • • '-< • ' ,'-' ~. ' 

ie niveau de confiance est cie 95% 
Das Vertrauen·sniveau betragt 95% 
Confidence probability is 95% 

Incertitude de m'esure 
Messunsicherheit 

-Uncertaintycif m·easurement· 

0 _. 
K =1 

l.i 95'= ~.5µm + (L(m_m) /-300 ) 

• L; publication· ou la reproduction de ce documen6 1•est autoi i~ee·que dans sa forme integrale. 

Der lnhali dieses Dokumentes darf nur in v;llstan'diger Form veroffentlicht cider ;,._,eitergegeben 'we~den. 
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CERT/FICA T D'ETALONNAGE 
KALIBRIER-ZERTIFIKA T 
CAL/BRA TION CERT/FICA TE 

N° 26594 

COAtrole de la perpendicularite ( direction de mesure ) 
Kontr.olle der Rechtwirikligkeit ( Messriehtung ) 
Checking of the squareness ( measuring dire'ctidn) 

/ 

Date 
Datum 
Date 

13.10.2009 

10 ~--'--'"'---~--------____.;;.---........;...-------,--------'------,----, 

8 +-- -'------------------=---'---------'----------t 

6 +-----'---- -------------------------------1 

4 +-- -------------------------------- --j 

2· +-- -----------'-------------------- --- --j 

0 6----- -__:_~--~-__:_~----c''-'-~_:__--~-__;_--.-----'-r-- --r-----l 
'M'O 
·t·;J 

~2 -:r-__:_~ ~_._-=~~ ._.-=-3~00~ _.:.;__~~~~--6.:::.:0:::..:0:.......· -;v~~: __'.7~0-=-0 _ __=::8=-00~ ~ 9=0::...::0:___---=--14 _0 
♦ 

-4 -+--'------'--'-.....C,.:W---'------'-------"','---.,;I~-.:.:. 

-6 -t---.C..--'-.,-~_;_--'-;~ -'---~~ ;;s;':;-- -

-8 -l-------~~---;;-~~-',----5'-__,..e~ ____.;;.~---'----- - - -+-
I ~ · . 

. · .. -'1 o, ...1....--,,...:.~--.------'~~......._,~-----,.,..:.,.--.,,..,.,--,,,.---,-~,,--...,..,.,...~- ~"'"f------,,,---,-----,---:-:------l f' -n ··); '(I' \l\ '"'- -~ 
i, - l~ ,., 

• i!; ,. , I('-_,,.:, "•l £i 

t1auteur 
Hohe 

~~ig~t . 

• 1 

mm · 

0 
!50 

foo 
1·50 · 
2·00 
250 '. 

300 
. 350 ' 
400 
·450 ! 
500 

Ecart 
Abw~icnung_ 

Deviation . 
, -- µm 

.· · 0 .0 

-~1.0 
-;2.0 
-2.0 ' 
-2.0 
~2;0 
-3.0 
-~3.0 
.:.2.0 
-2.0 
-4'.0 

La-p~blicaiion ou ia'reproduction de' cErdocument n'est autorisee·que dans sa forrne integrale. 
•' ,,... ' '. _, ,• 

·ber lnh~lt dieses Dokuinehtes· darf ilur in v~llstiindiger Form veroffe'ntlicht odeiiweitergegeben we~den. 

This document may not tie· published or forwarded other than in its e~tire form. 
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CERTIFICATD'ETALONNAGE 
KALIBRIER-Z!=RTIFIKA T 
CAL/BRA T/0N CERT/FICA TE 

N° 26594 

.. ( 

I. 

!::Jauteur 
Hoh~ 

Height 
mm 

Ecart 
Abweichurtg 

Deviation ' 
µm 

550 ·-4.0 
60Q -4.0 
650 -6.,_0 
700 -6.0 
750 -6.0 
800 -6.0 

· 850 -8.0 
900 · I • -8:0 · 
·950 -8:0 

Date 
Datum 
Date 

1000·, ,-8.0 
ffJ'l ' . ,1'~'t ~'.~. 

. . . .i ' :.!~}" )~ . . . :f~ 

Resultats du c.ontrole de la per~~~:dicularite (,<fan~}a:"aire~,tipn de mesum ) : 
Ergeb.nisse der Rechtwinkligkei~prufung ( in•Messrjchtung?)•: &f · 
Resullts oJ squareness checking{(l in meas\{iingidirectioiJr) : v, RB1 

' . . f ', ~ :; ~- ~- - . 

· ,~..ti~- · · · {}, 1'11 · 
·\l1 ~ r@~· 1~!t~-

Erreur maximale autorisee 
· :M_ax. angeg~~ene Fehlergrenze 

M,aximum permissible.error . , ~,(?!·· ~-- fj;) l 
'"'(tJ i _· ,n;.;* ·"" 

. Erreur_ de la perpendiculqrite mesuree . 
G_emessene Rechtwinkligkeitsabweichung . 
Squareness, error.me~s.ur~d 

' I 

,<1sJ, . (fJ',r . 
-· ·12.0 µm ;~R 

•.-f"' , r.:: 1;.41 
, ·l;~$ ..,-,,1, lits 

8.0 µm 

' ,_ . . . 

'La publication o~ la reprodu~tion ·de ce dog~ment n'est autori,see qu~ dans\a forine integral~. 
• - riJ .:, ' ,· -~ , ~ ·, ' . ~' • : ' ' :~ . •"':' • • ' - ' : 

Der lnhalt dieses Dokumentes. darf nur in vollstandiger Form veroffentlicht oder weitergegeben werden. 
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~ TROEMNER - ' ... ~ .,, 
Henry Troemner LLC !<a~Wfiy.lhe · 

Calibration Certificate 
tt,;tlilll,, V~>1'1a!rjWf.l1«; 
1,:;:r-'oon P1"!1,.,n fc< lbe ' 
~6(1c;~;g¥ct;J(liral~!\<

uodff lab Gxk 10,013 

201 Wolf Drive . P.O. Box 87 • Thorofare, NJ 08086·0087 • Phone: 856-686-1600 • Fax: 856-686-1601 • www.troemner.com • e-mail: troemner@troemner.com 

SECTION 1: NAME AND ADDRESS OF CUSTOMER 

End user 
Purdue University 
1040 S. River Road 
Bowen Laboratory 
West Lafayette IN 47907 

SECTION 2: APPROVED SIGNATORY 

~w..-

'--._J~o\~ph ~oran, Metrolbgy Manager 

SECTION 3: PERSON PERFORMING WORK 

Darnel Foglio 

SECTION 4: CERTIFICATE INFORMATION 

Description of Masses: Grip Randi~ 
\ 

Page 1 of 7 Pages 
Weight 

Certificate Number 663364-1 
Date of Calibration 30-APR-2012 

Client 
Precision Weighing Balances 
30 South Cross Road ' 
Bradford MA 01835-8232 

Accuracy Class 
Order Number 
Construction 
Material 

NIST 105-1 Class F Date Received 30-APR-2012 
30-APR-2012 
30-APR-2012 
100 lb 

100001369 1 Date of Calibration 
Two Piece \. Date of Issue 
Cast Iron .;·· "' · Weight Range 

,/ . ·-:•, 

SECTION 5: ENVIRONMENT AL CONDITIONS D~G TEST 

Temperature: 2 1.84°C Pressure: 769.06 mm Fig Relative Humidity: 48% 

SECTION 6:PERTINENT INFORMATION 

The Weights listed on this calibration report have been compared to reference mass standards that are 
directly traceable to the National Institute of Standards and Technology under Test No. 822-275872-1 _I . 

Reference standards and balances used to perfmm the calibration are listed in Section l 0. 

The weights calibrated for this report have been calibrated in accordance with Troemner's 
calibration process. The calibration performed meets Level III criteria as described in the 
NIST/NVLAP Technical Guide 150-2. 

This calibration also meets specifications· as outlined in ISO 9001, ISO/IEC 17025, 
ANSI/NCSL 2540-1-1994, NRC Document 1 OCFR50 Appendix B, and applicable documents. 

This certificate of calibration shall not be reproduced except in full, without the written approval ofTroemner, LLC. This certificate of 
· calibration must not be used by the customer to claim product endorsement by NIST, NVLAP or any agency of the U.S. government. 
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~ TROEMNER 
Henry Troemner LLC 

Calibration Certificate 
lfation,) ~ J>ty 

l,,geo~~n Pr!,g 

- SP\i<~Ca(O~ <lf"' ~~ 
. ...id:e,- laM'<j;.e:105013 

201 Wolf Drive• P.O. Box 87 • Thorofare, NJ 08086-0087 • Phone: 856-686-1600 • Fax: 856-686-1601 • www.troemner.com • e-mail: troemner@troemner.com 

NAME AND ADDRESS OF CUSTOMER 

End user 
Purdue University 
I 040 S. River Road 
Bowen Laboratory 
West Lafayette IN 4 7907 

Page 2 of 7 Pages 
Weight 

Certificate Number 663364-1 
Date of Calibration 30-APR-2012 

Client 
Precision Weighing Balances 
30 South Cross Road 
Bradford MA 01835-8232 

SECTION 7: TRUE MASS (MASS IN VACUUM) CALIBRATION DATA 

Nominal 
Mass Value 

100 lb 

Serial 
Number 

I Density is assumed unless otherwise stated 

\ 

\ 

True Mass 

45362 . 709 g 

Density1 

of Weight 

7 . 2000 g/cni3 

Uncertainty 
(+or - ) 

450 mg 
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~ TROEMNER 
Henry Troemner LLC 

Calibration Certificate 
y 

f<J Iii• 
<g<.<1ilo scc(lt\ of a;cre9itilt1oo 

• ul1(i..,t.,,o Cole10i(lf3' 

201 Wolf Drive • P.O. Box 87 . Thorofare, NJ 08086-0087 • Phone: 856-686-1600 • Fax: 856-686-1601 • www.troemner.com • e-mail: troemner@troemner.com 

NAME AND ADDRESS OF CUSTOMER 

End user 
Purdue University 
1040 S. River Road 
Bowen Laboratory 
West Lafayette IN 47907 

Page 3 of 7 Pages 
Weight 

Certificate Number 663364-1 
Date of Calibration 30-APR-2012 

Client 
Precision Weighing Balances 
30 South Cross Road 
Bradford MA 01835-8232 

SECTION 8: MASS IN AIR CALIBRATION VALUE VS. REFERENCE DENSITY 8000 kg m-
3 

Nominal 
Mass Value 

100 .lb 

Serial 
Number 

Conventional 
Mass Value 

45361. 953 g 

Uncertainty 
( + or - ) 

450 mg 

Tolerance 
(+or - ) 

4.5000 g 
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~ TROEMNER 
Henry Troemner LLC 

Calibration Cerlificate 
, ffa."'1ill oiiini>rr l!a · "'Y, 

/i;creditallon Pi<,g,am~o, llt• 
' 'll<!lr~ ""P" <11'iicoodltai/5n 

201 Wolf Drive , P.O. Box 87 • Thorofare, NJ 08086-0087 • Phone: 856-686-1600 • Fax: 856-686-1601 • www.troemner.com • e-mall: troemner@troemner.com 

NAME AND ADDRESS OF CUSTOMER 

End user 
Purdue University 
1040 S. River Road 
Bowen Laboratory 
West Lafayette IN 4 7907 

Page 4 of 7 Pages 
Weight 

Certificate Number 663364-1 
Date of Calibration 30-APR-2012 

Client 
Precision Weighing Balances 
30 South Cross Road 
Bradford MA 01835-8232 

SECTION 9: MASS IN AIR CALIBRATION DATA VS. REFERENCE DENSITY 8000 kgm·3 

Notrunal 
Mass Value 

100 lb 

Serial 
Number 

Conventional Mass 
Correction 

2716 mg 

\ 

\ 
\ 

"\.. 
.J . "-

/ --..:, 
..__ 

Uncertainty 
(+ or - ) 

4501ng 

...... _ -

Tolerance 
(+or - ) 

4.5000 g 
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~ TROEMNER 
Henry Troemner LLC 

Calibration Cerlificate 
201 Wolf Drive • P.O. Box 87 . Thorofare, NJ 08086-0087 • Phone: 856-686-1600 • Fax: 856-686-1601 • www.troemner.com • e-mail: troemner@troemner.com 

NAME AND ADDRESS OF CUSTOMER 

End user 
Purdue University 
1040 S. River Road 
Bowen Laboratory 
West Lafayette IN 47907 

SECTION 10: CALIBRATION PROCEDURE DAT A 

Nominal 
Mass Value 

Serial 
Number 

Standard 
Set No. 

Cal 
Due 

Page 5 of 7 Pages 
Weight 

Certificate Number 663364-1 
Date of Calibration 30-APR-2012 

Client 
Precision Weighing Balances 
30 South Cross Road 
Bradford MA O 1835-8232 

Balance 
Used 

Cal 
Due 

Procedure 
Used 

100 lb S1104 05/31/12 XP64003L-A01 11/30/12 Multi A-B 

\ 
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~ TROEMNER 
Henry Troemner LLC 

Calibration Cerlificate 
~byllle 
lc_,,J \'oh,,r,ry Llooral.,y 

~ior, Progr,m fer tho 

-1fit:~<!f~ion 
J\de: Lib CO<J, 1050(3· 

201 Wolf Drive• P.O. Box 87 • Thorofare, NJ 08086-0087 • Phone: 856-686-1600 • Fax: 856-686-1601 • www.troemner.com • e-mall: troemner@troemner.com 

NAME AND ADDRESS OF CUSTOMER 

End user 
Purdue University 
I 040 S. River Road 
Bowen Laboratory 
West Lafayette IN 47907 

SECTION 11: GENERAL INFORMATION 

Page 6 of 7 Pages 
Weight 
Certificate Number 663364-1 
Date Of Calibration 30-APR-2012 

Client 
Precision Weighing Balances 
30 South Cross Road 
Bradford MA 01835-8232 

This calibration was performed in Troemner's High Precision Level I Mass Metrology Laboratory at 

201 Wolf Drive, Thorofare, New Jersey 08086 unless otherwise noted on page one. The internal procedures 

used are CAL-CLASSJ and NIST HB 145. 

SECTION 12: DEFINITIONS AND TERMS 

MASS TN A VACUUM -The mass of a weight as ifit were measured in a vacuum. Also known as True Mass. 

MASS IN ATR- The conventional value of the result of weighing in air, in accordance to International 

Recommendation OlML D 28. For a weight taken at 20° C, the conventional mass is the mass of 

a reference weight of a density of 8000 kg'l11 ·3 which it balances in air of a density of 1.2 kg·m·3. 

' 
AS FOUND MASS IN A VACUUM -The 1easured value of the mass(es) as they were received by Troemner. 

~ 

AS LEFT MASS TN A VACUUM - The mea~Rred value of the mass(es) after-they were adjusted, repaired 

or replaced when necessary. The As :~~t~J,Vfass in a Vacuum will equal the As Left Mass in a Vacuum 

if the mass(es) did not require adjust~..,- \or replacement. 

NOMINAL MASS - The mass value as marked on ~ight. 

CORRECTION - The difference between the mass value of a ~eight and its nominal value. A positive 

correction indicates that the mass value is greater than the nominal value by the amount of the correction. 

AS FOUND CONVENTIONAL MASS CORRECTION - The conventional correction of the result, as it was 

received by Troemner, of weighing in air in accordance to International Recommendation D 28. For a 

weight taken at 20° C, the conventional mass is the mass of a reference weight of density 8000 kg·m ·3 

which it balances in air density of 1.2 kg-m ·3. If the customer requires cleaning prior to calibration, 

the after cleaning correction would be reported. 

AS LEFT CONVENTIONAL MASS CORRECTION - The conventional correction of the result, after adjust-, 

m~nt repair, or repfacement of weighing in air in accordance to International Recommendation D 28. For 

a weight taken at 20° C, the conventional mass is the mass of a reference weight of density 8000 kg,m·3 

which it balances in air density of 1.2 kg-m·3. The As Found will equal the As Left Conventional Mass 

Correction if the mass(es) did not require adjustment, repair or replacement. 

(continued on next page) 
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~ TROEMNER 
Henry Troemner LLC 

Calibration Cerlificate 
¾£,"'led !y I~ 
Naio(lflfil Vc!ilinlii\,y lMora,ii 
kctMl'"1~-l'rogl"fl' f~t th• 

1)!«!l'e•collt <i acQ.¢01fj,l on 
~ Liij) ~t~l~ 

201 Wolf Drive, P.O. Box 87 . Thorofare, NJ 08086-0087 • Phone: 856-686-1600 • Fax: 856-686-1601 • www.troemner.com • e-mail; troemner@troemner.com 

NAME AND ADDRESS OF CUSTOMER 

End user 
Purdue University 
1040 S. River Road 
Bowen Laboratory 
West Lafayette IN 47907 

SECTION 12: DEFINITIONS AND TERMS (continued) 

Page 7 of 7 Pages 
Weight 
Certificate Number 663364-1 
Date of Calibration 30-APR-2012 

Client 
Precision Weighing Balances 
30 South Cross Road 
Bradford MA 01835-8232 

UNCERTAINTY - The standard deviation associated with the result of the measurement that characterizes the 
dispersion of the values that cou ld reasonably be attributed to the measurand. The uncertainty is calculated in 
accordance with NIST TechNote 1297 / UK.AS M3003 using a coverage factor of k = 2 (k"" 2 defines an 
interval having a level of confidence of approximately 95 percent). The uncertainty does not include possible 
effects of magnetism. 

TOLERANCE - Defines the limits in which the correction value and the uncertainty must fall to meet the 
tolerance specification for the given Class. 

AS FOUND CONVENTIONAL MASS VALUE - The measured value of the mass(es) as they were received 
by Troemner, of weighing in air in accordance to International Recommendation OIML D 28. For a weight taken 
at 20° C, the conventional mass is the 1-nass of a reference weight of density 8000 kg·m·3 which it balances 
in air density of 1.2 kg·m·3. If the cu.ston_1er requires c leaning prior to calibration, the after cleaning value 
would be reported. F denotes Out of Tole~ance Weight. 

\ 
AS LEFT CONVENTIONAL MASS VALUE -j :\ e measured value of the mass(es) after they were adjusted, 
repaired or replaced when necessarr-.:-'lf ~ igfu~ a~r in accordance to International Recommendation 
OIML D 28. For a weight taken at 21,, 7 C, the Convefiti~nal Mass is the mass of a reference weight of density 
8000 kg•m·3 which it balances in air density of 1.2 kg·m ~ The As Found will equal the As Left 
Conventional Mass Value if the mass(es) did not require adjusmieJt, repair or replacement. 

ASTM E617-97 - Weights meet the tolerance specification for ASTM 8617-97. Weights 2kg - lg 
screened for magnetism using a Gaussmeter. 
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Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

Calibration Documentation v.1 
(Rev.04/02/2012) 

Bowen Lab - Purdue University 
Sheet 1 of 2 

Calibration Instrument Name and S.N.: lnstron 1044172 

Data Acquisition System: OptroTrack Pro Series 600 

Gain: NA 

Excitation Voltage: NA 

Channel: NA 

Sensor: OptroTrack Pro Series 600 

Sensor S.N.: OptroTrack Pro Series 600 

Input [in.] Output [in.} Input [in.] Output [in.J 

0 0 6.5 6.507 

0 0 6.5 6.507 

1 1.001 4 3.999 

1 1.001 4 3.999 . 

4 3.998 1.5 1.499 

4 3.997 1.5 1.498 

6.5 6.502 

6.5 6.502 

9 9.007 

9 9.007 

Operator ,Signature Date Time 

S.P. J --~~~ 6/r~/vt . 
fOAMi r--. \ 

I 

Checked by Sign.iture Date Time 

g f'Je_ /£_ ~ ~/rs/12 10 : 1s,At'\ 
Checked by Signature Date Time 

Sensitivity Accuracy 

Results 
1 0.007 in. 
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Project: Tests to Dete_rmine the 

Behavior of Spliced #11 Bars 
Calibration Documentation v.l 

(Rev.04/02/2012) 

Notes: The accuracy of the INSTRON sensor is 0.003 in. 

Bowen Lab - Purdue University 

Sheet 2 of 2 
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Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

Calibration Documentation v.1 

(Rev. 04/02/2012) 

Bowen Lab - Purdue University 

Sheet 1 of 1 

Calibration Instrument Name and S.N.: l~STRoi'J W44112 

Data Acquisition System: NI ~ SC.,)(t-1000 ?C,I (o2Sq 

Gain: I 

Excitation Voltage: 3.?;33 

Channel: Hf -o 

Sensor: PA-2o-NJG-DS-L3M 

Sensor S.N.: 31IOOC(S0 

Measurand Voltage Measurand Voltage Measurand Voltage 

,,_ ., ' l '.c¥1S-I...J•,....' 

O.C!ll \ 0 .038 

2.~02 o.¼2 

4 .-553 o .. <o15 
(p,,5fo0. 1.001 
i .(L)30 I. 332.i 

Operator ~~ature Date Time 

s' p. ~ - ) - ~ 6 / 1 /4·2-7'.. \ 
. 

Checked by 
, 

Signa ure Date Time 

BPYz ~~ s/ q /r ;;;._ 
Checked by Signature Date Time 

Sensitivity Accuracy 

Results 

G.\91-tv-/V 0.1% 
Notes: 
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) 

) 

Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Calibration Documentation v.1 

(Rev. 04/02/2012) 

Bowen Lab - Purdue University 
Sheet 1 of 1 

Calibration Instrument Name and S.N.: 1 N sr R.ai-J IO#f72. 

Data Acquisition System: Nl · SC.ii -1000 -pct ~'.2.Bq 

Gain: t 

Excitation Voltage: 3 .333 

Channel: Mt-I 

Sensor: fA · 2.o · NJC · DS · L3M 

Sensor S.N.: 311ooqg1 

Measurand Voltage Measurand Voltage Measurand Voltage 

S.&>3o t.~35 

~.,plt I .o I I 
4.&4o O.&l¼f 

2.~5 o.~c:i 
0,((;51 0.04} I 

Operator iignature Date Time 

) -~ £/? /12 S. P. ~ , 

Checked by Signa-Eure Date Time 

(3PJ2 ~~l-- 5/q/f~ 
Checked by Signature Date Time 

Sensitivity Accuracy 

Results 

G1l6+ ~v./V 0.1% 
Notes: 
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J 

0 

) 

Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Calibration Documentation v.1 

(Rev. 04/02/2012} 

Bowen Lab - Purdue University 
Sheet 1 of 1 

Calibration Instrument Name and S.N.: INSTR.ON 1044112 

Data Acquisition System: NI 3CX I- loC::O Pvt 028'i 

Gain: I 

Excitation Voltage: 3.335 

Channel: M 1-02.. 

Sensor: PA-10-DS 

Sensor S.N.: 4-001olt80 

Me.asurand Voltage Measurand Voltage Measurand Voltage 

8.5cr4 2..578 

<o.~47 //1(o5 

4.(poO 1.32.3 

2..~03 O.&ilti, 

0.042. 0.011 

Operator Signature Date Time 

S.P. J "' 5/'?/1-z , - , . 
,.......,_ 

J 

Checked by Signature Date Time 

;3JP,2_ ~/ft;.~ S)q /1;2 

Checked by Signature Date T ime 

Sensitivity Accuracy 

Results 

3, I 1-5 ~IA /v 0. 2°/6 
Notes: 
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l) 

Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

Calibration Documentation v.1 
(Rev. 04/02/2012) 

Bowen Lab - Purdue University 
Sheet 1 of 1 

Calibration Instrument Name and S.N.: .INS,J2DN 1044 t=, Z. 

Data Acquisition System: r--11 scxt-100O PC..I br;.B'j 

Gain: 1 

Excitation Voltage: 3_ 333 

Channel: fv11-0 3 

Sensor: PA-10- DS 

Sensor S.N.: 4oa1oqg5 

Measurand Voltage Measurand Voltage Measurand Voltage 

0,4,10 o.o.¼ 
2 .5"7i o. (p82. 

4lo25 ,. 32i 

(?J.~ !.'13~ 
i .. ep2.0 2.584-

Operator ji_gnature Date Time 

s. P. 
,I - ~ s7t;J /tz ~ r 

-, 
Checked by Signature Date Time 

/3Pit #~ ~ ' 5/c,/1:z 
Checked by Signature Date Time 

Sensitivity Accuracy 

Results 

3. I b 9 f!A / v o. ~ 0/4 
Notes: 
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0 

) 

Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Calibration Documentation v.1 

(Rev. 04/02/2012) 

Bowen Lab - Purdue University 

Sheet 1 of 1 

Calibration Instrument Name and S.N.: I NSTR.ON 1044172 

Data Acquisition System: NI S0< 1-1000 '?Cl G2Sq 

Gain: 
, 

Excitation Voltage: 3.333 

Channel: M2-0 

Sensor: PA-to-D.3 

Sensor S.N.: 400td177 
Measurand Voltage Measurand Voltage Measurand Voltage 

g,&,20 2.stto 
6 .&.>02 ,.q57 

4.~07 I. 33 1 

2.wo4 Q.~qq 
o. ro l l 0. O(o!5 

Operator Si~~ure Date Time 

s;·. P. J ~ '\ s/i/n ,,.,.........._ . 

Checked by Signatitre Date Time 

BJOR ~~::t.-e.- s/9 /1'2. 

Checked by Signature Date Time 

Sensitivity Accuracy 

Results 

3. 1+3 ,,A/v 0.2% 
Notes: 

H2·0 
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0 

) 

Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

Calibration Documentation v.1 

(Rev. 04/02/2012) 

Bowen Lab - Purdue University 
Sheet 1 of 1 

Calibration Instrument Name and S.N.: :J:V\.-S~\. l O q l-1 l =t--.2. -

Data Acquisition System: NI - SC-)(T-1000 pc....T b2"?S'9 

Gain: 100 

Excitation Voltage: !Ov 

Channel: 
/1 ::;_-~01 

Sensor: . '"5, + 5 - so\< 
Sensor S.N.: L-/<-f 3 

Measurand Voltage Measurand Voltage Measurand Voltage 

- 0 0 
6, I -Q.00:)HO 

1( .9 - o, 001·U:;b 

IS.3 -Q,CObOO 

JO , :)_ -o.oo~o 
::lS. 3 -o.oocrc,o 
30.Y -o.O I t9D 

Operator S>9nature Date Time 

J - t---..,__ s/1/r2 f . p ' -x L 

' 

~ignaiure 
, 

Checked by Date Time 

f3y>~ ;t~~k S/q /12 
Checked by Signature Date Time 

Sensitivity Accuracy 

Resul.ts 

- .:2-55£ K/v O.t% 
Notes: 
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J 

J 

Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

Calibration Documentation v.1 
(Rev. 04/02/2012) 

Bowen Lab - Purdue University 
Sheet 1 of 1 

Calibration Instrument Name and S.N.: T V\ S+re-vt I Qt..f t../ l-+:2.. 

Data Acquisition System: N J:- SCXT - 1000 PCT 676'1 

Gain: /00 

Excitation Voltage: /OV 

Channel: M2 - 3 

Sensor : s):+s - so1< 
Sensor S.N.: YY :2. 

Measurand Voltage Measurand Voltage Measurand Voltage 

0 0 
5.5 -0,00215 

-
l0,4 -0,00YO~ 

15 .S -o.oobo5 

).0 .5 - 0, OD -=rct 'l 

.25.5 -0 .00Cf'16 

30. 5 -0,o [(C/Q 

0 + 0.COOO 10 

Operator Signp~e Date Time 

.r . P. J . "' 5 /c; /,(l. ----,...,._ , 

Checked by Signatur~ Date Time 

Br~ /UPL~/4:Gc 5/q /12 
Checked by Signature Date Time 

Sensitivity Accuracy 

Results 

- J.. 563 K/ v Q. Io/() 
Notes: 
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Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

Calibration Documentation v.1 

(Rev. 04/02/2012) 

Bowen Lab - Purdue University 

Sheet 1 of 1 

Calibration Instrument Name and S.N.: INSTR.ON /044172.. 

Data Acquisition System: NI SC}(t-lOOD 1'C,I G2$q 

Gain: t 

Excitation Voltage: 3o 
Channel: M3- o 

Sensor: L!.X.AS J)CEC-2ooo 

Sensor S.N.: J7250 

Measurand Voltage Measurand Voltage Measurand Voltage 

1.g,~5 -4.272 
1.500 - 2{t:>55 

J.ood -0.253 

o.5oo 2.133 

O. lRS 3_q53 

Operator iignature Date Time 

~. 'P. J . "' s/c; ~t.. 
~ 

~ 

I 

Checked by Signa'ture Date Time 

BPI<. ~~ 5/9 /, ;;;_ 
Checked by Signature Date nme 

Sensitivity Accuracy 

Results 

- 0, 2-oi ,'ir-/V 0.1% 
Notes: 
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u 

) 

Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

Calibration Documentation v.1 

(Rev. 04/02/2012) 

Bowen Lab - Purdue University 
Sheet 1 of 1 

Calibration Instrument Name and S.N.: 1/JSfRnl-J ID#l12. 

Data Acquisition System: NI So<l - 1000 'PCA G2$'1 

Gain: I 

Excitation Voltage: 3o 

Channel: H:3-t 

Sensor: LUCAS DC-EC.,-200O 

Sensor S.N.: J725/ 

Measurand Voltage Measurand Voltage Measurand Voltage 

0.125 4 . 150 

o.507 2.31& 

o~t,iiCf - o.02o 

1.5 00 -.2.4-/4 

I-S35 -4-025 

Operator Signature Date Time 

~- 1> . A~ s/1/4e.. r-.. 1 J r 

Checked by Signarlire 
f -, 
Date Time 

t3f~ ~~ ~;,-€:?.. s/e:, / 1.2 
Checked by Signature Date Time 

Sensitivity Accuracy 

Results 

- 0 I ;10'=, ,' V\ /v 0 •) O/o 
Notes: 
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Project: Tests to Determine the 

Behavior of Spliced #11 Bars 
Calibration Documentation v.1 

(Rev. 04/02/2012) 
Bowen Lab - Purdue University 

Sheet 1 of 1 

Calibration Instrument Name and S.N.: INSTl20N "PUI D 10441 =t'2. 

Data Acquisition System: NI SC')( I 1000 SN 1188061' 

Gain: I 
Excitation Voltage: -?;_ ~~3 V 

Channel: M1--() 

Sensor: PA - 20 

Sensor S.N.: 31100 960 

Measurand Voltage Measurand Voltage Measurand Voltage 

05 11 0. ':>01-

2.,511 0 . C,2-=f-

4_s/ , 0.952.. 

0.5,,, 1.21 1 

8 _5/f 1. 5<)4 

/ 

Operator Signature Date Time -
6 / 1?/ 1'2-s .p. I . - ~ 3 f'N} 

-><... 
Checked by Signature Date Time 

l tftc._ ~~T- 6/rs 3: /Df~ 
! 

Checked by ------Signature Date Time 

Sensitivity Accuracy 

Results 

O.Of8? V /v j;v,... O. I 0/0 
Notes: 

De-vi Cl -t-i m.. f I' lJ1;t,,\. -'l<.nsl /iv; /-1 c.avv,pu + eJ befo'1'e. .Jes+*; 0. 3°/0 ✓ 
ok--~ o -618'4 v/v /i"'-
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Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

Calibration Documentation v.1 
(Rev. 04/02/2012) 

Bowen Lab - Purdue University 
Sheet 1 of 1 

Calibration Instrument Name and S.N.: INS1t2.0N (044171 

Data Acquisition System: N\ sex\ \00() S"i ll~ibOt 

Gain: I 

Excitation Voltage: 3 -:?7?3\/ 

Channel: N'\1-1 

Sensor: rA-zo 
Sensor S.N.: ~ "t I 00'7~1 

Measurand Voltage Measurand Voltage Measurand Voltage 

~.Slj Lh12.. 

~.6 I. 2~1 

4.5 0-'H,8 

2.s D.blfh 

O.S 0 .~2.0 

Operator Signature Date Time 

S .P. /."'- 6 /1?, / 11.. 3 -.zo p. 
~ 1 

Checked by Signature Date Time 

St>rz_ ~~ 6 /(3 3:3ofH 
Checked by Signature Date Time 

Sensitivity Accuracy 

Results 

0 .0454 o. I ~;o 
Notes: 

bevi&ifio"'- 0 · 1 ~/o -::. 

-
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Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

Calibration Documentation v.1 
(Rev. 04/02/2012) 

Bowen lab - Purdue University 
Sheet 1 of 1 

Calibration Instrument Name and S.N.: INYT12.0N I 04 411 '2 

Data Acquisition System: NI SC..x \ (000 fl~iH, o+ 

Gain: \ 

Excitation Voltage: '3.~?~"\/ 

Channel: M 1- l 

Sensor: PA-to 

Sensor S.N.: 400 \ 0C:,RQ 

Measurand Voltage Measurand Voltage Measurand Voltage 

0. 5 Ir 0 . S-g4 . 
2.5 f . 21'l. 

4.'5 I. 8~~ 

<o.5 2.10t 
i.o 1-'112.. 

~ 

Operator Signature Date Time 

S.f . A-" 'I,~ /11. ~ : 3o P. 

Checked by Signature Date Time 

tr,e_ ~~/ 6/13 3 ~ t-tDfM 
Checked by Signature Date Time 

Sensitivity Accuracy 

Results 

0 O'J1 ~ \J/v/,r,.. 0. / 0/ 0 

Notes: Deviai ·,o"'-- ; 0. 2."fo 
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Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

Calibration Documentation v.1 
(Rev. 04/02/2012) 

Calibration Instrument Name and S.N.: lN~Tl?0"1 

Data Acquisition System: SC.XI 1000 

Gain: I 

Excitation Voltage: '3. ~~~ \J 

Channel: N 1- '? 

Sensor: PA- lo 

Sensor S.N.: Aoo10~85 

Measurand Voltage Measurand Voltage 

8 
I I 

'Z.'134 

G.5 2.-4&2-
r 

4.s 1.83? 

2.s I. 20"f 

0-~ 0.5-=tt 

Operator Signature 

S.P . I ~ 
---y:;:::: - , . 

Checked by Signature 

If~ ~~ 
Checked by Signature 

Sensitivity 

Results 

o.09f3 "/" /if\ 
Notes: 

De'liatio~ · 0-1 "/ .. 

ln441 =l-2 

1,~~001-

Measurand 

Date 

6>/13 /11. 
Date 

?,/1s 
Date 

Bowen Lab - Purdue University 
Sheet 1 of 1 

Voltage 

Time 

3 : to f' . 

Time 

'3 :s~fM 

Time 

Accuracy 

0 .03 °/0 
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Project: Tests to Determine the 

Behavior of Spliced #11 Bars 
Calibration Documentation v.1 

(Rev. 04/02/2012) 

Bowen Lab - Purdue University 

Sheet 1 of 1 

Calibration Instrument Name anq S.N.: INSl"l2.0N {0441 i 2-

Data Acquisition System: f\\l S-c XI [000 119 RGO=I-

Gain: l 

Excitation Voltage; 3 . ?>?;~\J 

Channel: NQ-o 

Sensor: PA-lo 

Sensor S.N.: 4 00 f O'7==t =t-

Measurand Voltage Measurand Voltage Measurand Voltage 

0 .5 ,, C) . S1!'4 

2, .5 I/ 1.215 

4.s '' I. R41 
6 .5 ,, 2.41?~ 
g _o ,, '2..939 

Operator Signature Date Time 

S. 'P A~ 
7'J c:: ~~ 6/13/lt- 3 : 55f" . 

Checked by Signature I 
Date Time 

~flf.. ~- ~/-_ G/13/t:z.. lf !OO'f'M - - -
Checked by Signature Date Time 

Sensitivity Accuracy 

Results 

o _ 094:2. v/v/i"' o . I u/(> 
Notes: 

De."i<::1t"1 UY\ C: o.-t "/o 
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Project: Te.sts to Determine the 

Behavior of Spliced #11 Bars 

Calibration Documentation v.1 

(Rev. 04/02/2012) 

Calibration Instrument Name and 5.N.: lt\!STe..oN 

Data Acquisition System: N\ SC ><.] 

Gain: \00 

Excitation Voltage: IOV 

Channel: N\Z-i 

Sensor: LEOOW 

Sensor S.N.: 44, 

Measurand Voltage Measurand Voltage 

-0.1+0.4=0 0 

sk +oA -o.ooz.11 

\ok +o-4 - 0 .00410 

J4.6kto-4 -0 . 005,gg 

I '7:=tk f 0.1 -o.oo-=r8:t 

24.::ik+ o-4 -o.009g4 

2'1., I< toA - o. 011-=ns 

Operator Signature 

S.'P. 
) ~ 'ti..__ -,...,,,__ i· .--- V'--'\ 

Checked by Signature I 

'f; f',e ~ 
Checked by Signature 

Sensitivity 

Results 

. - , _ CjS=t rnv/v QFSV 
Notes: 

fv~ pr-e.v. Ga/ ( 5/ 4./ /'2.) : 1).E.\I I AT lo N 

104411'2 

Bowen Lab - Purdue University 
Sheet 1 of 1 

1000 1(6 860-=t 

Sok -443 

Measurand Voltage 

Date Time 

6 / 13/ J-z.. 4 :4-s P 

Date Time 

6 /13 4:S6('M 

Date Time 

Accuracy 

o. Io/• 

O , j "/o 
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Project: Tests to Determine the 
Behavfor of Spliced #11 Bars 

Calibration Documentation v.1 

(Rev. 04/02/2012) 

Bowen lab - Purdue University 
Sheet 1 of 1 

Calibration Instrument Name and S.N.: INST12..0N 10441=,2. 

Data Acquisition System: NI SCXI \000 !lef3f,O?-

Gain: \00 

Excitation Voltage: 10\J 

Channel: tv'\ 2-- ? -
Sensor: L E.:BcJW 5ok-4-4Z. 

Sensor S.N.: 44~ 
Measurand Voltage Measurand Voltage Measurand Voltage 

-o.4+o-4k 0 . 00001 

4_ i;5k -l-o.4 -o.001~1o 

9.~9 k +0.4 -0.0D 39!-
k 

14.b +oA -o.oo sg4 

l 9.=tk +o.4 - 0.00=J,85 

'L-5.1.~+ o.4 -0.0 1001 

~«j _ G t,+o. 4 ~ 0.01 172 

Operator Sfgnature Date nme 

'l -t-...__, . 
6/13/ Jz. s .:P. / . T .,.--/"I"- ... s :os p _,,.___ 

' Checked by Signature Date Time 

VSV' 12. - ~·_h 6/,s s: !C>JPfA. .....------
Checked by Signature Date Time 

Sensitivity Accuracy 

Results 

- I . '7 s s r-r.. v /v @ sol<., a. I e/4 
Notes: 

D ev, (A ti l1V'... 0.2'/fJ : 
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Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Calibration .Instrument Name and S.N.: 

Data Acquisition System: 

Gain: 

Excitation Voltage: 

Channel: 

Calibration Documentation v.1 

{Rev. 04/02/2012) 

I 1\1 ST~Ol\.l 

NI SC..X I 

! 
'30\/ 

f\f?-0 

Bowen Lab• Purdue University 
Sheet 1 of 1 

l0441=t'2 

\OOO \\'6''B60+ 

Sensor: LUCAS DCDT ±z.'I 
Sensor S.N.: J::JZSO 

Measurand Voltage Measurand Voltage Measurand Voltage 

o. I 25 11 4 . 288 

0 . 5 It 2.411 
1.0 I/ 0. 100 / 

,. 5, -2 . Z=t l ✓ 

2 . 0 ,, 
-~L ~~'? 

/. 0 o . 112.. 

o.sq 2. 4" 8() 

0. \ f5 
11 1.1.~9 

Operator Signature Date Time 

) - r------._ --~'- b(/·:/ 1z S.f. 5:501=' ~, 
Checked by Signature 

I 
Date T ime 

fs'PR. ~~ 6/13 6 !oorH 
Checked by Signature Date Time 

1, 

Sensitivity Accuracy 

Results 

- 4 · '1"9 v / ;V\. 0.2.
0 /0 

Notes: 
De vi til t'1 ZN\ ~ s/1 /1:2. cal. - o. =,- /o 
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' 

I 

Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

Calibration Instrument Name and S.N.: 

Data Acquisition Systetn: 

Gain: 

Excitation Voltage: 

Channel: 

Calibration Documentation v.1 

(Rev. 04/02/2012) 

IN STl?..ON 

N l SC.XI 
I 

3o\J 

M3 -I 

Bowen Lab - Purdue University 
Sheet 1 of 1 

10 4 4 1=/ 2 

1000 1/ 88601-

Sensor: LUG-AS. DCDT ±-z. 11 

Sensor S.N.: J 1 251 

Measurand Voltage Measurand Voltage Measurand Voltage 

I II 0. 25 4 .29 7 

0.500 
11 

2. 49~ 

1.0
1
' ◊. 140 

\.S'I -2. 232.. 

Z. -O'' -4_Gob 

Operator Signature Date Time 

s. -P. ) ~-' /..- b/J-e/Je. G-PM -,..._ ~ - I 

Checked by Signature 
I 

Date Time 

6 \0R ~~ 6/r3 6: !O ft' 

<;:hecked by Signature Date Time 

Sensitivity Accuracy 

Results 

- f . =,4 2. V / ir.. 0 . Fl. 
0lo 

Notes: 
Dev i a -I I nv\ 0 -t 10 - , 
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FIRST LOADING 

 
GIRDER A1 – 41 kip 

 
GIRDER A2 – 41 kip 
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FIRST LOADING 

 
GIRDER A3 – 36 kip 

 
GIRDER A4 – 40 kip 
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FIRST LOADING 

 
GIRDER A5 – 40 kip 

 
GIRDER A6 – 40 kip 

APPENDIX A, Purdue Phase I Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 562 of 595 

•, 
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, \ I l'' " . -I . 
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RELOADING 

 
GIRDER A1 – 42 kip 

No reload 

GIRDER A2 
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RELOADING 

No reload 

GIRDER A3 

 

 
GIRDER A4 – 42 kip 
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RELOADING 

 
GIRDER A5 – 42 kip 

 

 

 
GIRDER A6 – 41 kip 
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FIRST LOADING 

 
GIRDER B1 – 36 kip 

 
GIRDER B2 – 36 kip 
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FIRST LOADING 

 
GIRDER B3 – 36 kip 

 
GIRDER B4 – 36 kip 
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FIRST LOADING 

 
GIRDER B5 – 36 kip 

 
GIRDER B6 –  kip 
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RELOADING 

No reload 

GIRDER B1 –  kip 

 
GIRDER B2 – Load = 36 kip. 
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RELOADING 

 
GIRDER B3 – Load = 36 kip 

No reload 

GIRDER B4 
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RELOADING 

 
GIRDER B5 – 24 kip. 

 
GIRDER B6 – 36 kip. 
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Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

Data Acquisition System: 

Channel# Gain 

0 Ml-0 \ 

I Ml-I I 

2 Ml-.2 r 

3 Ml-3 \ 

<f M :2. -D ' 
5 M'--:2 lOO 

f, M~-3 too 
:,.. M'6-0 ' 
~ M '3 -( I 

Operator 

t~'2.. 
Checked by 

IUJJ\ 
Checked by 

Notes: 

Instrumentation Documentation v.1 
(Rev.04/01/2012) 

A.-\ Specimen: ________ _ 

Sheet I of I --

Excitation V. Sensor S.N. 
[.· ... /v] 

Sensitivity 
c~ ... J 

Zero Offset Location 
~es[v] 

Comments 

3.3s3 PA - ;i...o 3"::/- I 00'1~ o - b. /cr==t - l:,., 1b N,O~ 2, =!---cgS 
,, I I 3:,-I oocr '3 1 - G. r 6-=t- - \~. 0.2 s. ,, 1. =,..sc:r 
If \OA-10 L.f oo I ()Cf'8 b s . ,=rs 1.1"3 N • ~\~ceGi-l o. 3-=I-:) 
If II 

lf60l0Cfc::r I 3. I b't o.c~=t- M,'clsp,,..... 0. :;l.=1-t./ 
fl ,, 

'-fOOJO'fi<g '3.1~3 'IO?, 5. Spl~6..J o. 339 

10 Le'bcn.u 9:>K 'i'-f3 - 2S5l, 0 · 1 [t<:] JJ, 6-t -0.0000~c.-t 

10 er 4'-/').. - ;2..S63 o. 2 [t<] s. I I 
- O.O0003s 

3o Lvc.~s ;l T"-=l-:2.50 Q.;2.048 ().00 5 N, Supper\- o. o;;_-=,.. 
30 f I TT?-51 o.:i..oc, O,C>OO s. / I OrOOO 

Signature Date Time 

#h-~ 6/::i. /11 2: '-fO PM 
Signature Date Time 

/L-L (.-z_-l!..- 1.: '10 f,,....... 

Signature Date Time 
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47 ,i..-....---=Back=---1 ..... 48 
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16 ft. 

Specimen A - \ 
Behavior of Lap Splices of No. 11 
Reinforcing Bars 

~ ~ ~to ~ 1 ~ i2 ~ ~ i~ ~ '6 ~~ 

~ 7 ~ ~ t ~ l ~ i 1H 0 u 

(H 6i Ii 7 f r, fj 
' 11 

11 n 

.1. 4@5=20 .. 1.2@10=20 .. 1 

Drawn by: e, 'f ~ Checked by: 

Date: (:, / 1/ t 2 
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Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

Data Acquisition System: 

Channel# Gain 

0 Ml-0 l 

I M \ -1 I 

:2 M 1-2 l 

3 Ml-3 I 

t..f M:i..-o I 

5 MJ.-l. 100 

f> M.,1-3 too 

1- M3-0 I 

lS M3- I I 

Operator 

vsv>ie. 
Checked by 

~ 

L(/}t') 
Checked by 

Notes: 

/ 

Instrumentation Documentation v.1 

(Rev. 04/01/2012) 

Specimen: ~A~--1. ______ _ 
Sheet ---'- of I 

( ;.,./v) t : ... ) -b:,...e-es ( V) 
Excitation V. Sensor S.N. Sensitivity Zero Offset Location Comments 

'3.333 PA-::i.O 3~009<30 - 6, l Cj=?- - l=t.oi; N, Overl.-j ),=!-SO 
,, ,, 

3=1-1009151 - 6, l 61- - [°3}-, 3 f s. 11 '), 9)0+ 
,, J?A-10 'fOO I OCf~{, 3. r~-s I. J.f, N, S, l,'-ce W CJ. 3Cf6 ,, II '--I 00 / QCfC? / 3 .lb9 0,'1$;2. M1cls,a- Q. :2b0 
,, 

" 400/ 0'1~ 3 . \ =t-3 0.99 5. Sp\~<-e b....l 0/sll 

10 Leb(n&J 50K 443 - :lSSb 0.3[K] N,b.ol -o .0000,0 

[0 " l-f '-f 2 - ;l 5~3 Q. ;i..[1<] $, 
,, 

-O.OCD03b 

io L..>~2 T~:2.50 o, ;i..ors 0.00', ()'J. Svy,pcrt° 0,013 
30 ,, 

-r::,-:2.s' o . .209 -O,00'i s. 1 I -Q.6;25 

Signature Date Time 

~~ 5/31/1;;_ 'S: /0 fK 
Signature Date Time 

&LL- b-,1-1-Z- f": ~o fr""\ 

Signature Date Time 
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Behavior of Lap Splices of No. 11 
Reinforcing Bars 
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Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

Data Acquisition System: 

Channel# Gain 

0 f1 \-0 I 

I Ml-I I 

2 Ml -.2 l 

3 Ml-3 I 

'-f M1-·0 I 

5 M2.-2 (00 
{, M2-3 l 00 

1' M3-o I 

i M3-l I 

Operator 

Tb t? ~ 
Chec,::ked by 

:f. N. l-1, 
Checked by 

Notes: 

Excitation V. 

s.333 
,, 

If 

II 

II 

!O 
10 

30 
so 

Instrumentation Documentation v.1 

(Rev. 04/01/2012) 

[:-/v] 
Sensor S.N. Sensitivity 

(JA - ;;_o 3':11009cg-o -6. l9+ 
II s=1Joocf<?I -6. lbT 

'PA -10 LfOOIOCJib 3 . I -=!-5 
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A-3 Specimen: ________ _ 

Sheet of I --
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\ c.~-J ~es[v] 
Zero Offset Location Comments 
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Date Time 
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~e 
,,. 

Date Time 

~ c; . -i. 1 . l "'l ~ ·--i.o 
.,,,,,. 

{ C::i~- ~ 
Date Time 

- "- C: 
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Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

Data Acquisition System: 

Channel# Gain 

0 t1t-O l 
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s M J..-~ ,oo 
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Operator 

(bf/2 
Checked by 

iAM 
Checked by 

Notes: 

Instrumentation Documentation v.1 
(Rev. 04/01/2012) 

Specimen: __ A_-_Lf ____ _ 
Sheet I of I --

Excitation V. Sensor S.N. 
(-;->A/..,) 
Sensitivity 

c~~i 
Zero O set Location 

~sCv] 
Comments 
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Signature Date Time 
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Signature Date Time 
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Signature Date Time 
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Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

Data Acquisition System: 

Channel# Gain 

0 Ml-0 I 

1 Ml-/ I 

;l.. Ml-2 I 

!3 Mt-3 I 

'-( Ml-0 I 
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Operator 

B'PR 
Checked by 
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Checked by 

Notes: 

Instrumentation Documentation v.1 

(Rev. 04/01/2012) 

Specimen: __ /A_-_s ____ _ 
Sheet I of I ____;__ 

c~-/v) [,\,,.] ~(v) 
Excitation V. Sensor S.N. Sensitivity Zero Offset Location Comments 
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Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

Data Acquisition System: 

Channel# Gain 

0 Ml-0 l 

I Ml -1 I 

2 Ml-1 I 

3 Ml-3 I 
y M"J.,-0 ' 
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(;, M'J.-3 [00 

~M~-0 ( 

<3 M3- I I 

Operator 

Brte. 
Checked by 

1,(,4,.v-.. 

Checked by 

Notes: 

Instrumentation Documentation v.1 
(Rev.04/01/2012) 

Specimen: _A---'--_b _____ _ 
Sheet~_of~-

(}...,../v) (}~J ~5(v) Excitation V. Sensor S.N. Sensitivity _ Zer9 Ojfset Location Comments 
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SUMMARY 

Six girders containing pairs of 79-inch unconfined lap splices of #11 reinforcing bars were tested by 
loading them to a deflection beyond yield load to develop laminar cracks, unloading, and then loading 
them to failure. Concrete compressive strength ranged from 5200 to 5900 psi at time of test. Measured 
yield stress of the bars was 65 ksi. 

The testing showed that crack widths of as a much as 0.05 inches can be achieved while maintaining the 
full yield capacity of the #11 reinforcement with 79-inch long splices.   

 

OBJECT AND SCOPE 

A series of six reinforced concrete girders with unconfined 79-inch lap splices of Grade-60 #11 bars were 
tested to failure to: 

- determine the effect of existing laminar cracks (cracks on or near the plane of the splice), on the 
capability of the splice to develop the yield stress of the reinforcing bar, and  

- to try to establish the maximum crack width that can be reached while maintaining the yield capacity 
of the spliced reinforcing bars. 

 

METHOD 

Each test girder was initially loaded to beyond yield load to develop laminar cracks, unloaded, and then 
reloaded to failure. This report documents the measured load-deflection relationships, the initial and 
final widths of the laminar cracks, observed crack patterns, and the reinforcement stresses developed by 
the splices. The geometry of the specimens and the test setup were  the same as those used in test 
Series B documented in our report from 2012 [Sozen and Pujol, 2012] to produce complementary test 
results.  In the tests done in 2012, longer splices performed better in the presence of existing laminar 
cracks. For this reason, the tests described here do not include replicas of specimens in Test Series A 
from 2012.  

The testing procedure used was similar to the procedure used in 2012. The loading sequences used were 
modified (by increasing peak deflection reached before unloading) to create (and measure) laminar 
cracks wider than the laminar cracks observed in the initial loading of comparable specimens tested in 
2012. Initial loading was stopped at deflections deemed safe for personnel and instrumentation. 
Reloading to failure was conducted with reduced instrumentation and from a safe distance. 

The profile and cross-sectional dimensions of the 34-foot 4-inch long test girders are shown in Fig. 1. 
They measured 17-5/8 inches by 30 inches in cross section. Each test girder contained two contiguous 
(i.e. not staggered) splices of length 6 feet 7 inches (56 bar diameters) with a side cover of 3 inches.  
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Each test girder was placed on two simple supports at a distance of 12 feet 7 inches from one another 
leaving two overhangs beyond each support. Loads were applied on the overhangs at 9 feet 8 ½ inches 
from the support leading to bending moment distribution shown qualitatively in Fig.2. 

The test girders were tested statically with test durations ranging from 3.5 to 5.5 hours and had 
measured compressive strengths not exceeding 5900 psi. Yield stress of the reinforcement was 
determined to be 65ksi. Unit stresses developed in the reinforcement (at splice end) ranged from 73 to 
75 ksi. 

 

MATERIALS 

The cross section in Fig.1 shows the arrangement of the spliced bars. Concrete was cast with the bars 
near the bottom of the form (and not as shown in the figure that refers to the positon of the bars during 
the test) to make certain that the wet concrete would not settle away from the bars.  Top cover, as 
shown in Fig. 1, was 5 inches and the side cover was 3 inches to have the laminar crack develop in the 
horizontal plane affecting the strength of both splices.   

All test girders were cast on 2 February 2016 using normal-weight aggregate. Mix proportions by weight 
are shown in Table 1.   Each girder and associated cylinders were cast using concrete from a single truck. 
After casting, the girders were kept under burlap cover for one week. Target air entrainment was 5%. 
The age of the concrete and measured concrete strengths at time of test are listed in Table 2. 

All reinforcement came from the same heat. As mentioned above the measured yield stress of the 
reinforcement was 65 ksi (Table 3). 

 

INSTRUMENTATION 

The applied load was measured by load cells with an accuracy of 80 lbf as listed in Table 4. 

Longitudinal and vertical deformations of the concrete surface were measured using OPTOTRAK (a 
coordinate tracking system) that had an accuracy of 0.005 inches. The locations of the OPTOTRAK 
targets are shown in Fig. 4. 

Crack development was recorded by visual inspection. Laminar crack widths were determined using 
OPTOTRAK targets at 4 and 8 inches below the top surface of the test girder. 

 

OBSERVED LOAD-DEFLECTION RELATIONSHIPS 

The variations of the deflection at mid-span with applied load are shown in Fig. 5 through 10. Initial 
loading was continued to a mid-span deflection of 0.4 inches, approximately 4/3 of the deflection at 
yield, for test girders C1, C2, C3, and C5 and to 0.5 inches, approximately 5/3 of the deflection at yield, 
for test girders C4 and C6. The maximum deflection was observed to be approximately three times that 
at yield. Table 5 lists maximum loads and deflections. 
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CRACK PATTERNS AT END OF FIRST LOADING 

Figures 11 to 16 illustrate the crack patterns observed during the tests. Each figure contains two 
photographs. The photograph on top of the page shows the test girder from the south support to mid-
span. The lower one shows the test girder from mid-span to the north support.  

 

HORIZONTAL DEFORMATIONS ALONG LENGTH OF SPLICE 

Horizontal deformations along the middle 80 inches at the level of the reinforcement (between 
contiguous targets) of the test girders obtained by OPTOTRAK measurements are shown in Fig. 17 
through 22. Each figure contains the measurements made during the first loading and to an indicated 
load level (not to the maximum load) during reloading.  Despite the presence of laminar cracks near 
each end of each splice, the increases in deformation indicate that most of the force transfer by bond 
developed near the splice ends. 

 

VERTICAL DEFORMATIONS ALONG LENGTH OF SPLICE 

Vertical deformations measured over a gage length of 4 inches (using targets above and below the plane 
of the bars) and along the central 80 inches of the test girders are shown in Fig. 23 through 28.  Figure 
25 contains only the data obtained in the south 40 inches because the sensors for the north 40 inches 
did not function. 

From these plots it is inferred that the stress transfer from bar to bar in the splice took place primarily 
over lengths at splice ends of approximately 15-bar diameters. (Once these parts of the splice started 
losing their strength and transferring the force towards the remaining portion of the splice, failure 
initiated because there was not sufficient remaining length to develop the required force). 

Crack widths inferred from the data in Figures 23 to 28 are listed in Table 6. Figure 29 compares the 
load-deflection relationships measured for specimens C1 to C6. Whatever the size of the “existing” 
crack, all specimens responded in the same manner and developed more than the yield stress.  

 

CONCLUSION 

The test results summarized in Table 6 showed that crack widths of as a much as 0.05 inch can be 
achieved while maintaining the full yield capacity of the #11 reinforcement with 79” long splices.   
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Sozen M., Pujol S., 2012, “An Investigation of the Effect of Laminar Cracks on Strength of Unconfined Lap 
Splices of #11 Reinforcing Bars.” Report to FENOC, Oak Harbor, Ohio.  
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TABLES 
 

Table 1 Concrete Mix Proportions 
Component Weight of Component / Weight of Cement 
Cement 1 
Fine Aggregate 2.4 
Coarse Aggregate (max. size = 1¼ in.) 2.6 
Water 0.55 

 
Table 2 Concrete Strength 

Test 
Girder 

Cast 
Date Test Date 

Concrete 
Compressive 

Strength* 
(psi) 

Concrete 
Splitting 
Cylinder 
Strength 

(psi) 

Age of 
Specimen 

(days) 

C1 

2/2/2016 

3/21/2016 5300 500 48 
C2 3/28/2016 5200 450 55 
C3 4/4/2016 5900 500 62 
C4 4/11/2016 5700 500 69 
C5 4/12/2016 5600 500 70 
C6 4/14/2016 5300 400 72 

*mean of six cylinder tests 

Table 3 Reinforcement 

Bar Designation #11 

Nominal Diameter, in. 1.41 

Nominal Area, in2 1.56 

Nominal Perimeter, in. 4.43 

Unit Weight, lbf/ft 5.31 

Yield Stress*, ksi 65 

*Note: means from tests of three coupons 
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Table 4 Sensors 

Sensor Type Manufacturer 
Model 

Number 
Serial 

Number Location Range Accuracy 

Load Cell Lebow 3175 50K 1176585 
North Load 

Point 50 kip 80 lbf 

3175 50K 442 
South Load 

Point 

String 
Potentiometer Unimeasure 

PA 20 36030715 
North 

Overhang 20 in. 0.05 in. 

PA 20 45110640 
South 

Overhang 

PA 10 40010981 
North Splice 

End 

10 in. 0.02 in. PA 10 40010984 Mid-span* PA 10 40010987 

PA 10 40010979 
South Splice 

End 

LVDT Schaevitz DC EC 250 22439 
North 

Support +/-0.25 
in. 0.001 in. 

Schaevitz DC EC 250 22461 
South 

Support 

Optotrak 
Northern Digital 

Inc. 
PRO Series 

600 - - - 0.005 in. 

Dial Gage Federal  1 in. Dial 
Gage 

  
North 

Overhang 
1 in. 0.001 in.   Mid-span 

  
South 

Overhang 
*Sensor 40010981 was used for C1 and C2, sensor 40010987 was used for C3-C6 

Table 5 Summary of Results 

Test Girder 
Designation 

Concrete 
Compressive 

Strength 
(psi) 

Concrete 
Splitting 
Strength 
(Tensile) 

(psi) 

Maximum 
Applied 

Load      
(kip) 

Maximum 
Midspan 

Deflection 
(in.) 

Maximum 
Moment 

at 
Support 
(kip-ft) 

Maximum 
Moment 
at Splice 

End     
(kip-ft) 

Calc. 
Reinf. 
Stress 

at 
Support 

(ksi) 

Calc. 
Reinf. 

Stress at 
Splice 
End  
(ksi) 

C1 5300 500 39.7 0.70 427 419 74 73 
C2 5200 450 40.0 0.85 430 422 75 74 
C3 5900 500 40.4 0.79 434 426 76 74 
C4 5700 500 40.9 0.83 439 431 76 75 
C5 5600 500 40.2 0.82 432 424 75 74 
C6 5300 400 40.7 0.92 437 429 76 75 
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Table 6 Summary of Laminar Crack Widths and Lengths 

Test Girder 
Designatio

n 

From Optotrak From Crack Maps 

Max. Mid-
span 

Deflection 
at Initial 
Loading 

(in.) 

Max. Crack 
Width at 

Initial 
Loading 

(10^-3 in) 

Mid-span 
Deflection 

at last 
reading 
during 

reload (in.) 

Max. Crack 
Width at 

last 
reading 
during 
reload 

(10^-3 in) 

Maximum 
Crack Length 

at South 
Splice End 

(in.) 

Maximum 
Crack Length 

at North 
Splice End 

(in.) 

C1 0.42 42 0.70 90 27 23 
C2 0.40 21 0.41 25 22 27 
C3 0.41 39 0.41 42 23 11 
C4 0.52 52 0.50 53 28 24 
C5 0.43 54 0.42 57 24 18 
C6 0.52 30 0.52 33 22 0 
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FIGURES 
 

 

 
 
 

 
Figure 1 Test Girder Profile and Cross-Sectional Dimensions 
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Figure 2 Moment and Shear Diagrams 

 

 

 

 

 

 

SHEAR DIAGRAM 

Shear Caused by Applied Load 
Shear Caused by Selfweight 

Moment Caused by Selfweight 
Moment Caused by Applied Load 

MOMENT DIAGRAM 

FREE-BODY DIAGRAM C L 
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Figure 3: Locations of Deflection Measurements 

• String Potentiometers were used to measure displacement at N Overhang, N Splice End, Midspan, S Splice End and S Overhang 
• Displacement measurements were checked using dial gages at N Overhang, Midspan and S Overhang 
• Linear Variable Differential Transformers (LVDTs) were used to measure displacement at N Support and S Support 

 

 

 
 

 

 

APPENDIX B: Purdue Phase II Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 11 of 168

N 

' ' 

s End N End 

~..-
,..._ 

• ---- -- --;------ - --=- - -- -;;r- ··~--- -~- --;;r - -- -- -- -~-;._-=====--======-=-==- -==-=======--===--== =:-=--~ 

' " " s Support N Support " • • 

Lab Floor Midspan 

S Overhang S Splice End N Splice End N Overhang 



 

 

Figure 4 Arrangement of Optotrak Targets 
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Figure 5  Load-Deflection Plot, C1
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Figure 6 Load-Deflection Plot, C2
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 Figure 7 Load-Deflection Plot, C3
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Figure 8 Load-Deflection Plot, C4 
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Figure 9 Load-Deflection Plot, C5 
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Figure 10 Load-Deflection Plot, C6 
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Figure 11 Photo C1 
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                                                                                                                 Figure 12 Photo C2 
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Figure 13 Photo C3 
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Figure 14 Photo C4 
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Figure 15 Photo C5 
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Figure 16 Photo C6 
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Figure 17 Horizontal Deformations, Load and Reload, C1 

Note: Data series are labeled using midspan deflection and average load applied at ends 
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Figure 18 Horizontal Deformations, Load and Reload, C2 

Note: Data series are labeled using midspan deflection and average load applied at ends 
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Figure 19 Horizontal Deformations, Load and Reload, C3 

Note: Data series are labeled using midspan deflection and average load applied at ends 
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Figure 20 Horizontal Deformations, Load and Reload, C4 

Note: Data series are labeled using midspan deflection and average load applied at ends 
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Figure 21 Horizontal Deformations, Load and Reload, C5 

Note: Data series are labeled using midspan deflection and average load applied at ends 
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Figure 22 Horizontal Deformations, Load and Reload, C6 

Note: Data series are labeled using midspan deflection and average load applied at ends 
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Figure 23 Vertical Deformations, Load and Reload, C1 

Note: Data series are labeled using midspan deflection and average load applied at ends 
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Figure 24 Vertical Deformations, Load and Reload, C2 

Note: Data series are labeled using midspan deflection and average load applied at ends 
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Figure 25 Vertical Deformations, Load and Reload, C3 

Note: Data series are labeled using midspan deflection and average load applied at ends 
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Figure 26 Vertical Deformations, Load and Reload, C4 

Note: Data series are labeled using midspan deflection and average load applied at ends 
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Figure 27 Vertical Deformations, Load and Reload, C5 

Note: Data series are labeled using midspan deflection and average load applied at ends 
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Figure 28 Vertical Deformations, Load and Reload, C6 

Note: Data series are labeled using midspan deflection and average load applied at ends
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Figure 29 Comparison of Load-Deflection Relationships 
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APPENDIX B: Purdue Phase II Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 38 of 168

Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

Specimen Date 

1 

2 

3 

4 

5 

6 

Time of Test 

i/:55 

I I : 51 

12:01 

S/N of Testing Machine: 

Recorded by: 

Checked by: 

S. PvJOL 
Comments: 

( ,.,..,,.i 

Cylinder Compression Tests Documentation v.2 

(Rev.04/01/2012) 

Specimen: __ C_i_· --'--'-'-----ks-+ dry 
Sheet 1 of 2 

Wet/Dry 
Diameter [nearest 0.01 in.] 

1 2 

Length [nearest 0.05 in.] 

1 2 3 
P max [lbf] 

Fracture Type 

(1-6) 

5/13 ~o~ IZ,o,:> j].a o /51, ,oe S" 
·.~3 ,o5 /2,oo 12,Cio j5 /

1 
'It~ 4 

$','l 3 C,.a S I 2. (JO 12. (}() l'i'!i 778 3 
~ ,~3 ,() 'I rz,CIQ (2,oo /49 1s, S' 
~,q 3 0 rOZ. l 2,., OU ·z ou l ' /,'o oz..o 5 
5, '13 C .oL/ /2,oc tZ.oo iZ.oo /Sj~ 955 t.; 

~·rf\ 9CJ058 
Date Time 

3/1.1/lt:o ·z :t'i 
Date Time 

Os. I 'vf 1 P--~ t 
Date Time 

'10 ~11-2/jr.:, / At\.,/. 

*Cylinders to be test per ASTM C-39-12 and C-1231-l0a with a loading rate of 60,000lbtfmin at concrete ages of 3, 7, 14, 28 days, and on same day that test of 
corresponding specimen is conducted. Specimens and caps free of defects unless otherwise noted in comments. Average cylinder diameter and area and unit 
compressive stress (f'cl calculated on sheet 2 of 2. 
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APPENDIX B: Purdue Phase II Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 39 of 168

Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

Specimen Date Time of Test Wet/Dry 

S/N of Testing Machine: 

Recorded by: 

Checked by: 

Checked by: 

Comments: 

Cylinder Split Tensile Tests Documentation v.1 

(Rev. 05/14/2012) 

Diameter [nearest 0.01 in.] 

end middle end 

Signature 

Specimen: --'"c"-· '--I _ _;.Je_s_, f_· _d_··-~--1----
Sheet 1 of 2 

Length [nearest 0.1 in.] 
Pmax [lb1J 

Fracture 

Sketch 1 2 

IZ ✓OO 12 ,sO I 

12 I o-e 

tZ,CI 57175 

I 1,qq 

Date Time 

J(); 33 
Date Time 

Date Time 

*Cylinders to be test per ASTM C-496-11 with a loading rate of 15,000lbi/min at a concrete age of 28 days and on same day that the test of the corresponding specimen 
is conducted. Specimens free of defects unless otherwise noted in comments. Average cylinder diameter and area and splitting tensile strength (ft) calculated on sheet 2 
of 2. 
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APPENDIX B: Purdue Phase II Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 40 of 168

Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Specimen Date Time of Test 

1 3/29{/ ~ /o!5Y 
2 3/ 2~ /1 <o o:Sg 
3 '? J(,'.0/ .:i 

4 1 II ~tl 7 
5 . .., .. ) I I: I I 
6 //:;c, 

S/N of Testing Machine: 

Recorded by: 

- Checked by: 

Comments: 

Wet/Dry 

Cylinder Compression Tests Documentation v.2 

(Rev.04/01/2012) 

Specimen: _....zc;..;;;;;J2;;;;;..__I_· e_s..;_f-_· -'-&j-'-. --i_ '------

Sheet 1 of 2 

Diameter [nearest 0.01 in.] Length [nearest 0.05 in.] 

1 2 1 2 3 

I ZPc 

Date 

.?i 2~ iG 
Date 

'3 
Signature Date 

Pmax [lbtl 
Fracture Type 

(1-6) 

Time 

/1:1l, 
Time 

~- ~? 
Time 

*Cylinders to be test per ASTM C-39-12 and C-1231-l0a with a loading rate of 60,000lbtfmin at concrete ages of 3, 7, 14, 28 days, and on same day that test of 
corresponding specimen is conducted. Specimens and caps free of defects unless otherwise noted in comments. Average cylinder diameter and area and unit 
compressive stress (f'cl calculated on sheet 2 of 2. 
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APPENDIX B: Purdue Phase II Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 41 of 168

Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

Specimen Date 

1 

2 

3 

4 

5 

6 

Time of Test 

8 ;32_ 
C, • . , 7 0 • :, 

8:~z 

S/N of Testing Machine: 

Recorded by: 

Comments: 

Wet/Dry 

n 

Cylinder Split Tensile Tests Documentation v.1 

(Rev. 05/14/2012) 

Diameter [nearest 0.01 in.] 

end middle end 

Signature 

Specimen: ____.C""--"z __ fe----"--'---'5f __ cl: __ _ 
~eetlof2 

Length [nearest 0.1 in.] 

1 2 

Date 

Pmax [lbi] 

°f:oz 
Time 

Time 

Fracture 

Sketch 

*Cylinders to be test per ASTM C-496-11 with a loading rate of 15,000lbi/min at a concrete age of 28 days and on same day that the test of the corresponding specimen 
is conducted. Specimens free of defects unless otherwise noted in comments. Average cylinder diameter and area and splitting tensile strength (f1) calculated on sheet 2 
of 2. 
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APPENDIX B: Purdue Phase II Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 42 of 168

Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Specimen Date 

1 

2 

3 

4 

5 

6 

Time of Test 

S/N of Testing Machine: 

Recorded by: 

Checked by: 

Checked by: 

Comments: 

Wet/Dry 

0 
Cylinder Compression Tests Documentation v.2 

(Rev.04/01/2012) 

C_✓? Specimen: ____________ _ 

Sheet 1 of 3 
Diameter [nearest 0.01 in.] Length [nearest 0.05 in.] 

P max [lbtJ 
Fracture Type 

(1-6) 1 2 1 2 3 

i2,D5 I 2 .. 00 /J {J(J -· 
I 2,oo /t,?f 12. {)() 5 

{;.os / 2.60 11. r5 11.Ct.S' 8307 

12.oo /1,?f //r? f 

i 2, v.5 IZ. oo i 2,o .5' ll Z 122 
l 2.00 

Signature Date Time .... 

'i/5'/1 l:, ·7.:50 
Date Time 

~'S/;J o I.tit: 
Date Time 

*Cylinders to be test per ASTM C-39-12 and C-1231-l0a with a loading rate of 60,000lbtfmin at concrete ages of 3, 7, 14, 28 days, and on same day that test of 
corresponding specimen is conducted. Specimens and caps free of defects unless otherwise noted in comments. Average cylinder diameter and area and unit 
compressive stress (f'c) calculated on sheet 2 of 2. 
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APPENDIX B: Purdue Phase II Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 43 of 168

Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Specimen Date 

1 

2 

3 

4 

5 

6 

Time of Test 

g;o 5 
o"' ·n ~··(;a 

e:1 I 

S/N of Testing Machine: 

Recorded by: 

Checked by: 

Comments: 

Wet/Dry 

Cylinder Split Tensile Tests Documentation v.1 

(Rev. 05/14/2012) 

end 

)/i3 
5·,rr 
r;, 7 

t;1'_5 

Diameter [nearest 0.01 in.] 

middle 

{,Di, 

t.oz 
·.o? 

C,(Jo 
C,,o 

(;. 00 

Signature 

Signature 

end 

0 ;, 
•' J 

( ·~ 

Specimen: ____ ,.,_.,_ ________ _ 

Sheet 1 of 3 

Length [nearest 0.1 in.] 
Pmax [lb1] 

Fracture 

1 2 Sketch 

} 2-f ,,60 /2- 7c;La, 
IZ IZ. ~2/tOZ 

12- 12... 531/(:, 

/2.... I 2-_ 1../251..11 
/2- /7- 5 35, l/7 

Date Time 

Date Time 

Date Time 

*Cylinders to be test per ASTM C-496-11 with a loading rate of 15,000lbtfmin at a concrete age of 28 days and on same day that the test of the corresponding specimen 
is conducted. Specimens free of defects unless otherwise noted in comments. Average cylinder diameter and area and splitting tensile strength (f1) calculated on sheet 2 
of 2. 
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APPENDIX B: Purdue Phase II Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 44 of 168

Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Specimen Date 

1 

2 

3 

4 

5 L 
6 

Time of Test Wet/Dry 

J'.20 

1: 17 I),., 

9 :Jy Dy 
1: L[6 t) ' 

cy: L/' D 
7-'' t; 2 b. 

S/N of Testing Machine: 

Recorded by: 

hecked by: 

Checked by: 

Comments: 

Cylinder Compression Tests Documentation v.2 

(Rev.04/01/2012) 

Specimen: __ ..... C~~ ~lj_" ________ _ 
Sheet 1 of ,g 

Diameter [nearest 0.01 in.] Length [nearest 0.05 in.] 
Pmax [lbtl 

Fracture Type 

(1-6) 1 2 1 2 3 

{; ,0 'I 12, {,/() i 2 ,ea j(. qr:; /G/?5Z 3 
).o/L/ t.o5 /z, ~" /2,ou /f, ?5 1,s· 7 'ii 5 
t;.71 t, Q(p tl .o,., iZ.10 IZ.uS /6 'Z5T7 

5;1tf {,.0'3 /ro/S' lZ.oo ('1,uO /6079'l 

5. Cf 11' . 0 z. it. rt i'Lvo fr,15 /51 ,; 7 _:, ,,) 

'i. 1 't c.6 ,-1 /2.65 /GO /?6 .- C 7·050 hr, 1 ' <) 

Signature 
"" 

Date Time 

Date Time 

Signature Date Time 

*Cylinders to be test per ASTM C-39-12 and C-1231-l0a with a loading rate of 60,000lbtfmin at concrete ages of 3, 7, 14, 28 days, and on same day that test of 
corresponding specimen is conducted. Specimens and caps free of defects unless otherwise noted in comments. Average cylinder diameter and area and unit 
compressive stress (f cl calculated on sheet 2 of 2. 
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APPENDIX B: Purdue Phase II Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 45 of 168

Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Specimen Date 

1 

2 

3 

4 

5 

6 

Time of Test 

fij: II 

/0 :2. ~ 

/Ct 1.. •7 

/0'.'J.S 

/(J ! Lj~ 

S/N ofTesting Machine: 

Recorded by: 

Checked by: 

Comments: 

Wet/Dry 

{)- . 

~-

o. 
10 ,-

1). 

JO, 

Cylinder Split Tensile Tests Documentation v.1 

{Rev. 05/14/2012) 

Diameter [nearest 0.01 in.] 

end middle end 

C. o 1..1 (;,', ol 'i, 'lt; 
c.o s ,'t1 fro/ '-j 
C,o t.f 5,91 s·."'3 
C ., 

eO..? 5°, ?5 _5·, i't. 

(;,,c Y ,, 'I' 

t;. 9? 
o/?tIS'G' 

Signature 

Specimen: -----'C""'.-''t'----------
Sheet 1 of~ 

Length [nearest 0.1 in.] 

1 2 

l2 /2 
11- 12. 

/l 
IL 

/L 

Date 

C-jlJ/C:, 
Date 

i-// /j, I I~ 

Date 

P max [lbi] 

Time 

Fracture 

Sketch 

10 ~ ,S'.:: 

Time 

/e,·~--o 

Time 

*Cylinders to be test per ASTM C-496-11 with a loading rate of 15,000lbtfmin at a concrete age of 28 days and on same day that the test of the corresponding specimen 
is conducted. Specimens free of defects unless otherwise noted in comments. Average cylinder diameter and area and splitting tensile strength (f1) calculated on sheet 2 
of 2. 
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APPENDIX B: Purdue Phase II Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 46 of 168

Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Specimen Date 

1 

2 

3 

4 

5 

6 

Time of Test 

8 ·-' So 

S/N of Testing Machine: 

Recorded by: 

Checked by: 

Checked by: 

Comments: 

Wet/Dry 

() 

t), 

f!). 

b 

b 

D 

Cylinder Compression Tests Documentation v.2 Specimen: C-5· 
(Rev.04/01/2012) Sheet 1 ot.3 

Diameter [nearest 0.01 in.] Length [nearest 0.05 in.] 
Pmax [lbtJ 

Fracture Type 

1 2 1 2 3 (1-6) 

C,o s ,Cf? /l,06 (,.95 /ft.95' Is·· ro Cf 5' 
r;, ry ,. 0 .J s,s_5 /,';/, C/5 (/~ 'l5 //, lj' I i/51/22 .5 
C,.o Z s~. CJ 'f I Z , (/(.;, 12...oa ( l ,-OU J~-05 7 3 ~5 
C,O 3 f, ii3 t 2.e 5 l 2.., oo t 2 ,.,,5 Jt, L'toi S' 

{;,.o!./ )F q- r /!,9 > I 'l,{Jo (1..,,n> /0 / J' . .v / '';> 
--> 

C,oz_ .s·, er 3 lz,011:, ' ' 

h;}r, (rr~s! 
Date Time 

Date Time 

Signature Date Time 

*Cylinders to be test per ASTM C-39-12 and C-1231-l0a with a loading rate of 60,000lbt/min at concrete ages of 3, 7, 14, 28 days, and on same day that test of 
corresponding specimen is conducted. Specimens and caps free of defects unless otherwise noted in comments. Average cylinder diameter and area and unit 
compressive stress (f'c) calculated on sheet 2 of 2. 
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APPENDIX B: Purdue Phase II Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 47 of 168

Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Specimen Date 

1 

2 

3 

4 

5 

6 

Time of Test 

S/N of Testing Machine: 

Recorded by: 

Checked by: 

Comments: 

Wet/Dry 

jJ 

t>rv 

'~ 

_rj 

Cylinder Split Tensile Tests Documentation v.1 

(Rev. 05/14/2012) 

Diameter [nearest 0.01 in.] 

end middle end 

t: 77 'i,93 

§",,98 )1'11/ 

5·,r, 5 .<,J 
, cs 'i,99 (; i o/ '-I 

r01.{ ),97 5 r~5' 
,.os {, l~ 1 '{/ti./ 

'd'Y'h.e, ' ~yfG'5'8 
y Signature 

Signature 

Specimen: ----=c=·=~s_"" _________ _ 
Sheet 1 of3 

Length [nearest 0.1 in.] 
Pmax [lb1] 

Fracture 

1 2 Sketch 

2 Gu i 2..,, CJ C .5'5Jo 7 
i2 '"'" {Z,co 5/7'-/C/ 
I 2,, O(: /2,ao G'l'IS'; 

/2, 0'0 {2,VD GZ7t?6 
iZ. 0•:J l 2,t.id 51//6"7 

Date Time 

Date Time 

Date Time 

*Cylinders to be test per ASTM C-496-11 with a loading rate of 15,000lbi/min at a concrete age of 28 days and on same day that the test of the corresponding specimen 
is conducted. Specimens free of defects unless otherwise noted in comments. Average cylinder diameter and area and splitting tensile strength (ft) calculated on sheet 2 
of 2. 
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APPENDIX B: Purdue Phase II Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 48 of 168

Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Specimen Date 

1 

2 

3 

4 

5 

6 

Time of Test 

°I: 52 

7: 5'1 
CJ :cJ5 

S/N of Testing Machine: 

Recorded by: 

Checked by: 

Checked by: 

Comments: 

Wet/Dry 

0 
j!) i 

°' j), 

Cylinder Compression Tests Documentation v.2 

(Rev. 04/01/2012) 

Specimen: _ _____._tX __ :_--'-k_·:>_'~ r_· -~-~~--+-· --

/ Sheet 1 ofJ 

Diameter [nearest 0.01 in.] Length [nearest 0.05 in.] 
Pmax [lbtl 

Fracture Type 

1 2 1 2 3 (1-6) 

G·,oy c1-/ 
I l:J i J,oo ( 2,GO 12, 00 /'-/.J9 7? s 

(j"" ' 5 5·, C/1/' if,q s l Z. ero //t 9,'5 ;5·z 71 I 1..f 

c;,03' 51 yJ 12 ,05 /2 (j "/ - ' li / 2, .:Jo 15o ,01 r 3 
, IV 'f S,C/Z I 2, 00 /2, 0 f/ I z. OS' /5i ss·o s 
C,,o 3 ~.q '-/ ff ,i.5' ((,llt5 lt,7> /3/77/7_ 
G,05 5/1'-/ /Z., 0 

C 

f-,r o/f05 8 
Signature Date Time -, 

Date Time 

Signature Date Time 

*Cylinders to be test per ASTM C-39-12 and C-1231-l0a with a loading rate of 60,000lbtfmin at concrete ages of 3, 7, 14, 28 days, and on same day that test of 
corresponding specimen is conducted. Specimens and caps free of defects unless otherwise noted in comments. Average cylinder diameter and area and unit 
compressive stress (f'c) calculated on sheet 2 of 2. 
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APPENDIX B: Purdue Phase II Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 49 of 168

Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

Specimen Date 

1 

2 

3 

4 

5 

6 

Time ofTest 

? : /{/ 
i :15 
7:/9 

'/:1... 3 

f:z i 
er.:32 

S/N of Testing Machine: 

Recorded by: 

Checked by: 

Comments: 

Wet/Dry 

{)? 

{)," 

(), 

(J, 

/J 

Cylinder Split Tensile Tests Documentation v.1 

(Rev. 05/14/2012) 

Diameter [nearest 0.01 in.] 

end middle end 

C t05 f.9~ f/iJ 
/'03 ,()6 J, 9¥ 

c;ro.3 (.,.-0/ '[, 9'--i 

C 10 1{ 5'19i 5 ,. ?1/ 

)r9"f 4'/-lr' 
5 ?0 

i (j fr9? 

7laftl 

Signature 

Length [nearest 0.1 in.] 
P max [lbi] 

Fracture 

1 2 Sketch 

!Z !l ~ 332 F3 

12... ll S'f:11/7 

/Z tl '-lJ7G 3 

/?... /7 ,:,_ S' i 'I '-If! 
lZ ·"J If..-. 3S5Zo 

Date Time 

Date Time 

Date Time 

*Cylinders to be test per ASTM C-496-11 with a loading rate of 15,000lbtfmin at a concrete age of 28 days and on same day that the test of the corresponding specimen 
is conducted. Specimens free of defects unless otherwise noted in comments. Average cylinder diameter and area and splitting tensile strength (f1) calculated on sheet 2 
of 2. 
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APPENDIX B: Purdue Phase II Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 50 of 168

Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Date Disp Ticket Num 

f e::i 0'2-
1 

'Zl?) b 11 t'2--t-0't-) 

Form 3 

Casting Documentation v.1 

(Rev. 03/30/2012) 

General Information 

Truck No. Time on Ticket 

!92'2- D~.' 4-7 

"''"'1 
I 

Specimen:_C.._'~f ______ ·""'"_,.J 

Sheet 1 of j 

Time of Arrival Temp. in Lab 

/ 0 : 0 2..- 51-
Measurements made upon arrival of concrete 

Slump (ASTM C143 - 10a) Air Content (ASTM C231 - 10) 

Time1 Result1 Time1 Result1 S/N of Air Meter ,,.,._ 

- Io; 13 ,1;~/ ) !?,' 2.' 43 °/6 §lf3/'L- 0'>'2->6 ILAP2-
,:,,,w1 

C Time2 Result2 Time2 Result2 S/N of Scale ---

10:1.f<;" 1 ~" 10:3~ LJ- · I 0/v H 3 io2- 3 bo ,. 

. ' 
,.: . 

~--
Unit Weight (ASTM C138 - 10b) 

Time1 Wt. of Cont. 1 Total Wt. 1 Wt. of Conc.1 Result1 = Wt. of Conc./Vol. of Cont. 

/0: 19 g.4,~ lb 4s•J5 U:> 3h7~ Lb 3b7i>-H /o-zsJJ--s-;;: !Lt6·8:'-Jt 
Time 2 Wt. of Cont. 2 Total Wt. 2 Wt. of Conc. 2 Result2 = Wt. of Conc./Vol. of Cont. 

/0'.;?2' 8·1.f~ ~ 4~- DO Lb 3h·S~ ~ 3b·>~o/o -i~~ > ~ )~b· 2. lfr· 
Times of actions during and after casting 

- Layer 1 placed 
Layer 1 vibration 

Layer 2 placed 
Layer 2 vibration Top surface struck Truck Departing 

complete complete off Lab 

""" lo: l;-C::> IC?: s:q 10:r-b C Io ~ 2--2: 10:-80 lo,' 49-
Lifting Inserts Covered with 

Plastic removed 
Covered with Burlap doused Covered with 

Placed plastic burlap with water plastic 

f O: >9 2-: 5S: 4: 5 '7 'i2 i;'. as '#: ~~oo ··-"' ~ 

Recorded by Signature Date Time 

JA~fAL r ~AlN1 ~ 0 2-/ D 2-//i, Lf{11 ~ --
Checked by '--.J Signature Date Time 

.S. PUJOL I ~ 12./2//b 4PM f',,.,_ -r 
Checked by Signature Date Time 

Comments: 

1EfVlf @ 7 () 
0 

C,.0/'JC )0 '. ) 'l- ~ F 
.-/( 0J0.' Vl ~ ctc;w_ Q 5: 5'0 r (' 

"- 5 ·, ss-pvv\. 
*The following ASTM standards and specifications will be followed during casting: C172-10, C192-07, C470-09 
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APPENDIX B: Purdue Phase II Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 51 of 168

Truck 
1982 

Driver 
1076 

User 
user 

Disp Ticket Num 
11822021 

Ticket ID 
0 

Load Size Mix Code 
5.75 CYDS 4000cc 

Returned Qty Mix Age Seq 
D 

Description Design Qty Adj.T Required Batched Actual Wat 
Batch: 1 ----- Start: 9:47:03 End: ------- Time (hh:mm:ss): 
Buzzi 588 lb 3381 lb 3425 lb > 
STONE-8 940 lb 5416 lb 5420 lb 1 gl 
STONE-4 620 lb 3583 lb 3580 lb 2 gl 
SAND-23 1435 lb 8623 lb 8600 lb 44 gl 
WATER 322.9 lb 1456.7 lb 1450.0 lb 173.8 gl 
MICROAIR 1.10 /C 37.19 oz 37.00 oz 

Actual Num Batches: 
Load 22477 lb Design W/C: 0.549 Water/Cement: 0.542 T Design 222.5 gl Actual 
Slump: 6.00 in # Water in Truck: 0.0 lb Adjust Water: 0.0 lb / Load Trim Water: 0.0 lb / 

Time 
9:47 

Date 
2/2/16 

Load ID 
32409 

221.6 gl To Add: 0.9 gl 
CY[ 
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APPENDIX B: Purdue Phase II Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 52 of 168

f 

t 

Remit To: P.O. Box 7048, Group #2 
Indianapolis, IN 46207-7048 

· 1 Plant # !Ticket Numbe~ Truck 

I Sold.To 

oncrete elive 
Load Size Mix Slump 

I Tax Cod~ Drive~ 

Ticket Cl 
Irving lllaterials, Inc. 

Date· Customer 

I Project No. I Orderr>,1_6. 

P.O. Number 

Job No.p 

I Load Quantity I Total I Ordered Quantity I Product Godel Product Description Unit Price 

PROPERTY DAMAGE RELEASE/ WARNING - Irritating To The Skin and Eyes 
Dear Customer - The Seller is not responsible for slumps, strength or quality of concrete to which waterm any other material has been added by the purchaser or at his request. 

The undersigned hereby authorizes Irving Materials, Inc. to use private property for making the delivery shown here on and assumes full responsibility for any damage or injury due to the premises. 

The undersigned agrees to reimburse said Company for loss of time and equipment by reason of such delivery and also to identify and save harmless said Company from any and 
all claims, demands and suits for or on account of or in any manner caused by or arising from private property delivery. 

The undersigned assumes responsibility for a suitable roadway from public highway to point of delivery and is responsible for any needed wrecker service charges as a result. 

SAFETY WARNING: Keep away from children. Contains Portland Cement. Irritating to the skin and eyes. Wear rubber boots, gloves and eye protection. Prolonged contact may cause 
burns. In case of contact with skin or eyes, flush thoroughly with water. If irritation persists, get medical attention. For additional information regarding the HAZARDS OF READY MIX 
CONCRETE, consult the Material Data Safety Sheet (MSDS) available upon request. 

PRODUCT NOTICE: Seller will not be held responsible for the final appearance of exposed aggregate, integral coloring, stamped and decorative surfacing, and all other forms of 
architectural and design concrete. · 

DELIVERY NOTICE: Seller assumes no responsibility for deliveries beyond the public right of way. Buyer assumes responsibility for damages including but not limited to curb, sidewalk, 
driveway, or any property of the fontractor or property owner or agehts. · 

NOTICE: MY SIGNATURE BEL~W INDICATES THAT I HAVE READ THE SAFETY AND HEALTH WARNING NOTICE AND ACCEPTANCE OF THE LOAD. 

Release, Load and Terms Acee 

lf) 
...... 
C\J 
M 
If) 
C\J 
M 111111111111111111111111111111111111111m 1~i rnr 

t 1. -, f,. - ~. ,/t ;~ ' . 

Concrete - Sand - Gravel - Stone "We're Proud Of Our Work". General Office (317) 326-3101 

CUSTOMER COPY 
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APPENDIX B: Purdue Phase II Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 53 of 168

Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

-
... 

Date Disp Ticket Num 
~-

pee, tYl- /AJ I b I I S-2-2---tJ '2-- ~ 
,. 

Form 3 

Casting Documentation v.l 

(Rev. 03/30/2012) 

General Information 

Truck No. Time on Ticket 

tb q g JO: 4~ 

Specimen: C. '2-
Sheet 1 of 1 

Time of Arrival Temp. in Lab 

)l:06 57 
Measurements made upon arrival of concrete --· 

Slump (ASTM C143 - 10a} Air Content (ASTM C231 - 10} 
, .. ,. 

Time1 Result1 Time1 Result1 S/N of Air Meter 

! I: lb 1-;:" l/.''2-2..... L+~°fa 5 Lt-~, Lb 52 St. I LAF 2 
Time2 Result2 Time2 Result2 S/N of Scale 

/!: 4?:, {)-z_'1 /(~2,~ L.)J!/_!) H 3&o2.3bO 

Unit Weight (ASTM C138 - 10b} 

Time1 Wt. of Cont. 1 Total Wt. 1 Wt. of Conc. 1 Result1 = Wt. of Conc./Vol. of Cont. 

- l l : 2-) 6·4~4 4-~·0D U, ~b -5-!;; lb 
¾ :rs~ /4 ~ -::c )41:, . .2- lb()-

b·!lsf)-= Jr~ 

= Time2 Wt. of Cont. 2 Total Wt. 2 Wt. of Conc. 2 Result2 = Wt. of Conc./Vol. of Cont. _ 

l 1: 3,b g ·4-s Lb 44,,s-lb 3 r;.70 lb ~_r.7v~~ 
V •J-5.-ff - ,1:r2oe1fi 

Times of actions during and after casting ,nc,., 

Layer 1 placed 
Layer 1 vibration 

Layer 2 placed 
Layer 2 vibration Top surface struck Truck Departing 

complete complete off Lab 

l l : 2. s- ) J ! 30 II: 4(:, ) '.' 4-g, )J: $'3 tf; so 
Lifting Inserts Covered with 

Plastic removed 
Covered with Burlap doused Covered with 

Placed plastic burlap with water plastic 

\c_'.0O 'l ', S'"S:- 4:SS S":G<} 1"" 5:o 5 -ft 

- Recorded by Signature Date Time 

.J"A~fftL ~ ~AINI ~ o 2. I 02 )J b LfUS-fwi 
Checked by \J Signature Date Time 

S .PUJOL -4~- z/?. / I b '1'; ($ PY 

Checked by Signature Date Time 

Comments: 

@ 
0 

WrJc. --r-£:MP ,, .' '7 ~ 7P f -
+c ~Lt~ UJVVv-,t @ 5'.§'p~ 

*The following ASTM standards and specifications will be followed during casting: Cl72-10, C192-07, C470-09 
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APPENDIX B: Purdue Phase II Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 54 of 168

Truck 
1693 

Driver 
2774 

User 
user 

Disp Ticket 
11822029 

Num Ticket ID 
0 

CZ 
Time Date 
10:54 2/2/16 

Load Size Mix Code 
5.75 CYDE 4000cc 

Returned Qty Mix Age Seq 
D 

Load ID 
32416 

Description 
Batch: 

Buzzi 
STONE-8 
STONE-4 
SAND-23 
WATER 
MICROAIR 

Actual 
Load 
Slump: 

Design Qty Adj.T Required Batched Actual Wat 
1 ----- Start: 10:54:11 End: ------- Time {hh:mm:ss): 

588 lb 3381 lb 3375 lb 
940 lb 5416 lb 5400 lb 1 gl 
620 lb 3583 lb 3620 lb 2 gl 

1435 lb 8664 lb 8660 lb 49 gl 
322.9 lb 1415.5 lb 1406.0 lb 168.5 gl 

1.10 JC 37.19 oz 37.00 oz 

Num Batches: 
22463 lb Design W/C: 0.549 Water/Cement: 0.550 T Design 222.5 gl Actual 221 .4 gl To Add: 1.1 gl 
6.00 in # Water in Truck: 0.0 lb Adjust Water: 0.0 lb / Load Trim Water: 0.0 lb/ CY[ 



Appendix 2, Pg 6 of 18

APPENDIX B: Purdue Phase II Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 55 of 168
Remit To: P.O. Box 7048, Group #2 Concrete 

Indianapolis, IN 46207-7048 

Plant # Ticket Numbe Truck Load Size 

Sold To 

Delivery Address 

I Load Quantity I Total I Ordered Quantity [ Product Code [ 

elive 

Product Description 

Water Added At 
Customer's Request 

Total 

No. Gallons 

Slump Meter I I 
Reading 

Ion Job Time I Finish Pour Time 

Use 

Ticket 
Irving J\laterlals, Inc. 

Date Customer 

I Project No. I Order No. 

P.O. Number 

Unit Price 

Subtotal 

Tax 
9 fotal 

Job No.~ 

PROPERTY DAMAGE RELEASE/ WARNING - Irritating To The Skin and Eyes 
Dear Customer - The Seller is not responsible for slumps, strength or quality of concrete to which water or any other material has been added by the purchaser or at his request. 
The undersigned hereby authorizes Irving Materials, Inc. to use private property for making the delivery shown here on and assumes full responsibility for any damage or injury due to the premises. 
The undersigned agrees to reimburse said Company for loss of time and equipment by reason of such delivery and also to identify and save harmless said Company from any and 
all claims, demands and suits for or on account of or in any manner caused by or arising .from private property delivery. 
The undersigned assumes responsibility for a suitable roadway from public highway to point of delivery and is responsible for any needed wrecker service charges as a result. 
SAFETY WARNING: Keep away from children. Contains Portland Cement. Irritating to the skin and eyes. Wear rubber boots, gloves and eye protection. Prolonged contact may cause 
burns. In case of contact with skin or eyes, flush thoroughly with water. If irritation persists, get medical attention. For additional information regarding the HAZARDS OF READY MIX 
CONCRETE, consult the Material Data Safety Sheet (MSDS) available upon request. 
PRODUCT NOTICE: Seller will not be held responsible for the final appearance of exposed aggregate, integral coloring, stamped and decorative surfacing, and all other forms of 
architectural and design concrete. 

DELIVERY NOTICE: Seller assumes no responsibility for deliveries beyond the public right of way. Buyer assumes responsibility for damages including but not limited to curb, sidewalk, 
driveway, or any property of the contractor or property owner or agents. 

NOTICE: MY SIGNATURE BELOW INDICATES THAT I HAVE READ THE SAFETY AND HEALTH WARNING NOTICE AND ACCEPTANCE OF THE LOAD. 

Release, Load and Terms Accepted By: 

IX 

(I') 
N 
N 
(I') 
tn 
N 
(I') 

1111111111111111111111111111111 lllll lllll 11111111 ·1 fJ. :·::, ,-, a; .- ( r_-, 

Concrete - Sand - Gravel - Stone "We're Proud Of Our Work" General Office (317) 326-3101 

CUSTOMER COPY 
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APPENDIX B: Purdue Phase II Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 56 of 168

Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Date Disp Ticket Num 

P~i OJ.,.,I z,01/o 11 8 ..2-Z-o ~ S 

Form 3 

Casting Documentation v.1 

(Rev. 03/30/2012) 

General Information 

Truck No. Time on Ticket 

1 Ctib7 )) : .S:2-. 

I 
Specimen:_~C ........ 3""'---------.....,,j-0 

fu 
Sheet 1 oft --~, 

Time of Arrival Temp. in Lab 
fc, 

I 2--.1 o~ 57 
Measurements made upon arrival of concrete 

Slump (ASTM C143 - 10a) Air Content (ASTM C231 - 10) 

Time1 Result1 Time1 Result1 S/N of Air Meter 

,- 12. '. 17 > J, fl I 2-·o 2-2- 4,~% 5/r-3>! 2_(0.;:2-5:(, I LAP 2--
'·""- l-, 

,.~. 
\.- Time2 Result2 Time2 Result2 S/N of Scale - -

)2.•42-· 
:5'?, ,, 

)Z-'.42-- LJ,2..¾ 1-r 32-o 23, roo 2 - _, 

Unit Weight (ASTM C138 - 10b) 
w~~•, ••• ~•-

Time1 Wt. of Cont. 1 Total Wt. 1 Wt. of Conc. 1 Result1 = Wt. of Conc./Vol. of Cont ..• 

g,~s lb 4~s~U 3;, / 6 L-b 2:,7,/0~ t::_ ~ IJ.. '.2-D -n,zsl-r s }1.f-g, t+ Jt?. 
Time2 Wt. of Cont. 2 Total Wt. 2 Wt. of Conc. 2 Result2 = Wt. of Conc./Vol. of Cont. 

t 2. .' 4-f ~4~ lb 4-4 ' g, '> u .?h•4o tt 
)i,Lfo-P:-
~ty-3 + llt5·(, ~ 

I 

Times of actions during arid after casting 

Layer 1 placed 
Layer 1 vibration 

Layer 2 placed 
Layer 2 vibration Top surface struck Truck Departing 

complete complete off Lab 

- 12.-; 2.7 )2.: '30 I 2--! 4o f 2-.~ 43 C \2.!52. 12-!47 
Lifting Inserts Covered with 

Plastic removed 
Covered with Burlap doused Covered with 

Placed plastic burlap with water plastic 

12-! 57 1-: 20 b'1LiS ;;~~o ~: 5"~ 6 :00 --~-.•-

Recorded by Signature Date 
- ' 

Time 

' '\ 

:J"A-S.(A-L £: t!d.AIN I ?~~ 02--/ o':2---) ll 4- : }.S;f rl'\ I :;:::::;----
' 

Checked by Signature Date Time 

S. PUJOL A-~ 
~ I ~ ~/z/tb f : 15 Pfi 

Checked by Signature Date Time 

Comments: 

<TEMP @ 
V 

C-ot-Jc... )2- ~ )8- $- r~P 
i 

I 

*The following ASTM standards and specifications will be followed during casting: C172-10, C192-07, C470-09 
! 
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APPENDIX B: Purdue Phase II Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 57 of 168

Truck 
1967 

Driver 
3002 

User 
user 

Disp Ticket 
11822035 

Num Ticket ID 
0 

Time Date 
11:52 2/2/16 

Load Size Mix Code 
5.75 CYDS 4000CC 

Returned Qty Mix Age Seq 
D 

Load ID 
32422 

Description 
Batch: 

Buzzi 
STONE-8 
STONE-4 
SAND-23 
WATER 
MICROAIR 

Actual 
Load 
Slump: 

Design Qty Adj.T Required Batched Actual Wat 
1 ----- Start: 11:52:23 End: ------- Time (hh:mm:ss): 

588 lb 3381 lb 3390 lb 
940 lb 5416 lb 5420 lb 1 gl 
620 lb 3583 lb 3620 lb 2 gl 

1435 lb 8664 lb 8660 lb 49 gl 
317.9 lb 1386.7 lb 1372.0 lb 164.4 gl 

1.10 /C 37.19 oz 37.00 oz 

Num Batches: 
22464 lb Design W/C: 0.541 Water/Cement: 0.539 T Design 219.0 gl Actual 217.3 gl To Add: 1.8 gl 
6.00 in # Water in Truck: 0.0 lb Adjust Water: 0.0 lb / Load Trim Water: 0.0 lb / CY[ 



Appendix 2, Pg 9 of 18

APPENDIX B: Purdue Phase II Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 58 of 168
Remit To: P.O. Box 7048, Group #2 

Indianapolis, IN 46207-7048 

I Plant # !Ticket Numbe~ Truck 

Sold To 

Delivery Address 

oncrete elive 
Load Size Mix Slump 

ITax Cod~ Drive.r 

I Load Quantity I Total I Ordered Quantity I Product Code I Product Description 

Water Added At 
Customer's Request 

Ion Job Time rinish Pour Time 

Total 

No. Gallons 

Slump Meter 
Reading 

Ticket • • 1m1 
Irving lllatertais, Inc. 

Date Customer 

I Project No. I Order No. 

P.O. Number 

Unit Price 

Subtotal 

..... Jax 
. , .. , '" ·;:} / 

Total 

Job No.~ 

PROPERTY DAMAGE RELEASE/ WARNING - Irritating To The Skin and Eyes 
Dear Customer - The Seller is not responsible for slumps, strength or quality of concrete to which water or any other material has been added by the purchaser or at his request. 

The undersigned hereby authorizes Irving Materials, Inc. to use private property for making the delivery shown here on and assumes full responsibility for any damage or injury due to the premises. 

The undersigned agrees to reimburse said Company for loss of time and equipment by reason of such delivery and also to identify and save harmless said Company from any and 
all claims, demands and suits for or on account of or in any manner caused by or arising from private property delivery. 

The undersigned assumes responsibility for a suitable roadway from public highway to point of delivery and is responsible for any needed wrecker service charges as a result. 

SAFE1Y WARNING: Keep away from children. Contains Portland Cement. Irritating to the skin and eyes. Wear rubber boots, gloves and eye protection. Prolonged contact may cause 
burns. In case of contact with skin or eyes, flush thoroughly with water. If irritation persists, get medical attention. For additional information regarding the HAZARDS OF READY MIX 
CONCRETE, consult the Material Data Safety Sheet (MSDS) available upon request. 

PRODUCT NOTICE: Seller will not be held responsible for the final appearance of exposed aggregate, integral coloring, stamped and decorative surfacing, and all other forms of 
architectural and design concrete. 

DELIVERY NOTICE: Seller assumes no responsibility for deliveries beyond the public right of way. Buyer assumes responsibility for damages including but not limited to curb, sidewalk, 
driveway, or any property of the contractor or property owner or agents. 

NOTICE: MY SIGNATURE BELOW INDICATES THAT I HAVE READ THE SAFE1Y AND HEALTH WARNING NOTICE AND ACCEPTANCE OF THE LOAD. 

Release, Load and Terms Accepted By: 

X 

(J) 
N 
N 
M 
U1 
N 
M I llllll lllll lllll 111!1 ill!l lllil IIIU 1111111111111 

·; -j ~- .~ • ~, :·1 "~ ,, .. ., 

Concrete - Sand - Gravel - Stone "We're Proud Of Our Work" General Office (317) 326-3101 

CUSTOMER COPY 
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APPENDIX B: Purdue Phase II Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 59 of 168

Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

Date Disp Ticket Num 

::: re11;i 07; "'°'~ JI t '}.. 7-04- )_ 

Form 3 

Casting Documentation v.l 

(Rev. 03/30/2012) 

General Information 

Truck No. Time on Ticket 

)lo~} t2-:'-frs 

Specimen:._....,,C=· _4.__ ____ _ 
Sheet 1 of 1 

Time of Arrival Temp. in Lab 

t: o>" .;r; 
~··· 

Measurements made upon arrival of concrete 

Slump (ASTM C143 - 10a) Air Content (ASTM C231 - 10) 
-~~ .... ·-

Time1 Result1 Time1 Result1 S/N of Air Meter ::i ..... 

I: l '2... 5--f' ) : JEt 3,, 9 o/i, 5 4-3 I 2 6 s 2-Sk, / U\-P.'2-

Time2 Result2 Time2 Result2 S/N of Scale 

) ; 41. 6 
II 

I: 95 3, g- 1/1> H~go2.~bo 

Unit Weight (ASTM C138-10b) 

Time1 Wt. of Cont. 1 Total Wt. 1 Wt. of Conc. 1 Result1 = Wt. of Conc./Vol. of Cont. 

r : lb 8,q-5 Lt Lr~6o U. 31·) s:- lb 'b7• )~~ - . 1 -
-o ·l~:ft -- )4,8,6 ~ 

t..!!: 

I=" 
Time2 Wt. of Cont. 2 Total Wt. 2 Wt. of Conc. 2 Result2 = Wt. of Conc./Vol. of Corit. 

r-;..;,: 

r: 34 8- ·4~ u, 44- ·SO Up 3t•o5 lk .3{ ·tl~~ i; 
1) ,;)£ y ::: l'llJ ,2*-

Times of actions during and after casting 
/ 

"·-,-~-; ,···""'-

Layer 1 placed 
Layer 1 vibration 

Layer 2 placed 
Layer 2 vibration Top surface struck Truck Departing_ 

complete complete off Lab 

)~ 2.is- \ '. 2..2- I ,'40 I·' 44 I '. S-0 / ,' l/4 
Lifting Inserts Covered with 

Plastic removed 
Covered with Burlap doused Covered with 

Placed plastic burlap with water plastic 

:).'. DO -f ~ 'lO :5 ·.5S b: o5 6 ·, t 0 6: IS-
Recorded by Signature Date Time 

JftSfAL l 5'.A ll\J I 
(__ ~ 'a 2-J 1) '"l.-J l(o 4~ /sPvi I 
'-

Checked by Signature Date Time 

S.-PUJo L 1~ e/'2/J& 1: 15 pfvj ~ r 
' Checked by Signature Date TimJ 

Comments: 

(.D,-.Jc.., 'TT::;M f ~ } I '> ID o F-
' -

*The following ASTM standards and specifications will be followed during casting: Cl 72-10, C192-07, C470-09 

l 
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APPENDIX B: Purdue Phase II Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 60 of 168

Truck Driver User Disp Ticket Nurn Ticket ID Time Date 
1693 2774 user 11822042 0 12:45 2 /2 I 16 
Load Size Mix Code Returned Qty Mix Age Seq Load ID 
5.75 CYDS 4000cc D 32429 

Description Design Qty Adj.T Required Batched Actual Wat 
Batch: 1 ----- Start: 12:45:26 End: ------- Time (hh:mm:ss): 
Buzzi 588 lb 3381 lb 3365 lb 
STONE-8 940 lb 5416 lb 5400 lb 1 gl 
STONE-4 620 lb 3583 lb 3580 lb 2 gl 
SAND-23 1435 lb 8664 lb 8680 lb 50 gl 
WATER 317.9 lb 1386.7 lb 1376.0 lb 164.9 gl 
MICROAIR 1.10 /C 37.19 oz 37.50 oz 

Actual Num Batches: 
Load 22403 lb Design W/C: 0.541 Water/Cement: 0.543 T Design 219.0 gl Actual 217.8 gl To Add: 1.2 gl 
Slump: 6.00 in # Water in Truck: 0.0 lb Adjust Water: 0.0 lb / Load Trim Water: 0.0 lb / CY[ 
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APPENDIX B: Purdue Phase II Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 61 of 168
Remit To: P.O. Box 7048, Group #2 Concrete 

Indianapolis, IN 46207-7048 

Load Size Mix 

elivery Ticket 
Slump Use Date 

Sold To I Tax Cod~ Driv.er project No. 

4 

Customer 

I Order.No, . 

Delivery Address P.O. Number 

Load Quantity I 

Water Added At 
Customer's Request 

Ion Job Time 

Total Ordered Quantity I Product Godel 

Total 

No. Gallons 

'Finish Pour Time 

Product Description 

Slump Meter 
Reading 

Unit Price 

Subtotal 

Tax 

Total 

PROPERTY DAMAGE RELEASE/ WARNING - Irritating To The Skin and Eyes 

Job No.~ 

Amount 

Dear Customer - The Seller is not responsible for slumps, strength or quality of concrete to which water or any other material has been added by the purchaser or at his request. 

The undersigned hereby authorizes Irving Materials, Inc. to use private property for making the delivery shown here on and assumes full responsibility for any damage or injury due to the premises. 

The undersigned agrees to reimburse said Company for loss of time and equipment by reason of such delivery and also to identify and save harmless said Company from any and 
all claims, demands and suits for or on account of or in any manner caused by or arising from private property delivery. 

The undersigned assumes responsibility for a suitable roadway from public highway to point of delivery and is responsible for any needed wrecker service charges as a result. 

SAFETY WARNING: Keep away from children. Contains Portland Cement. Irritating to the skin and eyes. Wear rubber boots, gloves and eye protection. Prolonged contact may cause 
burns. In case of contact with skin or eyes, flush thoroughly with water. If irritation persists, get medical attention. For additional information regarding the HAZARDS OF READY MIX 
CONCRETE, consult the Material Data Safety Sheet (MSDS) available upon request. 

PRODUCT NOTICE: Seller will not be held responsible for the final appearance of exposed aggregate, integral coloring, stamped and decorative surfacing, and all other forms of 
architectural and design concrete. 

DELIVERY NOTICE: Seller assumes no responsibility for deliveries beyond the public right of way. Buyer assumes responsibility for damages including but not limited to curb, sidewalk, 
driveway, or any property of the contractor or property owner or agents. 

NOTICE: MY SIGNATURE BELOW INDICATES THAT I HAVE READ THE SAFETY AND HEALTH WARNING NOTICE AND ACCEPTANCE OF THE LOAD. 

'° M 
N 
M 
U1 
N 
M 111111 !11111111 (II I )11111/lll lllll !1111 ~II !!II 

Concrete - Sand - Gravel - Stone "We're Proud Of Our Work" General Office (317) 326-3101 

CUSTOMER COPY 
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APPENDIX B: Purdue Phase II Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 62 of 168

Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

,----
Date Disp Ticket Num 

:: Pel!? o7 ZtJ 1t I I 8'?--wl.f-!f 

Form 3 

Casting Documentation v.1 

(Rev. 03/30/2012) 

General Information 

Truck No. Time on Ticket 

//, 7 7 } ; t+-7 

Specimen:._....,C=·-5<------
Sheet 1 of 1 

Time of Arrival Temp. in Lab 

J'.03 J.,-f"' -
Measurements made upon arrival of concrete ·--·-

Slump (ASTM C143 - 10a) Air Cont~nt (ASTM C231 - 10) 
,_ 

Time1 Result1 Time1 Result1 S/N of Air Meter ·, 

'l'.J@ 7 '411 :2-:f6 l/·1¾ '5 1f3> 12-hs. ?-5:b I LA;-P }..-
Time2 Result2 Time2 Result2 S/N of Scale 

'.) ! 4 g, (;¾, II 
j_ 2-,'. 47 4,96/n H ::;,E-f> 2-3bo 

Unit Weight (ASTM C138 - 10b) 
" 

Time1 Wt. of Cont. 1 Total Wt. 1 Wt. of Conc. 1 Result1 = Wt. of Conc./Vol. of Cont. 

e- 1 ', IS- ~-lfS-~ 4~· fS' U, 3i) a ~G• 7# _ ~ o 1is,frg,, :::. J W -3 .3 
I 

~ 
Time2 Wt. of Cont. 2 Total Wt. 2 Wt. of Conc. 2 Result2 = Wt. of Conc./Vol. of Cont. = 

!).~ ~G g, lfs Lb 94-,sslb 36 ,, u ~'/¾ rfp-::, / 4Lr 'f !!±; {J·;:15. . . CJ g 

·-,;if Times of actions during and after casting ' 'J, 
- .. ---

Layer 1 placed 
Layer 1 vibration 

Layer 2 placed 
Layer 2 vibration Top surface struck Truck Departing _ 

complete complete off Lab 

'2-'. 3~ 2-: 3~ 2 I 50 2-.' 52 3/64 2-,'.£1 
Lifting Inserts Covered with 

Plastic removed 
Covered with Burlap doused Covered with 

Placed plastic 
'if& 

burlap with water plastic 

~;Io S:'15 6'.35' 6: ~o 6: Li§ 6 : _?() 

Recorded by Signature Date Time 

Sp,-.sr~ L s: ~A1...J' ~~ v '7-joQ__} I~ 4,~7,-0~ 
Checked by \j Signature Date Time 

A:~·, ~.PUJOL ~ I~ 2/2/! b 1: 2:5 ft--1 ~ 
r ;-

/ \j 7 I ~ 

Checked by Signature Date Time 
il:, 

Comments: 

Co£1,JC... <fl:?6'Vlf @._ 2- ,' I 1L ~ 7'.2op -

*The following ASTM standards and specifications will be followed during casting: C172-10, C192-07, C470-09 
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APPENDIX B: Purdue Phase II Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 63 of 168

Truck 
1677 

Driver 
3304 

User 
user 

Disp Ticket Nurn. 
11822044 

Ticket ID 
0 

Time Date 
13:47 2/2/16 

Load Size Mix Code 
5.75 CYDE 4000CC 

Returned Qty Mix Age Seq 
D 

Load ID 
32431 

Description 
Batch: 

Buzzi 
STONE-8 
STONE-4 
SAND-23 
WATER 
MICROAIR 

Actual 
Load 
Slump: 

Design Qty Adj.T Required Batched Actual Wat 
1 ----- Start: 13:47:23 End: ------- Time (hh:mm:ss): 

588 lb 3381 lb 3375 lb 
940 lb 5416 lb 5400 lb 1 gl 
620 lb 3583 lb 3600 lb 2 gl 

1435 lb 8664 lb 8680 lb 50 gl 
317.9 lb 1386.7 lb 1378.0 lb 165.1 gl 
1.10 /C 37.19 oz 37.00 oz 

Num Batches: 
22435 lb Design W/C: 0.541 Water/Cement: 0.542 T Design 219.0 gl Actual 218.1 gl ToAdd: 0.9 gl 
6.00 in # Water in Truck: 0.0 lb Adjust Water: 0.0 lb / Load Trim Water: 0.0 lb/ CY[ 
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APPENDIX B: Purdue Phase II Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 64 of 168
Remit To: P.O. Box 7048, Group #2 

Indianapolis, IN 46207-7048 

I Plant # !Ticket Numbeq Truck 

oncrete 
Load Size 

elivery Ticket 
Use Date Customer 

L@,""'J""o,,... ---,-,.-,'-----;-,-------------------'I_T_ax_C_o_d..,_~_D_r.,...;iv"-e+r;.,:., ----'-....;._-'---'--------'--r~-ro..:.je_c_t_N_o_. ___ _,_I _O_rd_e..,...r ___ N.;.;., o;;c.·'--.......J 

Delivery Address 

I Load Quantity I 

Water Added At 
Customer's Request 

Ion Job Time 

Total Ordered Quantity I Product Godel 

Total 

No. Gallons 

rinish Pour Time 

Product Description 

Slump Meter 
Reading 

Unit Price 

Subtotal 

Tax 

·Total 

P.O. Number 

Job No.~ 

Amount 

PROPERTY DAMAGE RELEASE/ WARNING - Irritating To The Skin and Eyes 
Dear Customer - The Seller is not responsible for slumps, strength or quality of concrete to which water or any other material has been added by the purchaser or at his request. 
The undersigned hereby authorizes Irving Materials, Inc. to use private property for making the delivery shown here ·on and assumes full responsibility for any damage or injury due to the premises. 
The undersigned agrees to reimburse said Company for loss of time and equipment by reason of such delivery and also to identify and save harmless said Company from any and 
all claims, demands and suits for or on account of or in any manner caused by or arising from private property delivery. 
The undersigned assumes responsibility for a suitable roadway from public highway to point of delivery and is responsible for any needed wrecker service charges as a result. 
SAFETY WARNING: Keep away from children. Contains Portland Cement. Irritating to the skin and eyes. Wear rubber boots, gloves and eye protection. Prolonged contact may cause 
burns. In case of contact with skin or eyes, flush thoroughly with water. If irritation persists, get medical attention. For additional information regarding the HAZARDS OF READY MIX 
CONCRETE, consult the Material Data Safety Sheet (MSDS) available upon request. 

PRODUCT NOTICE: Seller will not be held responsible for the final appearance of exposed aggregate, integral coloring, stamped and decorative surfacing, and all other forms of 
architectural and design concrete. 

DELIVERY NOTICE: Seller assumes no responsibility for deliveries beyond the public right of way. Buyer assumes responsibility for damages including but not limited to curb, sidewalk, 
driveway, or any property of the contractor or property owner or agents. 
NOTICE: MY SIGNATURE BELOW INDICATES THAT I HAVE READ THE SAFETY AND HEALTH WARNING NOTICE AND ACCEPTANCE OF THE LOAD. 

Release, Load and Terms Accepted By: 

X 

(D 
M 
N 
M 
ID 
(\J 
M 1111111 !1111 /ill! JIIII IJlll 11111 lllll 1111! !m 1!11 

Concrete - Sand - Gravel - Stone HWe're Proud Of Our Work" General Office (317) 326-3101 

CUSTOMER COPY 
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---·-··--····-····--~-

toject Tests to Determine the 
Behavior of Spliced #11 Bars 

Date Disp Ticket Num 

P.-fZ~ 02-
1
2-01t I I 32,z._o4 b 

Form 3 

Casting Documentation v.1 

(Rev. 03/30/2012) 

General Information 

Truck No. Time on Ticket 

\9 4~ 2, ( _s" 2 

,,...._.;,. 

Specimen:_.....;c=..:,· b...._ ____ --'!! 

Sheet 1 o~-1 
... 

(,,.,,. 

·-
Time of Arrival Temp. in Lab 

?>:II 53 
Measurements made upon arrival of concrete 

Slump (ASTM C143 - 10a) Air Content (ASTM C231 - 10) 

Time1 Result1 Time1 Result1 S/N of Air Meter 

k, 
?>.' ) g, 7 J/ 31.Z.2- 4-,3,cfo s g-3 i 2 h-12s: t ) LFrF 2. 

,,.. 
',, Time2 Result2 Time2 Result2 S/N of Scale 

3 :-52. G 1/4" 3'.37 lj,?% H :se o ?-sb fJ 

-Unit Weight (ASTM C138 - 10b) 

Time1 Wt. of Cont. 1 Total Wt. 1 Wt. of Conc. 1 Result1 = Wt. of Conc./Vol. ofcont,."'"" 

9:UJ B ·'-{~ ti 4~·30 LJ, 3,~ru-U. 3,{ ,~#;{ I: & :;. !!i )lf;'y 0·2-s ,rf- I'!..,/..,! 

Time2 Wt. of Cont. 2 Total Wt. 2 Wt. of Conc. 2 Result2 = Wt. of Conc./Vol. of Corit. 

~:75" g,4r~ 44-~s-Lh 36·10 u.,, 36 •1-¥/v ~ 
o •?sjf ;;. ) Lf ~. Lr ~ 

Times of actions during and after casting 
; / 

Layer 1 placed 
Layer 1 vibration 

Layer 2 placed 
Layer 2 vibration Top surface struck Truck Departing 

complete complete off Lab 

""" C s:32- 2>'. 3; ;!to 3 ·. S'S 41 tJ!/ 3: s:s 
Lifting Inserts Covered with 

Plastic removed 
Covered with Burlap doused Covered with 

Placed plastic burlap with water plastic 

4: ID Ci ','15 
,-

7:'3,0 7:3~ 7'-4 0-7:2..1:.? .r . ' 
Recorded by Signature Date Time 

~ 

J/¥.:f<P,,L $: ~~, "..) ! 
c ~~- '1)'),-}D')_/ U~ Y,(;2-{)~ I ~ 

Checked by ~ Signature Date ' Time 

s. Pl)JDL J ~ z/-2./Jb 1,12.5 PH 
~ I 

Checked by Signature Date Time 

Comments: 

C,0,Jc. 'Te:Mf@ ~ ~ t ~ - 10°P - •· 

! 

*The following ASTM standards and specifications will be followed during casting: C172-10, C192-07, C470-09 : 
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Truck 
1949 

Driver 
1395 

User Disp Ticket 
user 11822046 

Nurn Ticket ID 
0 

Time Date 
14:52 2/2/16 

Load Size Mix Code 
5.75 CYDE 4000CC 

Returned Qty Mix Age Seq 
D 

Load ID 
32433 

Description 
Batch: 

Buzzi 
STONE-8 
STONE-4 
SAND-23 
WATER 
MICROAIR 

Actual 
Load 
Slump: 

Design Qty Adj.T Required Batched Actual Wat 
1 ----- Start 14:52:27 End: ------- Time (hh:mm:ss): 

588 lb 3381 lb 3370 lb 
940 lb 5416 lb 5400 lb 1 gl 
620 lb 3583 lb 3640 lb 2 gl 

1435 lb 8664 lb 8680 lb 50 gl 
317.9 lb 1386.7 lb 1376.0 lb 164.9 gl 

1.10 /C 37.19 oz 37.00 oz 

Num Batches: 
22468 lb Design W/C: 0.541 Water/Cement 0.542 T Design 219.0 gl Actual 217.9 gl ToAdd: 1.2 gl 6.00 in # Water in Truck: 0.0 lb Adjust Water: 0.0 lb / Load Trim Water: 0.0 lb / CY[ 
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Remit To: P.O. Box 7048, Group #2 

Indianapolis, IN 46207-7048 

I Plant# I Ticket Numben Truck 

SoldJ;o 

Delivery Address 

oncrete elive 
Load Size Mix 

I Tax Cod~ Driv_e_r. · 

Load Quantity I Total I Ordered Quantity [ Product Godel Product Description 

Water Added At 
Customer's Request 

Total 

No. Gallons 

Slump Meter 
Reading 

Ticket • • 1m1 
Irving 1'111terlal1, Inc. 

Use Date Customer 

I Project No. I Order.No. 

P.O. Number 

Job No.~ 

Unit Price Amount 

(~~r. ,"";';;: 
·~ .~ ~ .. t -

PROPERTY DAMAGE RELEASE / WARNING - Irritating To The Skin and Eyes 
Dear Customer - The Seller is not responsible for slumps, strength or quality of concrete to which water or any other material has been added by the purchaser or at his request. 

The undersigned hereby authorizes Irving Materials, Inc. to use private property for making the delivery shown here on and assumes full responsibility for any damage or injury due to the premises. 

The undersigned agrees to reimburse said Company for loss of time and equipment by reason of such delivery and also to identify and save harmless said Company from any and 
all claims, demands and suits for or on account of or in any manner caused by or arising from private property delivery. 

The undersigned assumes responsibility for a suitable roadway from public highway to point of delivery and is responsible for any needed wrecker service charges as a result. 

SAFETY WARNING: Keep away from children. Contains Portland Cement. Irritating to the skin and eyes. Wear rubber boots, gloves and eye protection. Prolonged contact may cause 
burns. In case of contact with skin or eyes, flush thoroughly with water. If irritation persists, get medical attention. For additional information regarding the HAZARDS OF READY MIX 
CONCRETE, consult the Material Data Safety Sheet (MSDS) available upon request. 

PRODUCT NOTICE: Seller will not be held responsible for the final appearance of exposed aggregate, integral coloring, stamped and decorative surfacing, and all other forms of 
architectural and design concrete. 

DELIVERY NOTICE: Seller assumes no responsibility for deliveries beyond the public right of way. Buyer assumes responsibility for damages including but not limited to curb, sidewalk, 
driveway, or any property of the contractor or property owner or agents. 

NOTICE: MY SIGNATURE BELOW INDICATES'THAT I HAVE READ THE SAFETY AND HEALTH WARNING NOTICE AND ACCEPTANCE OF THE LOAD. i . 

Release, Load and Terms Accepted By: 

X 

0 
qt 
N 
C"') 
ID 
N 
C"') I !1111111111111111111111111 lllll 111111111111111111 

4 1 I G 2 2 0 \ [ \ 

Concrete - Sand - Gravel - Stone "We're Proud Of Our Work" General Office (317) 326-3101 

CUSTOMER COPY 
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Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

Specimen(s) 

C t-C~ 

all cyJir1.clus 

S ;rtci M.Ut,S t-

Recorded by 

~'vt~ ~'ilM -Checked by 

LJ,LL.- a~l,/J,i J _$ 

Checked by 

Comments: 

Curing Documentation v.1 

(Rev. 03/30/2012) 

General Information 

Date 

if z/Je, 
Time Beginning 

5:2.'-{ 

Purdue University - Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

,4aJ'~h~ 

Time Ending 

C,: i O 

Temperature inside Lab (deg. F) 

65 
Description of Work Performed 

c.,y.-L' t\ clu-s Ce,✓~ te.,J w/ p/o.;,J/.,C,, sha/.,1J 

Signature -- Date Time 

'~~ ,7 .,,, 7'\ 2/Z//[p G: 10 
Signature Date Time 

r. ... 

~i/'i!ik 1

1

," 
?-1

1 2/t-t C: JO 
Signature Date Time 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

Specimen(s) 

Cl-CC&, 
aAi ~-,~1 

fpa,,~J rf--

end pltofil-

Recorded by 

~~ I Qul(M 
.i:hecked by 

lJ.iLL f);__l-4l1S 
Checked by 

Comments: 

Curing Documentation v.1 

(Rev. 03/30/2012) 

General Information 

Date 

i/z./1, 
Time Beginning 

G: 15 

Purdue University - Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

<b'rtdt 
A fw cas'th'Aj 

Time Ending 

, :' 38 
Temperature inside Lab (deg. F) 

55 
Description of Work Performed 

cy1A11.~ (owt,J w/ dry> /Jvr~ 

5/uA!,f-,lj 

Sign~re Date Time 

~ ~ .... 
2-/2-/1to C: 'lo / ~/S,..' -

l..-/ Signature Date Time 
i ,,_ " ,. A 

Z(/j,--rll/~~'~ (l~,,rn , "2/2/JC r;, : L-f C) 
Signature Date Time 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

Specimen(s) 

Ct- CG 
~/( cy.h'.AJMS 

Curing Documentation v.1 

(Rev. 03/30/2012) 

General Information 

Date 

2/3 ;, " 
Time Beginning 

/0 :05 tvn 

Purdue University - Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

I dtvj 
Time Ending 

/t> J 2.> ~ 
Temperature inside Lab (deg. F) 

bO 
Description of Work Performed 

5peuMU5 J- CF/ldus dov~ w/ t,'\.C\.-+er 

M ct recove__i-e.d, 

Recorded by Signature Date Time 

~~ ~l~ ~~Z -t./g/;, 1tJ,· is 
Checked by - Signature Date Time 

Checked by Signature Date Time 

Comments: 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Specimen(s) 

CI ·- C (t 

()(,II cfe' ;:1 d us 

Curing Documentation v.1 

(Rev. 03/30/2012) 

General Information 

Date 

2 ( Lj ll tp 

Time Beginning 

l: t-/f' C<&'\ 

Purdue University - Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

z d4 
Time Ending 

/0 ~' /Z ~ 

Temperature inside Lab (deg. F) 

Go 
Description of Work Performed 

) r c/1'11.Ut J +- e-y.u:1Jl/S btJhf dovS<-l 

wj 1,,vv1., kr Ol\d ;---e,_ c ov1u·t,. d ~/ f i ltf# (_ 

5t~•h'7 

Recorded by Signature Date Time -
/{,t\$,W} 5r/1~ ~~ z /1-1 /lro /0: I 2. 

1checked by 
, 

z::::::sfgnatITTe Date Time 

Checked by Signature Date Time 

Comments: 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Specimen(s) 

Cl-CG 

all c yv·/1 de-.0; 

~ SfkaiW/t"i 

Curing Documentation v.1 

(Rev.03/30/2012) 

General Information 

Date 

2/ f>" /1 ~ 
Time Beginning 

/() . ~ '. ,)() CVV/ 

Purdue University - Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

3 /4 
Time Ending 

7 : IS 1,-,, 
Temperature inside Lab (deg. F) 

C,1 
Description of Work Performed 

.f- c~~1dvs <b//ii-d l,// tvti-1-U' 

h hrms sfruc t w,'+'lv'I\ ~5"'1') -fr;V\f,,)' 
. 

~ ¥1:1~ s/np~d , ? t OJ2.f:.,d {lex.. f -h 
r 

wp :Ffet:,,f14,15 On 

~ s,-u,i1wt) rf- ctR,;;tdv5 C {) I;'-(/((, d (,,if/ burvU-f 

tvid ')hu·hj f1J'5·f ft>f'M s-+n·~·J 

Recorded by Signature .,,,-, Date Time 

t·llw-1 5f:1 tU1 ~-/'/ ~y :2/~(/[p 7:/S 
thecked by "" , s· 1gpature 

/1/J 1 
Date Time 

U ~l- ~lUJlt 5 f/4)/J~4fi· s:2~1/Jl Cf~ JC 
Checked by Signature Date Time 

Comments: 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

Specimen(s) 

Cl- Ci 

w ~rt~~ 

Curing Documentation v.1 

(Rev. 03/30/2012) 

General Information 

Date 

-z/er ;,, 
Time Beginning 

2 :, ou f''11 

Purdue University - Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

'i '~ 
Time Ending 

2 'J··, ,- c.: 

Temperature inside Lab (deg. F) 

,i 
Description of Work Performed 

)f .f c,f ./Le/1 5 ,j- C ~Pl~-"j borbp clo v f-,(_, l 

r,,.;/ i-,,tvW O'l.d l'e lot,,G,t.d v/ p I C,i_sf;'c,. 

;Au·fl.) 

Recorded by Signature Date Time 

{<in){fa1 5i;llvl r-~V---.,-::::,,-y i/t /j(? z:3° 
Checked by ~ Signature 

l 

Date Time 

Checked by Signature Date Time 

Comments: 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Specimen(s) 

Cl- eto 

ti,,{ ( t_p;.&~1~ 

Recorded by 

r:·r\)v// ~/6// 
Checked by 

Checked by 

Comments: 

Curing Documentation v.1 

(Rev. 03/30/2012) 

General Information 

Date 

2 /&/I' 
Time Beginning 

7: 35' 4-Yl 

Purdue University - Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

~ l~ 
Time Ending 

/cJ.·oo c.--....,-, 

Temperature inside Lab (deg. F) 

j'~ 

Description of Work Performed 

5F, ';i,,.e"I , I- cr,Jidu5 <iPucd c.,,/ {vt1t,/-if· 

md ((5 l.,~d ~-.1 / 1-t p1tcS- c.- 5ku•h1, 

Signature Date Time 

-~~~== -i/s/1~ ;o:oo <il1.. 
/ 

' :Sinature Date Time 

Signature Date Time 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 



Appendix 3, Pg 8 of 8

APPENDIX B: Purdue Phase II Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 75 of 168

Project: Tests to Determine the 

Behavior of Spliced #11 Bars 

Specimen(s) 

Ct·- c~ 
µ}_ cp,t>i&./5 

7 clo.J Cvn1) 

Curing Documentation v.1 

(Rev. 03/30/2012) 

General Information 

Date 

2/1/Jc 
Time Beginning 

3:00 ~ 

Purdue University - Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

7 I c«-J 
Time Ending 

3/,i/) fr'1 

Temperature inside Lab (deg. F) 

Co 
Description of Work Performed 

('r!J •""-f /~ f--e I 5p-c u:t--<-1. 5 Md c1.JA,/l M 

U i1 Co ve.,--e. d ~·t\.A.. t;vt+ bvrv(_"-f W\.-J 

p(o.ShL '.::.h,H:A,'J 

, 

Recorded by Signature Date Time 

&v&t-t 
i.._ 

~t6v? ~- _f7 z/o,//6 ~:;r 
I 

Checked by ·:::1/ Signature Date Time 
/ • 

IJtlL [l . Ml> J f~rf)jk)ft ,:2/q/(r;- i1 ',ft;-

Checked by Signature Date Time 

Comments: 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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SOLD PRIMESOURCE BUILDING PRODUCTS NU C: CJ R 
4316 W MINNESOTA ST 

TO: INDIANAPOLIS, IN 46241- NUCOR STEEL MARION, INC. 

SHIP PRIMESOURCE BUILDING PRODUCTS 
J&K Supply 

TO: 3515 Coleman Ct 
LAFAYETTE, IN 47905-

CERTIFIED MILL TEST REPORT 

Ship from: 

MTR #: 0000046153 
Nucor Steel Marion, Inc. 

912 Cheney Avenue 
Marion, OH 43302 
7403834011 

Page: 

Date: 1-Dec-2015 

B.L. Number: 402908 

Load Number: 136352 

Material Safety Data Sheets are available at www.nucorbar.com or by contacting your inside sales representative. NBMG-08 Januorv 1, 2012 

LOT# 
PHYSICAL TESTS 

DESCRIPTION YIELD I TENSILE I ELONG I 
HEAT# P.S.I. P.S.I. % IN 8" 

PO# => 1040-4500197870 

MR1510554501 Nucor Steel - Marion, Inc. 67,100 104,100 12.0% 

MR15105545 13/#4 Rebar 463MPa 718MPa 

20' A615M GR420 (Gr60) 
ASTM A615/A615M-14 GR 60(420) 

AASHTO M31-07 

PO#=> 1040-4500197870 
MR1510603601 Nucor Steel - Marion, Inc. 66,900 104,500 13.2% 

MR15106036 16/#5 Rebar 461MPa 721MPa 

lO' A61 ::>M GR420 (Gr60) 

ASTM A615/A615M-15 GR 60(420] 

AASHTO M31-07 

PO# => 1040-4500197870 

MR1510603701 Nucor Steel - Marion, Inc. 65,800 103,200 12.0% 

MR15106037 16/#5 Rebar 454MPa 712MPa 

20' A615M GR420 (Gr60) 
ASTM A615/A615M-15 GR 60(420] 

AASHTO M31-07 

I hereby cer1ily thot lhe matcnol descrrbed here,n has been manufactureo ,n accordance wilh 
lhc spooficatoos ~nd standards ~sled .>t>ove and lhat ,t ~llsfies those roqu,remcnts I.! Weld repair was not perlormed on lhls malen81 
2. Melted and Manufactured ,n the un,1ed Stales 
3. Mercury. Radium, or Alpha source matenals. 1n any fot1n 

have nol been used in lhe producI,on ol lhIs maleroal 

BEND 

OK 

OK 

OK 

I "./2,....,. I ~ 11.1; I ''1/"r-, I ·~•~ I ~, I "½"h I---~- I 

-4 .5% .40 1.04 .018 .043 .21 .36 

.031 .14 .20 .048 .003 0 .00 

-4.6% .40 1.07 .015 .031 .15 .35 

.038 .13 .19 .047 .005 .002 

-5.0% .41 1.03 .017 .038 .20 .34 

.038 .13 .20 .046 .005 .002 

QUALITY cl_,., 
ASSURANCE: Ignatius Okafor 1f' ",t>.rI[; __ _( .. c;f 1"1.------

C.E. 
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NUCOR 
NUCOR STEEL KANKAKEE, INC. 

To: AMBASSADOR STEEL FAB LLC 
POBOX627 
AUBURN, IN 46706 
(260) 927-3075 
Fax: (765) 455-4225 

Customer P.O. 0000161822 

Product Group Rebar 

Grade ASTM A615/A615M-14 GR 60[420) 

Size 36/#11 Rebar 

Mill Certification 
7/17/2015 

AASHTO M31-07 

Ship To: AMBASSADOR STEEL CORP 
149 SYCAMORE LANE 
MOORESVILLE, IN 46158 
{317) 834-3434 

Sales Order 

Part Number 

Lot# 

Heat# 

Product 36/#11 Rebar 60' A615M GR420 (Gr60) B.L. Number 

Description A615M GR 420 (Gr60) Load Number 

Customer Spec Customer Part# 

MTR #: 0000080668 
NUCOR STEEL KANKAKEE, INC. 

One Nucor Way_ 
Bourbonnais, IL 60914-4127 

(815) 937-3131 
Fax: (815) 939-5599 

312954.23 

900000367204200 

KN1510386801 

KN15103868 

K1-505038 

K1-5161822 

MARKET 

I hereby certify thal the material descobed herein has been manufactured In accordance with the sp~ificalions and standards listed above and that ii satisfies those requirements. 

Roll Date: 6/30/2015 Melt Date: 6/25/2015 Qty Shipped LBS: 38,255 Qty Shipped Pcs: 120 

Melt Date: 6/25/2015 

C 
0.38% 

Mn 

1.08% 

p 

0.013% 

CEA706: A706 CARBON EQUIVALENT 

Roll Date: 6/30/2015 

{] . ..• ld 1: 69,379psl 

' •• 0 nd OK 

Specification Comments: 

s 
0.048% 

Si 
0.20% 

Cu 
0.29% 

NI 
0.18% 

Tensile 1: 105,322psl 

Weight Variation -004.0% 

Cr 
0.11% 

Mo 
0.057% 

V 
0.0165% 

Cb 
0.000% 

CEA706 
0.58% 

Elongation: 13.25% in 8"(% in 203.3mm) 

Avg Deformation Height: 0.077in 

ALL MANUFACTURING PROCESSES OF THE STEEL MATERIALS IN THIS PRODUCT1 INCLUDING MEL TING...,_ HAVE OCCURRED WITHIN 
THE UNITED STATES. ALL PRODUCTS PRODUCED ARE WELD FREE. MERCURY, IN ANY FORM, HAS N01 BEEN USED IN THE 
PRODUCTION OR TESTING OF THIS MATERIAL. 

NS',!G-10 January 1, 2012 

MattLuymes 

Division Metallurgist Page 1 of 1 



 Calculation of Moment and Stresses

b 17 5
8+ in:= Width 

h 30in:= Height 
c 5.7in:= Cover to centroid of reinforcement
d h c- 24.3 in=:= Effective depth

As 2 1.56 in2:= Area of steel outside the splice

Reinforcement ratio outside splice region
ρ

As
b d 0.73 %=:=

Asp 4 1.56 in2 6.24 in2=:= Area of steel in spliced region

ρsp
Asp
b d 1.46 %=:= Reinforcement ratio inside splice region

f'c 5500psi:= Concrete compressive strength
Assuming the average of the 6 tests which varied
between 5200psi and 5900psi

Ec 57000 f'c psi 4.2 103 ksi=:= Modulus of elasticity of concrete

Es 29000ksi:= Modulus of elasticity of steel 

n Es
Ec

6.9=:= Modular ratio
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 Calculating Moments
Contribution of self weight

γ 150 lbf
ft3

:= Unit weight of concrete

w γ b h 0.55 kip
ft=:= Self weight per foot

LT 34ft 4in+ 412 in=:= Total length of beam
LS 151in:= Span between supports
LLP 9ft 8.5in+ 116.5 in=:=

Distance from support to load point
Distance from end to supportLend

LT LS-
2 130.5 in=:=

M x( ) w LT
2 x Lend-( ) w x2

2


-:=
Moment at support due to SWMsupp_SW M Lend( )- 32.6 kip ft=:=

Msup_SW 1
2 Lend w Lend( ) 32.6 kip ft=:= Check 

Msplice_SW M Lend 36in+( )- 24.7 kip ft=:= Moment at splice end due to SW

 Applied Load
 At load point
Phw 2 42 118+ 79+ 52+ 2 65+ 2 31+( )lbf 0.53 kip=:= Weight of hardware

Pjack

39.7
40
40.4
40.9
40.2
40.7





kip:= Load from hydraulic jacks

Papp Phw Pjack+:= Total load applied at load point
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 Clamps
Assume the weight of 12 clamps is
distributed uniformly from end of beam to
support

wclamp 12 66 lbf
Lend

0.073 kip
ft=:=

Mclamp 1
2 Lend wclamp Lend 4.3 kip ft=:= Constant between supports

 Maximum moment at support and splice end

i 0 5..:=

Msuppi Pappi  LLP Msupp_SW+ Mclamp+:=

Msupp

427
430
434
439
432
437





kip ft=

Msplicei Pappi  LLP Msplice_SW+ Mclamp+:=

Msplice

419
422
426
431
424
429





kip ft=
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 Estimating Stress in Steel at Support and Splice End 

k ρ
2 n2 2 ρ n+ ρ n- 0.27=:=

j 1 k
3- 0.91=:=

M As fs j d=

fs M
As j d=

fs_suppi
Msuppi
As j d:= fs_spi

Msplicei
As j d:=

fs_supp

74.3
74.8
75.5
76.4
75.2
76





ksi= fs_sp

73
73.5
74.1
75
73.8
74.7





ksi=
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Tests	to	Determine	the	Behavior	
of	#11	Bars	with	Lap	Splices	–	TEST	SERIES	C	
Bowen	Laboratory	
Purdue	University		
April	8,	2016	
	
Test	Procedure	
	
This	procedure	refers	to	the	test	described	in	the	proposal	titled	Experimental	Study	
of	The	Effect	of	Laminar	Cracks	on	Strength	and	Ductility	79‐in	Splices	of	#11	
Reinforcing	Bars	submitted	to	First	Energy	Corporation.	Parameters	for	
performance	of	tests	are	specified	in	this	document.		
	
1.	Fabrication	
	
	 1.1	Formwork	
	
	 	 The	formwork	shall	be	made	using	non‐absorbent	plywood.		Its	
interior	shall	be	caulked	to	prevent	water	leakage	and	it	shall	be	covered	with	a	thin	
layer	of	oil	before	casting.	The	dimensions	of	the	formwork	shall	be	checked	and	
recorded	using	Form	1.	
	
	
	 1.2	Reinforcement	Cages	
	
The	steel	reinforcement	cages	shall	be	built	following	the	same	drawings	and	forms	
used	for	test	Series	B	(attached).	Reinforcing	bars	shall	be	supported	by	steel	chairs	
placed	away	from	lap	splices.	To	ensure	alignment,	the	bars	shall	be	tied	to	chairs	
and	to	one	another	using	gage‐16	steel	wire.		The	location	of	the	reinforcement	shall	
be	recorded	using	Form	1.			The	locations	of	wire	ties	and	rebar	markings	shall	be	
recorded	using	Form	2.	
	
Tolerances	(within	the	test	region)	are:	
		
3/16"	for	horizontal	cover	and	horizontal	spacing	measured	to	the	surface	of	the	bar	
(excluding	ribs)	
1/4"	for	vertical	distances	shown	in	Form	1	
	
	 1.3	Casting	
	
Fresh	concrete	properties	to	be	measured	include:	
	
	 Unit	Weight	
	 Slump	
	 Air	Content	
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These	measurements	shall	be	made	following	the	Specifications	and	recorded	using	
Form	3.	
	
Slump	shall	be	measured	before	any	other	activity	related	to	casting	takes	place	to	
make	sure	that	the	delivered	mix	has	satisfactory	workability.		The	mixing	truck	
shall	deliver	a	ticket	with	the	batched	mix	weights.		These	weights	shall	be	examined	
to	corroborate	that	the	delivered	mix	has	the	specified	proportions.		Concrete	shall	
not	be	accepted	if	it	arrives	more	than	45	min.	after	leaving	the	batching	plant.	No	
water	shall	be	added	to	the	mix	after	the	truck	leaves	the	plant.	
	
Specimens	and	cylinders	shall	be	cast	and	vibrated	in	two	lifts	following	the	
Specifications.		The	vibrators	to	be	used	shall	have	the	following	cross‐sectional	
dimensions:	
	
For	cylinders:		 	 3/4"	‐	7/8"	
For	Larger	Specimens:		 1‐3/4"	
		
Their	frequencies	shall	be	between	50	and	200	Hz.	
	
	
Excess	concrete	shall	be	removed	off	the	formwork.		The	exposed	surfaces	of	the	
specimens	shall	be	finished	using	cast	magnesium	floats.	Lifting	inserts	shall	be	
inserted	in	the	fresh	concrete	as	soon	as	the	finishing	is	completed.	
	
Each	test	beam	shall	be	cast	using	concrete	from	a	single	mixing	truck.		A	complete	
set	of	concrete	samples	(cylinders)	shall	be	obtained	from	each	truck.	Test	beams	
and	samples	shall	be	marked	with	a	number	referring	to	the	truck	from	which	they	
were	cast	and	the	date	of	casting.	In	each	casting	day,	trucks	shall	be	numbered	
sequentially	starting	at	1.		The	number	assigned	to	a	truck	shall	be	written	clearly	
on	the	mix	ticket	describing	the	mix	proportions	for	the	batch.		Test	beams	shall	be	
cast	and	tested	oriented	in	the	North‐South	axis	of	the	laboratory..	Beam	ends	facing	
North	during	casting	shall	face	North	during	testing.	During	finishing,	the	North	end	
of	each	beam	shall	be	marked	with	the	letter	N.	
	
These	activities	shall	be	documented	using	Form	3.	
	
	 1.4	Curing	
	
As	soon	as	casting	is	completed	all	specimens	shall	be	covered	with	impermeable	
sheets.	When	the	concrete	surface	sets,	wet	burlap	shall	be	inserted	between	these	
sheets	and	the	exposed	concrete.	All	formwork	and	molds	shall	be	struck	no	later	
than	three	days	after	the	cast.			
	
All	exposed	concrete	surfaces	shall	be	covered	by	wet	burlap	and	impermeable	
sheets	for	a	total	of	at	least	seven	days	after	casting.		
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Burlap	shall	be	doused	with	water	at	least	every	other	day	during	the	curing	period.	
	
Curing	activities	shall	be	logged	using	Form	4.	
	
Test	cylinders	shall	be	stored	and	cured	next	to	the	test	specimens	and	under	
similar	conditions	of	temperature	and	humidity.	
	
The	variation	of	concrete	strength	with	time	shall	be	monitored	as	specified	in	the	
Specifications.		The	results	of	cylinder	tests	shall	be	recorded	using	Form	5.		
	
2.	Calibration	
	
Three	types	of	measurements	will	be	made:	displacement,	force,	air	content.		
	
The	apparatuses	to	be	used	to	calibrate	sensors	to	measure	these	quantities	are:	
	
	 Displacement	Sensors:	INSTRON	Universal	Testing	Machine	(S.N.:___________)	
	 Load	Sensors:		INSTRON	Universal	Testing	Machine	(S.N.:	__________)	
	 Air	Content:	Calibrated	Cylinder	(S.N.:____________)	
	
Load	and	displacement	sensors	will	be	calibrated	following	steps	listed	below:	
	

1) Connect	the	sensor	to	the	data‐acquisition	system	that	is	going	to	be	used	in	
the	test		

2) Set	and	record	the	excitation	voltage	to	the	maximum	possible	value	(not	
exceeding	the	maxima	specified	for	the	data‐acquisition	system	and	the	
sensor)	

3) Set	the	data‐acquisition	equipment	to	record	voltage	
4) Set	the	gain	of	the	data‐acquisition	system	to	the	first	available	level	lower	

than	the	ratio	of	the	maximum	range	of	the	system	to	the	maximum	expected	
output	from	the	sensor.		

5) Mount	the	sensor	on	the	universal	testing	machine	
6) Apply	a	series	of	known	displacement	or	force	increments	to	the	sensor	

ranging	between	10%	and	90%	of	the	rated	capacity	of	the	sensor	
7) Record	the	voltage	read	on	the	data‐acquisition	system	at	each	known	

displacement	or	force	increment	
8) Create	a	plot	of	change	in	output	voltage	vs.	change	in	force	or	displacement		
9) Fit	a	line	to	the	plot	from	7)	using	“least	squares”	
10) Record	the	slope	of	the	line	from	8)	(sensor	sensitivity)	
11) Label	the	cable	used	in	the	calibration	with	the	serial	number	of	the	sensor	

	
Sensors	shall	be	calibrated	before	the	first	test	and	after	the	final	test.	
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The	apparatus	used	to	measure	air	content	of	the	fresh	concrete	shall	be	calibrated	
following	the	procedure	described	in	ASTM	standard	231.	Form	6B	shall	be	used	to	
document	the	calibration.	
	
All	calibrations	shall	be	performed	by	at	least	two	persons:	one	leading	each	step	
and	the	other	checking	the	work	of	the	first	independently.		A	log	of	each	calibration	
shall	be	made	using	Form	6	and	it	shall	include	an	estimate	of	the	accuracy	of	the	
sensor.	
	
Sensors	for	which	the	sensitivity	obtained	in	9)	above	deviates	by	more	than	10%	
from	the	nominal	sensitivity	(as	reported	by	the	manufacturer)	shall	not	be	used	in	
any	of	the	tests.	
	
3.	Setup	
	
	 Each	test	beam	shall	be	placed	on	two	roller	supports	as	described	in	the	
attached	proposal.	The	final	location	of	the	supports	shall	be	measured	(to	the	
nearest	1/16	in.)	and	reported	using	Form	7.	The	maximum	deviation	from	nominal	
setup	dimensions	shall	be	¼	in.		As‐built	external	dimensions	of	each	test	beam	shall	
be	recorded	using	the	same	form.		The	maximum	deviation	from	nominal	
dimensions	in	the	test	region	shall	be	¼	in.	
	
The	test	beam	shall	be	placed	with	the	reinforcement	facing	up	as	shown	in	the	
attached	proposal.		
	
The	shear	spans	shall	be	reinforced	with	external	stirrups	(pairs	of	5/8‐in	threaded	
rods)	installed	at	a	spacing	not	exceeding	12	in.	The	locations	of	the	stirrups	shall	be	
measured.	The	measurements	shall	be	recorded	using	Form	7.	
	
The	loading	rigs	(consisting	of	a	loading	tube,	two	hydraulic	rams,	two	threaded	
rods,	plates	and	nuts,	and	one	load	cell	per	rig)	shall	be	placed	on	the	test	specimen	
and	connected	to	“the	strong	floor”	of	the	laboratory	(without	applying	load	to	the	
specimen	other	than	the	weight	of	the	rigs)	as	described	in	the	attached	proposal.	
The	rams	in	each	rig	shall	be	connected	to	a	single	manifold	and	pump	using	10,000‐
psi	hydraulic	hoses.	All	hoses	and	other	hydraulic	hardware	shall	be	inspected	
visually	and	replaced	–if	defective‐	before	testing.				
	
4.	Instrumentation	
	
Displacement	sensors	shall	be	installed	at	midspan,	at	each	support,	and	at	each	
load	point.		They	shall	be	secured	to	the	strong	floor	of	the	laboratory	directly	below	
the	point	where	displacement	is	to	be	measured.		
	
All	sensors	(displacement	and	force)	shall	be	connected	to	the	data	acquisition	
system	using	the	same	cables	used	during	calibration.	The	excitation	voltage	and	
gain	shall	also	be	set	to	the	value	used	in	calibration.		The	data	acquisition	system	
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shall	be	set	to	record	voltage	changes	caused	by	loading.	Before	applying	load	with	
the	hydraulic	rams,	all	sensors	shall	be	set	to	read	a	voltage	value	between	10%	and	
90%	of	the	voltage	output	of	the	sensor	at	its	rated	capacity.		These	voltages	shall	be	
referred	to	as	the	“zero	offsets”	of	the	sensors.	If	a	sensor	is	set	to	have	an	initial	
voltage	exceeding	20%	of	its	output	at	rated	capacity,	the	sign	of	the	initial	“zero	
offset”	shall	be	opposite	to	the	sign	of	the	expected	change	in	its	signal.			
	
Set	the	data	acquisition	system	to	scan	all	sensors	and	save	at	least	one	record	per	
sensor	every	1	sec.		
	
Record	a	file	of	“zero	offsets”	capturing	at	least	10	min.	of	data	before	any	load	is	
applied	with	the	hydraulic	system.	
	
Means	of	initial	voltages	for	all	sensors	(mean	“zero	offsets”),	sensor	serial	numbers,	
the	most	recent	sensitivity	constants,	excitation	voltages,	and	the	channels	of	the	
data‐acquisition	system	used	for	each	sensor	shall	be	recorded	using	Form	8.		The	
pairing	of	channels	and	sensors	shall	be	checked	by	a	second	person	working	
independently	from	the	person	making	the	initial	connections.	
	
Infrared	targets	to	be	used	to	measure	displacements	as	described	in	the	attached	
proposal	shall	be	glued	to	one	face	of	the	test	beam	using	epoxy	adhesive.		The	
numbering	sequence	of	these	targets	shall	be	recorded	using	Form	9.	
	
Video	cameras	(one	for	long‐time	lapse	video	and	one	for	high‐speed	video)	will	be	
positioned	to	capture	the	response	of	the	mid	third	of	each	specimen.		To	the	extent	
possible,	the	location	of	the	cameras	shall	be	the	same	in	all	tests.	
	
	
5.	Testing	
	
The	following	actions	shall	take	place	during	each	test:	
	
	 At	the	end	of	each	loading	increment:	
	

Mark	Cracks:	all	visible	cracks	shall	be	marked	using	black	permanent	
markers.		Cracks	shall	be	marked	by	drawing	lines	parallel	to	
them	and	with	an	offset	of	approximately	0.25	in.		

	
Measure	Crack	Widths:	Crack	widths	shall	be	measured	using	crack	

comparators	or	graduated	handheld	microscopes.	
	
Measure	coordinates	of	infrared	coordinates:	A	set	of	coordinates	shall	be	

obtained	using	an	OptoTrak	System	600	Pro.	A	set	of	four	
targets	shall	be	attached	to	the	strong	floor.	They	shall	be	
located	at	approximately	the	same	distance	to	the	OptoTrak	
cameras	as	targets	attached	to	the	test	beam.	Coordinates	for	
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these	reference	targets	shall	be	obtained	at	each	loading	
increment.	They	are	to	be	used	to	monitor	the	stability	of	the	
OptoTrak	system	by	computing	the	variation	in	the	distances	
between	reference	targets.	

	
In‐Test	Data	Backup:	At	every	loading	increment	the	data	being	produced	by	

the	data‐acquisition	system	shall	be	copied	to	an	external	hard	
drive	or	USB	memory.	

	 	 	
Photographs:	a	set	of	high‐resolution	photographs	shall	be	obtained	after	

cracks	are	marked	at	each	loading	increment.	The	photographs	
shall	include	views	of	both	elevations	of	the	test	beam	and	the	
top	concrete	surface	above	lap	splices.	

	
The	following	data	shall	be	recorded	throughout	each	test:	
	

Sensor	readings:	to	be	recorded	on	a	hard	drive	in	volts.		Conversion	to	
engineering	units	shall	be	done	after	the	test	as	follows:		

	
	 	 ‐Subtract	zero	offsets	
	 ‐Divide	the	result	by	the	sensitivity	obtained	in	the	most	recent	

calibration	
	 Lapse	video	photographs:	to	be	obtained	every	5	min..	
	 	 	
Actions	to	be	taken	at	failure	
	
	 Trigger	high‐speed	camera	to	record	breaking	away	of	the	concrete	cover	
and	relative	movement	of	the	bars.	
	
Actions	to	be	taken	after	test	
	

Generate	a	record	of	sensors	that	may	have	malfunctioned	or	been	
accidentally	moved	during	the	test	
	
Remove	from	all	files	recordings	from	sensors	for	which	the	results	of	the	
after‐test	calibration	differ	by	more	than	5%	from	the	before‐test	calibration.	
	

The	referenced	proposal	states:		
	
“The	first	loading	is	planned	to	be	to	a	deflection	at	mid‐span	of	0.4	in.	Previous	
investigation	has	shown	that	at	that	deflection	the	laminar	cracks	are	likely	to	
exceed	a	width	of	0.03	in.	The	load	will	then	be	taken	off	and	reapplied	until	failure	
is	obtained.”	
	
If	deemed	safe	during	testing,	extending	the	first	loading	to	a	larger	mid‐span	
deflection	shall	be	allowed.		
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6.	Reporting	and	Backup	
	
Produce	all	the	captured	data	in	two	ways:	
	
	 By	uploading	data,	photos,	and	video	to	datacenterhub.org	or	
ftp.ecn.purdue.edu.	
	 By	recording	all	data,	photos,	and	video	on	a	magnetic	hard	drive		
	
Reports	shall	be	produced	as	described	in	the	Specifications.	
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Purdue Ur~fsity Specimen :-C) C :S 
Average Load North South North Splice 

Midspan (in) 
South Splice LVDT North LVDT South 

(lbf) Overhang (in) Overhang (in) End (in) End (in) Support Support 
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Purdue Un(Jsity 

Average Load North South North Splice 
(lbf) Overhang (in) Overhang (in) End (in) 

1 . I 2. c) 0 0 

2 - IL 0.0'2?> -.a Of, -. oox 
3 /S. 2.. o.4ia o.45~ +. 050 

< I 
4 

23. 2S 0.91$ 0.9'24 a.11t . 
5 ~---·tj"41-~r.: . .;;;;,.... 
6 3'2. b 1.441 I .405 O.l'lS'O 
7 36.G, (.310 I .'930 0.240 
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35-1 l-'6I5 I. cr3'2. 
9 31.i Z,1-l~ 1.317 ,303 

10 39 2.. 69::J. 3. O~C, . 3~ 1" 
' 11 0-1 I. -zo1- I. 55'1 . \ ::i-:::i-

12 14. 5 I. =to I 2.. 0°) 5 . 241 
13 e1.=r £. l5b 2. 5-f':) • 3/ 0 

14 ?>4-~ 2 .591. z .;Cj? . 3-:,-~ 
15 

I \_ ~ 

16 J,, IE ST To F 'l\ I LUJZ-E. 
17 
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Specimen:~ 

Midspan (in) 
South Splice LVDT North LVDT South North Load Cell 

End (in) Support Support (lbf) 

0 o .oo I 0 0 o.z 

-ooS - 000 -. 0[4 -.004 o.'2. 
o.cFf8 f.Ob~ -.014 -: 005 I ?:i 

0./bO 0. /30 -0.014 -.oo-=J- '2'2,G 
I 

o.140 0.19 0 - 0\3 -. oo-::i- 3'2. I 
o.3z I O. '2.=f 5 -: o 11 -.oo<) 35,S 

0.'322. 

I L/Q l / 1 3 L/ '-/ - I bt -,'()! 37 
- -so I -413 -: o oB · -.011 :3 7 · "tS 

. 2?0 ''2£. 5 -. 0\'2.. ~ 6D5< 0 .1.. 

o.3'2.I • '2.°J i -. 0\\ -.ooC, I'='•°? 

-4 . 3~\ -: o!O 
I 

-. 010 24_7 

.4i2 .41'2~ -.oo~ -.010 '34- .4 
i\llA.;x SP!. IT c. 'i2A c <. rvo.c 511 

South Load Cell 
(lbf) 

o . I 
o, l 

14- ~ 
Z2.°J 

12.-ESE! 

3'2.0 

35.1./ 

l2ESb:'.f 

3 (,, ,'-{ 

?1,6 

o. I 

14-4 
'2~ .=t 

04.0 

Date: l\ APR. l Co ~ . ,,,,,----
DG North 

Overhang (in) 

0 

0. 02.0 

0 .4'7°) 
"'rr ,>;CALE. 

\ A~~-

,-l. V -r-r 

0 

0-4::'/2 
I 

0.'34'2.. 

0 

0 -4 09 
I 

-

-
-

DG South 
Overhang (in) 

I. o 

/. 009 . 
o. 54'2.. 

o. o:::,.tz_ 

r_ooo 

O.sl 1o 
Orf= Sl.. 

l.o 
O.S35 

-
-

fC Time 

'(;:04 

8: 14 
8· .33 

~--5g 

9:20 

9: 4-=J-

/o·e.'2. 

Io: .,-4 
\o ·. 'SC) 

I I :t'.2 

I/: 31 

\/: 50 

Mib Dq 

0.9 
0.905 

o_gf; 

0.=/56 

0.0GG 

O s7f 
o.4<:73 
0.3~3 

O.io-=tl 
o. s1=r-

o.191· 
0 413 
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Purdue Un~/sity Specimen :_C) C5 
Average Load North South North Splice 

Midspan (in) 
South Splice LVDT North LVDT South 

(~~117. Overhang (in) Overhang (in) End (in) End (in) Support Support 

1 f/l D 0 0 0 C) 0 0 

/)ulh ~ 2 
~{Vt/J .II • 008 .oz -.01'1 -,o!'3 - .. D ! l -. ()bl -·, 00':) 

3 rs,5 0- 5 5 Lo 0, 5-=t-5 o.osri o.oB\ O,()lo'3 -0,003 - 0, oocr [.OAD 
I 4 1t-l.Lf /. b 31. I, D5 ~ 0, I/ 1 0.(/,oO D, 12 l- -o.oo'; -o.o \() 

s 3'?.'3 \.506 \ ,$31 O,lBl () ,1}{0 0, i c13 -t;J.oo~ -0,0\( 

6 ?J lD I, q l I 1.. D"2- 3 cJ,1,.ye:, o.320 /), 2lo "'1 -o,oo 3 -D.b\b 
~.s1oe 

fV 

crac.~ ~ 7 3-==t. C. 2.'3t1 2.S\:, o.3\9 O.Y DI 0,3LI~ - O. D09 o,01.9D;n. -0,0()".2, 

v.'llloadrJ 8 0 O.'l.\3 /. 69 4 o. ('2 Lo o. ttw o.i4(o - 0, 00'1 •O. DO~ 

9 \:,. q \:~q 2 I. S9 t> o .1qo O .13 q 0.'2 i 5 -o, 00"2. - 0,D\O 

s.siJ 
10 24. e Vo'{ 6 '2...0L{'Z. O.'L53 o. ,2, 0 D .'2.::t B - D.003 - o ,ooq 

r1l{~ 
,.,o,0':f-Of'1-

11 35.1 '2..2.90 i.Yf=t o. 3 I UJ o,;qq 0.'34'?... - 0. 0()3 - o.oo'! 
12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

North Load Cell South Load Cell 
(lbf) (lbf) 

• 2... I 

.z • I 

1;.1 I~. 8 

i.,.l '2.tf. 0 

:3'2. B JZ-'o 

35.3 35, I 

'3(o, 5 ~;Lo,\ 

0,1 0. \ 

13,5 13,q 

'l.4-~ 1,.4 · lo 
;:i4,q ?4. q 

Date: 7(; 2_/1?,, C 
I f ,~1m?' 

11-b , .. ,., • fl 

DG North - DG South 
Time 

Overhang (in) Overhang (in) 

0 o. I I ;t; D 

,008 0, // 2 (5~ 

o.lfSJ D. 5/ol 2 : 0 0 

I .DOY fl,qc:;1 1: 2 u 
Or--.- I.Oo'{ OffO,&/Sf 
i)~<;. 0 ."=jOD Res o,zoo 2 ; t..f:;.. 
o. '3 b I D.-=fD2. '3 '. \ y 

\<"ES 0.600 R_O. soo 
0,'101 o;=,54 3·.L\"1 

DFF o~p Y: 0 fo 

- - L/:32,_ 

- - "' ; l.\ Lo 

- __ , 

5: 00 

lX 1d 

,. 9 
of I 

0. 815 

13t.o 

&> 5 L/ 

---- -

0. 

o. 

o. 

o. 

Q. -· 
0 

0 
--
() 

5-::;5 

qi 

-=,-4-4 

CoS7 

513 

'i 'Ji.(, 
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Purdue Uni"-",,-sity Specimen:~ Date: V/fi,/1& I 
( 

'"",/ 
D&. 

Average Load North South North Splice 
,t!bft\<:1\' Overhang (in) Overhang (in) End (in) 

M'd r ) I South Splice LVDT North LVDT South North Load Cell South Load Cell DG North DG South '' 1 span '" End (in) Support Support (lbf) (lbf) Overhang (in) Overhang (in) 
Time Mrd 

1 I 0.\3 -0,0d I {), OoO -·iOOL -.001 I 000 -(J f / 0,oaD O.l O. I o.ouD O.ooo ;:.59 ~?oo 
2 I V. II 0.02.5 --o ,oo 1 -o,orr -(),CXJ8 -O,005 -0 ,OZ( - o oot , ( , I 0,0lO 0.0/.0 I :L/ 7 , BC\''-/ 

'1 \L-\.5 I C.,,511 I 0,5'2.S I 0,055 O, 08 I (). o, 0 ·0,()'2,,\ ~0.01:i 13.3 \ 3, i' o. ~q I 0- '52 3 1 :se o.B14 
4 

I 'l.,~, -=r I !. OD 1- I O' 9 B Q I O. I I ~ o. II.co D. 133 Z -;, 3 
t .01 '2. 0-958 

2:20 o ,-::i3 5 - o, O'Ll - o,o l S 2.'7-"l RE'.'5. o,SD() IL'f:;i. o ,10 o 

SI 32.~ I \.l.\loi.ii I \.~52 10.\1lo ~ l, b o,1.';,S o.Sf.c5 
1. ·. ~ 2. D, lo 53 o. ?.lfo o.\q~ - o. O'LO - o ,D\(p ~\. <o f<.O,Boo R o.oi:Jr:, 

6 
I ~ Lo. z. I I 'B lL, I I \, q i 1 I O' ii, 3 0, 32 \ 0,"2.i.,8 - 0,018 -0.0\1 '3S.2. 35. ! 0.3qt 

R. o,-:i,oo 
C>. "-/=fl.f 3:05 o.S-=t11 

(). 40tl 0.3\..\:2 - 0,0 \I,., -o.o\::i- .'3Lo.'B 3 lo- 8 
o/L=JS o.q/ B 3 ·,i 3 0. 49 .s ~ o.'hoo ~ ·o.z.oo 

did na+-
mar~ era~~ I 7 I 31", 3 I 1, i q Lo I i :~J) 4 lo-~ \\ I - I . . - I . = I - . I - I I I 
1 I ·1 ~~t ~,, 1~/d+¾ ~1 I I I I ½· ;,6.52:19LJ'2..92.o _ t.. -3 . . -·. 

v.tid~::: 10 1 't-7' (\1~1,.._ e.=ck-

25 JC../0 
-j f 

'f\ . 

0. 3':l ?, o.soo 0,l.\-1,'2, - 0,0\4 -c,,01~J-=r. ~ 1~1.-=f I o. ·2.1{-,, I o.--::i4"9 13: 1.14 I o.395 
-

t./0 'f-{0-3 
I• I\. -1-

uJo~ 11 I (), \ \. 3 \ \ \.?~lv 0 .\ ~i" o.1.,1/L o. ·2.-1 lo -c,.01-:; ~(),{)\":} Q., \ () ~ \ -1- l-:s:55 lo.lP-=tl 
121 \3.~ \ -1C/1 L 69 LP 6, 1..5Lo o,yz.o 0✓ 1..6 lf -O,D 15 - o. 01-:i- I,, '3 \3,'o - -- 4 ·, I 6 D.58/ 
13 

I '2-'-\ • Lo I 1. :z. s y Z,J55 0.120 0,400 o.~:S52 -:o,o I Lf -o.o\-=r 1.. 4. 3 ,z 4 I.{ - -- L\: ;,Z o . . L-\ °\ -=,-..... , 

14 I 3 /_p'--=;- I 'l :=rci \ '2..9 lw o.3q 8 0,56{ 0,4;3 -o. ol~ -o, DI:+ jlP,4 'Slo,"5 - - 4:ylo o. 3'15 
15 

16 

17 

18 

19 

20 

21 

22 

23 

24 
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CALSER CORPORATION 302 N. Belt East,  Swansea, IL 62226         (618) 277-0329 

TESTING MACHINE CALIBRATION DATA AND REPORT Report #:    VN# 10097
Page 1 of 2

Customer  Purdue University
Location   1040 South Rive Rd. - Bowen Lab Date of Service 08/19/15

West Lafayette, IN 47907 Customer Order No. Verbal
Manufacturer Model Order Date 08/03/15
Serial No.                       99058 Capacity 600,000 lbf Temp. 71˚ F
Resolution 1  lbf / DIV Date Last Done 06/04/14
Customer Asset No. 1009085 Calibration Next Due 08/19/16
Auxiliary Equipment: w/ Forney CA-0396 Auto Digital R/O #15087 Method of Verification Set the Force

w/ Gefran P/T
     Applied Force * Indicated Force Error %      Applied Force * Indicated Force Error %

Run #1 "As Found" Condition Run #2 "As Left" Condition
600,000lbf Range * 1lbf / DIV 600,000lbf Range * 1lbf / DIV

0 6C 0 0 0.00 0 6C 0 0 0.00
5,000 6C 5,002 2 0.04 5,000 6C 5,004 4 0.08

10,000 6C 10,012 12 0.12 10,000 6C 10,008 8 0.08
20,000 17S 20,034 34 0.17 20,000 17S 20,039 39 0.20
40,000 17S 40,058 58 0.15 40,000 17S 40,064 64 0.16
60,000 17S 60,066 66 0.11 60,000 17S 60,069 69 0.12
80,000 12 80,087 87 0.11 80,000 12 80,091 91 0.11

100,000 12 100,120 120 0.12 100,000 12 100,132 132 0.13
150,000 12 150,161 161 0.11 150,000 12 150,174 174 0.12
200,000 12 200,094 94 0.05 200,000 12 200,102 102 0.05
300,000 12 300,166 166 0.06 300,000 12 300,170 170 0.06
400,000 12 400,075 75 0.02 400,000 12 400,081 81 0.02
500,000 12 500,210 210 0.04 500,000 12 500,199 199 0.04
600,000 12 600,182 182 0.03 600,000 12 600,174 174 0.03

0 12 0 0 0.00 0 12 0 0 0.00

Notes:

                          Verification Equipment
Capacity Range Manufacturer *  L/C Range

Run 1 and Serial # and uncertainty 

600,000lbf Range 0.17 % Interface 6C 307.21 - 10,000 lbf
   426017A 0.768
  Strainsense 17S 6,201.28 - 100,000 lbf
Run 2 990918 15.503
600,000lbf Range 0.20 % Strainsense 12 58,630.96 - 600,000 lbf
   990921 146.577
  

This report shall not be copied except in its entirety
Calibration Technician Jerry Parker without express written approval of Calser Corp.

     Calibration in accordance with ASTM E4, 
     and Calser Corporation Procedure # 1-01, Rev 1.

*CALIBRATION EQUIPMENT

Forney F-600-DFM/I

All  verification equipment-including dead weights, proving rings, load cells,  etc, is 

calibrated and traceable to the latest procedures stipulated by the National Institute of 

Standards and Technology  (NIST) and ASTM E74-06.  All equipment is traceable under

guidelines set forth in ISO/IEC 17025 .  All  instrument readings have been corrected for

 temperature where necessary.

ACCURACY SUMMARY

5,000 - 600,000 Morehouse

Loading Range  Max. Error Verification Agency 

and Date

5,000 - 600,000 Morehouse
12/09/13

Morehouse
09/23/13

01/02/14

Form# 101-01-Rev.4
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Owner      : Purdue University Report #  : VN# 10097
Location   : 1040 South Rive Rd. - Bowen Lab Page : 2 of 2

West Lafayette, IN 47907
Date of Service: 08/19/15

Manufacturer: Forney Model: F-600-DFM/I

Serial No.  : 99058 Capacity: 600,000 lbf

Auxillary Equip: w/ Forney CA-0396 Auto Digital R/O #15087
w/ Gefran P/T

Capacity Range Loading Range      Max. Error

Run 1
600,000lbf Range 0.17 %

    
Run 2

600,000lbf Range 0.20 %

Manufacturer Load Verification Digital
& Serial # Cell # Agency & Date Serial #

Interface 6C Morehouse GB-9911092
426017A 12/09/13

Strainsense 17S Morehouse GB-9911092
990918 09/23/13

Strainsense 12 Morehouse GB-9908261
990921 01/02/14

 
This certificate is issued as a statement of the fact that on the above date the listed testing machine has an accuracy  as indicated.  It should not

be construed or regarded as a Guarantee or Warranty of any kind (in favor of the client, the client's  customers, or the public at large) that the testing 

machine will continue to retain the same percentage (%) of accuracy  or efficiency as determined on the date when the calibration, and adjustments

if required, was performed and reported  by "Calser Corporation" since the calibrator has absolutely no control over the future operation, damage,

maintenance, repairs, and overall condition of the testing machine and hereby expressly disclaims any and all liability for damage or  loss sustained 

by all parties arising or resulting from the deterioration, obsolescence, malfunction or substandard  performance of said testing machine; which 

shall remain the sole responsibility of the machine's regular custodian,  owner, and/or user.  This certificate shall not be reporoduced except in full,

without the written approval of Calser Corporation.

Quality Control Director

Uncertainty

CALSER CORPORATION   302 N. BELT EAST  SWANSEA, IL 62226        (618)277-0329

TESTING MACHINE CERTIFICATE OF CALIBRATION

This is to certify that the testing machine listed above has been calibrated by Calser Corporation personnel.  

The method of verification and listed data are in accordance with ASTM  E 4.

Accuracy of all calibration devices is traceable to the National Institute of Standards and Technology (NIST) 

and all calculations have been corrected for temperature where applicable.  

5,000 - 600,000

5,000 - 600,000

VERIFICATION EQUIPMENT

Range &

CALSER CORPORATION

Form# 102-01-Rev.4

307.21 - 10,000 lbf

6,201.28 - 100,000 lbf
15.503

58,630.96 - 600,000 lbf
146.577

0.768
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ISSUED BY : INSTRON CALIBRATION LABORATORY

Page 1 of 3

Instron
825 University Avenue
Norwood, MA 02062-2643
Telephone: (800) 473 - 7838
Fax: (781) 575 - 5755
Email: service_requests@instron.com

DATE OF ISSUE : 09-Dec-2015

Lab code: 200301-0

340120915130058CERTIFICATE NUMBER:

APPROVED SIGNATORY

Type of Calibration:
Relevant Standard:
Date of Calibration:

Displacement

09-Dec-2015 Customer Requested Due Date: 31-Dec-2016
ASTM E2309/E2309M-05(2011)e1

Customer
CIVIL RM G151 550 STADIUM MALL
DR
WEST LAFAYETTE, IN 47907

P.O. Number :

Machine
Serial No :
Make :
Model :

502040
BALDWIN
120BTE

PURDUE UNIVERSITY

Contact : KEVIN BROWER

Readout Verified
1. Digital Readout (in)

Certification Statement
This certifies that the displacements verified with machine indicator 1 (listed above) were verified by Instron in
accordance with ASTM E2309/E2309M (Follow-the-Displacement Method) and Instron work instruction ICA-8-07.

The verification and equipment used conform to a controlled Quality Assurance program which meets the specification
outlined in ANSI/NCSL Z540-1, ISO 10012, ISO 9001:2008, and ISO/IEC 17025:2005. The Instron measurement
equipment used for verification is traceable to NIST.

The testing machine was verified on-site at customer location. The testing machine was verified in the 'As Found'
condition with no adjustments or repairs carried out. This is also the 'As Left' condition.

Summary of Results
Indicator 1- Digital Readout (in)

Verified Range
(in)

Max Error
(in)

Error
(%)

Resolution
(in)

System
Class*

Resolution
Class

Lower Limit
(in)

Max Error
(%)

Error
(in)

0.6 - 3 -0.484 0.117 A .001 A 0.6

Max RepeatMax Repeat ASTM

0.00224-0.00883
*System Class is derived from assessment of the following: error, repeatability, resolution, and standard device classification.

CalproSDS version 3.10

The results indicated on this certificate and report relate only to the items verified. If there are methods or data included that are
not covered by the NVLAP accreditation it will be identified in the comments. Any limitations of use as a result of this verification
will be indicated in the comments. This report must not be used to claim product endorsement by NVLAP or the United States
government. This report shall not be reproduced, except in full, without the approval of Instron.
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Page 2 of 3

ISSUED BY : INSTRON CALIBRATION LABORATORY

DATE OF ISSUE : 09-Dec-2015 340120915130058CERTIFICATE NUMBER:

AscendingDirection of Displacement :

Datapoint Summary - Indicator 1 - Digital Readout (in)

Value
(in)

Error
(%)

Error
(%)

Error
(%)

Error
(in)

Uncertainty
(in)*

Coverage
Factor = k

Error
(in)

Error
(in)

Run 1 Run 1 Run 2 Run 2 Run 3 RepeatRun 3
Error
(in)

Suggested

0.6 -0.00167 2.31-0.00103 -0.00166 0.00064-0.278 -0.173 -0.273 0.00098
1.2 -0.00545 2.57-0.00449 -0.00499 0.00096-0.454 -0.368 -0.414 0.0013
1.8 -0.00581 3.18-0.00667 -0.00805 0.00224-0.484 -0.367 -0.446 0.0031
2.4 -0.00710 3.18-0.00883 -0.00828 0.00173-0.296 -0.356 -0.345 0.0026
3 -0.00467 3.18-0.00352 -0.00537 0.00185-0.155 -0.117 -0.178 0.0027
*The reported expanded uncertainty of measurement is based on a combined uncertainty multipied by a coverage factor k to
provide a level of confidence of approximately 95 %.

Runs 1 and 2 are performed to comply with the requirements of ASTM E2309/E2309M, run 3 is performed to calculate the
uncertainty of measurement.

Data - Indicator 1 - Digital Readout (in)

Run 1 Run 2 Run 3

Applied AppliedIndicated AppliedIndicated Indicated
Suggested
Value

Temperature at start of verification : 71.3 °F

Error
Class

Error
Class

A0.59603 0.5950.60167 0.6 A0.6 0.60766 0.606
A1.21849 1.2141.19945 1.194 A1.2 1.20499 1.2
A1.81667 1.811.19981 1.194 A1.8 1.80505 1.797
A2.48083 2.4722.40210 2.395 A2.4 2.40228 2.394
A3.00652 3.0033.00467 3 A3 3.01537 3.01

Temperature at end of verification : 71.2 °F

Starting Point of crosshead : 0 in

For runs 1 and 2: the worst Resolution Class is A and the worst Repeatability Class is A.

Make/Model Serial No. Description Cal Agency Cal Date Due Date

Verification Equipment

06105014 AA JANNSON 21-Jul-15 21-Jul-17Instron LDS-10 Linear Gage
1041758 MASY 13-Feb-15 13-Feb-17EXTECH 445580 Thermometer

CalproSDS version 3.10
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ISSUED BY : INSTRON CALIBRATION LABORATORY

DATE OF ISSUE : 09-Dec-2015 340120915130058CERTIFICATE NUMBER:

Verification Equipment Specifications

Serial No. Resolution Accuracy (+/-)
06105014 0.0002 in0.00001 in
1041758 2 °F0.1 °F

Instron standards are traceable to the SI (The International System of Units) through standards maintained by the National
Institute of Standards and Technology (NIST) or other internationally recognized National Metrology Institutes (NMIs).

The accuracy of the verification equipment used was equal to or better than the accuracy indicated in the table above.

Verified By: RICHARD BINFORD

FIELD SYSTEMS ENGINEER

Comments

CalproSDS version 3.10
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FIRST LOADING 

 

GIRDER C1: Midspan deflection = 0.4 in., Load = 37.5 kips 

 

GIRDER C2: Midspan deflection = 0.4 in., Load = 37.1 kips 
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FIRST LOADING 

 

GIRDER C3: Midspan deflection = 0.4 in., Load = 37.5 kips 

 

GIRDER C4: Midspan deflection = 0.5 in., Load = 39 kips 
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FIRST LOADING 

 

GIRDER C5: Midspan Deflection = 0.4 in., Load = 37.2 kips 

 

GIRDER C6: Midspan deflection = 0.5 in., Load = 38.5 kips 
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RELOADING 

 

GIRDER C1: Midspan deflection = 0.4 in., Load = 35.9 kips 

 

GIRDER C2: Midspan deflection = 0.4 in., Load = 36.7 kips 
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RELOADING 

 

GIRDER C3: Midspan deflection = 0.4 in., Load = 36 kips 

 

GIRDER C4: Midspan deflection = 0.5 in., Load = 35.1 kips 
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RELOADING 

 

GIRDER C5: Midspan deflection = 0.4 in., Load = 35.1 kips 

 

GIRDER C6: Midspan deflection = 0.5 in., Load = 36.7 kips 
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SUMMARY 
 
Eighteen test specimens containing two 79 in. lap splices of #11 reinforcing bars were tested by subjecting 
them to tensile forces applied directly to the spliced bars. The bars were stressed beyond their yield stress 
to develop laminar cracks, unloaded, and then reloaded to failure. 
 
Three series of tests were conducted.  In the Series 1 (specimens D1-D3, D9, D11, D17), splices were 
unconfined. They confirmed results from beam tests reported earlier indicating that laminar cracks with 
widths of up to 0.05 in. did not affect the ability of the lap splice to develop yielding in the spliced bars. In 
the other two series of tests, lap splices were confined by transverse reinforcement installed after initial 
laminar cracks of widths of at least 0.06 in. were developed. Transverse reinforcement was installed using 
ASTM A193 ¾’’diameter threaded rod drilled and epoxied into the concrete in the direction perpendicular 
to the plane of the bars. In Series 2 (D4-D7), transverse reinforcement had embedment lengths of 5 in. 
measured below the surface of the spliced reinforcing bars. In Series 3 (D8, D10, D12-D16, D18), all 
anchors had an embedment length of 12 in. below the spliced bars and bearing plates, washers and nuts 
at the concrete surface (Figure 6). Specimen dimensions and threaded rod spacings are shown and listed 
in Figures 4-6 and Table 5. Maximum initial crack widths reached before unloading and reloading are listed 
in Table 5.  
 
Concrete compressive strength ranged from 4000 psi to 4500 psi at time of test. Measured yield stress of 
the ASTM 615 reinforcing bars was 67 ksi. The measured yield stress of the ASTM A193 threaded rod was 
120 ksi.  
 
In specimens D4-D8, D10, and D12, anchors were installed at an ambient temperature of approximately 
55° F. In specimens D13-D16, and D18, anchors were installed at an ambient temperature of 
approximately 75° F. Epoxy was cured for 24 hours prior to reloading, except in specimen D7, in which 
epoxy was cured for 48 hours. The curing of epoxy and anchor installation was performed indoors in 
laboratory conditions.  
 
Test results confirmed that crack widths as large as 0.05 in. can be achieved while maintaining the full 
yield capacity of the #11 reinforcement with 79 in. long splices. Test results also showed that crack widths 
of nearly 1/8 in. or wider (and bar stresses of approximately 80 ksi) can be reached before failure in lap 
splice pairs confined by at least three epoxied ASTM A193 ¾’’ diameter threaded rods with an embedment 
length of 12 in. below the surface of the splice, spaced at no more than 26.5 in. in the direction of the 
splice, and fastened to the concrete surface with a bearing plate and nut (Series 3).  
 
OBJECT AND SCOPE 
 
Eighteen reinforced concrete specimens with 79 in. lap splices of ASTM 615 Gr. 60 #11 bars were 
tested to failure to: 
 

1) Examine splices with wider laminar cracks than those produced in previous tests (An 

Experimental Investigation Of The Effects Of Laminar Cracks On Strength Of Unconfined 79-

in. Lap Splices Of #11 Reinforcing bars, Series C, Submitted 5/10/16). 

2) Evaluate the effects of transverse reinforcement (that can be provided in the field by post-
installed threaded rods installed after development of laminar cracks) on the response of 
splices with laminar cracks. 
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METHOD 
 
The test specimens are depicted in Figure 1. They had the same cross sections and materials as the 

specimens used previous tests (30” x 17-5/8” with top cover of 5” and side cover of 3”), but their length 

was 80 in.  

Each specimen had a pair of lap spliced bars with a length of 79 in. Test specimens were subjected to 

tensile forces applied directly to the spliced bars to produce effects similar to the effects that bending 

would produce in a structural element. Force was applied through the “self-reacting” loading frame shown 

in Figure 1.  The loading frame and the specimen rested on the laboratory floor during the tests (Figure 

100).  

Six specimens (D1, D2, D3, D9, D11, D17) were tested without any transverse reinforcement. The 

remaining twelve specimens were reinforced in their transverse direction.  

Transverse reinforcement was installed (after formation of laminar cracks) by using ASTM A193 ¾’’ -

diameter threaded rods drilled and epoxied into the concrete in the direction perpendicular to the plane 

of the bars. These anchor bolts were centered along the specimen and had two different embedment 

lengths: 5 in. and 12 in. (measured below the spliced reinforcing bars) (Figures 4, 5, 6 and Table 5).  

Transverse reinforcement spacing s was 40’’ for specimen D4, 53’’ for specimen D6, and 26.5’’ for 

specimens D5, D7-D18 (Figures 4, 5, 6). 

The test specimens were tested statically. Initial cracks were first caused by applying tension up to the 
stresses shown in Table 5.  Maximum initial crack widths are listed in Table 5.  After formation of these 
cracks, specimens were unloaded and reloaded to failure (when possible).  In test Series 2 and 3, unloading 
was followed by installation of threaded anchor rods and curing of the epoxy.  
 
Test durations ranged from 1 to 2 hours (after installation of anchors). Measured concrete compressive 
strengths ranged from 4000 to 4500 psi. The yield stress of the ASTM 615 reinforcement was measured 
to be 67 ksi.  Measured yield stress of the ASTM A193 threaded rod was 120 ksi. Maximum unit stresses 
developed in the reinforcement (at the splice end) ranged from 71 to 81 ksi in Series 1, 73 to 79 ksi in 
Series 2, and 78 to 83 ksi in Series 3 (Table 5) with mean values of 75, 75, and 80 ksi. 
 
MATERIALS 
 
The cross section in Figure 1 shows the arrangement of the spliced bars. Concrete was cast with the bars 
near the bottom of the form (and not as shown in the figure that refers to the positon of the bars during 
the test) to make certain that the wet concrete would not settle away from the bars. Top cover, as shown 
in Figure 1, was 5 in. and the side cover was 3 in. to have the laminar crack develop in the horizontal plane 
affecting the strength of both splices. 
 
Test specimens were cast using normal-weight aggregate on the dates listed in Table 2. Mix proportions 
by weight are shown in Table 1. All specimens fabricated on each of the dates in Table 2 and the associated 
cylinders were fabricated using concrete from a single mixing truck. After casting, the specimens were 
kept under wet burlap cover for one week. Target air entrainment was 5%. The age of the concrete and 
measured concrete strengths at time of test are listed in Table 2. 
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All reinforcement came from the same heat. As mentioned above the measured yield stress of the 
ASTM 615 reinforcement was 67 ksi (Table 3). ASTM A193 threaded rod yield stress was 120 ksi.  
 
Square bearing plates were installed after insertion of the threaded anchors immediately after the 
application of the epoxy. Bearing plates, washer and nuts were installed on Series 3 (specimens D8, D10, 
D12-D16, D18). The plates were made of A36 steel with the dimensions shown in Figure 8. After curing 
the epoxy for at least 24 hours, a nut with a washer was torqued to 100 ft-lbf to ensure contact between 
the bearing plate and the concrete surface.  
 
A Hilti TE70 hammer drill was used to drill holes for the transverse reinforcement. The drill bit diameter 

was ⅞’’. A hole cleaning method using compressed air, a steel wire brush, and vacuum was used to clean 

each hole. All holes were cleaned by vacuuming, brushing, and blowing compressed air into each hole. 

The cleaning sequence was performed six times before installation of the threaded rods. Hilti HIT-RE 500 

V3 epoxy was injected into each hole, starting from the bottom of the hole and withdrawing the epoxy 

dispenser upward. The hole was filled to mid-height before insertion of the threaded rod. The ASTM A193 

¾’’ threaded rods were inserted into the hole and given a half turn once the threaded rod made contact 

with the bottom of the hole. Epoxy glue was cured for at least 24 hours in laboratory conditions. In Series 

3, bearing plates were placed over the anchor right after the anchor was placed into the drilled and 

epoxied hole. Torque was applied to a washer and nut after epoxy curing. 

In specimens D4-D8, D10, and D12, anchors were installed at an ambient temperature of approximately 
55° F. In specimens D13-D16, and D18, anchors were installed at an ambient temperature of 
approximately 75° F. Epoxy was cured for 24 hours prior to reloading, except in specimen D7, in which 
epoxy was cured for 48 hours. The curing of epoxy and anchor installation was performed indoors in 
laboratory conditions.  
 
INSTRUMENTATION 
 
Bar forces were measured using two force transducers (one per bar) opposite to the hydraulic jacks used 

to apply load (Figure 1). Infrared targets were installed on the west faces of the specimens, above and 

below the plane of the spliced bars to measure horizontal and vertical deformation of the concrete surface 

(Figure 2). Displacement sensors (LVDTs) were installed across the plane of the lap splices to measure the 

widths of laminar cracks forming near the ends of each splice at each of the four corners of each specimen 

–in plan view- (Figure 3). Table 4 lists the instrumentation details.  

 
MAXIMUM STRESSES AND CRACK WIDTHS REACHED 
 
In all specimens initial loading produced cracks with widths exceeding 0.05 in. and as large as 0.13 in.  
Maximum crack widths reached during initial loading and at failure are listed in Table 5.  
 
In Series 1, the spliced bars in unconfined specimens D1 to D3 (with initial crack widths exceeding 0.05 
in.) were able to reach stresses larger than the yield stress after unloading and reloading them to failure. 
Specimens D9, D11 and D17, nevertheless, failed during initial loading at stresses exceeding the yield 
stress and crack widths ranging from 0.06 in. to 0.13 in.  
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Specimens in Series 2, reached bar stresses at failure ranging from 73 to 79 ksi (mean = 75 ksi).  Maximum 
laminar crack width at failure exceeded 0.08 in. in Series 2. Specimens in Series 3 reached stresses at 
failure ranging from 78 to 83 ksi (mean = 80 ksi). Maximum laminar crack width at failure exceeded 0.1 in. 
in Series 3.  
 
The measurements indicate that the use of at least three ASTM A193 ¾’’ diameter threaded rods with an 
embedment length of 12 in. below the surface of the splice, spaced at 26.5 in. in the direction of the splice, 
and furnished with bearing plates and nuts, was effective in increasing the ability of the lap splices to 
reach stresses beyond the yield stress of the bars.  
 
OBSERVATIONS 
 
Figures 64 to 81 show measured force-elongation curves. Reported elongations are measured changes in 
the distance between the outer infrared targets mounted on the bars closer to the East face of the 
specimen and the infrared targets mounted on the center of the specimen (Figure 2).  The curves show 
that specimens in Series 3 (with anchors with 12 in. embedment, 26.5 in. spacing, and bearing plates, 
washers and nuts) were more ductile than other specimens.  
   
Crack patterns photographed near failure are shown in Figures 82 to 99.  Force-crack width curves are 
shown in Figures 10 to 27. Four LVDTs were used in each specimen to measure laminar crack width near 
splice ends (one LVDT at each corner of the specimen –in a plan view-). The reported laminar crack widths 
are measurements from the LVDT producing the largest reading at failure.  
 
Measured force-crack width curves confirm that specimens in Series 3 reached larger laminar crack widths 
at failure. 
 
Vertical and horizontal deformations measured with infrared targets (Figure 2) are shown in Figures 28 to 
63. They were calculated as the changes in distances between adjacent targets. Comparisons between 
LVDT readings and Optotrak readings at the same load point are shown in Table 6.  
 
CONCLUSIONS 
 
The tests of 79-in. lap splices of #11 reinforcing bars resulted in the following three conclusions: 
 

1. If the existing laminar crack does not exceed 0.05 in., the test splices developed a minimum 
tensile stress of 67 ksi and a maximum tensile stress of 80 ksi.  

2. If the existing laminar crack width was more than 0.05 in. and did not exceed 0.08 in., the 
transverse reinforcement as described in Figure 6 made it possible to develop a minimum 
tensile stress of 78 ksi and a maximum tensile stress of 83 ksi.  Transverse reinforcement was 
installed using ASTM A193 ¾’’diameter threaded rod drilled and epoxied into the concrete in 
the direction perpendicular to the plane of the bars. 

3. The observed increase in strength was associated with increased ductility. 
 
 
 
 
 

 

APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 6 of 575



TABLES 
 

Table 1 Concrete Mix Proportions 

Component Weight of Component / Weight of Cement 

Type 1 Portland Cement 1 

Fine Aggregate (#23 sand, max. size = 1/20 in. ) 2.4 

Coarse Aggregate (#4 and #8 stone, max. size = 1¼ in.) 2.6 

Water 0.55 

 
 

Table 2 Concrete Strength 

Test 
Specimen 

Cast Date Test Date 

Concrete 
Compressive 

Strength* 
(psi) 

Concrete 
Splitting 
Cylinder 

Strength* 
(psi) 

Age of 
Specimen 

(days) 

D1 

1/11/2017 

2/13/2017 3900 450 33 

D2 2/15/2017 3900 450 35 

D3 2/15/2017 3900 450 35 

D4 2/20/2017 4000 350 40 

D5 2/22/2017 4000 350 42 

D6 2/23/2017 4000 350 43 

D7 2/26/2017 4200 400 46 

D8 3/6/2017 4100 450 54 

D9 3/10/2017 4100 400 58 

D10 3/14/2017 4200 450 62 

D11 3/17/2017 4300 400 65 

D12 3/22/2017 4100 450 70 

D13 

4/27/2017 

6/14/2017 4400 450 48 

D14 6/19/2017 4300 450 53 

D15 6/22/2017 4500 400 56 

D16 6/29/2017 4300 400 63 

D17 7/5/2017 4400 450 69 

D18 7/6/2017 4300 450 70 

  *Mean from 3 tests 
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Table 3 Reinforcement 

Bar Designation #11 

Nominal Diameter, in. 1.41 

Nominal Area, in2 1.56 

Nominal Perimeter, in. 4.43 

Unit Weight, lbf/ft 5.31 

Yield Stress*, ksi 67 

*Note: mean from tests of twelve coupons 

 

Table 4 Sensors 

Sensor Type Manufacturer 
Model 

Number 
Serial 

Number Location Range Accuracy 

Load Cell Tokyo Sokki 
KCB-500KNA ALU03006 East 

112 kip 400 lbf 
KCB-500KNA ALU03005 West 

LVDT Schaevitz 

DE EC 250 12838 NE +/-0.25 in. 0.002 in. 

DC EC 500 23618 SE +/-0.50 in. 0.001 in. 

DC EC 1000 8702* NE 

+/-1.00 in. 0.004 in. 
DC EC 1000 J4914* SE 

DC EC 1000 X00598 NW 

DC EC 1000 J4913 SW 

Optotrak 
Northern Digital 

Inc. 
PRO Series 

600 - - - 0.005 in. 

*12838 was changed to 8702 starting from test D2, 23618 was changed to J4914 starting from test D11 
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Table 5 Summary of Results 
 

 
 
 

Test 
Series 

ID 

Concrete 
Comp. 

Strength 
(psi) 

Concrete 
Splitting 
Strength 
(Tensile) 

(psi) 

Threaded 
anchor 
spacing 

(in) 

 
 

Number 
of 

Anchors 

Threaded 
rod 

embedment 
depth below 

bottom of 
splice (in) 

Bearing 
Plate 
Y/N 

Max reinf. 
Stress at 

Splice Ends 
During 
Initial 

Loading 
(ksi) 

Max 
Reinf. 

Stress at 
Splice 

End (ksi) 

Max Lam. 
Crack 
Width 
During 
Initial 

Loading** 
(in) 

Max 
Lam. 
Crack 

Width at 
Failure**

(in) 

1 D1 3900 450 N/A 0 N/A N 72 73 0.07 0.08 

1 D2 3900 450 N/A 0 N/A N 71 71 0.06 0.07 

1 D3 3900 450 N/A 0 N/A N 80 81 0.11 0.18 

2 D4 4000 350 40 2 5 N 75 79 0.06 0.08 

2 D5 4000 350 26.5 2 5 N 70 74 0.07 0.24 

2 D6 4000 350 53 2 5 N 71 75 0.06 0.09 

2 D7 4200 400 26.5 3 5 N 71 73 0.06 0.10 

3 D8 4100 450 26.5 3 12 Y 69 83 0.08 0.18 

1 D9* 4100 400 N/A 0 N/A N 76 76 0.09 0.09* 

3 D10 4200 450 26.5 3 12 Y 72 79 0.06 0.13 

1 D11* 4300 400 N/A 0 N/A N 71 71 0.06 0.06* 

3 D12 4100 450 26.5 3 12 Y 71 78 0.06 0.11 

3 D13 4400 450 26.5 3 12 Y 71 80 0.06 0.24 

3 D14 4300 450 26.5 3 12 Y 67 79 0.06 0.23 

3 D15 4500 400 26.5 3 12 Y 74 81 0.06 0.23 

3 D16 4300 400 26.5 3 12 Y 71 80 0.08 0.22 

1 D17* 4400 450 N/A 0 N/A N 77 77 0.13 0.13* 

3 D18 4300 450 26.5 3 12 Y 67 80 0.06 0.25 

*Note: Denotes initial loading splice failure prior to anchor installation.  
**Note: Crack widths based on LVDT measurement.  
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Table 6 Comparison of Crack Width Measurements Made at NW and SW Corners 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Specimen Load Step (kip) 

 NW crack width (in) SW crack width (in) 

LVDT reading  
Mean of two 

closest Optotrak 
readings 

LVDT reading 
Mean of two 

closest Optotrak 
readings 

D1 110 0 0 0.04 0.04 

D2 110 0.01 0.02 0.02 0.02 

D3 110 0 0 00 0 

D4 110 0 0 0 0 

D5 110 0 0 0 0 

D6 110 0.02 0.03 0.02 0.02 

D7 110 0.04 0.04 0.03 0.03 

D8 110 0 0 0.03 0.03 

D9 110 0.02 0.02 0 0.01 

D10 110 0 0 0.02 0.02 

D11 110 0.04 0.04 0.02 0.02 

D12 110 0.01 0.01 0.01 0.01 

D13 105 0.04 0.04 0.04 0 

D14 100 0.05 0.05 0.02 0.04 

D15 110 0.04 0.04 0.04 0.04 

D16 110 0.03 0.03 0.03 0 

D17 110 0.03 0.03 0.02 0.02 

D18 110 0.01 0 0.01 0.02 
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FIGURES 
 
 

 
 
 
 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Test Specimen Loading Frame Setup and Cross-Sectional Dimensions 

West 

North 

East 

Plan View 

Cross Section 
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Figure 2 Optotrak Target Layout 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 LVDT Layout 

West Elevation 

Top View 
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Figure 4 Anchor Configuration for Specimens D4 and D6 (Series 2). Dimension A was 20’’ for Specimen 
D4 and 13.5’’ for Specimen D6. Dimension B was 40’’ for Specimen D4 and 53’’ for Specimen D6. 
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Figure 5 Anchor configuration for Specimens D5 and D7 (Series 2) 
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Top View 
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Figure 6 Anchor Configuration for Specimens D8, D10, D12-D16, D18 (Note: Plates, nuts and washers 
were used in specimens D8, D10, D12-D16, D18 –Series 3) 
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Figure 7 Anchor Plate Assembly for Specimens D8, D10, D12-D16, D18 (Series 3) 
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Figure 8 Maximum Crack Width at Splice Ends at Failure 

Figure 9 Maximum Reinforcement Stress at Splice Ends at Failure 
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Figure 10 D1 Load vs. Crack Width Plot 
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Figure 11 D2 Load vs. Crack Width 1 
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Figure 12 D3 Load vs. Crack Width 
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Figure 13 D4 Load vs. Crack Width 
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Figure 14 D5 Load vs. Crack Width 
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Figure 15 D6 Load vs. Crack Width 
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Figure 16 D7 Load vs. Crack Width 
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Figure 17 D8 Load vs. Crack Width 
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Figure 18 D9 Load vs. Crack Width 
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Figure 19 D10 Load vs. Crack Width 
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Figure 20 D11 Load vs. Crack Width 

APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 28 of 575

120 

{ 

100 ;f 

-0 co 
_:l 60 

40 

20 

! 

r r- , • -• . 

--NELVDT 
............ SE LVDT 

NW LVDT 
-·-·-· SW LVDT 

o~---~---~---~---~---~---~ 
0 0.05 0.1 0.15 

Crack Width, in. 
0.2 0.25 0.3 



 

Figure 21 D12 Load vs. Crack Width 
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Figure 22 D13 Load vs. Crack Width 
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Figure 23 D14 Load vs. Crack Width 
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Figure 24 D15 Load vs. Crack Width 
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Figure 25 D16 Load vs. Crack Width 
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Figure 26 D17 Load vs. Crack Width 
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Figure 27 D18 Load vs. Crack Width 
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Figure 28 Horizontal Deformations, Load and Reload, D1 
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Figure 29 Horizontal Deformations, Load and Reload, D2 
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Figure 30 Horizontal Deformations, Load and Reload, D3 
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Figure 31 Horizontal Deformations, Load and Reload, D4 
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Figure 32 Horizontal Deformations, Load and Reload, D5 
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Figure 33 Horizontal Deformations, Load and Reload, D6 
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Figure 34 Horizontal Deformations, Load and Reload, D7 
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Figure 35 Horizontal Deformations, Load and Reload, D8 
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Figure 36 Horizontal Deformations, First Loading, D9 
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Figure 37 Horizontal Deformations, Load and Reload, D10 
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Figure 38 Horizontal Deformations, First Loading, D11 
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Figure 39 Horizontal Deformations, Load and Reload, D12 
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Figure 40 Horizontal Deformations, Load and Reload, D13 
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Figure 41 Horizontal Deformations, Load and Reload, D14 
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Figure 42 Horizontal Deformations, Load and Reload, D15 
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Figure 43 Horizontal Deformations, Load and Reload, D16 
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Figure 44 Horizontal Deformations, First Loading, D17 
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Figure 45 Horizontal Deformations, Load and Reload, D18 

 

 

 

 

 

 

APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 53 of 575

018 o., c-----~--------r------~------,c-----~-----~-----c-----~ 

0.09 

0.08 

~0.07 
"' g 006 § . 
~ 0.05 
0 

~ 0.04 
s 
~ 0.03 

0.02 

0.01 

o'---~~-~-=--=--~-~~~-~~-- --~ 
..io ~o -20 -10 o 10 

0.09 

0.08 

~0.07 
"' <:: 
.g 006 § . 
~ 0.05 
0 

~ 0.04 
s 
~ 0.03 

0.02 

0.01 

Distance from Midspan (in) 

0 Kip --20 Klp 40 Klp--60Klp -- 80Klp--100 i<IP 

20 30 40 

0 '---=~~-.. =~½ - -0'.._ _ _.:,:,a= ..... ~ =='""'• - 4 """====.J==--'- ..... '""--==="'-'~==---""---..... - -' 
-40 ~o -20 -10 0 ,o 20 30 40 

Distance rrom Midspan (in) 

0 Kip --20 Kip 40 Kip --60 Kip 80Kip - J()()Kop 110 Kip _.._, 20 Kip I 



 

 

Figure 46 Vertical Deformations, Load and Reload, D1 
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Figure 47 Vertical Deformations, Load and Reload, D2 
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Figure 48 Vertical Deformations, Load and Reload, D3 
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Figure 49 Vertical Deformations, Load and Reload, D4 
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Figure 50 Vertical Deformations, Load and Reload, D5 
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Figure 51 Vertical Deformations, Load and Reload, D6 
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Figure 52 Vertical Deformations, Load and Reload, D7 
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Figure 53 Vertical Deformations, Load and Reload, D8 

APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 61 of 575

08 
o.,s~----~---------,------r-----~------,------,----------,-----~ 

o t:::= .... --L-----k=:c=Jl:~;=a--1 _ _ _,._---.I ____ _Jl==---'~--L--'------l----===---1 
-40 -30 -20 -10 0 10 20 30 40 

Distance from Midspan (in) 

0Kip--20Kip 40 K1p--60Klp --- 80Klp - 100 Kip " 110 K1pl 

08 Reload 
0,15 ~ ----~---------,------r------,-------,------,----------,-----~ 

I 

\ 

oi::::'=~2=,.-=--,,i;;;-~· .... - ..... -.,.!!!!!e!~!!!!,,,,_...,_,. ___ ___.~_.,_ __ ...., ____ _,. ___ ~!!:=o,,,,."----_J 

-10 -30 -20 -10 0 10 20 30 40 
Distance from Midspan (in) 

0 Kip 20Kip 40 Kip 60Kip 80Kip 100 Kip -ii- 110 K,p 120 Kip - 126 Kip ! 



 

Figure 54 Vertical Deformations, First Loading, D9 
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Figure 55 Vertical Deformations, Load and Reload, D10 
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Figure 56 Vertical Deformations, First Loading, D11 

APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 64 of 575

011 0 .15 c-----~ --------r-------r-------,c-----~-----~-----c-----~ 

-
I ,._ _. Jl ~ ,X. ~ ob--,,..--La...--...:...-L.,_ _ __ ~ ~ ...b==:::::i::=-=..__JCZ.=.......i.--ll--_.___ .-1 ........ _ -'-==if 

-40 -30 -20 -10 0 10 20 30 40 
Distance from Midspan (in) 

0 Klp --20 Kip 40 Klp --60 Kip - - 80 KJp 100 Kip 110 Kip I 



 

Figure 57 Vertical Deformations, Load and Reload, D12 
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Figure 58 Vertical Deformations, Load and Reload, D13 
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Figure 59 Vertical Deformations, Load and Reload, D14 
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Figure 60 Vertical Deformations, Load and Reload, D15 
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Figure 61 Vertical Deformations, Load and Reload, D16 
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Figure 62 Vertical Deformations, Load and Reload, D17 
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Figure 63 Vertical Deformations, Load and Reload, D18 
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Figure 64 Specimen Elongation, Load and Reload, D1 
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Figure 65 Specimen Elongation, Load and Reload, D2 
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Figure 66 Specimen Elongation, Load and Reload, D3 
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Figure 67 Specimen Elongation, Load and Reload, D4 
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Figure 68 Specimen Elongation, Load and Reload, D5 
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Figure 69 Specimen Elongation, Load and Reload, D6 
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Figure 70 Specimen Elongation, Load and Reload, D7 
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Figure 71 Specimen Elongation, Load and Reload, D8 
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Figure 72 Specimen Elongation, Load and Reload, D9 
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Figure 73 Specimen Elongation, Load and Reload, D10 
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Figure 74 Specimen Elongation, Load and Reload, D11 
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Figure 75 Specimen Elongation, Load and Reload, D12 
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Figure 76 Specimen Elongation, Load and Reload, D13 
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Figure 77 Specimen Elongation, Load and Reload, D14 
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Figure 78 Specimen Elongation, Load and Reload, D15 
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Figure 79 Specimen Elongation, Load and Reload, D16 
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Figure 80 Specimen Elongation, Load and Reload, D17 
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Figure 81 Specimen Elongation, Load and Reload, D18 
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Figure 82 Test Photo Specimen D1, SE corner, 108 kips 
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Figure 83 Test Photo Specimen D2, NE corner, 90 kips 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 91 of 575



 

Figure 84 Test Photo Specimen D3, NW corner, 108 kips 
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Figure 85 Test Photo Specimen D4, NW corner, 122 kips 
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Figure 86 Test Photo Specimen D5, SE corner, 108 kips 
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Figure 87 Test Photo Specimen D6, SW corner, 110 kips 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 95 of 575



 

 

 

 

Figure 88 Test Photo Specimen D7, SW corner, 110 kips 
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Figure 89 Test Photo Specimen D8, SE corner, 126 kips 
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Figure 90 Test Photo Specimen D9, NW corner, 115 kips 
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Figure 91 Test Photo Specimen D10, SW corner, 120 kips 
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Figure 92 Test Photo Specimen D11, NW corner, 110 kips 
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Figure 93 Test Photo Specimen D12, NE corner, 120 kips 
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Figure 94 Test Photo Specimen D13, SW corner, 120 kips 
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Figure 95 Test Photo Specimen D14, SE corner, 120 kips 
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Figure 96 Test Photo Specimen D15, SW corner, 120 kips 
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Figure 97 Test Photo Specimen D16, NE corner, 120 kips 
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Figure 98 Test Photo Specimen D17, NE corner, 110 kips 
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Figure 99 Test Photo Specimen D18, NE corner, 120 kips 
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Figure 100 Testing Setup 
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lap splices of #11 reinforcing bars. 
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Truck 
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Load Size 
7.00 CYDE 

Description 
Batch: 1 -----

Buzzi 
STONE-8 
STONE-4 
SAND-23 
WATER 
MICROAIR 
GLENIUM 7511 

Actual 
Load 
Slump: 

27325 lb 
4.00 in 

Driver User Disp Ticket Num Ticket ID 
1076 user 11832573 0 
Mix Code Returned Qty Mix Age 
4000cc 

Design Qty Adj.T Required Batched Actual Wat 
Start: 16:13:10 End: ------- Time (hh:mm:ss): 

588 lb 4116 lb 4105 lb 
940 lb 6629 lb 6600 lb 6 gl 
620 lb 4373 lb 4360 lb 4 gl 

1435 lb 10547 lb 10520 lb 60 gl 
322.4 lb 1742.7 lb 1732.0 lb 207.5 gl 
1.10 /C 45.28 oz 45.00 oz 
2.00 /C # 82.32 oz 82.00 oz 

Num Batches: 
Design W/C: 0.548 Water/Cement: 0.564 A Design 270.4 gl 

Water in Truck: 0.0 lb Adjust Water: 0.0 lb / Load Trim Water: 

Seq 
D 
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10.0 lb/ 

D!-D[p 

Time Date 
16:13 1/11/17 

Load ID 
43104 

277.4 gl 
CY[ 

To Add: 0.0 gl 
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Time2 Wt. of Cont.2 Total Wt. 2 Wt. of Conc. 2 Result2 =Wt.of Conc./Vol. of Cont. 

Times of actions during and after casting 
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Layer 2 placed 
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Truck 
1669 
Load Size 
7. 00 CYDE 

Description 
Batch: 1 -----

Buzzi 
STONE-8 
STONE-4 
SAND-23 
WATER 
MICROAIR 
GLENIUM 7511 

Actual 
Load 27370 lb 
Siu.mp: ·· •. 4.00 in 

Driver User Disp Ticket Num Ticket ID 
2140 user 11832575 0 
Mix Code Returned Qty Mix Age 
4000cc 

Design Qty Adj.T Required Batched Actual Wat 
Start: 16:40:24 End: ------- Time (hh:mm:ss): 

588 lb 4116 lb 4110 lb 
940 lb 6629 lb 6580 lb 6 gl 
620 lb 4373 lb 4420 lb 4 gl 

1435 lb 10547 lb 10520 lb 60 gl 
322.4 lb 1742.7 lb 1732.0 lb 207.5 gl 

1.10 /C 45.28 oz 44.50 oz 
2.00 IC # 82.32 oz 82.00 oz 

Num Batches: 
Design W/C: 0.548 Water/Cement: 0.563 A Design 270.4 gl 

Water in Truck: 0.0 lb Adjust Water: 0.0 lb / Load Trim Water: 

Seq 
D 

Actual 
10.0 lb / 

01 

Time Date 
16:40 1/11/17 

Load ID 
43106 

277.4 gl To Add: 0.0 gl 
CY[ Note: Manual feed occured 
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Comments: 
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*Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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Curing Documentation v.2 
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*Test specimens and associated cylinders are to be cured under wet burlap for seven days 



Appendix 1, Pg 9 of 41

APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 117 of 575
Project: Effects of laminars cracks on 79-in 
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~ er ~J.t,,S 

Curing Documentation v.2 

(Rev. 11/1/2016} 

General Information 

Date 

Time Beginning 

Purdue University - Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

g d 
Time Ending 

Temperature inside Lab (deg. F} 

Description of Work Performed 

Recorded by Signature 

Checked by Signature 

Comments: 

Date 

Date 

Date 

I 
d 

Time 

Time 

Time 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 123 of 575Project: Effects of laminars cracks on 79-in 
lap splices of #11 reinforcing bars. 

Specimen(s) 

1)1- 0 I 

Recorded by 

Checked by 

Checked by 

Comments: 

Curing Documentation v.2 

(Rev. 11/1/2016) 

General Information 

Date 

Ill /It 
Time Beginning 

Purdue University - Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

Time Ending 

Temperature inside Lab (deg. F) 

Description of Work Performed 

Signature Date Time 

I eo /t 7 (o'.5o p,v"4. 
Signature Date Time 

l/lb/11 
Signature Date Time 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 124 of 575
Project: Effects of lamina rs cracks on 79-in 
lap splices of #11 reinforcing bars. 

Specimen(s) 

Recorded by 

I( • .,,,~,,, k11t~ 
Checked by 

Checked by 

Comments: 

Curing Documentation v.2 

(Rev. 11/1/2016} 

General Information 

Date 

11 11 
Time Beginning 

Purdue University - Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

Time Ending 

Temperature inside Lab (deg. F) 

Description of Work Performed 

Signature Date Time 

I~ /7 8 ·, '1 a ~i-, 
Signature Date Time 

1/Jb/ /7 
Signature Date Time 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 125 of 575Project: Effects of lamina rs cracks on 79-in 
lap splices of #11 reinforcing bars. 

Specimen(s) 

Dl -ot 

Recorded by 

!<,~))~te✓ <;'~,1, flJ+1_ 
Cnecked by 

Checked by 

Comments: 

Curing Documentation v.2 

(Rev. 11/1/2016) 

General Information 

Date 

I 11 /11 
Time Beginning 

Purdue University - Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

Time Ending 

Temperature inside Lab (deg. F) 

0 5J F 
Description of Work Performed 

Signature Date Time 

7:35 .... , 
Signature Date Time 

l/17 /J ,•, 
Signature Date Time 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 126 of 575
Project: Effects of laminars cracks on 79-in 
lap splices of #11 reinforcing bars. 

Specimen(s) 

DI- DI 

Curing Documentation v.2 
(Rev. 11/1/2016) 

General Information 

Date 

Time Beginning 

Purdue University - Bowen Laboratory 
Sheet 1 of 1 

Specimen Age 

Time Ending 

Temperature inside Lab (deg. F) 

Recorded by 

/(,' 

Checked by 

Comments: 

Description of Work Performed 

t t ,e, d,-tt\ 

J 

Signature 

Signature 

I 

,;, 

Date Time 

lb It if · 'lo 
Date Time 

/11 
Date Time 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 

c·y\_. 
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APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 127 of 575
Project: Effects of laminars cracks on 79-in 
lap splices of #11 reinforcing bars. 

Specimen(s} 

Recorded by 

Checked by 

Comments: 

Curing Documentation v.2 
(Rev. 11/1/2016} 

General Information 

Date 

18 17 
Time Beginning 

Purdue University - Bowen Laboratory 
Sheet 1 of 1 

Specimen Age 

Time Ending 

Temperature inside Lab (deg. F} 

Description of Work Performed 

,,t C r O C!,', 
I 

Signature Date Time 

I I I£) It s: /0 ~ 

Date Time 

1/1 7 
Signature Date 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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APPEN
D

IX C
: Purdue Phase III Test R

eport
25884-000-30R

-C
01R

-00002, R
ev. 000, Sheet 128 of 575

I 

ii 
,j 

:1 

Statement Of Traceability 
This Thermometer with Serial number ,330 7 i ·1 ___ _ has been calibrated and tested against standards traceable to the National Institute of Standards and Technology (NIST) using the methods outlined in Monograph 7 50, Monograph 250-23 frorrr NIST and ASTM E77-07 in THERMCO's /SOI/EC and /LAC accredited calibration laboratory. Each thermometer has a unique serial number for identification. The thermometer can be calibrated or certified at individual temperature points of your choice at an additional charge by contacting Therm co Products, Inc. technical support team . 

li 
\ 

. ,--;; AhC~=·o c·, ,,. t_.,:r~-~+~t~ . 
R. Casario, Laboratory Director email: Lab@ThermcoProducts.com fax: 973-940-1112 

® 

CAl DATc FEBO 9··2016 
www.ThermcoProducts.com 10 Millpond Drive Unlt#10 Lafayette, NJ 07848 - Phone: 973.300.9100 

Statement Of Traceability 

CL-033 

This Thermometer with Serial number 330,0(a __ has been calibrated and tested against standards traceable to the National Institute of Standards and Technology (NIST) using the methods outlined in Monograph _7 50, Monograph 250-23 from NIST and ASTM E77-07 in THERMCO's /SOI/EC and /LAC accredited calibration laboratory. Each thermometer has a unique serial number for identification. The thermometer can be calibrated or certified at individual temperature points of your choice at an additional charge by contacting Therm co Products, Inc. technical support team. 

~ ~ cA,,_c.Afi.3.b 
R. Casario, Laboratory Director email: Lab@ThermcoProducts.com fax: 973-940-1112 

CAL DATE fEB O 9:2016 

6 

I ll 

'l I 
!1 

I 
ll 
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APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 129 of 575

CALSER CORPORATION 302 N. Belt East, Swansea, IL 62226 (618) 277-0329 

SCALE CALIBRATION DATA AND REPORT 

Customer 

Location 

Patriot Enaineerina & Environmental 

717 C Farabee Court 

Lafavette, IN 47905 

Machine AND 150Ib Scale Model FG-60K 

Report#: VN# 10576-011 

Page 1 of 1 

Date 03/23/16 

Customer Order No. Email 

Order Date 02/22/16 
Serial No. -"H'-'3""'8-'--0"'-23"-6'-'0;.._ _________________ __. Temp. 64' F 
Customer Asset No. NIA Date Last Done 03/25/15 ----------------------~ 

Calibration Next Due 3/17 

Applied Force . Indicated Force Error % Applied Force . Indicated Force Error 

Run#1 "As Found" Condition Run#2 "As Left" Condition 
150Ib Ranqe . .05Ib/ DIV 150Ib Ranqe . .05Ib / DIV 

0 w 0 0 0.00 0 w 0 0 

2 w 2.00 0.00 0.00 2 w 2.00 0.00 

4 w 4.00 0.00 0.00 4 w 4.00 0.00 

6 w 6.00 0.00 0.00 6 w 6.00 0.00 
8 w 8.00 0.00 0.00 8 w 8.00 0.00 

10 w 10.00 0.00 0.00 10 w 10.00 0.00 

20 w 20.00 0.00 0.00 20 w 20.00 0.00 
30 w 30.00 0.00 0.00 30 w 29.90 -0.10 
40 w 40.05 0.05 0.13 40 w 40.05 0.05 
50 w 50.00 0.00 0.00 50 w 50.00 0.00 

60 w 60.05 0.05 0.08 60 w 60.05 0.05 
70 w 70.05 0.05 0.07 70 w 70.05 0.05 
80 w 80.05 0.05 0.06 80 w 80.05 0.05 

90 w 90.05 0.05 0.06 90 w 90.05 0.05 
100 w 100.05 0.05 0.05 100 w 100.05 0.05 
109 w 109.05 0.05 0.05 109 w 109.05 0.05 

0 w 0 0 0.00 0 w 0 0 

Notes: ·cAUBRATION EQUIPMENT 

1. Calibration done according to NIST Handbook 44 

and Gaiser Corporation Procedure# 4-01, Rev 1. 

2. Uncertainties of all weights meet class F tolerance 

and certifiicates for individual weights are available. 

3. Linearity was checked. 

4. Weights meet specifications of ASTM E-4 (Par. 12.1) 

ACCURACY SUMMARY 

All verification equipment•including dead weights, proving rings, load cells, etc, is 

calibrated and traceable to the latest procedures stipulated by the National Institute of 

Standards and Technology (NIST). All instrument readings have been corrected 

for temperature where necessary. 

V T er, 1cat1on E :qu1pmen t 

% 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.33 

0.13 

0.00 

0.08 

O.Q7 

0.06 

0.06 

0.05 

0.05 

0.00 

Capacity Rani:ie LoadinQ RanQe Within Error ( %) Manufacturer I· UC Range Verification Agency 
Run 1 
150Ib Range 2 -109 0.13 % 

Run 2 

150Ib Range 2 -109 0.33 % 

Calibration Technician: Jerry Parker 

and Serial# 

Rice Lake w 1-109lb 

Set# 99-452 & Various dead weights 

This report shall not be copied except in its entirety 

without express written approval of Calser Corp. 

and Date 

MO Dept. of Agriculture 

06/03/10 

FORM# 111-01-Rev2 
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APPEN
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eport
25884-000-30R

-C
01R

-00002, R
ev. 000, Sheet 130 of 575

Revised 11/10/2000 

PATRIOT ENGINEERING 
and ENVIRONMENTAL, INC. 
717 C Farabee Court 

Air Meter Calibration 

Lafayette, IN 47905 
(765) 44 7 -44 77 FAX: (765) 44 7 -4045 

Air Meter Calibration Record 

Calibrated by: Amy Kolzow Date: 12/9/2016 
Equipment: T pe B Pressure Meter 
Serial No: LAF-8 Range of Calibration: 5.0 +/- 0.1 % 
Previous Calibration Date: 8/30/2016 Next Due Date: 3/9/2017 
Calibration Equip Used: Traceable Thermometer 112003335, O'Haus 8, 1 OOg 

Scale Model AV8101, O'Haus 35Ib Scale 2407-00 
Calib.Procedure: CME #21 

Action Recommended: Repair ____ Replace ____ None X 

PROCEDURE: 

CALIBRATION: 

Other ________ Explain: 

Screw short pipe into threaded hole on underside of lid. Fill bowl with water and attach the lid to the bowl. 
Open both petcocks and fill the meter with water through the petcock that has the pipe affixed to it. 
Attach the curved pipe to the petcock to whcih the short pipe has been affixed. Close the 
opposite petcock and pump the meter up to its initial pressure. Place the measuring device 
under the curved pipe and release the air from the meter, filling the device to capacity. 
Release the remaining air, remove the curved pipe, then pump the meter back to its set 
point.Release the air, tapping on the gauge until a constant reading is reached. This should equal 5%. 

Trial# Theoretical 
1 5% 
2 5% 
3 5% 

Actual 
5.1 
5.1 
5.1 

IP: 3 % 

Volume: 0.2513 cf 
0.0071 cm 

COMMENTS:-----------------------------------
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APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 131 of 575

Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

~ 
Date Disp Ticket Num 

o4/ L7 / 18- 11<;335z_5 

Casting Documentation v.2 

(Rev. 11/1/2016) 

General Information 

Truck No. Time on Ticket 

soeo ' 

Specimen: J> t~ - J:::> I g 
Sheet 1 of 1 

Time of Arrival Temp. in Lab 

I ' )() 0 

. 

Measurements made upon arrival of concrete 

Slump (ASTM C143 - 10a) Air Content (ASTM C231 - 10) 

Time1 Result1 Time1 Result1 S/N of Air Meter 

\ ·. \ S vm 1 3 
/ 4 

ti 

I; l 5 11M lo, o/o L-A.f ✓ 3 

Time 2 Result2 Time2 Result2 S/N of Scale 

)'·'30pW\ &;~/4 
1! 

1 : ~-o pvVl lP ✓ 5% A EL-I CJ I I le; t3 I \ 
Unit Weight (ASTM C138 - lOb) -\f """o, 250.3 cf 

Time1 Wt. of Cont.1 Total Wt. 1 Wt. of Conc. 1 Result1 = Wt. of Conc./Vol. of Cont. 

\ ·. \ :5 pw, S, IS \h L!Lf,?_Dlb 3LP, 05 lb 

Time2 Wt. of Cont. 2 Total Wt. 2 Wt. of Conc. 2 Result2 = Wt. of Conc./Vol. of Cont. 

\ ~ 3D pM 8. 15 lb '13. --tO lb 

Times of actions during and after casting 

Layer 1 placed 
Layer 1 vibration 

Layer 2 placed 
Layer 2 vibration Top surface struck Truck Departing 

complete complete off Lab 

\ '. IJ0p»i -+ I : \ S PW'I \ ~ \ 5 pm t" 1~,5pwi i ~oopwi I: 31.Rpm 
Lifting Inserts Covered with Covered with Burlap doused . Covered with 

Placed plastic 
Plastic removed 

burlap with water plastic 

Recorded by Signature Date Time 

Checked by Signature Date Time 

t'1 \cu\ 5 
's~//·' 

f~~:~ ' -
r1fz7/1~··1 ;l ·=-- I'.&-/) }d'-iv J 

lchecked by I 
Signature Date Time 

:omments: 

*The following ASTM standards and specifications will be followed during casting: C172-10, C192-07, C470-09 
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APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 132 of 575

Truck Driver User Disp Ticket Num Ticket ID Time Date 
506 3634 user 11633525 0 12:32 4/27/17 
Load Size Mix Code Returned Qty Mix Age Seq Load ID 
7.00 CYD~ 4000CC w 45861 

De!!:crlptton Design Qt; Required Blliched % V!'ll" % M ol!':lure Ad!m! Wfll 
blm:I 588 lb # 4116 lb 4100 lb ·D.39% 
STONE·S 940 lb 'It 6613 lb 6560 lb ·D.80% D.51!%M 4 gl 
8TONE-4 620 lb # 434□ lb 4300 lb ·fl.92% 
SAND-23 1435 lb # 11:J547 lb 11l580 lb □.31% S.□ll%M 6fl gl 
WATER 322.4 lb # 1721.7 lb 1746.□ lb 1.41% 2re.2 gl 
GL.EN:?IDll .00 IC 'ff. .00 oz .D!l 01: 
rnlcro!llr 1.11:! IC # 45.28 m: 45.C!!l az ·D.61% 
GLEN 7511 2.IJIJ IC # 82.32 m: 83.llll oz D.83% 

.A.ctulll Num B!l!ches: 1 
De.lgn 270.4 gl Acttml 273.5 gl To Ado: a.a g1 

SIL! 4.00 In 
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APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 133 of 575
Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen(s) 

Recorded by 

Cliecked by 

Checked by 

Comments: 

Curing Documentation v.2 

(Rev. 11/1/2016) 

General Information 

Date 

Time Beginning 

Purdue University - Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

Time Ending 

Temperature inside Lab (deg. F) 

Description of Work Performed 

Signature Date Time 

7 11 
Signature Date Time 

Signature Date Time 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 134 of 575
Project: Effects of lamina rs cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen(s) 

Recorded by 

Checked by 

Comments: 

Curing Documentation v.2 

(Rev. 11/1/2016) 

General Information 

Date 

Time Beginning 

/0 /ao ~ 

Purdue University- Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

Time Ending 

l ,, I I < IV \ r-4 

Temperature inside Lab (deg. F) 

Description of Work Performed 

Signature Date Time 

Signature Date Time 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 135 of 575
Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen(s) 

Curing Documentation v.2 

(Rev. 11/1/2016) 

General Information 

Date 

Time Beginning 

Purdue University - Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

I 
Time Ending 

Temperature inside Lab (deg. F) 

Description of Work Performed 

\ 

I 

Recorded by Signature Date Time 

Checked by Signature Date Time 

Checked by Signature Date Time 

Comments: 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 136 of 575
Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen(s) 

Recorded by 

Checked by 

Comments: 

Curing Documentation v.2 

(Rev. 11/1/2016) 

General Information 

Date 

Time Beginning 

Purdue University - Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

Time Ending 

Temperature inside Lab (deg. F) 

Gf 
Description of Work Performed 

Signature Date Time 

I 
Time 

Signature Date Time 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 137 of 575
Project: Effects of lamina rs cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen(s) 

rs-

Curing Documentation v.2 

(Rev. 11/1/2016} 

General Information 

Date 

I ;zq / 1 

Time Beginning 

t, 
:.; •" 

Purdue University - Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

d~-1 
Time Ending 

: I p ,u,,., 
Temperature inside Lab (deg. F} 

~ 

Description of Work Performed 

,";' ti/'0,t ~-t ,J t1J J I 
(' r ei vttt, ,l 

Recorded by Signature Date Time 

Checked by Signature Date Time 

Checked by Signature Date Time 

Comments: 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 138 of 575
Project: Effects of lamina rs cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen(s) 

t 

Recorded by 

Checked by 

Comments: 

Curing Documentation v.2 

(Rev. 11/1/2016) 

General Information 

Date 

Time Beginning 

Purdue University - Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

Time Ending 

Temperature inside Lab (deg. F) 

Description of Work Performed 

Signature Date Time 

ii I ' t} ~ ' 11?1'~,c 

Date Time 

Signature Date Time 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 



Appendix 1, Pg 31 of 41

APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 139 of 575
Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen(s) 

Recorded by 

Checked by 

Comments: 

Curing Documentation v.2 

(Rev. 11/1/2016) 

General Information 

Date 

I 
Time Beginning 

Purdue University - Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

Time Ending 

Temperature inside Lab (deg. F) 

Description of Work Performed 

J 

Signature Date Time 

Date Time 

Signature Date Time 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 



Appendix 1, Pg 32 of 41

APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 140 of 575
Project: Effects of lamina rs cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen(s) 

Recorded by 

Checked by 

Checked by 

Comments: 

Curing Documentation v.2 

(Rev. 11/1/2016) 

General Information 

Date 

Time Beginning 

Purdue University- Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

Time Ending 

Temperature inside Lab (deg. F) 

Description of Work Performed 

J 

Signature Date Time 

Signature Date Time 

Signature Date Time 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 141 of 575
Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen(s) 

Recorded by 

Checked by 

Comments: 

Curing Documentation v.2 

(Rev. 11/1/2016) 

General Information 

Date 

Time Beginning 

Purdue University- Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

Time Ending 

Temperature inside Lab (deg. F) 

Description of Work Performed 

Signature Date Time 

Signature Date Time 

Signature Date Time 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 142 of 575
Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen(s) 

Recorded by 

Ki Vi 

Checked by 

Comments: 

Curing Documentation v.2 

(Rev. 11/1/2016) 

General Information 

Date 

Time Beginning 

Purdue University - Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

Time Ending 

Temperature inside Lab (deg. F) 

0 

Description of Work Performed 

Signature Date Time 

t( /1 JefJ ().J\F\, 
if"r 

Date Time 

Signature Date Time 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 143 of 575
Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen(s) 

Recorded by 

Checked by 

Comments: 

Curing Documentation v.2 

(Rev. 11/1/2016) 

General Information 

Date 

Time Beginning 

Purdue University - Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

Time Ending 

Temperature inside Lab (deg. F) 

Description of Work Performed 

J 

Signature Date Time 

Time 

Signature Date Time 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 144 of 575
Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen(s) 

r 

Recorded by 

Checked by 

Comments: 

Curing Documentation v.2 

(Rev. 11/1/2016) 

General Information 

Date 

Time Beginning 

Purdue University - Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

Time Ending 

Temperature inside Lab (deg. F) 

Description of Work Performed 

Signature Date Time 

Time 

Signature Date Time 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 145 of 575
Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen(s) 

I I 

Recorded by 

Checked by 

Comments: 

Curing Documentation v.2 

(Rev. 11/1/2016) 

General Information 

Date 

I II 
Time Beginning 

Purdue University - Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

Time Ending 

Temperature inside Lab (deg. F) 

C 
Description of Work Performed 

tl 

Signature Date Time 

Signature Date Time 

Signature Date Time 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 146 of 575
Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen(s) 

f 

Recorded by 

Checked by 

Checked by 

Comments: 

Curing Documentation v.2 

(Rev. 11/1/2016) 

General Information 

Date 

Time Beginning 

Purdue University - Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

Time Ending 

Temperature inside Lab (deg. F) 

Description of Work Performed 

• d 

Signature Date Time 

Signature Date Time 

Signature Date Time 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 147 of 575
Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen(s) 

Recorded by 

ill 
ft,l~ 

Checked by 

Comments: 

Curing Documentation v.2 

(Rev. 11/1/2016) 

General Information 

Date 

Time Beginning 

Purdue University - Bowen Laboratory 

Sheet 1 of 1 

Specimen Age 

Time Ending 

Temperature inside Lab (deg. F) 

l 
Description of Work Performed 

Signature Date Time 

5/tt/n s' ,<~ 'f ,,, 41 h~ .. 

Signature Date Time 

Signature Date Time 

*Test specimens and associated cylinders are to be cured under wet burlap for seven days 
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APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 148 of 575

302 N. Belt East, Swansea, IL 62226 (618) 277-0329 

SCALE CALIBRATION DATA AND REPORT 

Ct. __ .,mer 

Location 

Patriot Engineering & Environmental 

717 C Farabee Court 

Lafavette, IN 47905 

Machine Adam 165Ib Scale Model CPW Plus 75 

Serial No. AE40116811 ---------------------
Customer Asset No. N/A -------------------~ 

Verification Reading . Machine Reading Error % . 

Repo1t#: 

Page 1 of 1 

Date 

Customer Order# 

Order Date 

Temp. 

Date Last Done 

Condition of Machine 

Machine Reading Error % 

VN# 11467-007 

03/07/17 

Email 

02/14/17 

71 

03/23/16 

Good 

. Machine ReadinQ Error % 

Run#1 "As Found" Condition Run#2 "As Left" Condition Run#3 "As Left" Condition 

165Ib Ranqe * .05Ib/ DIV * . 
0 s 0 0 0.00 s 0 0 0.00 s 0 0 

10 s 10.10 0.10 1.00 s 10.00 0.00 0.00 s 10.00 0.00 

20 s 20.20 0.20 1.00 s 20.00 0.00 0.00 s 20.00 0.00 

30 s 30.30 0.30 1.00 s 30.00 0.00 0.00 s 30.00 0.00 

50 s 50.50 0.50 1.00 s 50,00 0.00 0.00 s 50.00 0.00 

60 s 60.60 0.60 1.00 s 60.00 0.00 0.00 s 60.00 0.00 

80 s 80.85 0.85 1.06 s 80.00 0.00 0,00 s 80.00 0.00 

100 s 101.00 1.00 1.00 s 100.00 0,00 0,00 s 100.00 0.00 

120 s 121.25 1.25 1.04 s 119.95 -0.05 0.04 s 120.00 0.00 

130 s 131.35 1.35 1.04 s 130.00 0.00 0.00 s 130.00 0.00 

0 s 0 0 0.00 s 0 0 0.00 s 0 0 

,---

'-' 

Notes: ·CALIBRATION EQUIPMENT 

1. Calibration done according to NIST Handbook 44 

and Gaiser Corporation Procedure# 4-01, Rev 1. 

2. Uncertainties of all weights meet class F tolerance 

and certifiicates for individual weights are available. 

3. Linearity was checked. 

4. Weights meet specifications of ASTM E-4 (Par. 12.1) 

ACCURACY SUMMARY 

Capacitv Ranae Loadina Ranae Within 

Run 1 

165Ib Range 10 - 130 

Run 2 
165Ib Range 10 -130 

Run 3 

1._6f;1h Ranae 10 - 130 

-

Calibration Technician Ronnie Agne 

Error ( %) 

1.06 % 

0.04 % 

0.00 % 

Taylor 

TH4 

All verification equipment-including dead weights, proving rings, load cells, etc, is 

calibrated and traceable to the latest procedures stipulated by the National Institute of 

Standards and Technology (NISD. All instrument readings have been corrected 

for temperature where necessary. 

VERIFICATION EQUIPMENT 

L/C Class A Range 

s 1-151 lb 

Various 

TH4 30'F - 120'F 

Agency 

& Date 

ltin Scale Company 

05/06/14 

Quality Calibration 

08/26/16 

This report shall not be copied except in its entirety · 

without express written approval of Calser Corp. 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0,00 

0.00 

0.00 

0.00 

0.00 

FORM# 116-02-Rev3 
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APPEN
D

IX C
: Purdue Phase III Test R

eport
25884-000-30R

-C
01R

-00002, R
ev. 000, Sheet 149 of 575

Revised 11/10/2000 

PATRIOT ENGINEERING 
and ENVIRONMENTAL, INC. 
717 C Farabee Court 

Air Meter Calibration 

Lafayette, IN 47905 
(765) 44 7-44 77 FAX: (765) 44 7-4045 

Calibrated by: Ken Bosar 
Equipment: Type B Pressure Meter 
Serial No: LAF-3 
Previous Calibration Date: 1/16/2017 
Calibration Equip Used: Traceable Thermometer 112003335, O'Haus 8, 1 OOg 

Scale Model AV8101, O'Haus 35Ib Scale 2407-00 
!Action Recommended: Repair ____ Replace ____ None _X ___ _ 

Other ________ Explain: 

Date: 3/6/2017 

Range of Calibration: 5.0 +/- 0.1 % 
Next Due Date: 11/15/2016 
Calib.Procedure: CME #21 

PROCEDURE: Screw short pipe into threaded hole on underside of lid. Fill bowl with water and attach the lid to the bowl. 
Open both petcocks and fill the meter with water through the petcock that has the pipe affixed to it. 
Attach the curved pipe to the petcock to whcih the short pipe has been affixed. Close the 

CALIBRATION: 

COMMENTS: 

opposite petcock and pump the meter up to its initial pressure. Place the measuring device 
under the curved pipe and release the air from the meter, filling the device to capacity. 
Release the remaining air, remove the curved pipe, then pump the meter back to its set 
point.Release the air, tapping on the gauge until a constant reading is reached. This should equal 5%. 

Trial# Theoretical Actual 
1 5% 
2 5% 
3 5% 

5 
5 
5 

IP: 3 °/o 

Volume: 0.2503 cf 
0.0071 cm 

------------------------------------

•'"' ~.' 
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APPEN
D

IX C
: Purdue Phase III Test R

eport
25884-000-30R

-C
01R

-00002, R
ev. 000, Sheet 150 of 575

Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen Date Time of Test 

C ·~J '1 v\1,. 

S/N ofTesting Machine: 

Recorded by: 

C~cked by: 

Comments: 

Wet/Dry 

Cylinder Compression Tests Documentation v.3 

(Rev. 11/1/2016) 

Specimen: \-

Diameter [nearest 0.01 in.] Length [nearest 0.05 in.] 

1 2 1 I 2 I 3 

~ ll/ t$ ~ 

,ol H. 'f$ ~G, 

Signature Date 

Date 

Date 

,I 
7 

~.~ ' 
Pmax [lb1] 

Io 

' 

Sheet 1 of 2 

Fracture Type 

(1-6) 

f' 

Time 

Time 

Time 

*Cylinders to be test per ASTM C-39-12 and C-1231-lOa with a loading rate of 60,000lbi/min at concrete ages of 3, 7, 14, 28 days, and on same day that test of 

corresponding specimen is conducted. Specimens and caps free of defects unless otherwise noted in comments. Average cylinder diameter and area and unit 

compressive stress (f'cl calculated on sheet 2 of 2. 
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APPEN
D

IX C
: Purdue Phase III Test R

eport
25884-000-30R

-C
01R

-00002, R
ev. 000, Sheet 151 of 575

Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen Date Time of Test 

t: 

S/N of Testing Machine: 

Recorded by: 

by: 

Comments: 

+ ~ 
l 

ZPN,c.1\.-X. 

rrb 

Wet/Dry 

Cylinder Split Tensile Tests Documentation v.2 

(Rev. 11/1/2016) 

Diameter [nearest 0.01 in.] 

end I middle I end 

Specimen: bl,,. Q3 (.;J◄ &" / 

Length [nearest 0.1 in.] 

1 2 

Date I 

Date I 

Date I 

Pmax [lbf] 

Time 

5' ---
Time 

S: 
Time 

Fracture 

Sketch 

Sheet 1 of 2 

*Cylinders to be test per ASTM C-496-11 with a loading rate of 15,000lbtfmin at a concrete age of 28 days and on same day that the test of the corresponding 

specimen is conducted. Specimens free of defects unless otherwise noted in comments. Average cylinder diameter and area and splitting tensile strength (f1) calculated 

on sheet 2 of 2. 
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APPEN
D

IX C
: Purdue Phase III Test R

eport
25884-000-30R

-C
01R

-00002, R
ev. 000, Sheet 152 of 575

Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen I Date I Time of Test I 

D3-

S/N of Testing Machine: 

Recorded by: 

Checked by: 

Comments: 

Wet/Dry 

Cylinder Compression Tests Documentation v.3 

(Rev. 11/1/2016) 

Specimen:~ - 0 

Diameter [nearest 0.01 in.] Length [nearest 0.05 in.] 

1 2 1 2 3 

>, c.e$ J(, ~~ 

$'/f5 C{o 12-, co \t.oo 

~\ ; I .~u I lt,oo I b ., 

Date 

a/ { l 
Signature I Date 

Signature Date 

w~t-<., 2_ 
Sheet 1 of 2 

Pmax [lbf] 
I Fracture Type 

(1-6) 

I I b ,D~O 

Time 

Time 

*Cylinders to be test per ASTM C-39-12 and C-1231-lOa with a loading rate of 60,000lbtfmin at concrete ages of 3, 7, 14, 28 days, and on same day that test of 

corresponding specimen is conducted. Specimens and caps free of defects unless otherwise noted in comments. Average cylinder diameter and area and unit 

compressive stress (f'c) calculated on sheet 2 of 2. 
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APPEN
D

IX C
: Purdue Phase III Test R

eport
25884-000-30R

-C
01R

-00002, R
ev. 000, Sheet 153 of 575

Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen Date Time of Test 

~ 4 

D 5 

5 6 s· 
S/N ofTesting Machine: 

Recorded by: 

Checked by: 

Comments: 

""' ..... 
"'~-r.,...,,.w,<>il'"-,~!r.l-1.J'l'\'1'-.~, 

Wet/Dry 

f;,.~ 

Cylinder Split Tensile Tests Documentation v.2 

(Rev. 11/1/2016) 

Diameter [nearest 0.01 in.] 

end I middle I end 

.ol 

,,Qi 

,.o 
~ 

Signature 

Signature 

Signature 

r I:'.> a-,· '");, 

-· A::!"" ·"'41,,......,..l/:::'3"r:- ~ 
Specimen: 14.- • - ::llJ!ii!· Sheet 1 of 2 

Length [nearest 0.1 in.] 

1 2 

I l,o& • (Jifj, 

Date 

Z.lt..'f 
Date 

Date 

Pmax [lbf] 

3 uuo 

coo 

5: 
Time 

Time 

Time 

Fracture 

Sketch 

*Cylinders to be test per ASTM C-496-11 with a loading rate of 15,000lbtfmin at a concrete age of 28 days and on same day that the test of the corresponding 

specimen is conducted. Specimens free of defects unless otherwise noted in comments. Average cylinder diameter and area and splitting tensile strength (f1) calculated 

on sheet 2 of 2. 
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APPEN
D

IX C
: Purdue Phase III Test R

eport
25884-000-30R

-C
01R

-00002, R
ev. 000, Sheet 154 of 575

Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

Cylinder Compression Tests Documentation v.3 

(Rev. 11/1/2016) 

. Di 
Specimen: Sheet 1 of 2 

Specimen I Date Time of Test Wet/Dry 
Diameter [nearest 0.01 in.] I Length [nearest 0.05 in.] 

1 2 1 2 3 

0' 7 0 , t)O 

e· 
.I I -· .. , I - I 

I f ;,~~, ,>¼1, f ~ 1 g · 2~ ,) r:11,~. I,) ,~.,,\ \0 , () 0 .J • 

S/N of Testing Machine: 

Recorded by: Date 

checked by: Signature Date 

Checked by: Signature Date 

Comments: 

Pmax [lbf] 

0 

Fracture Type 

(1-6) 

Time 

Time 

Time 

*Cylinders to be test per ASTM C-39-12 and C-1231-l0a with a loading rate of 60,000lbtfmin at concrete ages of 3, 7, 14, 28 days, and on same day that test of 

corresponding specimen is conducted. Specimens and caps free of defects unless otherwise noted in comments. Average cylinder diameter and area and unit 

compressive stress (f'cl calculated on sheet 2 of 2. 
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APPEN
D

IX C
: Purdue Phase III Test R

eport
25884-000-30R

-C
01R

-00002, R
ev. 000, Sheet 155 of 575

Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen Date Time of Test 

Dl 

01 1 

D1 I I ')5 

S/N of Testing Machine: 

Recorded by: 

Checked by: 

Comments: 

Wet/Dry 

; I 

Cylinder Split Tensile Tests Documentation v.2 

(Rev. 11/1/2016) 

Diameter [nearest 0.01 in.] 

end I middle I end 

C, o 1 00 5, C,? 
C.e,o 

~ , ! 

Signature 

Specimen: Sheet 1 of 2 

Length [nearest 0.1 in.] 

1 2 

Date 

7-
Date 

Date 

Pmax [lb1] 

' 

Time 

Time 

Time 

Fracture 

Sketch 

*Cylinders to be test per ASTM C-496-11 with a loading rate of 15,000lb1/min at a concrete age of 28 days and on same day that the test of the corresponding 

specimen is conducted. Specimens free of defects unless otherwise noted in comments. Average cylinder diameter and area and splitting tensile strength (f1) calculated 

on sheet 2 of 2. 
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APPEN
D

IX C
: Purdue Phase III Test R

eport
25884-000-30R

-C
01R

-00002, R
ev. 000, Sheet 156 of 575

Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen Date Time of Test 

S/N of Testing Machine: 

Recorded by: 

Checked by: 

Comments: 

Wet/Dry 

Cylinder Compression Tests Documentation v.3 

(Rev. 11/1/2016) 

_tJtJ 
Specimen: Sheet 1 of 2 

Diameter [nearest 0.01 in.] 

1 2 

Signature 

Signature 

Signature 

Length [nearest 0.05 in.] 

1 I 2 I 3 

Date 

Date 

Date 

pmax [lbf] 
Fracture Type 

(1-6) 

Time 

Time 

*Cylinders to be test per ASTM C-39-12 and C-1231-l0a with a loading rate of 60,000lbtfmin at concrete ages of 3, 7, 14, 28 days, and on same day that test of 

corresponding specimen is conducted. Specimens and caps free of defects unless otherwise noted in comments. Average cylinder diameter and area and unit 

compressive stress (f'cl calculated on sheet 2 of 2. 
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APPEN
D

IX C
: Purdue Phase III Test R

eport
25884-000-30R

-C
01R

-00002, R
ev. 000, Sheet 157 of 575

Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen Date Time of Test 

1 
f l 

Pf ., 

S/N of Testing Machine: 

Recorded by: 

Checked by: 

Comments: 

Wet/Dry 

\ I 

Cylinder Split Tensile Tests Documentation v.2 

(Rev. 11/1/2016) 

Diameter [nearest 0.01 in.] 

end I middle I end 

Signature 

Signature 

. . 0 1 f2 Specimen. Sheet o 

Length [nearest 0.1 in.] Fracture 

Sketch 
Pmax [lbtJ 

1 2 

Date Time 

' 

Date Time 

Date Time 

*Cylinders to be test per ASTM C-496-11 with a loading rate of 15,000lbtfmin at a concrete age of 28 days and on same day that the test of the corresponding 
specimen is conducted. Specimens free of defects unless otherwise noted in comments. Average cylinder diameter and area and splitting tensile strength (f1) calculated 
on sheet 2 of 2. 
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APPEN
D

IX C
: Purdue Phase III Test R

eport
25884-000-30R

-C
01R

-00002, R
ev. 000, Sheet 158 of 575

Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen Date Time ofTest 

S/N of Testing Machine: 

Recorded by: 

Checked by: 

Comments: 

Wet/Dry 

Cylinder Compression Tests Documentation v.3 

(Rev. 11/1/2016) 
· n· D ~ 1 f 2 Spec1me · Sheet o 

Diameter [nearest 0.01 in.] Length [nearest 0.05 in.] Fracture Type 

(1-6) 
p max [lbf] 

1 2 1 I 2 I 3 

{ f J 

' 

Date Time 

I I 
Date Time 

Signature Date Time 

*Cylinders to be test per ASTM C-39-12 and C-1231-lOa with a loading rate of 60,000lbtfmin at concrete ages of 3, 7, 14, 28 days, and on same day that test of 

corresponding specimen is conducted. Specimens and caps free of defects unless otherwise noted in comments. Average cylinder diameter and area and unit 

compressive stress (f'cl calculated on sheet 2 of 2. 
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APPEN
D

IX C
: Purdue Phase III Test R

eport
25884-000-30R

-C
01R

-00002, R
ev. 000, Sheet 159 of 575

Project: Effects of lamina rs cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen Date Time of Test 

S/N of Testing Machine: 

Recorded by: 

/<i 

Checked by: 

Comments: 

Wet/Dry 

I I 

Cylinder Split Tensile Tests Documentation v.2 

(Rev. 11/1/2016) 

Diameter [nearest 0.01 in.] 

end I middle I end 

r~, 

Signature 

t, 
p 

, 

Specimen: D ~ Sheet 1 of 2 

Length [nearest 0.1 in.] Fracture 

Sketch 
Pmax [lbr] 

1 2 

co I oo 
,Od Loa 

1z.. 

Date Time 

Date 

Date Time 

*Cylinders to be test per ASTM C-496-11 with a loading rate of 15,000lbr/min at a concrete age of 28 days and on same day that the test of the corresponding 

specimen is conducted. Specimens free of defects unless otherwise noted in comments. Average cylinder diameter and area and splitting tensile strength (ft) calculated 

on sheet 2 of 2. 
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APPEN
D

IX C
: Purdue Phase III Test R

eport
25884-000-30R

-C
01R

-00002, R
ev. 000, Sheet 160 of 575

Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen Date Time of Test 

S/N of Testing Machine: 

Recorded by: 

Checked by: 

Comments: 

Wet/Dry 

Cylinder Compression Tests Documentation v.3 

(Rev. 11/1/2016) 

(Jio 
Specimen: ~ Sheet 1 of 2 

Diameter [nearest 0.01 in.] Length [nearest 0.05 in.] 

1 2 1 I 2 I 3 

Date 

Signature Date 

p max [lbt] 

0 I) l$GJ 

Fracture Type 

(1-6) 

Tirile 

Time 

*Cylinders to be test per ASTM C-39-12 and C-1231-l0a with a loading rate of 60,000lbtfmin at concrete ages of 3, 7, 14, 28 days, and on same day that test of 

corresponding specimen is conducted. Specimens and caps free of defects unless otherwise noted in comments. Average cylinder diameter and area and unit 

compressive stress (f'c) calculated on sheet 2 of 2. 
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APPEN
D

IX C
: Purdue Phase III Test R

eport
25884-000-30R

-C
01R

-00002, R
ev. 000, Sheet 161 of 575

Specimen: 0, Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

Cylinder Split Tensile Tests Documentation v.2 

(Rev. 11/1/2016) Sheet 1 of 2 

Specimen Date Time of Test 

~1 11 
I 1 

S/N of Testing Machine: 

Recorded by: 

Checked by: 

Comments: 

Wet/Dry 
end 

Diameter [nearest 0.01 in.] 

middle 

I 

Signature 

Signature 

end 

, 
L_rr:O 

Length [nearest 0.1 in.] Fracture 
Pmax [lb1] 

Sketch 1 2 

/Lou ( 2 I(.)..,.! I S'.iooo 

I 

I 

Date Time 

c·.~5 "'"'--
Date Time 

Date Time 

*Cylinders to be test per ASTM C-496-11 with a loading rate of 15,000lb1/min at a concrete age of 28 days and on same day that the test of the corresponding 

specimen is conducted. Specimens free of defects unless otherwise noted in comments. Average cylinder diameter and area and splitting tensile strength (f1) calculated 

on sheet 2 of 2. 

I 
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APPEN
D

IX C
: Purdue Phase III Test R

eport
25884-000-30R

-C
01R

-00002, R
ev. 000, Sheet 162 of 575

Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen Date Time of Test 

t) \ \ 

It 

S/N of Testing Machine: 

Recorded by: 

Checked by: 

Comments: 

Wet/Dry 

Cylinder Compression Tests Documentation v.3 

(Rev. 11/1/2016} 

ul \ 
Specimen: Sheet 1 of 2 

Diameter [nearest 0.01 in.] 

1 2 

q /l 

Signature 

Signature 

Length [nearest 0.05 in.] 

1 I 2 I 3 

~ 

Date 

Date 

Date 

Pmax [lbtl 

I 

~iO 

Fracture Type 

(1-6) 

Time 

Time 

Time 

*Cylinders to be test per ASTM C-39-12 and C-1231-l0a with a loading rate of 60,000lbtfmin at concrete ages of 3, 7, 14, 28 days, and on same day that test of 

corresponding specimen is conducted. Specimens and caps free of defects unless otherwise noted in comments. Average cylinder diameter and area and unit 

compressive stress (f'c) calculated on sheet 2 of 2. 
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APPEN
D

IX C
: Purdue Phase III Test R

eport
25884-000-30R

-C
01R

-00002, R
ev. 000, Sheet 163 of 575

Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen Date Time of Test 

' f I 5"-oi 
ul 

S/N of Testing Machine: 

Recorded by: 

Checked by: 

Comments: 

Wet/Dry 

Cylinder Split Tensile Tests Documentation v.2 

(Rev. 11/1/2016) 

Diameter [nearest 0.01 in.] 

end I middle I end 

C.01 q~ (, f 'll, , 

,.._ 
/-ori 

Signature 

J)H 
Specimen: Sheet 1 of 2 

Length [nearest 0.1 in.] 

1 2 

/lie,0 f'Z.,o"' 

/2,oo 

Date 

3 i 17 
Date 

Date 

Pmax [lb1J 

Time 

Time 

Fracture 

Sketch 

*Cylinders to be test per ASTM C-496-11 with a loading rate of 15,000lbtfmin at a concrete age of 28 days and on same day that the test of the corresponding 

specimen is conducted. Specimens free of defects unless otherwise noted in comments. Average cylinder diameter and area and splitting tensile strength (f1) calculated 

on sheet 2 of 2. 
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APPEN
D

IX C
: Purdue Phase III Test R

eport
25884-000-30R

-C
01R

-00002, R
ev. 000, Sheet 164 of 575

Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen I Date I Time of Test I 

z_:vo tii11-I 

'lit'-• I 

S/N of Testing Machine: 

Recorded by: 

J 

Checked by: 

Comments: 

Wet/Dry 

Orv, 

0 

4 

Cylinder Compression Tests Documentation v.3 

(Rev. 11/1/2016) 
. . 012 f2 Specimen. Sheet 1 o 

Diameter [nearest 0.01 in.] I Length [nearest 0.05 in.] Fracture Type 

(1-6) 
Pmax [lbf] 

1 2 I 1 I 2 I 3 

I s 7 4 I {'l_ 00 I I I I . 00 I /Zuoo 

7J fl 5 I '/f I ,O(J f{70bb 6 

5 '1 ;J ,,, I I !, "15 I oO t t 1000 

/.:; 
Date I Time 

3 /22. I 7_,. 50 0,·1.A . ., 

Signature Date Time 

Signature Date Time 

*Cylinders to be test per ASTM C-39-12 and C-1231-lOa with a loading rate of 60,000lbt/min at concrete ages of 3, 7, 14, 28 days, and on same day that test of 

corresponding specimen is conducted. Specimens and caps free of defects unless otherwise noted in comments. Average cylinder diameter and area and unit 

compressive stress (f'cl calculated on sheet 2 of 2. 
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APPEN
D

IX C
: Purdue Phase III Test R

eport
25884-000-30R

-C
01R

-00002, R
ev. 000, Sheet 165 of 575

Project: Effects of laminars cracks on 79-in 
lap splices of #11 reinforcing bars. 

Specimen Date Time of Test 

)(2L 
f N 

le p 

S/N ofTesting Machine: 

Recorded by: 

Checked by: 

Comments: 

Wet/Dry 

H 

Cylinder Split Tensile Tests Documentation v.2 

(Rev. 11/1/2016) 

Diameter [nearest 0.01 in.] 

end I middle I end 

,,ol, 
I' u 

Signature 

Signature 

G,,0 

Specimen: D ( 1-

Length [nearest 0.1 in.] 
Pmax [lbtl 

1 2 

'Z.. 't,~:); 55°.:>o 

, 

Date Time 

Time 

Date Time 

Fracture 

Sketch 

Sheet 1 of 2 

*Cylinders to be test per ASTM C-496-11 with a loading rate of 15,000lbtfmin at a concrete age of 28 days and on same day that the test of the corresponding 
specimen is conducted. Specimens free of defects unless otherwise noted in comments. Average cylinder diameter and area and splitting tensile strength (f1) calculated 
on sheet 2 of 2. 
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APPEN
D

IX C
: Purdue Phase III Test R

eport
25884-000-30R

-C
01R

-00002, R
ev. 000, Sheet 166 of 575

Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen Date Time of Test 

S/N of Testing Machine: 

Recorded by: 
-

Kinsey Skillen 

Checked by: 

Checked by: 

Comments: 

Wet/Dry 

I 

I 

Cylinder Compression Tests Documentation v.3 

(Rev. 11/1/2016) 

Diameter [nearest 0.01 in.] Length [nearest 0.05 in.] 

1 2 1 I 2 I 3 

Forney 99058 

Signature I Date 

Signature I Date 

Signature Date 

Specimen: D \ '3 

Pmaxllbtl 

I 

I 

Sheet 1 of 2 

Fracture Type 

(1-6) 

Time 

Time 

Time 

*Cylinders to be test per ASTM C-39-12 and C-1231-lOa with a loading rate of 60,000lbt/min at concrete ages of 3, 7, 14, 28 days, and on same day that test of 

corresponding specimen is conducted. Specimens and caps free of defects unless otherwise noted in comments. Average cylinder diameter and area and unit 

compressive stress (f'cl calculated on sheet 2 of 2. 
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ev. 000, Sheet 167 of 575

Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen Date Time of Test 

o/ :50 ~ 

S/N of Testing Machine: 

Comments: 

Recorded by: 

I 
Checked by: 

Checked by: 

Wet/Dry 

Cylinder Split Tensile Tests Documentation v.2 

(Rev. 11/1/2016) 

Diameter [nearest 0.01 in.] 

end I middle I end 

Signature 

Signature 

Specimen: ·- ,,,,_ Sheet 1 of 2 

Length [nearest 0.1 in.] 

1 2 

Date 

Date 

Date 

P max [lbt] 

'70000 

Time 

Time 

Time 

Fracture 

Sketch 

*Cylinders to be test per ASTM C-496-11 with a loading rate of 15,000lbtfmin at a concrete age of 28 days and on same day that the test of the corresponding 

specimen is conducted. Specimens free of defects unless otherwise noted in comments. Average cylinder diameter and area and splitting tensile strength (ftl calculated 

on sheet 2 of 2. 
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Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen Date Time of Test 

S/N of Testing Machine: 

Recorded by: 

Kinsey Skillen 

Checked by: 

Checked by: 

Comments: 

Wet/Dry 

Cylinder Compression Tests Documentation v.3 

(Rev. 11/1/2016) 

Diameter [nearest 0.01 in.] Length [nearest 0.05 in.] 

1 2 1 I 2 I 3 

Forney 99058 

Signature Date 

Signature Date 

Signature Date 

Specimen: £) I /..1 

Pmax [lbtl 

I o '. 

Sheet 1 of 2 

Fracture Type 

(1-6) 

Time 

Time 

Time 

*Cylinders to be test per ASTM C-39-12 and C-1231-lOa with a loading rate of 60,000lbt/min at concrete ages of 3, 7, 14, 28 days, and on same day that test of 

corresponding specimen is conducted. Specimens and caps free of defects unless otherwise noted in comments. Average cylinder diameter and area and unit 

compressive stress (f'c) calculated on sheet 2 of 2. 
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Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen Date Time of Test 

S/N of Testing Machine: 

Recorded by: 

I , .. 
'Checked by: 

Checked by: 

Comments: 

I 

I 

Wet/Dry 

Cylinder Split Tensile Tests Documentation v.2 

(Rev. 11/1/2016) 

Diameter [nearest 0.01 in.] 

end I middle I end 

;41; t f '•,,aA,(,,,,,,A¾','1 

I 

Sig'nature 

I 

Signature I 

Signature 

~:i:..½ 

\ :t 
Specimen: ).;o, Sheet 1 of 2 

Length [nearest 0.1 in.] 

1 2 

Date 

"-,~~, 

Date 

Date 

Pmax[lb1] 

I 
Time 

Jo :Jl; 
I Time 

Time 

Fracture 

Sketch 

~~ 

*Cylinders to be test per ASTM C-496-11 with a loading rate of 15,000lbtfmin at a concrete age of 28 days and on same day that the test of the corresponding 

specimen is conducted. Specimens free of defects unless otherwise noted in comments. Average cylinder diameter and area and splitting tensile strength (ft) calculated 

on sheet 2 of 2. 
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Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen Date Time ofTest 

S/N of Testing Machine: 

Recorded by: 

Kinsey Skillen 

Checked by: 

Checked by: 

Comments: 

Wet/Dry 

Cylinder Compression Tests Documentation v.3 

(Rev. 11/1/2016) 

Diameter [nearest 0.01 in.] Length [nearest 0.05 in.] 

1 2 1 I 2 I 3 

C 

Forney 99058 

Signature Date 

Signature Date 

Signature Date 

t"" 
~~~ 

Specimen: Sheet 1 of 2 

p max [lbf] 

I 

Fracture Type 

(1-6) 

Time 

Time 

Time 

*Cylinders to be test per ASTM C-39-12 and C-1231-l0a with a loading rate of 60,000lbtfmin at concrete ages of 3, 7, 14, 28 days, and on same day that test of 

corresponding specimen is conducted. Specimens and caps free of defects unless otherwise noted in comments. Average cylinder diameter and area and unit 

compressive stress (f'c) calculated on sheet 2 of 2. 
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Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen Date Time of Test 

S/N of Testing Machine: 

Recorded by: 

,\"'(\,,,,oi} 

Jhecked by: 

Checked by: 

Comments: 

Wet/Dry 

Cylinder Split Tensile Tests Documentation v.2 

(Rev. 11/1/2016} 

Diameter [nearest 0.01 in.] 

end I middle I end 

Signature 

Signature 

f'\!.S 
Specimen: ,,, ,,I Sheet 1 of 2 

Length [nearest 0.1 in.] 

1 2 

Date 

Date 

Date 

Pmax [lbf] 

Time 

Time 

Time 

Fracture 

Sketch 

*Cylinders to be test per ASTM C-496-11 with a loading rate of 15,000lbtfmin at a concrete age of 28 days and on same day that the test of the corresponding 

specimen is conducted. Specimens free of defects unless otherwise noted in comments. Average cylinder diameter and area and splitting tensile strength (ft) calculated 

on sheet 2 of 2. 
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Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen Date Time of Test 

S/N of Testing Machine: 

Recorded by: 
--

Kinsey Skillen 

Checked by: 

Checked by: 

Comments: 

Wet/Dry 

I 

I 

Cylinder Compression Tests Documentation v.3 

(Rev. 11/1/2016) 

Diameter [nearest 0.01 in.] Length [nearest 0.05 in.] 

1 2 1 I 2 I 3 

Forney 99058 

Signature I Date 

Signature I Date 

Signature Date 

t\ f (:~ 
Specimen: <"' ' Sheet 1 of 2 

Pmax[lbf] 

I 

I 

Fracture Type 

(1-6) 

Time 

Time 

Time 

*Cylinders to be test per ASTM C-39-12 and C-1231-l0a with a loading rate of 60,000lbf/min at concrete ages of 3, 7, 14, 28 days, and on same day that test of 

corresponding specimen is conducted. Specimens and caps free of defects unless otherwise noted in comments. Average cylinder diameter and area and unit 

compressive stress (f'c) calculated on sheet 2 of 2. 
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Project: Effects of lamina rs cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen Date Time of Test 

S/N of Testing Machine: 

Recorded by: 

Checked by: 

Comments: 

Wet/Dry 

Cylinder Split Tensile Tests Documentation v.2 

(Rev. 11/1/2016) 

Diameter [nearest 0.01 in.] 

end I middle I end 

Signature 

Signature 

. t\ I ( Specimen: ~ I J/1. 

Length [nearest 0.1 in.] 
P max [lbf] 

1 2 

Date Time 

Date Time 

Date Time 

Fracture 

Sketch 

Sheet 1 of 2 

*Cylinders to be test per ASTM C-496-11 with a loading rate of 15,000lb/min at a concrete age of 28 days and on same day that the test of the corresponding 

specimen is conducted. Specimens free of defects unless otherwise noted in comments. Average cylinder diameter and area and splitting tensile strength (ft) calculated 

on sheet 2 of 2. 
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Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen Date Time ofTest 

S/N of Testing Machine: 

Recorded by: 

Kinsey Skillen 

Checked by: 

Checked by: 

Comments: 

Wet/Dry 

I 

Cylinder Compression Tests Documentation v.3 

(Rev. 11/1/2016) 

Diameter [nearest 0.01 in.] Length [nearest 0.05 in.] 

1 2 1 I 2 I 3 

(p C 

G 

C 

ti~ 
',A 

Specimen: .,"~ Sheet 1 of"-

Pmax[lbf] 
Fracture Type 

(1-6) 

Forney 99058 

~me Signature 

i/ (ti 
Signature Date Time 

Signature Date Time 

*Cylinders to be test per ASTM C-39-12 and C-1231-lOa with a loading rate of 60,000lbtfmin at concrete ages of 3, 7, 14, 28 days, and on same day that test of 

corresponding specimen is conducted. Specimens and caps free of defects unless otherwise noted in comments. Average cylinder diameter and area and unit 

compressive stress (f'c) calculated on sheet 2 of 2. 
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Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen Date Time of Test 

S/N of Testing Machine: 

Recorded by: 

1 
Ojecked by: 

Checked by: 

Comments: 

Wet/Dry 

Cylinder Split Tensile Tests Documentation v.2 

(Rev. 11/1/2016) 

Diameter [nearest 0.01 in.] 

end I middle I end 

Signature 

Signature 

iii'¾ ~{(ollSW<\ 

,I \ I M 
) .,·1, ,f 

Specimen: ''"'' · Sheet 1 of 2 

Length [nearest 0.1 in.] 

1 2 

Date 

Date 

Date 

P max [lbf] 

Time 

Time 

Time 

Fracture 

Sketch 

*Cylinders to be test per ASTM C-496-11 with a loading rate of 15,000lb/min at a concrete age of 28 days and on same day that the test of the corresponding 

specimen is conducted. Specimens free of defects unless otherwise noted in comments. Average cylinder diameter and area and splitting tensile strength (ftl calculated 

on sheet 2 of 2. 
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Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen Date Time ofTest 

,: M ~ I 

S/N of Testing Machine: I 

Recorded by: 

Kinsey Skillen 

Checked by: 

Checked by: 

Comments: 

Wet/Dry 

Cylinder Compression Tests Documentation v.3 

(Rev. 11/1/2016) 

Diameter [nearest 0.01 in.] Length [nearest 0.05 in.] 

1 2 1 I 2 I 3 

O·½ I G I C 
( .. 
U/' I I 

Forney 99058 -
Signature I Date 

;Le 
Signature Date 

Signature Date 

Specimen: Dr I~ 

PmaxflbtJ 

I 

1 : I 

Sheet 1 of 2 

Fracture Type 

(1-6) 

s 

'" 

Time 

Time 

Time 

*Cylinders to be test per ASTM C-39-12 and C-1231-lOa with a loading rate of 60,000lbt/min at concrete ages of 3, 7, 14, 28 days, and on same day that test of 

corresponding specimen is conducted. Specimens and caps free of defects unless otherwise noted in comments. Average cylinder diameter and area and unit 

compressive stress (f'cl calculated on sheet 2 of 2. 
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Project: Effects of lamina rs cracks on 79-in 

lap splices of #11 reinforcing bars. 

Specimen Date Time of Test 

Di t 

S/N of Testing Machine: 

Recorded by: 

Checked by: 

Comments: 

I 

Wet/Dry 

Cylinder Split Tensile Tests Documentation v.2 

(Rev. 11/1/2016) 

Diameter [nearest 0.01 in.] 

end I middle I end 

C 

-FoJf\.4 9 o/ 0 

Signature 

Signature 

Signature 

t"\ IC., 
Specimen: L •• i t:;i Sheet 1 of 2 

Length [nearest 0.1 in.] 
Pmax [lbt] 

1 2 

Date 

~ ' 

Date 

Date 

Time 

0 

Time 

Time 

Fracture 

Sketch 

~' 

*Cylinders to be test per ASTM C-496-11 with a loading rate of 15,000lbtfmin at a concrete age of 28 days and on same day that the test of the corresponding 

specimen is conducted. Specimens free of defects unless otherwise noted in comments. Average cylinder diameter and area and splitting tensile strength (f1) calculated 

on sheet 2 of 2. 
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SOLD WHITACRE ENGINEERING CO INC 
POBOX8444 

TO: CANTON, OH 44711-8444 

SHIP WHITACRE ENGINEERING CO INC 
3171 MAGNOLIA RD NW 

TO: MAGNOLIA, OH 44643-9527 

NUCCIR 
NUCOR STEEL MARION, INC. 

CERTIFIED MILL TEST REPORT 

Ship from: 

MTR#: 0000061674 
Nucor Steel Marion, Inc. 
912 Cheney Avenue 
Marion, OH 43302 
7403834011 

Page: 

Date: 6-Juo-2016 
B.l. Number: 409367 

load Number: 141652 

Material Safety Dala Sheets are avalrable at www.nucorbar.oom or by oontact1119_~ur inside sales representative. NBMG,08 ,Jii~uarv 1. 2012 

LOT# 

HEAT# 

PHYSICAL TESTS 

PO#-=> 
MR1610248001 

-MR.10102450 

DESCRJPTION 

W20165 
Nucor Steel - Marion, Inc. 
36/#11 Rebar 
64' A615M GR420 (Gr60) 
ASTM A615/A615M-14 GR 60[420] 

AASHTO M31-07 
PO#=> W20165 

MR1610248102 Nucor Steel- Marion, Inc. 
MR16102481 36/#11 Rebar 

64' A615M GR420 (Gr60} 
ASTM A615/A615M-14 GR 60[420] 

MSHTO M31-07 

YIELD I TENSILE I ELONG 
P.S.I. P.SJ. % IN 8" 

68,800 111,800 13.2% 
474MPa 771MPa 

66,500 111,400 8.9% 
459MPa 768MPa 

I hereby certify 11ia1 the material desc!ibed herein has b8en manufaew,eo In acclll(Jance will\ 
Iha spedflcalions and •lllndllrds 1iSted above and that It ~a!isfies those requirements. 1.l Wald nlf)alrwas no! performed on this material. 
2. Melled and Manufacturud in the United States. 
3. Men:ury, Radium, or ~ha source materials In any form 

have not been useo in Ille produc~on of this metenel. 

BEND 

OK 

OK 

-5.3% 
.078 

-5.3% 
.078 

.42 

.11 

.42 

.13 

1.28 
.18 

1.25 
.21 

.014 

.042 

.019 

.054 

.033 

.005 

.033 

.005 

.27 

.002 

.26 

.002 

.34 

.32 

~~G~NCE: Ignatius Okafor ·• -~~(,'~ .· ·· .. -:.-::.·.·. 

C.E. 

.66 

.66 

II JI 



APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 179 of 575

Project: Tests to Determine the 
Behavior of Spliced #11 Bars Specimen: ___ Q_\ ___ _ 

Safety and Test Procedure Briefing Documentation 

By signing your name below you acknowledge that you were briefed on the safety concerns and testing 

procedure for beam tests to determine the behavior of spliced No. 11 bars at Bowen Laboratory on: 

2- / l 3 / t 7 prior to participation in the test: 

Print Name Sign Name Date 

?/7 
2/13 /20\7 

Recorded by: /c,- Checked by: Checked by: 
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.ohB 
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LVDT NW (in) 

, 0 0 ~ 

, CH 

' 
., '1 

,o 
t O o / ~ 

I) 

i 'O 

• 0111.1 

. 

(; 

Date: f. e: 
LVDT SE (in) 

# 0 

' 0 

I CH 

, 
• ()Q 

I C) ➔ 

. 0'-f~ °t 

LVDT SW (in) I Max crack width (in) 

0 

<) I () 0 I .. , 

. 00 () C, I _ 0 o I '--/ 

• !) 0 "'11, .. 

, 0 

, 035 (,, 

l,-, ( '-f ',( 
., iO • ,d 

' 01i 51 

, 

• ()O 

, 0 ~ 

.o j ,c 
,0 

,6 

.. 

Recorded by: 

s 
Signature: 

~ ........ 
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Drawing: I Series D crack map I Sheet: I 1 I of I 1 
BOWEN 

IBORATORY Project: EXPERIMENTAL INVESTIGATION OF THE I Drawn by: I KCS I Checked by: I SP 
EFFECT OF LAMINAR CRACKS ON 

PURDUE UNIVERSITY STRENGTH OF UNCONFINED 79-IN. LAP 
SPLICES OF #11 REINFORCING BARS I Date: I 11/16/2016 



APPEN
D

IX C
: Purdue Phase III Test R

eport
25884-000-30R

-C
01R

-00002, R
ev. 000, Sheet 186 of 575

\l 

SOUTH 

In; ~ii; 

~ 

Series D 

Drawing: I Series D crack map 
BOWEN 

'LABORATORY Project: EXPERIMENTAL INVESTIGATION OF THE 
EFFECT OF LAMINAR CRACKS ON 

PURDUE UNIVERSITY STRENGTH OF UNCONFINED 79-IN. LAP 
SPLICES OF #11 REINFORCING BARS 

Cl 

I Sheet: I 

I Drawn by: I 
I Date: I 

NORTH 

IC 
~I 

1 I of I 

KCS I Checked by: I 

11/16/2016 

1 

SP 



APPEN
D

IX C
: Purdue Phase III Test R

eport
25884-000-30R

-C
01R

-00002, R
ev. 000, Sheet 187 of 575

\ 

SOUTH NORTH 

1.0 

<-S 

Series D 

Drawing: I Series D crack map I Sheet: I 1 I of I 1 
'OWEN 
BDRATORY Project: EXPERIMENTAL INVESTIGATION OF THE I Drawn by: I KCS I Checked by: I SP 

EFFECT OF LAMINAR CRACKS ON 

PURDUE UNIVERSITY STRENGTH OF UNCONFINED 79-IN. LAP 

SPLICES OF #11 REINFORCING BARS I Date: I 11/16/2016 



APPEN
D

IX C
: Purdue Phase III Test R

eport
25884-000-30R

-C
01R

-00002, R
ev. 000, Sheet 188 of 575

\ 1-~\k- ~o 
C .(Le,\CS. \'\oh-, 

0-"- ? 
) 

SOUTH NORTH 

Series D 

BOWEN 
Drawing: I Series D crack map I Sheet: I 1 I of I 1 

1LABDRATORY Project: EXPERIMENTAL INVESTIGATION OF THE I Drawn by: I KCS I Checked by: I SP 
EFFECT OF LAMINAR CRACKS ON 

PURDUE UNIVERSITY STRENGTH OF UNCONFINED 79-IN. LAP 

SPLICES OF #11 REINFORCING BARS I Date: I 11/16/2016 



APPEN
D

IX C
: Purdue Phase III Test R

eport
25884-000-30R

-C
01R

-00002, R
ev. 000, Sheet 189 of 575

~ 
~ M 

SOUTH NORTH 

Series D 

BOWEN 
Drawing: I Series D crack map I Sheet: I 1 I of I 1 

1LABORATORY Project: EXPERIMENTAL INVESTIGATION OFTHE I Drawn by: I KCS I Checked by: I SP 
EFFECT OF LAMINAR CRACKS ON 

PURDUE UNIVERSITY STRENGTH OF UNCONFINED 79-IN. LAP 
SPLICES OF #11 REINFORCING BARS I Date: I 11/16/2016 



APPEN
D

IX C
: Purdue Phase III Test R

eport
25884-000-30R

-C
01R

-00002, R
ev. 000, Sheet 190 of 575

0 \l,, i) 

SOUTH NORTH 

Series D 

Drawing: I Series D crack map I Sheet: I 1 I of I 1 
BOWEN 

'LABORATORY Project: EXPERIMENTAL INVESTIGATION OF THE I Drawn by: I KCS I Checked by: I SP 
EFFECT OF LAMINAR CRACKS ON 

PURDUE UNIVERSITY STRENGTH OF UNCONFINED 79-IN. LAP 
SPLICES OF #11 REINFORCING BARS I Date: I 11/16/2016 



APPEN
D

IX C
: Purdue Phase III Test R

eport
25884-000-30R

-C
01R

-00002, R
ev. 000, Sheet 191 of 575

SOUTH NORTH 

Series D 

Drawing: I Series D crack map I Sheet: I 1 I of I 1 
BOWEN 

'LABORATORY Project: EXPERIMENTAL INVESTIGATION OF THE I Drawn by: I KCS I Checked by: I SP 
EFFECT OF LAMINAR CRACKS ON 

PURDUE UNI ERSITY STRENGTH OF UNCONFINED 79-IN. LAP 

SPLICES OF #11 REINFORCING BARS I Date: I 11/16/2016 



APPEN
D

IX C
: Purdue Phase III Test R

eport
25884-000-30R

-C
01R

-00002, R
ev. 000, Sheet 192 of 575

SOUTH NORTH 

Series D 

Drawing: I Series D crack map I Sheet: I 1 I of I 1 
BOWEN 

BDRATDRY Project: EXPERIMENTAL INVESTIGATION OF THE I Drawn by: I KCS I Checked by: I SP 
EFFECT OF LAMINAR CRACKS ON 

PURDUE UNIVERSITY STRENGTH OF UNCONFINED 79-IN. LAP 
SPLICES OF #11 REINFORCING BARS I Date: I 11/16/2016 



APPEN
D

IX C
: Purdue Phase III Test R

eport
25884-000-30R

-C
01R

-00002, R
ev. 000, Sheet 193 of 575

IL-
\f\ 0 

(:(I\ t~'S. 

SOUTH 7 NORTH 

Series D 

Drawing: I Series D crack map I Sheet: I 1 I of I 1 
BOWEN 
ABDRATDRY Project: EXPERIMENTAL INVESTIGATION OF THE I Drawn by: I KCS I Checked by: I SP 

EFFECT OF LAMINAR CRACKS ON 

PURDUE UNIVERSITY STRENGTH OF UNCONFINED 79-IN. LAP 
SPLICES OF #11 REINFORCING BARS I Date: I 11/16/2016 



APPEN
D

IX C
: Purdue Phase III Test R

eport
25884-000-30R

-C
01R

-00002, R
ev. 000, Sheet 194 of 575

i 

SOUTH NORTH 

Series D 

BOWEN 
Drawing: I Series D crack map I Sheet: I 1 I of I 1 

1LABORATORY Project: EXPERIMENTAL INVESTIGATION OF THE I Drawn by: I KCS I Checked by: I SP 
EFFECT OF LAMINAR CRACKS ON 

PURDUE UNIVERSITY STRENGTH OF UNCONFINED 79-IN. LAP 
SPLICES OF #11 REINFORCING BARS I Date: I 11/16/2016 



APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 195 of 575

Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

I'\""') 
Specimen: ----=~'-,J--=-'---· ___ _ 

Safety and Test Procedure Briefing Documentation 

By signing your name below you acknowledge that you were briefed on the safety concerns and testing 

procedur~ for .beam tests to determine the behavior of spliced No. 11 bars at Bowen Laboratory on: 
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Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

Safety and Test Procedure Briefing Documentation 

By signing your name below you acknowledge that you were briefed on the safety concerns and testing 

procedure for beam tests to determine the behavior of spliced No. 11 bars at Bowen Laboratory on: 

2/ 15 / ! 1 prior to participation in the test: 

Print Name 

W1Lc RuAi If 

A)~ 

Recorded by: 

N5/~)\{r1;,vv\. 

r of-, 

'l~ ' 

Checked by: 

Date 

/; I 
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Date: 

LVDT NW (in) LVDT SE (in) LVDT SW (in) I Max crack width (in) 
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Test: r,~ Date: 

load step time LC E {kips) LC W (kips) LVDT NE {in) LVDT NW (in) LVDT SE (in) LVDT SW (in) Max crack width (in) 
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Project: Tests to Determine the 
Behavior of Spliced #11 Bars Specimen: __ l)_~-'-------

Safety and Test Procedure Briefing Documentation 

By signing your name below you acknowledge that you were briefed on the safety concerns and testing 
proced re for.beam tests to determine the behavior of spliced No. 11 bars at Bowen Laboratory on: _______ /_l ___ prior to participation in the test: 

Print Name 

:J~fAL C.~ 7""11 

/vf <Z-lr:2,,Ll 

Recorded by: Checked by: 

Date 

2- 0 ; Fe6 / 1 r 
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load step time LC E (kips) LC W (kips) LVDT NE (in) LVDT NW (in) LVDT SE (in) LVDT SW (in) Max crack width (in) 
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Safety and Test Procedure Briefing Documentation 
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procedure for beam tests to determine the behavior of spliced No. 11 bars at Bowen Laboratory on: 
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Safety and Test Procedure Briefing Documentation 

By signing your name below you acknowledge that you were briefed on the safety concerns and testing 
procedure for beam tests to determine the behavior of spliced No. 11 bars at Bowen Laboratory on: -,,,i J ,,g 1 l,,, ,,',-- . . . . . h 
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procedur~ for beam tests to determine the behavior of spliced No. 11 bars at Bowen Laboratory on: 
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Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

t, ! J 
Specimen: -----'~'-'--'-:!'_: _'_'I ___ _ 

Safety and Test Procedure Briefing Documentation 

By signing your name below you acknowledge that you were briefed on the safety concerns and testing 
procedure for beam tests to determine the behavior of spliced No. 11 bars at Bowen Laboratory on: 

G, /I, { 11 prior to participation in the test: 
' 

Print Name Sign Name Date 

Recorded by: Checked by: Checked by: 
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Project: Tests to Determine the 
Behavior of Spliced #11 Bars 

Safety and Test Procedure Briefing Documentation 

By signing your name below you acknowledge that you were briefed on the safety concerns and testing 
procedure for beam tests to determine the behavior of spliced No. 11 bars at Bowen Laboratory on: 

& /2 7- / 1 7 prior to participation in the test: 

Print Name Sign Name Date 

/1 

1 

I 
oJ /0s/rt 

Recorded by: Checked by: Checked by: 
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Project: Tests to Determine the 
Behavior of Spliced #11 Bars Specimen: __ ...cc1)_)_~-=e:i __ _ 

Safety and Test Procedure Briefing Documentation 

By signing your name below you acknowledge that you were briefed on the safety concerns and testing 
procedure for beam tests to determine the behavior of spliced No. 11 bars at Bowen Laboratory on: <o/z c; / I ~7 prior to participation in the test: 

Print Name Sign Name Date 

Recorded by: Checked by: Checked by: 
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Project: Tests to Determine the 
Behavior of Spliced #11 Bars Specimen: __ D"--\-_7 ___ _ 

Safety and Test Procedure Briefing Documentation 

By signing your name below you acknowledge that you were briefed on the safety concerns and testing 
procedure for beam tests to determine the behavior of spliced No. 11 bars at Bowen Laboratory on: 

7 /S / 1 7 prior to participation in the test: 

Print Name 

}L k,,,cu~r ? WA W1 '44 

Lu ca, ~~1h£Jj 

Recorded by: 

Sign Name 

Checked by: 

Date 

1/~/11 
o7 josj n 

s \ 1u1-'\ 1 iorr 

Checked by: 
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Test: Dlt Date: 7/'5/17 
load step time LC E (kips) LC W (kips) LVDT NE (in) LVDT NW (in) LVDT SE (in) LVDT SW (in) Max crack width (in) 

Ok 2~ t) 0 D 0 LJ u 

2o 2-' 3Z-- zo,"f 20,L/ 0 D 0 C.J 

L/0 7:35 1-/0. o • I () Q ().{)1._ 0 ' 0 c;JE'_ 

{,t) 2:3 5,i tt,fJ, ( Or (} 100 z_ 0 6 CJ, 0.5 
~)0 2: t. go, aei,S o, 2. 0, 'cn?i ff C) I Qt) I o,o 0,l:1 2,,. 

I 2: /,,i7 IC,:,: 9 I 0.023 (),DI" O,oc'"'/ 6, oo, 01 .'.s 
JH) j! .,'$ ltJi Op Z}o/ 01 ' I 01 () I C) 2,J1/ 

Notes: Recorded by: 

' 
1\5,(,'v'i '· 

\ Signature: 

f(C .. 
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Project: Tests to Determine the 
Behavior of Spliced #11 Bars Specimen: _ __,_D,l-'-1.....;~:::...-___ _ 

Safety and Test Procedure Briefing Documentation 

By signing your name below you acknowledge that you were briefed on the safety concerns and testing 
procedure for beam tests to determine the behavior of spliced No. 11 bars at Bowen Laboratory on: 

7 /'/If prior to participation in the test: 

Print Name Sign Name Date 

t:Mt\;. 
\< ~ ,4 ~~ A M r:, rJ 

7 / 6 / 17 

V1L1... /{/ J;,a 7/[ 
5n>"P~ 'P<J1 ~-cfi/J/v,/J -r , 

~ rr/ t/ J?-

Recorded by: Checked by: Checked by: 
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FENOC: SERIES D Repair As-Built Documentation 
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FENOC: SERIES D Repair As-Built Documentation 

n' 
As-Built Distance, in. 

Specimen (a) from South face to CL (b) from East face to CL (c) Embedment Depth 
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Adhesive Anchors Inspection Checklist for Concrete and Masonry 
Periodic special must be performed where required in accordance with Section 1705.1.1 and Table 1705.3 of the 2012 

IBC, or Section 1704.15 of the 2009 IBC and Table 1704.4 or Section 1704.13 of the 2006 or 2003 IBC, whereby periodic 

special inspection is defined in Section 1702.1 of the IBC and this report. (See Structural Drawings for Inspection 
requirements) 

CODES 

□ IBC2003 

Seismic Zone/ 

Seismic Design Category 

Project Location: _______________________ _ □ IBC2006 

□ IBC2009 

Weather: ____________ Air Temperature: ______ {°F / 0 C) □ IBC 2012 

Product Name/Manufacturer: ---------------------------------

Lot No.: -----------------------------------------

ICC-ES Report No.:------------------------------------

Adhesive expiration Date: __J__J_ □ Specified Dispenser □ Specified Mixer 

Discard Initial Adhesive: ____ {# trigger pulls) 

Adhesive Tempature: _____ (°F / °C) Gel Time: ___ _ Cure Time: ___ _ 
{per manufacturers installation instructions) 

Type: DAIi-Thread □ Internally Threaded □ Torque-Controlled □ Rebar □ Other 
(Safesetn.1 only to be used with Hi!ti HIT-HY 200) 

Material: □ Standard □ Stainless Steel □ High Strength 

Steel Grade/Coating: Length: (in/mm) 

Rod Diameter: D3/8" □ 1/2" D5/8" D3/4" D7/8" □ 1" □ 1-1/4" □ Other 

Rebar: 0#3 0#4 0#5 0#6 0#7 0#8 0#9 □ Other 

Base Material Type: □ NW Concrete □ LW Concrete □ Brick OCMU □ Other _____ _ 

Base Material Strength: □ 2000 psi □ 3000 psi □ 4000 psi □ Other _____ _ 

Base Material Thickness: _____ {in/mm) 

.. Base Material Temperature: (°F / °C) 

Drill Bit Diameter: _____ (in/mm) Hole Depth: ______ (in/mm) 
(core bit diameter, if approved) 

Drill Bit Type: □ Carbide-Tip Drill Bit □ Diamond Core Bit □ Hollow Drill Bit □ Other _____ _ 
(ANSI 8212.15-1994) (if appropriate and allowed) (Safeset™ only to be used with Hi!ti Hff-HY 200) 

Hole Condition: □ Dry □ Water Saturated □ Water Filled □ Under Water 

• Hole Cleaning: □ Compressed Air □ Hand Pump □ Wire Brush □ Other ____ _ 

Hole cleaning in accordance with manufacturers' printed installation instructions: □ Yes □ No 

Anchor Application: (pleasecheckallthatapply) □ Tension □ Shear □ Overhead □ Other ____ _ 

Anchor insertion: □ Twisting motion □ Annular gap filled with adhesive □ Air Void Free Injection 

• Anchor Spacing: _____ (in/mm) Edge Distance: ______ (in/mm) 

Embedment (h 01}: (in/mm) Installation Torque 11r,equ1red): ____ (ft-lb/Nm) 

Completed by: ____________________ (Signature) Date:___) ___J __ 

____________________ (Print) Company: _____________ _ 

____________________ (Title) 

This form is for consideration for use by the responsible 3rd-party inspector. Version 02.2014 
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Hilti. Outperform. Outlast. 

Adhesive Anchors Inspection Checklist for Concrete and Masonry 
Periodic special must be performed where required in accordance with Section 1705.1.1 and Table 1705.3 of the 2012 
IBC, or Section 1704.15 of the 2009 IBC and Table 1704.4 or Section 1704.13 of the 2006 or 2003 IBC, whereby periodic 
special inspection is defined in Section 1702.1 of the IBC and this report. (See Structural Drawings for Inspection 
requirements) 

Project Name: -~F~E_"f\_✓_o~c __ C~\-~~----------
CODES 

□ IBC 2003 

Seismic Zone/ 
Seismic Design Category 

Project Location: -~B="J_o~··\_t•-_1-'_',,1~·"~·--··~.._f:.,="'~J_., __ P~~~1_··-~_1)~e=~·---------

Weather: --~" f\~,_i'_1\~~-' ______ Air Temperature: -~t=~--- (°F / 0 C) 

□ IBC 2006 

□ IBC 2009 

D IBC 2012 

Product Name/Manufacturer: -~H~;_,_4_;_~H~'t.'~.,,_;_ .. _f._;t~r;_c· __ S'_o_e_. -~V=.l~-------------
Lot No.: -----------------------------------------

ICC-ES Report No.:------------------------------------

Adhesive expiration Date:__}__}_ □ Specified Dispenser □ Specified Mixer 

Discard Initial Adhesive:-~~-(# trigger pulls) 

Adhesive Tempature: Ct.o"" Gel Time: ___ _ 
(per manufacturers installation instructions) 

Type: [11\11-Thread [] Internally Threaded □ Torque-Controlled □ Rebar □ Other 
(Safeset™ only ta be used with Hilti Hff-HY 200) 

Material: J2]'Standard □ Stainless Steel □ High Strength 

Steel Grade/Coating: Length: •~~J~ (in/mm) 
# 

Rod Diameter: D3/8" □ 1/2" D5/8" ~3/4" D7/8" □ 1" D1-1/4" □ Other 

Rebar: 0#3 0#4 0#5 0#6 D#7 0#8 0#9 □ Other 

Base Material Type: 
,,, 

[!f NW Concrete □ LW Concrete □ Brick OCMU □ Other ____ _ 

Base Material Strength: □ 2000 psi □ 3000 psi (±(4000 psi □ Other _____ _ 

Base Material Thickness: e, i,,\,, (in/mm) 

•• Base Material Temperature: w!} (°F / 0 C) 

""1 
Drill Bit Diameter: ~ l 11.,. (in/mm) 
(core bit diameter, if approved) 

Hole Depth: ___ (~()_1 f\,_. __ (in/mm) 

Drill Bit Type: cltarbide-Tip Drill Bit □ Diamond Core Bit □ Hollow Drill Bit □ Other _____ _ 
(ANSI B212.15-1994) (if appropriate and allowed) (Safeset™ only to be used with Hi!ti HIT-HY 200) 

Hole Condition: Q(Dry □ Water Saturated □ Water Filled □ Under Water 

• Hole Cleaning: ~ompressed Air □ Hand Pump [!(VVire Brush !?Other Vi'..f\,,c>v•'· 

Hole cleaning in accordance with manufacturers' printed installation instructions: ~Yes □ No 

Anchor Application: (pleasecheckallthatapply) ['.!]'Tension □ Shear □ Overhead 
t? 

• Anchor insertion: e'j""Twisting motion □ Annular gap filled with adhesive 

• Anchor Spacing: lU) ; n.. (in/mm) Edge Distance: ~" .l ,'r\.. 

□ Other _____ _ 

DAirVoid Free Injection 

(in/mm) 

Embedment (her): IO 11\, (in/mm) Installation Torque (if required): ____ (ft-lb/Nm) 

____________________ (TIiie) 

This form is for consideration for use by the responsible 3rd-party inspector. 

Date:__k:_J Zo ;_J_J_ 

Version 02.2014 
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Hilti. Outperform. Outlast. 

Adhesive Anchors Inspection Checklist for Concrete and Masonry 
Periodic special must be performed where required in accordance with Section 1705.1.1 and Table 1705.3 of the 2012 
IBC, or Section 1704.15 of the 2009 IBC and Table 1704.4 or Section 1704.13 of the 2006 or 2003 IBC, whereby periodic 
special inspection is defined in Section 1702.1 of the IBC and this report. (See Structural Drawings for Inspection 
requirements) 

Project Name: ____ F_: ti_N~· _O_l_ .. ____________ _ CODES Seismic Zone/ 
□ IBC 2003 Seismic Design Category 

□ IBC2006 
□ IBC2009 

. ' 
Weather: __ .eel,-"'\}""'~;~,~~='·------ AirTemperature:_..,.f.,,._f,..).__ __ (°F / 0 C) □ IBC 2012 

Product Name/Manufacturer: ---"-'U'-;-'-g--'-4._-__ l ... ~{'-"'1:'-r'-·~_ •. _((_;_._,_t··_..;;;:f_0_0 __ v;_1.__ ___________ _ 
Lot No.:---------------------------------------

ICC-ES Report No.:----------------------------------

Adhesive expiration Date: __J_J._ □ Specified Dispenser □ Specified Mixer 

• Discard Initial Adhesive: 9 (# trigger pulls) 

Adhesive Tempature: (e:> ~ (°F / 0 C) Gel Time: ___ _ 
(per manufacturers installation instructions) 

Type: Q'AII-Thread □ Internally Threaded □ Torque-Controlled □ Rebar □ Other ____ _ 
{Safesetn1 only to be used with Hilti HIT-HY 200) 

Material: []'Standard □ Stainless Steel □ High Strength 

• Steel Grade/Coating: As:::r:,A 4f13 8~ Length: 1,; 1"'-

Rod Diameter: □ 3/8" □ 1/2" □ 5/8" f13/4" □ 7 /8" □ 1" 

(in/mm) 

D1-1/4" □ Other ____ _ 

0#3 0#4 0#5 0#6 0#7 0#8 0#9 □ Other ____ _ 

• Base Material Type: ~W Concrete □ LW Concrete 

Base Material Strength: □ 2000 psi □ 3000 psi 
..,.~ '>, 

Base Material Thickness: -~j_O_-._w_(in/mm) 

,; Base Material Temperature: (°F / 0 C) 

□ Brick 

~~000 psi 

OCMU □ Other ____ _ 

□ Other ____ _ 

Drill Bit Diameter: __ -.,.1.._11 
__ (in/mm) Hole Depth: __ ,_~ __ , ---__ (in/mm) 

(core bit diameter, if approved) 

Drill Bit Type: ll(Carbide-Tip Drill Bit □ Diamond Core Bit □ Hollow Drill Bit □ Other ____ _ 
(ANSI 8212.15-1994) Of appropriate and allowed) {Safeset™ only to be used with Hilti HIT-HY 200) 

Hole Condition: EJ'l)ry □ Water Saturated □ Water Filled □ Under Water 

• Hole Cleaning: 0'(;ompressed Air □ Hand Pump cefwire Brush 1£10ther_,.;;..l"_·v_: __ _ 

Hole cleaning in accordance with manufacturers' printed installation instructions: dYes □ No 

Anchor Application: (pleasecheckallthatapply) r:::Yfension □ Shear □ Overhead □ Other ____ _ 

Anchor insertion: !;;?Twisting motion □ Annular gap filled with adhesive □ Air Void Free Injection 

• Anchor Spacing: 1,1 i~ (in/mm) Edge Distance: ---"''--""---(in/mm) 

◄ Embedment (h
01

): I 2,. ;~ (in/mm) Installation Torque (11requ1,ed): (ft-lb/Nm) 

Date: 2- I 1-L; i 1 
Company: _____________ _ 

___________________ (Title) 

This form is for consideration for use by the responsible 3rd-party inspector. Version 02.2014 
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Hilti. Outperform. Outlast. 

Adhesive Anchors Inspection Checklist for Concrete and Masonry 
Periodic special must be performed where required in accordance with Section 1705.1.1 and Table 1705.3 of the 2012 
IBC, or Section 1704.15 of the 2009 IBC and Table 1704.4 or Section 1704.13 of the 2006 or 2003 IBC, whereby periodic 
special inspection is defined in Section 1702.1 of the IBC and this report. (See Structural Drawings for Inspection 
requirements) 

Project Name: F&NO~ D~ CODES Seismic Zone/ 

□ IBC2003 Seismic Design Category 

Project Location: B o..,.ist,,"" kb □ IBC2006 
□ IBC2009 

Weather: ,~si',k Air Temperature: GtJ "'F (oF /oC) □ IBC2012 

Product NamejManufacturer: __ #_, _I H_' __ #_,_J_7_··_te_t;=--~r~o_,(_)_\/_. _: _______________ _ 

Lot No.:---------------------------------------

ICC-ES Report No.:---------------------------------

, Adhesive expiration Date: __j__j_ □ Specified Dispenser □ Specified Mixer 

◄ Discard Initial Adhesive: 'fl!i (# trigger pulls) 
Q;: Adhesive Tempature: «;!') . (°F j°C) GelTime: ___ _ CureTime: 2"1 hv•'S 

(per manufacturers installation instructions} 

Type: efAII-Thread □ Internally Threaded □ Torque-Controlled □ Rebar □ Other ____ _ 
(Safesetn1 only to be used with Hilti HIT-HY 200) 

Material: B"Standard □ Stainless Steel □ High Strength 

' Steel Grade/Coating: -ilil.!!cL-..!lll!.~~!:... Length: l":i ,:,,,.., (in/mm) 

, Rod Diameter: □ 3/8" □ 1/2" D5/8" ~/4" D7/8" □ 1" □ 1-1/4" □ Other 

◄ Rebar: 0#3 0#4 0#5 0#6 0#7 0#8 0#9 □ Other 

Base Material Type: e:(NW Concrete □ LW Concrete OCMU □ Other ____ _ 

• Base Material Strength: □ 2000 psi □ 3000 psi 

□ Brick 

E:]'4000 psi □ Other ____ _ 

Base Material Thickness: 3o in< (in/mm) 

,; Base Material Temperature: ~ "'~ (°F j°C) 

i: ;,,;:: ,, 
Drill Bit Diameter: _ _.9'.,__ ___ (in/mm) Hole Depth: ---'-12-""'-_; "v=-__ (in/mm) 

, (core bit diameter, if approved) 

[iJ _L 
Drill BitType: sCarbide-Tip Drill Bit □ Diamond Core Bit □ Hollow Drill Bit □ Other ____ _ 

, (ANSI 8212.15-1994) Of appropriate and allowed) (Safeset™ only to be used with Hilti HIT-HY 200) 

~ Hole Condition: 0'Dry □ Water Saturated □ Water Filled □ Under Water 
I.· / ~ 

Hole Cleaning: i'.J Compressed Air □ Hand Pump gwire Brush ffOther \r'll'Vw~'l~ 

i Hole cleaning in accordance with manufacturers' printed installation instructions: ~Yes □ No -
Anchor Application: (pleasecheckallthatapply) ITTension □ Shear □ Overhead □ Other ____ _ 

Anchor insertion: G"fwisting motion □ Annular gap filled with adhesive □ Air Void Free Injection 

• Anchor Spacing: 53 ~~ (in/mm) Edge Distance: ______ (in/mm) 

◄ Embedment (h
01

): _____ (in/mm) Installation Torque or,equired): ____ (ft-lb/Nm) 

Date:__b_; ~ _j_J 
Company: _____________ _ 

___________________ (Title) 

This form is for consideration for use by the responsible 3rd-party inspector. Version 02.2014 
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APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 442 of 575

Hilti. Outperform. Outlast. 

Adhesive Anchors Inspection Checklist for Concrete and Masonry 
Periodic special must be performed where required in accordance with Section 1705.1.1 and Table 1705.3 of the 2012 
IBC, or Section 1704.15 of the 2009 IBC and Table 1704.4 or Section 1704.13 of the 2006 or 2003 IBC, whereby periodic 
special inspection is defined in Section 1702.1 of the IBC and this report. (See Structural Drawings for Inspection 
requirements) 

Project Name: __ _,,_F__.Qv~_,Q"-C.=-----'0-=---7_,____ _______ _ CODES Seismic Zone/ 
□ IBC 2003 Seismic Design Category 

Project Location: __ __,_P...,u"""'r.__~---"--"--"fs"--"-c>~_--=-_L_CA.-_i:} ______ _ □ IBC2006 
□ IBC2009 

Weather: --~; ~A~~~t':l~O~•~S::~---- Air Temperature: □ IBC2012 

Product NamejManufacturer: -~H~'~'~t,~· -~H~!_T._R,_.~t-~5~o_o __ V~3~------------
Lot No.:---------------------------------------

ICC-ES Report No.:---------------------------------

' Adhesive expiration Date: __J__J__ □ Specified Dispenser □ Specified Mixer 

• Discard Initial Adhesive: ____ (#trigger pulls) 

Adhesive Tempature: lg O " F' (°F; 0 C) 
(per manufacturers installation instructions) 

Gel Time: ___ _ Cure Time: ~ ~ h rs , 

□ Internally Threaded □ Torque-Controlled □ Rebar □ Other ____ _ 
(Safesefr"' only to be used with Hitti HIT·HY 200} 

• Material: e:{standard □ Stainless Steel □ High Strength 

• Steel Grade/Coating: MIB A1,"!:. ~>"l Length:_/'-!!)"--_;~--"----__ (in/mm) 

D3/8" D1/2" D5/8" [13/4" D7/8" D1" D1-1/4" □ Other ____ _ 

0#3 0#4 0#5 0#6 0#7 0#8 0#9 □ Other ____ _ 

Base Material Type: ~ Concrete □ LW Concrete □ Brick DCMU □ Other ____ _ 

Base Material Strength: □ 2000 psi □ 3000 psi ~000 psi □ Other ____ _ 

, Base Material Thickness: '3 () • /\c. (in/mm) 

,; Base Material Temperature: f:,O ° F (°F; 0 C) 

Drill Bit Diameter: 
1 

/ g i I\.,, (in/mm) Hole Depth: I '2. if\, (in/mm) 
(core bit diameter, if approved) 

6carbide-Tip Drill Bit □ Diamond Core Bit □ Hollow Drill Bit □ Other ____ _ 
(ANSI B212.15-1994) Of appropriate and allowed) (Safeset™ only to be used with Hilti HIT·HY 200) 

Hole Condition: [10ry □ Water Saturated □ Water Filled □ Under Water 

['.]Compressed Air □ Hand Pump [J'Wire Brush Gl'6ther V,:J.t tJ,){1.1\,,, 

Hole cleaning in accordance with manufacturers' printed installation instructions: □ Yes □ No 

Anchor Application: (pleasecheckallthatappM Tension □ Shear □ Overhead □ Other ____ _ 

Anchor insertion: Q"twisting motion □ Annular gap filled with adhesive □ Air Void Free Injection 

• Anchor Spacing: 1. (. I 5 ~~ (in/mm) Edge Distance: ro-1 ;(\-, (in/mm) 

• Embedment (h01): f 2 , ~ (in/mm) Installation Torque r•required): ____ (ft-lb/Nm) 

Date:_1._;_l,f_; / 7 
Company: _____________ _ 

___________________ (Title) 

This form is for consideration for use by the responsible 3rd-party inspector. 

; 

Version 02.2014 
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APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 443 of 575

Hilti. Outperform. Outlast. 

Adhesive Anchors Inspection Checklist for Concrete and Masonry 
Periodic special must be performed where required in accordance with Section 1705.1.1 and Table 1705.3 of the 2012 
IBC, or Section 1704.15 of the 2009 IBC and Table 1704.4 or Section 1704.13 of the 2006 or 2003 IBC, whereby periodic 
special inspection is defined in Section 1702.1 of the IBC and this report. (See Structural Drawings for Inspection 
requirements) 

Project Name: ______ t::!i~-~-----------------
CODES Seismic Zone/ 
O IBC 2003 Seismic Design Category 

Project Location: ______________________ _ O IBC2006 
O IBC2009 

Weather: ___________ Air Temperature: O IBC2012 

Product Name/Manufacturer: ---~~-------------------------------

Lot No.:---------------------------------------

ICC-ES Report No.:----------------------------------

' Adhesive expiration Date: __J__J_ O Specified Dispenser O Specified Mixer 

• Discard Initial Adhesive: ____ (#trigger pulls) 

Adhesive Tempature: (, D" fF)0 q Gel Time: ___ _ 
(per manufacturers Installation instn.1ctions) ~-"-

Type: 0'AII-Thread O Internally Threaded O Torque-Controlled O Rebar O Other ____ _ 
(Safeset™ only to be used with Hi!ti HIT-HY 200) 

Material: ~"Standard O Stainless Steel O High Strength 

• Steel Grade/Coating: A I rs Length: -~}·f !f>c~J 

Rod Diameter: O 3/8" O 1/2" O 5/8" ~4" O 7/8" O 1" 

(in/mm) 

01-1/4" O Other ____ _ 

0#4 0#5 0#6 0#7 0#8 0#9 □ Other ____ _ 

Base Material Type: G(NW Concrete O LW Concrete 

• Base Material Strength: O 2000 psi 

Base Material Thickness: '3a 1·1\, 

Base Material Temperature: G,o 

03000 psi 

(in/mm) 

ef /oC) 

Drill Bit Diameter: 'l'~ k~ (in/mm) 
(core bit diameter, if approved) 

O Brick 

~OOOpsi 

OCMU O Other ____ _ 

□ Other ____ _ 

• Drill Bit Type: ✓carbide-Tip Drill Bit O Diamond Core Bit O Hollow Drill Bit □ Other ____ _ 
(ANSI B212.15-1994) Of appropriate and allowed) (Safeset™ only to be used with Hilti HIT-HY 200) 

Hole Condition: [!{Dry O Water Saturated O Water Filled O Under Water 

• Hole Cleaning: c;rt".:ompressed Air O Hand Pump []'Wire Brush !ZrOther Y« r i.tU,.'l?V 

Hole cleaning in accordance with manufacturers' printed installation instructions: ~es O No 

Anchor Application: (pleasecheckallthatappM ~ension O Shear O Overhead O Other ____ _ 

Anchor insertion:dTwisting motion O Annular gap filled with adhesive O Air Void Free Injection 

Anchor Spacing: i, 1 1 l\v (in/mm) Edge Distance: , i'w (in/mm) 

◄ Embedment (h.
1
): t Y ;I\/ (in/mm) Installation Torque ~rrequired): ___ O __ {ft-lb/Nm) 

Completed by:----, Date: 3 I _fe._;_JJ 
Company:. _____________ _ 

___________________ (Title) 

This form is for consideration for use by the responsible 3rd-party inspector. Version 02.2014 
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APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 444 of 575

Hilti. Outperform. Outlast. 

Adhesive Anchors Inspection Checklist for Concrete and Masonry 
Periodic special must be performed where required in accordance with Section 1705.1.1 and Table 1705.3 of the 2012 
IBC, or Section 1704.15 of the 2009 IBC and Table 1704.4 or Section 1704.13 of the 2006 or 2003 IBC, whereby periodic 
special inspection is defined in Section 1702.1 of the IBC and this report. (See Structural Drawings for Inspection 
requirements) 

Project Name: ___ [;,~-~1--____ N....,/~A~-------- CODES 

□ IBC2003 

Seismic Zone/ 

Seismic Design Category 

Project Location: _______________________ _ □ IBC2006 
□ IBC2009 

Weather: ____________ Air Temperature: ______ (°F / 0 C) □ IBC 2012 

Product Name/Manufacturer: ---------------------------------

Lot No.: -----------------------------------------

ICC-ES Report No.:----------------------------------

Adhesive expiration Date: __J__J_ □ Specified Dispenser □ Specified Mixer 

Discard Initial Adhesive: ____ (#trigger pulls) 

Adhesive Tempature: (°F / 0 C) Gel Time: ___ _ Cure Time: ___ _ 
(per manufacturers installation instructions) 

Type: DAIi-Thread □ Internally Threaded □ Torque-Controlled □ Rebar □ Other 
(Safesetrn only to be used with Hilti HrT-HY 200} 

Material: □ Standard □ Stainless Steel □ High Strength 

Steel Grade/Coating: Length: (in/mm) 

Rod Diameter: D3/8" D1/2" D5/8" D3/4" D7/8" D1" D1-1/4" □ Other 

Rebar: 0#3 0#4 0#5 0#6 0#7 0#8 0#9 □ Other 

Base Material Type: □ NW Concrete □ LW Concrete □ Brick OCMU □ Other _____ _ 

Base Material Strength: □ 2000 psi □ 3000 psi D4000 psi □ Other _____ _ 

Base Material Thickness: _____ (in/mm) 

,; Base Material Temperature: _____ (°F / 0 C) 

Drill Bit Diameter: _____ (in/mm) Hole Depth: ______ (in/mm) 
(core bit diameter, if approved) 

Drill Bit Type: □ Carbide-Tip Drill Bit □ Diamond Core Bit □ Hollow Drill Bit □ Other _____ _ 
(ANSI B212.15-1994) Qt appropriate and allowed) {Safeset™ only to be used with Hilti HIT-HY 200) 

Hole Condition: □ Dry □ Water Saturated □ Water Filled □ Under Water 

• Hole Cleaning: □ Compressed Air □ Hand Pump □ Wire Brush □ Other _____ _ 

Hole cleaning in accordance with manufacturers' printed installation instructions: □ Yes □ No 

Anchor Application: (pleasecheckallthatappM □ Tension □ Shear □ Overhead □ Other _____ _ 

Anchor insertion: □ Twisting motion □ Annular gap filled with adhesive □ Air Void Free Injection 

• Anchor Spacing: _____ (in/mm) Edge Distance: ______ (in/mm) 

Embedment (h
01

): _____ (in/mm) Installation Torque 01,equired): (ft-lb/Nm) 

Completed by: ____________________ (Signature) Date:___/__}_ __ 

____________________ (Print) Company: _____________ _ 

____________________ (Title) 

This form is for consideration for use by the responsible 3rd-party inspector. Version 02.2014 
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APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 445 of 575

Hilti. Outperform. Outlast. 

Adhesive Anchors Inspection Checklist for Concrete and Masonry 
Periodic special must be performed where required in accordance with Section 1705.1.1 and Table 1705.3 of the 2012 
IBC, or Section 1704.15 of the 2009 IBC and Table 1704.4 or Section 1704.13 of the 2006 or 2003 IBC, whereby periodic 
special inspection is defined in Section 1702.1 of the IBC and this report. (See Structural Drawings for Inspection 
requirements) 

Project Name: ______ ~f)_j_Q_ .. ______________ _ CODES 

□ IBC2003 

Seismic Zone/ 

Seismic Design Category 

□ IBC2006 
OIBC2009 
OIBC2012 

Product NamejManufacturer: ___ _..,,..(""· r_ ... l,=c']}'-• ----'"-"=3 ______________________ _ 

Lot No.:---------------------------------------

ICC-ES Report No.:-----------------------------------

• Adhesive expiration Date: __J__J_ □ Specified Dispenser □ Specified Mixer 

• Discard Initial Adhesive: ___ (# trigger pulls) 

Adhesive Tempature: _____ (°F / 0 C) 
(per manufacturers installation instructions) 

Gel Time: ___ _ Cure Time: 

Type: 0"AII-Thread □ Internally Threaded □ Torque-Controlled □ Rebar □ Other ____ _ 
(Safeset1M only to be used with Hilti HrT-HY 200) 

• Material: [3"13tandard □ Stainless Steel □ High Strength 

• Steel Grade/Coating: A-1 :f"'l 81 Length: :;Ll1 1£\,. (in/mm) 

• Rod Diameter: □ 3/8" □ 1/2" □ 5/8" [t1'3/4" □ 7/8" □ 1" □ 1-1/4" □ Other ____ _ 

0#3 0#4 0#5 0#6 0#7 0#8 0#9 □ Other ____ _ 

, 
~'NW Concrete □ LW Concrete • Base Material Type: 

Base Material Strength: □ 2000 psi □ 3000 psi 

• Base Material Thickness: f' O 1•\,,. (in/mm) 

,: Base Material Temperature: _~(a ... :~ei-" __ (°F / 0 C) 

□ Brick 

[?l!ooo psi 

OCMU □ Other ____ _ 

□ Other ____ _ 

7#Q ' Drill Bit Diameter: ___ r_y_~F"'-_ (in/mm) Hole Depth: -~'~,~;~~· __ (in/mm) 
(core bit diameter, if approved) 

Drill Bit Type: [21'earbide-Tip Drill Bit □ Diamond Core Bit □ Hollow Drill Bit □ Other ____ _ 
(ANSI 8212.15-1994) Qf appropriate and allowed) (Safeset™ only to be used with Hilti HIT-HY 200) 

Hole Condition: t]Dry □ Water Saturated □ Water Filled □ Under Water 

• Hole Cleaning: [:JZ'ompressed Air □ Hand Pump □ Wire Brush 11DJher f ti.et Y IJ N\.,"' 

Hole cleaning in accordance with manufacturers' printed installation instructions: G!F'Yes □ No 

Anchor Application: (pleasecheckallthatapply) c:ftension □ Shear □ Overhead □ Other ____ _ 

Anchor insertion: c:fTwisting motion □ Annular gap filled with adhesive □ Air Void Free Injection 

• Anchor Spacing: 'ft 1 &~ (in/mm) Edge Distance: ~ IIL (in/mm) 

• Embedment (h.1}: / ' IL (in/mm) Installation Torque (it required): / IJ Cl ([;~m) 

c,_ ___________ (Signature) ~ , j~ I /"''lit Date:......z...J....L.f-/·-' _tt 

___________________ (Print) Company:. _____________ _ 

___________________ (fitle) 

This form is for consideration for use by the responsible 3rd-party inspector. Version 02.2014 
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APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 446 of 575

Hilti. Outperform. Outlast. 

Adhesive Anchors Inspection Checklist for Concrete and Masonry 
Periodic special must be performed where required in accordance with Section 1705.1.1 and Table 1705.3 of the 2012 
IBC, or Section 1704.15 of the 2009 IBC and Table 1704.4 or Section 1704.13 of the 2006 or 2003 IBC, whereby periodic 
special inspection is defined in Section 1702.1 of the IBC and this report. (See Structural Drawings for Inspection 
requirements) 

Project Name: ___ j)= __ f ~' --~N'--if-f~"/J~. _______ _ CODES 

□ IBC2003 

Seismic Zone/ 

Seismic Design Category 

Project Location: _______________________ _ □ IBC2006 
□ IBC2009 

Weather: ____________ Air Temperature: ______ {°F / 0 C) □ IBC2012 

Product Name/Manufacturer: ---------------------------------

Lot No.: -----------------------------------------

ICC-ES Report No.:----------------------------------

Adhesive expiration Date: __j__j_ □ Specified Dispenser □ Specified Mixer 

Discard Initial Adhesive: ____ {# trigger pulls) 

Adhesive Tempature: _____ {°F j°C) Gel Time: ___ _ Cure Time: ___ _ 
(per manufacturers installation instructions) 

Type: DAIi-Thread □ Internally Threaded □ Torque-Controlled □ Rebar □ Other 
(Safesetl1.1 only to be used with Hi!U HIT-HY 200) 

Material: □ Standard □ Stainless Steel □ High Strength 

Steel Grade/Coating: Length: (in/mm) 

Rod Diameter: D3/8" D1/2" D5/8" D3/4" D7/8" D1" D1-1/4" □ Other 

Rebar: 0#3 0#4 0#5 0#6 0#7 0#8 0#9 □ Other 

Base Material Type: □ NW Concrete □ LW Concrete □ Brick DCMU □ Other ____ _ 

• Base Material Strength: □ 2000 psi □ 3000 psi D4000 psi □ Other _____ _ 

Base Material Thickness: _____ {in/mm) 

Base Material Temperature: _____ {°F / 0 C) 

Drill Bit Diameter: _____ (in/mm) Hole Depth: ______ {in/mm) 
(core bit diameter, if approved) 

Drill Bit Type: □ Carbide-Tip Drill Bit □ Diamond Core Bit □ Hollow Drill Bit □ Other _____ _ 
(ANSI B212.15-1994) (if appropriate and allowed) (Safeset™ only to be used with Hilti HIT-HY 200) 

Hole Condition: □ Dry □ Water Saturated □ Water Filled □ Under Water 

• Hole Cleaning: □ Compressed Air □ Hand Pump □ Wire Brush □ Other _____ _ 

Hole cleaning in accordance with manufacturers' printed installation instructions: □ Yes □ No 

Anchor Application: (pleasecheokallthatapp~) □ Tension □ Shear □ Overhead □ Other _____ _ 

Anchor insertion: □ Twisting motion □ Annular gap filled with adhesive □ Air Void Free Injection 

• Anchor Spacing: _____ (in/mm) Edge Distance: ______ (in/mm) 

Embedment (h
01

): _____ {in/mm) Installation Torque 01,equ1,ed): (ft-lb/Nm) 

Completed by:-------------------- (Signature) Date:__}__} __ 

____________________ (Print) Company:. _____________ _ 

____________________ (Title) 

This form is for consideration for use by the responsible 3rd-party inspector. Version 02.2014 
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APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 447 of 575

Hilti. Outperform. Outlast. 

Adhesive Anchors Inspection Checklist for Concrete and Masonry 
Periodic special must be performed where required in accordance with Section 1705.1.1 and Table 1705.3 of the 2012 
IBC, or Section 1704.15 of the 2009 IBC and Table 1704.4 or Section 1704.13 of the 2006 or 2003 IBC, whereby periodic 
special inspection is defined in Section 1702.1 of the IBC and this report. (See Structural Drawings for Inspection 
requirements) 

Project Name: ____ D~~/ k~----------------- CODES Seismic Zone/ 
□ IBC 2003 Seismic Design Category 

Project Location: ----~-!>-~----~~-~-----------

Weather: __ _,_l_t\_..,,;"'-; """~"""------ Air Temperature: __ {,.,_Rr __ • o_--__ 6)_; 0 C) 

□ IBC2006 
□ IBC2009 

□ IBC2012 

Product Name/Manufacturer: ---=s'--"-c;c"--'-· --''lf.._....7'--------------------------
Lot No.:---------------------------------------

ICC-ES Report No.:----------------------------------

Adhesive expiration Date: __J__J_ □ Specified Dispenser □ Specified Mixer 

◄ Discard Initial Adhesive: ____ (# trigger pulls) 

Adhesive Tempature: (pt) a j°C) GelTime: 
(.Per manufacturers installation instructions) ----

Cure Time: 2 Lf ?tis, 

Type: 0AII-Thread □ Internally Threaded □ Torque-Controlled □ Rebar □ Other ____ _ 
(Safesetn.1 only to be used with Hitti HIT.HY 200) 

Material: [:fStandard □ Stainless Steel □ High Strength 

• Steel Grade/Coating: Atq 'Si B '41 Length: --=2~'-1~,~~~=---(in/mm) 

RodDiameter: D3/8" D1/2" D5/8" ~4" D7/8" D1" D1-1/4" □ Other ____ _ 

0#3 0#4 0#5 0#6 0#7 0#8 0#9 □ Other ____ _ 

Base Material Type: e,1Nw Concrete □ LW Concrete 

Base Material Strength: □ 2000 psi □ 3000 psi 

Base Material Thickness:-~~-= (in/mm) 

,: Base Material Temperature: --~--(tf:)0 C) 

□ Brick 

~OOOpsi 

OCMU □ Other ____ _ 

□ Other ____ _ 

Drill Bit Diameter: 
(core bit diameter, if approved) 

Hole Depth: -~l_'f_.-~1~1, ___ (in/mm) 

Drill Bit Type: ~arbide-Tip Drill Bit □ Diamond Core Bit □ Hollow Drill Bit □ Other ____ _ 
(ANSI B212.15-1994) Of appropriate and allowed) (Safeset™ onty to be used with Hnti Hff.HY 200) 

Hole Condition: [Zr'Dry □ Water Saturated □ Water Filled □ Under Water 

• Hole Cleaning: ~ompressed Air □ Hand Pump ifwire Brush [lfOther l,~-t'? tNt,:\, 

Hole cleaning in accordance with manufacturers' printed installation instructions:•EfVes □ No 

Anchor Application: (pleasecheckallthatapply) [!J'To~nsion □ Shear □ Overhead □ Other ____ _ 

• Anchor insertion: t:fTwisting motion □ Annular gap filled with adhesive □ Air Void Free Injection 

• Anchor Spacing: l-7 /f\w,, (in/mm) Edge Distance: Cf "'~ (in/mm) 

◄ Embedment (he
1
): / ~ ,,\g•• (in/mm) Installation Torque 01,equlred): _/ ___ (@l>JNm) 

Completed by: ------' (Signature) Date: '3 I 2i1 I fv1 
__ __,f_,,:_·t_: ,_,\__';~j,_.,,,~-1---'~:J~•~_,_::_, _• l_l(~~""t_-•,4\_--..,,,,,,,~ ___ (Print) Company:. _____________ _ 

___________________ (Title) 

This form is for consideration for use by the responsible 3rd-party inspector. Version 02.2014 
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APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 448 of 575

Hilti. Outperform. Outlast. 

Adhesive Anchors Inspection Checklist for Concrete and Masonry 
Periodic special must be performed where required in accordance with Section 1705.1.1 and Table 1705.3 of the 2012 
IBC, or Section 1704.15 of the 2009 IBC and Table 1704.4 or Section 1704.13 of the 2006 or 2003 IBC, whereby periodic 
special inspection is defined in Section 1702.1 of the IBC and this report. (See Structural Drawings for Inspection 
requirements) 

Project Name: ___ F--'-l:_•-__ (= ____ D_f __________ _ CODES Seismic Zone/ 
□ IBC 2003 Seismic Design Category 
□ IBC2006 
□ IBC2009 

Weather: ___________ Air Temperature: __ ~_,c,_---tFflCJ □ IBC2012 

Product Name/Manufacturer: ---~,;'-o_a __ l/J~1 ________________________ _ 

Lot No.:---------------------------------------

ICC-ES Report No.:----------------------------------
, Adhesive expiration Date: __J__J_ □ Specified Dispenser □ Specified Mixer 

• Discard Initial Adhesive: ____ (# trigger pulls) 

Adhesive Tempature: ~ 0 ~/ 0 C) Gel Time: ____ Cure Time: 
(per manufacturers installation instructions) (,!:: 

Type: E'.]'AI I-Th read □ Internally Threaded □ Torque-Controlled □ Rebar □ Other ____ _ 
(Safesetn1 only to be used with Hitti HIT-HY 200) 

Material: r::f'Standard □ Stainless Steel □ High Strength 

' Steel Grade/Coating: ruqs I§ '1 Length: 2}➔ ,'""'- (in/mm) 

Rod Diameter: D3/8" □ 1/2" D5/8" !1'3/4" D7/8" □ 1" □ 1-1/4" □ Other 
. Rebar: 0#3 0#4 0#5 0#6 0#7 0#8 0#9 □ Other 

• Base Material Type: 6Nw Concrete □ LW Concrete □ Brick □ CMU □ Other ____ _ 

• Base Material Strength: □ 2000 psi □ 3000 psi G 4000 psi [3-t}ther ~ $"av 

, Base Material Thickness: 1 O /p·rw (in/mm) 

Base Material Temperature: ~O ({!) 0 C) 

-11 i:t Drill Bit Diameter: __ ,.,ci ___ (!j'Ymm) 
(core bit diameter, if approved) 

Hole Depth: --<---/ .... f/ ___ (ip);mm) 

13 -S l 
I 

Drill BitType: 0"6arbide-Tip Drill Bit □ Diamond Core Bit □ Hollow Drill Bit □ Other ____ _ 
(ANSI B212.15-1994) Qt appropriate and allowed) (Safeset™ only to be used with Hilti HIT-HY 200) 

Hole Condition: Wry □ Water Saturated □ Water Filled □ Under Water 

• Hole Cleaning: ~ompressed Air □ Hand Pump G1'Wire Brush [50ther 

Hole cleaning in accordance with manufacturers' printed installation instructions: E:fv~s □ No 

Anchor Application: (pleasecheckallthatappM Tension □ Shear □ Overhead 

• Anchor insertion: drwisting motion □ Annular gap filled with adhesive 

• Anchor Spacing: L ~3 (ifi)'mm) Edge Distance: Cf ; 1\,,-

• Embedment (h01): 11 (:lb/mm) Installation Torque 01,equired): 

□ Other ____ _ 

□ Air Void Free Injection 

@/mm) 

/00 ~/Nm) 

Date: (; I Jc-I I 17 
!J' (' !_.' ii 

--➔t_:: ____ 1'-n .... '\=:,_, L-'--.1.--,-1-~:-·,"-"k::-'-i_t_"c.-'-{.'-J_,__\~. ______ (Print) Company: _____________ _ 

___________________ (Title) 

This form is for consideration for use by the responsible 3rd-party inspector. Version 02.2014 
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APPENDIX C: Purdue Phase III Test Report 25884-000-30R-C01R-00002, Rev. 000, Sheet 449 of 575

Hilti. Outperform. Outlast. 

Adhesive Anchors Inspection Checklist for Concrete and Masonry 
Periodic special must be performed where required in accordance with Section 1705.1.1 and Table 1705.3 of the 2012 
IBC, or Section 1704.15 of the 2009 IBC and Table 1704.4 or Section 1704.13 of the 2006 or 2003 IBC, whereby periodic 
special inspection is defined in Section 1702.1 of the IBC and this report. (See Structural Drawings for Inspection 
requirements) 

Project Name: ___ ---C·F_· '.c.rN_·· _o_t_-_. __ D_,_\_~...,1'-------------- CODES Seismic Zone/ 
□ IBC 2003 Seismic Design Category 

□ IBC2006 
□ IBC 2009 

Weather: ___________ Air Temperature: --·-~r_'c,_) __ (ff}/ 0 C) □ IBC2012 

Product Name/Manufacturer: ___ S~o_O __ ,J~-------------------------
Lot No.:---------------------------------------

ICC-ES Report No.:-----------------------------------
• Adhesive expiration Date: __J__j_ □ Specified Dispenser □ Specified Mixer 

• Discard Initial Adhesive: ____ (# trigger pulls) 

Adhesive Tempature: 1}t) (]}'/ 0 C) Gel Time: ___ _ :'?M Cure Time: _ _,;t;,._."-·-, 
(per manufacturers lnsta![at!on instructions) 

Type: E]'AII-Thread □ Internally Threaded □ Torque-Controlled □ Rebar □ Other ____ _ 
(Safeset™ only to be used wlth Hilti HIT-HY 200) 

Material: 6standard □ Stainless Steel □ High Strength 

• Steel Grade/Coating: It n.1 B 1 Length: ·- '·' .·~,, (' I ) ff~ " • •«,· in mm 

Rod Diameter: □ 3/8" □ 1/2" □ 5/8" ~/4" D7/8" D1" D1-1/4" □ Other ____ _ 

0#4 0#5 0#6 0#7 0#8 0#9 □ Other ____ _ 

Base Material Type: 6NW Concrete □ LW Concrete □ Brick OCMU □ Other ____ _ 

Base Material Strength: D2000 psi 

Base Material Thickness: ~ 0 ; tv 

,; Base Material Temperature: ~ () 

D3000 psi 

(in/mm) 

c);oq 

□ 4000 psi tO Other _'!--'.J'-""_o_o_AA:=l--'-, , 

Drill Bit Diameter: __ 1'"""'/"""''{"""; __ (~i'nm) 
(core bit diameter, if approved) 

Hole Depth: _.....:../-'o/'-· ---~.m) 

Drill BitType: !Z(Carbide-Tip Drill Bit □ Diamond Core Bit □ Hollow Drill Bit □ Other ____ _ 
(ANSI 8212.15-1994) Of appropriate and allowed) (Safeset™ only to be used with Hilti HIT-HY 200) 

Hole Condition: [1f'Dry □ Water Saturated □ Water Filled □ Under Water 

• Hole Cleaning: 0Compressed Air □ Hand Pump [:!iiVlre Brush (]Other __ v"""·-,'-;;, __ t __ 

Hole cleaning in accordance with manufacturers' printed installation instructions: [tl"Yes □ No 

_;,".✓ 

Anchor Application: (pleasecheckallthatapply) l:'.'.'.rTension □ Shear □ Overhead □ Other ____ _ 

Anchor insertion: IZ]Twisting motion □ Annular gap filled with adhesive □ Air Void Free Injection 

• Anchor Spacing: ·;L'1 (i!J}'mm) Edge Distance: __ 't ____ (ifijhim) 

◄ Embedment (h.
1
): __ 1_'_1 ___ (igy'mm) Installation Torque Ofrequlred): I uo (tflb'/Nm) 

Completed by: --~''-'...,J_'·=<:l~l_:~(~J_7·.:'-'r .... ,~/--C---------<Signature) 

- __ _.._k=~~'-Jl~(,~'.(_.,/'...,vf _ _,~.,....' ~-"'A'-'-<l~f-"'z~"\ ....... ______ (Print) i $ 

___________________ (Title) 

Date: (~ I I ~ I I "'1 
Company: _____________ _ 

This form is for consideration for use by the responsible 3rd-party inspector. Version 02.2014 
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Adhesive Anchors Inspection Checklist for Concrete and Masonry 
Periodic special must be performed where required in accordance with Section 1705.1.1 and Table 1705.3 of the 2012 
IBC, or Section 1704.15 of the 2009 IBC and Table 1704.4 or Section 1704.13 of the 2006 or 2003 IBC, whereby periodic 
special inspection is defined in Section 1702.1 of the IBC and this report. (See Structural Drawings for Inspection 
requirements) 

Project Name: _____ _,Fl._·--'t'--7'.1_· ~_J_o_c(z·c__ _ __;_D~• _It;""=>'-------------

Weather: ____________ Air Temperature: __ .,.r,~· V-'· ___ 6)/ 0 C} 

CODES 

D IBC 2003 

D IBC 2006 

D IBC2009 

D IBC 2012 

Seismic Zone/ 
Seismic Design Category 

Product Name/Manufacturer: --------'~"'{--'b=o __ ,-'J--"?"'": _______________________ _ 

Lot No.: -----------------------------------------

ICC-ES Report No.:------------------------------------

Adhesive expiration Date: __J__J_ □ Specified Dispenser □ Specified Mixer 

Discard Initial Adhesive: ____ (# trigger pulls) 

Adhesive Tempature: 'O O (!~ /°C} GelTime: ___ _ CureTime: 21i f!r5 
{per manufacturers installation instructions) 

Type: l6A11-Thread D Internally Threaded □ Torque-Controlled D Rebar D Other _____ _ 
(Safesetn1 only to be used with Hilti HIT-HY 200) 

Material: ~andard □ Stainless Steel □ High Strength 

Steel Grade/Coating:-~-~~~ Length: 2.L/ (tb,mm) 

Rod Diameter: D 3/8" D 1/2" D5/8" ~/4" D7/8" D 1" D 1-1/4" □ Other 

Rebar: 0#3 0#4 0#5 0#6 0#7 0#8 0#9 □ Other 

Base Material Type: 12.l"NW Concrete D LW Concrete D Brick 

Base Material Strength: □ 2000 psi □ 3000 psi D 4000 psi 

Base Material Thickness: -~---f.ln,)'mm) 

.. Base Material Temperature: ----=--(fa} 0 C) 

Drill Bit Diameter: ·t/ ~ (i£j/mm) 
(core bit diameter, if approved) 

Hole Depth: __ c_J _"1 ___ ((o)nm) 

Drill Bit Type: rz(Carbide-Tip Drill Bit D Diamond Core Bit □ Hollow Drill Bit D Other _____ _ 
(ANSI B212.15-1994) 

L 
Hole Condition: 0Dry □ Water Saturated 

(if appropriate and allowed') (Safeset™ only to be used with Hi!ti HIT-HY 200) 

□ Water Filled □ Under Water 

Ef'compressed Air □ Hand Pump 0'Wire Brush dother 
«./= 

Hole cleaning in accordance with manufacturers' printed installation instructions: id"Yes □ No 

/ 
Anchor Application: (pleasecheckallthatapply) [tt'Tension D Shear □ Overhead □ Other _____ _ 

Anchor insertion:J:ITwisting motion □ Annular gap filled with adhesive □ Air Void Free Injection 

Anchor Spacing: --~--(ii:l/mm) Edge Distance: --~ ___ (ili'lmm) 

Embedment (h./ flt @mm) Installation Torque (~required): I tJP ~~/Nm) 

____________________ (Title) 

This form is for consideration for use by the responsible 3rd-party inspector. Version 02.2014 
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Adhesive Anchors Inspection Checklist for Concrete and Masonry 
Periodic special must be performed where required in accordance with Section 1705.1.1 and Table 1705.3 of the 2012 
IBC, or Section 1704.15 of the 2009 IBC and Table 1704.4 or Section 1704.13 of the 2006 or 2003 IBC, whereby periodic 
special inspection is defined in Section 1702.1 of the IBC and this report. (See Structural Drawings for Inspection 
requirements) 

Project Name: _____ ....... F_ciicc..;:-'-1v_o_t:r_. --~-~-'-~-·---------

Weather: ___________ AirTemperature: __ ic;~·_{.,) __ (t;;/ 0 C) 

CODES 

□ IBC 2003 

□ IBC 2006 

□ IBC 2009 

DIBC2012 

Seismic Zone/ 

Seismic Design Category 

Product Name/Manufacturer: ___ .,_,,e,,_~=~-i;;,_, __ \_,;_·;,z'""·"--------------------------

Lot No.: -----------------------------------------

ICC-ES Report No.:------------------------------------

Adhesive expiration Date: __J__J_ □ Specified Dispenser □ Specified Mixer 

Discard Initial Adhesive: ____ (# trigger pulls) 

Adhesive Tempature: '!f.,,t» ((ii 0 C) Gel Time: ___ _ Cure Time:_""'--''----
(per manufacturers installation instructions) 

Type: ~-Thread □ Internally Threaded □ Torque-Controlled □ Rebar □ Other _____ _ 
(Safesetn.1 only to be used with Hilli HIT-HY 200) 

Material: -· 12l'Standard □ High Strength 

Steel Grade/Coating: Length: "',J),f ~mm) 

Rod Diameter: D3/8" □ 1/2" D5/8" ~/4" D7/8" □ 1" □ 1-1/4" □ Other 

Rebar: 0#3 0#4 0#5 0#6 0#7 0#8 0#9 □ Other 

Base Material Type: [!JNW Concrete □ LW Concrete □ Brick 

Base Material Strength: □ 2000 psi 

Base Material Thickness: jQ 
,: Base Material Temperature: 8<> 

D3000 psi 

<fufmm) 

~;oc) 

D4000 psi 

Drill Bit Diameter: __ 7,_/_,,f,..,___(5)mm) 
(core bit diameter, if approved) 

Hole Depth: __ l_q_· ---~mm) 

Drill Bit Type: [JC-"arbide-Tip Drill Bit □ Diamond Core Bit □ Hollow Drill Bit □ Other _____ _ 
(ANSI B212.15-1994) (if appropriate and allowed) (Safes-et™ on!y to be used with Hilti HIT-HY 200) 

Hole Condition: l:fbry □ Water Saturated □ Water Filled □ Under Water 

• Hole Cleaning: QcC::ompressed Air □ Hand Pump GfvVire Brush ~Other 
•' 

_/ 
Hole cleaning in accordance with manufacturers' printed installation instructions: []'Yes □ No 

-"" 
Anchor Application: (pleasecheckallthatapply) []'Tension □ Shear □ Overhead □ Other _____ _ 

"_,,,.,,? • ~r 
Anchor insertion: l!'.l Twisting motion □ Annular gap filled with adhesive □ Air Void Free Injection 

• Anchor Spacing: ---.-~--@P/mm) Edge Distance: __ 'I,,__. _ ___ (l!l/mm) 

m) Installation Torque 111,oquired): 

____________________ (fitle) 

This form is for consideration for use by the responsible 3rdwparty inspector. 

/Q{\ 0/Nm) 

Date: G, / /if"f / _l_ 

Version 02.2014 
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Adhesive Anchors Inspection Checklist for Concrete and Masonry 
Periodic special must be performed where required in accordance with Section 1705.1.1 and Table 1705.3 of the 2012 
IBC, or Section 1704.15 of the 2009 IBC and Table 1704.4 or Section 1704.13 of the 2006 or 2003 IBC, whereby periodic 
special inspection is defined in Section 1702.1 of the IBC and this report. (See Structural Drawings for Inspection 
requirements) 

I 
Project Name: _______ -"(=J_; '-'-(_·#"-'-l _____ ~_)-+J_1 

_______ _ 
CODES 

□ IBC2003 

Seismic Zone/ 
Seismic Design Category 

Project Location: _______________________ _ □ IBC2006 

□ IBC2009 

Weather: ____________ Air Temperature: ______ (°F j°C) □ IBC 2012 

Product Name/Manufacturer: ---------------------------------

Lot No.: -----------------------------------------

ICC-ES Report No.:------------------------------------
Adhesive expiration Date: __J__J_ □ Specified Dispenser □ Specified Mixer 

Discard Initial Adhesive: ____ (# trigger pulls) 

Adhesive Tempature: _____ (°F j°C) Gel Time: ___ _ Cure Time: ___ _ 
(per manufacturers installation instructions) 

Type: DAIi-Thread □ Internally Threaded □ Torque-Controlled □ Rebar □ Other 
(Safesetm only to be used with Hilti HIT·HY 200) 

Material: □ Standard □ Stainless Steel □ High Strength 

Steel Grade/Coating: Length: (in/mm) 

Rod Diameter: D3/8" □ 1/2" D5/8" D3/4" □ 7/8" □ 1" □ 1-1/4" □ Other 

Rebar: 0#3 0#4 0#5 0#6 0#7 0#8 0#9 □ Other 

Base Material Type: □ NW Concrete □ LW Concrete □ Brick OCMU □ Other ____ _ 

Base Material Strength: □ 2000 psi □ 3000 psi □ 4000 psi □ Other _____ _ 

Base Material Thickness: _____ (in/mm) 

.. Base Material Temperature: _____ (°F / 0 C) 

Drill Bit Diameter: _____ (in/mm) Hole Depth: ______ (in/mm) 
(core bit diameter, if approved) 

Drill Bit Type: □ Carbide-Tip Drill Bit □ Diamond Core Bit □ Hollow Drill Bit □ Other _____ _ 
{ANSI 8212.15-1994) Of appropriate and allowed) (Safeset™ only to be used with Hllli HIT•HY 200) 

Hole Condition: □ Dry □ Water Saturated □ Water Filled □ Under Water 

Hole Cleaning: □ Compressed Air □ Hand Pump □ Wire Brush □ Other _____ _ 

Hole cleaning in accordance with manufacturers' printed installation instructions: □ Yes □ No 

Anchor Application: (pleasecheckalllhatapply) □ Tension □ Shear □ Overhead □ Other _____ _ 

Anchor insertion: □ Twisting motion □ Annular gap filled with adhesive □ Air Void Free Injection 

• Anchor Spacing: _____ (in/mm) Edge Distance: ______ (in/mm) 

Embedment (h 01): (in/mm) Installation Torque 11trequ1red): ____ (ft-lb/Nm) 

Completed by: ____________________ (Signature) Date:__/___) __ 

____________________ (Print) Company: _____________ _ 

____________________ (Title) 

This form is for consideration for use by the responsible 3rd•party inspector. Version 02.2014 
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Adhesive Anchors Inspection Checklist for Concrete and Masonry 
Periodic special must be performed where required in accordance with Section 1705.1.1 and Table 1705.3 of the 2012 
IBC, or Section 1704.15 of the 2009 IBC and Table 1704.4 or Section 1704.13 of the 2006 or 2003 IBC, whereby periodic 
special inspection is defined in Section 1702.1 of the IBC and this report. (See Structural Drawings for Inspection 
requirements) 

CODES 

□ IBC2003 

□ IBC2006 

□ IBC2009 
J 

Seismic Zone/ 
Seismic Design Category 

Weather: ____________ Air Temperature: ----"!j'--J_·:i_ (~f) 0 C) □ IBC 2012 

Product Name/Manufacturer: ----~"'-'-i:;_t_f-_) __ ,_J_-r,..:,'---______________________ _ 

Lot No.: -----------------------------------------

ICC-ES Report No.:------------------------------------

Adhesive expiration Date: __J__j_ □ Specified Dispenser □ Specified Mixer 

Discard Initial Adhesive: ____ (# trigger pulls) 

Adhesive Tempature: HO C~/ 0 C) Gel Time: 
(per manufacturers installation instructions) ----

2 ,J 
Cure Time: _,w __ i_ 

Type: ,tfAII-Thread □ Internally Threaded □ Torque-Controlled □ Rebar □ Other _____ _ 
d''/ 

? 
Material: [:]Standard 

(Safesetrn only to be used with Hilti HIT-HY 200) 

□ Stainless Steel □ High Strength 

Steel Grade/Coating:~~~~~~ Length: 2)"1 (fu/mm) 

Rod Diameter: □ 3/8" □ 1/2" D5/8" 03/4" D7/8" □ 1" □ 1-1/4" □ Other 

Rebar: 0#3 0#4 0#5 0#6 0#7 0#8 0#9 □ Other 

Base Material Type: ~W Concrete □ LW Concrete □ Brick □ CMU □ Other _____ _ 

Base Material Strength: □ 2000 psi I:] 4000 psi 

Base Material Thickness: ",19 
r:JOther 1S'oa IX:r' 

I 

,. Base Material Temperature: --"'-"----",P 

Drill Bit Diameter: __ 1_1_'8_-, __ Q~mm) 
§ (core bit diameter, if approved) 

Hole Depth: __ /_</ ____ @/mm) 

~ 
'.I 
~ 
E 

Drill Bit Type: []'Carbide-Tip Drill Bit □ Diamond Core Bit □ Hollow Drill Bit □ Other _____ _ 

.. 
1 
~ • -

(At-iSI B212.15-1994) (if appropriate and allowed) (Safeset™ only to be used with Hilti HIT-HY 200) 

Hole Condition: ✓ory □ Water Saturated □ Water Filled □ Under Water 
/ ,, 

Hole Cleaning: ltJ Compressed Air □ Hand Pump □ Wire Brush □Other 
✓,,--~' 

Hole cleaning in accordance with manufacturers' printed installation instructions: Q(Yes □ No 

Anchor Application: (pleasecheckallthatapply) [t(f;nsion □ Shear □ Overhead □ Other _____ _ 

Anchor insertion: E'.fTwisting motion □ Annular gap filled with adhesive □ Air Void Free Injection 

Anchor Spacing: -7 (irl'jmm) Edge Distance: --•"-1 ___ (ibYmm) 

Embedment (\
1
): J ''} (U,imm) Installation Torque !ifrequirad): I (f{=Jb/Nm) 

7 -1 
Date:_J_/_LJ I 1 

____________________ (Title) 

This form is for consideration for use by the responsible 3rd-party inspector. Version 02.2014 



Tests to Determine the Behavior 
of #11 Bars with Lap Splices – TEST SERIES D 
Bowen Laboratory 
Purdue University  
November 18, 2016 
 
Test Procedure 
 
This procedure refers to the test described in the proposal titled Experimental Study 
of The Effect of Laminar Cracks on Strength and Ductility 79-in Splices of #11 
Reinforcing Bars submitted to FirstEnergy Corporation (Sozen & Pujol, 2016). Test 
procedures are specified in this document.  
 
1. Fabrication 
 
 1.1 Formwork 
 
  The formwork shall be made using non-absorbent plywood.  Its 
interior shall be caulked to prevent water leakage and it shall be covered with a thin 
layer of oil before casting. The dimensions of the formwork shall be checked and 
recorded using Form 1. 
 
 
 1.2 Reinforcement Cages 
 
The steel reinforcement cages shall be built following the attached drawings and 
forms. Reinforcing bars shall be supported by steel chairs placed as shown in the 
drawings, Form 2. To ensure alignment, the bars shall be tied to chairs and to one 
another using 16-gage steel wire. The location of the reinforcement shall be 
recorded using Form 1. The locations of wire ties and reinforcement markings, if 
any, shall be recorded using Form 2. 
 
Tolerances (within the test region) are: 
  
3/16" for horizontal cover and horizontal spacing measured to the surface of the bar 
(excluding ribs) 
1/4" for vertical distances shown in Form 1 
 
All other tolerance shall follow ACI 117. 
 
 1.3 Casting 
 
Fresh concrete properties to be measured include:  
 
 Unit Weight 
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 Slump             
 Air Content 
 
Each measurement will be performed by a third party using calibrated equipment. 
These measurements shall be made following ASTM C138, ASTM C143, ASTM C231 
and recorded using Form 3. 
 
Slump shall be measured before any other activity related to casting takes place to 
make sure that the delivered mix has satisfactory workability.  The mixing truck 
shall deliver a ticket with the batched mix weights.  These weights shall be examined 
to corroborate that the delivered mix has the specified proportions.  Concrete shall 
not be accepted if it arrives more than 45 min. after leaving the batching plant. No 
water shall be added to the mix after the truck leaves the plant. 
 
Specimens and cylinders shall be cast and vibrated in two lifts following ASTM C192.  
The vibrators to be used shall have the following cross-sectional dimensions: 
 
For cylinders:   3/4" - 7/8" 
For Larger Specimens:  1-3/4" 
  
Their frequencies shall be between 50 and 200 Hz. 
 
 
Excess concrete shall be removed off the formwork.  The exposed surfaces of the 
specimens shall be finished using cast magnesium floats. Lifting inserts shall be 
inserted in the fresh concrete as soon as the finishing is completed. 
 
Each test specimen shall be cast using concrete from a single mixing truck.  A 
complete set of concrete samples (cylinders) shall be obtained from each truck. Test 
specimens and samples shall be marked with a number referring to the truck from 
which they were cast and the date of casting. In each casting day, trucks shall be 
numbered sequentially starting at 1.  The number assigned to a truck shall be 
written clearly on the mix ticket describing the mix proportions for the batch.  Test 
specimens shall be cast and tested oriented in the North-South axis of the 
laboratory. Specimen ends facing North during casting shall face North during 
testing. During finishing, the North end of each specimen shall be marked with the 
letter N. 
 
These activities shall be documented using Form 3. 
 
 1.4 Curing 
 
As soon as casting is completed all specimens shall be covered with impermeable 
sheets. When the concrete surface sets, wet burlap shall be inserted between these 
sheets and the exposed concrete. All formwork and molds shall be struck no later 
than three days after the cast.   
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All exposed concrete surfaces shall be covered by wet burlap and impermeable 
sheets for a total of at least seven days after casting.  
 
Burlap shall be doused with water at least every other day during the curing period. 
 
Curing activities shall be logged using Form 4. 
 
Test cylinders shall be stored and cured next to the test specimens and under 
similar conditions of temperature and humidity. 
 
The variation of concrete strength with time shall be monitored and recorded using 
Form 5 and 5B.  
 
2. Calibration 
 
Three types of measurements will be made: displacement, force, air content.  
 
The apparatuses to be used to calibrate sensors to measure these quantities are: 
 
Displacement Sensors: INSTRON Universal Testing Machine: 

(S.N.:2630-115/590) 
Load Sensors:  INSTRON Universal Testing Machine  

(S.N.: 120BTE502040) 
Air Content: Calibrated Cylinder  

(S.N.: To be provided by materials testing technician) 
 
Load and displacement sensors will be calibrated following steps listed below: 
 

1) Connect the sensor to the data-acquisition system that is going to be used in 
the test  

2) Set and record the excitation voltage to the maximum possible value (not 
exceeding the maxima specified for the data-acquisition system and the 
sensor) 

3) Set the data-acquisition equipment to record voltage 
4) Set the gain of the data-acquisition system to the first available level lower 

than the ratio of the maximum range of the system to the maximum expected 
output from the sensor.  

5) Mount the sensor on the universal testing machine 
6) Apply a series of known displacement or force increments to the sensor 

ranging between 10% and 90% of the rated capacity of the sensor 
7) Record the voltage read on the data-acquisition system at each known 

displacement or force increment 
8) Create a plot of change in output voltage vs. change in force or displacement  
9) Fit a line to the plot from 7) using “least squares” 
10) Record the slope of the line from 8) (sensor sensitivity) 
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11) Label the cable used in the calibration with the serial number of the sensor 
 
Sensors shall be calibrated before the first test and after the final test. Sensors will 
be calibrated using the same data acquisition system. 
 
The apparatus used to measure air content of the fresh concrete shall be calibrated 
following the procedure described in ASTM C231 by a third party.  
 
All calibrations shall be performed by at least two persons: one leading each step 
and the other checking the work of the first independently.  A log of each calibration 
shall be made using Form 6 and it shall include an estimate of the accuracy of the 
sensor. 
 
Sensors for which the sensitivity obtained in 9) above deviates by more than 10% 
from the nominal sensitivity (as reported by the manufacturer) shall not be used in 
any of the tests. 
 
3. Setup 
 
Each specimen shall be subjected to direct tension applied to the free ends of the 
bars protruding out of the test region.  
 
 

 
Figure 1. Test Setup plan view (anchors not shown for clarity).  
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The maximum deviation from nominal setup dimensions shall be ¼ in.   
 
As-built external dimensions of each test specimen shall be recorded using Form 7.  
The maximum deviation from nominal dimensions in the test region shall be ¼ in. 
 
Forces will be applied using two hydraulic rams (one per bar on one side of the 
specimen). The rams shall be connected to a single manifold and pump using 
10,000-psi hydraulic hoses. All hoses and other hydraulic hardware shall be 
inspected visually and replaced –if defective- before testing.    
 
4. Instrumentation 
 
Displacement sensors shall be installed across the plane of the lap splices to 
measure the widths of laminar cracks. 
 
Bar forces will be measured using two force transducers (one per bar) opposite to 
the hydraulic jacks used to apply load. 
 
All sensors (displacement and force) shall be connected to the data acquisition 
system using the same cables used during calibration. The excitation voltage and 
gain shall also be set to the value used in calibration.  The data acquisition system 
shall be set to record voltage changes caused by loading. Before applying load with 
the hydraulic rams, all sensors shall be set to read a voltage value between 10% and 
90% of the voltage output of the sensor at its rated capacity.  These voltages shall be 
referred to as the “zero offsets” of the sensors.   
 
Set the data acquisition system to scan all sensors and save at least one record per 
sensor every 1 sec.  
 
Record a file of “zero offsets” capturing at least 10 min. of data before any load is 
applied with the hydraulic system. 
 
Means of initial voltages for all sensors (mean “zero offsets”), sensor serial numbers, 
the most recent sensitivity constants, excitation voltages, and the channels of the 
data-acquisition system used for each sensor shall be recorded using Form 8.  The 
pairing of channels and sensors shall be checked by a second person working 
independently from the person making the initial connections. 
 
Infrared targets used to measure displacements shall be glued to one face of the test 
specimen, and glued to the protruding bars of one splice using adhesive.  The 
numbering sequence of these targets shall be recorded using Form 9. 
 
Video cameras (one for long-time lapse video and one for high-speed video) will be 
positioned to capture the response of each specimen.  To the extent possible, the 
location of the cameras shall be the same in all tests. 
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Figure 2) Layout of infrared targets. 
 
 
 
 
5. Testing 
 
The following test schedule shall be followed: 
 

 
Test Schedule 

   

 ANCHOR  

TEST LENGTH SPACING INITIAL 
CRACK 

1-2 NA NA 0.06" 

3 NA NA 0.10” 

4-5 10" 20" 0.06" 

6 10" 20" 0.10" 

7-8 10" 40" 0.06" 

9 10" 40" 0.10" 

10-11 15” 20" or 40" 0.06” 

12 15” 20" or 40" 0.10”     

13 NA NA 0.06" 

14-15 NA NA 0.10" 

16 10" 20" 0.06" 

17-18 10" 20" 0.10" 

19 10" 40" 0.06" 

20-21 10" 40" 0.10" 

22 15” 20" or 40" 0.06” 

23-24 15” 20" or 40" 0.10” 

Note: ten spare specimens shall be cast (six initially and four later) in 
case failure takes place before the target crack-width is reached. 
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Anchor length, spacing, etc. are preliminary and may be adjusted based on the 
results of testing.  Any adjustment to the test schedule shall be as directed by 
Bechtel Engineering. 
 
The following actions shall take place during each test: 
 
Incremental loadings shall be applied by tensioning the reinforcing bar.  The load 
shall be applied in 10 kip to 20 kip increments until the target crack-width is 
reached.  
 
 At the end of each loading increment: 
 
 Record the load. 
 

Mark Cracks: All visible cracks shall be marked using black permanent 
markers.  Cracks shall be marked by drawing lines parallel to 
them and with an offset of approximately 0.25 in.  

 
Measure Crack Widths: Crack widths shall be measured using crack 

comparators or graduated handheld microscopes. 
 
Measure coordinates of infrared coordinates: A set of coordinates shall be 

obtained using an OptoTrak System 600 Pro.  
 

In-Test Data Backup: At every loading increment the data being produced by 
the data-acquisition system shall be copied to an external hard 
drive or USB memory. 

   
Photographs: A set of high-resolution photographs shall be obtained after 

cracks are marked at each loading increment. The photographs 
shall include views of both elevations of the test specimen and 
the top concrete surface above lap splices. 

 
The following data shall be recorded throughout each test: 
 

Sensor readings: To be recorded on a hard drive in volts.  Conversion to 
engineering units shall be done after the test as follows:  

 
  -Subtract zero offsets 
 -Divide the result by the sensitivity obtained in the most recent 

calibration 
 Lapse video photographs: To be obtained every 5 min. 
   
Actions to be taken at failure 
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 Trigger high-speed camera to record breaking away of the concrete cover 
and relative movement of the bars. 
 
Actions to be taken after test 
 

Generate a record of sensors that may have malfunctioned or been 
accidentally moved during the test 
 
Remove from all files recordings from sensors for which the results of the 
after-test calibration differ by more than 5% from the before-test calibration. 
 

The referenced proposal describes the test procedure. Each specimen shall be 
loaded until laminar cracks widths of approximately 0.06” and 0.1” are observed. 
The load shall then be removed and, when applicable (Specimens 4-12 and 16-24), 
transverse reinforcement (anchor bolts) shall be installed as explained in Section 
5.1.  Then the load shall be reapplied until failure is obtained. 
 
 5.1 Anchor Bolt Installation   
 
ASTM-A193 ¾-in. diameter threaded rods shall be used as anchors. Anchors are to 
be installed using product HIT-RE 500 V3 1400 Jumbo by Hilti. Installer is to be 
trained by a representative from Hilti. Installation is to comply with manufacturer’s 
printed installation instructions (MPII), (Hilti, 2016). 15-in. long anchors are to 
include a nut and washer (to be torqued to 100 lbf-ft). 10-in. long anchors need not 
have a nut and a washer.  
 
6. Reporting and Backup 
 
Produce all the captured data in two ways: 
 
 By uploading data, photos, and video to datacenterhub.org or 
ftp.ecn.purdue.edu. 
 By recording all data, photos, and video on a magnetic hard drive  
 
Reports shall be produced as described in the referenced proposal. 
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5803 West 73rd Street 
Indianapolis, Indiana 46278 

Phone (317) 299-8855 
Fax (317) 299-8960 

CALIBRATION CERT #1498.01 

Property Of: Purdue University 

Lafayette, IN 

P.O.#: N/A 

Mfr: Fowler 

Mfr#: V1004+ 

Range: 40 

Calibration Repo 
Serial#: HG01 / 1045483 

Instrument: Height Gage 

Report#: 170432-L 

An ISO I /EC 17025 Calibration Laboratory Tolerance: ±0.00025 Least Division: 0. 00005 Page: 1 of 1 

Unit of Measure: Inches (1 in= 25.4mm) 

Nominal (OD) As Found As Found Error As Left As Left Error 

0.200 0.19995 -0.00005 0.19995 -0.00005 

0.400 0.39990 -0.00010 0.39990 -0.00010 

0.600 0.60000 0.00000 0.60000 0.00000 

0.800 0.80000 0.00000 0.80000 0.00000 

1.000 1.00000 0.00000 1.00000 0.00000 

2.000 1.99995 -0.00005 1.99995 -0.00005 

3.000 3.00000 0.00000 3.00000 0.00000 

4.000 4.00000 0.00000 4.00000 0.00000 

5.000 4.99990 -0.00010 4.99990 -0.00010 

6.000 6.00000 0.00000 6.00000 0.00000 

7.000 6.99990 -0.00010 6.99990 -0.00010 

8.000 8.00000 0.00000 8.00000 0.00000 

10.000 9.99990 -0.00010 9.99990 -0.00010 

12.000 11.99995 -0.00005 11.99995 -0.00005 

16.000 16.00000 0.00000 16.00000 0.00000 

20.000 19.99995 -0.00005 19.99995 -0.00005 

24.000 24.00000 0.00000 24.00000 0.00000 

30.000 30.00000 0.00000 30.00000 0.00000 

36.000 36.00000 0.00000 36.00000 0.00000 

40.000 39.99985 -0.00015 39.99985 -0.00015 

This uncertainty represents an expanded uncertainty expressed at approximately the 95% confidence level using a coverage factor of K=2. ±0.000460". 

We certify that these gages were compared to masters traceable to the International System of Units (SI) 

through the National Institute of Standards and Technology (NIST). Tolerances &. Calibration in accordance with 

ISO /IEC 17025, ISO 10012-1, ANSI /NCSL 2540-1, & Git #14.0 

Equipment Used: QC003 Dated 9/16, Due 9/18; QC1 Dated 9/16, Due 9/17. 

Surface Plate 14997 Dated 12/16, Due 12/17. 

As Found: Used. 

Original Calibration: 4/22/2017 

Your Suggested Recalibration: 4/22/2018 
Factors may occur affecting the calibration before your suggested recalibration date. 

Environment: Temperature: 67.6-68.6°f Humidity: 25-50% 

Calibrated By: //_~ ~~/~ 

Inspected By:
0 
.,,,C.'-----.,-,e.:;.._ _______ _ 

See reverse side for further explanations. This report must not be reproduced, except in full, without written approval of QCSS. QC15 Revision 9/12 



DATE OF ISSUE:  09-Dec-15

ISSUED BY: INSTRON CALIBRATION LABORATORY

Instron

825 University Avenue

Norwood, MA 02062-2643

Telephone: (800) 473-7838

Fax: (781) 575-5750

Email: service_requests@instron.com

CERTIFICATE OF CALIBRATION

340120915110036

09-Dec-15 Customer Requested Due Date:    31-Dec-16

Page 1 of 4 pages

Date of Calibration:

APPROVED SIGNATORY

CERTIFICATE NUMBER:
NVLAP Lab Code 200301-0

CALIBRATION RESULTS*  *  *                                               *  *  *

Type of Calibration:  Strain    Relevant Standard:  ASTM E83-10a

System ID:  120BTE502040    Transducer ID:  2630-115/590

Indicator 1. - Digital Readout (strain)

PASSED Class B-1 - 100% Range in Tension mode

 Customer

PURDUE UNIVERSITYName:

Address: US 231 BOWEN LABORATORY

WEST LAFAYETTE,IN 47907

KBROWER@PURDUE.EDU

P.O./Contract No.:

KEVIN BROWERContact:

System ID: 120BTE502040

Transducer ID: 2630-115/590

Manufacturer: SATEC Manufacturer: INSTRON

 Machine  Transducer

Extensometer Type: Type 1

Travel (Tension):

Travel (Compression):

Gauge Length:

Mode:

1 in

0.1 in

2 in

Static (Tension/Compression)

Range Type: Single

Serial Number: 120BTE502040

 Certification Statement 

All indicators listed above were verified on-site at customer location by Instron in accordance with ASTM E83.

The verification and equipment used conform to a controlled Quality Assurance program which meets the specifications 

outlined in ANSI/NCSL Z540-1, ISO 10012, ISO 9001:2008 and ISO/IEC 17025:2005.

The testing machine was verified in the 'as found' condition.

The results indicated on this certificate and the following report relate only to the items verified. If there are methods or data included that are not covered by 

the NVLAP accreditation it will be identified in the comments. Any limitations of use as a result of this verification will be indicated in the comments. This 

report must not be used to claim product endorsement by NVLAP or the United States government . This report shall not be reproduced, except in full, without 

the approval of the issuing laboratory.

Instron Calpro Version 3.30
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CERTIFICATE OF CALIBRATION

NVLAP ACCREDITED CALIBRATION LABORATORY No. 200301-0

CERTIFICATE NUMBER:

340120915110036

Page 2 of 4 pages

 Summary of Results

(%) Mode (strain) ClassClass*
Full Scale Resolution Lower LimitResolutionTested Range System

ASTM E83

Indicator 1. - Digital Readout (strain)

Range

(in)(in)

Tension 0.0020.00001100 B-1 A0.1002 to 1.00369

* System Class for a range is the worst of the following classes: gauge length class, resolution class, individual point error 

class, repeatability class and is also based on the measurement capability of the laboratory .

 Gauge Length Measurement and Classification

Type Class(%)(in) (in)

Gauge Length Gauge Length Measurement for Each Measurement Made Gauge Length Measurement*

Nominal Actual Relative Error of Gauge Length ASTM E83 Uncertainty of

(in)

1.99865 Indirect -0.229 B-12 -0.117 0.143 0.0032

* The reported expanded uncertainty is based on a standard uncertainty multiplied by a coverage factor k = 2, providing a 

level of confidence of approximately 95%.

 Data Summary and Classification

Indicator 1. - Digital Readout (strain)

Run 1 Error Run 2 Error
Fixed FixedRelative Relative% of

Range (strain) (strain)(% of strain) (% of strain)

Repeat

Error

(strain)
Worst
Class

Uncertainty of

Measurement*

(strain)

100% Range (Full Scale: 1.00369 in)

10 -0.00018 -0.354 -0.00010 -0.199 0.00008 B-1 0.000093

0.00004 B-1-0.00047-0.0004320 -0.466-0.427 0.00017

0.00015 B-1-0.00097-0.0008240 -0.482-0.406 0.00033

0.00024 B-1-0.00035-0.0005970 -0.101-0.168 0.00058

0.00028 B-1-0.00156-0.00184100 -0.311-0.367 0.00082

* The reported expanded uncertainty is based on a standard uncertainty multiplied by a coverage factor k = 2, providing a 

level of confidence of approximately 95%.

 Data

100% Range (Full Scale: 1.00369 in)

Run 1 Run 2

Indicated Applied Indicated Applied% of

Range (strain) (strain)(in) (in)

Indicator 1. - Digital Readout (strain)

Run Temperature: 67.6 °F Run Temperature: 69.8 °F

0 0 -0.000001 0 0.000000

10 0.050027 0.100410 0.05 0.100200

20 0.1 0.200858 0.1 0.200936

40 0.2 0.401631 0.2 0.401937

Instron Calpro Version 3.30
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CERTIFICATE OF CALIBRATION

NVLAP ACCREDITED CALIBRATION LABORATORY No. 200301-0

CERTIFICATE NUMBER:

340120915110036

Page 3 of 4 pages

 Data

100% Range (Full Scale: 1.00369 in)

Run 1 Run 2

Indicated Applied Indicated Applied% of

Range (strain) (strain)(in) (in)

Indicator 1. - Digital Readout (strain)

Run Temperature: 67.6 °F Run Temperature: 69.8 °F

70 0.35 0.701182 0.35 0.700708

100 0.5 1.003686 0.5 1.003124

 Verification Equipment

Make/Model Number

Serial

Description Agency

Calibration

Range
Measurement

Cal Date Cal Due

Extech 445580 1041758 Masy Systems 

Inc.

NA 13-Feb-15 13-Feb-17temp. indicator

A5010 (ASTM) Epsilon 

Technology

29-Jan-15 29-Jan-16Epsilon 3590VHR 2.00 indisp. indicator

29-May-16Instron US Gauge Bar I902 (ASTM) A.A. Jansson NA 29-May-14gauge bar

24-Sep-16Interface 9840 93112 Instron NA 24-Sep-14force indicator

 Verification Equipment Usage

Measurement
Type Number (% of FS) Percent(s) of Range

Serial
Accuracy (+/-)

Range
Mode

0.00004 in10/ 20100A5010 (ASTM) TDisplacement

0.000075 in40/ 70

0.00015 in100

0.015% of readingNA93112 NA*Gauge Length

0.00004 inNAA5010 (ASTM) NA*

0.00021 inNAI902 (ASTM) NA*

1.8 °FAll1041758 AllTemperature

* Refer to Gauge Length Measurement and Classification section for usage.

Instron standards are traceable to the SI (The International System of Units) through standards maintained by the National Institute of 

Standards and Technology (NIST) or other internationally recognized National Metrology Institutes (NMIs).

The accuracy of the verification equipment used was equal to or better than the accuracy indicated in the table above. 

 Comments

Verified by: Rich Binford

Field Service Engineer

Instron Calpro Version 3.30
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CERTIFICATE OF CALIBRATION

NVLAP ACCREDITED CALIBRATION LABORATORY No. 200301-0

CERTIFICATE NUMBER:

340120915110036

Page 4 of 4 pages

NOTE: Clause 9 of ASTM E-83 states; It is recommended that extensometer systems be verified annually or more frequently if 

required. In no case shall the time interval between verifications exceed 18 months (unless an extensometer is being used in a 

long-time test running beyond the 18 month period). An extensometer system shall not be used after an adjustment or repair 

that could affect its accuracy without first verifying its accuracy utilizing the procedure described in this practice .

Instron Calpro Version 3.30
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DATE OF ISSUE:  09-Dec-15

ISSUED BY: INSTRON CALIBRATION LABORATORY

Instron

825 University Avenue

Norwood, MA 02062-2643

Telephone: (800) 473-7838

Fax: (781) 575-5750

Email: service_requests@instron.com

CERTIFICATE OF CALIBRATION

CERTIFICATE NUMBER:  340120915102905

APPROVED SIGNATORY

Type of Calibration:  

Relevant Standard:  

Date of Calibration:  09-Dec-15 Customer Requested Due Date:    31-Dec-16

Page 1 of 4 pages

Force

ASTM E4-14

NVLAP Lab Code 200301-0

 Customer

PURDUE UNIVERSITYName:

US 231 BOWEN LABORATORY

WEST LAFAYETTE,IN 47907

KBROWER@PURDUE.EDU

Address:

P.O./Contract No.:

KEVIN BROWERContact:

Type:

Capacity: 120000 lbfSystem ID: 120BTE502040

Transducer ID: 120BTE502040

Manufacturer: SATEC Manufacturer: SATEC

 Machine  Transducer

CompressionRange Type:

Serial Number: 120BTE502040

Single

 Classification

1. Digital Readout - PASSED**

This certifies that the forces verified with machine indicator(s) (listed above) that passed are WITHIN ±1% accuracy, 1% 

repeatability, and zero return tolerance.

All machine indicators were verified on-site at customer location by Instron in accordance with ASTM E4.

The certification is based on runs 1 and 2 only. A third run is taken to satisfy uncertainty requirements according to ISO 

17025 specifications.

The verification and equipment used conform to a controlled Quality Assurance program which meets the specifications 

outlined in ANSI/NCSL Z540-1, ISO 10012, ISO 9001:2008 and ISO/IEC 17025:2005.

 Certification Statement 

** within ±0.5% accuracy and 0.5% repeatability.

The testing machine was verified in the 'as found' condition with no adjustments carried out.

 Method

The results indicated on this certificate and the following report relate only to the items verified.  If there are methods or data included that are not covered by the NVLAP 

accreditation it will be identified in the comments.  Any limitations of use as a result of this verification will be indicated in the comments.  This report must not be used to claim 

product endorsement by NVLAP or the United States government.  This report shall not be reproduced, except in full, without the approval of the issuing laboratory.

Instron CalproCR Version 3.30
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CERTIFICATE NUMBER:CERTIFICATE OF CALIBRATION

NVLAP ACCREDITED CALIBRATION LABORATORY No. 200301-0

340120915102905

Page 2 of 4 pages

 Summary of Results

Temperature at start of verification: 71.20 °F.

Indicator 1. - Digital Readout (lbf)

Range

Full Scale

(%)

Tested Force Range

(lbf) Mode Error (%)

Max

Error (%)

Max Repeat

ASTM E4

Return

Zero

(lbf)

Resolution

(lbf)

Lower Limit

ASTM E4ASTM E4

100 -1196.65 to -119941.1 C 1 2000.28 0.19 Pass

Temperature at end of verification: 71.20 °F.

% of Range

ASTM E4

Repeat Error

(%)

Relative

Uncertainty*

(%)

Uncertainty of

Measurement*

Run 3

Error

(%)

Run 2

Error

(%)

Run 1

Error

(%)

COMPRESSION

(± lbf)

 Data Point Summary - Indicator 1. - Digital Readout (lbf)

100% Range (Full Scale: -119941.1 lbf)

1  0.28  0.26  0.29  0.02 0.14 1.6

2  0.01 0.16 0.16 0.15 0.13 3.1

4  0.00 0.03 0.03 0.03 0.13 6.1

7  0.01-0.01-0.01-0.02 0.13 11

10  0.00 0.12 0.11 0.11 0.13 15

20  0.00 0.15 0.14 0.14 0.13 31

40  0.00 0.10 0.10 0.10 0.13 61

70  0.16 0.07 0.05 0.21 0.16 137

100  0.19 0.07 0.05 0.24 0.18 211

* The reported expanded uncertainty is based on a standard uncertainty multiplied by a coverage factor k = 2, providing a level of

confidence of approximately 95%.

% of  Range
Indicated Applied

Run 1

Indicated Applied

Run 2

Indicated Applied

Run 3

COMPRESSION

 Data - Indicator 1. - Digital Readout (lbf)

100% Range (Full Scale: -119941.1 lbf)

0 Return 4 3 12

(lbf) (lbf) (lbf) (lbf) (lbf) (lbf)

-12001 -1200 -1200-1196.65 -1196.85 -1196.55

-24002 -2400 -2400-2396.45 -2396.25 -2396.05

-48004 -4800 -4800-4798.6 -4798.4 -4798.35

-84007 -8400 -8400-8401.4 -8400.85 -8400.8

-1200010 -12000 -12000-11986.44 -11987.03 -11985.26

-2400020 -24000 -24000-23967.57 -23965.8 -23964.03

-4800040 -48000 -48000-47953.43 -47950.48 -47949.89

-8400070 -84000 -84000-83820.71 -83957 -83944.02

-120000100 -120000 -120000-119711 -119941.1 -119918.68

Instron CalproCR Version 3.30
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CERTIFICATE NUMBER:CERTIFICATE OF CALIBRATION

NVLAP ACCREDITED CALIBRATION LABORATORY No. 200301-0

340120915102905

Page 3 of 4 pages

The Return to Zero tolerance is ± the indicator resolution, 0.1% of the maximum force verified in the range, or 1% of the lowest force 

verified in the range, whichever is greater.

 Graphical Data - Indicator 1. - Digital Readout (lbf)
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-0.2

0

0.2

0.4

0.6

-1
0
0

-7
0

-4
0

-2
0
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0 -7 -4 -2 -1 0

Sum of @Run1Err
Sum of @Run2Err
Sum of @PosTol
Sum of @NegTol

Percent of Range

E
rr

o
r 

(%
)

100% Range

Compression

 Run 1

 Run 2

 0.50%*

-0.50%*

* Instron Error Tolerance

 Verification Equipment

Make/Model Number Description Agency Capacity Cal Date Cal Due
Serial Calibration

Extech 445580 1041758 Masy Systems Inc. NA 13-Feb-15 13-Feb-17temp. indicator

HBM 10KFRR 688077 Instron 12000 lbf 16-May-14 16-May-16load cell

Interface 9840 93112 Instron NA 24-Sep-14 24-Sep-16force indicator

Strainsense 050530 050530 Instron 120000 lbf 16-Oct-14 16-Oct-16load cell

 Verification Equipment Usage

Lower Limit for

Serial NumberMode Percent(s) of Range

Full Scale Standard

Standard (lbf) 

Range

Accuracy (+/-)(%)

688077C100 0.1% of reading1/ 2/ 4/ 7 Class A1: 256

050530 0.1% of reading10/ 20/ 40/ 70/ 100 Class A1: 10552

C 1041758All 1.8 °FAll NA

Instron CalproCR Version 3.30
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CERTIFICATE NUMBER:CERTIFICATE OF CALIBRATION

NVLAP ACCREDITED CALIBRATION LABORATORY No. 200301-0

340120915102905

Page 4 of 4 pages

Instron standards are traceable to the SI (The International System of Units) through standards maintained by the National Institute of 

Standards and Technology (NIST) or other internationally recognized National Metrology Institutes (NMIs).

The standard Class A lower limit is used for systems with an accuracy of +/-1.0% and the standard Class A1 lower limit is used for 

systems with an accuracy of +/-0.5%.

The accuracy of the force indicator used with elastic devices is incorporated into the devices stated accuracy.

Standard forces have been temperature compensated as necessary.

The accuracy of the verification equipment used was equal to or better than the accuracy indicated in the table above. 

 Comments

Field Service Engineer

Verified by: Rich Binford

NOTE: Clause 19 of ASTM E4 states; It is recommended that testing machines be verified annually or more frequently if 

required. In no case shall the time interval between verifications exceed 18 months (except for machines in which long term 

test runs beyond the 18 month period). Testing machines shall be verified immediately after repairs that may in any way 

affect the operation of the weighing system or values displayed. Verification is required immediately after a testing machine 

is relocated and where there is a reason to doubt the accuracy of the force indicating system, regardless of the time interval 

since the last verification.

Instron CalproCR Version 3.30
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Project: Effects of laminars cracks on 79-in 

lap splices of #11 reinforcing bars. 

Section 
1 I 2 

lea - z 11 
II 

A-A I l~ .8 

B-B I 
w 

-

C-C I 3 fl I 
'::, 

I 
' ~<!', 1'; 

D-D I :, e:» ,.p,_.,.;;.,, 
0 '( 

Recorded by: 

Checked by: 

Checked by: 

Comments: 

3 

=" 

--

I 3' 
--

I l f 

As-built Dimensions v.1 

(Rev. 11/2/2016) 

Formwork As-built Dimensions Series D 

4 5 

! ! 

11 

"" "' Q 

d 

23-s 

/ ,'; I/ 
.:.., ~, - l:> 

Signature 

Signature 

Specimen: D \ Sheet 1 of 2 

6 7 I 8 -
/A A//A 

3o 
/! 

Ii -f 
f 

,, fl 

Date Time 

1(i1{17 ~-,. 
Date Time 

J J I I 

' 
Date Time 



Appendix 9, Pg 2 of 39

APPEN
D

IX C
: Purdue Phase III Test R

eport
25884-000-30R

-C
01R

-00002, R
ev. 000, Sheet 475 of 575

SOUTH 
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TO:        Javeed Munshi and Jaspal Saini 

FROM: M. A. Sozen and S. Pujol      

RE: Effect of Laminar-Crack Width on Strength of Unconfined Splices 
of # 11 Reinforcing Bars 

DATE: 3 June 2016 
 
 
 
 
 
 
This memorandum has been prepared to summarize the information contained in 
our report to the First Energy Nuclear Operating Company of Ohio1.  
 
In 2012, two series of tests were made to determine the effect of existing 
laminar cracks on strength of unconfined lap splices of #11 bars having 79-in. 
and 120-in. laps with the conclusion that such cracks did not prevent the splices 
from developing the yield stress of the bars.2  
 
The current study reported in 2016 focused on the width of the cracks that would 
not affect the splice strength. Because it had been observed in the 2012 tests that 
the 120-in. splices were, as would be expected, consistently stronger than 79-in. 
splices, the current tests included six full-scale specimens with 79-in splices 
(and no specimens with 120-in. splices). The result was that 79-in. splices with 
an existing laminar crack having a width of 0.05 in. did not prevent the splice 
from developing the yield stress of the bar. 
 
Properties of Test Specimen   
 
Profile and cross section of the test specimen are shown in Fig. 1. To simulate 
the conditions of the splices in the Davis-Besse shell structure, the side cover 
was 3 in. and the clear distance between the two splices was 6 in.  To have the 
laminar crack to the plane of the splices, the top cover was 5 in., 2 in. more than 
the side cover. The depth of the specimen was chosen so that the yield stress of 
the bar could be developed if the splice served its requisite function.   
 

1 M.A. Sozen and S. Pujol, “An Experimental Investigation of Laminar Cracks on Strength of Unconfined 
 79-in. Lap Splices of #11 Reinforcing Bars,” Bowen Laboratory, 8 June 2016. 
2 M. Sozen and S. Pujol, “An Investigation of The Effect of Laminar Cracks on Strength of Unconfined Lap 
Splices of #11 Reinforcing  Bars,” Bowen Laboratory, 12 July 2012. 
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Concrete compressive strength at time of test ranged from 5200 to 5900 psi as 
shown in Table 1. Measured yield stress of the bars was 65 ksi. 
 
Tests 
 
The tests were planned to have two loadings. The first loading was carried out to 
develop laminar cracking at the plane of the splice. The second loading was 
carried out from zero applied load to failure (Fig. 2 to 7).   
 
The laminar-crack width is influenced by the tensile strength of the concrete and 
the bond between the bar and the surrounding concrete. Because both of these 
properties are subject to strong variations, the measured maximum crack widths 
at the end of Loading 1 varied from 0.021 to 0.054 in. (Table 2). At failure the 
maximum stress attained at the end of the splice varied from 73 to 74 ksi (Table 
1). In effect, in each test the attained stress in the spliced bars exceeded the yield 
stress of the bar. 
 
Conclusion 
 
Based on the results of tests of Series C it is concluded that unconfined 79-in. 
splices of #11 bars with 0.05-in. laminar cracks, in their own plane, in concrete 
having a compressive strength of 5200 psi or more will develop more than the 
actual yield stress of the bars. 
 
The test results indicate that the splice has the toughness required in the current 
design environment for structures to resist static and dynamic demands. 
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TABLE 1 

 
 

TABLE 2 
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Concrete Maximum Maximum 
Cale. Cale. 

Concrete 
Splitting 

Maximum Maximum 
Moment Moment 

Reinf. Reinf. 
Test Girder Compressive Applied Midspan Stress Stress at 
Designation Strength 

Strength 
Load Deflection 

at at Splice 
at Splice 

(psi) 
(Tensile) 

(kip) (in.) 
Support End 

Support End 
(psi) (kip-ft) (kip-ft) 

(ksi) (ksi) 

Cl 5300 500 39.7 0.70 427 419 74 73 

C2 5200 450 40.0 0.85 430 422 75 74 

C3 5900 500 40.4 0.79 434 426 76 74 

C4 5700 500 40.9 0.83 439 431 76 75 

cs 5600 500 40.2 0.82 432 424 75 74 

C6 5300 400 40.7 0.92 437 429 76 75 

From Optotrak 

Max. Mid- Mid-span 
Max. Crack 

Max. Crack Width at 
Test Girder span 

Width at 
Deflection 

last 
Designatio Deflectlon 

Initial 
at last 

reading 
11 at Initial 

Loading 
reading 

during 
Loading during 

(in.) 
(101\-3 in) 

reload (in.) 
reload 

{101\-3 rn) 

Cl 0.42 42 0.70 90 

C2 0.40 21 0.41 25 
(3 0.41 39 0.41 42 

C4 0.52 52 0.50 53 

cs 0.43 54 0.42 57 
(6 0.52 30 0.52 33 



 

 
 
 

 
 

Figure 1 
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To:  Energy Harbor Corporation

From:  Santiago Pujol

Santiago.pujol@canterbury.ac.nz

+1 765 231 5715

+64 3 369 1238

RE: Report 25884-000-30R-C01R-00002, Rev. 000 by Bechtel Co. on Effects of Laminar Cracks on 
Strength of Lap Splices of #11 Reinforcing Bars

Date: January 14, 2021

I confirm that the studies described in this report and its appendices indicate that laminar cracks 
with widths of up to 0.050” did not affect the strengths of test lap splices of #11 reinforcing bars 
representing lap splices in the Davis-Besse Shield Building.  This conclusion is supported by tests 
conducted at Purdue University from 2012 to 2017.  I was in charge of those tests together with the 
late Dr. Mete Sozen.  

Repairs are recommended for areas affected by wider laminar cracks (with thicknesses exceeding 
0.050”) as well as areas affected by corrosion.     
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(ADD PARAGRAPH  SHOWN ON NEXT PAGE)

Davis-Besse Unit 1 Updated Final Safety Analysis Report 

3.8.2.2 Shield Building 

3.8.2.2.1 Description 

The Shield Building is a reinforced concrete structure of right cylinder configuration with a 
shallow dome roof. An annular space is provided between the steel containment vessel and the 
interior face of the concrete shield building of approximately 4.5 feet to permit construction 
operations and periodic visual inspection of the steel containment vessel. The volume 
contained within this annulus is approximately 678,700 cu. ft. The Shield Building has a height 
of 279.5 ft. measured from the top of the foundation ring to the top of the dome. The 
thicknesses of the wall and the dome are approximately 2.5 ft. and 2 ft., respectively. The 
design bases for shielding requirements for operational radiation protection are discussed in 
Chapter 12. 

3.8.2.2.2 Design Bases 

The Shield Building completely encloses the Containment Vessel, the personnel access 
openings, the equipment hatch, and that portion of all penetrations that are associated with 
primary containment. The design of the Shield Building provides for (1) biological shielding, (2) 
controlled release of the annulus atmosphere under accident condition, and (3) environmental 
protection of the Containment Vessel. 

Adequate reinforcing is placed in the concrete walls, dome, and foundation to control cracking 
due to concrete shrinkage and temperature gradients. The loading combinations, as stated in 
Subsection 3.8.2.2.4, provide a design basis to ensure that the Shield Building suffers no loss of 
shielding or containment function due to seismic or tornado events. 

The design of the Shield Building ensures an elastic behavior of steel reinforcement during a 
Maximum Possible Earthquake controlling cracking of concrete and impairment of leaktight 
integrity. 

The personnel and equipment hatch openings and the major piping penetrations through the 
Shield Building are designed such that all the anticipated loads are carried by frame action 
around the openings in accordance with Welding Research Council Bulletin #102. This frame 
action is achieved by adding sufficient reinforcement around the perimeter of the openings. 
Diagonal bars at each corner of the opening are added to provide the horizontal and vertical 
shear resistance. 

Normal Operating Conditions: 

The normal ambient temperature in the annular space is set by heat loss through the steel 
containment vessel shell and concrete shield building. The steel containment vessel metal 
temperature can be maintained above 30°F during reactor operation. 

Loss of Coolant Accident Conditions: 

Following a loss of coolant accident, heat transferred to the air in the annular space could cause 
a pressure rise. Conservative assumptions for temperature transmission to the space, and 
pressure drop in the Emergency Ventilation System are used in sizing the ventilation system. 
Following this initial pressure transient, the Shield Building is maintained at a minimum negative 
pressure of 1/4-inch water gauge. The Shield Building structure is analyzed also to ensure 
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ADD TO THE END OF SECTION 3.8.2.2.1 (page 3.8-55):

Laminar cracking has been identified in the plane of the outer reinforcement layer of the structure. 
Reference 107 provides the root‐cause analysis for the development of laminar cracking in the Shield 
Building shell. Propagation of the laminar cracking has subsequently been identified. Reference 108 
provides the root‐cause analysis for the propagation of the laminar cracking.  

Reference 109 evaluates laminar cracking up to 0.050” in width for acceptability. This Technical Report 
concludes that laminar cracking up to this width has no effect on the structural behavior or capacity of 
the Shield Building considering reinforcement engagement, composite action of the shell, overall 
structural response, and serviceability/long term durability of the structure. Therefore, laminar cracking 
less than and equal to 0.050” is considered to be acceptable and included in the licensing and design 
basis of the Shield Building. The Shield Building is to be analyzed per licensing and design basis codes 
(ACI 318‐63 and 307‐69) and methodology without the need to explicitly consider laminar cracking up to 
0.050” in the analysis. Laminar cracking greater than 0.050” is to be repaired. Refer to Section 18.1.43 
for monitoring of laminar cracking. 



ADD THE FOLLOWING:
(107) Performance Improvement International, “Root Cause Assessment Davis‐Besse Shield Building

Laminar Cracking,” Revision 2, 4/28/12 (Condition Report CR‐2011‐03346).

(108) Performance Improvement International, “Root Cause Analysis: Laminar Crack Condition of the
Davis‐Besse Shield Building,” Revision 0, 6/18/14 (Condition Report CR‐2013‐14097).

(109) Bechtel Report 25884‐000‐30R‐C01R‐00002, Revision 0, “Incorporating Laminar Cracks of up to
0.050 inch in the Design Basis of the Davis Besse Shield Building,” 2/3/21 (EER 601303393).

Davis-Besse Unit 1 Updated Final Safety Analysis Report 

(97) NRC Letter from J. F. Stolz (NRC) to J. Williams (TED), Safety Evaluation of B&W 
Owners Group Reports Dealing with Elimination of Postulated Pipe Breaks in PWR 
Primary Main Loops, 2-18-86 (Log Number 1918). 

(98) TED Letter, Comparison of Davis-Besse Reactor Coolant System Leak Detection 
Systems to Regulatory Guide 1.45, dated 11-09-90 (Serial Number 1849). 

(99) AEC letter dated September 26, 1972, Docket No. 50-346, which requested a review of 
the Davis-Besse Station for potentially adverse affects to safety-related equipment from 
failures in non-Category I (seismic) equipment, such as flooding or the release of 
chemicals. 

(100) C-NSA-000.02-011, Turbine Building HELB Environments. 

(101) Safety Evaluation River Bend, Unit 1, License Amendment, Change the Method of 
Analysis for High Energy Line Break Analysis, U.S. Nuclear Regulatory Commission, 
dated May 20,2004, ADAMS ML041410566. 

(102) Bechtel Calculation 58.010, "Flow Rate due to a Crack in the Make-up Pump Discharge 
and Flood Water Heights in Associated Rooms" 3/16/1987, with the associated Bechtel 
Letter BT17624, March 18, 1987. 

(103) NUREG-0588, Revision 1, "Interim Staff Position on Environmental Qualification of 
Safety Related Electrical Equipment," Issued: July 1981. 

(104) NRC Letter from M. Mahoney (NRC) to B.S. Allen (FENOC), Approved License 
Amendment 281 and Safety Evaluation Report for Updated Davis-Besse Nuclear Power 
Station Leak-Before-Break (EBB) Evaluation, March 24, 2010. [ADAMS Accession No. 
ML 100640506] 

(104a) NRC Letter from M. Mahoney (NRC) to B.S. Allen (FENOC), Corrections of 
Typographical Errors [revised pages], Approved License Amendment 281 and Safety 
Evaluation Report for Updated Davis-Besse Nuclear Power Station Leak-Before-Break 
(LBB) Evaluation, April 9, 2010. [ADAMS Accession No. ML 100970549] 

(105) Structural Integrity Associates, Inc. (SIA), "Leak-Before-Break Evaluation of Reactor 
Coolant Pump Suction and Discharge Nozzle Weld Overlays for Davis-Besse Nuclear 
Power Station," Report 0800368.404, Revision 1, January 11, 2010. 

(106) Calculation C-CSS-099.20-044, Service Water Pump Room Tornado Depressurization 
Analysis. 
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