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1. Introduction 

The Saltstone Production Facility (SPF) immobilizes salt solution by blending it with a dry material 
mixture containing cement and fly ash to form a grout.  The grout is pumped to the Saltstone 
Disposal Facility (SDF), which contains large storage disposal cells, where it is allowed to harden 
into a concrete-like solid waste-form called saltstone. 
A new disposal unit, Saltstone Disposal Unit 6, will be constructed to store saltstone.  Saltstone 
Disposal Unit 6 will be located approximately 700 feet west of Saltstone Disposal Unit 2 and 
approximately 750 feet south of Saltstone Disposal Units No. 3 and 5, currently under construction.  
See Figure 1 for location map.  The SDU basic design consists of a cylindrical tank approximately 
375 feet in diameter and 43 feet tall with a volume of approximately 32 million gallons.  The 
cylindrical tank will be constructed of poured in place Class 3 sulfate resistant concrete mix walls on 
a poured in place Class 3 sulfate resistant concrete mix base slab.  The concrete disposal cell will be 
encased in a High Density Polyethylene (HDPE) and will include a Geosynthetic Clay Liner (GCL) 
system (Ref. SRS 2012). 
An excavation of approximately 400 feet by 450 feet, 10 to 17 feet deep, will be excavated during 
the construction process for Saltstone Disposal Unit 6.  Saltstone Disposal Unit 6 will not be 
backfilled as part of the construction or operational processes.  The final cover system will be 
installed after the operational life of the disposal units.  The final cover system will include a soil 
cover that will provide long term protection of the disposal units. 
The subsurface conditions in Z-Area were previously investigated and presented in reports prepared 
by WSRC and other geotechnical engineering consultants (Ref. SRS 1986, SRS 2006).  A 
comprehensive geotechnical investigation was conducted for the Saltstone Disposal Unit No. 6 
project site and the results are summarized in this report.  The scope of this investigation included 
performing subsurface explorations to collect site-specific data, characterization of the subsurface 
conditions, laboratory testing, and calculations to determine: recommended soil properties, bearing 
capacity, liquefaction potential, liquefaction settlement, and settlement due to the compression of 
soft zones.  The slope stability analysis for Vault 4 is considered valid for all disposal units until a 
final closure cap is designed. 
This report is organized into six sections.  Section 1 is the introduction, Section 2 describes the 
subsurface exploration, Section 3 describes the subsurface conditions, Section 4 discusses the 
engineering properties, Section 5 discusses engineering evaluations, and Section 6 provides the 
summary and conclusions.  The following appendices are included with this report. 

 Appendix A – Stratigraphy 
 Appendix B – Test Data / Soil Properties 
 Appendix C – Bearing Capacity and Static Settlement 
 Appendix D – Liquefaction Analysis 
 Appendix E – Soft Zone Analysis 
 Appendix F – Slope Stability Analysis 
 Appendix G – Laboratory Data 
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2. Subsurface Exploration 

Prior to performing the subsurface investigation, the location is hand augered to a depth of 6 feet to 
check for underground interferences.  In the case of cone penetration tests (CPTs) and standard 
penetration tests (SPTs), no data are collected in the upper 6 feet because the hole is the hand 
augered.  

2.1 Cone Penetration Tests (CPTs) 

Twenty-three (23) CPT soundings were performed for the Saltstone Disposal Unit 6 subsurface 
investigation.  Of the 23 CPTs, six (6) were seismic cone penetration tests (SCPTs).  The coordinates 
and elevations of the test locations are found in Table 1.  Figure 2 provides a plan view of the 
locations.  CPT logs, including shear wave velocity profiles, are included in Appendix B. 

2.2 Geotechnical Boreholes 

Five (5) geotechnical boreholes were drilled at the project site.  Disturbed Standard Penetration Test 
(SPT) samples were taken in two boreholes, while undisturbed samples were collected in the other 
three boreholes.  Boring logs are found in Appendix A.   

2.2.1 Undisturbed Soil Samples 

Undisturbed soil samples were taken in Z-SDU6-B01, Z-SDU6-B02A, and Z-SDU6-B02B.  
Undisturbed soil samples included Shelby tube samples and fixed piston tube samples.  Samples 
were taken in accordance with ASTM D 1587. 

2.2.2 Standard Penetration Test 

SPT testing was performed in boreholes Z-SDU6-B03 and Z-SDU6-B04.  In Z-SDU6-B03 SPT 
samples were taken continuously between 12 and 41 feet and on 5-foot intervals from 43 feet until 
termination at 150 feet.  A 5-foot interval from 18 to 23 feet was mistakenly drilled through.  In 
Z-SDU6-B04, SPT samples were taken continuously from 14 feet to 42 feet, on 5-foot intervals from 
43 feet to 148 feet, and on 10-foot intervals until termination at 300 feet.  Standard Penetration Tests 
were performed in accordance with ASTM D1586.  SPT N-values were determined by adding the 
number of blows required to drive the split-spoon sampler the middle 12 inches of the standard 
24-inch drive.  The SPT energy measurements were taken for the same equipment and the average 
energy transferred was about 81 percent (Appendix B).  However, for the purposes of computations, 
N60 was taken to be equal to the measured N value.   

2.3 Laboratory Tests 

Laboratory tests were performed on the disturbed and undisturbed samples taken during this 
investigation.  Lab tests included unit weights, Atterberg limits, consolidated undrained triaxial tests, 
and one-dimensional consolidation tests.  Laboratory results are included in Appendix B.    
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3. Subsurface Conditions 

The subsurface conditions were determined based upon the previous and current investigations, as 
well as, knowledge of the general and specific subsurface conditions in the General Separations Area 
(GSA) of the SRS.  The GSA includes F-Area, H-Area, S-Area, and Z-Area, where Saltstone 
Saltstone Disposal Unit 6 will be located. 
Subsurface conditions at the project site are described using an adaptation of the nomenclature 
developed by Mueser Rutledge Consulting Engineers and SRS geologic layers (Ref. SRS 1986).  
Appendix A defines engineering layers based on boreholes and CPT soundings.  Table 2 provides 
the stratigraphy in terms of geologic and engineering layers.  
The subsurface conditions at the project site are similar to the general subsurface conditions in the 
GSA.  Cross section locations are illustrated in Figures 3 and 4.  Cross sections of the subsurface at 
Saltstone Disposal Unit 6 are illustrated in Figures 5 through 14.  
Table 1 provides the elevation of each engineering layer at each CPT and borehole location.  The site 
stratigraphy (engineering layers) is described in the following sections in descending order from the 
ground surface. 

3.1.1 Top Soil 

Top soil at the site is approximately 6 to 12 inches thick.   

3.1.2 Fill 

No fill materials were encountered at the project site.   

3.1.3 S1/2 Layer 

The S1/2 engineering layer consists of the Upland, the Tobacco Road, and the upper Dry Branch 
formations (geologic units).  The contact between the Tobacco Road and Upper Dry Branch 
formations is generally difficult to distinguish.  However, the engineering properties for these 
formations are similar. 
The Upland formation (S1) generally consists of red-brown and gray medium dense to dense 
medium to fine sand, with some clay and occasional interbedding of fine sandy clay layers.  It 
generally classifies as a clayey sand (SC) in the Unified Soil Classification System (USCS).  
The Tobacco Road formation (S2 layer) consists of medium dense to very dense yellow-brown to 
red, fine to medium sand, with a trace of clay or silt.  It generally classifies as a SM or SP-SM in the 
USCS.    
The S2 layer also consists of the upper portion of the Dry Branch Formation (geologic unit).  The 
Dry Branch Formation is present across the S2, C2, and S3 engineering layers, as described later.   

3.1.4 C2 Layer  

The Tan Clay (C2) layer is part of the Dry Branch Formation.  The C2 consists of medium dense 
yellow-brown and light green clayey fine sand interlayered with stiff yellow-brown silty clay.  The 
material C2 classifies as CH soil in the USCS.   



Saltstone Disposal Unit 6  K-ESR-Z-00005, Rev. 0 
Geotechnical Investigation Report  April 2012 
 

 4 

3.1.5 S3 Layer 

From a geologic perspective, the S3 layer (lower Dry Branch Formation) can be subdivided into S3a 
and S3b as described below.  Since engineering properties for the subdivided layers are similar, a 
single S3 layer was used for engineering purposes.   
The combined S3 layer consists of medium dense to dense light brown to gray fine to medium sand 
with some clay and sandy clay layers and pockets.  The material generally classifies as a SC in the 
USCS.  The S3b layer consists of dense to very dense light brown and yellow-brown fine to medium 
sand with a trace of clay and silt.  The material generally classifies as a SP, SP-SM, or SP-SC in the 
USCS.   

3.1.6 S4 Layer 

The S4 layer (Santee/Tinker formation) extends from the bottom of the S3 formation to the top of 
the M1 layer (Warley Hill formation).  The material consists of dense to very dense light gray-green 
calcareous fine to medium sand with some clay, silt, and occasional limestone and shell fragments.  
The material generally classifies as a SC or SM in the USCS.   The formation is characterized by 
alternating low and high penetration resistances indicating the presence of limestone layers within 
the calcareous sands. 

3.1.7 M1 Layer 

The M1 layer (Warley Hill formation) consists of a hard dark gray-green clayey silt to a very dense 
dark gray fine to medium sand with some clay or silt.  The material generally classifies as a MH or 
SC in the USCS.  A stratigraphic interpretation for the M1 layer was not determined during this 
evaluation. 

3.1.8 Congaree Formation 

The Congaree Formation generally consists of poorly graded coarse sands with silts.  The material 
generally classified as SP-SM. 

3.2 Groundwater 

The average groundwater elevation in the vicinity of the project site is estimated to be between 215 
and 220 feet, msl.  Recent readings (February 2012) in new wells installed at Saltstone Vault 2 
indicated a groundwater level of approximately 215 ft msl.  For static computations an elevation of 
220 ft, msl was used while an elevation of 225 ft, msl was used for liquefaction computations.  The 
use of the higher water table provides a more conservative liquefaction analysis. 

3.3 Soft Zones 

Across the SRS, the soil from approximately 100 to 250 feet below the ground surface is a marine 
deposit laid down during the Middle Eocene epoch, which occurred about 35 to 50 million years 
ago.  At the location of Saltstone Disposal Unit 6, these sediments occur within the Lower Dry 
Branch and Santee/Tinker Formations.  Often found within these sediments are weak zones 
interspersed in stronger matrix materials.  These weak zones, which vary in thickness and lateral 
extent, have been termed “soft zones”.  Soft zones typically occur in the carbonate-bearing 
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sediments of the Santee Limestone, the Utley Limestone, and the Griffins Landing Member of the 
lower Dry Branch Formation.   
For this project site, soft zones are indicated from SPT N-values less than 5 or CPT tip resistances 
(qt) less than 15 tons per square foot (tsf) within the S4 layer.  The S3 layer contains a few lenses of 
less than 15 tsf material, but these occur higher in the soil column and are not considered soft zones 
associated with the dissolution of carbonate rich sediments. 
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4. Engineering Properties 

The engineering properties (shear strength, compressibility, plasticity, etc) of the subsurface 
materials encountered were assessed based on the results of the field exploration, laboratory testing, 
theoretical relationships, empirical formulas, and historical information.   
As presented in Section 2, field exploration included CPTs and geotechnical boreholes with SPTs 
and undisturbed samples.  CPTs were conducted to acquire tip resistance, sleeve friction, shear and 
compression wave velocities, and pore pressure.  SPTs were conducted to acquire blow counts and 
soil samples for classification purposes.  Undisturbed soil samples were obtained for strength and 
consolidation testing from geotechnical boreholes.  Laboratory tests were performed on selected soil 
samples obtained from undisturbed sampling and from SPT sampling.  Laboratory tests include sieve 
analysis, determination of Atterberg Limits, unit weight, strength tests, and consolidation tests.     
Appendix C provides the details of evaluating data from field exploration and laboratory testing, and 
empirical formulas and historical data were used to estimate subgrade modulus.  Engineering 
properties are summarized in Appendix B. 
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5. Engineering Evaluations 

Engineering evaluations were performed to determine bearing capacities, liquefaction potential, and 
slope stability.  Appendix C provides the evaluation of bearing capacity and settlement, Appendix D 
provides the evaluation of liquefaction potential, Appendix E estimates subsidence associated with 
the compression of soft zones, and Appendix F provides an evaluation of slope stability.   

5.1 Bearing Capacity 

Ultimate bearing capacity and allowable bearing capacity were computed using site specific soil 
strength parameters.  The design bearing capacity was computed using site specific soil strength 
parameters factored by the appropriate strength reduction factors.  The allowable bearing capacity is 
used for design of foundations when the allowable stress design method is utilized.  The design 
bearing capacity is used for the design of foundations when the strength method is utilized. 
A more detailed analysis of bearing capacity is found in Appendix C. 

5.1.1 Ultimate Bearing Capacity 

For a soil friction angle () greater than zero, the ultimate bearing capacity qu is computed using 
equations originally developed by Terzaghi and later modified by others.  Several methods were 
used for the computation of the bearing capacity factors.  Hansen’s correction factors are 
recommended for analysis, as they result in lower values of bearing capacity (Ref. Bowles 1988).  
Further details on the computation of ultimate bearing capacity are found in Appendix C. 
The 382-foot diameter tank foundation was analyzed as a square foundation of an equivalent area, or 
a 339-foot by 339-foot square.  Using the method above, the ultimate bearing capacity, or pressure 
required to cause a bearing failure of the tank is 92,000 psf. 

5.1.2 Allowable Bearing Capacity 

The allowable static bearing capacity qa is calculated by dividing the ultimate bearing capacity by a 
factor of safety.  Considering a factor of safety of 3, the static allowable bearing capacity is 
30,900 psf. 
The allowable dynamic bearing capacity (temporary dynamic loading, natural phenomena hazard 
[NPH] loads other than seismic) is calculated by a ⅓ increase in allowable static bearing capacity.  
The allowable dynamic bearing capacity is 41,200 psf. 

5.1.3 Design Bearing Capacity 

The design bearing capacity q, used for Load and Resistance Factor Design (LRFD), was computed 
with the same equations as the ultimate bearing capacity, using reduced soil strength parameters.  A 
strength reduction factor (fc) of 0.5 was applied to the cohesion and a strength reduction factor (f) of 
0.8 was applied to the tangent of  such that (Ref. Fang 1991). 
  
Considering an effective cohesion of 100 psf and an effective friction angle of 32°, the reduced 
cohesion, cred, is 50 psf and the reduced friction angle, red, is 26.6 degrees.   
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The bearing capacity factors, shape factors, and depth factors are calculated using the reduced 
cohesion and reduced friction angle, resulting in a design bearing capacity of 38,800 psf.    
The strength reduction factor, , is the ratio of the design bearing capacity to the ultimate bearing 
capacity.  The strength reduction factor is 0.42. 

5.2 Settlement and Heave 

The excavation needed to support the construction of Saltstone Disposal Unit 6 will range from 10 
feet to 17 feet below the present ground surface.  The removal of this overburden material represents 
a reduction in overburden stress ranging from approximately 1,200 to 2,040 psf.  After operation of 
the Saltstone facility is complete, approximately 5,100 psf will have been added at elevation 265 ft, 
msl.  After installation of the closure cap (20 feet thick) is completed, a total of 8,000 psf will have 
been added at elevation 265 ft, msl.  Other loading conditions are summarized in Table 3. 
Settlement and heave of the soil are summarized in the following sections.  Appendix C contains 
more details of the computations. 

5.2.1 Heave 

The Vault 2 disposal facility is located approximately 700 feet east of the Saltstone Disposal Unit 6 
facility.  The Vault 2 facility, which had 7 to 19 feet of overburden (900 to 2,300 psf) removed 
during excavation, experienced approximately ¼ inch to 1 inch of heave.  Similar heave movements 
are expected during the Saltstone Disposal Unit 6 excavation.   

5.2.2 Settlement Estimate by Subgrade Modulus 

Subgrade modulus, as discussed in Appendix C, was used to estimate heave and settlement values 
for Saltstone Disposal Unit 6.  The values for the various loading conditions are summarized in the 
table below. 
 

 
Minimum 
Settlement 

(inches) 

Maximum 
Settlement 

(inches) 

Average Settlement 
(inches) 

Heave -0.4 -2.4 -1.2 
Tank Half Full 0.9 3.2 2.0 

End of Operations 1.5 5.9 3.7 
Pre Closure 1.7 6.4 4.0 
Post Closure 2.4 9.3 5.8 

 

5.2.3 Empirical Settlement Analysis  

5.2.3.1. Burland and Burbidge Method 
The Burland and Burbidge method estimates the immediate settlement of cohesionless soils, S0, 
based on SPT data.  The soil is assumed to be consolidated to the overburden pressure prior to 
excavation (Ref. PICE 1985).  Appendix C contains more details of the computations. 
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The depth of influence for the tank is approximately 120 feet using the Burland and Burbidge 
method.  The immediate settlements were computed for each of the 3 borings within the footprint of 
the structure for loading conditions at the end of excavation (heave), the end of construction, the 
midpoint of operations, the end of operations, post closure, and 30 years after closure. 
The lower bound, upper bound, and average settlements were computed using Icmin, Icmax, and Ic as 
described earlier.  The settlement values summarized below are the average of the three boring-
specific settlements, i.e., the lower bound settlement presented is the average of the three lower 
bound settlements, etc.  The calculated average settlements at the midpoint of operations ranged 
from 1.1 to 1.4 inches and from 2.6 to 3.2 inches at the end of operations.  
  

 

Lower 
Bound 

Settlement 
(inches) 

Upper 
Bound 

Settlement 
(inches) 

Average  
Settlement 

(inches) 

Heave -0.1 -0.4 -0.2 
End of Construction 0.1 0.3 0.1 

Tank Half Full 0.6 2.8 1.2 
End of Operations 1.4 6.4 2.8 

Post Closure 2.3 10.8 4.8 
30 Years Post Closure 3.5 16.3 7.1 

 
5.2.3.2. Schmertmann Method 
The Schmertmann method estimates the immediate settlement S0 based on CPT data (Ref. COE 
1990):  The average tip stress values were determined for each 1-foot layer beneath the foundation 
elevation.  See Appendix C for further calculation details. 
Previous analyses performed for the Vitrification Building, 221-S in S-Area found that the estimated 
Schmertmann settlements were more than double the measured settlements, likely due to the 
methodology underestimating the elastic modulus for the cohesionless soils present at SRS 
(Ref. SRS 2007).  Realistic results may be obtained by dividing the Schmertmann result by a 
conservative adjustment factor of 2.   
The Congaree Formation is located approximately 120 feet below the bottom of the excavation.  
During the investigation for Saltstone Disposal Unit 6, CPTs were unable to push further due to lack 
of reaction force before reaching the Congaree; however CPTs Z-SDU6-C20, Z-SDU6-C21, and 
Z-SDU6-C22 appear to have refused on the top of the Congaree Formation with tip stresses of 
approximately 500 tsf.    SPT blow counts in the Congaree Formation and below refused (50 blows 
over 6 inch or less interval) excepting an N value of 45 and 21 at a depth of 240 and 250 feet in 
Z-SDU6-B04.  Because of the high CPT tip stress and the SPT refusals, the Congaree is considered a 
rigid base and the Schmertmann settlement analysis was only performed for layers above the 
Congaree. 
The Schmertmann settlement analysis was performed for all 23 CPTs and SCPTs.  Average tip 
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stresses were computed on 1-foot intervals relative to the depth below the bottom of the tank 
foundation (i.e. 265 ft, msl).  CPTs that terminated above the Congaree Formation were 
supplemented with the average tip stress values from the remaining CPTs for the corresponding 
1-foot intervals.     
The following table presents the settlement values using the Schmertmann method.  Lower and 
upper bound settlements are the minimum and maximum CPT specific settlements, respectively. 
Only CPTs beneath the tank and adjacent to the tank (Z-SDU-C05 through Z-SDU6-C18) were used 
for statistical purposes as summarized in the table below.  As applied, the Schmertmann 
methodology does not compute settlement for values less than the existing overburden stress; 
therefore no estimates for heave or settlement at the end of construction are presented in the table 
below. 

 
Minimum 
Settlement 

(inches) 

Maximum 
Settlement 

(inches) 

Average  
Settlement 

(inches) 

Tank Half Full 0.2 0.5 0.3 
End of Operations 0.7 2.1 1.2 

Post Closure 1.5 4.4 2.5 
30 Years Post Closure 2.2 6.6 3.7 

 

5.2.4 One-Dimensional Consolidation Theory 

Settlement of the soil column was computed using one dimensional consolidation theory.  Early 
settlement estimates for DWPF in S Area, which has an average load similar to that of the fully 
loaded SDU6, ranged from 13 to 16 inches.  Further analysis resulted in settlement predictions of 3 
to 5 inches.  The reduction in predicted settlement was based upon recompression of the soil column 
rather than virgin compression.  The approach was validated by back-calculating settlements of 
similarly loaded existing H-Area structures.  The DWPF engineers adopted a conservative approach 
in that half of the C2 layer would experience recompression and half would experience virgin 
compression (Ref. SRS 1984).  To date DWPF has settled less than 3.5 inches (Ref. SRS 2011).  
Early 1980’s analysis of the Z-Area vaults utilized soil consolidation properties from neighboring 
S Area based on similar index test results.  However specific properties were developed for the C2 
layer (Ref. SRS 1986).   
At Saltstone Disposal Unit 6, the C2 average thickness is approximately 8 feet across the site.  
Beneath the northwestern portion of the tank, the C2 layer is approximately 12 to 18 feet thick, but 
thins back to a thickness of 5 to 8 feet at the northwestern perimeter of the excavation.  The depth to 
the C2 layer from the bottom of the excavation ranges from 27 feet to 39 feet, and averages 30 feet. 
Consolidation settlements were computed at each CPT location, based on the CPT-specific 
stratigraphic picks, using an approach similar to that employed at DWPF.  See Appendix C for 
further computational details.  Only CPTs beneath the tank and adjacent to the tank (Z-SDU-C05 
through Z-SDU6-C18) were used for statistical purposes as summarized in the table below. 
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Minimum 
Settlement 

(inches) 

Maximum 
Settlement 

(inches) 

Average 
Settlement 

(inches) 
Heave After Excavation -1.2 -1.5 -1.4 

End of Construction 0.5 0.6 0.5 
Tank Half Full 2.6 4.3 3.2 

End of Operations 4.7 8.0 5.8 
Post Closure 10.2 16.3 12.8 

 
Site experience in other areas on site also indicates that the rate of secondary consolidation for the 
site is small, on the order of ¼ inch over 30 years, for structural loading ranging from 3 to 6 ksf 
(Ref. SRS 2007).   

5.2.5 Summary of Static Settlement and Heave 

Heave within the excavation for Saltstone Disposal Unit 6 is expected to be approximately 1 inch.  
Settlements were computed for the soil column above the Congaree formation (considered to be 
incompressible) for the methods described in the previous sections.  Average settlement at the end of 
operations is expected to be approximately 4 inches with a differential settlement of 3.2 inches 
across a distance of 110 feet.  The maximum static settlements are expected to occur along cross 
section BB; the distance between cross section BB and the adjacent parallel cross section CC is 
110 feet.  The maximum static settlements are expected to occur along cross-section BB.  Total static 
settlements are summarized in the Table 4. 

5.3 Dynamic (Seismic) Settlement 

Dynamic (seismic) settlement includes the settlement due to liquefaction and/or partial liquefaction 
and the settlement due to the compression of soft zones.  The following sections contain a summary 
of the liquefaction potential and the resulting settlements.  Also contained in the following sections 
is an assessment of soft zone settlement potential.  Appendix D and Appendix E contain the 
liquefaction and the soft zone calculations, respectively. 

5.3.1 Liquefaction Potential 

The liquefaction potential for the Saltstone Disposal Unit 6 is evaluated using a modified version of 
the “Simplified Procedure for Evaluating Soil Liquefaction Potential” (Ref. Seed and Idriss 1971; 
NCEER, 1997; Youd et al. 2001).  The simplified procedure calculates the liquefaction factor of 
safety as the ratio of Cyclic Resistance Ratio (CRR) to the Cyclic Stress Ratio (CSR) generated by 
the earthquake.   
Liquefaction potential was computed using CPT tip resistances and shear wave velocity data to 
determine CRR values.  CPT tip resistance determination of liquefaction potential was computed 
using SRS site-specific CRR curves. The shear wave velocity-determined CRR values were 
computed using the method developed by Andrus and Stokoe (2000) for uncemented, Holocene age 
soils.  Both methods considered the Design Basis Earthquake (DBE) with a peak ground acceleration 
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(PGA) of 0.18g.  The fines contents were determined using SRS-specific CPT correlations, which 
were corroborated with laboratory testing from this investigation.  
Full liquefaction has been defined previously at SRS as occurring at factors of safety less than 1.15.  
Partial liquefaction occurs for factors of safety less than 2.2, but greater than 1.15.  Once the factor 
of safety is determined, dynamic settlements are then calculated based on correlations between factor 
of safety and SRS site-specific volumetric strain curves. 
Liquefaction potential based on shear wave velocities indicates that the site is generally not 
susceptible to liquefaction.  The average factors of safety against liquefaction are in excess of 3.0 for 
each of the SCPTs considered.  Appendix D contains further details on the computation of the factor 
of safety. 

5.3.2 Settlement due to Liquefaction and Partial Liquefaction 

Settlements were calculated using the SRS site-specific volumetric strain curves for each of the 23 
CPTs at Saltstone Disposal Unit 6.  Figure 15 illustrates the relationship between factor of safety and 
volumetric strain.  Settlements were computed for each of the magnitudes in the seismic hazard for 
SRS.  Figure 16 illustrates the liquefaction induced settlement for CPT Z-SDU6-C10.  Illustrations 
of the liquefaction-induced settlements for all other CPTs are found in Appendix E.   
Settlement due to liquefaction, based on the SRS-specific CRR curves, ranges from ¼ inch to 
2¼ inches for the magnitude 7.5 earthquake, see Table 5.  All magnitude 7.5 settlements are less 
than 1.0 inch except for CPTs Z-SDU6-C09 (1.0 inch) and Z-SDU6-C10 (2.2 inches).  The 
magnitude weighted average using the SRS hazard deaggregation is less than ½ inch for the 2,500 
year earthquake. 

5.3.3 Settlement due to the Compression of Soft Zones 

Soft zones were identified in three (3) CPTs beneath Saltstone Disposal Unit 6 during the subsurface 
investigation and no soft zone samples were obtained.  Two (2) CPTs had total soft zone thicknesses 
of less than 1.5 feet and the third had 5.8 feet of soft zone material.  Soft zone settlements are 
assumed to occur as a result of their potential compression due to a seismic event.  The settlement 
was computed by applying consolidation theory to the soft zone and an empirical analysis using soft 
ground tunneling analogy to propagate the settlement to the surface.  The soft zone was 
conservatively modeled with a thickness of 6 feet.  See Appendix E for further calculation details. 
Surface settlements for wide soft zones are calculated by superimposing settlement profiles for 
multiple narrow soft zones to simulate the desired width.  For Saltstone Disposal Unit 6, a series of 
5-foot wide soft zones were utilized to represent soft zones ranging in width from 25 feet to 150 feet. 
The results of the soft zone analysis indicate that the maximum soft zone induced settlement is 
½ inch and the maximum differential settlement is ½ inch.  Maximum slope and curvature are 
0.0006 ft/ft and 0.00003, respectively.  Appendix E contains further details on the Saltstone Disposal 
Unit 6 soft zone analysis.   

5.3.4 Summary of Dynamic (Seismic) Settlement 

Settlements resulting from liquefaction are expected to average less than ½ inch across the project 
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site.  Maximum liquefaction induced settlements are predicted to occur in the vicinity of 
Z-SDU6-C09 and Z-SDU6-C10 which are along cross section CC.  The maximum differential 
settlement is estimated at ½ inch.  The maximum soft zone thickness was found in Z-SDU6-C10 and 
the resulting maximum predicted soft zone settlement is ½ inch.  Total dynamic settlements are 
predicted at 1 inch, with a differential of 1 inch.  The differential dynamic settlement, like the static 
settlement, is also taken across a distance of 110 feet (the approximate distance between cross 
sections BB-CC and CC-DD). 

5.4 Subgrade Modulus 

The subgrade modulus is a foundation specific-value and is not a specific soil property.  The 
subgrade modulus depends on the size and shape of the loaded area.  The subgrade modulus 
correlates foundation pressure and settlement by 




pks  

where  p = foundation contact pressure (pounds per square inch, psi) 
  = soil settlement (inches) 
The subscript s refers to the foundation size.  For example, k1 refers to the subgrade modulus for a 
1-foot square foundation.  When no subscript is used, the value refers to the subgrade modulus for 
the entire foundation. 
For Saltstone Disposal Unit 6, the subgrade modulus was determined using empirical methods and 
from back-calculated values from existing SRS structures.  The back-calculated values are judged to 
be more appropriate than values empirically derived.  The k1 subgrade modulus estimated for 
Saltstone Disposal Unit 6, based on SRS settlement data for large structures, ranges from 25 to 100 
pci.   See Appendix C for further details on the computation of subgrade modulus. 

5.5 Lateral Earth Pressure 

Lateral earth pressures within the fill material resulting from compaction were calculated using the 
method presented by Duncan et al. (Ref. Duncan 1991, Duncan 1993).  The method calculates h 
graphically and considers compaction effort and the method of compaction.  The compaction 
induced lateral earth pressures are summarized in Table 6 and presented in Figure 17.  See Appendix 
C for further details on the computation of lateral earth pressures. 

5.6 Post Closure Slope Stability 

Until a final closure cap has been designed, the closure cap design for Vault 4 is considered 
applicable to all future disposal units.  However, final design of the closure system will determine 
slope geometry.  It is anticipated that further slope stability analysis will be performed during final 
design and that final slopes will be designed to remain stable for the DBE.  Post-closure slope 
stability evaluation of Vault No. 4 was performed using the Spencer method.  This method was 
chosen because it satisfies both force and moment equilibrium of a sliding mass of soil. 
Two independent computer software programs, SLOPE/W and PCSTABL, were used to compute 
the results.  Both programs produced comparable results.  Appendix F provides the details of the 
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analysis; K-CLC-Z-00002 contains the SLOPE/W calculation and WSRC-TR-2003-00145 contains 
the PCSTABL summary.  
The post-closure geometry used in the analysis assumes 20 feet of compacted fill will be placed with 
side slopes conservatively chosen to be 4 H to 1 V.  For the analysis, it is assumed that the 
compacted fill will be taken from onsite borrow sources and will be placed and compacted to SRS 
standards, i.e., 95% of modified Proctor density per ASTM D-1557 in loose lifts not exceeding 12 
inches. 
Comparisons of subsurface conditions at Vault No. 4 (Appendix F, Figure 1) with those at Saltstone 
Disposal Unit 6 show good correlation between Saltstone Disposal Unit 6 and Vault No. 4 soils 
based on shear strength parameters.  The acceptable safety factors were chosen based on past 
experience at the SRS and recommendations from the literature (Abramson et al 1996, Huang 1983, 
COE 1970).  For the static and pseudostatic (seismic) cases, the minimum acceptable safety factors 
were chosen as 1.5 and 1.0, respectively.     
The minimum required safety factor for static and dynamic (seismic) conditions is 1.5 and 1.0, 
respectively.  The results in Tables 1 and 2 of Appendix F show that the stability of the assumed 
post-closure condition (4 H to 1 V) meets these requirements and is therefore stable under the 
conditions and assumptions analyzed.  However, final design will dictate final slope geometry.   
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6. Summary and Conclusions 

The geotechnical subsurface investigation for Saltstone Disposal Unit 6 collected information via 
standard penetration tests (SPT), undisturbed borings, cone penetrometer tests (CPT), and laboratory 
testing.  Subsurface conditions were characterized and soil properties were determined using site-
specific data, as well as existing data from nearby areas.  Engineering evaluations were performed 
for bearing capacity, liquefaction potential, and lateral earth pressure coefficients.  Settlements due 
to static loading, liquefaction, and soft zone compression were also computed.   

6.1 Bearing Capacity 

Bearing capacity for the Saltstone Disposal Unit 6 was determined for both allowable stress design 
and Load and Resistance Factored Design (LRFD) methods.   

1. For allowable stress design 
o Ultimate Bearing Capacity 92,000 psf 
o Allowable Static Bearing Capacity 30,900 psf 
o Allowable Dynamic Bearing Capacity 41,200 psf 

2. For LRFD design 
o Ultimate Bearing Capacity 92,000 psf 
o Design Bearing Capacity 38,800 psf 
o Strength Reduction Factor 0.42 

The theoretical bearing capacity, in either design approach, is significantly higher than the expected 
loading, therefore the foundation will have sufficient margin of safety against bearing failure. 

6.2 Settlement 

Average settlement values are summarized below for static and dynamic evaluations. 

6.2.1 Static Settlement 

Static settlement due to static loading. 
o Heave during excavation  1 inch 
o Operations complete 4 inches 
o Closure Cap Complete 7 inches 
o 30 Years after Closure 8 inches 

6.2.2 Dynamic (Seismic) Settlement 

Dynamic settlement due to liquefaction and partial liquefaction and the compression of soft zones 
o Liquefaction ½ inch 
o Soft Zone Settlement ½ inch 
o Total Dynamic Settlement 1 inch 

The dynamic settlement will only occur after the design basis earthquake occurs, which has a low 
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probability of occurrence (0.0004/year, 2,500 year event).  The project site is generally not 
susceptible to liquefaction, excepting isolated lenses at depth.  Estimated liquefaction and partial 
liquefaction induced settlements range from ¼ inch to 2¼ inches.  Compression of the soft zones is 
assumed to occur after the design basis earthquake, after which the compression will propagate to 
the ground surface causing surface settlement. 
Total settlement after a design basis event can be determined by superimposing the static settlement 
with the total dynamic settlement.  For example, total settlement 30 years after closure is estimated 
to be 9 inches. 

6.2.3 Differential Settlement 

The differential static settlement is estimated 3.2 inches across a distance of 110 feet.  The 
differential settlement resulting from liquefaction is estimated to be ½ inch.  The differential 
settlement resulting from the compression of soft zones is estimated to be ½ inch.   

6.3 Subgrade Modulus 

The recommended subgrade modulus, k1, is 100 pci.  A reduced value of 25 pci is also 
recommended for use where higher settlements are predicted along the northern portion of the tank. 

6.4 Lateral Earth Pressures 

Compaction induced lateral earth pressures are summarized in Table 6 and depicted in Figure 17.  
Below 22 feet, K0 conditions control. 

6.5 Slope Stability 

Both static and pseudo-static slope stability analyses show that the assumed post-closure condition is 
stable with minimum computed safety factors well in excess of the required safety factors.  In 
addition, the computed safety factors conservatively account for the soil strength and the application 
of the horizontal and vertical DBE seismic loads.  However, additional stability analyses will be 
required once the final closure system configuration is determined.  The analyses should take into 
account any geosynthetics and the interface shear resistance between the geosynthetic materials and 
the compacted fill.  Based on the slopes being considered, it is not expected that static or dynamic 
slope stability will be an issue. 

6.6 Monitoring and Inspection 

Heave markers shall be installed prior to the beginning of excavation and settlement monitoring 
points shall be installed on the foundation.  Settlement surveying shall be conducted as soon as the 
monitoring points are installed.  Surveying results shall be evaluated to verify the estimated 
settlement.  
A detailed footing inspection is highly recommended prior to forming or placing concrete for a mud 
mat or the mat foundation.  This is particularly important where the excavated depth to the bottom of 
the foundation is less than 6 feet.  In addition, a proof roll of the excavation shall be conducted prior 
to the placement of a mud mat or form work for the mat foundation. 
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Table 1: Summary of CPT Tests and Stratigraphy 

    Elevation Top Pick (ft, msl) 

ID CPT 
Type 

SRS 
Northing 

SRS 
Easting 

Elevation 
ft, msl 

C2 
Layer 

S3 
Layer 

S4 
Layer Congaree 

Z-SDU6-C01 CPT 77413.3 66270.1 281.9 233 226 190  
Z-SDU6-C02 SCPT 77448.1 66350.4 281.4 233 227 190  
Z-SDU6-C03 CPT 77478.3 66494.3 281.6 233 225 190  
Z-SDU6-C04 CPT 77503.3 66578.8 281.8 236 229 190  
Z-SDU6-C05 SCPT 77624.5 66594.9 278.1 235 226 187  
Z-SDU6-C06 CPT 77587.6 66472.8 278.6 234 227 189  
Z-SDU6-C07 CPT 77546.9 66357.1 279.4 237 230 191  
Z-SDU6-C08 CPT 77511.4 66258.9 279.7 236 230 186  
Z-SDU6-C09 CPT 77621.8 66210.4 278.3 237 230 194  
Z-SDU6-C10 CPT 77644.2 66285.6 278.0 237 230 190  
Z-SDU6-C11 CPT 77663.3 66354.1 277.6 238 233 186  
Z-SDU6-C12 SCPT 77682.6 66452.6 277.7 239 234 188  
Z-SDU6-C13 CPT 77722.6 66523.4 276.3 234 228 188  
Z-SDU6-C14 CPT 77720.6 66180.9 277.3 234 222 181  
Z-SDU6-C15 CPT 77748.2 66249.8 276.8 232 217 192  
Z-SDU6-C16 SCPT 77772.2 66312.2 276.7 234 216 184  
Z-SDU6-C17 CPT 77796.3 66393.3 276.0 235 219 187  
Z-SDU6-C18 SCPT 77819.4 66471.7 275.6 235 217 186  
Z-SDU6-C19 SCPT 77869.3 66155.6 276.4 235 227 183  
Z-SDU6-C20 CPT 77895.0 66236.9 276.0 226 219 176  
Z-SDU6-C21 CPT 77920.9 66321.6 276.3 233 225 182  
Z-SDU6-C22 CPT 77947.5 66415.1 276.5 237 230 187  
Z-SDU6-C23 CPT 77967.7 66482.5 275.5 238 233 190  
Z-SDU6-B01 Boring 77771.3 66309.1 276.6     

Z-SDU6-B02A Boring 77625.3 66594.8 278.0     
Z-SDU6-B02B Boring 77629.2 66588.9 278.1 234 227 191  
Z-SDU6-B03 Boring 77769.6 66304.5 276.5 232 217 188 146 
Z-SDU6-B04 Boring 77663.9 66351.1 277.9 236 232 191 145 
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Table 2: Summary of Engineering and Geologic Layers 

General Description Engineering 
Layer 

Geologic 
Layer 

Medium dense to dense red-brown clayey fine sand 

S1/2 

Upland 

Medium dense to very dense fine to medium sand, some silt Tobacco Road 

Medium dense to dense medium sand with some  
clay and sandy clay layers 

Dry Branch Medium dense clayey fine sand interlayered  
with stiff silty clay C2 

Medium dense to dense medium sand with  
some clay and sandy clay layers S3 

Dense to very dense calcareous fine to medium sand  
with some clay and silt S4 Santee Tinker 

Hard clayey silt to very dense fine to medium sand M1 Warley Hill 

Dense poorly graded sands with silts CG Congaree 

 

Table 3: Summary of Loading SDU6 Loading Conditions  

 
Vertical Pressure at Elevation 265 ft, msl 

Existing End of  
Excavation 

End of 
Construction 

Tank Half 
Full 

End of 
Operations 

Pre 
Closure 

Post 
Closure 

Minimum 1,200 psf 0 psf 600 psf 2,800 psf 5,100 psf 5,500 psf 8,000 psf 

Maximum 2,040 psf 0 psf 600 psf 2,800 psf 5,100 psf 5,500 psf 8,000 psf 

 

Table 4: Summary of Static Settlements 

 
Minimum 
Settlement 

(inches) 

Maximum 
Settlement 

(inches) 

Average 
Settlement 

(inches) 

Heave -0.2 -1.3 -1 
Tank Half Full 0.3 3.0 2 

Operations Complete 1.2 5.5 4 
Closure Cap Complete 2.5 13.5 7 
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Table 5: Summary of Liquefaction Induced Settlements –SRS CRR Curves 

 Settlement (inches) 
 Mw = Mw = Mw = Mw = Mw = Mw = 2,500 Yr 
 4.75 5.25 5.75 6.25 6.75 7.5 Weighting 

Z-SDU6-C01 0.00 0.00 0.00 0.03 0.11 0.68 0.33 
Z-SDU6-C02 0.00 0.00 0.00 0.01 0.04 0.30 0.14 
Z-SDU6-C03 0.00 0.00 0.00 0.00 0.03 0.32 0.15 
Z-SDU6-C04 0.00 0.00 0.00 0.00 0.03 0.25 0.12 
Z-SDU6-C05 0.00 0.00 0.00 0.01 0.04 0.36 0.17 
Z-SDU6-C06 0.00 0.00 0.00 0.01 0.04 0.32 0.15 
Z-SDU6-C07 0.00 0.00 0.00 0.01 0.04 0.20 0.10 
Z-SDU6-C08 0.00 0.00 0.00 0.02 0.09 0.64 0.31 
Z-SDU6-C09 0.00 0.00 0.00 0.06 0.19 1.03 0.50 
Z-SDU6-C10 0.00 0.01 0.03 0.17 0.54 2.17 1.07 
Z-SDU6-C11 0.00 0.00 0.00 0.00 0.02 0.16 0.08 
Z-SDU6-C12 0.00 0.00 0.00 0.01 0.03 0.31 0.15 
Z-SDU6-C13 0.00 0.00 0.00 0.01 0.08 0.60 0.29 
Z-SDU6-C14 0.00 0.00 0.00 0.02 0.08 0.58 0.28 
Z-SDU6-C15 0.00 0.00 0.00 0.01 0.11 0.73 0.35 
Z-SDU6-C16 0.00 0.00 0.00 0.01 0.04 0.44 0.21 
Z-SDU6-C17 0.00 0.00 0.00 0.00 0.01 0.33 0.16 
Z-SDU6-C18 0.00 0.00 0.00 0.02 0.07 0.60 0.29 
Z-SDU6-C19 0.00 0.00 0.00 0.00 0.03 0.32 0.15 
Z-SDU6-C20 0.00 0.00 0.00 0.00 0.04 0.62 0.29 
Z-SDU6-C21 0.00 0.00 0.00 0.01 0.07 0.68 0.33 
Z-SDU6-C22 0.00 0.00 0.00 0.01 0.10 0.89 0.43 
Z-SDU6-C23 0.00 0.00 0.00 0.00 0.01 0.26 0.12 

        
      Average 0.27 
      Minimum 0.08 
      Maximum 1.07 
     Standard Deviation 0.21 

 

Table 6: Compaction Induced Lateral Earth Pressures 

Depth H Design
(feet)  (psf) 

0 0 
2 600 
4 790 
8 980 

16 1,200 
22 1,375 
43 2,688 

K0 controls at 22 feet and below  
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Figure 1: Z Area Location Map 
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Figure 2: Saltstone Disposal Unit 6 Location Map with Subsurface Investigation Locations 
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Figure 3: Cross Sections AA through EE 
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Figure 4: Cross Sections FF through JJ 
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Figure 5: Cross Section AA 
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Figure 6: Cross Section BB 
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Figure 7: Cross Section CC 
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Figure 8: Cross Section DD 
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Figure 9: Cross Section EE 
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Figure 10: Cross Section FF 
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Figure 11: Cross Section GG 
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Figure 12: Cross Section HH 
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Figure 13: Cross Section II 
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Figure 14: Cross Section JJ 
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Figure 15: SRS Volumetric Strain Curves for Liquefaction Analysis 
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Figure 16: Liquefaction Induced Settlement of CPT Z-SDU6-C10 
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Figure 17: Compaction Induced Lateral Earth Pressures 
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1. INTRODUCTION 

This calculation identifies engineering stratigraphic layers for Saltstone Disposal Unit 6 (SDU6).  
Engineering stratigraphic layers and nomenclature were based on previous subsurface 
investigations performed within Z Area by Mueser Rutledge Consulting Engineers (MRCE) and 
SRS.  Figure 1 depicts the location of SDU6 within Z Area.

2. INPUT DATA 

Subsurface data acquired for the SDU6 investigation included twenty-three (23) Cone 
Penetration Tests (CPT), six (6) of those included Seismic Piezocone Penetration Testing 
(SCPTU) (Ref 1).  In addition, five (5) borings were performed, with the following data obtained:
� Borings B01 and B02A: Shelby Tube and Fixed Piston sampling only. No stratigraphic picks 

were made on these borings. 
� Boring B02B: geophysical logs and Fixed Piston sampling  
� Borings B03 and B04: geophysical logs, Standard Penetration Test and Split Spoon sampling 
Locations of all cones and borings are depicted in Figure 2. 
Name Type Date UTM_E UTM_N SRS_E SRS_N
Z-SDU6-B01 BORING 12/23/2011 440115.9 3685200.1 66309.1 77771.3 
Z-SDU6-B02A BORING 12/29/2011 440212.4 3685215.3 66594.8 77625.3 
Z-SDU6-B02B BORING 1/4/2012 440210.3 3685215.3 66588.93 77629.21 
Z-SDU6-B03 BORING 1/11/2012 440115 3685198.8 66304.47 77769.57 
Z-SDU6-B04 BORING 1/25/2012 440145.5 3685181.2 66351.15 77663.86 
Z-SDU6-C01 CPT 11/9/2011 440170.4 3685104.9 66270.1 77413.3 
Z-SDU6-C02 SCPTU 11/9/2011 440184 3685127.9 66350.4 77448.1 
Z-SDU6-C03 CPT 11/8/2011 440214 3685161.1 66494.3 77478.3 
Z-SDU6-C04 CPT 11/7/2011 440230.4 3685182.4 66578.8 77503.3 
Z-SDU6-C05 SCPTU 11/7/2011 440212.6 3685215.2 66594.9 77624.5 
Z-SDU6-C06 CPT 11/4/2011 440189.1 3685184.2 66472.8 77587.6 
Z-SDU6-C07 CPT 11/8/2011 440167.9 3685153.4 66357.1 77546.9 
Z-SDU6-C08 CPT 11/8/2011 440150.1 3685127.1 66258.9 77511.4 
Z-SDU6-C09 CPT 11/3/2011 440118.4 3685145.6 66210.4 77621.8 
Z-SDU6-C10 CPT 11/3/2011 440132.9 3685164.6 66285.6 77644.2 
Z-SDU6-C11 CPT 11/3/2011 440146.3 3685181.5 66354.1 77663.3 
Z-SDU6-C12 SCPTU 11/4/2011 440167.1 3685204 66452.6 77682.6 
Z-SDU6-C13 CPT 11/4/2011 440177.4 3685226.5 66523.4 77722.6 
Z-SDU6-C14 CPT 11/2/2011 440093.4 3685164.6 66180.9 77720.6 
Z-SDU6-C15 CPT 11/2/2011 440105.4 3685183.8 66249.8 77748.2 
Z-SDU6-C16 SCPTU 11/2/2011 440116.5 3685200.9 66312.2 77772.2 
Z-SDU6-C17 CPT 11/2/2011 440132.1 3685221.3 66393.3 77796.3 
Z-SDU6-C18 SCPTU 11/3/2011 440147.3 3685241.1 66471.7 77819.4 
Z-SDU6-C19 SCPTU 10/31/2011 440060.5 3685196.7 66155.6 77869.3 
Z-SDU6-C20 CPT 10/31/2011 440075.9 3685217.6 66236.9 77895 
Z-SDU6-C21 CPT 11/1/2011 440092.1 3685239.2 66321.6 77920.9 
Z-SDU6-C22 CPT 11/1/2011 440110.4 3685262.5 66415.1 77947.5 
Z-SDU6-C23 CPT 11/1/2011 440123.4 3685279.6 66482.5 77967.7 

A-3



K-CLC-Z-00022, Rev. 0 Sheet 3 

3. METHOD FOR DETERMINATION OF ENGINEERING LAYERS 

Engineering layers developed for the SDU 6 area followed a scheme previously used by other 
investigations in Z-Area (Refs 2, 3, 4, and 5).  Utilization of this same layering provided a means 
to compare subsurface conditions between investigation sites.  An S or C designation was used 
to divide layers into predominantly sand and clay units, respectively.  The upper layer S1/2 
exists from the surface to the C2 layer.  The C2 layer corresponds to what has commonly been 
termed the "Tan Clay" layer.  The S3 layer exists between the C2 layer and the S4 layer and 
corresponds to the lower portion of the Dry Branch Formation.  The S4 layer corresponds to the 
Santee/Tinker Formation.  This layering system was extended to the SDU6 area by correlating 
CPT curve signatures to the CPT curve signatures interpreted for previous investigations. 

The Congaree Formation and Warley Hill formations were identified on borings B03 and B04 
based primarily on the gamma curve readings. (Attachment 3) 

Previous investigations' data also included Boring/Wells SDS12A (Ref 6) and Z-221 (Ref 2) 
located adjacent to the study area and are included in Cross-Section CC. 

Descriptions of geological formations and associated soil properties as found in Aadland, et al 
(Ref 7) were utilized as a general interpretation resource. 

4. RESULTS AND CONCLUSIONS 

Engineering stratigraphy for SDU6 cones and borings are summarized in Table 1. Contact 
elevations on borings are approximate as SPT sampling was primarily performed on 2-foot and 
5-foot intervals.

There is an area in the northwest portion of the SDU6 tank that shows a marked increase in the 
thickness of the C2 clay layer. A contour map representing the thickness of the C2 layer was 
generated using Surfer™ software, exported to ESRI™ shapefile, the attribution modified to 
include the thickness data and then overlaid onto the SDU6 GIS project (Figure 3). The C2 layer 
is thickest at cone C18, where the thickness is 18'. The other cones along that line (C14-C18) 
all show a thickness ranging from 12.4-18.0'. In contrast, the thickness of the rest of the cones 
in the SDU6 investigation area ranges from 4.0' - 8.9'. 

Five (5) cross-sections were created along a southwest-northeast line, three (3) cross-sections 
were created along a northwest-southeast line and two (2) cross-sections were created that 
criss-cross diagonally to the other sections. The layout of these cross-sections is included as 
Figure 4. The cross-sections are included as Figures 5-12. 
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ID grnd elev total depth C2 S3 S4
Warle
y Hill Congaree

Z-SDU6-B02B 278.1 131 234 227 191     
Z-SDU6-B03 276.5 157 232 217 188 164 146
Z-SDU6-B04 277.9 307 236 232 191 165 145
Z-SDU6-C01 281.9 98.7 233 226 190     
Z-SDU6-C02 281.4 97.1 233 227 190     
Z-SDU6-C03 281.6 102.3 233 225 190     
Z-SDU6-C04 281.8 97.5 236 229 190     
Z-SDU6-C05 278.1 97 235 226 187     
Z-SDU6-C06 278.6 97 234 227 189     
Z-SDU6-C07 279.4 97 237 230 191     
Z-SDU6-C08 279.7 97.9 236 230 186     
Z-SDU6-C09 278.3 86.4 237 230 194     
Z-SDU6-C10 278 102.9 237 230 190     
Z-SDU6-C11 277.6 97 238 233 186     
Z-SDU6-C12 277.7 91.8 239 234 188     
Z-SDU6-C13 276.3 92.5 234 228 188     
Z-SDU6-C14 277.3 98.8 234 222 181     
Z-SDU6-C15 276.8 98.6 232 217 192     
Z-SDU6-C16 276.7 96.5 234 216 184     
Z-SDU6-C17 276 90.8 235 219 187     
Z-SDU6-C18 275.6 92.5 235 217 186     
Z-SDU6-C19 276.4 112.6 235 227 183     
Z-SDU6-C20 276 127.8 226 219 176     
Z-SDU6-C21 276.3 131.8 233 225 182     
Z-SDU6-C22 276.5 129.7 237 230 187     
Z-SDU6-C23 275.5 89.9 238 233 190     

Table 1 – Engineering Stratigraphy -Tops of Stratigraphic Layers in feet msl. 
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Figure 4: Cross-Section Locations 
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Figure 5: Cross Section AA 
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Figure 6: Cross Section BB 
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Figure 7: Cross Section CC 
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Figure 8: Cross Section DD 
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Figure 9: Cross Section EE 
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Figure 10: Cross Section FF 
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Figure 11: Cross Section GG 
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Figure 12: Cross Section HH 
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Figure 13: Cross Section II 
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Figure 14: Cross Section JJ 
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Attachment 1 - CPT Data Curves (engineering strata indicated) 
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 Attachment 2: Boring Logs (engineering strata indicated) 
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1. Introduction 
The purpose of this calculation is to provide soil design properties for the 375-ft diameter 
foundation of the Saltstone Disposal Unit No. 6 vault located in Z-area (Figure 1).  Geotechnical 
test data were obtained from field exploration and testing and laboratory testing.  Field tests that 
were performed included cone penetration tests (CPT), seismic cone penetration tests (SCPT), 
and standard penetration tests (SPT) (Figure 2).  Soil samples were recovered for laboratory 
testing using a fixed piston tube sampler and a split spoon sampler.  The laboratory tests included 
consolidated undrained triaxial compression, consolidation, moisture content, Atterberg limits, 
unit weight, and grain size distribution.  The data from the test results were reduced, correlated, 
and summarized and the soil design properties are presented for the design of the tank 
foundation. 
  

2. Input Data 
Input data was obtained from the results of field exploration and testing and laboratory testing.  
The data obtained from the CPT included cone tip stress (qc), corrected cone tip stress (qt), 
excess pore pressure (u2), sleeve stress (fs) and the SCPT provided an additional test - shear wave 
and compressive wave velocities in the soil.  The estimated unit weight based on the soil 
behavior type (SBT) index was also derived from the CPT data.  Blow counts were obtained 
from the SPT, which simultaneously retrieved split spoon soil samples for descriptions and 
laboratory index tests. 
 
Index tests included Atterberg limits, grain size distribution, and moisture content.  Undisturbed 
samples were retrieved from boreholes using both a fixed-piston sampler and a Shelby thin-
walled tube sampler.  Soils were extracted from the tubes and tested in triaxial compression in 
the laboratory to determine the total cohesion and total friction angle and the effective cohesion 
and effective friction angle (c and � and c� and ��, respectively) and the total and dry unit weight 
(�t and ۷d, respectively) and the natural moisture content (wn).  Consolidation tests were 
performed to obtain the initial void ratio (eo), compression index (Cc), the recompression index 
(treated as synonymous with swelling index) (Cr), and the preconsolidation stress (�Κp) for use in 
settlement analysis. 
 
 
3. Assumptions 
 
The following aspects are assumed for the design calculation: 

1. The blow count (N) as generated in the field maintains an energy efficiency of 60% and 
is equal to N60, and 

2. The swelling index (Cs) used in older reports is approximately defined as the 
recompression index (Cr). 
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4.  Methods and Calculations 
 
4.1  Cone Penetration Test 
 
The locations and penetration depths of the Cone Penetration Tests (CPT) are given in Table 1.  
The CPT yields data that is used to calculate numerous values, such as uncorrected tip stress (qc), 
corrected tip stress (qt), sleeve stress (fs), pore pressure (u2), and friction ratio (FR).  For the 
purpose of determining soil properties, the corrected and normalized tip stress (qt1) is expressed 
as follows: 
 
     qt1 = CQ·qt 
 
    CQ = (pa/�Κvo)0.5  (Liao and Whitman, 1986) 
 
    pa = reference pressure in same units as �Κvo 
  (100 kPa � 1 atm � 1 ton/ft2 = 2000 lb/ft2) 
    �Κvo = effective vertical stress 
 
 
All of the CPT data is found in the report by Lankelma, Inc. (2012).  The values are compared to 
the unit weights of the triaxial and consolidation specimens. 
 
 
4.2  Standard Penetration Test 
 
The locations and penetration depths of the Standard Penetration Tests (SPT) are given in Table 
2.  Soil samples obtained during the tests are listed in Tables 3 and 4.  The method of 
measurement for the SPT, referred to as the blow count, is performed by summing the two 
middle (6-inch) drive intervals during the SPT test.  It requires normalization to 1 ton/ft2 to 
account for the variation in vertical overburden stress.  It is determined as: 
   
    N1 = CN·N 
 
    N = measured blow count 
    CN = normalization coefficient 
     
    CN = (pa/�Κvo)0.5 (Liao and Whitman, 1986) 
 
    pa = reference pressure in same units as �Κvo 
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  (100 kPa � 1 atm � 1 ton/ft2 = 2000 lb/ft2) 
    �Κvo = effective vertical stress 
 
It was assumed that no energy correction is necessary for the blow count because the SPT 
hammer operates at an energy ratio above 60%.  Therefore: 
 
    N = N60 
     
   and N1,60 = N1 
 
 
4.3  Shear Strength Properties 
 
Undisturbed soil samples were used for determining the shear strength properties of the soils.  
The samples were retrieved from the boreholes and depths as listed in Table 5.  Isotropically-
consolidated triaxial compression tests were performed in the laboratory.  The shear strength data 
was compared to the effective friction angle that was calculated using relationships that have 
been established between the effective friction angle and the CPT and the SPT.  Estimates of the 
effective friction angle (��) for granular, cohesionless soil can be obtained by the following 
relationships based on the normalized, corrected tip stress (qt1) of the CPT as follows: 
 
 �� = 17.6 + 11.0·log(qt1)   (Kulhawy and Mayne, 1990) 
 
Friction angle relationships that are based on the SPT blow count include: 
 
 �� = 27.1 + 0.3·N1,60 – 0.00054·(N1,60)2 (Peck, Hanson, and Thornburn, 1974) 
 
 �� = tan-1·[N60/(12.2 + 20.3·(�Κo/pa)]0.34 (Schmertmann, 1975) 
 
 �� = (20·N1,60)0.5 + 20    (Hatanaka and Uchida, 1996)   
 
The variables are defined as: N60 = energy-corrected blow count 
    N1,60 = normalized, energy-corrected blow count 
    �Κo = effective vertical stress 
    pa = reference pressure in same units as �Κo  
  (100 kPa � 1 atm � 1 ton/ft2 = 2000 lb/ft2) 
 
Total and effective cohesion and friction angle were obtained from isotropically consolidated 
undrained triaxial tests with pore pressure measurements per ASTM D 4767. 
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4.4  Consolidation Test 
 
Consolidation tests were performed on undisturbed tube samples.  The pre-consolidation 
pressure (�Κp) was determined using the Casagrande method (ASTM D 2435).  Other properties 
included the initial void ratio (eo), over-consolidation ratio (OCR), compression index (Cc), re-
compression index (Cr), and Cc/Cr. 
 
 
4.5  Unit Weight and Moisture Content 
 
The total and dry unit weights (based on the subcontractor’s procedure TP-4) (AMEC, 2012) and 
the moisture content (ASTM D 2216) were determined from the triaxial compression specimens, 
the hydraulic conductivity specimen, and the consolidation specimens.  The disturbed soils 
obtained from the split spoon sampler (Tables 3 and 4) were used to determine only moisture 
content.  Moisture content from the split spoon samples is not considered to be accurate because 
the soils of lesser cohesion become very disturbed during the dynamic driving process and there 
is a redistribution of moisture within the soil.  In addition, the total unit weight was estimated 
using the CPT data based on the soil behavior type (SBT) classification as discussed in Lunne et 
al. (2001). 
 
 
4.6  Atterberg Limits 
Atterberg limit tests (liquid limit and plastic limit) were performed in accordance with ASTM D 
4318. 
 
 
4.7  Grain Size Distribution 
The grain size proportions and distribution of the disturbed soil from the split spoon sampler 
were determined according to ASTM D 422.  Both the sieve and hydrometer tests were 
performed. 
 
 
4.8  Hydraulic Conductivity 
 
One hydraulic conductivity test was performed per the test standard ASTM D 5084. 
 
 
 
 
 

B-7



   Sheet 7 of 57 
 

 

4.9  Soil Layer Definitions 
 
Soil layers were defined as contained in Calculation No. K-CLC-Z00022 and are presented in 
Table 6. 
 
 
5.  Results 
 
5.1  Shear Strength Properties 
 
The shear strength properties derived from the CPT, SPT, and isotropically-consolidated triaxial 
compression tests (AMEC, 2012) yielded values of total cohesion and total friction angle and 
effective cohesion and effective friction angle.  The effective friction angle was calculated using 
four different methods in addition to the triaxial test results.  As shown in Figure 3 (Boreholes 
B01 and B03 and CPT C16), the effective friction angles from the triaxial tests are in good 
agreement with the Kulhawy and Mayne (1990) method using the CPT.  The Kulhawy and 
Mayne method is also in best agreement with the SPT-based method by Hatanaka and Uchida 
(1996).  Based on the agreement of these, the effective friction angle estimated by Hatanaka and 
Uchida is assumed to hold true for soils below the final depth of the CPT.  Likewise, Figure 4 
(Borehole B04 and CPT C11) shows good agreement between the Kulhawy and Mayne method 
and the Hatanaka and Uchida method. 
 
Figure 5 (Z-SDU6-C05) shows one effective friction angle value from a triaxial test plotted 
relative to the effective friction angle curve using the method of Kulhawy and Mayne.  As with 
the previous, this shows good agreement. 
 
The effective friction angle envelope shown in Figure 6 was developed from the CPT-based 
friction angle determination.  This provides an upper bound effective friction angle from the 
ground surface to an elevation of about 144 ft, MSL (depth of about 137 ft).  The friction angles 
range from 21 to 36 degrees.  Effective friction angles below 137 ft can be estimated from the 
Hatanaka and Uchida relationship as shown in Figure 4.  Very high friction angles occur and a 
limit is placed on these.  Subsequently, the upper bound envelope is shown in Figure 4 with a 
maximum effective friction angle of 40 degrees. 
 
The results of the triaxial tests are given in Table 7 for specimens tested at different depths.  
Additional strength data was obtained from adjacent projects in Z-Area, including Vaults 2, 3, 
and 5 and is included in Tables 8 and 9.  Section 6 contains a summary of the strength data and 
the recommendations for design parameters and Figures 4 and 6 contain the effective friction 
angles. 
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5.2  Unit Weight and Moisture Content 
 
The total unit weight determined from the soil specimens compares favorably with the total unit 
weights determined from the CPT SBT classification (Robertson).  This is shown in Figures 7 
and 8.  The unit weight and moisture content for the test specimens are given in Table 10 in 
addition to data obtained from the undeveloped 6/7 area.  More unit weight and moisture content 
data was available from testing at Vault 2 (WSRC, 2006) and Vaults 3 and 5 (SRNS, 2010) as 
shown in Tables 11 and 12, respectively.  The ranges of total unit weight are given in Section 6 
with the recommended values for design parameters. 
 
 
5.3  Grain Size Distribution 
 
The grain size distribution of the soils is given in Tables 13 and 14.  Table 13 presents the 
proportions according to sieve size, whereas Table 14 presents the soil proportions by the grain 
categories – gravel, sand, silt, clay, and the percentage finer than the #200 sieve.  Gravel content 
ranges from 0 to 28%, sand content ranges from 2 to 94%, and the less than #200 sieve (fines) 
ranges from 6 to 98%.  Not all analyses differentiated between the silt and clay fractions.  The 
D50 for the soils ranged from 0.002 to 0.520 mm.  The grain size data is not used in the design 
for the tank foundation. 
 
 
5.4  Atterberg Limits 
 
The Atterberg limits were determined for some of the SDU 6 soils and are given in Table 15 with 
the USCS classification. The Atterberg limits were useful for determining the soil type. 
 
 
5.5  Consolidation Properties 
 
Consolidation properties were obtained from five sources for comparison with the consolidation 
properties of the soil from SDU 6 and SDU 6/7 that are given in Table 16.  The additional 
consolidation properties were from the Z-area sites of Vault 1 (Table 17), SDU Vault 2 (Table 
18), SDU Vaults 3 and 5 (Table 19), a previous investigation for SDU 6 that was designated 
SDU6/7 (Table 16), and the Defense Waste Processing Facility in S-Area (Table 20).  The 
ranges of eo, Cc, and Cr and Cs  are given in Section 6. 
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5.6  Hydraulic Conductivity 
 
The hydraulic conductivity of one sample from Z-SDU6-B02, FPT02 from 47 to 49 ft yielded a 
hydraulic conductivity of 8.5 x 10-8 cm/sec. 
 

5.7  Groundwater Elevation 

The groundwater depth was estimated at about 60 ft below the ground surface.  This is based on 
work performed at the SDU67 site near the SDU6 site.  Inclusive of a seasonal watertable 
fluctuation, the watertable elevation ranges from about 215 to 221 ft MSL.  Observation wells 
installed in February 2012 north of Vault 2 indicated a water elevation of 215 ft, MSL 
(undocumented source). 
 
 
6.  Conclusions and Recommendations 
 
Based on the results from field and laboratory testing, the following conclusions and 
recommendations are made with respect to soil design parameters for the foundation of the SDU 
6 storage tank: 
 

1. The effective friction angle varies with depth as shown in Figures 4 and 6. 
 

2. The ranges of total cohesion, total friction angle, effective cohesion, total unit weight, 
and consolidation properties are included in the following table with the recommended 
design value in parentheses. 

 
 

Layer ۷t 
(lb/ft3) eo 

�Κp 
(lb/ft2) Cc Cr and Cs 

�  
(deg) 

c 
(lb/ft2) 

c� 
(lb/ft2) 

S1/S2 
110 - 130 

(123) 
0.57 - 0.65 

(0.63) 
6000 – 14600 

(10200) 
0.04 - 0.10 

(0.06) 
0.005 - 0.009 

(0.007) 
8 - 36 
(32) 

250 - 2808 
(725) 

50 - 440 
(275) 

C2 
93 - 122 

(106) 
1.25 - 1.99 

(1.35) 
3700 – 16800 

(4500) 
0.37 - 1.23 

(0.58) 
0.05 - 0.14 

(0.10) 
9 - 15 
(11) 

640 - 1230 
(950) 

0 - 376 
(175) 

S3 
107 - 124 

(116) 
0.57 - 1.62 

(0.76) 
(3400 – 26000 

(6600) 
0.030 - 0.80 

(0.23) 
0.008 - 0.083 

(0.03) 
--- --- --- 

S4 
114 - 122 

(119) 
0.92, 0.92 

(0.92) 
23200, 31800 

(27500) 
0.196, 0.361 

(0.28) 
0.016, 0.023 

(0.02) 
11 

(11) 
1526 
(500) 

566 
(175) 

 
 

3.  The watertable is approximately 60 ft below the ground surface. 
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Table 1.  Locations of Seismic Cone Penetration Tests Performed at SDU 6. 
 

SCPT No. 
SRS 

Northing 
(feet) 

SRS Easting 
(feet) 

Ground 
Elevation 

(feet, MSL)

Total Depth
(feet) 

Z-SDU6-C01 77413.3 66270.1 281.9 98.72 
Z-SDU6-C02 77448.1 66350.4 281.4 97.09 
Z-SDU6-C03 77478.3 66494.3 281.6 102.27 
Z-SDU6-C04 77503.3 66578.8 281.8 97.51 
Z-SDU6-C05 77624.5 66594.9 278.1 97.00 
Z-SDU6-C06 77587.6 66472.8 278.6 97.00 
Z-SDU6-C07 77546.9 66357.1 279.4 97.04 
Z-SDU6-C08 77511.4 66258.9 279.7 97.92 
Z-SDU6-C09 77621.8 66210.4 278.3 86.42 
Z-SDU6-C10 77644.2 66285.6 278.0 102.93 
Z-SDU6-C11 77663.3 66354.1 277.6 96.98 
Z-SDU6-C12 77682.6 66452.6 277.7 91.77 
Z-SDU6-C13 77722.6 66523.4 276.3 92.52 
Z-SDU6-C14 77720.6 66180.9 277.3 98.84 
Z-SDU6-C15 77748.2 66249.8 276.8 98.62 
Z-SDU6-C16 77772.2 66312.2 276.7 96.50 
Z-SDU6-C17 77796.3 66393.3 276.0 90.80 
Z-SDU6-C18 77819.4 66471.7 275.6 92.50 
Z-SDU6-C19 77869.3 66155.6 276.4 112.60 
Z-SDU6-C20 77895.0 66236.9 276.0 127.81 
Z-SDU6-C21 77920.9 66321.6 276.3 131.77 
Z-SDU6-C22 77947.5 66415.1 276.5 129.72 
Z-SDU6-C23 77967.7 66482.5 275.5 89.95 
 
 
Table 2.  Locations of Standard Penetration Tests (SPT) and Undisturbed Sampling Boreholes 
(UD) at SDU 6. 
 

Borehole No. Borehole Type SRS Northing 
(ft) 

SRS Easting
(ft) 

Ground 
Elevation 
(ft, MSL) 

Total Depth 
(ft) 

Z-SDU6-B01 UD 77771.3 66309.1 276.6 127.6 
Z-SDU6-B02A UD 77625.3 66594.8 278.0 75.0 
Z-SDU6-B02B UD 77629.2 66588.9 278.1 131.0 
Z-SDU6-B03 SPT 77769.6 66304.5 276.5 158.0 
Z-SDU6-B04 SPT 77663.9 66351.1 277.9 307.5 
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Table 3.  Disturbed Soil Samples from Standard Penetration Test Split Spoon Sampler at SDU 6 
Borehole Z-SDU6-B03. 
 

Borehole No. Sample No. 
Sampling Depth (ft) Elev. (ft, MSL) 

from to from to 
Z-SDU6-B03 SS01 12.0 14.0 264.5 262.5 
Z-SDU6-B03 SS02 14.0 16.0 262.5 260.5 
Z-SDU6-B03 SS03 16.0 18.0 260.5 258.5 
Z-SDU6-B03 SS04 23.0 25.0 253.5 251.5 
Z-SDU6-B03 SS05 25.0 27.0 251.5 249.5 
Z-SDU6-B03 SS06 27.0 29.0 249.5 247.5 
Z-SDU6-B03 SS07 29.0 31.0 247.5 245.5 
Z-SDU6-B03 SS08 31.0 33.0 245.5 243.5 
Z-SDU6-B03 SS09 33.0 35.0 243.5 241.5 
Z-SDU6-B03 SS10 35.0 37.0 241.5 239.5 
Z-SDU6-B03 SS11 37.0 39.0 239.5 237.5 
Z-SDU6-B03 SS12 39.0 41.0 237.5 235.5 
Z-SDU6-B03 SS13 42.0 44.0 234.5 232.5 
Z-SDU6-B03 SS14 48.0 50.0 228.5 226.5 
Z-SDU6-B03 SS15 53.0 55.0 223.5 221.5 
Z-SDU6-B03 SS16 58.0 60.0 218.5 216.5 
Z-SDU6-B03 SS17 63.0 65.0 213.5 211.5 
Z-SDU6-B03 SS18 68.0 70.0 208.5 206.5 
Z-SDU6-B03 SS19 73.0 75.0 203.5 201.5 
Z-SDU6-B03 SS20 78.0 80.0 198.5 196.5 
Z-SDU6-B03 SS21 83.0 85.0 193.5 191.5 
Z-SDU6-B03 SS22 88.0 90.0 188.5 186.5 
Z-SDU6-B03 SS23 93.0 95.0 183.5 181.5 
Z-SDU6-B03 SS24 98.0 100.0 178.5 176.5 
Z-SDU6-B03 SS25 103.0 105.0 173.5 171.5 
Z-SDU6-B03 SS26 108.0 110.0 168.5 166.5 
Z-SDU6-B03 SS27 113.0 115.0 163.5 161.5 
Z-SDU6-B03 SS28 118.0 120.0 158.5 156.5 
Z-SDU6-B03 SS29 123.0 125.0 153.5 151.5 
Z-SDU6-B03 SS30 128.0 130.0 148.5 146.5 
Z-SDU6-B03 SS31 133.0 135.0 143.5 141.5 
Z-SDU6-B03 SS33 143.0 145.0 133.5 131.5 
Z-SDU6-B03 SS34 148.0 150.0 128.5 126.5 
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Table 4.  Disturbed Soil Samples from Standard Penetration Test Split Spoon Sampler at SDU 6 
Borehole Z-SDU6-B04. 
 

Borehole No. Sample 
No. 

Sampling Depth (ft) Elev. (ft, MSL) 
from to from to 

Z-SDU6-B04 SS01 14.0 16.0 263.9 261.9 
Z-SDU6-B04 SS02 16.0 18.0 261.9 259.9 
Z-SDU6-B04 SS03 18.0 20.0 259.9 257.9 
Z-SDU6-B04 SS04 20.0 22.0 257.9 255.9 
Z-SDU6-B04 SS05 22.0 24.0 255.9 253.9 
Z-SDU6-B04 SS06 24.0 26.0 253.9 251.9 
Z-SDU6-B04 SS07 26.0 28.0 251.9 249.9 
Z-SDU6-B04 SS08 28.0 30.0 249.9 247.9 
Z-SDU6-B04 SS09 30.0 32.0 247.9 245.9 
Z-SDU6-B04 SS10 32.0 34.0 245.9 243.9 
Z-SDU6-B04 SS11 34.0 36.0 243.9 241.9 
Z-SDU6-B04 SS12 36.0 38.0 241.9 239.9 
Z-SDU6-B04 SS13 38.0 40.0 239.9 237.9 
Z-SDU6-B04 SS14 40.0 42.0 237.9 235.9 
Z-SDU6-B04 SS15 43.0 45.0 234.9 232.9 
Z-SDU6-B04 SS16 48.0 50.0 229.9 227.9 
Z-SDU6-B04 SS17 53.0 55.0 224.9 222.9 
Z-SDU6-B04 SS18 58.0 60.0 219.9 217.9 
Z-SDU6-B04 SS19 63.0 65.0 214.9 212.9 
Z-SDU6-B04 SS20 68.0 70.0 209.9 207.9 
Z-SDU6-B04 SS21 73.0 75.0 204.9 202.9 
Z-SDU6-B04 SS22 78.0 80.0 199.9 197.9 
Z-SDU6-B04 SS23 83.0 85.0 194.9 192.9 
Z-SDU6-B04 SS24 88.0 90.0 189.9 187.9 
Z-SDU6-B04 SS25 93.0 95.0 184.9 182.9 
Z-SDU6-B04 SS26 98.0 100.0 179.9 177.9 
Z-SDU6-B04 SS27 103.0 105.0 174.9 172.9 
Z-SDU6-B04 SS28 108.0 110.0 169.9 167.9 
Z-SDU6-B04 SS29 113.0 115.0 164.9 162.9 
Z-SDU6-B04 SS30 118.0 120.0 159.9 157.9 
Z-SDU6-B04 SS31 123.0 125.0 154.9 152.9 
Z-SDU6-B04 SS32 128.0 130.0 149.9 147.9 
Z-SDU6-B04 SS33 133.0 135.0 144.9 142.9 
Z-SDU6-B04 SS34 138.0 140.0 139.9 137.9 
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Table 5.  Undisturbed Soil Samples at SDU 6. 
 

Borehole No. Sample 
No. 

Planned Sampling 
Depth (ft) 

Actual Sampling 
Depth (ft) 

Soil 
Recovery 

(%) 

Actual Sampling 
Elev. (ft, MSL) 

from to from to from to 

Z-SDU6-B01 ST01 13.0 15.0 13.0 14.4 53 263.6 262.2 
Z-SDU6-B01 ST02 15.0 17.0 15.0 16.6 95 261.6 259.6 
Z-SDU6-B01 FPT01 22.0 24.0 22.0 24.0 100 254.6 252.6 
Z-SDU6-B01 ST03 35.0 37.0 35.0 36.3 100 241.6 240.3 
Z-SDU6-B01 ST04 48.25 50.25 48.25 50.25 100 228.6 226.6 
Z-SDU6-B01 ST05 51.1 53.1 51.1 53.1 100 225.5 223.5 
Z-SDU6-B01 ST06 58.0 60.0 58.0 60.0 100 218.6 216.6 
Z-SDU6-B01 ST07 71.0 73.0 71.0 73.0 38 205.6 203.6 
Z-SDU6-B01 ST08 73.2 75.2 73.2 75.2 58 203.4 201.4 
Z-SDU6-B01 FPT02 82.0 84.0 82.0 84.0 100 194.6 192.6 
Z-SDU6-B01 ST09 92.0 94.0 92.0 92.6 0 184.6 184.0 
-SDU6-B01 ST10 115.1 117.1 115.1 115.8 100 161.5 160.8 
Z-SDU6-B01 ST11 126.1 127.6 126.1 127.6 100 150.5 149.0 
Z-SDU6-B02A ST01 9.7 10.7 9.7 10.0 100 268.3 268.0 
Z-SDU6-B02A ST02 10.5 12.5 10.5 11.0 100 267.5 267.0 
Z-SDU6-B02A ST03 16.0 18.0 16.0 16.3 75 262.0 261.7 
Z-SDU6-B02A ST04 16.5 18.5 16.5 16.8 83 261.5 261.2 
Z-SDU6-B02A ST05 23.0 25.0 23.0 23.6 53 255.0 254.4 
Z-SDU6-B02A FPT01 44.0 46.0 44.0 46.0 96 234.0 232.0 
Z-SDU6-B02A FPT02 47.0 49.0 47.0 49.0 100 231.0 229.0 
Z-SDU6-B02A ST06 58.0 60.0 58.0 58.5 67 220.0 219.5 
Z-SDU6-B02B FP01 75.0 77.0 75.0 77.0 100 203.1 201.1 
Z-SDU6-B02B FP02 85.0 87.0 85.0 85.3 17 193.1 192.8 
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Table 6.  Elevations and Thicknesses of Major Soil Layers at SDU 6. 
 

Top Elev. (ft) Thickness (ft) 

BH/CPT Surface 
Elev. (ft) 

C2 S3 S4 GC Congaree C2 S3 S4 GC 

Z-SDU6-B02B 278.1 234 227 191 ---   --- 7 36 ---   --- 
Z-SDU6-B03 276.5 232 217 188 164 146 15 29 24 18 
Z-SDU6-B04 277.9 236 232 191 165 145 4 41 26 20 
Z-SDU6-C01 281.9 233 226 190 ---  ---  7 36 ---   --- 
Z-SDU6-C02 281.4 233 227 190 ---  ---  6 37 ---   --- 
Z-SDU6-C03 281.6 233 225 190 ---  ---  8 35 ---   --- 
Z-SDU6-C04 281.8 236 229 190 ---  ---  7 39 ---   --- 
Z-SDU6-C05 278.1 235 226 187 ---  ---  9 39 ---   --- 
Z-SDU6-C06 278.6 234 227 189 ---  ---  7 38 ---   --- 
Z-SDU6-C07 279.4 237 230 191 ---  ---  7 39 ---   --- 
Z-SDU6-C08 279.7 236 230 186 ---  ---  6 44 ---   --- 
Z-SDU6-C09 278.3 237 230 194 ---  ---  7 36 ---   --- 
Z-SDU6-C10 278.0 237 230 190 ---  ---  7 40 ---   --- 
Z-SDU6-C11 277.6 238 233 186 ---  ---  5 47 ---   --- 
Z-SDU6-C12 277.7 239 234 188 ---  ---  5 46 ---   --- 
Z-SDU6-C13 276.3 234 228 188 ---  ---  6 40 ---   --- 
Z-SDU6-C14 277.3 234 222 181 ---  ---  12 41 ---   --- 
Z-SDU6-C15 276.8 232 217 192 ---  ---  15 25 ---   --- 
Z-SDU6-C16 276.7 234 216 184 ---  ---  18 32 ---   --- 
Z-SDU6-C17 276.0 235 219 187 ---  ---  16 32 ---   --- 
Z-SDU6-C18 275.6 235 217 186 ---  ---  18 31 ---   --- 
Z-SDU6-C19 276.4 235 227 183 ---  ---  8 44 ---   --- 
Z-SDU6-C20 276.0 226 219 176 ---  ---  7 43 ---   --- 
Z-SDU6-C21 276.3 233 225 182 ---  ---  8 43 ---   --- 
Z-SDU6-C22 276.5 237 230 187 ---  ---  7 43 ---   --- 
Z-SDU6-C23 275.5 238 233 190 ---  ---  5 43 ---   --- 

 
 
 
Table 7.  Results of Isotropically-Consolidated Undrained Triaxial Test with Pore Pressure 
Measurement at SDU 6. 
 

Borehole/Sample No. Depth Range 
(ft) Layer � 

(deg) 
c 

(lb/ft2) 
�� 

(deg) 
c� 

(lb/ft2) 
Z-SDU6-B01/FP01 22.0 to 24.0 S1/S2 32 1180 36 440 
Z-SDU6-B01/ST05 51.1 to 53.1 C2 15 640 32 0 
Z-SDU6-B02/FP01 44.0 to 46.0 C2 11 1230 31 180 
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Table 8.  Results of Isotropically-Consolidated Undrained Triaxial Test with Pore Pressure 
Measurement at Vault 2 (Washington Savannah River Co. 2006). 
 

Borehole No. Layer � 
(deg) 

c 
(lb/ft2) 

�� 
(deg) 

c� 
(lb/ft2) 

Z-V2-B2U-ST1 S1/2 deleted 300 33 250 
Z-V2-B2U-ST2 S1/2 35 1700 30 380 
Z-V2-B2U-ST3 S1/2 36 250 33 50 
Z-V2-B2U-ST4 S1/2 26 250 32 260 
Z-V2-B1U-PS1 S4 11 1526 26 566 
 
 
 
Table 9.  Results of Isotropically-Consolidated Undrained Triaxial Test with Pore Pressure 
Measurement at Vaults 3 and 5 (Savannah River Nuclear Solutions, 2010). 
 

Borehole No. Layer � 
(deg) 

c 
(lb/ft2) 

�� 
(deg) 

c� 
(lb/ft2) 

Z-V3V5-B1-ST1 S1/2 31 2606 33 137 
Z-V3V5-B1-ST3 S1/2 8 2808 29 299 
Z-V3V5-B4-ST1 S1/2 10 2462 34 322 
Z-V3V5-B4-ST3 S1/2 --- --- 33 357 
Z-V3V5-B4-ST4 C2 9 1041 25 376 
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Table 10.  Unit Weights and Moisture Contents at SDU 6 and SDU 6/7. 
 
Borehole No. Layer ۷t (lb/ft3) wn (%) ۷d (lb/ft3) 
Z-SDU6-B01/FP01 S1/S2 116 32.9 87 
Z-SDU6-B01/FP01 S1/S2 116 33.8 86 
Z-SDU6-B01/FP01 S1/S2 127 21.4 105 
Z-SDU6-B01/ST05 C2 105 56.9 67 
Z-SDU6-B01/ST05 C2 95 82.8 52 
Z-SDU6-B01/ST05 C2 112 36.4 82 
Z-SDU6-B02/FPT01 C2 122 21.8 100 
Z-SDU6-B02/FPT01 C2 121 21.7 99 
Z-SDU6-B02/FPT01 C2 119 26.5 94 
Z-SDU6-B02/FPT02 C2 117 30.0 90 
Z-SDU6-B01/ST06 C2 112 37.3 81 
Z-SDU6-B01/ST06 C2 95 67.6 56 
Z-SD67-B01/ST04 C2 108 45.2 74 
Z-SD67-B06/ST05 C2 106 41.9 75 

 
 
 
Table 11.  Unit Weights and Moisture Contents at Vault 2 (Washington Savannah River Co. 
2006). 
 
Borehole No. Layer ۷t (lb/ft3) wn (%) ۷d (lb/ft3) 
Z-V2-B1U-ST1 S1/2 120 13.6 106 
Z-V2-B1U-ST2 S1/2 117 17.2 100 
Z-V2-B1U-ST2 S1/2 118 16.7 102 
Z-V2-B1U-ST3 S1/2 124 17.0 106 
Z-V2-B1U-ST4 S1/2 119 15.4 103 
Z-V2-B1U-ST4 S1/2 120 17.7 102 
Z-V2-B2U-ST1 S1/2 126 20.2 104 
Z-V2-B2U-ST1 S1/2 127 19.8 106 
Z-V2-B2U-ST1 S1/2 130 16.1 112 
Z-V2-B2U-ST2 S1/2 129 15.7 111 
Z-V2-B2U-ST2 S1/2 132 14.1 116 
Z-V2-B2U-ST3 S1/2 126 16.4 108 
Z-V2-B2U-ST3 S1/2 124 14.6 108 
Z-V2-B2U-ST3 S1/2 126 14.6 110 
Z-V2-B2U-ST4 S1/2 117 17.8 99 
Z-V2-B2U-ST4 S1/2 121 19.3 102 
Z-V2-B2U-ST4 S1/2 120 19.8 100 
Z-V2-B3U-ST1 S1/2 127 14.9 111 
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Borehole No. Layer ۷t (lb/ft3) wn (%) ۷d (lb/ft3) 
Z-V2-B3U-ST3 S1/2 116 11.6 104 
Z-V2-B1U-ST5 C2 101 45.3 70 
Z-V2-B1U-ST5 C2 103 48.7 69 
Z-V2-B1U-ST7 S3 124 17.7 105 
Z-V2-B1U-PS1 S4 122 32.4 93 
Z-V2-B1U-PS1 S4 118 34.9 88 
Z-V2-B1U-PS1 S4 117 35.5 87 
Z-V2-B1U-PS1 S4 122 25.7 97 
Z-V2-B1U-PS3 S4 114 32.6 86 
 
 
 
Table 12.  Unit Weights and Moisture Contents at Vaults 3 and 5 (Savannah River Nuclear 
Solutions, 2010). 
 
Borehole-Sample 
No. Layer ۷t (lb/ft3) wn (%) ۷d (lb/ft3) 

Z-V3V5-B1-ST2 S1/2 110.0 14.0 96.6 
Z-V3V5-B4-ST2 S1/2 120.8 13.9 106.1 
Z-V3V5-B1-ST1 S1/2 117.2 11.7 104.9 
Z-V3V5-B1-ST1 S1/2 117.2 14.2 102.6 
Z-V3V5-B1-ST1 S1/2 119.6 12.4 106.4 
Z-V3V5-B4-ST1 S1/2 129.1 19.1 108.4 
Z-V3V5-B4-ST1 S1/2 130.1 19.1 109.2 
Z-V3V5-B4-ST1 S1/2 128.7 19.8 107.4 
Z-V3V5-B4-ST2 S1/2 123.2 15.8 106.4 
Z-V3V5-B4-ST5 C2 93.6 69.1 55.4 
Z-V3V5-B1-ST5 C2 122.0 17.9 103.5 
Z-V3V5-B4-ST4 C2 103.8 50.3 69.1 
Z-V3V5-B4-ST5 C2 92.8 64.3 56.5 
Z-V3V5-B4-ST6 S3 118.6 29.8 91.4 
Z-V3V5-B1-ST4 S3 106.9 13.3 94.4 
Z-V3V5-B4-ST6 S3 115.3 33.2 86.5 
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Table 13.  Summary of Grain Size Distribution. 
 

Boring No. 
  

Sample GRAVEL SAND SILT CLAY #200 D50 USCS 
  No. (%) (%) (%) (%) (%) (mm) 

Z-SDU6-B01 ST02 0.6 62.4 37.0 0.209 SC 
Z-SDU6-B01 FPT01 0.0 15.2 84.8 
Z-SDU6-B01 ST03 0.0 90.0 10.0 0.327 
Z-SDU6-B01 ST04 0.0 55.5 8.9 35.6 44.5 0.108 SC 
Z-SDU6-B01 ST05 2.3 32.8 13.9 51.0 64.9 0.002 
Z-SDU6-B01 ST06 0.0 63.9 9.2 26.9 36.1 0.335 SC 
Z-SDU6-B01 ST08 0.0 89.1 10.9 0.172 
Z-SDU6-B01 FPT02 0.0 91.4 8.6 0.305 
Z-SDU6-B01 ST11 0.0 74.0 26.0 0.246 
Z-SDU6-B02A FPT01 0.0 75.1 24.9 0.278 
Z-SDU6-B02A FPT02 0.0 59.8 9.2 31.0 40.2 0.131 
Z-SDU6-B02A ST02 0.0 54.8 10.0 35.2 45.2 0.115 SC 
Z-SDU6-B02B FPT03 0.0 69.8 30.2 0.234 
Z-SDU6-B03 SS01 0.0 66.6 33.4 0.225 
Z-SDU6-B03 SS02 0.5 72.6 26.9 0.351 
Z-SDU6-B03 SS03 2.2 49.8 9.6 38.4 48.0 0.105 SC 
Z-SDU6-B03 SS04 0.0 58.0 42.0 0.245 
Z-SDU6-B03 SS05 0.0 58.7 41.3 0.146 
Z-SDU6-B03 SS06 0.0 16.5 83.5 CH 
Z-SDU6-B03 SS07 0.0 76.7 23.3 0.243 
Z-SDU6-B03 SS08 2.7 72.5 24.8 0.248 
Z-SDU6-B03 SS09 10.0 53.6 36.4 0.223 
Z-SDU6-B03 SS10 0.0 78.6 21.4 0.373 
Z-SDU6-B03 SS11 0.0 76.1 23.9 0.255 
Z-SDU6-B03 SS12 0.0 84.3 15.7 0.280 
Z-SDU6-B03 SS13 0.0 76.5 23.5 0.243 
Z-SDU6-B03 SS14 0.0 56.9 8.0 35.1 43.1 0.147 SC 
Z-SDU6-B03 SS15 0.0 39.6 60.4 
Z-SDU6-B03 SS16 0.0 63.3 14.7 22.0 36.7 0.297 SC 
Z-SDU6-B03 SS17 0.0 92.4 7.6 0.366 
Z-SDU6-B03 SS18 0.0 93.1 6.9 0.314 
Z-SDU6-B03 SS19 0.0 84.0 16.0 0.186 
Z-SDU6-B03 SS20 0.0 92.7 7.3 0.294 
Z-SDU6-B03 SS21 0.0 90.3 9.7 0.391 
Z-SDU6-B03 SS22 0.0 63.9 36.1 0.091 
Z-SDU6-B03 SS23 0.5 48.4 51.1 
Z-SDU6-B03 SS24 23.6 26.2 50.2 
Z-SDU6-B03 SS25 6.2 43.8 34.0 16.0 50.0 0.075 ML 
Z-SDU6-B03 SS26 6.3 75.7 12.9 5.1 18.0 0.122 
Z-SDU6-B03 SS27 1.0 40.8 58.2 
Z-SDU6-B03 SS28 0.0 61.3 38.7 0.103 
Z-SDU6-B03 SS29 0.0 3.7 96.3 MH 
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Boring No. 
  

Sample GRAVEL SAND SILT CLAY #200 D50 USCS 
  No. (%) (%) (%) (%) (%) (mm) 

Z-SDU6-B03 SS30 0.0 53.0 47.0 0.098 
Z-SDU6-B03 SS31 0.0 91.4 8.6 0.352 
Z-SDU6-B03 SS33 0.0 89.7 10.3 0.254 
Z-SDU6-B03 SS34 0.0 87.8 12.2 0.153 
Z-SDU6-B04 SS01 0.3 80.3 19.4 0.520 
Z-SDU6-B04 SS02 0.2 83.1 16.7 0.222 
Z-SDU6-B04 SS03 0.8 85.8 13.4 0.228 
Z-SDU6-B04 SS04 0.0 52.8 47.2 0.137 
Z-SDU6-B04 SS05 0.0 56.4 43.6 0.156 
Z-SDU6-B04 SS06 0.0 77.2 22.8 0.342 
Z-SDU6-B04 SS07 0.0 75.5 24.5 0.338 
Z-SDU6-B04 SS08 0.0 81.2 18.8 0.361 SC 
Z-SDU6-B04 SS09 0.5 80.1 19.4 0.297 
Z-SDU6-B04 SS10 0.0 87.7 12.3 0.293 
Z-SDU6-B04 SS11 0.0 92.1 7.9 0.482 
Z-SDU6-B04 SS12 0.0 88.6 11.4 0.455 
Z-SDU6-B04 SS13 0.3 87.3 12.4 0.474 
Z-SDU6-B04 SS14 0.0 83.0 17.0 0.396 
Z-SDU6-B04 SS15 0.0 68.0 32.0 0.166 
Z-SDU6-B04 SS16 0.0 86.1 13.9 0.286 
Z-SDU6-B04 SS17 0.0 84.2 7.0 8.8 15.8 0.264 
Z-SDU6-B04 SS18 0.0 76.5 23.5 0.277 
Z-SDU6-B04 SS19 0.0 91.2 4.5 4.3 8.8 0.352 SP-SM 
Z-SDU6-B04 SS20 0.0 92.2 7.8 0.351 
Z-SDU6-B04 SS21 0.0 85.4 14.6 0.219 
Z-SDU6-B04 SS22 0.0 93.6 6.4 0.413 
Z-SDU6-B04 SS23 0.0 90.0 10.0 0.295 
Z-SDU6-B04 SS24 0.0 65.6 34.4 0.092 
Z-SDU6-B04 SS25 4.9 44.7 50.4 
Z-SDU6-B04 SS26 27.9 19.3 37.9 14.9 52.8 0.067 ML 
Z-SDU6-B04 SS27 4.2 21.0 74.8 
Z-SDU6-B04 SS28 19.4 44.3 22.7 13.6 36.3 0.120 SC 
Z-SDU6-B04 SS29 0.5 55.2 44.3 0.107 
Z-SDU6-B04 SS30 0.5 66.8 32.7 0.139 
Z-SDU6-B04 SS31 0.0 1.8 98.2 MH 
Z-SDU6-B04 SS32 0.0 68.6 31.4 0.198 
Z-SDU6-B04 SS33 0.0 91.0 9.0 0.252 
Z-SDU6-B04 SS34 0.0 90.3 9.7 0.238 
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Table 14.  Grain Size Distribution. 
 

Boring No. Sample 
No. 

Percentage Less than Sieve Size 

5/8 in 3/8 in 1/4 in #4 #10 #20 #40 #60 #100 #140 0.005 
(mm) 

Z-SDU6-B01 ST02 100 100 99.7 99.4 97.3 90.2 71.3 54.4 43.8 39.5 
Z-SDU6-B01 FPT01 100 100 100 100 100 99.5 97.5 95.0 91.4 88.0 
Z-SDU6-B01 ST03 100 100 100 100 100 99.3 76.0 24.8 11.2 10.3 
Z-SDU6-B01 ST04 100 100 100 100 99.8 98.0 92.5 75.5 61.9 49.5 35.6 
Z-SDU6-B01 ST05 100 100 98.5 97.7 97.2 95.2 85.8 78.5 74.7 69.1 51.0 
Z-SDU6-B01 ST06 100 100 100 100 99.9 92.9 59.5 42.8 39.5 37.6 26.9 
Z-SDU6-B01 ST08 100 100 100 100 99.9 98.7 93.8 81.0 38.1 16.8 
Z-SDU6-B01 FPT02 100 100 100 100 98.7 87.0 68.2 38.3 16.5 10.4 
Z-SDU6-B01 ST11 100 100 100 100 99.7 92.8 76.0 50.8 34.2 29.1 
Z-SDU6-B02A FPT01 100 100 100 100 97.6 85.4 68.3 45.4 29.0 26.0 
Z-SDU6-B02A FPT02 100 100 100 100 100 99.1 90.1 75.9 55.8 43.1 31.0 
Z-SDU6-B02A ST02 100 100 100 100 99.9 97.1 84.9 70.6 55.8 48.7 35.2 
Z-SDU6-B02B FPT03 100 100 100 100 98.6 94.9 82.2 53.5 33.3 30.7 
Z-SDU6-B03 SS01 100 100 100 100 98.3 88.4 66.8 52.3 42.3 37.0 
Z-SDU6-B03 SS02 100 100 99.8 99.5 98.7 90.4 57.8 40.1 32.1 28.9 
Z-SDU6-B03 SS03 100 100 98.6 97.8 97.0 89.0 70.6 59.9 53.2 50.1 38.4 
Z-SDU6-B03 SS04 100 100 100 100 99.7 89.4 61.8 50.2 45.8 43.6 
Z-SDU6-B03 SS05 100 100 100 100 100 96.6 81.7 65.3 50.6 45.1 
Z-SDU6-B03 SS06 100 100 100 100 100 99.7 97.9 95.7 91.8 87.6 
Z-SDU6-B03 SS07 100 100 100 100 98.7 87.5 60.7 50.8 33.8 26.8 
Z-SDU6-B03 SS08 100 100 98.3 97.3 93.6 81.5 64.5 50.3 35.0 28.4 
Z-SDU6-B03 SS09 100 96.7 92.6 90.0 83.0 74.1 61.7 52.0 43.3 38.7 
Z-SDU6-B03 SS10 100 100 100 100 99.6 86.2 55.6 36.2 25.7 22.4 
Z-SDU6-B03 SS11 100 100 100 100 99.7 92.6 74.7 49.0 30.0 25.5 
Z-SDU6-B03 SS12 100 100 100 100 99.9 98.6 84.5 41.0 19.2 16.6 
Z-SDU6-B03 SS13 100 100 100 100 99.7 94.4 74.8 51.4 30.6 25.1 
Z-SDU6-B03 SS14 100 100 100 100 99.7 96.4 85.9 58.3 50.2 45.3 35.1 
Z-SDU6-B03 SS15 100 100 100 100 100 96.7 79.3 72.0 69.4 64.4 
Z-SDU6-B03 SS16 100 100 100 100 100 95.4 64.0 45.8 41.8 39.0 22.0 
Z-SDU6-B03 SS17 100 100 100 100 99.4 90.0 57.1 32.4 11.5 8.2 
Z-SDU6-B03 SS18 100 100 100 100 99.5 91.5 66.2 36.4 10.5 7.7 
Z-SDU6-B03 SS19 100 100 100 100 99.5 96.4 85.0 67.9 36.2 20.5 
Z-SDU6-B03 SS20 100 100 100 100 99.0 87.8 66.3 41.4 15.0 9.0 
Z-SDU6-B03 SS21 100 100 100 100 98.8 84.0 54.0 30.7 15.7 11.4 
Z-SDU6-B03 SS22 100 100 100 100 99.7 95.7 91.1 89.4 83.5 61.5 
Z-SDU6-B03 SS23 100 100 99.7 99.5 99.0 98.4 97.4 96.0 91.5 72.7 
Z-SDU6-B03 SS24 96.1 82.1 77.1 76.4 71.4 68.8 67.4 66.0 62.0 55.7 
Z-SDU6-B03 SS25 100 100 96.6 93.8 84.3 78.7 75.8 71.4 64.8 57.5 16.0 
Z-SDU6-B03 SS26 100 95.1 94.1 93.7 93.6 93.3 93.0 91.6 74.3 33.6 5.1 
Z-SDU6-B03 SS27 100 99.0 99.0 99.0 98.4 96.0 91.0 82.4 69.3 62.3 
Z-SDU6-B03 SS28 100 100 100 100 98.5 93.6 86.7 77.8 65.1 51.0 

B-23



   Sheet 23 of 57 
 

 

Boring No. Sample 
No. 

Percentage Less than Sieve Size 

5/8 in 3/8 in 1/4 in #4 #10 #20 #40 #60 #100 #140 0.005 
(mm) 

Z-SDU6-B03 SS29 100 100 100 100 100 99.8 99.4 98.7 98.0 97.2 
Z-SDU6-B03 SS30 100 100 100 100 99.6 98.2 93.1 81.2 60.6 51.4 
Z-SDU6-B03 SS31 100 100 100 100 99.3 92.3 59.6 33.9 14.6 9.7 
Z-SDU6-B03 SS33 100 100 100 100 100 99.7 95.0 48.6 16.9 12.0 
Z-SDU6-B03 SS34 100 100 100 100 100 99.2 93.6 75.8 48.2 18.0 
Z-SDU6-B04 SS01 100 100 99.9 99.7 97.5 79.8 39.8 29.6 23.7 20.8 
Z-SDU6-B04 SS02 100 100 99.9 99.8 99.1 91.6 72.9 55.4 32.0 22.4 
Z-SDU6-B04 SS03 100 100 99.5 99.2 98.3 90.0 72.0 54.4 29.7 19.5 
Z-SDU6-B04 SS04 100 100 100 100 99.9 94.8 84.8 72.5 51.9 48.1 
Z-SDU6-B04 SS05 100 100 100 100 99.8 94.0 83.5 71.9 48.7 44.4 
Z-SDU6-B04 SS06 100 100 100 100 99.5 83.0 55.8 43.1 29.8 23.7 
Z-SDU6-B04 SS07 100 100 100 100 99.7 85.9 58.1 41.1 29.8 25.5 
Z-SDU6-B04 SS08 100 100 100 100 99.8 88.2 57.6 35.4 23.4 19.9 
Z-SDU6-B04 SS09 100 100 99.7 99.5 97.6 88.3 71.9 39.7 22.9 20.3 
Z-SDU6-B04 SS10 100 100 100 100 99.6 95.0 79.2 37.8 17.3 13.8 
Z-SDU6-B04 SS11 100 100 100 100 99.8 88.4 41.7 19.7 11.8 9.0 
Z-SDU6-B04 SS12 100 100 100 100 98.6 80.8 46.9 29.7 17.6 13.4 
Z-SDU6-B04 SS13 100 100 99.8 99.7 97.6 85.5 43.7 24.3 17.3 14.0 
Z-SDU6-B04 SS14 100 100 100 100 97.7 71.2 52.0 36.2 23.1 18.9 
Z-SDU6-B04 SS15 100 100 100 100 99.9 98.8 91.3 62.6 47.2 36.1 
Z-SDU6-B04 SS16 100 100 100 100 100 99.1 87.3 38.4 20.2 15.8 
Z-SDU6-B04 SS17 100 100 100 100 99.9 99.8 95.8 45.1 21.3 17.5 8.8 
Z-SDU6-B04 SS18 100 100 100 100 99.8 92.5 74.5 44.9 30.2 25.0 
Z-SDU6-B04 SS19 100 100 100 100 99.4 91.5 60.0 33.0 14.7 10.4 4.3 
Z-SDU6-B04 SS20 100 100 100 100 98.7 85.8 59.3 33.0 13.5 9.3 
Z-SDU6-B04 SS21 100 100 100 100 99.8 98.6 93.9 62.5 19.6 15.7 
Z-SDU6-B04 SS22 100 100 100 100 98.6 81.7 51.4 26.7 11.3 7.8 
Z-SDU6-B04 SS23 100 100 100 100 99.3 89.3 66.2 42.0 19.3 12.5 
Z-SDU6-B04 SS24 100 100 100 100 100 99.9 99.7 99.3 95.2 63.2 
Z-SDU6-B04 SS25 100 96.5 95.7 95.1 93.5 92.8 92.1 90.3 84.8 69.7 
Z-SDU6-B04 SS26 90.3 73.9 72.8 72.1 70.1 69.1 68.3 67.2 64.7 59.0 14.9 
Z-SDU6-B04 SS27 100 100 97.5 95.8 91.2 88.7 87.1 86.2 84.0 80.4 
Z-SDU6-B04 SS28 90.6 83.1 81.4 80.6 80.0 79.1 77.8 75.0 62.1 44.2 13.6 
Z-SDU6-B04 SS29 100 100 99.7 99.5 94.3 85.6 76.7 67.2 56.2 49.8 
Z-SDU6-B04 SS30 100 100 99.7 99.5 91.9 80.1 70.8 63.1 52.8 40.0 
Z-SDU6-B04 SS31 100 100 100 100 99.9 99.8 99.7 99.5 99.2 98.8 
Z-SDU6-B04 SS32 100 100 100 100 99.4 95.5 84.3 61.6 39.3 34.0 
Z-SDU6-B04 SS33 100 100 100 100 95.7 83.5 66.8 49.5 18.6 10.8 
Z-SDU6-B04 SS34 100 100 100 100 99.8 97.4 83.0 53.8 18.9 11.8 
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Table 15.  Atterberg Limits and USCS at SDU 6. 
 

Borehole No. 
 

Layer 
 

LL 
(%) 

PL 
(%) 

PI 
(%) USCS 

Z-SDU6-B01 S1/S2 53 24 29 SC 
Z-SDU6-B02A S1/S2 49 24 25 SC 
Z-SDU6-B03 S1/S2 58 26 32 SC 
Z-SDU6-B03 S1/S2 73 34 39 CH 
Z-SDU6-B04 S1/S2 45 21 24 SC 
Z-SDU6-B01 C2 104 30 74 SC 
Z-SDU6-B03 C2 99 38 61 SC 
Z-SDU6-B03 S4 92 33 59 SC 
Z-SDU6-B03 S4 43 39 4 ML 
Z-SDU6-B03 S4 104 56 48 MH 
Z-SDU6-B01 S4 114 44 70 SC 
Z-SDU6-B04 S4 43 33 10 ML 
Z-SDU6-B04 S4 32 22 10 SC 
Z-SDU6-B04 S4 110 51 59 MH 
 
 
 
Table 16.  Results of Consolidation Tests at SDU 6 and SDU 6/7. 
 

Borehole No. Depth Range 
(ft) Layer �Κvo 

(lb/ft2)
�Κp 

(lb/ft2) eo 
 

OCR 
 

Cc Cr Cc/Cr

Z-SDU6-B01 48.0 to 50.0 C2 5635 4500 1.27 0.80 0.37 0.10 3.7 
Z-SD67-B01 49.0 to 51.0 C2 5750 4100 1.99 0.71 0.74 0.13 5.5 
Z-SD67-B02 51.0 to 53.0 C2 5980 3700 1.25 0.62 0.42 0.07 10.6 
Z-SDU6-B01 58.0 to 60.0 S3 6785 3600 1.06 0.53 0.25 0.04 6.2 
 
 
 
Table 17.  Results of Consolidation Tests at the Z-Area Saltstone Disposal Site (Vault 1) 
(Mueser Rutledge, 1986). 
 

Borehole No. Layer �Κvo 
(lb/ft2) 

�Κp 
(lb/ft2) eo 

 
OCR 

 
Cc Cr Cc/Cr 

Z-219U C2 9200 10600 1.017 1.15 0.429 0.063 6.8 
Z-224U C2 7200 15000 1.213 2.08 0.476 0.032 15 
Z-225U C2 7600 13200 1.675 1.74 1.118 0.214 5.2 
Z-211U S3a 9600 5400 1.616 0.56 0.800 0.060 13 
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Table 18.  Results of Consolidation Tests at Vault 2 (Washington Savannah River Co., 2006). 
 

Borehole No. Layer �Κvo 
(lb/ft2) 

�Κp 
(lb/ft2) 

eo 
 

OCR 
 

Cc Cr Cc/Cr 

Z-V2-B1U-ST2 S1/2 3600 7300 0.653 2.0 0.071 0.007 9.7 
Z-V2-B1U-ST2a S1/2 3600 3000 0.622 0.8 0.056 0.009 6.6 
Z-V2-B1U-ST4 S1/2 5500 7200 0.609 1.3 0.101 0.008 12.7 
Z-V2-B1U-ST4a S1/2 5500 4500 0.628 0.8 0.069 0.008 8.5 
Z-V2-B1U-ST5 C2 7600 8400 1.378 1.1 0.781 0.102 7.6 
Z-V2-B1U-ST5a C2 7600 7800 1.391 1.0 0.725 0.083 8.7 
Z-V2-B1U-ST7 S3 10600 7200 0.571 0.7 0.071 0.012 5.8 
Z-V2-B1U-PS1 S4 12600 11600 0.92 0.9 0.196 0.023 8.4 
Z-V2-B1U-PS3 S4 14800 15900 0.921 1.1 0.361 0.016 23.3 
 
 
 
Table 19.  Results of Consolidation Tests at Vaults 3 and 5 (Savannah River Nuclear Solutions, 
2010). 
 

Borehole/Sample No. Layer �Κvo 
(lb/ft2) 

�Κp 
(lb/ft2) eo 

 
OCR 

 
Cc Cr Cc/Cr 

Z-V3V5-B4-ST2 S1/2 3800 7000 0.57 1.8 0.036 0.0050 7.3 
Z-V3V5-B4-ST4 C2 6100 6100 1.44 1.0 0.48 0.075 6.4 
Z-V3V5-B4-ST5 C2 6200 4300 1.98 0.7 0.51 0.136 3.8 
Z-V3V5-B1-ST4 S3 6000 3400 0.60 0.6 0.051 0.0083 6.1 
Z-V3V5-B1-ST5 S3 6300 8000 0.75 1.3 0.030 0.0083 3.6 
Z-V3V5-B4-ST6 S3 7800 5000 0.81 0.6 0.725 0.083 8.7 

 
 
Table 20.  Results of Consolidation Tests at the S-Area DWPF (Mueser Rutledge, 1984). 
 

Borehole No. Layer �Κvo 
(lb/ft2) 

�Κp 
(lb/ft2) eo 

 
OCR 

 
Cc Cr Cc/Cr 

47 C2 7800 9000 --- 1.15 0.86 0.09 9.6 
6A C2 7000 12400 --- 1.77 0.73 0.07 10 
90 C2 6400 13600 --- 2.12 1.23 0.05 25 
7 C2 8400 13200 --- 1.57 0.98 0.12 8.2 
6 S3a 10800 26000 --- 2.41 0.26 0.02 13 
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Figure 1.  Z-Area Vault Sites. 
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Figure 2.  SDU 6 Exploration and Testing Locations. 
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Figure 3.  Relationship Between Effective Friction Angle Calculated Using Methods Based on 
Standard Penetration Blow Count and Cone Tip Penetration Resistance and Compared to 
Effective Friction Angle from Triaxial Tests. 
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Figure 4.  Effective Friction Angle Correlated to N1,60 and Cone Penetration Tip 
Resistance (qt1) for Deep Standard Penetration Test Borehole Showing Effective Friction 
Angle Envelope. 
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Figure 5.  Relationship Between Effective Friction Angle Calculated Using Method of 
Kulhawy and Mayne (1990) as Compared to Effective Friction Angle from Triaxial Test.

0 10 20 30 40 50

0

10

20

30

40

50

60

70

80

90

100

110

120

0 100 200 300 400 500 600 700

Effective�Friction�Angle�(deg)

D
ep

th
�(f
t)

CPT�Tip�Stress�(tsf)

Z�SDU6�C05

CPT�qt
Kulhawy�and�Mayne�friction�angle
Effective�stress�value
Total�stress�value

Borehole�Z�SDU6�B02A
Triaxial�test�result:
���=�31°,�c��=�180�lb/ft2

B-31



   Sheet 31 of 57 
 

 

 

 

Figure 6.  Effective Friction Angle Envelope Formed from Twenty-three CPTs Based on 
Method of Kulhawy and Mayne (1990) using qt1. 
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Figure 7.  Total Unit Weight from Laboratory Test Results of Samples from Borehole Z-
SDU6-B01 Compared to CPT-based Total Unit Weight Determined from CPT Z-SDU6-
C16. 
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Figure 8.  Total Unit Weight from Laboratory Test Results of Samples from Borehole Z-
SDU6-B02 Compared to CPT-based Total Unit Weight Determined from CPT Z-SDU6-
C05. 
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Yellow fat Clay (CH), high plasticity, moist, few very fine sand, stiff.

Yellowish brown poorly graded Sand (SP) (upper 13 in), fine to medium,
subangular to subrounded, nonplastic, wet, very loose, few pale yellow zones
to 25 mm; grading to red clayey Sand (SC) (lower 11 in), sand fine to

Mud rotary drill.

Mud rotary drill.

35

40

45

50

55

60

65

70

75

Light yellowish brown poorly graded Sand (SP), fine (mostly) to medium,
subangular, non-plastic, wet, few black inclusions throughout up to 5 mm,
medium dense.

Mud rotary drill.

Light greenish gray fat Clay (CH), high plasticity, moist; grading to light
greenish gray clayey Sand (SC) below 12 inches, fine to medium,
subangular, moist, stiff.

Mud rotary drill.

Mud rotary drill.

Yellowish red poorly graded Sand (SP) grading to reddish yellow with depth,
fine (mostly) to medium, subangular, non-plastic, trace silt, wet, dense.

Mud rotary drill.

Reddish yellow silty Sand (SM) (upper 3 in), sand fine and subangular, low
plasticity, moist, medium dense; Red silty Sand (SM) (lower 10 in), sand fine
and subangular, medium plasticity, moist, medium dense.

Mud rotary drill.

Red silty Sand (SM), fine, subangular, nonplastic grading to reddish yellow
silty sand with lower silt content with depth; moist, dense.

Red and yellowish red poorly graded Sand (SP) (lower 17.5 in), fine with
trace medium, subangular, nonplastic, moist, medium dense; white Clay
(CL/CH) (upper 2.5 in), little sand (fine, subangular), high plasticity; moist.

Reddish yellow silty Sand (SM) (upper 2 in), fine to medium, subangular, low
plasticity, moist; white sandy Clay (CL/CH) (upper mid 2 in), sand fine to
medium and subangular, high plasticity, moist; Red with white alternating
layers silty Sand (SM) (lower 15 in), fine to medium, subangular, low
plasticity, moist, dense.

Clay (CH) (lower 4 in), little fine to medium sand and subangular, high
plasticity, moist.

Light greenish gray interlayered fat Clay (CH) (high plasticity, moist, no sand)
with clayey Sand (SC) grading to sandier clay with depth (CL) (lower 10 in),
sand fine to medium and subangular to subround, moist, medium soft.
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Pale yellow well-graded Sand (SW) (upper 5 in), fine to medium, clean,
nonplastic, wet.  Pale yellow Silt (ML) (lower 14 in) with trace white gravel,
gravel subangular, weak HCl, hard, few sand; rock in tip of spoon, angular,
hard, cemented silt/very fine sand.

E
le
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tio

n
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)

Greenish gray silty Sand (SM), fine; white shell fragments, fine to medium,
25% of soil, moderate HCl; very low plasticity, moist, dense.

Mud rotary drill.

Mud rotary drill.

Mud rotary drill.

Pale yellow clayey Silt (MH), little sand, fine to coarse, angular to subangular;
few white gravel, angular to subangular up to 35 mm, hard (silica
cementation ?); wet, weak HCl, medium plasticity, very dense.

Mud rotary drill.

Pale yellow clayey Silt (ML/MH), little sand, fine to coarse, angular to
subangular; few gravel, angular to subangular up to 25 mm, hard; wet, weak
HCl, medium plasticity, stiff.

Mud rotary drill.

Pale yellow Silt (MH), medium to high plasticity, trace clay, wet, medium soft.

Mud rotary drill.

Strong brown well-graded Sand (SW), fine to medium, subangular to
subround, trace fines, nonplastic, wet, dense, lower 13 in pale yellow with
few black areas up to 8 mm.

Mud rotary drill.

Yellow poorly graded Sand (SP), fine, trace medium sand, little silt,
nonplastic, wet, dense; few black zones (6 mm to 12 mm) throughout upper
11 in, hard zone 9 to 10.5 in from bottom.

Pale yellow to very pale brown silty Sand (SM), sand fine, low plasticity, wet,
loose; one inch rock layers at 7 and 12 inches from bottom.
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>>
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Greenish gray silty Sand (SM), fine; white shell fragments, 90% of soil at top
grading to 5% at bottom, weak HCl; very low plasticity, moist, dense; grades
to dark greenish gray towards bottom.
Mud rotary drill.

SS-30

24/24

SS-28

Dark greenish gray fat Clay (CH), high plasticity, trace fine sand, moist, very
stiff.

50/2"

24/24

10/10

0/2.5

0/2

8/8

24/24

SS-29

Blow Count
(blows/ft)

(Continued Next Page)
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Mud rotary drill.
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Mud rotary drill.

Gray poorly graded Sand (SP) (lower 4 in), fine, angular to subangular,
nonplastic, wet, very dense; Very dark gray fat Clay (CH) (mid 4 in), high
plasticity, wet, hard, trace fine sand; upper 2 in waste soil.

Mud rotary drill.

Dark greenish gray, poorly graded fine Sand, trace silt, angular to
subangular, nonplastic, wet (sample from shoe), very dense.

Mud rotary drill.

No recovery.  Very dense.

Mud rotary drill.

Greenish black well graded Sand (SW) with areas of greenish gray Sand
(SW), trace silt, well-graded, sand fine to medium and angular to subangular,
wet, very dense; fat Clay (CH) (upper 1 in) with dark greenish gray Gravel
piece, 30 mm, subangular.

Mud rotary drill.

Greenish black silty fine Sand (SM) grading to dark greenish gray fat Clay
with depth; upper sand angular to subangular, low plasticity, moist, medium
dense/very stiff, grading to high plasticity with trace fine sand with depth,
moist, trace mica throughout.
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Mud rotary drill. (continued)
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Bottom of borehole at 157.0 feet.
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SS-17

SS-11

SS-12

SS-13

SS-14

SS-16

SS-18

SS-19

SS-20

SS-21

SS-15

9-7-7-20
(14)

5-2-5-3
(7)

14-17-23-31
(40)

13-17-22-30
(39)

11-14-18-26
(32)

9-13-13-15
(26)

16-12-18-24
(30)

6-17-23-31
(40)

13-19-21-26
(40)

(39)

12-16-20-26
(36)

24/24

12/24

14/24

18/24

13/24

12/24

15/24

15/24

10/24

12/24

15/24
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CLIENT Savannah River Remediation
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PROJECT NAME Saltstone Disposal Unit 6

PROJECT LOCATION Z-Area
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Material Description
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Mud rotary drill.

Dark brownish gray silty poorly graded Sand (SP-SM) (upper 4 in), sand fine
to medium, subangular, nonplastic, wet; Dark gray fat Clay (CH) (13 to 16 in
from bottom), trace fine sand, high plasticity, wet; Brownish yellow sandy

Mud rotary drill.

Brownish yellow silty poorly graded Sand (SP-SM), fine (mostly) to medium
sand, subangular, very low plasticity, wet, dense; lower 2.5 in dark yellowish
brown, mostly fine sand, subangular.

Brownish yellow poorly graded Sand (SP), fine to medium sand, angular to
subangular, trace clay, nonplastic, moist, dense.

35

40

45

50

55

60

65

70

75

Mud rotary drill.

Yellow clayey poorly graded Sand (SP-SC), fine sand, angular to subangular,
low plasticity, grading to sandy Clay with depth (CL), medium plasticity,
moist, medium dense/stiff.

Mud rotary drill.

Brownish yellow poorly graded Sand (SP), fine sand, subangular, trace clay,
nonplastic, moist, dense; sandy clay peds throughout up to 10 mm.

Brownish yellow clayey poorly graded Sand (SP-SC), fine sand, angular to
subangular, little clay, low plasticity, moist, dense; sandy clay peds
throughout up to 8 mm.

Mud rotary drill.

Reddish yellow sandy Clay (CL), fine sand, subangular to subround, trace
silt, low plasticity, moist, very stiff; upper 2 in and lower 3 in yellow fat Clay
(CH), few fine sand.

Mud rotary drill.

Reddish yellow well graded Sand (SW), medium sand, subangular to
subround, little fine sand, trace silt, nonplastic, moist, medium dense; Dark
red at 0 to 3 in from bottom and 5 to 5.5 in from bottom.

Reddish yellow well graded Sand (SW), medium sand, subangular to
subround, little fine sand, trace silt, nonplastic, moist, dense.

Reddish yellow well graded Sand (SW), medium sand, subangular to
subround, little fine sand, trace silt, nonplastic, moist, dense.

Reddish yellow poorly graded Sand (SP), medium sand, subangular to
subround, trace fine sand, trace silt, nonplastic, moist, dense. (continued)

Mud rotary drill.
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12-20-27-44
(47)

SS-29

SS-28

SS-27

SS-26

SS-25

SS-24

SS-23

Clay (CL) (lower 13 in), few fine sand, angular to subangular, high plasticity,
wet, loose/medium soft.

11-13-12-26
(25)

8-8-12-17
(20)

12-19-28-50/4"
(47)

29-50/4"

9-22-50/4"

22-50/4"

SS-22 18/24

Mud rotary drill.

18-28-33-30
(61)

24/22

10/10

21/16

10/10

24/24

24/24

13/24

Material Description
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BORING NUMBER Z-SDU6-B04

CLIENT Savannah River Remediation
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PROJECT NUMBER

PROJECT NAME Saltstone Disposal Unit 6

PROJECT LOCATION Z-Area

Brownish yellow poorly graded Sand (SP) (upper 3 in), medium, angular,
nonplastic, wet; Pale yellow to brownish yellow poorly graded Sand (SP)
(middle 12 in), fine to medium sand, angular to subangular, nonplastic, wet,
dense; Weak red poorly graded Sand (SP) (lower 3 in), fine to medium,
angular to subangular, nonplastic, wet.
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Blow Count
(blows/ft)

75

80

85

90

95

100

105

110

115

Greenish gray clayey Silt (ML/MH), medium to high plasticity, strong HCl Rx,
moist, hard; Greenish gray rock 1 in thick from 4 to 5 in from bottom,
fractured, hard, weak HCl Rx.
Mud rotary drill.

Mud rotary drill.

Pale yellow clayey Silt (MH), medium to high plasticity, weak to strong HCl
Rx, moist, hard; tip packed with hard, weathered rock (2 in).

Mud rotary drill.

Pale yellow clayey Silt (MH), medium plasticity, very weak HCl Rx, moist,
hard; white rock layer from 5 to 6.5 in from bottom, very hard arenaceous
carbonate, strong HCl Rx; few white gravel, subangular to subround, very
hard.

Mud rotary drill.

Pale brown clayey Silt (ML/MH), few sand, moderatetly plastic, wet, very stiff,
weak HCl Rx; fractured rock and few gravel, very hard, angular to
subangular, very hard, up to 25 mm.

Mud rotary drill.

Pale yellow clayey Silt (ML/MH), few clay, moderatetly plastic, wet, very stiff,
weak HCl Rx; trace white gravel, subangular, very hard, up to 25 mm.

Mud rotary drill.

Brownish yellow to pale yellow poorly graded Sand (SP), fine (mostly) to
medium, subangular to subround, nonplastic, wet, very dense.

Mud rotary drill.

Greenish gray clayey Sand (SC), mostly sand-sized white and dark brown
shell fragments (fragments up to 5 mm), little clay, medium plasticity,
medium to strong HCl Rx, moist, dense.

>>

>>

Savannah River Nuclear Solutions, Inc.
Savannah River Site
Aiken, SC  29208

>>
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14-21-28-50
(49)

21-50/5"

SS-36

SS-35

SS-34

SS-33

8-10-20-48
(30)

50/2"

50/2"

Mud rotary drill.

Greenish gray clayey Sand (SC), mostly sand-sized white and dark brown
shell fragments (fragments up to 5 mm), little clay, medium plasticity,
medium to strong HCl Rx, moist, dense; light greenish gray upper 11 in.
Mud rotary drill.

SS-32

24/24

SS-30

Greenish black sandy Clay (CL) (upper 12 in), trace silt; some sand, mostly
fine and angular, few medium subangular; silty laminations < 3 mm thick
from 11 to 15 in from bottom, high plasticity, moist, very stiff; Dark greenish
gray sandy Clay (CH) (lower 12 in), high plasticity, moist, very stiff.

50/4"

24/24

0/2

0/2

2/4

11/11

24/24

SS-31

Blow Count
(blows/ft)

(Continued Next Page)
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Savannah River Nuclear Solutions, Inc.
Savannah River Site
Aiken, SC  29208
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Mud rotary drill.
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Mud rotary drill.

Dark gray poorly graded Sand (SP), fine sand, subangular, nonplastic, wet,
very dense.

Mud rotary drill.

Dark greenish gray poorly graded Sand (SP), mostly subangular fine sand,
few subangular to subround medium sand, trace silt, nonplastic, wet, very
dense.

Mud rotary drill.

Greenish gray well graded Sand (SW), trace clay, fine sand, angular to
subangular, nonplastic, wet, very dense.

Mud rotary drill.

Dark greenish gray sandy Clay (CL/CH) (upper 2 in), high plasticity, wet;
Dark greenish gray well graded Sand (SW) (lower 9.5 in), mostly subangular
fine sand, few subround medium sand, trace clay, nonplastic, wet, very
dense.

Mud rotary drill.

Greenish black sandy Clay (CL) (upper 12 in); some fine angular sand, few
subangular to subround medium sand, medium plasticity, moist, hard.
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50-50/5"

50/4"

50/3"

50/4"

Mud rotary drill.

Gray poorly graded Sand (SP), fine to medium, angular to subangular,
nonplastic, wet, black inclusions (lignite?) up to 30% of sample, very dense.

Mud rotary drill.

Mud rotary drill.

Mud rotary drill.

Mud rotary drill. (continued)

SS-39 Black well graded silty Sand (SW-SM), fine to medium sand, subangular to
subround; little silt, trace clay, nonplastic, wet, very dense.

3/4

2/4

8/11SS-40

Grayish brown poorly graded Sand (SP), fine sand, angular to subangular,
trace medium sand, trace silt, nonplastic, wet, very dense.

SS-38 0/3

SS-37

(Continued Next Page)
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Greenish black well graded Sand (SW), fine to medium sand, subangular,
trace silt, nonplastic, wet, very dense.
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Savannah River Nuclear Solutions, Inc.
Savannah River Site
Aiken, SC  29208
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PROJECT NAME Saltstone Disposal Unit 6

PROJECT NUMBER

CLIENT Savannah River Remediation

BORING NUMBER Z-SDU6-B04
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29-26-46-50/4"
(72)

32-50/4"

47-27-50
(77)

50/2"

Mud rotary drill.

Dark gray poorly graded Sand (SP), medium sand, subangular; trace fine
sand, nonplastic, wet, very dense; dark gray clayey poorly graded Sand
(SP-SC), 7.5 to 10 in from bottom, medium sand, subangular, little clay,
trace fine sand, low plasticity.

Mud rotary drill.

Mud rotary drill.

Mud rotary drill.

Mud rotary drill. (continued)

SS-43 Dark greenish gray poorly graded Sand (SP), medium, subangular; little fine
sand, subangular; nonplastic, wet, very dense, slightly sulfurous; lower 1 in
cohesive, medium sand.

0/2

6/10

16/22SS-44

Greenish gray poorly graded Sand (SP), medium sand, subangular; little fine
sand, angular to subangular; nonplastic, wet, very dense.SS-42 11/18

SS-41

(Continued Next Page)
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Dark grayish brown poorly graded Sand (SP), medium, subangular,
nonplastic, wet, very dense.

Blow Count
(blows/ft)
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Savannah River Nuclear Solutions, Inc.
Savannah River Site
Aiken, SC  29208
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PROJECT NAME Saltstone Disposal Unit 6

PROJECT NUMBER

CLIENT Savannah River Remediation

BORING NUMBER Z-SDU6-B04
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21-32-37
(69)

7-8-13-21
(21)

12-18-27-50
(45)

25-38-50/5"

Mud rotary drill.

Gray silty poorly graded Sand (SP-SM), predominantly fine to medium sand,
angular to subangular, little mica, few silt, trace clay, nonplastic, wet, very
dense, moderately sulfurous.

Mud rotary drill.

Dark gray poorly graded Sand (SP), sand predominatly fine to medium,
subangular, trace silt, trace clay, nonplastic, wet, very dense.

Grayish green clayey Sand (SC), fine to predominantly medium sand,
subangular, low plasticity, moist, medium dense, slightly sulfurous.

Dark gray sandy Silt (ML), very fine sand, low plasticity, wet, hard.

SS-47

Mud rotary drill.

15/17

0/24

SS-48

Mud rotary drill.

SS-46

SS-45

24/24

16/22
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Savannah River Nuclear Solutions, Inc.
Savannah River Site
Aiken, SC  29208

G
E

O
TE

C
H

_B
LO

W
 C

O
U

N
T 

- G
IN

T 
S

TD
 U

S
.G

D
T 

- 0
2/

16
/1

2 
10

:2
4 

- C
:\P

R
O

G
R

A
M

 F
IL

E
S

\G
IN

T\
P

R
O

JE
C

TS
\S

D
U

_6
.G

P
J

Mud rotary drill. (continued)
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50/5"

44-50/4"

33-55-50
(105)

Mud rotary drill.

Mud rotary drill.

Light gray poorly graded Sand (SP), medium sand, subangular, trace fine
sand, trace kaolin, few mica, wet, very dense.

Mud rotary drill.

Gray poorly graded Sand (SP), fine to predomantly medium, subangular to
subround, trace mica, nonplastic, wet, very dense, slightly sulfurous.

Mud rotary drill. (continued)

10/18

4/5

SS-49

SS-50

SS-51

Bottom of borehole at 307.0 feet.

7/10

Material Description
Blow Count
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Savannah River Nuclear Solutions, Inc.
Savannah River Site
Aiken, SC  29208

Light gray poorly graded Sand (SP), medium, subangular, trace mica,
nonplastic, wet, very dense.
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C. Appendix A 

Appendix C – Bearing Capacity and Static Settlements 
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Bearing Capacity and Static Settlement Calculations for Saltstone Disposal Unit 6 
(140 pages) 
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1. Introduction 

The purpose of this calculation is to provide the bearing capacity and the static settlement for the 
Saltstone Disposal Unit 6 facility.  See Figure 1 for the general location of Saltstone Disposal 
Unit 6.  This calculation was performed to support the permitting and engineering design of 
Saltstone Disposal Unit 6. 

2. Input 

 Facility Configuration 2.1

Saltstone Disposal Unit 6 consists of a single post-tensioned concrete tank with an average inside 
diameter of 375 feet. 
The following are used for Saltstone Disposal Unit 6: 

� Bottom of Mud Mat Elevation: 265 ft, msl  
� Excavation Dimensions: 400 ft by 450 ft  
� Tank foundation outside diameter: 382 ft  
� Tank height: 43 ft  
� Weight of fluid Saltstone: 110 psf  

The tank floor will be a 1-foot reinforced concrete slab.  The slab will be thickened to 
approximately 2 feet at the perimeter beneath the tank wall.  The base dimension of the 
thickened slab will be 7 feet.  The tank roof will be supported by 208 circular columns supported 
on square pedestals supported by the floor slab. 

 Stratigraphy 2.2

The ground surface elevation at the project site ranges from 275 ft to 282 ft, msl, based on CPT 
surface elevations and SRS topographic maps.  Groundwater elevation at the site ranges from 
215 to 220 ft, msl (Ref. WSRC 2003).  A value of 220 ft, msl was used in this calculation.  
Five (5) geotechnical borings, three (3) undisturbed borings and two (2) Standard Penetration 
Test (SPT) borings, were performed for the Saltstone Disposal Unit 6, see Figure 2.  Boring Z-
SDU6-B02A was abandoned at a depth of 75 feet; boring Z-SDU6-B02B was performed 
adjacent to the abandoned boring.  Stratigraphic interpretations for the three borings were based 
primarily on the geophysical logs.  Twenty-three (23) CPTs and SCPTs were pushed for 
Saltstone Disposal Unit 6 (see Figure 2).  Stratigraphic interpretations of the borings, CPTs, and 
SCPTs are summarized below (Ref. SRS 2012a).  
 
 

    Elevation Top Pick (ft, msl) 

ID CPT 
Type 

SRS 
Northing 

SRS 
Easting 

Elevation 
ft, msl 

C2 
Layer 

S3 
Layer 

S4 
Layer Congaree 

Z-SDU6-C01 CPT 77413.3 66270.1 281.9 233 226 190  
Z-SDU6-C02 SCPT 77448.1 66350.4 281.4 233 227 190  
Z-SDU6-C03 CPT 77478.3 66494.3 281.6 233 225 190  
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    Elevation Top Pick (ft, msl) 

ID CPT 
Type 

SRS 
Northing 

SRS 
Easting 

Elevation 
ft, msl 

C2 
Layer 

S3 
Layer 

S4 
Layer Congaree 

Z-SDU6-C04 CPT 77503.3 66578.8 281.8 236 229 190  
Z-SDU6-C05 SCPT 77624.5 66594.9 278.1 235 226 187  
Z-SDU6-C06 CPT 77587.6 66472.8 278.6 234 227 189  
Z-SDU6-C07 CPT 77546.9 66357.1 279.4 237 230 191  
Z-SDU6-C08 CPT 77511.4 66258.9 279.7 236 230 186  
Z-SDU6-C09 CPT 77621.8 66210.4 278.3 237 230 194  
Z-SDU6-C10 CPT 77644.2 66285.6 278.0 237 230 190  
Z-SDU6-C11 CPT 77663.3 66354.1 277.6 238 233 186  
Z-SDU6-C12 SCPT 77682.6 66452.6 277.7 239 234 188  
Z-SDU6-C13 CPT 77722.6 66523.4 276.3 234 228 188  
Z-SDU6-C14 CPT 77720.6 66180.9 277.3 234 222 181  
Z-SDU6-C15 CPT 77748.2 66249.8 276.8 232 217 192  
Z-SDU6-C16 SCPT 77772.2 66312.2 276.7 234 216 184  
Z-SDU6-C17 CPT 77796.3 66393.3 276.0 235 219 187  
Z-SDU6-C18 SCPT 77819.4 66471.7 275.6 235 217 186  
Z-SDU6-C19 SCPT 77869.3 66155.6 276.4 235 227 183  
Z-SDU6-C20 CPT 77895.0 66236.9 276.0 226 219 176  
Z-SDU6-C21 CPT 77920.9 66321.6 276.3 233 225 182  
Z-SDU6-C22 CPT 77947.5 66415.1 276.5 237 230 187  
Z-SDU6-C23 CPT 77967.7 66482.5 275.5 238 233 190  
Z-SDU6-B01  77771.3 66309.1 276.6     

Z-SDU6-B02A  77625.3 66594.8 278.0     
Z-SDU6-B02B  77629.2 66588.9 278.1 234 227 191  
Z-SDU6-B03  77769.6 66304.5 276.5 232 217 188 146 
Z-SDU6-B04  77663.9 66351.1 277.9 236 232 191 145 

 Soil Properties 2.3

Total unit weights for soils beneath Saltstone Disposal Unit 6 range from 93 to 130 pcf.  
Recommended values for in situ soils range from 106 to 123 pcf.  A value of 120 pcf will used in 
this calculation for ease of computations.  Shear stress parameters for effective stress conditions 
and consolidation properties are summarized in the table below.  The effective shear strength 
parameters vary with depth.  The recommended effective cohesion values range from 175 psf to 
275 psf.  Effective friction values ranged from 26° to 40° based on correlations between the 
effective friction angle and the CPT and the SPT (Ref. SRS 2012b).  A conservative effective 
cohesion value of 100 psf was chosen for analysis.  An effective cohesion of 32° was chosen for 
design. 
 

Unit Weight    
In situ Soils 120 pcf    

Effective Shear Strength (All layers except Fill)    
Effective Friction Angle 32°    

Effective Cohesion 100 psf    
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Consolidation Parameters by Layer    
 S1/2 C2 S3 S4 

Compression Index, Cc 0.06 0.58 0.23 0.28 
Recompression Index, Cr 0.007 0.10 0.03 0.02 

Initial Void Ration, e0 0.63 1.35 0.76 0.92 

3. Computations and Results 

The following sections provide the bearing capacity and static settlement calculations for the 
foundation systems.   

 Bearing Capacity 3.1

This section provides the bearing capacity parameters including ultimate bearing capacity, 
allowable static bearing capacity, design bearing capacity, allowable dynamic bearing capacity, 
and the strength reduction factor.  The bearing capacity of the 382-foot diameter tank was 
analyzed as a square foundation of equivalent area, or a 339-foot by 339-foot square.  Bearing 
capacity results are summarized in Table 1 and bearing capacity parameters are summarized in 
Table 2. 

3.1.1 Ultimate Bearing Capacity 

For � > 0°, the ultimate bearing capacity qu is computed using the equations originating with 
Terzaghi and later modified by others.  For � = 0°, a modification of Skempton’s bearing 
capacity equation for undrained cohesive soils was used.  Correction factors suggested by Hanse, 
Vesic, and Meyerhof were used for this calculation (Ref. Bowles 1988, COE 1990).  

(Skempton)                                             )1(14.5

(Terzaghi)    
2

qcccccu

z
qqqqqqqccccccu

qGBIDScq

rBGIDSNBBGIDSNqBGIDScNq

�������

��� �������
�

  

where c = cohesion,  
  qq = overburden or surcharge pressure at the foundation base, 
  �z = effective unit weight of soil below the foundation base, 
  B = foundation width, 
  r� = foundation width reduction factor. 
Nc, Nq, and N� are bearing capacity factors; Sc, Sq, and S� are foundation shape factors; Dc, Dq, 
and D� are depth factors; Ic, Iq, and I� are load inclination factors; Bc, Bq, and B� are foundation 
base inclination factors; and Gc, Gq, and G� are ground inclination factors.   
The bearing capacity factors Nc, Nq, and N� suggested by Hansen are: 
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The bearing capacity factors Nc, Nq, and N� suggested by Vesic are: 
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The bearing capacity factors Nc, Nq, and N� suggested by Meyerhof are: 
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The shape factors Sc, Sq, and S� suggested by Hansen are: 
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The shape factors Sc, Sq, and S� suggested by Vesic are: 
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The shape factors Sc, Sq, and S� suggested by Meyerhof are: 
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The depth factors Dc, Dq, and D� for D < B given by Hansen are: 
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The depth factors Dc, Dq, and D� for D < B given by Vesic are: 
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 The depth factors Dc, Dq, and D� for D < B given by Meyerhof are: 
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For this calculation, level ground surface and uniform loading were used; i.e. ground inclination 
(Gc, Gq, and G�), load inclination (Ic, Iq, and I�), and base inclination (Bc, Bq, and B�) factors are 
1.0 for � > 0° (Ref. Bowles 1998).   
Since the distance to the groundwater table is less than the width of the foundation, the effective 
unit weight of the soil beneath the foundation is determined by the following equation (Ref. Fang 
1991): 

w
w

wbfz B
DD ���� �

��� )(   

where �bf = unit weight of soil below the foundation,  
  �w = unit weight of water, 
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  Dw = Depth to water, 
  D = embedment depth of foundation, 
  B = foundation width, 
For foundation widths less than 6 feet, the r� is 1.0.  For foundation widths greater than or equal 
to 6 feet, the following reduction factor is applied to the calculated ultimate bearing capacity 
(Ref. Bowles 1998): 

4

)6log(
1

B
r ���  

3.1.2 Allowable Static Bearing Capacity 

The allowable bearing capacity is calculated by applying a factor of safety to the ultimate 
bearing capacity.  The factor of safety used in this calculation is 3.0 (Ref. SRS 2006). 

FS
qq u

a �   

3.1.3 Allowable Dynamic Bearing Capacity 

The dynamic bearing capacity is determined by increasing the allowable static bearing capacity 
by a factor of one-third (Ref. SRS 2006). 

adyn qq 3
11�  

3.1.4 Design Bearing Capacity 

The design bearing capacity q�, used for Load and Resistance Factor Design (LRFD), was 
computed with the same equations as the ultimate bearing capacity.  Strength reduction factors 
were applied to the soil strength parameters of effective cohesion and effective friction angle.  A 
cohesion reduction factor (fc) of 0.5 was applied to the effective cohesion and a friction reduction 
factor (f�) of 0.8 was applied to the tangent of the effective friction angle as shown in the 
following equations (Ref. Fang 1991): 
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The bearing capacity factors, shape factors, and depth factors are calculated using the reduced 
cohesion and reduced friction angle to determine the design bearing capacity.   

3.1.5 Strength Reduction Factor 

The strength reduction factor, �, is based on the ultimate bearing capacity and the design bearing 
capacity (Ref. SRS 2006).  The strength reduction factor is given by the equation: 
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 Static Settlement 3.2

The following sections discuss the static loadings and the computation of settlement.  
Settlements were computed using various methodologies. 

3.2.1 Static Loading 

The current surface elevations range from 275 to 282 ft, msl.  During excavation, 10 to 17 feet of 
soil will be removed to reach elevation 265 ft, msl.  This is a decrease in overburden pressures of 
1,200 to 2,040 psf at the bottom of the excavation.   
At the end of construction, the floor slab will have a bearing pressure of approximately 600 psf 
(see Appendix A for derivation) assuming a uniform distribution.  During leak testing of the 
structure, the floor slab will have a bearing pressure of approximately 3,300 psf, including the 
weight of the structure.  At the end of tank operations when the tank is filled with Saltstone (41 ft 
x 110 pcf), the floor slab will have a bearing pressure of approximately 5,100 psf including the 
weight of the tank.  The remaining 3 feet of tank space will later be filled with a grout cap in 
preparation for closure operations, adding approximately 400 psf to the tank bearing pressure. 
During closure operations, a soil cover, approximately 20 feet thick, may be placed over the 
tank.  It is anticipated that the thickness of the closure cap over SDU6 will be uniform.  This 
additional soil cover will result in an additional overburden of approximately 2,500 psf assuming 
125 pcf of compacted fill materials. 

 
Vertical Pressure at Elevation 265 ft, msl 

Existing End of  
Excavation 

End of 
Construction 

Tank Half 
Full 

End of 
Operations 

Pre 
Closure 

Post 
Closure 

Minimum 1,200 psf 0 psf 600 psf 2,800 psf 5,100 psf 5,500 psf 8,000 psf 

Maximum 2,040 psf 0 psf 600 psf 2,800 psf 5,100 psf 5,500 psf 8,000 psf 

3.2.2 Settlement Estimate by Subgrade Modulus 

Subgrade moduli of other large structures at SRS range from 6 to 23 pci (Section 3.3) for similar 
soil conditions. 
The loading cases presented in Section 3.2.1 and a subgrade modulus range of 6 to 23 pci are 
considered to estimate potential settlements.  The results are: 

 
Minimum 
Settlement 

(inches) 

Maximum 
Settlement 

(inches) 

Average Settlement 
(inches) 

Heave -0.4 -2.4 -1.2 
Tank Half Full 0.9 3.2 2.0 

End of Operations 1.5 5.9 3.7 
Pre Closure 1.7 6.4 4.0 
Post Closure 2.4 9.3 5.8 
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3.2.3 One-Dimensional Consolidation Theory 

Settlement of the soil column was computed using one dimensional consolidation theory. 
For normally consolidated soils: 
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where 
� H = thickness of cohesive layer 
� Cc = virgin compression index 
� Cr = recompression index 
� ��o = initial effective overburden pressure 
� ��p = preconsolidation pressure 
� ��� = change in effective pressure 
� eo = initial void ratio 

Early settlement estimates for DWPF in S Area, which has an average load of similar to that of 
the fully loaded SDU6, ranged from 13 to 16 inches.  Further analysis resulted in settlement 
predictions of 3 to 5 inches.  The reduction in predicted settlement was based upon 
recompression of the soil column rather than virgin compression.  The approach was validated 
by back-calculating settlements of similarly loaded existing H-Area structures.  The DWPF 
engineers adopted a conservative approach in that half of the C2 layer would experience 
recompression and half would experience virgin compression (Ref. SRS 1984).  To date DWPF 
has settled less than 3.5 inches (Ref. SRS 2011).  Early 1980’s analysis of the Z-Area vaults 
utilized soil consolidation properties from neighboring S Area based on similar index test results.  
However specific properties were developed for the C2 layer (Ref. SRS 1986).   
The properties used in the calculation, listed in Section 2.3, consider both S-Area and Z-Area soil 
properties.  All layers, except the C2 layer, are assumed to experience only recompression 
resulting from the loads imparted by Saltstone Disposal Unit 6 at the end of operations (5,100 
psf).  As with DWPF, half of the C2 layer was assumed to experience recompression and half 
experience virgin compression. 
The C2 average thickness is approximately 8 feet across the site.  Beneath the northwestern 
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portion of the tank, the C2 layer is approximately 12 to 18 feet thick, but thins back to a 
thickness of 5 to 8 feet at the northwestern perimeter of the excavation.  The depth to the C2 
layer from the bottom of the excavation ranges from 27 feet to 39 feet, and averages 30 feet. 
Consolidation settlements were computed at each CPT location, based on the CPT-specific 
stratigraphic picks.  Two cases were performed, one where the C2 layer virgin compression 
occurred in the top half of the layer, and one where the virgin compression occurred in the 
bottom half of the layer.  The results of these two cases were averaged to predict consolidation 
settlements.  Only CPTs beneath the tank and adjacent to the tank (Z-SDU-C05 through 
Z-SDU6-C18) were used for statistical purposes as summarized in the table below. 
 

 
Minimum 
Settlement 

(inches) 

Maximum 
Settlement 

(inches) 

Average 
Settlement 

(inches) 
Heave After Excavation -1.2 -1.5 -1.4 

End of Construction 0.5 0.6 0.5 
Tank Half Full 2.6 4.3 3.2 

End of Operations 4.7 8.0 5.8 
Post Closure 10.8 16.9 13.5 

Experience in H and S Areas also indicates that the rate of secondary compression for the SRS is 
small, on the order of ¼-inch over 30 years, for structural loading ranging from 3 to 6 ksf 
(Ref. SRS 2007b).   

3.2.4 Empirical Settlement Analysis 

The following sections will discuss empirical methods used to determine the settlement of the 
soil column using cohesionless soil settlement analyses.   

 Burland and Burbidge 3.2.4.1.
The Burland and Burbidge method estimates the immediate settlement, S0, based on SPT data.  
The soil is assumed to be consolidated to the overburden pressure prior to excavation (Ref. PICE 
1985; COE 1990). 
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B = foundation width �
H = thickness of the layer 
Z1 = depth of influence of loaded area 
 = 1.35B0.75 for constant or increasing Nave with depth 
 = 2B for decreasing Nave with depth 
Nave = average SPT blow count over depth of influence 
Ic =compressibility influence factor, 0.23/Nave

1.4
  

Blow counts were not corrected to N60 values for use in this calculation because it is assumed 
that the N value is equal to N60.  For each boring the average N value within the depth of 
influence was determined.  Refusals and blow counts in excess of 50 were treated as a value of 
50 for the purposes of averaging.  See Figures 3 through 5 for N value averages.  No corrections 
were made for gravelly or silty soils. 
Settlement can be further estimated by changing Ic to achieve upper and lower bound estimates 
of settlement.  The lower and upper bounds are defined below (Ref. COE 1990). 

Lower bound settlement is computed using Icmin = 0.08/Nave
1.3 

Upper bound settlement is computed using Icmax = 1.34/Nave
1.67  

Settlement after time t, at least 3 years following construction, may be estimated by: 
 St = ft S0 (Equation 4) 
where ft = 1 + R3 + Rt log (t/3) 
R3 and Rt are the time–dependent settlement ratios, for t = 30 years 
 R3 = 0.3 for static loads or 0.7 for fluctuating loads 

Rt = 0.2 for static loads or 0.8 for fluctuating loads 
Assuming static loads, 
 ft = 1 + 0.3 + 0.2 log (30/3) = 1.5 
Therefore, total settlement at t = 30 years is: 
 St = 1.5 S0 
The depth of influence for the tank is approximately 120 feet using the Burland and Burbidge 
method.  The immediate settlements were calculated for each of the 3 borings within the 
footprint of the structure.  The settlements were calculated for loads at the end of operations 
(5,100 psf), at the completion of closure operations (8,000 psf) and at 30 years after closure.     
The lower bound, upper bound, and average settlements were computed using Icmin, Icmax, and Ic 
as described earlier.  The settlement values summarized below are the average of the three 
boring-specific settlements.  The calculated average settlements at the midpoint of operations 
ranged from 1.1 to 1.4 inches and from 2.6 to 3.2 inches at the end of operations. 
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Lower 
Bound 

Settlement 
(inches) 

Upper 
Bound 

Settlement 
(inches) 

Average  
Settlement 

(inches) 

Heave -0.1 -0.4 -0.2 
End of Construction 0.1 0.3 0.1 

Tank Half Full 0.6 2.8 1.2 
End of Operations 1.4 6.4 2.8 

Post Closure 2.3 10.8 4.8 
30 Years Post Closure 3.5 16.3 7.1 

 
 Schmertmann Method 3.2.4.2.

The Schmertmann method estimates the immediate settlement S0 based on CPT data (Ref. COE 
1990): 

 zi
n

i si

i
t I

E
zPCCS �

�
����� �

�1
10  (Equation 5) 

where  C1 = strain relief from embedment correction factor, C1= [1 – (0.5 ��
vo / �p)] � 0.5,  

 Ct = correction for time-dependent increase in settlement and Ct = 1 + 0.2 log (t/0.1) 
  t = in years,  

for t = 30 years, Ct = 1 + 0.2 log (30/0.1) = 1.5 
� �p = net applied footing pressure 
� �zi = depth increment i, 
 ��

vo = effective overburden at base of foundation 
Izp = peak influence factor  

 
5.0

1.05.0 �
�
�



�
�
�

�

�
�

��
Izp

P
�

 

 Izi = influence factor of soil layer i 
 Esi = elastic modulus of soil layer i 

= 2.5 qc for L/B = 1 
= 3.5 qc for L/B � 10 

where qc is the average tip stress of soil layer i in tsf.  For this evaluation, thickness of each soil 
layer (depth increment) is 1 foot.  The depth was determined relative to the foundation elevation 
of 265 ft, msl.  The influence factor of a soil layer can be calculated based on the geometry of the 
foundation as follows (Ref. Coduto 1994):  
For square and circular foundations (L/B = 1) 

� 	

B  to  zFor       2667.0

  to0  zFor    2.021.0

2
B

i

2
B

i

��
�



�
�
� ���

���
�



�
�
���

B
zII

I
B
zI

i
zpzs

zp
i

zs

 (Equations 6, 7) 
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For continuous foundations (L/B � 10) 

� 	

4B  toB  zFor     4333.0

B  to0  zFor    2.02.0

i

i

��
�



�
�
� ���

���
�



�
�
���

B
zII

I
B
zI

i
zpzc

zp
i

zc

 (Equations 8, 9) 

For rectangular foundations (1 < L/B < 10) 

� 	� 	1111.0 ���� B
L

zszczszr IIII  (Equation 10) 

Previous analyses performed for the Vitrification Building, 221-S, found that the estimated 
Schmertmann settlements were more than double the measured settlements, likely due to the 
methodology underestimating the elastic modulus for the cohesionless soils present at SRS.  
Realistic results may be obtained by dividing the Schmertmann result by a conservative 
adjustment factor of 2 (Ref. SRS 2007b).   
The Congaree Formation is located approximately 120 feet below the bottom of the excavation.  
During the investigation for Saltstone Disposal Unit 6, CPTs refused before reaching the 
Congaree; however CPTs Z-SDU6-C20, Z-SDU6-C21, and Z-SDU6-C22 appear to have refused 
refused on the top of the Congaree Formation with tip stresses of approximately 500 tsf.    SPT 
blow counts in the Congaree Formation and below refused (50 blows over 6 inch or less interval) 
excepting an N value of 45 and 21 at a depth of 240 and 250 feet in Z-SDU6-B04.  Because of 
the high CPT tip stress and the SPT refusals, the Congaree is considered a rigid base and the 
Schmertmann settlement analysis was only performed for layers above the Congaree. 
The Schmertmann settlement analysis was performed for all 23 CPTs and SCPTs.  Average tip 
stresses were computed on 1-foot intervals relative to the depth below the bottom of the 
foundation (i.e. 265 ft, msl).  CPTs which terminated above the Congaree Formation were 
supplemented with the average tip stress values from the remaining CPTs for the corresponding 
1-foot intervals.   
The following table presents the settlement values using the Schmertmann method.  Lower and 
upper bound settlements are the minimum and maximum CPT specific settlements, respectively. 
Only CPTs beneath the tank and adjacent to the tank (Z-SDU-C05 through Z-SDU6-C18) were 
used for statistical purposes as summarized in the table below.  As applied, the Schmertmann 
methodology does not compute settlement for values less than the existing overburden stress; 
therefore no estimates of heave or settlement at the end of construction are presented in the table 
below. 

 
Minimum 
Settlement 

(inches) 

Maximum 
Settlement 

(inches) 

Average  
Settlement 

(inches) 

Tank Half Full 0.2 0.5 0.3 
End of Operations 0.7 2.1 1.2 

Post Closure 1.5 4.4 2.5 
30 Years Post Closure 2.2 6.6 3.7 
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 Subgrade Modulus 3.3

The subgrade modulus is a foundation-specific value and is not a specific soil property.  The 
subgrade modulus correlates foundation pressure and settlement by 

�
�

pks  

where  p = foundation contact pressure (pounds per square inch, psi) 
 � = foundation settlement (inches) 
The subscript s refers to the foundation size.  For example, k1 refers to the subgrade modulus for 
a 1-foot square foundation.  When no subscript is used, the value refers to the subgrade modulus 
for the entire foundation. 
The subgrade modulus depends on the size and shape of the loaded area.  This calculation will 
estimate the subgrade modulus for Saltstone Disposal Unit 6 based on SPT/CPT correlations and 
historical data.  

3.3.1 Historical Data 

Heave data from the excavation of Vault 2 (approximately 250 ft by 400 ft; 7.3 to 19 feet deep, ), 
indicates movement ranging from ¼ inch to 1 inch.  Based on this data, the subgrade modulus for 
a large excavation could range from 26 to 43 kcf (15 to 25 pci).   
Based on values for other large facilities around the SRS, including the In Tank Precipitation 
(ITP) tanks, DWPF, and the Remote Handling Building (RHB) subgrade modulus (k) values 
range from approximately 10 to 40 kcf (6 to 23 pci).  Converting these values to k1 results in 
values of 40 to 160 kcf (23 to 93 pci) (Ref. SRS 2007a). 
The settlement values predicted using subgrade modulus (Section 3.2.2) are in good agreement 
with the other methods of settlement prediction.  Given the potential for differential settlement of 
the tank as discussed in Section 3.2.5, the range of subgrade moduli should be considered in 
foundation analysis. 

3.3.2 CPT and SPT Correlations 

Subgrade modulus at the project site was estimated based on CPT uncorrected tip stress (qc, kPa) 
and friction ratio (Rf, %).  For all CPTs the average uncorrected tip stress is approximately 140 
tsf and the average friction ratio is approximately 2.3%.  CPT depths range from 86 to 131 feet.  
Figure 18 correlates the empirical formula qc/100Rf (kPa/%) to modulus of subgrade reaction, k1.  
The subgrade modulus, k1, based on the average CPT data is 240 pci.   

 
Average Tip Stress 

qc 
(tsf) 

Average Tip Stress 
qc 

(kPa) 

Average Friction Ratio 
Rf 

(%) 

qc/100Rf 
(kPa/%) 

Average 140 13406 2.3 58 

   k1 240 pci 

Average SPT blow counts (N55) and uncorrected CPT tip stresses were also used to estimate the 
subgrade modulus.  Measured blow counts were converted to energy-corrected blow counts, N55, 
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which correspond to 55% of input energy using the following equation (Ref. Bowles): 
N�rb = N × Er / Erb  (Eq. 1) 

where N  = measured blow count,  
  N�rb = energy corrected blow count  

 Er = actual energy ratio = 60 
  Erb = standard energy ratio = 55 
Thus, 
 N55 = 1.09 * N. 
Figure 28 correlates the empirical formula qc/100N55 (kPa) to modulus of subgrade reaction, k1.    
Figure 28 indicates that a small change in qc/100N55 results in a large change in subgrade 
modulus.  Therefore, the minimum qc/100N55 value was used to give a conservative estimate of 
the subgrade modulus.  The modulus of subgrade reaction, k1, based on CPT and SPT data is 400 
pci.  

 
Average Tip Stress 

qc 
(tsf) 

Average Tip Stress 
qc 

(kPa) 

Average 
Blow Count 

N 

Average 
Blow Count 

N55 

qc/100N55 
(kPa) 

Average 140 13406 32 35 3.8 

    k1 225 pci 

Based on the above computations, the range of k1 is approximately 225 to 240 pci.  To find the 
subgrade modulus for a 30-inch plate as required by the ACI code (Ref. ACI 1997), the 
following equation is used: 
 ks = [(B + 1)/(2B)]2 * k1 
where B is the width of the load (30 inches or 2.5 feet in this case).  Therefore, 
 k2.5 = 0.49 k1 

Using the ACI Code for design, the range of subgrade modulus, k2.5 (i.e., subgrade modulus for a 
30 inch plate) is between about 110 to 120 pci.  This applies to point loads or loads on smaller 
areas.   
Using the equation for ks  

As 14
1, kkB s ���  

Therefore, for large foundations the subgrade modulus ranges from 55 to 60 pci, based on 
emperical analysis.  These values are greater than the values back-calculated from other large 
structures at SRS (6 to 23 pci).   

 Lateral Earth Pressure 3.4

The effective friction angle (��) of the compacted fill is assumed to be between 30° and 35°, 
depending on the material source and the level of compaction.  The lateral earth pressure 
coefficients are computed using the following: 
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Active earth pressure �
�

�

�
� �� 245tan2 �

ak  

Passive earth pressure �
�

�

�
� �� 245tan2 �

pk  

At-rest earth pressure 
���
����

30  For                       5.0
30  For               sin1

0

0

�
��

k
k

 

Consideration was given to compaction-induced lateral earth pressures.  The method 
recommended by Duncan et. al (Ref. Duncan 1991, Duncan 1993) determines ��h graphically 
based on depth, compaction effort, and the method of compaction.  The site specific ��h is 
calculated by applying correction factors to ��h based on lift thickness (t), distance of from the 
wall (x), friction angle (�), and roller width (w).   Higher � values result in increased compaction 
induced lateral earth pressures when utilizing the method recommended by Duncan et. al, 
therefore � = 35° was analyzed.  For the purposes of this analysis, it is assumed that soil will be 
compacted in 6-inch lifts with a 600 lb/in, 7-foot roller within half a foot of the tank wall.   

4. Results 

 Bearing capacity 4.1

Bearing capacity results are summarized in Table 1 and bearing capacity parameters are 
summarized in Table 2.  Allowable bearing capacity values ranged from 30,900 psf to 
88,600 psf.  The Hansen parameters resulted in the most conservative values of bearing capacity 
and are thus recommended for design.  The allowable bearing capacity is 30,900 psf. 

 Settlement 4.2

A summary of the settlement analyses is found in Table 3.  Table 4 summarizes the average 
values of the various methods.  All heave movements are expected to occur during excavation 
and will have ceased prior to the beginning of construction.  The average heave within the 
excavation is expected to be approximately 1 inch. 
Figures 6 and 7 show the plan view of cross sections used in this calculation.  Figures 8 through 
17 present predicted settlements along these cross sections for Saltstone Disposal Unit 6 at the 
end of operations based on CPT-specific predicted settlements.  The estimated load at the end of 
operations is 5,100 psf.  Settlements outside the footprint of the tank, estimated using a 5,100 psf 
load, are also shown on the cross sections.  The predicted settlements shown are based on the 
Schmertmann approach and from consolidation computations.  The Schertmann approach 
estimates a lower total settlement value than the one-dimensional consolidation approach; 
however the two approaches show general agreement in relative predicted movements.   
Average settlements predicted via the different methodologies range from 2.8 inches to 5.5 
inches at the end of operations.  Maximum predicted settlements are located along cross section 
BB with the greatest differential settlement sections running perpendicular to this section and 
cross section CC.  Considering the location-specific differential settlements by different 
methodologies, the maximum differential settlements occur between sections BB and CC.  The 
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average differential settlement between these sections is 2.9 inches, with a maximum predicted 
differential settlement is 3.2 inches.  The distance between cross section BB and CC is 
approximately 110 feet (Figure 6).  

Cross Section Differential Settlement 

BB CC Consolidation Schmertmann Burland and 
Burbidge 

Z-SDU6-C15 Z-SDU6-C10 2.8 0.0 --- 
Z-SDU6-C16 Z-SDU6-C11 2.8 1.1 --- 
Z-SDU6-C17 Z-SDU6-C12 2.6 0.7 --- 
Z-SDU6-C18 Z-SDU6-C13 3.2 0.9 --- 
Z-SDU6-B03 Z-SDU6-B04 --- --- 0.6 

Average settlements via the different methodologies for the tank at half of operational capacity 
(2,800 psf) range from 0.3 to 3.0 inches.  Settlement profiles for the tank at half capacity are 
presented in Appendix B.  The maximum differential settlement at the midpoint of operations is 
approximately 1.5 inches. 
Settlements were predicted with up to 4 inches of deviation between methodologies.  In order to 
verify the estimated settlements, it is recommended that heave and settlement monitoring points 
be installed and surveyed during and after construction of Saltstone Disposal Unit 6.  Settlement 
data will provide important information, which can be used to verify and calibrate settlement 
analysis methods and may result in more accurate settlement estimations in the future. 

 Subgrade modulus 4.3

Subgrade modulus values are summarized in Table 5.  The use of empirical formulas to estimate 
the modulus of subgrade reaction predicted higher values for ks (55 to 60 pci) compared to 
values back-calculated from existing SRS structures (6 to 23 pci).  The use of the back-calculated 
values is recommended for design purposes. 

 Lateral earth pressures 4.4

Considering effective friction angles ranging from 30° to 35° depending on source and degree of 
compaction, the coefficient of at-rest earth pressure is 0.5. The active earth pressure ranges from 
0.27 to 0.33 depending upon the source material and degree of compaction.  The passive earth 
pressure ranges from 3.00 to 3.69 depending on the source material and degree of compaction.   
The induced pressures below 16 feet were considered to extend linearly to intersect the K0 line, 
below which K0 conditions control; see Figure 19.  The compaction induced lateral earth 
pressures are summarized in the Table 6. 

5. Conclusions 

Bearing Capacity – Appendix C 
� Ultimate Bearing Capacity 92,000 psf 
� Design Bearing Capacity 38,800 psf 
� Strength Reduction Factor 0.42 
� Allowable Bearing Capacity – Static 30,900 psf 
� Allowable Bearing Capacity – Dynamic 41,200 psf 
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Settlement – Appendix D 
Recommended settlement values are the arithmetic average of the average settlements for each 
of the methods employed. 

� Average heave after excavation is approximately 1 inch. 
� Average total settlement after operations are complete is approximately 4 inches. 

� Maximum settlement along cross section BB is approximately 6 inches. 
� Average settlement after the closure cap is complete is approximately 7 inches. 
� Average settlement 30 years after the closure cap is complete is approximately 8 inches. 
� Differential settlement at the midpoint of operations is 1.5 inches across 110 feet. 
� The maximum expected differential settlement at the end of operations is 3.2 inches 

across 110 feet. 
Subgrade Modulus – Appendix E 

� The recommended k1 value is 100 pci, based on historical and theoretical values. 
� A reduced k1 value of 25 pci is recommended for use where higher settlements are 

predicted along the northern portion of the tank. 
Lateral Earth Pressure  

� Active earth pressure, ka = 0.27 to 0.33 
� Passive earth pressure, kp = 3.00 to 3.69 
� At-rest earth pressure, k0 = 0.5 
� Compaction-induced lateral earth pressures are summarized in Table 6 
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Table 1: Calculated Bearing Capacities 

 Ultimate Bearing 
Capacity 

Allowable 
Static Bearing 

Capacity  

Design Bearing 
Capacity 

Allowable Dynamic 
Bearing Capacity ��

 (psf) (psf) (psf) (psf) (psf) 

Hansen 92,000 30,900 38,800 41,200 0.42 

Vesic 128,000 42,600 57,100 56,900 0.45 

Meyerhof 266,000 88,600 95,800 118,200 0.36 

 

Table 2: Summary of Bearing Capacity Factors 

 N S D 
Nc Nq N� Sc Sq S� Dc Dq D� r� 

Hansen 35.49 23.18 20.79 1.65 1.62 0.60 1.00 1.00 1.00 0.562 
Vesic 35.49 23.18 30.21 1.65 1.62 0.60 1.00 1.00 1.00 0.562 

Meyerhof 35.49 23.18 22.02 4.25 1.33 1.33 2.80 1.18 1.18 0.562 

 

Table 3: Summary of Settlement Statistics 

Settlement (inches) 

 Subgrade 
Modulus Consolidation Burland and 

Burbidge Schmertmann 

Heave 
Average -1.2 -1.3 -0.2 --- 

Minimum -0.4 -1.1 -0.1 --- 
Maximum -2.4 -1.4 -0.4 --- 

     
Tank Half Full 

Average 2.0 3.0 1.2 0.3 
Minimum 0.9 2.4 1.1 0.2 
Maximum 3.2 4.1 1.4 0.5 

     
End of Operations 

Average 3.7 5.8 2.8 1.2 
Minimum 1.5 4.7 2.6 0.7 
Maximum 5.9 8.0 3.2 2.1 

     
Post Closure 

Average 5.8 13.5 4.8 2.5 
Minimum 2.4 10.8 2.3 1.5 
Maximum 9.3 16.9 10.8 4.4 
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Table 4: Summary of Average Static Settlements 

 
Minimum 
Settlement 

(inches) 

Maximum 
Settlement 

(inches) 

Recommended 
Settlement 

(inches) 

Heave -0.2 -1.3 -1 
Tank Half Full 0.3 3.0 2 

Operations Complete 1.2 5.5 4 
Closure Cap Complete 2.5 13.5 7 

 
 

Table 5: Summary of Subgrade Modulus 

 k1 
(pci) 

ks 
(pci) 

Historical SRS Data 23 to 93 6 to 23 
CPT Correlation 240 60 

CPT-SPT Correlation 225 55 

 

Table 6: Compaction-Induced Lateral Earth Pressure 

Depth �H Design�
(feet)  (psf) 

0 0 
2 600 
4 790 
8 980 

16 1,200 
22 1,375 
43 2,688 

K0 controls at 22 feet and below 
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Figure 1: Location of Saltstone Disposal Unit 6 
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Figure 2: Saltstone Disposal Unit 6 Geotechnical Exploration Locations with Topography 
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Figure 3: Average N Value within the Depth of Influence for Boring Z-SDU6-B03 
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Figure 4: Average N Value within the Depth of Influence for Boring Z-SDU6-B04 
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Figure 5: Average N Value within the Depth of Influence for Boring Z-221 
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Figure 6: Cross Sections A through E 
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Figure 7: Cross Sections F through J 
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Figure 8: Predicted Settlement Cross Section for SDU 6 at the End of Operations 

 

 

Figure 9: Predicted Settlement Cross Section for SDU 6 at the End of Operations 
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Figure 10: Predicted Settlement Cross Section for SDU 6 at the End of Operations 

 

 

Figure 11: Predicted Settlement Cross Section for SDU 6 at the End of Operations 
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Figure 12: Predicted Settlement Cross Section for SDU 6 at the End of Operations 

 

 

Figure 13: Predicted Settlement Cross Section for SDU 6 at the End of Operations 
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Figure 14: Predicted Settlement Cross Section for SDU 6 at the End of Operations 

 

 

Figure 15: Predicted Settlement Cross Section for SDU 6 at the End of Operations 
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Figure 16: Predicted Settlement Cross Section for SDU 6 at the End of Operations 

 

 

Figure 17: Predicted Settlement Cross Section for SDU 6 at the End of Operations 

 

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

0 50 100 150 200 250 300 350 400 450 500 550 600
Se
tt
le
m
en

t�(
in
)

Distance�Along�Cross�Section�II�(ft)

Schmertmann

Consolidation

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

0 50 100 150 200 250 300 350 400 450 500 550 600

Se
tt
le
m
en

t�(
in
)

Distance�Along�Cross�Section�JJ�(ft)

Schmertmann

Consolidation

C-38



K-CLC-Z-00024, Rev. 0  Sheet 38 
  

 

 
 

 

Figure 18: Correlation between CPT and SPT Data and Subgrade Modulus 
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Figure 19: Compaction-Induced Lateral Earth Pressures 
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Appendix A – Estimated Empty Tank Load 
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Appendix B – Settlement Cross Sections – Tank Half Full 
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Appendix C – Bearing Capacity Calculation Worksheets 
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Excerpts from Fang 
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Excerpts from Bowles 
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Input Parameters Foundation

Effective Friction Angle (deg) ��� 32 Footing Width (ft) B : 339

Cohesion (psf) c : 100 Footing Length (ft) L : 339

Total Unit Weight of Soil Footing Depth (ft) D : 2
Above Foundation (pcf)

Depth to Groundwater (ft) Dw : 45
Total Unit Weight of Soil
Below Foundation (pcf) Unit Weight of Water (pcf) � w : 62.4

Factor of Safety FS : 3 Cohesion Reduction Factor fc : 0.5

Friction Angle Reduction Factor f���� 0.8

Effective Unit Weight of Soil Above the Foundation (�D)

�D = 120 pcf

Overburden at base of foundation: qq = 240 psf

Effective Unit Weight of Soil Below the Foundation (�z)

� z = 65.5 pcf

Ultimate Bearing Capacity (qu)

qu = 92766 psf

Ultimate Bearing Capacity : 92,000 psf

Allowable Static Bearing Capacity (qa)

qa = 30922 psf

Allowable Static Bearing Capacity: 30,900 psf

Allowable Dynamic Bearing Capacity

qdy n = 41229 psf

Allowable Dynamic Bearing Capacity : 41,200 psf
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Foundation
Bearing Capacity Factors

Nc = 35.49

Nq = 23.18

N� = 20.79

Shape Factors

Sc = 1.65

Sq = 1.62

S� = 0.60

Depth Factors

Dc = 1.00

Dq = 1.00

D� = 1.00

k = 0.006

Inclination Factors Gc = 1.0
Gq = 1.0
G� = 1.0

Foundation Width Correction
  For foundation widths less than 6 feet, r� = 1 r� = 0.562
  For foundation widths greater than 6 feet:

Reduced Soil Strength Parameters
Nc = 23.18 Sc = 1.543
Nq = 12.59 Sq = 1.500

� red = 26.6 N� = 8.69 S� = 0.600
Dc = 1.00 Gc = 1.00

cred = 50 psf Dq = 1.00 Gq = 1.00
D� = 1.00 G� = 1.00

Design Bearing Capacity (q� ) r� = 0.562

q�  = 38866 psf

Design Bearing Capacity: 38,800 psf

Tank - Hansen
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Input Parameters Foundation

Effective Friction Angle (deg) ��� 32 Footing Width (ft) B : 339

Cohesion (psf) c : 100 Footing Length (ft) L : 339

Total Unit Weight of Soil Footing Depth (ft) D : 2
Above Foundation (pcf)

Depth to Groundwater (ft) Dw : 45
Total Unit Weight of Soil
Below Foundation (pcf) Unit Weight of Water (pcf) � w : 62.4

Factor of Safety FS : 3 Cohesion Reduction Factor fc : 0.5

Friction Angle Reduction Factor f���� 0.8

Effective Unit Weight of Soil Above the Foundation (�D)

�D = 120 pcf

Overburden at base of foundation: qq = 240 psf

Effective Unit Weight of Soil Below the Foundation (�z)

� z = 65.5 pcf

Ultimate Bearing Capacity (qu)

qu = 128069 psf

Ultimate Bearing Capacity : 128,000 psf

Allowable Static Bearing Capacity (qa)

qa = 42690 psf

Allowable Static Bearing Capacity: 42,600 psf

Allowable Dynamic Bearing Capacity

qdy n = 56920 psf

Allowable Dynamic Bearing Capacity : 56,900 psf
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Foundation
Bearing Capacity Factors

Nc = 35.49

Nq = 23.18

N� = 30.21

Shape Factors

Sc = 1.65

Sq = 1.62

S� = 0.60

Depth Factors

Dc = 1.00

Dq = 1.00

D� = 1.00

k = 0.006

Inclination Factors Gc = 1.0
Gq = 1.0
G� = 1.0

Foundation Width Correction
  For foundation widths less than 6 feet, r� = 1 r� = 0.562
  For foundation widths greater than 6 feet:

Reduced Soil Strength Parameters
Nc = 23.18 Sc = 1.543
Nq = 12.59 Sq = 1.500

� red = 26.6 N� = 13.58 S� = 0.600
Dc = 1.00 Gc = 1.00

cred = 50 psf Dq = 1.00 Gq = 1.00
D� = 1.00 G� = 1.00

Design Bearing Capacity (q� ) r� = 0.562

q�  = 57199 psf

Design Bearing Capacity: 57,100 psf

Tank - Vesic
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Input Parameters Foundation

Effective Friction Angle (deg) ��� 32 Footing Width (ft) B : 339

Cohesion (psf) c : 100 Footing Length (ft) L : 339

Total Unit Weight of Soil Footing Depth (ft) D : 2
Above Foundation (pcf)

Depth to Groundwater (ft) Dw : 45
Total Unit Weight of Soil
Below Foundation (pcf) Unit Weight of Water (pcf) � w : 62.4

Factor of Safety FS : 3 Cohesion Reduction Factor fc : 0.5

Friction Angle Reduction Factor f���� 0.8

Effective Unit Weight of Soil Above the Foundation (�D)

�D = 120 pcf

Overburden at base of foundation: qq = 240 psf

Effective Unit Weight of Soil Below the Foundation (�z)

� z = 65.5 pcf

Ultimate Bearing Capacity (qu)

qu = 266074 psf

Ultimate Bearing Capacity : 266,000 psf

Allowable Static Bearing Capacity (qa)

qa = 88691 psf

Allowable Static Bearing Capacity: 88,600 psf

Allowable Dynamic Bearing Capacity

qdy n = 118255 psf

Allowable Dynamic Bearing Capacity : 118,200 psf
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Foundation
Bearing Capacity Factors

Nc = 35.49

Nq = 23.18

N� = 22.02

Shape Factors

Sc = 4.25

Sq = 1.33

S� = 1.33

Depth Factors

Dc = 2.80

Dq = 1.18

D� = 1.18

Inclination Factors Gc = 1.0
Gq = 1.0
G� = 1.0

Foundation Width Correction
  For foundation widths less than 6 feet, r� = 1 r� = 0.562
  For foundation widths greater than 6 feet:

Reduced Soil Strength Parameters
Nc = 23.18 Sc = 3.618
Nq = 12.59 Sq = 1.262

� red = 26.6 N� = 8.79 S� = 1.262
Dc = 2.62 Gc = 1.00

cred = 50 psf Dq = 1.16 Gq = 1.00
D� = 1.16 G� = 1.00

Design Bearing Capacity (q� ) r� = 0.562

q�  = 95822 psf

Design Bearing Capacity: 95,800 psf

Tank - Meyerhof
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Appendix D – Settlement Calculation Worksheets 
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Footing w idth B = 382.0 ft Z-SDU6-C01
Footing length L = 382.0 ft
Ground elevation 281.9 ft
Foundation elevation 265.0 ft
Ground Water elevation 220.0 ft Load S0 =
Excavated or embedded depth D = 16.9 ft End of Operations 5.10 0.9
Depth to Groundw ater 61.9 ft Tank Half Full 2.80 0.2
Unit w eight �  = 120.0 pcf Pre Closure 5.50 1.1
Gross Footing Load 5.10 ksf Post Closure 8.00 2.2
Net applied footing pressure �p = 3.072 ksf

L/B = 1.00 -

Computation
Settlement  �i = C1 Ct �p !(�zi Izi/Esi) 0.147 ft

 �i = Ct = 1 1.759 in Load S0 =
S�t	 = 0.219 ft 5.10 1.3
S�t	 = 2.630 in 8.00 3.2

Correction for strain relief C1 = 1 - 0.5(�'D/q') 0.670 -
Effective vertical overburden pressure at D �'vo = � �D 2.028 ksf
Correction for time dependent increase Ct = 1 + 0.2 log( t / 0.1 ) 1.50 -

t = 30.00 years
Elastic modulus of soil layer i Esi = 2.5 qc see Column H if L/B = 1

Esi = 3.5 qc see Column H If L/B � 10
Depth increment i �zi see Column D
Influence factor of soil layer i Izi Figure 3-4 see Column G
Peak depth influence factor Izp = 0.5 + 0.1�(�p/�'Izp)1/2 0.544 -

zp = 0.5B + D 207.90 ft If  L/B = 1
zp = B + D 398.90 ft If  L/B � 10
zp = 207.90 ft for L/B=1.00

Effective overburden pressure at depth Izp �'Izp = 15.84 ksf
Elastic Modulus Esi = 2.50 qc If  L/B = 1

Esi = 3.50 qc If  L/B � 10
Esi = 2.50 qc for L/B=1.00

Depths Below  Are Relative to the Bottom of Foundation
A B C D E F G H I J K

Layer Layer Layer Layer Mid-layer Average Elastic
top bottom thickness depth tip stress Izi modulus �zi Izi/Esi �zi Izi/Esi Notes

 depth depth �zi zave qc Esi
No. (ft) (ft) (ft) (ft) (tsf) (ksf)
1 0.0 1.0 1.0 0.5 174.3 0.101 871.3 0.00012 0.00012
2 1.0 2.0 1.0 1.5 169.6 0.103 848.1 0.00012 0.00012
3 2.0 3.0 1.0 2.5 143.1 0.106 715.7 0.00015 0.00015
4 3.0 4.0 1.0 3.5 151.6 0.108 758.0 0.00014 0.00014
5 4.0 5.0 1.0 4.5 190.3 0.110 951.7 0.00012 0.00012
6 5.0 6.0 1.0 5.5 192.6 0.113 962.8 0.00012 0.00012
7 6.0 7.0 1.0 6.5 132.3 0.115 661.7 0.00017 0.00017
8 7.0 8.0 1.0 7.5 123.8 0.117 619.2 0.00019 0.00019
9 8.0 9.0 1.0 8.5 109.0 0.120 545.2 0.00022 0.00022
10 9.0 10.0 1.0 9.5 117.4 0.122 586.8 0.00021 0.00021
11 10.0 11.0 1.0 10.5 124.4 0.124 621.8 0.00020 0.00020
12 11.0 12.0 1.0 11.5 109.3 0.127 546.6 0.00023 0.00023
13 12.0 13.0 1.0 12.5 111.7 0.129 558.5 0.00023 0.00023
14 13.0 14.0 1.0 13.5 127.6 0.131 638.2 0.00021 0.00021
15 14.0 15.0 1.0 14.5 134.9 0.134 674.4 0.00020 0.00020
16 15.0 16.0 1.0 15.5 142.0 0.136 709.8 0.00019 0.00019
17 16.0 17.0 1.0 16.5 145.4 0.138 727.2 0.00019 0.00019
18 17.0 18.0 1.0 17.5 131.5 0.141 657.6 0.00021 0.00021
19 18.0 19.0 1.0 18.5 144.5 0.143 722.4 0.00020 0.00020
20 19.0 20.0 1.0 19.5 176.0 0.145 879.9 0.00017 0.00017
21 20.0 21.0 1.0 20.5 147.9 0.148 739.6 0.00020 0.00020
22 21.0 22.0 1.0 21.5 155.2 0.150 775.8 0.00019 0.00019
23 22.0 23.0 1.0 22.5 326.7 0.152 1633.7 0.00009 0.00009
24 23.0 24.0 1.0 23.5 343.7 0.155 1718.4 0.00009 0.00009
25 24.0 25.0 1.0 24.5 337.1 0.157 1685.5 0.00009 0.00009

Immediate
Settlement (in.)

(S0 / 2)

30 Year
Settlement (in.)

(S30 / 2)
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26 25.0 26.0 1.0 25.5 342.7 0.159 1713.7 0.00009 0.00009
27 26.0 27.0 1.0 26.5 362.2 0.162 1811.0 0.00009 0.00009
28 27.0 28.0 1.0 27.5 365.1 0.164 1825.4 0.00009 0.00009
29 28.0 29.0 1.0 28.5 382.3 0.166 1911.5 0.00009 0.00009
30 29.0 30.0 1.0 29.5 327.5 0.169 1637.7 0.00010 0.00010
31 30.0 31.0 1.0 30.5 240.2 0.171 1200.8 0.00014 0.00014
32 31.0 32.0 1.0 31.5 57.6 0.173 288.1 0.00060 0.00060
33 32.0 33.0 1.0 32.5 111.0 0.176 554.8 0.00032 0.00032
34 33.0 34.0 1.0 33.5 71.6 0.178 357.9 0.00050 0.00050
35 34.0 35.0 1.0 34.5 101.4 0.180 506.9 0.00036 0.00036
36 35.0 36.0 1.0 35.5 140.5 0.183 702.5 0.00026 0.00026
37 36.0 37.0 1.0 36.5 55.6 0.185 277.9 0.00067 0.00067
38 37.0 38.0 1.0 37.5 75.6 0.187 378.2 0.00049 0.00049
39 38.0 39.0 1.0 38.5 147.9 0.190 739.7 0.00026 0.00026
40 39.0 40.0 1.0 39.5 199.3 0.192 996.3 0.00019 0.00019
41 40.0 41.0 1.0 40.5 244.8 0.194 1224.0 0.00016 0.00016
42 41.0 42.0 1.0 41.5 157.9 0.196 789.5 0.00025 0.00025
43 42.0 43.0 1.0 42.5 104.5 0.199 522.7 0.00038 0.00038
44 43.0 44.0 1.0 43.5 202.5 0.201 1012.5 0.00020 0.00020
45 44.0 45.0 1.0 44.5 281.3 0.203 1406.7 0.00014 0.00014
46 45.0 46.0 1.0 45.5 263.0 0.206 1315.0 0.00016 0.00016
47 46.0 47.0 1.0 46.5 175.2 0.208 876.0 0.00024 0.00024
48 47.0 48.0 1.0 47.5 179.1 0.210 895.5 0.00023 0.00023
49 48.0 49.0 1.0 48.5 176.7 0.213 883.5 0.00024 0.00024
50 49.0 50.0 1.0 49.5 124.5 0.215 622.5 0.00035 0.00035
51 50.0 51.0 1.0 50.5 132.3 0.217 661.4 0.00033 0.00033
52 51.0 52.0 1.0 51.5 119.8 0.220 598.9 0.00037 0.00037
53 52.0 53.0 1.0 52.5 126.6 0.222 632.9 0.00035 0.00035
54 53.0 54.0 1.0 53.5 187.9 0.224 939.5 0.00024 0.00024
55 54.0 55.0 1.0 54.5 193.3 0.227 966.4 0.00023 0.00023
56 55.0 56.0 1.0 55.5 199.8 0.229 998.9 0.00023 0.00023
57 56.0 57.0 1.0 56.5 205.7 0.231 1028.6 0.00022 0.00022
58 57.0 58.0 1.0 57.5 185.9 0.234 929.3 0.00025 0.00025
59 58.0 59.0 1.0 58.5 157.4 0.236 787.2 0.00030 0.00030
60 59.0 60.0 1.0 59.5 132.6 0.238 663.2 0.00036 0.00036
61 60.0 61.0 1.0 60.5 105.7 0.241 528.4 0.00046 0.00046
62 61.0 62.0 1.0 61.5 87.5 0.243 437.7 0.00056 0.00056
63 62.0 63.0 1.0 62.5 59.0 0.245 295.0 0.00083 0.00083
64 63.0 64.0 1.0 63.5 27.3 0.248 136.3 0.00182 0.00182
65 64.0 65.0 1.0 64.5 15.8 0.250 78.8 0.00317 0.00317
66 65.0 66.0 1.0 65.5 12.1 0.252 60.4 0.00418 0.00418
67 66.0 67.0 1.0 66.5 51.1 0.255 255.7 0.00100 0.00100
68 67.0 68.0 1.0 67.5 117.3 0.257 586.4 0.00044 0.00044
69 68.0 69.0 1.0 68.5 224.7 0.259 1123.4 0.00023 0.00023
70 69.0 70.0 1.0 69.5 195.2 0.262 975.9 0.00027 0.00027
71 70.0 71.0 1.0 70.5 178.8 0.264 894.0 0.00030 0.00030
72 71.0 72.0 1.0 71.5 73.9 0.266 369.7 0.00072 0.00072
73 72.0 73.0 1.0 72.5 13.8 0.269 68.8 0.00390 0.00390
74 73.0 74.0 1.0 73.5 17.2 0.271 86.2 0.00314 0.00314
75 74.0 75.0 1.0 74.5 68.1 0.273 340.3 0.00080 0.00080
76 75.0 76.0 1.0 75.5 51.3 0.276 256.5 0.00107 0.00107
77 76.0 77.0 1.0 76.5 22.4 0.278 112.1 0.00248 0.00248
78 77.0 78.0 1.0 77.5 16.0 0.280 80.0 0.00350 0.00350
79 78.0 79.0 1.0 78.5 13.4 0.282 66.8 0.00423 0.00423
80 79.0 80.0 1.0 79.5 35.3 0.285 176.5 0.00161 0.00161
81 80.0 81.0 1.0 80.5 163.8 0.287 818.8 0.00035 0.00035
82 81.0 82.0 1.0 81.5 181.6 0.289 907.9 0.00032 0.00032
83 82.0 83.0 1.0 82.5 163.1 0.292 815.3 0.00036 0.00036
84 83.0 84.0 1.0 83.5 131.7 0.294 658.5 0.00045 0.00045
85 84.0 85.0 1.0 84.5 171.8 0.296 859.0 0.00035 0.00035
86 85.0 86.0 1.0 85.5 139.6 0.299 698.1 0.00043 0.00043
87 86.0 87.0 1.0 86.5 107.2 0.301 536.2 0.00056 0.00056
88 87.0 88.0 1.0 87.5 142.6 0.303 713.2 0.00043 0.00043
89 88.0 89.0 1.0 88.5 159.0 0.306 795.1 0.00038 0.00038
90 89.0 90.0 1.0 89.5 101.7 0.308 508.4 0.00061 0.00061
91 90.0 91.0 1.0 90.5 113.9 0.310 569.7 0.00054 0.00054
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92 91.0 92.0 1.0 91.5 128.0 0.313 639.8 0.00049 0.00049
93 92.0 93.0 1.0 92.5 132.8 0.315 663.8 0.00047 0.00047
94 93.0 94.0 1.0 93.5 201.8 0.317 1009.1 0.00031 0.00031
95 94.0 95.0 1.0 94.5 142.9 0.320 714.4 0.00045 0.00045
96 95.0 96.0 1.0 95.5 118.3 0.322 591.6 0.00054 0.00054
97 96.0 97.0 1.0 96.5 115.9 0.324 579.7 0.00056 0.00056
98 97.0 98.0 1.0 97.5 111.7 0.327 558.5 0.00058 0.00058
99 98.0 99.0 1.0 98.5 93.3 0.329 466.7 0.00070 0.00070
100 99.0 100.0 1.0 99.5 131.0 0.331 655.2 0.00051 0.00051
101 100.0 101.0 1.0 100.5 199.1 0.334 995.3 0.00034 0.00034
102 101.0 102.0 1.0 101.5 210.6 0.336 1053.0 0.00032 0.00032
103 102.0 103.0 1.0 102.5 167.6 0.338 837.8 0.00040 0.00040
104 103.0 104.0 1.0 103.5 117.9 0.341 589.5 0.00058 0.00058
105 104.0 105.0 1.0 104.5 71.2 0.343 356.1 0.00096 0.00096
106 105.0 106.0 1.0 105.5 84.2 0.345 421.0 0.00082 0.00082
107 106.0 107.0 1.0 106.5 82.8 0.348 414.1 0.00084 0.00084
108 107.0 108.0 1.0 107.5 85.5 0.350 427.5 0.00082 0.00082
109 108.0 109.0 1.0 108.5 87.7 0.352 438.7 0.00080 0.00080
110 109.0 110.0 1.0 109.5 71.5 0.355 357.6 0.00099 0.00099
111 110.0 111.0 1.0 110.5 60.5 0.357 302.6 0.00118 0.00118
112 111.0 112.0 1.0 111.5 64.9 0.359 324.4 0.00111 0.00111
113 112.0 113.0 1.0 112.5 62.6 0.362 313.2 0.00115 0.00115
114 113.0 114.0 1.0 113.5 70.2 0.364 351.0 0.00104 0.00104
115 114.0 115.0 1.0 114.5 80.1 0.366 400.6 0.00091 0.00091
116 115.0 116.0 1.0 115.5 191.7 0.369 958.5 0.00038 0.00038
117 116.0 117.0 1.0 116.5 204.5 0.371 1022.4 0.00036 0.00036
118 117.0 118.0 1.0 117.5 508.1 0.373 2540.5 0.00015 0.00015
119 118.0 119.0 1.0 118.5 621.5 0.375 3107.7 0.00012 0.00012
120 119.0 120.0 1.0 119.5 668.1 0.378 3340.6 0.00011 0.00011
! = 0.07121

I zr (1 < L/B < 10): I zr = I zs  + 0.111 (I zc  - I zs ) (L/B - 1)
I zs  (L/B = 1):
     For z ave  = 0 to B/2: I zs  = 0.1 + (z ave /B)(2I zp- 0.2)
     For z ave  = B/2 to 2B: I zs  = 0.667 I zp (2 - z ave /B)
I zc  (L/B �  10):
     For z ave  = 0 to B: I zc  = 0.2 + (z ave /B)(I zp - 0.2)
     For z ave  = B to 4B: I zc  = 0.333 I zp (4 - z ave /B) ( Coduto p.228. )
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Footing w idth B = 382.0 ft Z-SDU6-C02
Footing length L = 382.0 ft
Ground elevation 281.4 ft
Foundation elevation 265.0 ft
Ground Water elevation 220.0 ft Load S0 =
Excavated or embedded depth D = 16.4 ft End of Operations 5.10 0.7
Depth to Groundw ater 61.4 ft Tank Half Full 2.80 0.1
Unit w eight �  = 120.0 pcf Pre Closure 5.50 0.9
Gross Footing Load 5.10 ksf Post Closure 8.00 1.8
Net applied footing pressure �p = 3.132 ksf

L/B = 1.00 -

Computation
Settlement  �i = C1 Ct �p !(�zi Izi/Esi) 0.123 ft

 �i = Ct = 1 1.471 in Load S0 =
S�t	 = 0.183 ft 5.10 1.1
S�t	 = 2.200 in 8.00 2.6

Correction for strain relief C1 = 1 - 0.5(�'D/q') 0.686 -
Effective vertical overburden pressure at D �'vo = � �D 1.968 ksf
Correction for time dependent increase Ct = 1 + 0.2 log( t / 0.1 ) 1.50 -

t = 30.00 years
Elastic modulus of soil layer i Esi = 2.5 qc see Column H if L/B = 1

Esi = 3.5 qc see Column H If L/B � 10
Depth increment i �zi see Column D
Influence factor of soil layer i Izi Figure 3-4 see Column G
Peak depth influence factor Izp = 0.5 + 0.1�(�p/�'Izp)1/2 0.545 -

zp = 0.5B + D 207.40 ft If  L/B = 1
zp = B + D 398.40 ft If  L/B � 10
zp = 207.40 ft for L/B=1.00

Effective overburden pressure at depth Izp �'Izp = 15.78 ksf
Elastic Modulus Esi = 2.50 qc If  L/B = 1

Esi = 3.50 qc If  L/B � 10
Esi = 2.50 qc for L/B=1.00

Computations made relative to the bottom of foundation
A B C D E F G H I J K

Layer Layer Layer Layer Mid-layer Average Elastic
top bottom thickness depth tip stress Izi modulus �zi Izi/Esi �zi Izi/Esi Notes

 depth depth �zi zave qc Esi
No. (ft) (ft) (ft) (ft) (tsf) (ksf)
1 0.0 1.0 1.0 0.5 107.6 0.101 537.9 0.00019 0.00019
2 1.0 2.0 1.0 1.5 111.0 0.103 555.1 0.00019 0.00019
3 2.0 3.0 1.0 2.5 123.8 0.106 619.2 0.00017 0.00017
4 3.0 4.0 1.0 3.5 141.2 0.108 706.0 0.00015 0.00015
5 4.0 5.0 1.0 4.5 143.9 0.110 719.7 0.00015 0.00015
6 5.0 6.0 1.0 5.5 123.5 0.113 617.4 0.00018 0.00018
7 6.0 7.0 1.0 6.5 119.0 0.115 594.9 0.00019 0.00019
8 7.0 8.0 1.0 7.5 127.6 0.117 638.1 0.00018 0.00018
9 8.0 9.0 1.0 8.5 133.0 0.120 664.8 0.00018 0.00018
10 9.0 10.0 1.0 9.5 126.8 0.122 633.8 0.00019 0.00019
11 10.0 11.0 1.0 10.5 119.3 0.124 596.5 0.00021 0.00021
12 11.0 12.0 1.0 11.5 123.6 0.127 618.2 0.00021 0.00021
13 12.0 13.0 1.0 12.5 135.7 0.129 678.4 0.00019 0.00019
14 13.0 14.0 1.0 13.5 122.7 0.131 613.4 0.00021 0.00021
15 14.0 15.0 1.0 14.5 120.4 0.134 601.9 0.00022 0.00022
16 15.0 16.0 1.0 15.5 136.8 0.136 683.8 0.00020 0.00020
17 16.0 17.0 1.0 16.5 147.0 0.138 734.8 0.00019 0.00019
18 17.0 18.0 1.0 17.5 176.0 0.141 880.2 0.00016 0.00016
19 18.0 19.0 1.0 18.5 196.9 0.143 984.7 0.00015 0.00015
20 19.0 20.0 1.0 19.5 197.8 0.145 988.9 0.00015 0.00015
21 20.0 21.0 1.0 20.5 211.8 0.148 1058.9 0.00014 0.00014
22 21.0 22.0 1.0 21.5 268.0 0.150 1339.9 0.00011 0.00011
23 22.0 23.0 1.0 22.5 242.5 0.152 1212.5 0.00013 0.00013
24 23.0 24.0 1.0 23.5 237.4 0.155 1186.9 0.00013 0.00013
25 24.0 25.0 1.0 24.5 253.8 0.157 1269.1 0.00012 0.00012

Immediate
Settlement (in.)

(S0 / 2)

30 Year
Settlement (in.)

(S30 / 2)
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26 25.0 26.0 1.0 25.5 243.3 0.159 1216.6 0.00013 0.00013
27 26.0 27.0 1.0 26.5 241.4 0.162 1206.9 0.00013 0.00013
28 27.0 28.0 1.0 27.5 279.8 0.164 1398.9 0.00012 0.00012
29 28.0 29.0 1.0 28.5 356.0 0.166 1779.8 0.00009 0.00009
30 29.0 30.0 1.0 29.5 322.7 0.169 1613.6 0.00010 0.00010
31 30.0 31.0 1.0 30.5 177.0 0.171 885.2 0.00019 0.00019
32 31.0 32.0 1.0 31.5 74.3 0.173 371.7 0.00047 0.00047
33 32.0 33.0 1.0 32.5 91.4 0.176 457.1 0.00038 0.00038
34 33.0 34.0 1.0 33.5 96.6 0.178 483.1 0.00037 0.00037
35 34.0 35.0 1.0 34.5 134.8 0.180 673.9 0.00027 0.00027
36 35.0 36.0 1.0 35.5 103.1 0.183 515.4 0.00035 0.00035
37 36.0 37.0 1.0 36.5 69.1 0.185 345.4 0.00054 0.00054
38 37.0 38.0 1.0 37.5 176.6 0.187 883.2 0.00021 0.00021
39 38.0 39.0 1.0 38.5 195.4 0.190 976.9 0.00019 0.00019
40 39.0 40.0 1.0 39.5 232.9 0.192 1164.4 0.00016 0.00016
41 40.0 41.0 1.0 40.5 252.6 0.194 1262.8 0.00015 0.00015
42 41.0 42.0 1.0 41.5 244.4 0.197 1222.1 0.00016 0.00016
43 42.0 43.0 1.0 42.5 242.5 0.199 1212.3 0.00016 0.00016
44 43.0 44.0 1.0 43.5 229.8 0.201 1149.2 0.00018 0.00018
45 44.0 45.0 1.0 44.5 115.0 0.204 575.0 0.00035 0.00035
46 45.0 46.0 1.0 45.5 139.9 0.206 699.6 0.00029 0.00029
47 46.0 47.0 1.0 46.5 289.1 0.208 1445.6 0.00014 0.00014
48 47.0 48.0 1.0 47.5 271.6 0.211 1358.0 0.00016 0.00016
49 48.0 49.0 1.0 48.5 236.9 0.213 1184.5 0.00018 0.00018
50 49.0 50.0 1.0 49.5 190.8 0.215 954.0 0.00023 0.00023
51 50.0 51.0 1.0 50.5 146.0 0.218 730.1 0.00030 0.00030
52 51.0 52.0 1.0 51.5 122.7 0.220 613.7 0.00036 0.00036
53 52.0 53.0 1.0 52.5 221.3 0.222 1106.7 0.00020 0.00020
54 53.0 54.0 1.0 53.5 257.7 0.225 1288.5 0.00017 0.00017
55 54.0 55.0 1.0 54.5 258.8 0.227 1293.8 0.00018 0.00018
56 55.0 56.0 1.0 55.5 246.8 0.229 1234.1 0.00019 0.00019
57 56.0 57.0 1.0 56.5 218.3 0.232 1091.6 0.00021 0.00021
58 57.0 58.0 1.0 57.5 153.9 0.234 769.7 0.00030 0.00030
59 58.0 59.0 1.0 58.5 99.4 0.236 497.0 0.00048 0.00048
60 59.0 60.0 1.0 59.5 49.5 0.238 247.6 0.00096 0.00096
61 60.0 61.0 1.0 60.5 40.5 0.241 202.5 0.00119 0.00119
62 61.0 62.0 1.0 61.5 10.8 0.243 53.9 0.00451 0.00451
63 62.0 63.0 1.0 62.5 32.5 0.245 162.3 0.00151 0.00151
64 63.0 64.0 1.0 63.5 119.2 0.248 596.2 0.00042 0.00042
65 64.0 65.0 1.0 64.5 240.6 0.250 1202.9 0.00021 0.00021
66 65.0 66.0 1.0 65.5 373.2 0.252 1866.2 0.00014 0.00014
67 66.0 67.0 1.0 66.5 352.2 0.255 1761.1 0.00014 0.00014
68 67.0 68.0 1.0 67.5 303.5 0.257 1517.7 0.00017 0.00017
69 68.0 69.0 1.0 68.5 264.6 0.259 1323.0 0.00020 0.00020
70 69.0 70.0 1.0 69.5 106.1 0.262 530.4 0.00049 0.00049
71 70.0 71.0 1.0 70.5 23.3 0.264 116.5 0.00227 0.00227
72 71.0 72.0 1.0 71.5 28.5 0.266 142.5 0.00187 0.00187
73 72.0 73.0 1.0 72.5 46.8 0.269 233.8 0.00115 0.00115
74 73.0 74.0 1.0 73.5 33.3 0.271 166.3 0.00163 0.00163
75 74.0 75.0 1.0 74.5 43.6 0.273 217.8 0.00126 0.00126
76 75.0 76.0 1.0 75.5 118.6 0.276 593.1 0.00046 0.00046
77 76.0 77.0 1.0 76.5 80.9 0.278 404.3 0.00069 0.00069
78 77.0 78.0 1.0 77.5 75.5 0.280 377.7 0.00074 0.00074
79 78.0 79.0 1.0 78.5 43.8 0.283 218.9 0.00129 0.00129
80 79.0 80.0 1.0 79.5 138.3 0.285 691.3 0.00041 0.00041
81 80.0 81.0 1.0 80.5 117.1 0.287 585.5 0.00049 0.00049
82 81.0 82.0 1.0 81.5 181.6 0.290 907.9 0.00032 0.00032
83 82.0 83.0 1.0 82.5 163.1 0.292 815.3 0.00036 0.00036
84 83.0 84.0 1.0 83.5 131.7 0.294 658.5 0.00045 0.00045
85 84.0 85.0 1.0 84.5 171.8 0.297 859.0 0.00035 0.00035
86 85.0 86.0 1.0 85.5 139.6 0.299 698.1 0.00043 0.00043
87 86.0 87.0 1.0 86.5 107.2 0.301 536.2 0.00056 0.00056
88 87.0 88.0 1.0 87.5 142.6 0.304 713.2 0.00043 0.00043
89 88.0 89.0 1.0 88.5 159.0 0.306 795.1 0.00038 0.00038
90 89.0 90.0 1.0 89.5 101.7 0.308 508.4 0.00061 0.00061
91 90.0 91.0 1.0 90.5 113.9 0.311 569.7 0.00055 0.00055
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92 91.0 92.0 1.0 91.5 128.0 0.313 639.8 0.00049 0.00049
93 92.0 93.0 1.0 92.5 132.8 0.315 663.8 0.00047 0.00047
94 93.0 94.0 1.0 93.5 201.8 0.318 1009.1 0.00031 0.00031
95 94.0 95.0 1.0 94.5 142.9 0.320 714.4 0.00045 0.00045
96 95.0 96.0 1.0 95.5 118.3 0.322 591.6 0.00054 0.00054
97 96.0 97.0 1.0 96.5 115.9 0.325 579.7 0.00056 0.00056
98 97.0 98.0 1.0 97.5 111.7 0.327 558.5 0.00059 0.00059
99 98.0 99.0 1.0 98.5 93.3 0.329 466.7 0.00071 0.00071
100 99.0 100.0 1.0 99.5 131.0 0.332 655.2 0.00051 0.00051
101 100.0 101.0 1.0 100.5 199.1 0.334 995.3 0.00034 0.00034
102 101.0 102.0 1.0 101.5 210.6 0.336 1053.0 0.00032 0.00032
103 102.0 103.0 1.0 102.5 167.6 0.339 837.8 0.00040 0.00040
104 103.0 104.0 1.0 103.5 117.9 0.341 589.5 0.00058 0.00058
105 104.0 105.0 1.0 104.5 71.2 0.343 356.1 0.00096 0.00096
106 105.0 106.0 1.0 105.5 84.2 0.346 421.0 0.00082 0.00082
107 106.0 107.0 1.0 106.5 82.8 0.348 414.1 0.00084 0.00084
108 107.0 108.0 1.0 107.5 85.5 0.350 427.5 0.00082 0.00082
109 108.0 109.0 1.0 108.5 87.7 0.353 438.7 0.00080 0.00080
110 109.0 110.0 1.0 109.5 71.5 0.355 357.6 0.00099 0.00099
111 110.0 111.0 1.0 110.5 60.5 0.357 302.6 0.00118 0.00118
112 111.0 112.0 1.0 111.5 64.9 0.360 324.4 0.00111 0.00111
113 112.0 113.0 1.0 112.5 62.6 0.362 313.2 0.00116 0.00116
114 113.0 114.0 1.0 113.5 70.2 0.364 351.0 0.00104 0.00104
115 114.0 115.0 1.0 114.5 80.1 0.366 400.6 0.00091 0.00091
116 115.0 116.0 1.0 115.5 191.7 0.369 958.5 0.00038 0.00038
117 116.0 117.0 1.0 116.5 204.5 0.371 1022.4 0.00036 0.00036
118 117.0 118.0 1.0 117.5 508.1 0.373 2540.5 0.00015 0.00015
119 118.0 119.0 1.0 118.5 621.5 0.376 3107.7 0.00012 0.00012
120 119.0 120.0 1.0 119.5 668.1 0.378 3340.6 0.00011 0.00011
! = 0.05706

I zr (1 < L/B < 10): I zr = I zs  + 0.111 (I zc  - I zs ) (L/B - 1)
I zs  (L/B = 1):
     For z ave  = 0 to B/2: I zs  = 0.1 + (z ave /B)(2I zp- 0.2)
     For z ave  = B/2 to 2B: I zs  = 0.667 I zp (2 - z ave /B)
I zc  (L/B �  10):
     For z ave  = 0 to B: I zc  = 0.2 + (z ave /B)(I zp - 0.2)
     For z ave  = B to 4B: I zc  = 0.333 I zp (4 - z ave /B) ( Coduto p.228. )
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Footing w idth B = 382.0 ft Z-SDU6-C03
Footing length L = 382.0 ft
Ground elevation 281.6 ft
Foundation elevation 265.0 ft
Ground Water elevation 220.0 ft Load S0 =
Excavated or embedded depth D = 16.6 ft End of Operations 5.10 0.9
Depth to Groundw ater 61.6 ft Tank Half Full 2.80 0.2
Unit w eight �  = 120.0 pcf Pre Closure 5.50 1.0
Gross Footing Load 5.10 ksf Post Closure 8.00 2.1
Net applied footing pressure �p = 3.108 ksf

L/B = 1.00 -

Computation
Settlement  �i = C1 Ct �p !(�zi Izi/Esi) 0.144 ft

 �i = Ct = 1 1.725 in Load S0 =
S�t	 = 0.215 ft 5.10 1.3
S�t	 = 2.580 in 8.00 3.1

Correction for strain relief C1 = 1 - 0.5(�'D/q') 0.680 -
Effective vertical overburden pressure at D �'vo = � �D 1.992 ksf
Correction for time dependent increase Ct = 1 + 0.2 log( t / 0.1 ) 1.50 -

t = 30.00 years
Elastic modulus of soil layer i Esi = 2.5 qc see Column H if L/B = 1

Esi = 3.5 qc see Column H If L/B � 10
Depth increment i �zi see Column D
Influence factor of soil layer i Izi Figure 3-4 see Column G
Peak depth influence factor Izp = 0.5 + 0.1�(�p/�'Izp)1/2 0.544 -

zp = 0.5B + D 207.60 ft If  L/B = 1
zp = B + D 398.60 ft If  L/B � 10
zp = 207.60 ft for L/B=1.00

Effective overburden pressure at depth Izp �'Izp = 15.80 ksf
Elastic Modulus Esi = 2.50 qc If  L/B = 1

Esi = 3.50 qc If  L/B � 10
Esi = 2.50 qc for L/B=1.00

Computations made relative to the bottom of foundation
A B C D E F G H I J K

Layer Layer Layer Layer Mid-layer Average Elastic
top bottom thickness depth tip stress Izi modulus �zi Izi/Esi �zi Izi/Esi Notes

 depth depth �zi zave qc Esi
No. (ft) (ft) (ft) (ft) (tsf) (ksf)
1 0.0 1.0 1.0 0.5 186.5 0.101 932.5 0.00011 0.00011
2 1.0 2.0 1.0 1.5 182.9 0.103 914.7 0.00011 0.00011
3 2.0 3.0 1.0 2.5 165.2 0.106 826.1 0.00013 0.00013
4 3.0 4.0 1.0 3.5 140.0 0.108 700.1 0.00015 0.00015
5 4.0 5.0 1.0 4.5 172.0 0.110 859.9 0.00013 0.00013
6 5.0 6.0 1.0 5.5 164.0 0.113 819.8 0.00014 0.00014
7 6.0 7.0 1.0 6.5 168.6 0.115 842.9 0.00014 0.00014
8 7.0 8.0 1.0 7.5 146.4 0.117 732.2 0.00016 0.00016
9 8.0 9.0 1.0 8.5 136.2 0.120 681.1 0.00018 0.00018
10 9.0 10.0 1.0 9.5 125.9 0.122 629.4 0.00019 0.00019
11 10.0 11.0 1.0 10.5 121.8 0.124 608.9 0.00020 0.00020
12 11.0 12.0 1.0 11.5 113.9 0.127 569.6 0.00022 0.00022
13 12.0 13.0 1.0 12.5 110.0 0.129 550.1 0.00023 0.00023
14 13.0 14.0 1.0 13.5 130.4 0.131 652.0 0.00020 0.00020
15 14.0 15.0 1.0 14.5 133.4 0.134 667.0 0.00020 0.00020
16 15.0 16.0 1.0 15.5 126.5 0.136 632.3 0.00022 0.00022
17 16.0 17.0 1.0 16.5 129.3 0.138 646.3 0.00021 0.00021
18 17.0 18.0 1.0 17.5 138.1 0.141 690.3 0.00020 0.00020
19 18.0 19.0 1.0 18.5 162.6 0.143 813.1 0.00018 0.00018
20 19.0 20.0 1.0 19.5 183.8 0.145 918.9 0.00016 0.00016
21 20.0 21.0 1.0 20.5 183.4 0.148 917.1 0.00016 0.00016
22 21.0 22.0 1.0 21.5 212.7 0.150 1063.5 0.00014 0.00014
23 22.0 23.0 1.0 22.5 267.9 0.152 1339.3 0.00011 0.00011
24 23.0 24.0 1.0 23.5 223.6 0.155 1117.8 0.00014 0.00014
25 24.0 25.0 1.0 24.5 233.1 0.157 1165.7 0.00013 0.00013

Immediate
Settlement (in.)

(S0 / 2)

30 Year
Settlement (in.)

(S30 / 2)
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26 25.0 26.0 1.0 25.5 186.5 0.159 932.3 0.00017 0.00017
27 26.0 27.0 1.0 26.5 170.2 0.162 851.2 0.00019 0.00019
28 27.0 28.0 1.0 27.5 203.2 0.164 1015.9 0.00016 0.00016
29 28.0 29.0 1.0 28.5 222.7 0.166 1113.5 0.00015 0.00015
30 29.0 30.0 1.0 29.5 217.9 0.169 1089.6 0.00015 0.00015
31 30.0 31.0 1.0 30.5 128.2 0.171 641.0 0.00027 0.00027
32 31.0 32.0 1.0 31.5 44.8 0.173 224.2 0.00077 0.00077
33 32.0 33.0 1.0 32.5 44.8 0.176 223.9 0.00078 0.00078
34 33.0 34.0 1.0 33.5 21.3 0.178 106.6 0.00167 0.00167
35 34.0 35.0 1.0 34.5 51.1 0.180 255.7 0.00070 0.00070
36 35.0 36.0 1.0 35.5 16.2 0.183 80.8 0.00226 0.00226
37 36.0 37.0 1.0 36.5 15.0 0.185 75.0 0.00247 0.00247
38 37.0 38.0 1.0 37.5 34.7 0.187 173.5 0.00108 0.00108
39 38.0 39.0 1.0 38.5 85.1 0.190 425.3 0.00045 0.00045
40 39.0 40.0 1.0 39.5 117.6 0.192 588.1 0.00033 0.00033
41 40.0 41.0 1.0 40.5 132.0 0.194 659.9 0.00029 0.00029
42 41.0 42.0 1.0 41.5 169.5 0.197 847.4 0.00023 0.00023
43 42.0 43.0 1.0 42.5 242.7 0.199 1213.6 0.00016 0.00016
44 43.0 44.0 1.0 43.5 213.7 0.201 1068.6 0.00019 0.00019
45 44.0 45.0 1.0 44.5 217.5 0.204 1087.6 0.00019 0.00019
46 45.0 46.0 1.0 45.5 178.6 0.206 892.8 0.00023 0.00023
47 46.0 47.0 1.0 46.5 199.0 0.208 995.0 0.00021 0.00021
48 47.0 48.0 1.0 47.5 236.7 0.211 1183.3 0.00018 0.00018
49 48.0 49.0 1.0 48.5 151.4 0.213 756.9 0.00028 0.00028
50 49.0 50.0 1.0 49.5 61.5 0.215 307.5 0.00070 0.00070
51 50.0 51.0 1.0 50.5 174.2 0.217 871.1 0.00025 0.00025
52 51.0 52.0 1.0 51.5 107.7 0.220 538.3 0.00041 0.00041
53 52.0 53.0 1.0 52.5 185.8 0.222 929.1 0.00024 0.00024
54 53.0 54.0 1.0 53.5 216.0 0.224 1079.9 0.00021 0.00021
55 54.0 55.0 1.0 54.5 219.8 0.227 1098.8 0.00021 0.00021
56 55.0 56.0 1.0 55.5 214.2 0.229 1070.9 0.00021 0.00021
57 56.0 57.0 1.0 56.5 183.8 0.231 919.2 0.00025 0.00025
58 57.0 58.0 1.0 57.5 175.4 0.234 876.8 0.00027 0.00027
59 58.0 59.0 1.0 58.5 125.0 0.236 624.9 0.00038 0.00038
60 59.0 60.0 1.0 59.5 112.6 0.238 563.1 0.00042 0.00042
61 60.0 61.0 1.0 60.5 42.5 0.241 212.6 0.00113 0.00113
62 61.0 62.0 1.0 61.5 94.1 0.243 470.7 0.00052 0.00052
63 62.0 63.0 1.0 62.5 203.2 0.245 1015.9 0.00024 0.00024
64 63.0 64.0 1.0 63.5 204.9 0.248 1024.7 0.00024 0.00024
65 64.0 65.0 1.0 64.5 275.0 0.250 1374.8 0.00018 0.00018
66 65.0 66.0 1.0 65.5 267.1 0.252 1335.5 0.00019 0.00019
67 66.0 67.0 1.0 66.5 224.0 0.255 1120.1 0.00023 0.00023
68 67.0 68.0 1.0 67.5 223.5 0.257 1117.5 0.00023 0.00023
69 68.0 69.0 1.0 68.5 201.4 0.259 1007.1 0.00026 0.00026
70 69.0 70.0 1.0 69.5 39.6 0.262 197.9 0.00132 0.00132
71 70.0 71.0 1.0 70.5 13.8 0.264 69.2 0.00382 0.00382
72 71.0 72.0 1.0 71.5 26.4 0.266 131.9 0.00202 0.00202
73 72.0 73.0 1.0 72.5 24.9 0.269 124.7 0.00215 0.00215
74 73.0 74.0 1.0 73.5 40.3 0.271 201.6 0.00134 0.00134
75 74.0 75.0 1.0 74.5 74.0 0.273 370.2 0.00074 0.00074
76 75.0 76.0 1.0 75.5 92.9 0.276 464.4 0.00059 0.00059
77 76.0 77.0 1.0 76.5 85.6 0.278 427.8 0.00065 0.00065
78 77.0 78.0 1.0 77.5 42.2 0.280 210.8 0.00133 0.00133
79 78.0 79.0 1.0 78.5 34.8 0.283 174.0 0.00162 0.00162
80 79.0 80.0 1.0 79.5 34.4 0.285 171.9 0.00166 0.00166
81 80.0 81.0 1.0 80.5 30.6 0.287 152.8 0.00188 0.00188
82 81.0 82.0 1.0 81.5 43.2 0.290 215.9 0.00134 0.00134
83 82.0 83.0 1.0 82.5 45.8 0.292 228.8 0.00128 0.00128
84 83.0 84.0 1.0 83.5 89.9 0.294 449.3 0.00065 0.00065
85 84.0 85.0 1.0 84.5 273.8 0.297 1369.1 0.00022 0.00022
86 85.0 86.0 1.0 85.5 139.6 0.299 698.1 0.00043 0.00043
87 86.0 87.0 1.0 86.5 107.2 0.301 536.2 0.00056 0.00056
88 87.0 88.0 1.0 87.5 142.6 0.304 713.2 0.00043 0.00043
89 88.0 89.0 1.0 88.5 159.0 0.306 795.1 0.00038 0.00038
90 89.0 90.0 1.0 89.5 101.7 0.308 508.4 0.00061 0.00061
91 90.0 91.0 1.0 90.5 113.9 0.311 569.7 0.00055 0.00055
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92 91.0 92.0 1.0 91.5 128.0 0.313 639.8 0.00049 0.00049
93 92.0 93.0 1.0 92.5 132.8 0.315 663.8 0.00047 0.00047
94 93.0 94.0 1.0 93.5 201.8 0.318 1009.1 0.00031 0.00031
95 94.0 95.0 1.0 94.5 142.9 0.320 714.4 0.00045 0.00045
96 95.0 96.0 1.0 95.5 118.3 0.322 591.6 0.00054 0.00054
97 96.0 97.0 1.0 96.5 115.9 0.325 579.7 0.00056 0.00056
98 97.0 98.0 1.0 97.5 111.7 0.327 558.5 0.00059 0.00059
99 98.0 99.0 1.0 98.5 93.3 0.329 466.7 0.00071 0.00071
100 99.0 100.0 1.0 99.5 131.0 0.331 655.2 0.00051 0.00051
101 100.0 101.0 1.0 100.5 199.1 0.334 995.3 0.00034 0.00034
102 101.0 102.0 1.0 101.5 210.6 0.336 1053.0 0.00032 0.00032
103 102.0 103.0 1.0 102.5 167.6 0.338 837.8 0.00040 0.00040
104 103.0 104.0 1.0 103.5 117.9 0.341 589.5 0.00058 0.00058
105 104.0 105.0 1.0 104.5 71.2 0.343 356.1 0.00096 0.00096
106 105.0 106.0 1.0 105.5 84.2 0.345 421.0 0.00082 0.00082
107 106.0 107.0 1.0 106.5 82.8 0.348 414.1 0.00084 0.00084
108 107.0 108.0 1.0 107.5 85.5 0.350 427.5 0.00082 0.00082
109 108.0 109.0 1.0 108.5 87.7 0.352 438.7 0.00080 0.00080
110 109.0 110.0 1.0 109.5 71.5 0.355 357.6 0.00099 0.00099
111 110.0 111.0 1.0 110.5 60.5 0.357 302.6 0.00118 0.00118
112 111.0 112.0 1.0 111.5 64.9 0.359 324.4 0.00111 0.00111
113 112.0 113.0 1.0 112.5 62.6 0.362 313.2 0.00115 0.00115
114 113.0 114.0 1.0 113.5 70.2 0.364 351.0 0.00104 0.00104
115 114.0 115.0 1.0 114.5 80.1 0.366 400.6 0.00091 0.00091
116 115.0 116.0 1.0 115.5 191.7 0.369 958.5 0.00038 0.00038
117 116.0 117.0 1.0 116.5 204.5 0.371 1022.4 0.00036 0.00036
118 117.0 118.0 1.0 117.5 508.1 0.373 2540.5 0.00015 0.00015
119 118.0 119.0 1.0 118.5 621.5 0.376 3107.7 0.00012 0.00012
120 119.0 120.0 1.0 119.5 668.1 0.378 3340.6 0.00011 0.00011
! = 0.06808

I zr (1 < L/B < 10): I zr = I zs  + 0.111 (I zc  - I zs ) (L/B - 1)
I zs  (L/B = 1):
     For z ave  = 0 to B/2: I zs  = 0.1 + (z ave /B)(2I zp- 0.2)
     For z ave  = B/2 to 2B: I zs  = 0.667 I zp (2 - z ave /B)
I zc  (L/B �  10):
     For z ave  = 0 to B: I zc  = 0.2 + (z ave /B)(I zp - 0.2)
     For z ave  = B to 4B: I zc  = 0.333 I zp (4 - z ave /B) ( Coduto p.228. )
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Footing w idth B = 382.0 ft Z-SDU6-C04
Footing length L = 382.0 ft
Ground elevation 281.8 ft
Foundation elevation 265.0 ft
Ground Water elevation 220.0 ft Load S0 =
Excavated or embedded depth D = 16.8 ft End of Operations 5.10 0.7
Depth to Groundw ater 61.8 ft Tank Half Full 2.80 0.1
Unit w eight �  = 120.0 pcf Pre Closure 5.50 0.8
Gross Footing Load 5.10 ksf Post Closure 8.00 1.7
Net applied footing pressure �p = 3.084 ksf

L/B = 1.00 -

Computation
Settlement  �i = C1 Ct �p !(�zi Izi/Esi) 0.114 ft

 �i = Ct = 1 1.363 in Load S0 =
S�t	 = 0.170 ft 5.10 1.0
S�t	 = 2.038 in 8.00 2.5

Correction for strain relief C1 = 1 - 0.5(�'D/q') 0.673 -
Effective vertical overburden pressure at D �'vo = � �D 2.016 ksf
Correction for time dependent increase Ct = 1 + 0.2 log( t / 0.1 ) 1.50 -

t = 30.00 years
Elastic modulus of soil layer i Esi = 2.5 qc see Column H if L/B = 1

Esi = 3.5 qc see Column H If L/B � 10
Depth increment i �zi see Column D
Influence factor of soil layer i Izi Figure 3-4 see Column G
Peak depth influence factor Izp = 0.5 + 0.1�(�p/�'Izp)1/2 0.544 -

zp = 0.5B + D 207.80 ft If  L/B = 1
zp = B + D 398.80 ft If  L/B � 10
zp = 207.80 ft for L/B=1.00

Effective overburden pressure at depth Izp �'Izp = 15.83 ksf
Elastic Modulus Esi = 2.50 qc If  L/B = 1

Esi = 3.50 qc If  L/B � 10
Esi = 2.50 qc for L/B=1.00

Computations made relative to the bottom of foundation
A B C D E F G H I J K

Layer Layer Layer Layer Mid-layer Average Elastic
top bottom thickness depth tip stress Izi modulus �zi Izi/Esi �zi Izi/Esi Notes

 depth depth �zi zave qc Esi
No. (ft) (ft) (ft) (ft) (tsf) (ksf)
1 0.0 1.0 1.0 0.5 291.7 0.101 1458.5 0.00007 0.00007
2 1.0 2.0 1.0 1.5 206.5 0.103 1032.4 0.00010 0.00010
3 2.0 3.0 1.0 2.5 162.3 0.106 811.4 0.00013 0.00013
4 3.0 4.0 1.0 3.5 166.7 0.108 833.5 0.00013 0.00013
5 4.0 5.0 1.0 4.5 161.1 0.110 805.5 0.00014 0.00014
6 5.0 6.0 1.0 5.5 86.1 0.113 430.5 0.00026 0.00026
7 6.0 7.0 1.0 6.5 144.5 0.115 722.3 0.00016 0.00016
8 7.0 8.0 1.0 7.5 172.2 0.117 861.1 0.00014 0.00014
9 8.0 9.0 1.0 8.5 128.5 0.120 642.5 0.00019 0.00019
10 9.0 10.0 1.0 9.5 111.9 0.122 559.7 0.00022 0.00022
11 10.0 11.0 1.0 10.5 133.5 0.124 667.5 0.00019 0.00019
12 11.0 12.0 1.0 11.5 137.9 0.127 689.3 0.00018 0.00018
13 12.0 13.0 1.0 12.5 121.6 0.129 608.1 0.00021 0.00021
14 13.0 14.0 1.0 13.5 132.3 0.131 661.5 0.00020 0.00020
15 14.0 15.0 1.0 14.5 151.4 0.134 757.1 0.00018 0.00018
16 15.0 16.0 1.0 15.5 173.2 0.136 866.1 0.00016 0.00016
17 16.0 17.0 1.0 16.5 177.0 0.138 885.0 0.00016 0.00016
18 17.0 18.0 1.0 17.5 190.3 0.141 951.7 0.00015 0.00015
19 18.0 19.0 1.0 18.5 242.8 0.143 1213.9 0.00012 0.00012
20 19.0 20.0 1.0 19.5 261.2 0.145 1306.2 0.00011 0.00011
21 20.0 21.0 1.0 20.5 278.3 0.148 1391.7 0.00011 0.00011
22 21.0 22.0 1.0 21.5 300.2 0.150 1501.0 0.00010 0.00010
23 22.0 23.0 1.0 22.5 262.1 0.152 1310.6 0.00012 0.00012
24 23.0 24.0 1.0 23.5 227.8 0.155 1139.0 0.00014 0.00014
25 24.0 25.0 1.0 24.5 251.8 0.157 1258.8 0.00012 0.00012

Immediate
Settlement (in.)

(S0 / 2)

30 Year
Settlement (in.)

(S30 / 2)
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26 25.0 26.0 1.0 25.5 258.8 0.159 1294.0 0.00012 0.00012
27 26.0 27.0 1.0 26.5 222.6 0.162 1112.8 0.00015 0.00015
28 27.0 28.0 1.0 27.5 132.6 0.164 662.8 0.00025 0.00025
29 28.0 29.0 1.0 28.5 45.6 0.166 227.9 0.00073 0.00073
30 29.0 30.0 1.0 29.5 115.9 0.169 579.5 0.00029 0.00029
31 30.0 31.0 1.0 30.5 32.2 0.171 161.2 0.00106 0.00106
32 31.0 32.0 1.0 31.5 19.0 0.173 95.1 0.00182 0.00182
33 32.0 33.0 1.0 32.5 13.9 0.176 69.6 0.00252 0.00252
34 33.0 34.0 1.0 33.5 16.9 0.178 84.5 0.00211 0.00211
35 34.0 35.0 1.0 34.5 27.6 0.180 138.2 0.00130 0.00130
36 35.0 36.0 1.0 35.5 71.6 0.183 358.0 0.00051 0.00051
37 36.0 37.0 1.0 36.5 120.0 0.185 600.1 0.00031 0.00031
38 37.0 38.0 1.0 37.5 117.9 0.187 589.7 0.00032 0.00032
39 38.0 39.0 1.0 38.5 128.9 0.190 644.7 0.00029 0.00029
40 39.0 40.0 1.0 39.5 141.1 0.192 705.5 0.00027 0.00027
41 40.0 41.0 1.0 40.5 167.6 0.194 838.2 0.00023 0.00023
42 41.0 42.0 1.0 41.5 214.9 0.197 1074.4 0.00018 0.00018
43 42.0 43.0 1.0 42.5 171.9 0.199 859.7 0.00023 0.00023
44 43.0 44.0 1.0 43.5 100.9 0.201 504.6 0.00040 0.00040
45 44.0 45.0 1.0 44.5 187.4 0.203 937.1 0.00022 0.00022
46 45.0 46.0 1.0 45.5 158.9 0.206 794.6 0.00026 0.00026
47 46.0 47.0 1.0 46.5 190.5 0.208 952.5 0.00022 0.00022
48 47.0 48.0 1.0 47.5 163.6 0.210 817.8 0.00026 0.00026
49 48.0 49.0 1.0 48.5 93.8 0.213 468.9 0.00045 0.00045
50 49.0 50.0 1.0 49.5 134.6 0.215 672.8 0.00032 0.00032
51 50.0 51.0 1.0 50.5 131.5 0.217 657.7 0.00033 0.00033
52 51.0 52.0 1.0 51.5 217.0 0.220 1085.0 0.00020 0.00020
53 52.0 53.0 1.0 52.5 238.2 0.222 1190.9 0.00019 0.00019
54 53.0 54.0 1.0 53.5 246.0 0.224 1230.0 0.00018 0.00018
55 54.0 55.0 1.0 54.5 242.2 0.227 1210.9 0.00019 0.00019
56 55.0 56.0 1.0 55.5 175.5 0.229 877.6 0.00026 0.00026
57 56.0 57.0 1.0 56.5 132.1 0.231 660.4 0.00035 0.00035
58 57.0 58.0 1.0 57.5 102.6 0.234 513.0 0.00046 0.00046
59 58.0 59.0 1.0 58.5 95.7 0.236 478.7 0.00049 0.00049
60 59.0 60.0 1.0 59.5 40.2 0.238 201.0 0.00119 0.00119
61 60.0 61.0 1.0 60.5 59.5 0.241 297.7 0.00081 0.00081
62 61.0 62.0 1.0 61.5 105.8 0.243 529.2 0.00046 0.00046
63 62.0 63.0 1.0 62.5 132.9 0.245 664.6 0.00037 0.00037
64 63.0 64.0 1.0 63.5 183.8 0.248 919.0 0.00027 0.00027
65 64.0 65.0 1.0 64.5 197.9 0.250 989.3 0.00025 0.00025
66 65.0 66.0 1.0 65.5 225.8 0.252 1129.2 0.00022 0.00022
67 66.0 67.0 1.0 66.5 271.9 0.255 1359.3 0.00019 0.00019
68 67.0 68.0 1.0 67.5 185.7 0.257 928.3 0.00028 0.00028
69 68.0 69.0 1.0 68.5 32.9 0.259 164.7 0.00157 0.00157
70 69.0 70.0 1.0 69.5 129.9 0.262 649.4 0.00040 0.00040
71 70.0 71.0 1.0 70.5 134.8 0.264 673.9 0.00039 0.00039
72 71.0 72.0 1.0 71.5 131.2 0.266 655.9 0.00041 0.00041
73 72.0 73.0 1.0 72.5 136.2 0.269 681.2 0.00039 0.00039
74 73.0 74.0 1.0 73.5 76.0 0.271 380.2 0.00071 0.00071
75 74.0 75.0 1.0 74.5 91.1 0.273 455.4 0.00060 0.00060
76 75.0 76.0 1.0 75.5 124.8 0.276 624.2 0.00044 0.00044
77 76.0 77.0 1.0 76.5 124.7 0.278 623.7 0.00045 0.00045
78 77.0 78.0 1.0 77.5 98.3 0.280 491.5 0.00057 0.00057
79 78.0 79.0 1.0 78.5 146.3 0.283 731.6 0.00039 0.00039
80 79.0 80.0 1.0 79.5 316.7 0.285 1583.3 0.00018 0.00018
81 80.0 81.0 1.0 80.5 117.1 0.287 585.5 0.00049 0.00049
82 81.0 82.0 1.0 81.5 181.6 0.290 907.9 0.00032 0.00032
83 82.0 83.0 1.0 82.5 163.1 0.292 815.3 0.00036 0.00036
84 83.0 84.0 1.0 83.5 131.7 0.294 658.5 0.00045 0.00045
85 84.0 85.0 1.0 84.5 171.8 0.296 859.0 0.00035 0.00035
86 85.0 86.0 1.0 85.5 139.6 0.299 698.1 0.00043 0.00043
87 86.0 87.0 1.0 86.5 107.2 0.301 536.2 0.00056 0.00056
88 87.0 88.0 1.0 87.5 142.6 0.303 713.2 0.00043 0.00043
89 88.0 89.0 1.0 88.5 159.0 0.306 795.1 0.00038 0.00038
90 89.0 90.0 1.0 89.5 101.7 0.308 508.4 0.00061 0.00061
91 90.0 91.0 1.0 90.5 113.9 0.310 569.7 0.00054 0.00054
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92 91.0 92.0 1.0 91.5 128.0 0.313 639.8 0.00049 0.00049
93 92.0 93.0 1.0 92.5 132.8 0.315 663.8 0.00047 0.00047
94 93.0 94.0 1.0 93.5 201.8 0.317 1009.1 0.00031 0.00031
95 94.0 95.0 1.0 94.5 142.9 0.320 714.4 0.00045 0.00045
96 95.0 96.0 1.0 95.5 118.3 0.322 591.6 0.00054 0.00054
97 96.0 97.0 1.0 96.5 115.9 0.324 579.7 0.00056 0.00056
98 97.0 98.0 1.0 97.5 111.7 0.327 558.5 0.00058 0.00058
99 98.0 99.0 1.0 98.5 93.3 0.329 466.7 0.00071 0.00071
100 99.0 100.0 1.0 99.5 131.0 0.331 655.2 0.00051 0.00051
101 100.0 101.0 1.0 100.5 199.1 0.334 995.3 0.00034 0.00034
102 101.0 102.0 1.0 101.5 210.6 0.336 1053.0 0.00032 0.00032
103 102.0 103.0 1.0 102.5 167.6 0.338 837.8 0.00040 0.00040
104 103.0 104.0 1.0 103.5 117.9 0.341 589.5 0.00058 0.00058
105 104.0 105.0 1.0 104.5 71.2 0.343 356.1 0.00096 0.00096
106 105.0 106.0 1.0 105.5 84.2 0.345 421.0 0.00082 0.00082
107 106.0 107.0 1.0 106.5 82.8 0.348 414.1 0.00084 0.00084
108 107.0 108.0 1.0 107.5 85.5 0.350 427.5 0.00082 0.00082
109 108.0 109.0 1.0 108.5 87.7 0.352 438.7 0.00080 0.00080
110 109.0 110.0 1.0 109.5 71.5 0.355 357.6 0.00099 0.00099
111 110.0 111.0 1.0 110.5 60.5 0.357 302.6 0.00118 0.00118
112 111.0 112.0 1.0 111.5 64.9 0.359 324.4 0.00111 0.00111
113 112.0 113.0 1.0 112.5 62.6 0.362 313.2 0.00115 0.00115
114 113.0 114.0 1.0 113.5 70.2 0.364 351.0 0.00104 0.00104
115 114.0 115.0 1.0 114.5 80.1 0.366 400.6 0.00091 0.00091
116 115.0 116.0 1.0 115.5 191.7 0.369 958.5 0.00038 0.00038
117 116.0 117.0 1.0 116.5 204.5 0.371 1022.4 0.00036 0.00036
118 117.0 118.0 1.0 117.5 508.1 0.373 2540.5 0.00015 0.00015
119 118.0 119.0 1.0 118.5 621.5 0.376 3107.7 0.00012 0.00012
120 119.0 120.0 1.0 119.5 668.1 0.378 3340.6 0.00011 0.00011
! = 0.05470

I zr (1 < L/B < 10): I zr = I zs  + 0.111 (I zc  - I zs ) (L/B - 1)
I zs  (L/B = 1):
     For z ave  = 0 to B/2: I zs  = 0.1 + (z ave /B)(2I zp- 0.2)
     For z ave  = B/2 to 2B: I zs  = 0.667 I zp (2 - z ave /B)
I zc  (L/B �  10):
     For z ave  = 0 to B: I zc  = 0.2 + (z ave /B)(I zp - 0.2)
     For z ave  = B to 4B: I zc  = 0.333 I zp (4 - z ave /B) ( Coduto p.228. )
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Footing w idth B = 382.0 ft Z-SDU6-C05
Footing length L = 382.0 ft
Ground elevation 278.1 ft
Foundation elevation 265.0 ft
Ground Water elevation 220.0 ft Load S0 =
Excavated or embedded depth D = 13.1 ft End of Operations 5.10 1.1
Depth to Groundw ater 58.1 ft Tank Half Full 2.80 0.2
Unit w eight �  = 120.0 pcf Pre Closure 5.50 1.3
Gross Footing Load 5.10 ksf Post Closure 8.00 2.4
Net applied footing pressure �p = 3.528 ksf

L/B = 1.00 -

Computation
Settlement  �i = C1 Ct �p !(�zi Izi/Esi) 0.188 ft

 �i = Ct = 1 2.261 in Load S0 =
S�t	 = 0.282 ft 5.10 1.7
S�t	 = 3.381 in 8.00 3.6

Correction for strain relief C1 = 1 - 0.5(�'D/q') 0.777 -
Effective vertical overburden pressure at D �'vo = � �D 1.572 ksf
Correction for time dependent increase Ct = 1 + 0.2 log( t / 0.1 ) 1.50 -

t = 30.00 years
Elastic modulus of soil layer i Esi = 2.5 qc see Column H if L/B = 1

Esi = 3.5 qc see Column H If L/B � 10
Depth increment i �zi see Column D
Influence factor of soil layer i Izi Figure 3-4 see Column G
Peak depth influence factor Izp = 0.5 + 0.1�(�p/�'Izp)1/2 0.548 -

zp = 0.5B + D 204.10 ft If  L/B = 1
zp = B + D 395.10 ft If  L/B � 10
zp = 204.10 ft for L/B=1.00

Effective overburden pressure at depth Izp �'Izp = 15.38 ksf
Elastic Modulus Esi = 2.50 qc If  L/B = 1

Esi = 3.50 qc If  L/B � 10
Esi = 2.50 qc for L/B=1.00

Computations made relative to the bottom of foundation
A B C D E F G H I J K

Layer Layer Layer Layer Mid-layer Average Elastic
top bottom thickness depth tip stress Izi modulus �zi Izi/Esi �zi Izi/Esi Notes

 depth depth �zi zave qc Esi
No. (ft) (ft) (ft) (ft) (tsf) (ksf)
1 0.0 1.0 1.0 0.5 134.8 0.101 674.1 0.00015 0.00015
2 1.0 2.0 1.0 1.5 173.6 0.104 868.2 0.00012 0.00012
3 2.0 3.0 1.0 2.5 151.0 0.106 755.0 0.00014 0.00014
4 3.0 4.0 1.0 3.5 133.8 0.108 668.8 0.00016 0.00016
5 4.0 5.0 1.0 4.5 154.7 0.111 773.5 0.00014 0.00014
6 5.0 6.0 1.0 5.5 148.0 0.113 739.8 0.00015 0.00015
7 6.0 7.0 1.0 6.5 147.2 0.115 735.8 0.00016 0.00016
8 7.0 8.0 1.0 7.5 141.3 0.118 706.5 0.00017 0.00017
9 8.0 9.0 1.0 8.5 115.9 0.120 579.6 0.00021 0.00021
10 9.0 10.0 1.0 9.5 95.8 0.122 478.8 0.00026 0.00026
11 10.0 11.0 1.0 10.5 87.0 0.125 434.9 0.00029 0.00029
12 11.0 12.0 1.0 11.5 104.0 0.127 520.1 0.00024 0.00024
13 12.0 13.0 1.0 12.5 131.7 0.129 658.6 0.00020 0.00020
14 13.0 14.0 1.0 13.5 151.5 0.132 757.3 0.00017 0.00017
15 14.0 15.0 1.0 14.5 171.0 0.134 855.1 0.00016 0.00016
16 15.0 16.0 1.0 15.5 192.4 0.136 962.1 0.00014 0.00014
17 16.0 17.0 1.0 16.5 230.9 0.139 1154.4 0.00012 0.00012
18 17.0 18.0 1.0 17.5 312.4 0.141 1561.9 0.00009 0.00009
19 18.0 19.0 1.0 18.5 349.1 0.143 1745.4 0.00008 0.00008
20 19.0 20.0 1.0 19.5 364.1 0.146 1820.5 0.00008 0.00008
21 20.0 21.0 1.0 20.5 524.2 0.148 2620.8 0.00006 0.00006
22 21.0 22.0 1.0 21.5 488.9 0.150 2444.7 0.00006 0.00006
23 22.0 23.0 1.0 22.5 425.7 0.153 2128.6 0.00007 0.00007
24 23.0 24.0 1.0 23.5 378.0 0.155 1890.0 0.00008 0.00008
25 24.0 25.0 1.0 24.5 438.3 0.157 2191.4 0.00007 0.00007

Immediate
Settlement (in.)

(S0 / 2)

30 Year
Settlement (in.)

(S30 / 2)
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26 25.0 26.0 1.0 25.5 379.7 0.160 1898.3 0.00008 0.00008
27 26.0 27.0 1.0 26.5 288.3 0.162 1441.3 0.00011 0.00011
28 27.0 28.0 1.0 27.5 201.6 0.164 1008.1 0.00016 0.00016
29 28.0 29.0 1.0 28.5 63.0 0.167 315.0 0.00053 0.00053
30 29.0 30.0 1.0 29.5 36.0 0.169 180.2 0.00094 0.00094
31 30.0 31.0 1.0 30.5 17.6 0.172 88.2 0.00194 0.00194
32 31.0 32.0 1.0 31.5 10.5 0.174 52.5 0.00331 0.00331
33 32.0 33.0 1.0 32.5 10.4 0.176 51.8 0.00340 0.00340
34 33.0 34.0 1.0 33.5 12.6 0.179 63.2 0.00282 0.00282
35 34.0 35.0 1.0 34.5 13.9 0.181 69.7 0.00260 0.00260
36 35.0 36.0 1.0 35.5 29.7 0.183 148.6 0.00123 0.00123
37 36.0 37.0 1.0 36.5 35.7 0.186 178.7 0.00104 0.00104
38 37.0 38.0 1.0 37.5 61.6 0.188 307.9 0.00061 0.00061
39 38.0 39.0 1.0 38.5 152.7 0.190 763.4 0.00025 0.00025
40 39.0 40.0 1.0 39.5 168.3 0.193 841.3 0.00023 0.00023
41 40.0 41.0 1.0 40.5 189.2 0.195 945.9 0.00021 0.00021
42 41.0 42.0 1.0 41.5 136.4 0.197 682.2 0.00029 0.00029
43 42.0 43.0 1.0 42.5 140.2 0.200 700.8 0.00028 0.00028
44 43.0 44.0 1.0 43.5 154.2 0.202 771.0 0.00026 0.00026
45 44.0 45.0 1.0 44.5 130.1 0.204 650.6 0.00031 0.00031
46 45.0 46.0 1.0 45.5 130.4 0.207 651.9 0.00032 0.00032
47 46.0 47.0 1.0 46.5 92.2 0.209 460.9 0.00045 0.00045
48 47.0 48.0 1.0 47.5 186.2 0.211 931.1 0.00023 0.00023
49 48.0 49.0 1.0 48.5 153.7 0.214 768.3 0.00028 0.00028
50 49.0 50.0 1.0 49.5 119.2 0.216 595.9 0.00036 0.00036
51 50.0 51.0 1.0 50.5 182.2 0.218 911.2 0.00024 0.00024
52 51.0 52.0 1.0 51.5 228.8 0.221 1143.9 0.00019 0.00019
53 52.0 53.0 1.0 52.5 231.1 0.223 1155.5 0.00019 0.00019
54 53.0 54.0 1.0 53.5 235.3 0.225 1176.7 0.00019 0.00019
55 54.0 55.0 1.0 54.5 214.5 0.228 1072.3 0.00021 0.00021
56 55.0 56.0 1.0 55.5 197.2 0.230 986.2 0.00023 0.00023
57 56.0 57.0 1.0 56.5 184.8 0.232 924.2 0.00025 0.00025
58 57.0 58.0 1.0 57.5 158.6 0.235 792.9 0.00030 0.00030
59 58.0 59.0 1.0 58.5 134.9 0.237 674.3 0.00035 0.00035
60 59.0 60.0 1.0 59.5 104.5 0.240 522.7 0.00046 0.00046
61 60.0 61.0 1.0 60.5 77.3 0.242 386.3 0.00063 0.00063
62 61.0 62.0 1.0 61.5 21.9 0.244 109.3 0.00223 0.00223
63 62.0 63.0 1.0 62.5 21.0 0.247 105.2 0.00234 0.00234
64 63.0 64.0 1.0 63.5 52.5 0.249 262.7 0.00095 0.00095
65 64.0 65.0 1.0 64.5 169.4 0.251 847.2 0.00030 0.00030
66 65.0 66.0 1.0 65.5 210.1 0.254 1050.6 0.00024 0.00024
67 66.0 67.0 1.0 66.5 201.3 0.256 1006.5 0.00025 0.00025
68 67.0 68.0 1.0 67.5 206.9 0.258 1034.7 0.00025 0.00025
69 68.0 69.0 1.0 68.5 231.6 0.261 1157.8 0.00023 0.00023
70 69.0 70.0 1.0 69.5 45.9 0.263 229.6 0.00115 0.00115
71 70.0 71.0 1.0 70.5 47.8 0.265 239.0 0.00111 0.00111
72 71.0 72.0 1.0 71.5 42.8 0.268 213.9 0.00125 0.00125
73 72.0 73.0 1.0 72.5 55.7 0.270 278.3 0.00097 0.00097
74 73.0 74.0 1.0 73.5 88.5 0.272 442.3 0.00062 0.00062
75 74.0 75.0 1.0 74.5 95.3 0.275 476.7 0.00058 0.00058
76 75.0 76.0 1.0 75.5 90.6 0.277 453.2 0.00061 0.00061
77 76.0 77.0 1.0 76.5 69.0 0.279 345.1 0.00081 0.00081
78 77.0 78.0 1.0 77.5 69.9 0.282 349.5 0.00081 0.00081
79 78.0 79.0 1.0 78.5 105.4 0.284 527.1 0.00054 0.00054
80 79.0 80.0 1.0 79.5 40.6 0.286 202.8 0.00141 0.00141
81 80.0 81.0 1.0 80.5 74.4 0.289 371.9 0.00078 0.00078
82 81.0 82.0 1.0 81.5 395.3 0.291 1976.3 0.00015 0.00015
83 82.0 83.0 1.0 82.5 337.1 0.293 1685.7 0.00017 0.00017
84 83.0 84.0 1.0 83.5 131.7 0.296 658.5 0.00045 0.00045
85 84.0 85.0 1.0 84.5 171.8 0.298 859.0 0.00035 0.00035
86 85.0 86.0 1.0 85.5 139.6 0.300 698.1 0.00043 0.00043
87 86.0 87.0 1.0 86.5 107.2 0.303 536.2 0.00056 0.00056
88 87.0 88.0 1.0 87.5 142.6 0.305 713.2 0.00043 0.00043
89 88.0 89.0 1.0 88.5 159.0 0.308 795.1 0.00039 0.00039
90 89.0 90.0 1.0 89.5 101.7 0.310 508.4 0.00061 0.00061
91 90.0 91.0 1.0 90.5 113.9 0.312 569.7 0.00055 0.00055
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92 91.0 92.0 1.0 91.5 128.0 0.315 639.8 0.00049 0.00049
93 92.0 93.0 1.0 92.5 132.8 0.317 663.8 0.00048 0.00048
94 93.0 94.0 1.0 93.5 201.8 0.319 1009.1 0.00032 0.00032
95 94.0 95.0 1.0 94.5 142.9 0.322 714.4 0.00045 0.00045
96 95.0 96.0 1.0 95.5 118.3 0.324 591.6 0.00055 0.00055
97 96.0 97.0 1.0 96.5 115.9 0.326 579.7 0.00056 0.00056
98 97.0 98.0 1.0 97.5 111.7 0.329 558.5 0.00059 0.00059
99 98.0 99.0 1.0 98.5 93.3 0.331 466.7 0.00071 0.00071
100 99.0 100.0 1.0 99.5 131.0 0.333 655.2 0.00051 0.00051
101 100.0 101.0 1.0 100.5 199.1 0.336 995.3 0.00034 0.00034
102 101.0 102.0 1.0 101.5 210.6 0.338 1053.0 0.00032 0.00032
103 102.0 103.0 1.0 102.5 167.6 0.340 837.8 0.00041 0.00041
104 103.0 104.0 1.0 103.5 117.9 0.343 589.5 0.00058 0.00058
105 104.0 105.0 1.0 104.5 71.2 0.345 356.1 0.00097 0.00097
106 105.0 106.0 1.0 105.5 84.2 0.347 421.0 0.00083 0.00083
107 106.0 107.0 1.0 106.5 82.8 0.350 414.1 0.00084 0.00084
108 107.0 108.0 1.0 107.5 85.5 0.352 427.5 0.00082 0.00082
109 108.0 109.0 1.0 108.5 87.7 0.354 438.7 0.00081 0.00081
110 109.0 110.0 1.0 109.5 71.5 0.357 357.6 0.00100 0.00100
111 110.0 111.0 1.0 110.5 60.5 0.359 302.6 0.00119 0.00119
112 111.0 112.0 1.0 111.5 64.9 0.361 324.4 0.00111 0.00111
113 112.0 113.0 1.0 112.5 62.6 0.364 313.2 0.00116 0.00116
114 113.0 114.0 1.0 113.5 70.2 0.366 351.0 0.00104 0.00104
115 114.0 115.0 1.0 114.5 80.1 0.369 400.6 0.00092 0.00092
116 115.0 116.0 1.0 115.5 191.7 0.371 958.5 0.00039 0.00039
117 116.0 117.0 1.0 116.5 204.5 0.373 1022.4 0.00037 0.00037
118 117.0 118.0 1.0 117.5 508.1 0.376 2540.5 0.00015 0.00015
119 118.0 119.0 1.0 118.5 621.5 0.378 3107.7 0.00012 0.00012
120 119.0 120.0 1.0 119.5 668.1 0.380 3340.6 0.00011 0.00011
! = 0.06871

I zr (1 < L/B < 10): I zr = I zs  + 0.111 (I zc  - I zs ) (L/B - 1)
I zs  (L/B = 1):
     For z ave  = 0 to B/2: I zs  = 0.1 + (z ave /B)(2I zp- 0.2)
     For z ave  = B/2 to 2B: I zs  = 0.667 I zp (2 - z ave /B)
I zc  (L/B �  10):
     For z ave  = 0 to B: I zc  = 0.2 + (z ave /B)(I zp - 0.2)
     For z ave  = B to 4B: I zc  = 0.333 I zp (4 - z ave /B) ( Coduto p.228. )
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Footing w idth B = 382.0 ft Z-SDU6-C06
Footing length L = 382.0 ft
Ground elevation 278.6 ft
Foundation elevation 265.0 ft
Ground Water elevation 220.0 ft Load S0 =
Excavated or embedded depth D = 13.6 ft End of Operations 5.10 0.8
Depth to Groundw ater 58.6 ft Tank Half Full 2.80 0.2
Unit w eight �  = 120.0 pcf Pre Closure 5.50 0.9
Gross Footing Load 5.10 ksf Post Closure 8.00 1.7
Net applied footing pressure �p = 3.468 ksf

L/B = 1.00 -

Computation
Settlement  �i = C1 Ct �p !(�zi Izi/Esi) 0.132 ft

 �i = Ct = 1 1.581 in Load S0 =
S�t	 = 0.197 ft 5.10 1.2
S�t	 = 2.365 in 8.00 2.5

Correction for strain relief C1 = 1 - 0.5(�'D/q') 0.765 -
Effective vertical overburden pressure at D �'vo = � �D 1.632 ksf
Correction for time dependent increase Ct = 1 + 0.2 log( t / 0.1 ) 1.50 -

t = 30.00 years
Elastic modulus of soil layer i Esi = 2.5 qc see Column H if L/B = 1

Esi = 3.5 qc see Column H If L/B � 10
Depth increment i �zi see Column D
Influence factor of soil layer i Izi Figure 3-4 see Column G
Peak depth influence factor Izp = 0.5 + 0.1�(�p/�'Izp)1/2 0.547 -

zp = 0.5B + D 204.60 ft If  L/B = 1
zp = B + D 395.60 ft If  L/B � 10
zp = 204.60 ft for L/B=1.00

Effective overburden pressure at depth Izp �'Izp = 15.44 ksf
Elastic Modulus Esi = 2.50 qc If  L/B = 1

Esi = 3.50 qc If  L/B � 10
Esi = 2.50 qc for L/B=1.00

Computations made relative to the bottom of foundation
A B C D E F G H I J K

Layer Layer Layer Layer Mid-layer Average Elastic
top bottom thickness depth tip stress Izi modulus �zi Izi/Esi �zi Izi/Esi Notes

 depth depth �zi zave qc Esi
No. (ft) (ft) (ft) (ft) (tsf) (ksf)
1 0.0 1.0 1.0 0.5 216.7 0.101 1083.4 0.00009 0.00009
2 1.0 2.0 1.0 1.5 175.1 0.104 875.5 0.00012 0.00012
3 2.0 3.0 1.0 2.5 216.3 0.106 1081.5 0.00010 0.00010
4 3.0 4.0 1.0 3.5 222.2 0.108 1110.8 0.00010 0.00010
5 4.0 5.0 1.0 4.5 198.3 0.111 991.3 0.00011 0.00011
6 5.0 6.0 1.0 5.5 167.5 0.113 837.7 0.00013 0.00013
7 6.0 7.0 1.0 6.5 131.7 0.115 658.6 0.00017 0.00017
8 7.0 8.0 1.0 7.5 75.0 0.118 374.9 0.00031 0.00031
9 8.0 9.0 1.0 8.5 59.6 0.120 297.9 0.00040 0.00040
10 9.0 10.0 1.0 9.5 61.7 0.122 308.4 0.00040 0.00040
11 10.0 11.0 1.0 10.5 84.2 0.125 420.9 0.00030 0.00030
12 11.0 12.0 1.0 11.5 91.6 0.127 457.8 0.00028 0.00028
13 12.0 13.0 1.0 12.5 111.5 0.129 557.6 0.00023 0.00023
14 13.0 14.0 1.0 13.5 103.0 0.132 514.9 0.00026 0.00026
15 14.0 15.0 1.0 14.5 69.7 0.134 348.3 0.00038 0.00038
16 15.0 16.0 1.0 15.5 92.9 0.136 464.7 0.00029 0.00029
17 16.0 17.0 1.0 16.5 108.9 0.139 544.5 0.00025 0.00025
18 17.0 18.0 1.0 17.5 112.0 0.141 559.9 0.00025 0.00025
19 18.0 19.0 1.0 18.5 117.5 0.143 587.3 0.00024 0.00024
20 19.0 20.0 1.0 19.5 121.0 0.146 604.9 0.00024 0.00024
21 20.0 21.0 1.0 20.5 117.9 0.148 589.3 0.00025 0.00025
22 21.0 22.0 1.0 21.5 132.1 0.150 660.7 0.00023 0.00023
23 22.0 23.0 1.0 22.5 133.5 0.153 667.6 0.00023 0.00023
24 23.0 24.0 1.0 23.5 138.6 0.155 693.2 0.00022 0.00022
25 24.0 25.0 1.0 24.5 137.1 0.157 685.4 0.00023 0.00023

Immediate
Settlement (in.)

(S0 / 2)

30 Year
Settlement (in.)

(S30 / 2)
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26 25.0 26.0 1.0 25.5 168.5 0.160 842.4 0.00019 0.00019
27 26.0 27.0 1.0 26.5 193.0 0.162 965.2 0.00017 0.00017
28 27.0 28.0 1.0 27.5 181.8 0.164 908.8 0.00018 0.00018
29 28.0 29.0 1.0 28.5 181.0 0.167 905.2 0.00018 0.00018
30 29.0 30.0 1.0 29.5 142.0 0.169 710.2 0.00024 0.00024
31 30.0 31.0 1.0 30.5 67.9 0.171 339.5 0.00050 0.00050
32 31.0 32.0 1.0 31.5 99.4 0.174 497.2 0.00035 0.00035
33 32.0 33.0 1.0 32.5 48.4 0.176 241.9 0.00073 0.00073
34 33.0 34.0 1.0 33.5 65.0 0.178 325.0 0.00055 0.00055
35 34.0 35.0 1.0 34.5 25.3 0.181 126.7 0.00143 0.00143
36 35.0 36.0 1.0 35.5 31.4 0.183 157.1 0.00117 0.00117
37 36.0 37.0 1.0 36.5 58.8 0.185 294.2 0.00063 0.00063
38 37.0 38.0 1.0 37.5 119.7 0.188 598.7 0.00031 0.00031
39 38.0 39.0 1.0 38.5 167.7 0.190 838.3 0.00023 0.00023
40 39.0 40.0 1.0 39.5 179.1 0.193 895.6 0.00021 0.00021
41 40.0 41.0 1.0 40.5 158.0 0.195 789.9 0.00025 0.00025
42 41.0 42.0 1.0 41.5 153.9 0.197 769.4 0.00026 0.00026
43 42.0 43.0 1.0 42.5 151.6 0.200 758.2 0.00026 0.00026
44 43.0 44.0 1.0 43.5 129.8 0.202 649.2 0.00031 0.00031
45 44.0 45.0 1.0 44.5 103.3 0.204 516.7 0.00040 0.00040
46 45.0 46.0 1.0 45.5 87.6 0.207 438.2 0.00047 0.00047
47 46.0 47.0 1.0 46.5 81.9 0.209 409.5 0.00051 0.00051
48 47.0 48.0 1.0 47.5 140.8 0.211 703.9 0.00030 0.00030
49 48.0 49.0 1.0 48.5 190.3 0.214 951.4 0.00022 0.00022
50 49.0 50.0 1.0 49.5 121.7 0.216 608.4 0.00035 0.00035
51 50.0 51.0 1.0 50.5 155.7 0.218 778.3 0.00028 0.00028
52 51.0 52.0 1.0 51.5 174.5 0.221 872.6 0.00025 0.00025
53 52.0 53.0 1.0 52.5 179.5 0.223 897.7 0.00025 0.00025
54 53.0 54.0 1.0 53.5 179.2 0.225 895.9 0.00025 0.00025
55 54.0 55.0 1.0 54.5 160.3 0.228 801.5 0.00028 0.00028
56 55.0 56.0 1.0 55.5 132.2 0.230 660.9 0.00035 0.00035
57 56.0 57.0 1.0 56.5 107.3 0.232 536.4 0.00043 0.00043
58 57.0 58.0 1.0 57.5 89.3 0.235 446.3 0.00053 0.00053
59 58.0 59.0 1.0 58.5 137.9 0.237 689.6 0.00034 0.00034
60 59.0 60.0 1.0 59.5 37.2 0.239 186.0 0.00129 0.00129
61 60.0 61.0 1.0 60.5 161.0 0.242 805.0 0.00030 0.00030
62 61.0 62.0 1.0 61.5 190.9 0.244 954.4 0.00026 0.00026
63 62.0 63.0 1.0 62.5 231.0 0.246 1155.0 0.00021 0.00021
64 63.0 64.0 1.0 63.5 213.3 0.249 1066.4 0.00023 0.00023
65 64.0 65.0 1.0 64.5 224.2 0.251 1121.0 0.00022 0.00022
66 65.0 66.0 1.0 65.5 189.6 0.253 948.2 0.00027 0.00027
67 66.0 67.0 1.0 66.5 205.1 0.256 1025.5 0.00025 0.00025
68 67.0 68.0 1.0 67.5 247.3 0.258 1236.6 0.00021 0.00021
69 68.0 69.0 1.0 68.5 321.7 0.260 1608.3 0.00016 0.00016
70 69.0 70.0 1.0 69.5 139.5 0.263 697.3 0.00038 0.00038
71 70.0 71.0 1.0 70.5 177.3 0.265 886.6 0.00030 0.00030
72 71.0 72.0 1.0 71.5 214.5 0.267 1072.4 0.00025 0.00025
73 72.0 73.0 1.0 72.5 204.0 0.270 1020.1 0.00026 0.00026
74 73.0 74.0 1.0 73.5 193.7 0.272 968.3 0.00028 0.00028
75 74.0 75.0 1.0 74.5 125.3 0.275 626.7 0.00044 0.00044
76 75.0 76.0 1.0 75.5 106.2 0.277 530.9 0.00052 0.00052
77 76.0 77.0 1.0 76.5 72.8 0.279 364.0 0.00077 0.00077
78 77.0 78.0 1.0 77.5 100.9 0.282 504.6 0.00056 0.00056
79 78.0 79.0 1.0 78.5 111.6 0.284 557.8 0.00051 0.00051
80 79.0 80.0 1.0 79.5 263.2 0.286 1316.2 0.00022 0.00022
81 80.0 81.0 1.0 80.5 248.1 0.289 1240.6 0.00023 0.00023
82 81.0 82.0 1.0 81.5 431.3 0.291 2156.3 0.00013 0.00013
83 82.0 83.0 1.0 82.5 163.1 0.293 815.3 0.00036 0.00036
84 83.0 84.0 1.0 83.5 131.7 0.296 658.5 0.00045 0.00045
85 84.0 85.0 1.0 84.5 171.8 0.298 859.0 0.00035 0.00035
86 85.0 86.0 1.0 85.5 139.6 0.300 698.1 0.00043 0.00043
87 86.0 87.0 1.0 86.5 107.2 0.303 536.2 0.00056 0.00056
88 87.0 88.0 1.0 87.5 142.6 0.305 713.2 0.00043 0.00043
89 88.0 89.0 1.0 88.5 159.0 0.307 795.1 0.00039 0.00039
90 89.0 90.0 1.0 89.5 101.7 0.310 508.4 0.00061 0.00061
91 90.0 91.0 1.0 90.5 113.9 0.312 569.7 0.00055 0.00055
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92 91.0 92.0 1.0 91.5 128.0 0.314 639.8 0.00049 0.00049
93 92.0 93.0 1.0 92.5 132.8 0.317 663.8 0.00048 0.00048
94 93.0 94.0 1.0 93.5 201.8 0.319 1009.1 0.00032 0.00032
95 94.0 95.0 1.0 94.5 142.9 0.321 714.4 0.00045 0.00045
96 95.0 96.0 1.0 95.5 118.3 0.324 591.6 0.00055 0.00055
97 96.0 97.0 1.0 96.5 115.9 0.326 579.7 0.00056 0.00056
98 97.0 98.0 1.0 97.5 111.7 0.328 558.5 0.00059 0.00059
99 98.0 99.0 1.0 98.5 93.3 0.331 466.7 0.00071 0.00071
100 99.0 100.0 1.0 99.5 131.0 0.333 655.2 0.00051 0.00051
101 100.0 101.0 1.0 100.5 199.1 0.335 995.3 0.00034 0.00034
102 101.0 102.0 1.0 101.5 210.6 0.338 1053.0 0.00032 0.00032
103 102.0 103.0 1.0 102.5 167.6 0.340 837.8 0.00041 0.00041
104 103.0 104.0 1.0 103.5 117.9 0.342 589.5 0.00058 0.00058
105 104.0 105.0 1.0 104.5 71.2 0.345 356.1 0.00097 0.00097
106 105.0 106.0 1.0 105.5 84.2 0.347 421.0 0.00082 0.00082
107 106.0 107.0 1.0 106.5 82.8 0.349 414.1 0.00084 0.00084
108 107.0 108.0 1.0 107.5 85.5 0.352 427.5 0.00082 0.00082
109 108.0 109.0 1.0 108.5 87.7 0.354 438.7 0.00081 0.00081
110 109.0 110.0 1.0 109.5 71.5 0.356 357.6 0.00100 0.00100
111 110.0 111.0 1.0 110.5 60.5 0.359 302.6 0.00119 0.00119
112 111.0 112.0 1.0 111.5 64.9 0.361 324.4 0.00111 0.00111
113 112.0 113.0 1.0 112.5 62.6 0.364 313.2 0.00116 0.00116
114 113.0 114.0 1.0 113.5 70.2 0.366 351.0 0.00104 0.00104
115 114.0 115.0 1.0 114.5 80.1 0.368 400.6 0.00092 0.00092
116 115.0 116.0 1.0 115.5 191.7 0.371 958.5 0.00039 0.00039
117 116.0 117.0 1.0 116.5 204.5 0.373 1022.4 0.00036 0.00036
118 117.0 118.0 1.0 117.5 508.1 0.375 2540.5 0.00015 0.00015
119 118.0 119.0 1.0 118.5 621.5 0.378 3107.7 0.00012 0.00012
120 119.0 120.0 1.0 119.5 668.1 0.380 3340.6 0.00011 0.00011
! = 0.04969

I zr (1 < L/B < 10): I zr = I zs  + 0.111 (I zc  - I zs ) (L/B - 1)
I zs  (L/B = 1):
     For z ave  = 0 to B/2: I zs  = 0.1 + (z ave /B)(2I zp- 0.2)
     For z ave  = B/2 to 2B: I zs  = 0.667 I zp (2 - z ave /B)
I zc  (L/B �  10):
     For z ave  = 0 to B: I zc  = 0.2 + (z ave /B)(I zp - 0.2)
     For z ave  = B to 4B: I zc  = 0.333 I zp (4 - z ave /B) ( Coduto p.228. )
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Footing w idth B = 382.0 ft Z-SDU6-C07
Footing length L = 382.0 ft
Ground elevation 279.4 ft
Foundation elevation 265.0 ft
Ground Water elevation 220.0 ft Load S0 =
Excavated or embedded depth D = 14.4 ft End of Operations 5.10 0.8
Depth to Groundw ater 59.4 ft Tank Half Full 2.80 0.2
Unit w eight �  = 120.0 pcf Pre Closure 5.50 0.9
Gross Footing Load 5.10 ksf Post Closure 8.00 1.7
Net applied footing pressure �p = 3.372 ksf

L/B = 1.00 -

Computation
Settlement  �i = C1 Ct �p !(�zi Izi/Esi) 0.132 ft

 �i = Ct = 1 1.586 in Load S0 =
S�t	 = 0.198 ft 5.10 1.2
S�t	 = 2.372 in 8.00 2.6

Correction for strain relief C1 = 1 - 0.5(�'D/q') 0.744 -
Effective vertical overburden pressure at D �'vo = � �D 1.728 ksf
Correction for time dependent increase Ct = 1 + 0.2 log( t / 0.1 ) 1.50 -

t = 30.00 years
Elastic modulus of soil layer i Esi = 2.5 qc see Column H if L/B = 1

Esi = 3.5 qc see Column H If L/B � 10
Depth increment i �zi see Column D
Influence factor of soil layer i Izi Figure 3-4 see Column G
Peak depth influence factor Izp = 0.5 + 0.1�(�p/�'Izp)1/2 0.547 -

zp = 0.5B + D 205.40 ft If  L/B = 1
zp = B + D 396.40 ft If  L/B � 10
zp = 205.40 ft for L/B=1.00

Effective overburden pressure at depth Izp �'Izp = 15.54 ksf
Elastic Modulus Esi = 2.50 qc If  L/B = 1

Esi = 3.50 qc If  L/B � 10
Esi = 2.50 qc for L/B=1.00

Computations made relative to the bottom of foundation
A B C D E F G H I J K

Layer Layer Layer Layer Mid-layer Average Elastic
top bottom thickness depth tip stress Izi modulus �zi Izi/Esi �zi Izi/Esi Notes

 depth depth �zi zave qc Esi
No. (ft) (ft) (ft) (ft) (tsf) (ksf)
1 0.0 1.0 1.0 0.5 140.7 0.101 703.4 0.00014 0.00014
2 1.0 2.0 1.0 1.5 173.2 0.104 866.2 0.00012 0.00012
3 2.0 3.0 1.0 2.5 149.8 0.106 748.8 0.00014 0.00014
4 3.0 4.0 1.0 3.5 144.9 0.108 724.7 0.00015 0.00015
5 4.0 5.0 1.0 4.5 150.2 0.111 750.9 0.00015 0.00015
6 5.0 6.0 1.0 5.5 123.5 0.113 617.6 0.00018 0.00018
7 6.0 7.0 1.0 6.5 142.2 0.115 711.1 0.00016 0.00016
8 7.0 8.0 1.0 7.5 80.1 0.118 400.6 0.00029 0.00029
9 8.0 9.0 1.0 8.5 90.7 0.120 453.7 0.00026 0.00026
10 9.0 10.0 1.0 9.5 126.6 0.122 633.1 0.00019 0.00019
11 10.0 11.0 1.0 10.5 128.2 0.125 641.1 0.00019 0.00019
12 11.0 12.0 1.0 11.5 118.9 0.127 594.4 0.00021 0.00021
13 12.0 13.0 1.0 12.5 119.6 0.129 597.9 0.00022 0.00022
14 13.0 14.0 1.0 13.5 120.9 0.132 604.5 0.00022 0.00022
15 14.0 15.0 1.0 14.5 123.5 0.134 617.3 0.00022 0.00022
16 15.0 16.0 1.0 15.5 143.0 0.136 715.2 0.00019 0.00019
17 16.0 17.0 1.0 16.5 163.0 0.139 815.2 0.00017 0.00017
18 17.0 18.0 1.0 17.5 142.4 0.141 712.2 0.00020 0.00020
19 18.0 19.0 1.0 18.5 150.9 0.143 754.4 0.00019 0.00019
20 19.0 20.0 1.0 19.5 213.4 0.146 1067.2 0.00014 0.00014
21 20.0 21.0 1.0 20.5 209.4 0.148 1047.1 0.00014 0.00014
22 21.0 22.0 1.0 21.5 203.9 0.150 1019.7 0.00015 0.00015
23 22.0 23.0 1.0 22.5 233.6 0.153 1167.9 0.00013 0.00013
24 23.0 24.0 1.0 23.5 155.7 0.155 778.3 0.00020 0.00020
25 24.0 25.0 1.0 24.5 231.6 0.157 1158.1 0.00014 0.00014

Immediate
Settlement (in.)

(S0 / 2)

30 Year
Settlement (in.)

(S30 / 2)
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26 25.0 26.0 1.0 25.5 210.9 0.160 1054.7 0.00015 0.00015
27 26.0 27.0 1.0 26.5 125.9 0.162 629.5 0.00026 0.00026
28 27.0 28.0 1.0 27.5 54.6 0.164 272.9 0.00060 0.00060
29 28.0 29.0 1.0 28.5 59.7 0.167 298.7 0.00056 0.00056
30 29.0 30.0 1.0 29.5 47.1 0.169 235.3 0.00072 0.00072
31 30.0 31.0 1.0 30.5 95.2 0.171 476.0 0.00036 0.00036
32 31.0 32.0 1.0 31.5 51.9 0.174 259.4 0.00067 0.00067
33 32.0 33.0 1.0 32.5 34.1 0.176 170.4 0.00103 0.00103
34 33.0 34.0 1.0 33.5 41.9 0.178 209.4 0.00085 0.00085
35 34.0 35.0 1.0 34.5 138.3 0.181 691.4 0.00026 0.00026
36 35.0 36.0 1.0 35.5 195.6 0.183 978.2 0.00019 0.00019
37 36.0 37.0 1.0 36.5 232.8 0.185 1163.8 0.00016 0.00016
38 37.0 38.0 1.0 37.5 203.2 0.188 1015.8 0.00018 0.00018
39 38.0 39.0 1.0 38.5 213.6 0.190 1067.8 0.00018 0.00018
40 39.0 40.0 1.0 39.5 186.3 0.192 931.7 0.00021 0.00021
41 40.0 41.0 1.0 40.5 171.7 0.195 858.3 0.00023 0.00023
42 41.0 42.0 1.0 41.5 197.8 0.197 989.0 0.00020 0.00020
43 42.0 43.0 1.0 42.5 196.0 0.199 980.1 0.00020 0.00020
44 43.0 44.0 1.0 43.5 166.0 0.202 830.0 0.00024 0.00024
45 44.0 45.0 1.0 44.5 163.0 0.204 814.9 0.00025 0.00025
46 45.0 46.0 1.0 45.5 172.7 0.206 863.3 0.00024 0.00024
47 46.0 47.0 1.0 46.5 85.3 0.209 426.4 0.00049 0.00049
48 47.0 48.0 1.0 47.5 90.1 0.211 450.7 0.00047 0.00047
49 48.0 49.0 1.0 48.5 210.6 0.213 1053.0 0.00020 0.00020
50 49.0 50.0 1.0 49.5 265.0 0.216 1325.1 0.00016 0.00016
51 50.0 51.0 1.0 50.5 271.0 0.218 1355.2 0.00016 0.00016
52 51.0 52.0 1.0 51.5 275.5 0.220 1377.7 0.00016 0.00016
53 52.0 53.0 1.0 52.5 273.9 0.223 1369.7 0.00016 0.00016
54 53.0 54.0 1.0 53.5 266.4 0.225 1332.0 0.00017 0.00017
55 54.0 55.0 1.0 54.5 275.7 0.227 1378.6 0.00016 0.00016
56 55.0 56.0 1.0 55.5 274.9 0.230 1374.5 0.00017 0.00017
57 56.0 57.0 1.0 56.5 277.2 0.232 1386.0 0.00017 0.00017
58 57.0 58.0 1.0 57.5 269.3 0.234 1346.3 0.00017 0.00017
59 58.0 59.0 1.0 58.5 238.8 0.237 1194.1 0.00020 0.00020
60 59.0 60.0 1.0 59.5 157.4 0.239 787.0 0.00030 0.00030
61 60.0 61.0 1.0 60.5 56.5 0.241 282.4 0.00086 0.00086
62 61.0 62.0 1.0 61.5 77.4 0.244 387.2 0.00063 0.00063
63 62.0 63.0 1.0 62.5 140.0 0.246 700.1 0.00035 0.00035
64 63.0 64.0 1.0 63.5 251.3 0.248 1256.4 0.00020 0.00020
65 64.0 65.0 1.0 64.5 333.5 0.251 1667.5 0.00015 0.00015
66 65.0 66.0 1.0 65.5 290.0 0.253 1449.9 0.00017 0.00017
67 66.0 67.0 1.0 66.5 229.6 0.255 1147.9 0.00022 0.00022
68 67.0 68.0 1.0 67.5 182.1 0.258 910.7 0.00028 0.00028
69 68.0 69.0 1.0 68.5 161.5 0.260 807.4 0.00032 0.00032
70 69.0 70.0 1.0 69.5 102.3 0.263 511.3 0.00051 0.00051
71 70.0 71.0 1.0 70.5 12.4 0.265 61.8 0.00429 0.00429
72 71.0 72.0 1.0 71.5 17.8 0.267 89.1 0.00300 0.00300
73 72.0 73.0 1.0 72.5 76.4 0.270 382.0 0.00071 0.00071
74 73.0 74.0 1.0 73.5 141.5 0.272 707.5 0.00038 0.00038
75 74.0 75.0 1.0 74.5 149.6 0.274 748.0 0.00037 0.00037
76 75.0 76.0 1.0 75.5 185.2 0.277 925.9 0.00030 0.00030
77 76.0 77.0 1.0 76.5 141.1 0.279 705.7 0.00040 0.00040
78 77.0 78.0 1.0 77.5 92.9 0.281 464.6 0.00061 0.00061
79 78.0 79.0 1.0 78.5 166.9 0.284 834.6 0.00034 0.00034
80 79.0 80.0 1.0 79.5 91.8 0.286 459.1 0.00062 0.00062
81 80.0 81.0 1.0 80.5 184.4 0.288 921.8 0.00031 0.00031
82 81.0 82.0 1.0 81.5 589.3 0.291 2946.5 0.00010 0.00010
83 82.0 83.0 1.0 82.5 163.1 0.293 815.3 0.00036 0.00036
84 83.0 84.0 1.0 83.5 131.7 0.295 658.5 0.00045 0.00045
85 84.0 85.0 1.0 84.5 171.8 0.298 859.0 0.00035 0.00035
86 85.0 86.0 1.0 85.5 139.6 0.300 698.1 0.00043 0.00043
87 86.0 87.0 1.0 86.5 107.2 0.302 536.2 0.00056 0.00056
88 87.0 88.0 1.0 87.5 142.6 0.305 713.2 0.00043 0.00043
89 88.0 89.0 1.0 88.5 159.0 0.307 795.1 0.00039 0.00039
90 89.0 90.0 1.0 89.5 101.7 0.309 508.4 0.00061 0.00061
91 90.0 91.0 1.0 90.5 113.9 0.312 569.7 0.00055 0.00055
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92 91.0 92.0 1.0 91.5 128.0 0.314 639.8 0.00049 0.00049
93 92.0 93.0 1.0 92.5 132.8 0.316 663.8 0.00048 0.00048
94 93.0 94.0 1.0 93.5 201.8 0.319 1009.1 0.00032 0.00032
95 94.0 95.0 1.0 94.5 142.9 0.321 714.4 0.00045 0.00045
96 95.0 96.0 1.0 95.5 118.3 0.323 591.6 0.00055 0.00055
97 96.0 97.0 1.0 96.5 115.9 0.326 579.7 0.00056 0.00056
98 97.0 98.0 1.0 97.5 111.7 0.328 558.5 0.00059 0.00059
99 98.0 99.0 1.0 98.5 93.3 0.330 466.7 0.00071 0.00071
100 99.0 100.0 1.0 99.5 131.0 0.333 655.2 0.00051 0.00051
101 100.0 101.0 1.0 100.5 199.1 0.335 995.3 0.00034 0.00034
102 101.0 102.0 1.0 101.5 210.6 0.337 1053.0 0.00032 0.00032
103 102.0 103.0 1.0 102.5 167.6 0.340 837.8 0.00041 0.00041
104 103.0 104.0 1.0 103.5 117.9 0.342 589.5 0.00058 0.00058
105 104.0 105.0 1.0 104.5 71.2 0.344 356.1 0.00097 0.00097
106 105.0 106.0 1.0 105.5 84.2 0.347 421.0 0.00082 0.00082
107 106.0 107.0 1.0 106.5 82.8 0.349 414.1 0.00084 0.00084
108 107.0 108.0 1.0 107.5 85.5 0.351 427.5 0.00082 0.00082
109 108.0 109.0 1.0 108.5 87.7 0.354 438.7 0.00081 0.00081
110 109.0 110.0 1.0 109.5 71.5 0.356 357.6 0.00100 0.00100
111 110.0 111.0 1.0 110.5 60.5 0.358 302.6 0.00118 0.00118
112 111.0 112.0 1.0 111.5 64.9 0.361 324.4 0.00111 0.00111
113 112.0 113.0 1.0 112.5 62.6 0.363 313.2 0.00116 0.00116
114 113.0 114.0 1.0 113.5 70.2 0.365 351.0 0.00104 0.00104
115 114.0 115.0 1.0 114.5 80.1 0.368 400.6 0.00092 0.00092
116 115.0 116.0 1.0 115.5 191.7 0.370 958.5 0.00039 0.00039
117 116.0 117.0 1.0 116.5 204.5 0.372 1022.4 0.00036 0.00036
118 117.0 118.0 1.0 117.5 508.1 0.375 2540.5 0.00015 0.00015
119 118.0 119.0 1.0 118.5 621.5 0.377 3107.7 0.00012 0.00012
120 119.0 120.0 1.0 119.5 668.1 0.379 3340.6 0.00011 0.00011
! = 0.05271

I zr (1 < L/B < 10): I zr = I zs  + 0.111 (I zc  - I zs ) (L/B - 1)
I zs  (L/B = 1):
     For z ave  = 0 to B/2: I zs  = 0.1 + (z ave /B)(2I zp- 0.2)
     For z ave  = B/2 to 2B: I zs  = 0.667 I zp (2 - z ave /B)
I zc  (L/B �  10):
     For z ave  = 0 to B: I zc  = 0.2 + (z ave /B)(I zp - 0.2)
     For z ave  = B to 4B: I zc  = 0.333 I zp (4 - z ave /B) ( Coduto p.228. )
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Footing w idth B = 382.0 ft Z-SDU6-C08
Footing length L = 382.0 ft
Ground elevation 279.7 ft
Foundation elevation 265.0 ft
Ground Water elevation 220.0 ft Load S0 =
Excavated or embedded depth D = 14.7 ft End of Operations 5.10 1.0
Depth to Groundw ater 59.7 ft Tank Half Full 2.80 0.2
Unit w eight �  = 120.0 pcf Pre Closure 5.50 1.2
Gross Footing Load 5.10 ksf Post Closure 8.00 2.3
Net applied footing pressure �p = 3.336 ksf

L/B = 1.00 -

Computation
Settlement  �i = C1 Ct �p !(�zi Izi/Esi) 0.169 ft

 �i = Ct = 1 2.034 in Load S0 =
S�t	 = 0.253 ft 5.10 1.5
S�t	 = 3.041 in 8.00 3.4

Correction for strain relief C1 = 1 - 0.5(�'D/q') 0.736 -
Effective vertical overburden pressure at D �'vo = � �D 1.764 ksf
Correction for time dependent increase Ct = 1 + 0.2 log( t / 0.1 ) 1.50 -

t = 30.00 years
Elastic modulus of soil layer i Esi = 2.5 qc see Column H if L/B = 1

Esi = 3.5 qc see Column H If L/B � 10
Depth increment i �zi see Column D
Influence factor of soil layer i Izi Figure 3-4 see Column G
Peak depth influence factor Izp = 0.5 + 0.1�(�p/�'Izp)1/2 0.546 -

zp = 0.5B + D 205.70 ft If  L/B = 1
zp = B + D 396.70 ft If  L/B � 10
zp = 205.70 ft for L/B=1.00

Effective overburden pressure at depth Izp �'Izp = 15.57 ksf
Elastic Modulus Esi = 2.50 qc If  L/B = 1

Esi = 3.50 qc If  L/B � 10
Esi = 2.50 qc for L/B=1.00

Computations made relative to the bottom of foundation
A B C D E F G H I J K

Layer Layer Layer Layer Mid-layer Average Elastic
top bottom thickness depth tip stress Izi modulus �zi Izi/Esi �zi Izi/Esi Notes

 depth depth �zi zave qc Esi
No. (ft) (ft) (ft) (ft) (tsf) (ksf)
1 0.0 1.0 1.0 0.5 126.3 0.101 631.7 0.00016 0.00016
2 1.0 2.0 1.0 1.5 116.6 0.104 583.0 0.00018 0.00018
3 2.0 3.0 1.0 2.5 103.2 0.106 516.0 0.00021 0.00021
4 3.0 4.0 1.0 3.5 113.5 0.108 567.3 0.00019 0.00019
5 4.0 5.0 1.0 4.5 116.7 0.111 583.6 0.00019 0.00019
6 5.0 6.0 1.0 5.5 93.7 0.113 468.7 0.00024 0.00024
7 6.0 7.0 1.0 6.5 51.8 0.115 259.1 0.00044 0.00044
8 7.0 8.0 1.0 7.5 29.8 0.118 149.2 0.00079 0.00079
9 8.0 9.0 1.0 8.5 48.3 0.120 241.5 0.00050 0.00050
10 9.0 10.0 1.0 9.5 97.5 0.122 487.7 0.00025 0.00025
11 10.0 11.0 1.0 10.5 61.2 0.125 306.0 0.00041 0.00041
12 11.0 12.0 1.0 11.5 48.6 0.127 242.8 0.00052 0.00052
13 12.0 13.0 1.0 12.5 72.1 0.129 360.4 0.00036 0.00036
14 13.0 14.0 1.0 13.5 72.1 0.132 360.7 0.00036 0.00036
15 14.0 15.0 1.0 14.5 74.7 0.134 373.5 0.00036 0.00036
16 15.0 16.0 1.0 15.5 84.2 0.136 420.9 0.00032 0.00032
17 16.0 17.0 1.0 16.5 98.0 0.139 489.9 0.00028 0.00028
18 17.0 18.0 1.0 17.5 130.3 0.141 651.6 0.00022 0.00022
19 18.0 19.0 1.0 18.5 143.8 0.143 719.2 0.00020 0.00020
20 19.0 20.0 1.0 19.5 131.2 0.146 655.8 0.00022 0.00022
21 20.0 21.0 1.0 20.5 126.8 0.148 634.1 0.00023 0.00023
22 21.0 22.0 1.0 21.5 215.4 0.150 1076.8 0.00014 0.00014
23 22.0 23.0 1.0 22.5 236.6 0.153 1183.1 0.00013 0.00013
24 23.0 24.0 1.0 23.5 277.0 0.155 1385.1 0.00011 0.00011
25 24.0 25.0 1.0 24.5 356.9 0.157 1784.7 0.00009 0.00009

Immediate
Settlement (in.)

(S0 / 2)

30 Year
Settlement (in.)

(S30 / 2)
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26 25.0 26.0 1.0 25.5 375.0 0.160 1875.1 0.00009 0.00009
27 26.0 27.0 1.0 26.5 261.9 0.162 1309.6 0.00012 0.00012
28 27.0 28.0 1.0 27.5 74.9 0.164 374.3 0.00044 0.00044
29 28.0 29.0 1.0 28.5 36.5 0.167 182.5 0.00091 0.00091
30 29.0 30.0 1.0 29.5 33.4 0.169 166.9 0.00101 0.00101
31 30.0 31.0 1.0 30.5 28.3 0.171 141.6 0.00121 0.00121
32 31.0 32.0 1.0 31.5 17.0 0.174 85.0 0.00204 0.00204
33 32.0 33.0 1.0 32.5 8.9 0.176 44.6 0.00395 0.00395
34 33.0 34.0 1.0 33.5 44.4 0.178 221.8 0.00080 0.00080
35 34.0 35.0 1.0 34.5 76.3 0.181 381.5 0.00047 0.00047
36 35.0 36.0 1.0 35.5 60.4 0.183 301.9 0.00061 0.00061
37 36.0 37.0 1.0 36.5 83.5 0.185 417.7 0.00044 0.00044
38 37.0 38.0 1.0 37.5 121.6 0.188 607.9 0.00031 0.00031
39 38.0 39.0 1.0 38.5 164.5 0.190 822.6 0.00023 0.00023
40 39.0 40.0 1.0 39.5 183.9 0.192 919.6 0.00021 0.00021
41 40.0 41.0 1.0 40.5 180.5 0.195 902.5 0.00022 0.00022
42 41.0 42.0 1.0 41.5 145.6 0.197 728.1 0.00027 0.00027
43 42.0 43.0 1.0 42.5 139.3 0.199 696.6 0.00029 0.00029
44 43.0 44.0 1.0 43.5 113.5 0.202 567.6 0.00036 0.00036
45 44.0 45.0 1.0 44.5 88.9 0.204 444.4 0.00046 0.00046
46 45.0 46.0 1.0 45.5 52.2 0.206 260.8 0.00079 0.00079
47 46.0 47.0 1.0 46.5 20.4 0.209 101.8 0.00205 0.00205
48 47.0 48.0 1.0 47.5 130.8 0.211 654.0 0.00032 0.00032
49 48.0 49.0 1.0 48.5 122.6 0.213 613.2 0.00035 0.00035
50 49.0 50.0 1.0 49.5 110.7 0.216 553.4 0.00039 0.00039
51 50.0 51.0 1.0 50.5 146.4 0.218 732.2 0.00030 0.00030
52 51.0 52.0 1.0 51.5 149.7 0.220 748.7 0.00029 0.00029
53 52.0 53.0 1.0 52.5 174.1 0.223 870.3 0.00026 0.00026
54 53.0 54.0 1.0 53.5 175.0 0.225 874.8 0.00026 0.00026
55 54.0 55.0 1.0 54.5 178.5 0.227 892.3 0.00025 0.00025
56 55.0 56.0 1.0 55.5 177.3 0.230 886.4 0.00026 0.00026
57 56.0 57.0 1.0 56.5 160.4 0.232 801.8 0.00029 0.00029
58 57.0 58.0 1.0 57.5 141.0 0.234 704.8 0.00033 0.00033
59 58.0 59.0 1.0 58.5 131.5 0.237 657.5 0.00036 0.00036
60 59.0 60.0 1.0 59.5 151.7 0.239 758.7 0.00032 0.00032
61 60.0 61.0 1.0 60.5 140.0 0.241 700.1 0.00034 0.00034
62 61.0 62.0 1.0 61.5 34.4 0.244 172.2 0.00142 0.00142
63 62.0 63.0 1.0 62.5 15.7 0.246 78.4 0.00314 0.00314
64 63.0 64.0 1.0 63.5 27.7 0.248 138.3 0.00180 0.00180
65 64.0 65.0 1.0 64.5 85.1 0.251 425.7 0.00059 0.00059
66 65.0 66.0 1.0 65.5 271.5 0.253 1357.7 0.00019 0.00019
67 66.0 67.0 1.0 66.5 252.1 0.255 1260.7 0.00020 0.00020
68 67.0 68.0 1.0 67.5 191.1 0.258 955.3 0.00027 0.00027
69 68.0 69.0 1.0 68.5 274.1 0.260 1370.3 0.00019 0.00019
70 69.0 70.0 1.0 69.5 203.3 0.262 1016.5 0.00026 0.00026
71 70.0 71.0 1.0 70.5 35.2 0.265 176.1 0.00150 0.00150
72 71.0 72.0 1.0 71.5 39.6 0.267 198.2 0.00135 0.00135
73 72.0 73.0 1.0 72.5 86.6 0.269 432.9 0.00062 0.00062
74 73.0 74.0 1.0 73.5 61.2 0.272 306.0 0.00089 0.00089
75 74.0 75.0 1.0 74.5 53.9 0.274 269.6 0.00102 0.00102
76 75.0 76.0 1.0 75.5 84.6 0.276 423.2 0.00065 0.00065
77 76.0 77.0 1.0 76.5 92.4 0.279 462.2 0.00060 0.00060
78 77.0 78.0 1.0 77.5 78.6 0.281 393.1 0.00072 0.00072
79 78.0 79.0 1.0 78.5 65.1 0.283 325.5 0.00087 0.00087
80 79.0 80.0 1.0 79.5 172.7 0.286 863.6 0.00033 0.00033
81 80.0 81.0 1.0 80.5 42.4 0.288 211.9 0.00136 0.00136
82 81.0 82.0 1.0 81.5 123.0 0.290 615.2 0.00047 0.00047
83 82.0 83.0 1.0 82.5 590.7 0.293 2953.4 0.00010 0.00010
84 83.0 84.0 1.0 83.5 131.7 0.295 658.5 0.00045 0.00045
85 84.0 85.0 1.0 84.5 171.8 0.297 859.0 0.00035 0.00035
86 85.0 86.0 1.0 85.5 139.6 0.300 698.1 0.00043 0.00043
87 86.0 87.0 1.0 86.5 107.2 0.302 536.2 0.00056 0.00056
88 87.0 88.0 1.0 87.5 142.6 0.304 713.2 0.00043 0.00043
89 88.0 89.0 1.0 88.5 159.0 0.307 795.1 0.00039 0.00039
90 89.0 90.0 1.0 89.5 101.7 0.309 508.4 0.00061 0.00061
91 90.0 91.0 1.0 90.5 113.9 0.311 569.7 0.00055 0.00055
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92 91.0 92.0 1.0 91.5 128.0 0.314 639.8 0.00049 0.00049
93 92.0 93.0 1.0 92.5 132.8 0.316 663.8 0.00048 0.00048
94 93.0 94.0 1.0 93.5 201.8 0.318 1009.1 0.00032 0.00032
95 94.0 95.0 1.0 94.5 142.9 0.321 714.4 0.00045 0.00045
96 95.0 96.0 1.0 95.5 118.3 0.323 591.6 0.00055 0.00055
97 96.0 97.0 1.0 96.5 115.9 0.325 579.7 0.00056 0.00056
98 97.0 98.0 1.0 97.5 111.7 0.328 558.5 0.00059 0.00059
99 98.0 99.0 1.0 98.5 93.3 0.330 466.7 0.00071 0.00071
100 99.0 100.0 1.0 99.5 131.0 0.332 655.2 0.00051 0.00051
101 100.0 101.0 1.0 100.5 199.1 0.335 995.3 0.00034 0.00034
102 101.0 102.0 1.0 101.5 210.6 0.337 1053.0 0.00032 0.00032
103 102.0 103.0 1.0 102.5 167.6 0.339 837.8 0.00041 0.00041
104 103.0 104.0 1.0 103.5 117.9 0.342 589.5 0.00058 0.00058
105 104.0 105.0 1.0 104.5 71.2 0.344 356.1 0.00097 0.00097
106 105.0 106.0 1.0 105.5 84.2 0.347 421.0 0.00082 0.00082
107 106.0 107.0 1.0 106.5 82.8 0.349 414.1 0.00084 0.00084
108 107.0 108.0 1.0 107.5 85.5 0.351 427.5 0.00082 0.00082
109 108.0 109.0 1.0 108.5 87.7 0.354 438.7 0.00081 0.00081
110 109.0 110.0 1.0 109.5 71.5 0.356 357.6 0.00100 0.00100
111 110.0 111.0 1.0 110.5 60.5 0.358 302.6 0.00118 0.00118
112 111.0 112.0 1.0 111.5 64.9 0.361 324.4 0.00111 0.00111
113 112.0 113.0 1.0 112.5 62.6 0.363 313.2 0.00116 0.00116
114 113.0 114.0 1.0 113.5 70.2 0.365 351.0 0.00104 0.00104
115 114.0 115.0 1.0 114.5 80.1 0.368 400.6 0.00092 0.00092
116 115.0 116.0 1.0 115.5 191.7 0.370 958.5 0.00039 0.00039
117 116.0 117.0 1.0 116.5 204.5 0.372 1022.4 0.00036 0.00036
118 117.0 118.0 1.0 117.5 508.1 0.375 2540.5 0.00015 0.00015
119 118.0 119.0 1.0 118.5 621.5 0.377 3107.7 0.00012 0.00012
120 119.0 120.0 1.0 119.5 668.1 0.379 3340.6 0.00011 0.00011
! = 0.06905

I zr (1 < L/B < 10): I zr = I zs  + 0.111 (I zc  - I zs ) (L/B - 1)
I zs  (L/B = 1):
     For z ave  = 0 to B/2: I zs  = 0.1 + (z ave /B)(2I zp- 0.2)
     For z ave  = B/2 to 2B: I zs  = 0.667 I zp (2 - z ave /B)
I zc  (L/B �  10):
     For z ave  = 0 to B: I zc  = 0.2 + (z ave /B)(I zp - 0.2)
     For z ave  = B to 4B: I zc  = 0.333 I zp (4 - z ave /B) ( Coduto p.228. )
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Footing w idth B = 382.0 ft Z-SDU6-C09
Footing length L = 382.0 ft
Ground elevation 278.3 ft
Foundation elevation 265.0 ft
Ground Water elevation 220.0 ft Load S0 =
Excavated or embedded depth D = 13.3 ft End of Operations 5.10 1.0
Depth to Groundw ater 58.3 ft Tank Half Full 2.80 0.2
Unit w eight �  = 120.0 pcf Pre Closure 5.50 1.1
Gross Footing Load 5.10 ksf Post Closure 8.00 2.1
Net applied footing pressure �p = 3.504 ksf

L/B = 1.00 -

Computation
Settlement  �i = C1 Ct �p !(�zi Izi/Esi) 0.161 ft

 �i = Ct = 1 1.938 in Load S0 =
S�t	 = 0.241 ft 5.10 1.4
S�t	 = 2.898 in 8.00 3.1

Correction for strain relief C1 = 1 - 0.5(�'D/q') 0.772 -
Effective vertical overburden pressure at D �'vo = � �D 1.596 ksf
Correction for time dependent increase Ct = 1 + 0.2 log( t / 0.1 ) 1.50 -

t = 30.00 years
Elastic modulus of soil layer i Esi = 2.5 qc see Column H if L/B = 1

Esi = 3.5 qc see Column H If L/B � 10
Depth increment i �zi see Column D
Influence factor of soil layer i Izi Figure 3-4 see Column G
Peak depth influence factor Izp = 0.5 + 0.1�(�p/�'Izp)1/2 0.548 -

zp = 0.5B + D 204.30 ft If  L/B = 1
zp = B + D 395.30 ft If  L/B � 10
zp = 204.30 ft for L/B=1.00

Effective overburden pressure at depth Izp �'Izp = 15.41 ksf
Elastic Modulus Esi = 2.50 qc If  L/B = 1

Esi = 3.50 qc If  L/B � 10
Esi = 2.50 qc for L/B=1.00

Computations made relative to the bottom of foundation
A B C D E F G H I J K

Layer Layer Layer Layer Mid-layer Average Elastic
top bottom thickness depth tip stress Izi modulus �zi Izi/Esi �zi Izi/Esi Notes

 depth depth �zi zave qc Esi
No. (ft) (ft) (ft) (ft) (tsf) (ksf)
1 0.0 1.0 1.0 0.5 152.0 0.101 759.9 0.00013 0.00013
2 1.0 2.0 1.0 1.5 104.7 0.104 523.7 0.00020 0.00020
3 2.0 3.0 1.0 2.5 197.6 0.106 988.0 0.00011 0.00011
4 3.0 4.0 1.0 3.5 83.9 0.108 419.5 0.00026 0.00026
5 4.0 5.0 1.0 4.5 116.6 0.111 582.9 0.00019 0.00019
6 5.0 6.0 1.0 5.5 117.5 0.113 587.5 0.00019 0.00019
7 6.0 7.0 1.0 6.5 95.6 0.115 478.1 0.00024 0.00024
8 7.0 8.0 1.0 7.5 155.4 0.118 776.8 0.00015 0.00015
9 8.0 9.0 1.0 8.5 191.9 0.120 959.5 0.00012 0.00012
10 9.0 10.0 1.0 9.5 306.5 0.122 1532.5 0.00008 0.00008
11 10.0 11.0 1.0 10.5 115.1 0.125 575.7 0.00022 0.00022
12 11.0 12.0 1.0 11.5 92.7 0.127 463.5 0.00027 0.00027
13 12.0 13.0 1.0 12.5 101.8 0.129 508.8 0.00025 0.00025
14 13.0 14.0 1.0 13.5 99.6 0.132 497.9 0.00026 0.00026
15 14.0 15.0 1.0 14.5 120.0 0.134 599.8 0.00022 0.00022
16 15.0 16.0 1.0 15.5 165.8 0.136 829.0 0.00016 0.00016
17 16.0 17.0 1.0 16.5 241.6 0.139 1208.0 0.00011 0.00011
18 17.0 18.0 1.0 17.5 319.6 0.141 1597.8 0.00009 0.00009
19 18.0 19.0 1.0 18.5 362.9 0.143 1814.6 0.00008 0.00008
20 19.0 20.0 1.0 19.5 281.1 0.146 1405.4 0.00010 0.00010
21 20.0 21.0 1.0 20.5 71.2 0.148 355.9 0.00042 0.00042
22 21.0 22.0 1.0 21.5 260.4 0.150 1301.9 0.00012 0.00012
23 22.0 23.0 1.0 22.5 306.3 0.153 1531.7 0.00010 0.00010
24 23.0 24.0 1.0 23.5 302.4 0.155 1511.8 0.00010 0.00010
25 24.0 25.0 1.0 24.5 334.5 0.157 1672.3 0.00009 0.00009

Immediate
Settlement (in.)

(S0 / 2)

30 Year
Settlement (in.)

(S30 / 2)
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26 25.0 26.0 1.0 25.5 356.7 0.160 1783.5 0.00009 0.00009
27 26.0 27.0 1.0 26.5 215.0 0.162 1075.0 0.00015 0.00015
28 27.0 28.0 1.0 27.5 78.9 0.164 394.5 0.00042 0.00042
29 28.0 29.0 1.0 28.5 69.1 0.167 345.6 0.00048 0.00048
30 29.0 30.0 1.0 29.5 28.0 0.169 140.1 0.00121 0.00121
31 30.0 31.0 1.0 30.5 41.9 0.171 209.5 0.00082 0.00082
32 31.0 32.0 1.0 31.5 20.7 0.174 103.6 0.00168 0.00168
33 32.0 33.0 1.0 32.5 17.9 0.176 89.6 0.00197 0.00197
34 33.0 34.0 1.0 33.5 16.5 0.179 82.6 0.00216 0.00216
35 34.0 35.0 1.0 34.5 51.1 0.181 255.6 0.00071 0.00071
36 35.0 36.0 1.0 35.5 109.3 0.183 546.7 0.00034 0.00034
37 36.0 37.0 1.0 36.5 129.7 0.186 648.5 0.00029 0.00029
38 37.0 38.0 1.0 37.5 145.0 0.188 725.2 0.00026 0.00026
39 38.0 39.0 1.0 38.5 131.7 0.190 658.6 0.00029 0.00029
40 39.0 40.0 1.0 39.5 126.4 0.193 632.2 0.00030 0.00030
41 40.0 41.0 1.0 40.5 101.2 0.195 506.0 0.00039 0.00039
42 41.0 42.0 1.0 41.5 89.5 0.197 447.7 0.00044 0.00044
43 42.0 43.0 1.0 42.5 69.1 0.200 345.3 0.00058 0.00058
44 43.0 44.0 1.0 43.5 46.4 0.202 232.1 0.00087 0.00087
45 44.0 45.0 1.0 44.5 27.2 0.204 136.1 0.00150 0.00150
46 45.0 46.0 1.0 45.5 58.9 0.207 294.5 0.00070 0.00070
47 46.0 47.0 1.0 46.5 66.8 0.209 333.9 0.00063 0.00063
48 47.0 48.0 1.0 47.5 50.0 0.211 250.0 0.00085 0.00085
49 48.0 49.0 1.0 48.5 59.8 0.214 299.2 0.00071 0.00071
50 49.0 50.0 1.0 49.5 91.5 0.216 457.4 0.00047 0.00047
51 50.0 51.0 1.0 50.5 135.2 0.218 675.9 0.00032 0.00032
52 51.0 52.0 1.0 51.5 135.8 0.221 678.8 0.00033 0.00033
53 52.0 53.0 1.0 52.5 135.4 0.223 676.8 0.00033 0.00033
54 53.0 54.0 1.0 53.5 146.7 0.225 733.3 0.00031 0.00031
55 54.0 55.0 1.0 54.5 147.7 0.228 738.4 0.00031 0.00031
56 55.0 56.0 1.0 55.5 147.3 0.230 736.5 0.00031 0.00031
57 56.0 57.0 1.0 56.5 121.1 0.232 605.5 0.00038 0.00038
58 57.0 58.0 1.0 57.5 102.9 0.235 514.5 0.00046 0.00046
59 58.0 59.0 1.0 58.5 124.8 0.237 623.9 0.00038 0.00038
60 59.0 60.0 1.0 59.5 93.4 0.239 467.0 0.00051 0.00051
61 60.0 61.0 1.0 60.5 29.2 0.242 145.8 0.00166 0.00166
62 61.0 62.0 1.0 61.5 22.1 0.244 110.6 0.00221 0.00221
63 62.0 63.0 1.0 62.5 37.5 0.246 187.7 0.00131 0.00131
64 63.0 64.0 1.0 63.5 273.7 0.249 1368.7 0.00018 0.00018
65 64.0 65.0 1.0 64.5 398.4 0.251 1992.2 0.00013 0.00013
66 65.0 66.0 1.0 65.5 360.2 0.254 1800.9 0.00014 0.00014
67 66.0 67.0 1.0 66.5 336.8 0.256 1684.2 0.00015 0.00015
68 67.0 68.0 1.0 67.5 399.3 0.258 1996.6 0.00013 0.00013
69 68.0 69.0 1.0 68.5 312.5 0.261 1562.3 0.00017 0.00017
70 69.0 70.0 1.0 69.5 247.5 0.263 1237.6 0.00021 0.00021
71 70.0 71.0 1.0 70.5 609.0 0.265 3044.9 0.00009 0.00009
72 71.0 72.0 1.0 71.5 301.3 0.268 1506.6 0.00018 0.00018
73 72.0 73.0 1.0 72.5 198.2 0.270 991.2 0.00027 0.00027
74 73.0 74.0 1.0 73.5 97.2 0.272 486.1 0.00056 0.00056
75 74.0 75.0 1.0 74.5 105.7 0.275 528.7 0.00052 0.00052
76 75.0 76.0 1.0 75.5 105.0 0.277 524.9 0.00053 0.00053
77 76.0 77.0 1.0 76.5 100.8 0.279 504.2 0.00055 0.00055
78 77.0 78.0 1.0 77.5 96.8 0.282 484.1 0.00058 0.00058
79 78.0 79.0 1.0 78.5 129.6 0.284 647.9 0.00044 0.00044
80 79.0 80.0 1.0 79.5 142.8 0.286 713.9 0.00040 0.00040
81 80.0 81.0 1.0 80.5 117.1 0.289 585.5 0.00049 0.00049
82 81.0 82.0 1.0 81.5 181.6 0.291 907.9 0.00032 0.00032
83 82.0 83.0 1.0 82.5 163.1 0.293 815.3 0.00036 0.00036
84 83.0 84.0 1.0 83.5 131.7 0.296 658.5 0.00045 0.00045
85 84.0 85.0 1.0 84.5 171.8 0.298 859.0 0.00035 0.00035
86 85.0 86.0 1.0 85.5 139.6 0.300 698.1 0.00043 0.00043
87 86.0 87.0 1.0 86.5 107.2 0.303 536.2 0.00056 0.00056
88 87.0 88.0 1.0 87.5 142.6 0.305 713.2 0.00043 0.00043
89 88.0 89.0 1.0 88.5 159.0 0.307 795.1 0.00039 0.00039
90 89.0 90.0 1.0 89.5 101.7 0.310 508.4 0.00061 0.00061
91 90.0 91.0 1.0 90.5 113.9 0.312 569.7 0.00055 0.00055
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92 91.0 92.0 1.0 91.5 128.0 0.314 639.8 0.00049 0.00049
93 92.0 93.0 1.0 92.5 132.8 0.317 663.8 0.00048 0.00048
94 93.0 94.0 1.0 93.5 201.8 0.319 1009.1 0.00032 0.00032
95 94.0 95.0 1.0 94.5 142.9 0.322 714.4 0.00045 0.00045
96 95.0 96.0 1.0 95.5 118.3 0.324 591.6 0.00055 0.00055
97 96.0 97.0 1.0 96.5 115.9 0.326 579.7 0.00056 0.00056
98 97.0 98.0 1.0 97.5 111.7 0.329 558.5 0.00059 0.00059
99 98.0 99.0 1.0 98.5 93.3 0.331 466.7 0.00071 0.00071
100 99.0 100.0 1.0 99.5 131.0 0.333 655.2 0.00051 0.00051
101 100.0 101.0 1.0 100.5 199.1 0.336 995.3 0.00034 0.00034
102 101.0 102.0 1.0 101.5 210.6 0.338 1053.0 0.00032 0.00032
103 102.0 103.0 1.0 102.5 167.6 0.340 837.8 0.00041 0.00041
104 103.0 104.0 1.0 103.5 117.9 0.343 589.5 0.00058 0.00058
105 104.0 105.0 1.0 104.5 71.2 0.345 356.1 0.00097 0.00097
106 105.0 106.0 1.0 105.5 84.2 0.347 421.0 0.00082 0.00082
107 106.0 107.0 1.0 106.5 82.8 0.350 414.1 0.00084 0.00084
108 107.0 108.0 1.0 107.5 85.5 0.352 427.5 0.00082 0.00082
109 108.0 109.0 1.0 108.5 87.7 0.354 438.7 0.00081 0.00081
110 109.0 110.0 1.0 109.5 71.5 0.357 357.6 0.00100 0.00100
111 110.0 111.0 1.0 110.5 60.5 0.359 302.6 0.00119 0.00119
112 111.0 112.0 1.0 111.5 64.9 0.361 324.4 0.00111 0.00111
113 112.0 113.0 1.0 112.5 62.6 0.364 313.2 0.00116 0.00116
114 113.0 114.0 1.0 113.5 70.2 0.366 351.0 0.00104 0.00104
115 114.0 115.0 1.0 114.5 80.1 0.368 400.6 0.00092 0.00092
116 115.0 116.0 1.0 115.5 191.7 0.371 958.5 0.00039 0.00039
117 116.0 117.0 1.0 116.5 204.5 0.373 1022.4 0.00036 0.00036
118 117.0 118.0 1.0 117.5 508.1 0.375 2540.5 0.00015 0.00015
119 118.0 119.0 1.0 118.5 621.5 0.378 3107.7 0.00012 0.00012
120 119.0 120.0 1.0 119.5 668.1 0.380 3340.6 0.00011 0.00011
! = 0.05968

I zr (1 < L/B < 10): I zr = I zs  + 0.111 (I zc  - I zs ) (L/B - 1)
I zs  (L/B = 1):
     For z ave  = 0 to B/2: I zs  = 0.1 + (z ave /B)(2I zp- 0.2)
     For z ave  = B/2 to 2B: I zs  = 0.667 I zp (2 - z ave /B)
I zc  (L/B �  10):
     For z ave  = 0 to B: I zc  = 0.2 + (z ave /B)(I zp - 0.2)
     For z ave  = B to 4B: I zc  = 0.333 I zp (4 - z ave /B) ( Coduto p.228. )
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Footing w idth B = 382.0 ft Z-SDU6-C10
Footing length L = 382.0 ft
Ground elevation 278.0 ft
Foundation elevation 265.0 ft
Ground Water elevation 220.0 ft Load S0 =
Excavated or embedded depth D = 13.0 ft End of Operations 5.10 2.1
Depth to Groundw ater 58.0 ft Tank Half Full 2.80 0.5
Unit w eight �  = 120.0 pcf Pre Closure 5.50 2.4
Gross Footing Load 5.10 ksf Post Closure 8.00 4.4
Net applied footing pressure �p = 3.540 ksf

L/B = 1.00 -

Computation
Settlement  �i = C1 Ct �p !(�zi Izi/Esi) 0.353 ft

 �i = Ct = 1 4.240 in Load S0 =
S�t	 = 0.528 ft 5.10 3.2
S�t	 = 6.341 in 8.00 6.6

Correction for strain relief C1 = 1 - 0.5(�'D/q') 0.780 -
Effective vertical overburden pressure at D �'vo = � �D 1.560 ksf
Correction for time dependent increase Ct = 1 + 0.2 log( t / 0.1 ) 1.50 -

t = 30.00 years
Elastic modulus of soil layer i Esi = 2.5 qc see Column H if L/B = 1

Esi = 3.5 qc see Column H If L/B � 10
Depth increment i �zi see Column D
Influence factor of soil layer i Izi Figure 3-4 see Column G
Peak depth influence factor Izp = 0.5 + 0.1�(�p/�'Izp)1/2 0.548 -

zp = 0.5B + D 204.00 ft If  L/B = 1
zp = B + D 395.00 ft If  L/B � 10
zp = 204.00 ft for L/B=1.00

Effective overburden pressure at depth Izp �'Izp = 15.37 ksf
Elastic Modulus Esi = 2.50 qc If  L/B = 1

Esi = 3.50 qc If  L/B � 10
Esi = 2.50 qc for L/B=1.00

Computations made relative to the bottom of foundation
A B C D E F G H I J K

Layer Layer Layer Layer Mid-layer Average Elastic
top bottom thickness depth tip stress Izi modulus �zi Izi/Esi �zi Izi/Esi Notes

 depth depth �zi zave qc Esi
No. (ft) (ft) (ft) (ft) (tsf) (ksf)
1 0.0 1.0 1.0 0.5 82.6 0.101 413.1 0.00024 0.00024
2 1.0 2.0 1.0 1.5 146.0 0.104 730.0 0.00014 0.00014
3 2.0 3.0 1.0 2.5 118.2 0.106 591.0 0.00018 0.00018
4 3.0 4.0 1.0 3.5 239.0 0.108 1194.9 0.00009 0.00009
5 4.0 5.0 1.0 4.5 201.3 0.111 1006.4 0.00011 0.00011
6 5.0 6.0 1.0 5.5 103.1 0.113 515.3 0.00022 0.00022
7 6.0 7.0 1.0 6.5 124.9 0.115 624.3 0.00018 0.00018
8 7.0 8.0 1.0 7.5 169.3 0.118 846.7 0.00014 0.00014
9 8.0 9.0 1.0 8.5 209.6 0.120 1047.8 0.00011 0.00011
10 9.0 10.0 1.0 9.5 214.4 0.122 1071.8 0.00011 0.00011
11 10.0 11.0 1.0 10.5 92.3 0.125 461.3 0.00027 0.00027
12 11.0 12.0 1.0 11.5 58.6 0.127 293.0 0.00043 0.00043
13 12.0 13.0 1.0 12.5 73.2 0.129 365.9 0.00035 0.00035
14 13.0 14.0 1.0 13.5 80.5 0.132 402.3 0.00033 0.00033
15 14.0 15.0 1.0 14.5 112.6 0.134 563.0 0.00024 0.00024
16 15.0 16.0 1.0 15.5 121.7 0.136 608.3 0.00022 0.00022
17 16.0 17.0 1.0 16.5 134.9 0.139 674.4 0.00021 0.00021
18 17.0 18.0 1.0 17.5 163.9 0.141 819.3 0.00017 0.00017
19 18.0 19.0 1.0 18.5 163.8 0.143 819.0 0.00018 0.00018
20 19.0 20.0 1.0 19.5 64.2 0.146 320.9 0.00045 0.00045
21 20.0 21.0 1.0 20.5 156.4 0.148 781.8 0.00019 0.00019
22 21.0 22.0 1.0 21.5 188.0 0.150 939.9 0.00016 0.00016
23 22.0 23.0 1.0 22.5 199.8 0.153 998.8 0.00015 0.00015
24 23.0 24.0 1.0 23.5 193.5 0.155 967.6 0.00016 0.00016
25 24.0 25.0 1.0 24.5 219.7 0.157 1098.5 0.00014 0.00014

Immediate
Settlement (in.)

(S0 / 2)

30 Year
Settlement (in.)

(S30 / 2)
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26 25.0 26.0 1.0 25.5 219.9 0.160 1099.4 0.00015 0.00015
27 26.0 27.0 1.0 26.5 158.3 0.162 791.4 0.00020 0.00020
28 27.0 28.0 1.0 27.5 59.0 0.165 295.1 0.00056 0.00056
29 28.0 29.0 1.0 28.5 34.3 0.167 171.6 0.00097 0.00097
30 29.0 30.0 1.0 29.5 24.2 0.169 121.2 0.00140 0.00140
31 30.0 31.0 1.0 30.5 29.2 0.172 146.0 0.00117 0.00117
32 31.0 32.0 1.0 31.5 12.6 0.174 62.9 0.00276 0.00276
33 32.0 33.0 1.0 32.5 16.4 0.176 82.1 0.00215 0.00215
34 33.0 34.0 1.0 33.5 29.8 0.179 149.2 0.00120 0.00120
35 34.0 35.0 1.0 34.5 56.2 0.181 280.8 0.00064 0.00064
36 35.0 36.0 1.0 35.5 64.8 0.183 323.8 0.00057 0.00057
37 36.0 37.0 1.0 36.5 63.1 0.186 315.3 0.00059 0.00059
38 37.0 38.0 1.0 37.5 91.4 0.188 457.0 0.00041 0.00041
39 38.0 39.0 1.0 38.5 97.6 0.190 488.0 0.00039 0.00039
40 39.0 40.0 1.0 39.5 98.2 0.193 490.8 0.00039 0.00039
41 40.0 41.0 1.0 40.5 87.4 0.195 437.2 0.00045 0.00045
42 41.0 42.0 1.0 41.5 93.0 0.197 465.0 0.00042 0.00042
43 42.0 43.0 1.0 42.5 81.9 0.200 409.6 0.00049 0.00049
44 43.0 44.0 1.0 43.5 69.9 0.202 349.3 0.00058 0.00058
45 44.0 45.0 1.0 44.5 53.4 0.204 267.1 0.00077 0.00077
46 45.0 46.0 1.0 45.5 51.4 0.207 256.9 0.00080 0.00080
47 46.0 47.0 1.0 46.5 39.6 0.209 198.0 0.00106 0.00106
48 47.0 48.0 1.0 47.5 58.8 0.211 294.0 0.00072 0.00072
49 48.0 49.0 1.0 48.5 37.3 0.214 186.4 0.00115 0.00115
50 49.0 50.0 1.0 49.5 90.5 0.216 452.5 0.00048 0.00048
51 50.0 51.0 1.0 50.5 155.9 0.218 779.4 0.00028 0.00028
52 51.0 52.0 1.0 51.5 166.6 0.221 832.8 0.00027 0.00027
53 52.0 53.0 1.0 52.5 150.8 0.223 754.2 0.00030 0.00030
54 53.0 54.0 1.0 53.5 132.7 0.225 663.5 0.00034 0.00034
55 54.0 55.0 1.0 54.5 127.1 0.228 635.6 0.00036 0.00036
56 55.0 56.0 1.0 55.5 120.5 0.230 602.4 0.00038 0.00038
57 56.0 57.0 1.0 56.5 117.9 0.233 589.7 0.00039 0.00039
58 57.0 58.0 1.0 57.5 112.1 0.235 560.7 0.00042 0.00042
59 58.0 59.0 1.0 58.5 89.7 0.237 448.7 0.00053 0.00053
60 59.0 60.0 1.0 59.5 80.3 0.240 401.6 0.00060 0.00060
61 60.0 61.0 1.0 60.5 67.8 0.242 339.2 0.00071 0.00071
62 61.0 62.0 1.0 61.5 49.7 0.244 248.4 0.00098 0.00098
63 62.0 63.0 1.0 62.5 16.3 0.247 81.5 0.00303 0.00303
64 63.0 64.0 1.0 63.5 3.4 0.249 16.8 0.01482 0.01482
65 64.0 65.0 1.0 64.5 4.6 0.251 22.9 0.01096 0.01096
66 65.0 66.0 1.0 65.5 71.7 0.254 358.4 0.00071 0.00071
67 66.0 67.0 1.0 66.5 166.8 0.256 833.8 0.00031 0.00031
68 67.0 68.0 1.0 67.5 215.1 0.258 1075.3 0.00024 0.00024
69 68.0 69.0 1.0 68.5 202.0 0.261 1009.8 0.00026 0.00026
70 69.0 70.0 1.0 69.5 204.7 0.263 1023.7 0.00026 0.00026
71 70.0 71.0 1.0 70.5 226.3 0.265 1131.4 0.00023 0.00023
72 71.0 72.0 1.0 71.5 161.2 0.268 805.8 0.00033 0.00033
73 72.0 73.0 1.0 72.5 40.6 0.270 202.8 0.00133 0.00133
74 73.0 74.0 1.0 73.5 14.6 0.272 72.9 0.00374 0.00374
75 74.0 75.0 1.0 74.5 27.2 0.275 135.8 0.00202 0.00202
76 75.0 76.0 1.0 75.5 29.9 0.277 149.3 0.00186 0.00186
77 76.0 77.0 1.0 76.5 16.0 0.279 79.9 0.00350 0.00350
78 77.0 78.0 1.0 77.5 15.7 0.282 78.4 0.00360 0.00360
79 78.0 79.0 1.0 78.5 11.7 0.284 58.5 0.00486 0.00486
80 79.0 80.0 1.0 79.5 12.8 0.286 64.0 0.00448 0.00448
81 80.0 81.0 1.0 80.5 24.4 0.289 121.9 0.00237 0.00237
82 81.0 82.0 1.0 81.5 32.1 0.291 160.3 0.00182 0.00182
83 82.0 83.0 1.0 82.5 18.5 0.294 92.7 0.00316 0.00316
84 83.0 84.0 1.0 83.5 15.8 0.296 78.8 0.00375 0.00375
85 84.0 85.0 1.0 84.5 31.0 0.298 155.1 0.00192 0.00192
86 85.0 86.0 1.0 85.5 14.9 0.301 74.4 0.00404 0.00404
87 86.0 87.0 1.0 86.5 19.7 0.303 98.6 0.00307 0.00307
88 87.0 88.0 1.0 87.5 89.6 0.305 448.0 0.00068 0.00068
89 88.0 89.0 1.0 88.5 316.0 0.308 1580.0 0.00019 0.00019
90 89.0 90.0 1.0 89.5 101.7 0.310 508.4 0.00061 0.00061
91 90.0 91.0 1.0 90.5 113.9 0.312 569.7 0.00055 0.00055
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92 91.0 92.0 1.0 91.5 128.0 0.315 639.8 0.00049 0.00049
93 92.0 93.0 1.0 92.5 132.8 0.317 663.8 0.00048 0.00048
94 93.0 94.0 1.0 93.5 201.8 0.319 1009.1 0.00032 0.00032
95 94.0 95.0 1.0 94.5 142.9 0.322 714.4 0.00045 0.00045
96 95.0 96.0 1.0 95.5 118.3 0.324 591.6 0.00055 0.00055
97 96.0 97.0 1.0 96.5 115.9 0.326 579.7 0.00056 0.00056
98 97.0 98.0 1.0 97.5 111.7 0.329 558.5 0.00059 0.00059
99 98.0 99.0 1.0 98.5 93.3 0.331 466.7 0.00071 0.00071
100 99.0 100.0 1.0 99.5 131.0 0.333 655.2 0.00051 0.00051
101 100.0 101.0 1.0 100.5 199.1 0.336 995.3 0.00034 0.00034
102 101.0 102.0 1.0 101.5 210.6 0.338 1053.0 0.00032 0.00032
103 102.0 103.0 1.0 102.5 167.6 0.340 837.8 0.00041 0.00041
104 103.0 104.0 1.0 103.5 117.9 0.343 589.5 0.00058 0.00058
105 104.0 105.0 1.0 104.5 71.2 0.345 356.1 0.00097 0.00097
106 105.0 106.0 1.0 105.5 84.2 0.347 421.0 0.00083 0.00083
107 106.0 107.0 1.0 106.5 82.8 0.350 414.1 0.00084 0.00084
108 107.0 108.0 1.0 107.5 85.5 0.352 427.5 0.00082 0.00082
109 108.0 109.0 1.0 108.5 87.7 0.354 438.7 0.00081 0.00081
110 109.0 110.0 1.0 109.5 71.5 0.357 357.6 0.00100 0.00100
111 110.0 111.0 1.0 110.5 60.5 0.359 302.6 0.00119 0.00119
112 111.0 112.0 1.0 111.5 64.9 0.362 324.4 0.00111 0.00111
113 112.0 113.0 1.0 112.5 62.6 0.364 313.2 0.00116 0.00116
114 113.0 114.0 1.0 113.5 70.2 0.366 351.0 0.00104 0.00104
115 114.0 115.0 1.0 114.5 80.1 0.369 400.6 0.00092 0.00092
116 115.0 116.0 1.0 115.5 191.7 0.371 958.5 0.00039 0.00039
117 116.0 117.0 1.0 116.5 204.5 0.373 1022.4 0.00037 0.00037
118 117.0 118.0 1.0 117.5 508.1 0.376 2540.5 0.00015 0.00015
119 118.0 119.0 1.0 118.5 621.5 0.378 3107.7 0.00012 0.00012
120 119.0 120.0 1.0 119.5 668.1 0.380 3340.6 0.00011 0.00011
! = 0.12803

I zr (1 < L/B < 10): I zr = I zs  + 0.111 (I zc  - I zs ) (L/B - 1)
I zs  (L/B = 1):
     For z ave  = 0 to B/2: I zs  = 0.1 + (z ave /B)(2I zp- 0.2)
     For z ave  = B/2 to 2B: I zs  = 0.667 I zp (2 - z ave /B)
I zc  (L/B �  10):
     For z ave  = 0 to B: I zc  = 0.2 + (z ave /B)(I zp - 0.2)
     For z ave  = B to 4B: I zc  = 0.333 I zp (4 - z ave /B) ( Coduto p.228. )
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Footing w idth B = 382.0 ft Z-SDU6-C11
Footing length L = 382.0 ft
Ground elevation 277.6 ft
Foundation elevation 265.0 ft
Ground Water elevation 220.0 ft Load S0 =
Excavated or embedded depth D = 12.6 ft End of Operations 5.10 0.7
Depth to Groundw ater 57.6 ft Tank Half Full 2.80 0.2
Unit w eight �  = 120.0 pcf Pre Closure 5.50 0.8
Gross Footing Load 5.10 ksf Post Closure 8.00 1.5
Net applied footing pressure �p = 3.588 ksf

L/B = 1.00 -

Computation
Settlement  �i = C1 Ct �p !(�zi Izi/Esi) 0.120 ft

 �i = Ct = 1 1.442 in Load S0 =
S�t	 = 0.180 ft 5.10 1.1
S�t	 = 2.156 in 8.00 2.2

Correction for strain relief C1 = 1 - 0.5(�'D/q') 0.789 -
Effective vertical overburden pressure at D �'vo = � �D 1.512 ksf
Correction for time dependent increase Ct = 1 + 0.2 log( t / 0.1 ) 1.50 -

t = 30.00 years
Elastic modulus of soil layer i Esi = 2.5 qc see Column H if L/B = 1

Esi = 3.5 qc see Column H If L/B � 10
Depth increment i �zi see Column D
Influence factor of soil layer i Izi Figure 3-4 see Column G
Peak depth influence factor Izp = 0.5 + 0.1�(�p/�'Izp)1/2 0.548 -

zp = 0.5B + D 203.60 ft If  L/B = 1
zp = B + D 394.60 ft If  L/B � 10
zp = 203.60 ft for L/B=1.00

Effective overburden pressure at depth Izp �'Izp = 15.32 ksf
Elastic Modulus Esi = 2.50 qc If  L/B = 1

Esi = 3.50 qc If  L/B � 10
Esi = 2.50 qc for L/B=1.00

Computations made relative to the bottom of foundation
A B C D E F G H I J K

Layer Layer Layer Layer Mid-layer Average Elastic
top bottom thickness depth tip stress Izi modulus �zi Izi/Esi �zi Izi/Esi Notes

 depth depth �zi zave qc Esi
No. (ft) (ft) (ft) (ft) (tsf) (ksf)
1 0.0 1.0 1.0 0.5 147.9 0.101 739.6 0.00014 0.00014
2 1.0 2.0 1.0 1.5 69.5 0.104 347.5 0.00030 0.00030
3 2.0 3.0 1.0 2.5 77.6 0.106 388.1 0.00027 0.00027
4 3.0 4.0 1.0 3.5 120.8 0.108 604.0 0.00018 0.00018
5 4.0 5.0 1.0 4.5 134.9 0.111 674.4 0.00016 0.00016
6 5.0 6.0 1.0 5.5 175.3 0.113 876.6 0.00013 0.00013
7 6.0 7.0 1.0 6.5 97.5 0.115 487.5 0.00024 0.00024
8 7.0 8.0 1.0 7.5 75.5 0.118 377.5 0.00031 0.00031
9 8.0 9.0 1.0 8.5 71.7 0.120 358.3 0.00033 0.00033
10 9.0 10.0 1.0 9.5 72.8 0.122 364.0 0.00034 0.00034
11 10.0 11.0 1.0 10.5 90.9 0.125 454.7 0.00027 0.00027
12 11.0 12.0 1.0 11.5 83.4 0.127 416.8 0.00030 0.00030
13 12.0 13.0 1.0 12.5 106.3 0.129 531.5 0.00024 0.00024
14 13.0 14.0 1.0 13.5 130.6 0.132 652.8 0.00020 0.00020
15 14.0 15.0 1.0 14.5 190.6 0.134 952.9 0.00014 0.00014
16 15.0 16.0 1.0 15.5 200.8 0.136 1003.9 0.00014 0.00014
17 16.0 17.0 1.0 16.5 142.5 0.139 712.6 0.00019 0.00019
18 17.0 18.0 1.0 17.5 302.1 0.141 1510.6 0.00009 0.00009
19 18.0 19.0 1.0 18.5 295.2 0.143 1476.2 0.00010 0.00010
20 19.0 20.0 1.0 19.5 277.3 0.146 1386.7 0.00011 0.00011
21 20.0 21.0 1.0 20.5 314.9 0.148 1574.3 0.00009 0.00009
22 21.0 22.0 1.0 21.5 264.2 0.150 1320.9 0.00011 0.00011
23 22.0 23.0 1.0 22.5 253.8 0.153 1268.8 0.00012 0.00012
24 23.0 24.0 1.0 23.5 281.1 0.155 1405.7 0.00011 0.00011
25 24.0 25.0 1.0 24.5 232.9 0.158 1164.3 0.00014 0.00014

Immediate
Settlement (in.)

(S0 / 2)

30 Year
Settlement (in.)

(S30 / 2)
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26 25.0 26.0 1.0 25.5 211.0 0.160 1055.0 0.00015 0.00015
27 26.0 27.0 1.0 26.5 123.0 0.162 615.0 0.00026 0.00026
28 27.0 28.0 1.0 27.5 132.2 0.165 660.8 0.00025 0.00025
29 28.0 29.0 1.0 28.5 113.3 0.167 566.7 0.00029 0.00029
30 29.0 30.0 1.0 29.5 99.7 0.169 498.5 0.00034 0.00034
31 30.0 31.0 1.0 30.5 104.5 0.172 522.3 0.00033 0.00033
32 31.0 32.0 1.0 31.5 167.1 0.174 835.4 0.00021 0.00021
33 32.0 33.0 1.0 32.5 187.9 0.176 939.7 0.00019 0.00019
34 33.0 34.0 1.0 33.5 218.2 0.179 1090.9 0.00016 0.00016
35 34.0 35.0 1.0 34.5 234.3 0.181 1171.5 0.00015 0.00015
36 35.0 36.0 1.0 35.5 261.6 0.183 1307.9 0.00014 0.00014
37 36.0 37.0 1.0 36.5 250.4 0.186 1251.8 0.00015 0.00015
38 37.0 38.0 1.0 37.5 229.7 0.188 1148.7 0.00016 0.00016
39 38.0 39.0 1.0 38.5 251.7 0.190 1258.7 0.00015 0.00015
40 39.0 40.0 1.0 39.5 235.9 0.193 1179.6 0.00016 0.00016
41 40.0 41.0 1.0 40.5 245.5 0.195 1227.3 0.00016 0.00016
42 41.0 42.0 1.0 41.5 194.4 0.197 972.0 0.00020 0.00020
43 42.0 43.0 1.0 42.5 230.8 0.200 1154.0 0.00017 0.00017
44 43.0 44.0 1.0 43.5 170.8 0.202 853.8 0.00024 0.00024
45 44.0 45.0 1.0 44.5 123.7 0.204 618.3 0.00033 0.00033
46 45.0 46.0 1.0 45.5 246.6 0.207 1232.9 0.00017 0.00017
47 46.0 47.0 1.0 46.5 312.6 0.209 1563.0 0.00013 0.00013
48 47.0 48.0 1.0 47.5 329.5 0.212 1647.5 0.00013 0.00013
49 48.0 49.0 1.0 48.5 345.2 0.214 1725.8 0.00012 0.00012
50 49.0 50.0 1.0 49.5 325.8 0.216 1629.1 0.00013 0.00013
51 50.0 51.0 1.0 50.5 326.2 0.219 1631.1 0.00013 0.00013
52 51.0 52.0 1.0 51.5 313.3 0.221 1566.7 0.00014 0.00014
53 52.0 53.0 1.0 52.5 288.4 0.223 1442.1 0.00015 0.00015
54 53.0 54.0 1.0 53.5 279.4 0.226 1397.1 0.00016 0.00016
55 54.0 55.0 1.0 54.5 239.7 0.228 1198.4 0.00019 0.00019
56 55.0 56.0 1.0 55.5 192.4 0.230 962.0 0.00024 0.00024
57 56.0 57.0 1.0 56.5 144.6 0.233 723.1 0.00032 0.00032
58 57.0 58.0 1.0 57.5 126.3 0.235 631.5 0.00037 0.00037
59 58.0 59.0 1.0 58.5 104.4 0.237 522.0 0.00045 0.00045
60 59.0 60.0 1.0 59.5 36.7 0.240 183.5 0.00131 0.00131
61 60.0 61.0 1.0 60.5 65.1 0.242 325.3 0.00074 0.00074
62 61.0 62.0 1.0 61.5 145.0 0.244 725.1 0.00034 0.00034
63 62.0 63.0 1.0 62.5 289.2 0.247 1445.8 0.00017 0.00017
64 63.0 64.0 1.0 63.5 297.1 0.249 1485.4 0.00017 0.00017
65 64.0 65.0 1.0 64.5 304.9 0.251 1524.3 0.00016 0.00016
66 65.0 66.0 1.0 65.5 302.1 0.254 1510.6 0.00017 0.00017
67 66.0 67.0 1.0 66.5 320.5 0.256 1602.6 0.00016 0.00016
68 67.0 68.0 1.0 67.5 356.1 0.258 1780.4 0.00015 0.00015
69 68.0 69.0 1.0 68.5 242.5 0.261 1212.7 0.00022 0.00022
70 69.0 70.0 1.0 69.5 108.3 0.263 541.4 0.00049 0.00049
71 70.0 71.0 1.0 70.5 89.5 0.266 447.7 0.00059 0.00059
72 71.0 72.0 1.0 71.5 204.4 0.268 1021.9 0.00026 0.00026
73 72.0 73.0 1.0 72.5 206.0 0.270 1030.1 0.00026 0.00026
74 73.0 74.0 1.0 73.5 187.8 0.273 939.0 0.00029 0.00029
75 74.0 75.0 1.0 74.5 186.4 0.275 931.8 0.00030 0.00030
76 75.0 76.0 1.0 75.5 154.4 0.277 771.9 0.00036 0.00036
77 76.0 77.0 1.0 76.5 87.6 0.280 438.0 0.00064 0.00064
78 77.0 78.0 1.0 77.5 93.1 0.282 465.7 0.00061 0.00061
79 78.0 79.0 1.0 78.5 70.5 0.284 352.3 0.00081 0.00081
80 79.0 80.0 1.0 79.5 282.6 0.287 1413.0 0.00020 0.00020
81 80.0 81.0 1.0 80.5 310.8 0.289 1553.9 0.00019 0.00019
82 81.0 82.0 1.0 81.5 284.7 0.291 1423.3 0.00020 0.00020
83 82.0 83.0 1.0 82.5 291.2 0.294 1455.9 0.00020 0.00020
84 83.0 84.0 1.0 83.5 358.3 0.296 1791.6 0.00017 0.00017
85 84.0 85.0 1.0 84.5 171.8 0.298 859.0 0.00035 0.00035
86 85.0 86.0 1.0 85.5 139.6 0.301 698.1 0.00043 0.00043
87 86.0 87.0 1.0 86.5 107.2 0.303 536.2 0.00057 0.00057
88 87.0 88.0 1.0 87.5 142.6 0.305 713.2 0.00043 0.00043
89 88.0 89.0 1.0 88.5 159.0 0.308 795.1 0.00039 0.00039
90 89.0 90.0 1.0 89.5 101.7 0.310 508.4 0.00061 0.00061
91 90.0 91.0 1.0 90.5 113.9 0.312 569.7 0.00055 0.00055
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92 91.0 92.0 1.0 91.5 128.0 0.315 639.8 0.00049 0.00049
93 92.0 93.0 1.0 92.5 132.8 0.317 663.8 0.00048 0.00048
94 93.0 94.0 1.0 93.5 201.8 0.320 1009.1 0.00032 0.00032
95 94.0 95.0 1.0 94.5 142.9 0.322 714.4 0.00045 0.00045
96 95.0 96.0 1.0 95.5 118.3 0.324 591.6 0.00055 0.00055
97 96.0 97.0 1.0 96.5 115.9 0.327 579.7 0.00056 0.00056
98 97.0 98.0 1.0 97.5 111.7 0.329 558.5 0.00059 0.00059
99 98.0 99.0 1.0 98.5 93.3 0.331 466.7 0.00071 0.00071
100 99.0 100.0 1.0 99.5 131.0 0.334 655.2 0.00051 0.00051
101 100.0 101.0 1.0 100.5 199.1 0.336 995.3 0.00034 0.00034
102 101.0 102.0 1.0 101.5 210.6 0.338 1053.0 0.00032 0.00032
103 102.0 103.0 1.0 102.5 167.6 0.341 837.8 0.00041 0.00041
104 103.0 104.0 1.0 103.5 117.9 0.343 589.5 0.00058 0.00058
105 104.0 105.0 1.0 104.5 71.2 0.345 356.1 0.00097 0.00097
106 105.0 106.0 1.0 105.5 84.2 0.348 421.0 0.00083 0.00083
107 106.0 107.0 1.0 106.5 82.8 0.350 414.1 0.00085 0.00085
108 107.0 108.0 1.0 107.5 85.5 0.352 427.5 0.00082 0.00082
109 108.0 109.0 1.0 108.5 87.7 0.355 438.7 0.00081 0.00081
110 109.0 110.0 1.0 109.5 71.5 0.357 357.6 0.00100 0.00100
111 110.0 111.0 1.0 110.5 60.5 0.359 302.6 0.00119 0.00119
112 111.0 112.0 1.0 111.5 64.9 0.362 324.4 0.00112 0.00112
113 112.0 113.0 1.0 112.5 62.6 0.364 313.2 0.00116 0.00116
114 113.0 114.0 1.0 113.5 70.2 0.366 351.0 0.00104 0.00104
115 114.0 115.0 1.0 114.5 80.1 0.369 400.6 0.00092 0.00092
116 115.0 116.0 1.0 115.5 191.7 0.371 958.5 0.00039 0.00039
117 116.0 117.0 1.0 116.5 204.5 0.373 1022.4 0.00037 0.00037
118 117.0 118.0 1.0 117.5 508.1 0.376 2540.5 0.00015 0.00015
119 118.0 119.0 1.0 118.5 621.5 0.378 3107.7 0.00012 0.00012
120 119.0 120.0 1.0 119.5 668.1 0.381 3340.6 0.00011 0.00011
! = 0.04243

I zr (1 < L/B < 10): I zr = I zs  + 0.111 (I zc  - I zs ) (L/B - 1)
I zs  (L/B = 1):
     For z ave  = 0 to B/2: I zs  = 0.1 + (z ave /B)(2I zp- 0.2)
     For z ave  = B/2 to 2B: I zs  = 0.667 I zp (2 - z ave /B)
I zc  (L/B �  10):
     For z ave  = 0 to B: I zc  = 0.2 + (z ave /B)(I zp - 0.2)
     For z ave  = B to 4B: I zc  = 0.333 I zp (4 - z ave /B) ( Coduto p.228. )
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Footing w idth B = 382.0 ft Z-SDU6-C12
Footing length L = 382.0 ft
Ground elevation 277.7 ft
Foundation elevation 265.0 ft
Ground Water elevation 220.0 ft Load S0 =
Excavated or embedded depth D = 12.7 ft End of Operations 5.10 0.8
Depth to Groundw ater 57.7 ft Tank Half Full 2.80 0.2
Unit w eight �  = 120.0 pcf Pre Closure 5.50 0.9
Gross Footing Load 5.10 ksf Post Closure 8.00 1.7
Net applied footing pressure �p = 3.576 ksf

L/B = 1.00 -

Computation
Settlement  �i = C1 Ct �p !(�zi Izi/Esi) 0.137 ft

 �i = Ct = 1 1.638 in Load S0 =
S�t	 = 0.204 ft 5.10 1.2
S�t	 = 2.450 in 8.00 2.5

Correction for strain relief C1 = 1 - 0.5(�'D/q') 0.787 -
Effective vertical overburden pressure at D �'vo = � �D 1.524 ksf
Correction for time dependent increase Ct = 1 + 0.2 log( t / 0.1 ) 1.50 -

t = 30.00 years
Elastic modulus of soil layer i Esi = 2.5 qc see Column H if L/B = 1

Esi = 3.5 qc see Column H If L/B � 10
Depth increment i �zi see Column D
Influence factor of soil layer i Izi Figure 3-4 see Column G
Peak depth influence factor Izp = 0.5 + 0.1�(�p/�'Izp)1/2 0.548 -

zp = 0.5B + D 203.70 ft If  L/B = 1
zp = B + D 394.70 ft If  L/B � 10
zp = 203.70 ft for L/B=1.00

Effective overburden pressure at depth Izp �'Izp = 15.33 ksf
Elastic Modulus Esi = 2.50 qc If  L/B = 1

Esi = 3.50 qc If  L/B � 10
Esi = 2.50 qc for L/B=1.00

Computations made relative to the bottom of foundation
A B C D E F G H I J K

Layer Layer Layer Layer Mid-layer Average Elastic
top bottom thickness depth tip stress Izi modulus �zi Izi/Esi �zi Izi/Esi Notes

 depth depth �zi zave qc Esi
No. (ft) (ft) (ft) (ft) (tsf) (ksf)
1 0.0 1.0 1.0 0.5 196.4 0.101 982.0 0.00010 0.00010
2 1.0 2.0 1.0 1.5 205.9 0.104 1029.7 0.00010 0.00010
3 2.0 3.0 1.0 2.5 147.8 0.106 739.0 0.00014 0.00014
4 3.0 4.0 1.0 3.5 125.3 0.108 626.5 0.00017 0.00017
5 4.0 5.0 1.0 4.5 129.2 0.111 645.8 0.00017 0.00017
6 5.0 6.0 1.0 5.5 170.9 0.113 854.4 0.00013 0.00013
7 6.0 7.0 1.0 6.5 203.6 0.115 1017.9 0.00011 0.00011
8 7.0 8.0 1.0 7.5 145.9 0.118 729.3 0.00016 0.00016
9 8.0 9.0 1.0 8.5 158.8 0.120 794.2 0.00015 0.00015
10 9.0 10.0 1.0 9.5 199.8 0.122 999.2 0.00012 0.00012
11 10.0 11.0 1.0 10.5 173.5 0.125 867.4 0.00014 0.00014
12 11.0 12.0 1.0 11.5 162.1 0.127 810.3 0.00016 0.00016
13 12.0 13.0 1.0 12.5 184.3 0.129 921.7 0.00014 0.00014
14 13.0 14.0 1.0 13.5 194.7 0.132 973.5 0.00014 0.00014
15 14.0 15.0 1.0 14.5 191.4 0.134 956.8 0.00014 0.00014
16 15.0 16.0 1.0 15.5 207.3 0.136 1036.4 0.00013 0.00013
17 16.0 17.0 1.0 16.5 182.8 0.139 914.1 0.00015 0.00015
18 17.0 18.0 1.0 17.5 132.4 0.141 662.2 0.00021 0.00021
19 18.0 19.0 1.0 18.5 168.7 0.143 843.4 0.00017 0.00017
20 19.0 20.0 1.0 19.5 174.4 0.146 872.1 0.00017 0.00017
21 20.0 21.0 1.0 20.5 168.5 0.148 842.7 0.00018 0.00018
22 21.0 22.0 1.0 21.5 170.8 0.150 853.9 0.00018 0.00018
23 22.0 23.0 1.0 22.5 210.5 0.153 1052.5 0.00015 0.00015
24 23.0 24.0 1.0 23.5 244.0 0.155 1219.9 0.00013 0.00013
25 24.0 25.0 1.0 24.5 204.9 0.158 1024.4 0.00015 0.00015

Immediate
Settlement (in.)

(S0 / 2)

30 Year
Settlement (in.)

(S30 / 2)
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26 25.0 26.0 1.0 25.5 80.9 0.160 404.7 0.00039 0.00039
27 26.0 27.0 1.0 26.5 64.5 0.162 322.3 0.00050 0.00050
28 27.0 28.0 1.0 27.5 68.0 0.165 340.2 0.00048 0.00048
29 28.0 29.0 1.0 28.5 32.9 0.167 164.3 0.00102 0.00102
30 29.0 30.0 1.0 29.5 70.8 0.169 354.1 0.00048 0.00048
31 30.0 31.0 1.0 30.5 127.9 0.172 639.3 0.00027 0.00027
32 31.0 32.0 1.0 31.5 138.3 0.174 691.3 0.00025 0.00025
33 32.0 33.0 1.0 32.5 161.2 0.176 805.8 0.00022 0.00022
34 33.0 34.0 1.0 33.5 183.1 0.179 915.6 0.00020 0.00020
35 34.0 35.0 1.0 34.5 188.9 0.181 944.7 0.00019 0.00019
36 35.0 36.0 1.0 35.5 161.0 0.183 805.0 0.00023 0.00023
37 36.0 37.0 1.0 36.5 153.4 0.186 767.2 0.00024 0.00024
38 37.0 38.0 1.0 37.5 148.0 0.188 740.1 0.00025 0.00025
39 38.0 39.0 1.0 38.5 128.2 0.190 641.2 0.00030 0.00030
40 39.0 40.0 1.0 39.5 123.8 0.193 619.0 0.00031 0.00031
41 40.0 41.0 1.0 40.5 144.4 0.195 722.0 0.00027 0.00027
42 41.0 42.0 1.0 41.5 140.0 0.197 700.2 0.00028 0.00028
43 42.0 43.0 1.0 42.5 73.0 0.200 365.1 0.00055 0.00055
44 43.0 44.0 1.0 43.5 40.4 0.202 202.2 0.00100 0.00100
45 44.0 45.0 1.0 44.5 114.2 0.204 571.2 0.00036 0.00036
46 45.0 46.0 1.0 45.5 184.3 0.207 921.3 0.00022 0.00022
47 46.0 47.0 1.0 46.5 239.2 0.209 1196.0 0.00017 0.00017
48 47.0 48.0 1.0 47.5 218.0 0.211 1090.2 0.00019 0.00019
49 48.0 49.0 1.0 48.5 184.8 0.214 924.1 0.00023 0.00023
50 49.0 50.0 1.0 49.5 185.7 0.216 928.6 0.00023 0.00023
51 50.0 51.0 1.0 50.5 167.5 0.219 837.7 0.00026 0.00026
52 51.0 52.0 1.0 51.5 153.9 0.221 769.6 0.00029 0.00029
53 52.0 53.0 1.0 52.5 121.8 0.223 608.9 0.00037 0.00037
54 53.0 54.0 1.0 53.5 173.8 0.226 868.9 0.00026 0.00026
55 54.0 55.0 1.0 54.5 245.5 0.228 1227.5 0.00019 0.00019
56 55.0 56.0 1.0 55.5 316.0 0.230 1580.0 0.00015 0.00015
57 56.0 57.0 1.0 56.5 365.1 0.233 1825.3 0.00013 0.00013
58 57.0 58.0 1.0 57.5 369.8 0.235 1849.0 0.00013 0.00013
59 58.0 59.0 1.0 58.5 250.3 0.237 1251.5 0.00019 0.00019
60 59.0 60.0 1.0 59.5 197.9 0.240 989.6 0.00024 0.00024
61 60.0 61.0 1.0 60.5 163.8 0.242 818.9 0.00030 0.00030
62 61.0 62.0 1.0 61.5 159.6 0.244 798.0 0.00031 0.00031
63 62.0 63.0 1.0 62.5 198.9 0.247 994.3 0.00025 0.00025
64 63.0 64.0 1.0 63.5 182.5 0.249 912.5 0.00027 0.00027
65 64.0 65.0 1.0 64.5 213.0 0.251 1065.0 0.00024 0.00024
66 65.0 66.0 1.0 65.5 213.8 0.254 1069.1 0.00024 0.00024
67 66.0 67.0 1.0 66.5 214.0 0.256 1070.0 0.00024 0.00024
68 67.0 68.0 1.0 67.5 277.9 0.258 1389.4 0.00019 0.00019
69 68.0 69.0 1.0 68.5 194.1 0.261 970.6 0.00027 0.00027
70 69.0 70.0 1.0 69.5 42.4 0.263 211.9 0.00124 0.00124
71 70.0 71.0 1.0 70.5 52.8 0.265 264.0 0.00101 0.00101
72 71.0 72.0 1.0 71.5 50.7 0.268 253.4 0.00106 0.00106
73 72.0 73.0 1.0 72.5 57.5 0.270 287.6 0.00094 0.00094
74 73.0 74.0 1.0 73.5 114.7 0.273 573.3 0.00048 0.00048
75 74.0 75.0 1.0 74.5 53.8 0.275 268.9 0.00102 0.00102
76 75.0 76.0 1.0 75.5 46.4 0.277 231.8 0.00120 0.00120
77 76.0 77.0 1.0 76.5 92.3 0.280 461.5 0.00061 0.00061
78 77.0 78.0 1.0 77.5 183.4 0.282 917.0 0.00031 0.00031
79 78.0 79.0 1.0 78.5 368.7 0.284 1843.7 0.00015 0.00015
80 79.0 80.0 1.0 79.5 142.8 0.287 713.9 0.00040 0.00040
81 80.0 81.0 1.0 80.5 117.1 0.289 585.5 0.00049 0.00049
82 81.0 82.0 1.0 81.5 181.6 0.291 907.9 0.00032 0.00032
83 82.0 83.0 1.0 82.5 163.1 0.294 815.3 0.00036 0.00036
84 83.0 84.0 1.0 83.5 131.7 0.296 658.5 0.00045 0.00045
85 84.0 85.0 1.0 84.5 171.8 0.298 859.0 0.00035 0.00035
86 85.0 86.0 1.0 85.5 139.6 0.301 698.1 0.00043 0.00043
87 86.0 87.0 1.0 86.5 107.2 0.303 536.2 0.00057 0.00057
88 87.0 88.0 1.0 87.5 142.6 0.305 713.2 0.00043 0.00043
89 88.0 89.0 1.0 88.5 159.0 0.308 795.1 0.00039 0.00039
90 89.0 90.0 1.0 89.5 101.7 0.310 508.4 0.00061 0.00061
91 90.0 91.0 1.0 90.5 113.9 0.312 569.7 0.00055 0.00055
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92 91.0 92.0 1.0 91.5 128.0 0.315 639.8 0.00049 0.00049
93 92.0 93.0 1.0 92.5 132.8 0.317 663.8 0.00048 0.00048
94 93.0 94.0 1.0 93.5 201.8 0.319 1009.1 0.00032 0.00032
95 94.0 95.0 1.0 94.5 142.9 0.322 714.4 0.00045 0.00045
96 95.0 96.0 1.0 95.5 118.3 0.324 591.6 0.00055 0.00055
97 96.0 97.0 1.0 96.5 115.9 0.326 579.7 0.00056 0.00056
98 97.0 98.0 1.0 97.5 111.7 0.329 558.5 0.00059 0.00059
99 98.0 99.0 1.0 98.5 93.3 0.331 466.7 0.00071 0.00071
100 99.0 100.0 1.0 99.5 131.0 0.334 655.2 0.00051 0.00051
101 100.0 101.0 1.0 100.5 199.1 0.336 995.3 0.00034 0.00034
102 101.0 102.0 1.0 101.5 210.6 0.338 1053.0 0.00032 0.00032
103 102.0 103.0 1.0 102.5 167.6 0.341 837.8 0.00041 0.00041
104 103.0 104.0 1.0 103.5 117.9 0.343 589.5 0.00058 0.00058
105 104.0 105.0 1.0 104.5 71.2 0.345 356.1 0.00097 0.00097
106 105.0 106.0 1.0 105.5 84.2 0.348 421.0 0.00083 0.00083
107 106.0 107.0 1.0 106.5 82.8 0.350 414.1 0.00085 0.00085
108 107.0 108.0 1.0 107.5 85.5 0.352 427.5 0.00082 0.00082
109 108.0 109.0 1.0 108.5 87.7 0.355 438.7 0.00081 0.00081
110 109.0 110.0 1.0 109.5 71.5 0.357 357.6 0.00100 0.00100
111 110.0 111.0 1.0 110.5 60.5 0.359 302.6 0.00119 0.00119
112 111.0 112.0 1.0 111.5 64.9 0.362 324.4 0.00112 0.00112
113 112.0 113.0 1.0 112.5 62.6 0.364 313.2 0.00116 0.00116
114 113.0 114.0 1.0 113.5 70.2 0.366 351.0 0.00104 0.00104
115 114.0 115.0 1.0 114.5 80.1 0.369 400.6 0.00092 0.00092
116 115.0 116.0 1.0 115.5 191.7 0.371 958.5 0.00039 0.00039
117 116.0 117.0 1.0 116.5 204.5 0.373 1022.4 0.00037 0.00037
118 117.0 118.0 1.0 117.5 508.1 0.376 2540.5 0.00015 0.00015
119 118.0 119.0 1.0 118.5 621.5 0.378 3107.7 0.00012 0.00012
120 119.0 120.0 1.0 119.5 668.1 0.380 3340.6 0.00011 0.00011
! = 0.04851

I zr (1 < L/B < 10): I zr = I zs  + 0.111 (I zc  - I zs ) (L/B - 1)
I zs  (L/B = 1):
     For z ave  = 0 to B/2: I zs  = 0.1 + (z ave /B)(2I zp- 0.2)
     For z ave  = B/2 to 2B: I zs  = 0.667 I zp (2 - z ave /B)
I zc  (L/B �  10):
     For z ave  = 0 to B: I zc  = 0.2 + (z ave /B)(I zp - 0.2)
     For z ave  = B to 4B: I zc  = 0.333 I zp (4 - z ave /B) ( Coduto p.228. )
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Footing w idth B = 382.0 ft Z-SDU6-C13
Footing length L = 382.0 ft
Ground elevation 276.3 ft
Foundation elevation 265.0 ft
Ground Water elevation 220.0 ft Load S0 =
Excavated or embedded depth D = 11.3 ft End of Operations 5.10 1.0
Depth to Groundw ater 56.3 ft Tank Half Full 2.80 0.2
Unit w eight �  = 120.0 pcf Pre Closure 5.50 1.2
Gross Footing Load 5.10 ksf Post Closure 8.00 2.0
Net applied footing pressure �p = 3.744 ksf

L/B = 1.00 -

Computation
Settlement  �i = C1 Ct �p !(�zi Izi/Esi) 0.170 ft

 �i = Ct = 1 2.037 in Load S0 =
S�t	 = 0.254 ft 5.10 1.5
S�t	 = 3.046 in 8.00 3.0

Correction for strain relief C1 = 1 - 0.5(�'D/q') 0.819 -
Effective vertical overburden pressure at D �'vo = � �D 1.356 ksf
Correction for time dependent increase Ct = 1 + 0.2 log( t / 0.1 ) 1.50 -

t = 30.00 years
Elastic modulus of soil layer i Esi = 2.5 qc see Column H if L/B = 1

Esi = 3.5 qc see Column H If L/B � 10
Depth increment i �zi see Column D
Influence factor of soil layer i Izi Figure 3-4 see Column G
Peak depth influence factor Izp = 0.5 + 0.1�(�p/�'Izp)1/2 0.550 -

zp = 0.5B + D 202.30 ft If  L/B = 1
zp = B + D 393.30 ft If  L/B � 10
zp = 202.30 ft for L/B=1.00

Effective overburden pressure at depth Izp �'Izp = 15.17 ksf
Elastic Modulus Esi = 2.50 qc If  L/B = 1

Esi = 3.50 qc If  L/B � 10
Esi = 2.50 qc for L/B=1.00

Computations made relative to the bottom of foundation
A B C D E F G H I J K

Layer Layer Layer Layer Mid-layer Average Elastic
top bottom thickness depth tip stress Izi modulus �zi Izi/Esi �zi Izi/Esi Notes

 depth depth �zi zave qc Esi
No. (ft) (ft) (ft) (ft) (tsf) (ksf)
1 0.0 1.0 1.0 0.5 206.3 0.101 1031.3 0.00010 0.00010
2 1.0 2.0 1.0 1.5 128.5 0.104 642.7 0.00016 0.00016
3 2.0 3.0 1.0 2.5 195.6 0.106 977.8 0.00011 0.00011
4 3.0 4.0 1.0 3.5 172.6 0.108 863.2 0.00013 0.00013
5 4.0 5.0 1.0 4.5 102.3 0.111 511.4 0.00022 0.00022
6 5.0 6.0 1.0 5.5 109.6 0.113 548.1 0.00021 0.00021
7 6.0 7.0 1.0 6.5 97.4 0.115 487.1 0.00024 0.00024
8 7.0 8.0 1.0 7.5 110.9 0.118 554.6 0.00021 0.00021
9 8.0 9.0 1.0 8.5 175.5 0.120 877.5 0.00014 0.00014
10 9.0 10.0 1.0 9.5 199.8 0.122 998.9 0.00012 0.00012
11 10.0 11.0 1.0 10.5 216.5 0.125 1082.6 0.00012 0.00012
12 11.0 12.0 1.0 11.5 181.8 0.127 908.9 0.00014 0.00014
13 12.0 13.0 1.0 12.5 183.5 0.129 917.7 0.00014 0.00014
14 13.0 14.0 1.0 13.5 117.9 0.132 589.6 0.00022 0.00022
15 14.0 15.0 1.0 14.5 121.1 0.134 605.3 0.00022 0.00022
16 15.0 16.0 1.0 15.5 111.6 0.136 558.0 0.00024 0.00024
17 16.0 17.0 1.0 16.5 115.6 0.139 577.8 0.00024 0.00024
18 17.0 18.0 1.0 17.5 117.5 0.141 587.4 0.00024 0.00024
19 18.0 19.0 1.0 18.5 121.1 0.144 605.7 0.00024 0.00024
20 19.0 20.0 1.0 19.5 129.0 0.146 645.2 0.00023 0.00023
21 20.0 21.0 1.0 20.5 136.4 0.148 682.1 0.00022 0.00022
22 21.0 22.0 1.0 21.5 136.2 0.151 681.0 0.00022 0.00022
23 22.0 23.0 1.0 22.5 144.6 0.153 722.8 0.00021 0.00021
24 23.0 24.0 1.0 23.5 136.0 0.155 679.9 0.00023 0.00023
25 24.0 25.0 1.0 24.5 146.1 0.158 730.6 0.00022 0.00022

Immediate
Settlement (in.)

(S0 / 2)

30 Year
Settlement (in.)

(S30 / 2)
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26 25.0 26.0 1.0 25.5 147.9 0.160 739.5 0.00022 0.00022
27 26.0 27.0 1.0 26.5 160.3 0.162 801.5 0.00020 0.00020
28 27.0 28.0 1.0 27.5 180.5 0.165 902.5 0.00018 0.00018
29 28.0 29.0 1.0 28.5 166.5 0.167 832.5 0.00020 0.00020
30 29.0 30.0 1.0 29.5 113.5 0.169 567.4 0.00030 0.00030
31 30.0 31.0 1.0 30.5 36.1 0.172 180.4 0.00095 0.00095
32 31.0 32.0 1.0 31.5 13.1 0.174 65.7 0.00265 0.00265
33 32.0 33.0 1.0 32.5 33.1 0.177 165.4 0.00107 0.00107
34 33.0 34.0 1.0 33.5 28.8 0.179 144.0 0.00124 0.00124
35 34.0 35.0 1.0 34.5 24.4 0.181 122.0 0.00149 0.00149
36 35.0 36.0 1.0 35.5 34.0 0.184 170.1 0.00108 0.00108
37 36.0 37.0 1.0 36.5 107.3 0.186 536.3 0.00035 0.00035
38 37.0 38.0 1.0 37.5 110.1 0.188 550.7 0.00034 0.00034
39 38.0 39.0 1.0 38.5 108.7 0.191 543.7 0.00035 0.00035
40 39.0 40.0 1.0 39.5 122.9 0.193 614.4 0.00031 0.00031
41 40.0 41.0 1.0 40.5 116.9 0.195 584.6 0.00033 0.00033
42 41.0 42.0 1.0 41.5 108.7 0.198 543.4 0.00036 0.00036
43 42.0 43.0 1.0 42.5 129.1 0.200 645.5 0.00031 0.00031
44 43.0 44.0 1.0 43.5 117.5 0.202 587.6 0.00034 0.00034
45 44.0 45.0 1.0 44.5 109.7 0.205 548.7 0.00037 0.00037
46 45.0 46.0 1.0 45.5 71.7 0.207 358.3 0.00058 0.00058
47 46.0 47.0 1.0 46.5 119.0 0.209 595.0 0.00035 0.00035
48 47.0 48.0 1.0 47.5 138.6 0.212 692.9 0.00031 0.00031
49 48.0 49.0 1.0 48.5 166.8 0.214 833.8 0.00026 0.00026
50 49.0 50.0 1.0 49.5 167.5 0.217 837.4 0.00026 0.00026
51 50.0 51.0 1.0 50.5 158.6 0.219 792.8 0.00028 0.00028
52 51.0 52.0 1.0 51.5 150.8 0.221 754.0 0.00029 0.00029
53 52.0 53.0 1.0 52.5 155.9 0.224 779.5 0.00029 0.00029
54 53.0 54.0 1.0 53.5 159.7 0.226 798.6 0.00028 0.00028
55 54.0 55.0 1.0 54.5 143.1 0.228 715.5 0.00032 0.00032
56 55.0 56.0 1.0 55.5 160.9 0.231 804.5 0.00029 0.00029
57 56.0 57.0 1.0 56.5 162.0 0.233 809.9 0.00029 0.00029
58 57.0 58.0 1.0 57.5 112.1 0.235 560.4 0.00042 0.00042
59 58.0 59.0 1.0 58.5 122.0 0.238 610.1 0.00039 0.00039
60 59.0 60.0 1.0 59.5 170.2 0.240 850.8 0.00028 0.00028
61 60.0 61.0 1.0 60.5 90.4 0.242 451.9 0.00054 0.00054
62 61.0 62.0 1.0 61.5 95.8 0.245 479.2 0.00051 0.00051
63 62.0 63.0 1.0 62.5 120.1 0.247 600.5 0.00041 0.00041
64 63.0 64.0 1.0 63.5 169.1 0.250 845.4 0.00030 0.00030
65 64.0 65.0 1.0 64.5 188.3 0.252 941.7 0.00027 0.00027
66 65.0 66.0 1.0 65.5 192.8 0.254 963.8 0.00026 0.00026
67 66.0 67.0 1.0 66.5 219.0 0.257 1094.8 0.00023 0.00023
68 67.0 68.0 1.0 67.5 231.0 0.259 1155.2 0.00022 0.00022
69 68.0 69.0 1.0 68.5 213.0 0.261 1065.1 0.00025 0.00025
70 69.0 70.0 1.0 69.5 218.5 0.264 1092.6 0.00024 0.00024
71 70.0 71.0 1.0 70.5 115.2 0.266 575.9 0.00046 0.00046
72 71.0 72.0 1.0 71.5 55.9 0.268 279.6 0.00096 0.00096
73 72.0 73.0 1.0 72.5 69.2 0.271 345.9 0.00078 0.00078
74 73.0 74.0 1.0 73.5 49.6 0.273 248.2 0.00110 0.00110
75 74.0 75.0 1.0 74.5 74.3 0.275 371.6 0.00074 0.00074
76 75.0 76.0 1.0 75.5 54.1 0.278 270.6 0.00103 0.00103
77 76.0 77.0 1.0 76.5 156.4 0.280 782.0 0.00036 0.00036
78 77.0 78.0 1.0 77.5 185.0 0.282 925.1 0.00031 0.00031
79 78.0 79.0 1.0 78.5 81.5 0.285 407.7 0.00070 0.00070
80 79.0 80.0 1.0 79.5 98.5 0.287 492.3 0.00058 0.00058
81 80.0 81.0 1.0 80.5 292.5 0.290 1462.3 0.00020 0.00020
82 81.0 82.0 1.0 81.5 181.6 0.292 907.9 0.00032 0.00032
83 82.0 83.0 1.0 82.5 163.1 0.294 815.3 0.00036 0.00036
84 83.0 84.0 1.0 83.5 131.7 0.297 658.5 0.00045 0.00045
85 84.0 85.0 1.0 84.5 171.8 0.299 859.0 0.00035 0.00035
86 85.0 86.0 1.0 85.5 139.6 0.301 698.1 0.00043 0.00043
87 86.0 87.0 1.0 86.5 107.2 0.304 536.2 0.00057 0.00057
88 87.0 88.0 1.0 87.5 142.6 0.306 713.2 0.00043 0.00043
89 88.0 89.0 1.0 88.5 159.0 0.308 795.1 0.00039 0.00039
90 89.0 90.0 1.0 89.5 101.7 0.311 508.4 0.00061 0.00061
91 90.0 91.0 1.0 90.5 113.9 0.313 569.7 0.00055 0.00055
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92 91.0 92.0 1.0 91.5 128.0 0.315 639.8 0.00049 0.00049
93 92.0 93.0 1.0 92.5 132.8 0.318 663.8 0.00048 0.00048
94 93.0 94.0 1.0 93.5 201.8 0.320 1009.1 0.00032 0.00032
95 94.0 95.0 1.0 94.5 142.9 0.322 714.4 0.00045 0.00045
96 95.0 96.0 1.0 95.5 118.3 0.325 591.6 0.00055 0.00055
97 96.0 97.0 1.0 96.5 115.9 0.327 579.7 0.00056 0.00056
98 97.0 98.0 1.0 97.5 111.7 0.330 558.5 0.00059 0.00059
99 98.0 99.0 1.0 98.5 93.3 0.332 466.7 0.00071 0.00071
100 99.0 100.0 1.0 99.5 131.0 0.334 655.2 0.00051 0.00051
101 100.0 101.0 1.0 100.5 199.1 0.337 995.3 0.00034 0.00034
102 101.0 102.0 1.0 101.5 210.6 0.339 1053.0 0.00032 0.00032
103 102.0 103.0 1.0 102.5 167.6 0.341 837.8 0.00041 0.00041
104 103.0 104.0 1.0 103.5 117.9 0.344 589.5 0.00058 0.00058
105 104.0 105.0 1.0 104.5 71.2 0.346 356.1 0.00097 0.00097
106 105.0 106.0 1.0 105.5 84.2 0.348 421.0 0.00083 0.00083
107 106.0 107.0 1.0 106.5 82.8 0.351 414.1 0.00085 0.00085
108 107.0 108.0 1.0 107.5 85.5 0.353 427.5 0.00083 0.00083
109 108.0 109.0 1.0 108.5 87.7 0.355 438.7 0.00081 0.00081
110 109.0 110.0 1.0 109.5 71.5 0.358 357.6 0.00100 0.00100
111 110.0 111.0 1.0 110.5 60.5 0.360 302.6 0.00119 0.00119
112 111.0 112.0 1.0 111.5 64.9 0.363 324.4 0.00112 0.00112
113 112.0 113.0 1.0 112.5 62.6 0.365 313.2 0.00116 0.00116
114 113.0 114.0 1.0 113.5 70.2 0.367 351.0 0.00105 0.00105
115 114.0 115.0 1.0 114.5 80.1 0.370 400.6 0.00092 0.00092
116 115.0 116.0 1.0 115.5 191.7 0.372 958.5 0.00039 0.00039
117 116.0 117.0 1.0 116.5 204.5 0.374 1022.4 0.00037 0.00037
118 117.0 118.0 1.0 117.5 508.1 0.377 2540.5 0.00015 0.00015
119 118.0 119.0 1.0 118.5 621.5 0.379 3107.7 0.00012 0.00012
120 119.0 120.0 1.0 119.5 668.1 0.381 3340.6 0.00011 0.00011
! = 0.05536

I zr (1 < L/B < 10): I zr = I zs  + 0.111 (I zc  - I zs ) (L/B - 1)
I zs  (L/B = 1):
     For z ave  = 0 to B/2: I zs  = 0.1 + (z ave /B)(2I zp- 0.2)
     For z ave  = B/2 to 2B: I zs  = 0.667 I zp (2 - z ave /B)
I zc  (L/B �  10):
     For z ave  = 0 to B: I zc  = 0.2 + (z ave /B)(I zp - 0.2)
     For z ave  = B to 4B: I zc  = 0.333 I zp (4 - z ave /B) ( Coduto p.228. )
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Footing w idth B = 382.0 ft Z-SDU6-C14
Footing length L = 382.0 ft
Ground elevation 277.3 ft
Foundation elevation 265.0 ft
Ground Water elevation 220.0 ft Load S0 =
Excavated or embedded depth D = 12.3 ft End of Operations 5.10 1.0
Depth to Groundw ater 57.3 ft Tank Half Full 2.80 0.2
Unit w eight �  = 120.0 pcf Pre Closure 5.50 1.2
Gross Footing Load 5.10 ksf Post Closure 8.00 2.1
Net applied footing pressure �p = 3.624 ksf

L/B = 1.00 -

Computation
Settlement  �i = C1 Ct �p !(�zi Izi/Esi) 0.173 ft

 �i = Ct = 1 2.073 in Load S0 =
S�t	 = 0.258 ft 5.10 1.5
S�t	 = 3.100 in 8.00 3.2

Correction for strain relief C1 = 1 - 0.5(�'D/q') 0.796 -
Effective vertical overburden pressure at D �'vo = � �D 1.476 ksf
Correction for time dependent increase Ct = 1 + 0.2 log( t / 0.1 ) 1.50 -

t = 30.00 years
Elastic modulus of soil layer i Esi = 2.5 qc see Column H if L/B = 1

Esi = 3.5 qc see Column H If L/B � 10
Depth increment i �zi see Column D
Influence factor of soil layer i Izi Figure 3-4 see Column G
Peak depth influence factor Izp = 0.5 + 0.1�(�p/�'Izp)1/2 0.549 -

zp = 0.5B + D 203.30 ft If  L/B = 1
zp = B + D 394.30 ft If  L/B � 10
zp = 203.30 ft for L/B=1.00

Effective overburden pressure at depth Izp �'Izp = 15.29 ksf
Elastic Modulus Esi = 2.50 qc If  L/B = 1

Esi = 3.50 qc If  L/B � 10
Esi = 2.50 qc for L/B=1.00

Computations made relative to the bottom of foundation
A B C D E F G H I J K

Layer Layer Layer Layer Mid-layer Average Elastic
top bottom thickness depth tip stress Izi modulus �zi Izi/Esi �zi Izi/Esi Notes

 depth depth �zi zave qc Esi
No. (ft) (ft) (ft) (ft) (tsf) (ksf)
1 0.0 1.0 1.0 0.5 189.0 0.101 945.2 0.00011 0.00011
2 1.0 2.0 1.0 1.5 218.7 0.104 1093.6 0.00009 0.00009
3 2.0 3.0 1.0 2.5 146.1 0.106 730.7 0.00014 0.00014
4 3.0 4.0 1.0 3.5 142.6 0.108 713.1 0.00015 0.00015
5 4.0 5.0 1.0 4.5 157.0 0.111 784.9 0.00014 0.00014
6 5.0 6.0 1.0 5.5 85.7 0.113 428.7 0.00026 0.00026
7 6.0 7.0 1.0 6.5 103.7 0.115 518.5 0.00022 0.00022
8 7.0 8.0 1.0 7.5 69.7 0.118 348.4 0.00034 0.00034
9 8.0 9.0 1.0 8.5 344.0 0.120 1720.1 0.00007 0.00007
10 9.0 10.0 1.0 9.5 111.7 0.122 558.3 0.00022 0.00022
11 10.0 11.0 1.0 10.5 153.3 0.125 766.6 0.00016 0.00016
12 11.0 12.0 1.0 11.5 188.7 0.127 943.5 0.00013 0.00013
13 12.0 13.0 1.0 12.5 159.1 0.129 795.4 0.00016 0.00016
14 13.0 14.0 1.0 13.5 143.8 0.132 719.2 0.00018 0.00018
15 14.0 15.0 1.0 14.5 247.6 0.134 1238.1 0.00011 0.00011
16 15.0 16.0 1.0 15.5 484.7 0.136 2423.3 0.00006 0.00006
17 16.0 17.0 1.0 16.5 226.7 0.139 1133.4 0.00012 0.00012
18 17.0 18.0 1.0 17.5 105.8 0.141 529.0 0.00027 0.00027
19 18.0 19.0 1.0 18.5 122.1 0.143 610.3 0.00024 0.00024
20 19.0 20.0 1.0 19.5 161.3 0.146 806.5 0.00018 0.00018
21 20.0 21.0 1.0 20.5 271.4 0.148 1357.0 0.00011 0.00011
22 21.0 22.0 1.0 21.5 291.9 0.151 1459.7 0.00010 0.00010
23 22.0 23.0 1.0 22.5 277.3 0.153 1386.6 0.00011 0.00011
24 23.0 24.0 1.0 23.5 78.7 0.155 393.6 0.00039 0.00039
25 24.0 25.0 1.0 24.5 57.3 0.158 286.4 0.00055 0.00055

Immediate
Settlement (in.)

(S0 / 2)

30 Year
Settlement (in.)

(S30 / 2)
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26 25.0 26.0 1.0 25.5 233.1 0.160 1165.3 0.00014 0.00014
27 26.0 27.0 1.0 26.5 322.3 0.162 1611.7 0.00010 0.00010
28 27.0 28.0 1.0 27.5 350.5 0.165 1752.7 0.00009 0.00009
29 28.0 29.0 1.0 28.5 254.6 0.167 1273.2 0.00013 0.00013
30 29.0 30.0 1.0 29.5 87.0 0.169 434.9 0.00039 0.00039
31 30.0 31.0 1.0 30.5 52.6 0.172 263.2 0.00065 0.00065
32 31.0 32.0 1.0 31.5 59.8 0.174 299.2 0.00058 0.00058
33 32.0 33.0 1.0 32.5 40.0 0.176 200.0 0.00088 0.00088
34 33.0 34.0 1.0 33.5 35.5 0.179 177.5 0.00101 0.00101
35 34.0 35.0 1.0 34.5 34.6 0.181 172.8 0.00105 0.00105
36 35.0 36.0 1.0 35.5 62.1 0.183 310.5 0.00059 0.00059
37 36.0 37.0 1.0 36.5 55.3 0.186 276.3 0.00067 0.00067
38 37.0 38.0 1.0 37.5 46.9 0.188 234.4 0.00080 0.00080
39 38.0 39.0 1.0 38.5 27.1 0.190 135.3 0.00141 0.00141
40 39.0 40.0 1.0 39.5 28.4 0.193 142.1 0.00136 0.00136
41 40.0 41.0 1.0 40.5 28.1 0.195 140.4 0.00139 0.00139
42 41.0 42.0 1.0 41.5 23.4 0.197 117.1 0.00169 0.00169
43 42.0 43.0 1.0 42.5 69.3 0.200 346.5 0.00058 0.00058
44 43.0 44.0 1.0 43.5 76.9 0.202 384.3 0.00053 0.00053
45 44.0 45.0 1.0 44.5 96.4 0.205 481.9 0.00042 0.00042
46 45.0 46.0 1.0 45.5 79.4 0.207 397.0 0.00052 0.00052
47 46.0 47.0 1.0 46.5 69.0 0.209 345.0 0.00061 0.00061
48 47.0 48.0 1.0 47.5 86.4 0.212 432.2 0.00049 0.00049
49 48.0 49.0 1.0 48.5 141.6 0.214 708.0 0.00030 0.00030
50 49.0 50.0 1.0 49.5 213.1 0.216 1065.7 0.00020 0.00020
51 50.0 51.0 1.0 50.5 202.0 0.219 1010.0 0.00022 0.00022
52 51.0 52.0 1.0 51.5 180.1 0.221 900.3 0.00025 0.00025
53 52.0 53.0 1.0 52.5 162.1 0.223 810.5 0.00028 0.00028
54 53.0 54.0 1.0 53.5 133.9 0.226 669.3 0.00034 0.00034
55 54.0 55.0 1.0 54.5 124.6 0.228 622.9 0.00037 0.00037
56 55.0 56.0 1.0 55.5 136.6 0.230 683.2 0.00034 0.00034
57 56.0 57.0 1.0 56.5 81.6 0.233 408.0 0.00057 0.00057
58 57.0 58.0 1.0 57.5 105.7 0.235 528.3 0.00045 0.00045
59 58.0 59.0 1.0 58.5 114.0 0.237 570.0 0.00042 0.00042
60 59.0 60.0 1.0 59.5 50.5 0.240 252.7 0.00095 0.00095
61 60.0 61.0 1.0 60.5 50.0 0.242 250.0 0.00097 0.00097
62 61.0 62.0 1.0 61.5 107.0 0.244 535.0 0.00046 0.00046
63 62.0 63.0 1.0 62.5 85.7 0.247 428.5 0.00058 0.00058
64 63.0 64.0 1.0 63.5 162.4 0.249 812.2 0.00031 0.00031
65 64.0 65.0 1.0 64.5 189.2 0.252 945.8 0.00027 0.00027
66 65.0 66.0 1.0 65.5 205.4 0.254 1027.0 0.00025 0.00025
67 66.0 67.0 1.0 66.5 204.2 0.256 1021.0 0.00025 0.00025
68 67.0 68.0 1.0 67.5 235.2 0.259 1176.0 0.00022 0.00022
69 68.0 69.0 1.0 68.5 290.1 0.261 1450.5 0.00018 0.00018
70 69.0 70.0 1.0 69.5 192.8 0.263 964.2 0.00027 0.00027
71 70.0 71.0 1.0 70.5 259.6 0.266 1298.1 0.00020 0.00020
72 71.0 72.0 1.0 71.5 394.4 0.268 1971.9 0.00014 0.00014
73 72.0 73.0 1.0 72.5 261.4 0.270 1307.1 0.00021 0.00021
74 73.0 74.0 1.0 73.5 235.2 0.273 1176.0 0.00023 0.00023
75 74.0 75.0 1.0 74.5 207.9 0.275 1039.6 0.00026 0.00026
76 75.0 76.0 1.0 75.5 157.6 0.277 788.0 0.00035 0.00035
77 76.0 77.0 1.0 76.5 103.2 0.280 515.8 0.00054 0.00054
78 77.0 78.0 1.0 77.5 70.8 0.282 354.1 0.00080 0.00080
79 78.0 79.0 1.0 78.5 51.6 0.284 257.9 0.00110 0.00110
80 79.0 80.0 1.0 79.5 57.0 0.287 285.0 0.00101 0.00101
81 80.0 81.0 1.0 80.5 36.2 0.289 180.9 0.00160 0.00160
82 81.0 82.0 1.0 81.5 40.8 0.291 204.1 0.00143 0.00143
83 82.0 83.0 1.0 82.5 41.0 0.294 205.1 0.00143 0.00143
84 83.0 84.0 1.0 83.5 161.1 0.296 805.3 0.00037 0.00037
85 84.0 85.0 1.0 84.5 310.7 0.299 1553.7 0.00019 0.00019
86 85.0 86.0 1.0 85.5 324.8 0.301 1623.9 0.00019 0.00019
87 86.0 87.0 1.0 86.5 107.2 0.303 536.2 0.00057 0.00057
88 87.0 88.0 1.0 87.5 142.6 0.306 713.2 0.00043 0.00043
89 88.0 89.0 1.0 88.5 159.0 0.308 795.1 0.00039 0.00039
90 89.0 90.0 1.0 89.5 101.7 0.310 508.4 0.00061 0.00061
91 90.0 91.0 1.0 90.5 113.9 0.313 569.7 0.00055 0.00055
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92 91.0 92.0 1.0 91.5 128.0 0.315 639.8 0.00049 0.00049
93 92.0 93.0 1.0 92.5 132.8 0.317 663.8 0.00048 0.00048
94 93.0 94.0 1.0 93.5 201.8 0.320 1009.1 0.00032 0.00032
95 94.0 95.0 1.0 94.5 142.9 0.322 714.4 0.00045 0.00045
96 95.0 96.0 1.0 95.5 118.3 0.324 591.6 0.00055 0.00055
97 96.0 97.0 1.0 96.5 115.9 0.327 579.7 0.00056 0.00056
98 97.0 98.0 1.0 97.5 111.7 0.329 558.5 0.00059 0.00059
99 98.0 99.0 1.0 98.5 93.3 0.331 466.7 0.00071 0.00071
100 99.0 100.0 1.0 99.5 131.0 0.334 655.2 0.00051 0.00051
101 100.0 101.0 1.0 100.5 199.1 0.336 995.3 0.00034 0.00034
102 101.0 102.0 1.0 101.5 210.6 0.338 1053.0 0.00032 0.00032
103 102.0 103.0 1.0 102.5 167.6 0.341 837.8 0.00041 0.00041
104 103.0 104.0 1.0 103.5 117.9 0.343 589.5 0.00058 0.00058
105 104.0 105.0 1.0 104.5 71.2 0.345 356.1 0.00097 0.00097
106 105.0 106.0 1.0 105.5 84.2 0.348 421.0 0.00083 0.00083
107 106.0 107.0 1.0 106.5 82.8 0.350 414.1 0.00085 0.00085
108 107.0 108.0 1.0 107.5 85.5 0.353 427.5 0.00082 0.00082
109 108.0 109.0 1.0 108.5 87.7 0.355 438.7 0.00081 0.00081
110 109.0 110.0 1.0 109.5 71.5 0.357 357.6 0.00100 0.00100
111 110.0 111.0 1.0 110.5 60.5 0.360 302.6 0.00119 0.00119
112 111.0 112.0 1.0 111.5 64.9 0.362 324.4 0.00112 0.00112
113 112.0 113.0 1.0 112.5 62.6 0.364 313.2 0.00116 0.00116
114 113.0 114.0 1.0 113.5 70.2 0.367 351.0 0.00104 0.00104
115 114.0 115.0 1.0 114.5 80.1 0.369 400.6 0.00092 0.00092
116 115.0 116.0 1.0 115.5 191.7 0.371 958.5 0.00039 0.00039
117 116.0 117.0 1.0 116.5 204.5 0.374 1022.4 0.00037 0.00037
118 117.0 118.0 1.0 117.5 508.1 0.376 2540.5 0.00015 0.00015
119 118.0 119.0 1.0 118.5 621.5 0.378 3107.7 0.00012 0.00012
120 119.0 120.0 1.0 119.5 668.1 0.381 3340.6 0.00011 0.00011
! = 0.05985

I zr (1 < L/B < 10): I zr = I zs  + 0.111 (I zc  - I zs ) (L/B - 1)
I zs  (L/B = 1):
     For z ave  = 0 to B/2: I zs  = 0.1 + (z ave /B)(2I zp- 0.2)
     For z ave  = B/2 to 2B: I zs  = 0.667 I zp (2 - z ave /B)
I zc  (L/B �  10):
     For z ave  = 0 to B: I zc  = 0.2 + (z ave /B)(I zp - 0.2)
     For z ave  = B to 4B: I zc  = 0.333 I zp (4 - z ave /B) ( Coduto p.228. )
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Footing w idth B = 382.0 ft Z-SDU6-C15
Footing length L = 382.0 ft
Ground elevation 276.8 ft
Foundation elevation 265.0 ft
Ground Water elevation 220.0 ft Load S0 =
Excavated or embedded depth D = 11.8 ft End of Operations 5.10 1.7
Depth to Groundw ater 56.8 ft Tank Half Full 2.80 0.4
Unit w eight �  = 120.0 pcf Pre Closure 5.50 2.0
Gross Footing Load 5.10 ksf Post Closure 8.00 3.5
Net applied footing pressure �p = 3.684 ksf

L/B = 1.00 -

Computation
Settlement  �i = C1 Ct �p !(�zi Izi/Esi) 0.288 ft

 �i = Ct = 1 3.460 in Load S0 =
S�t	 = 0.431 ft 5.10 2.6
S�t	 = 5.174 in 8.00 5.2

Correction for strain relief C1 = 1 - 0.5(�'D/q') 0.808 -
Effective vertical overburden pressure at D �'vo = � �D 1.416 ksf
Correction for time dependent increase Ct = 1 + 0.2 log( t / 0.1 ) 1.50 -

t = 30.00 years
Elastic modulus of soil layer i Esi = 2.5 qc see Column H if L/B = 1

Esi = 3.5 qc see Column H If L/B � 10
Depth increment i �zi see Column D
Influence factor of soil layer i Izi Figure 3-4 see Column G
Peak depth influence factor Izp = 0.5 + 0.1�(�p/�'Izp)1/2 0.549 -

zp = 0.5B + D 202.80 ft If  L/B = 1
zp = B + D 393.80 ft If  L/B � 10
zp = 202.80 ft for L/B=1.00

Effective overburden pressure at depth Izp �'Izp = 15.23 ksf
Elastic Modulus Esi = 2.50 qc If  L/B = 1

Esi = 3.50 qc If  L/B � 10
Esi = 2.50 qc for L/B=1.00

Computations made relative to the bottom of foundation
A B C D E F G H I J K

Layer Layer Layer Layer Mid-layer Average Elastic
top bottom thickness depth tip stress Izi modulus �zi Izi/Esi �zi Izi/Esi Notes

 depth depth �zi zave qc Esi
No. (ft) (ft) (ft) (ft) (tsf) (ksf)
1 0.0 1.0 1.0 0.5 384.4 0.101 1922.0 0.00005 0.00005
2 1.0 2.0 1.0 1.5 271.0 0.104 1354.9 0.00008 0.00008
3 2.0 3.0 1.0 2.5 273.1 0.106 1365.6 0.00008 0.00008
4 3.0 4.0 1.0 3.5 108.6 0.108 543.1 0.00020 0.00020
5 4.0 5.0 1.0 4.5 133.6 0.111 668.2 0.00017 0.00017
6 5.0 6.0 1.0 5.5 121.6 0.113 608.2 0.00019 0.00019
7 6.0 7.0 1.0 6.5 192.0 0.115 960.1 0.00012 0.00012
8 7.0 8.0 1.0 7.5 72.2 0.118 361.0 0.00033 0.00033
9 8.0 9.0 1.0 8.5 54.9 0.120 274.5 0.00044 0.00044
10 9.0 10.0 1.0 9.5 161.4 0.122 807.2 0.00015 0.00015
11 10.0 11.0 1.0 10.5 151.8 0.125 759.0 0.00016 0.00016
12 11.0 12.0 1.0 11.5 50.1 0.127 250.6 0.00051 0.00051
13 12.0 13.0 1.0 12.5 92.9 0.129 464.3 0.00028 0.00028
14 13.0 14.0 1.0 13.5 125.2 0.132 625.9 0.00021 0.00021
15 14.0 15.0 1.0 14.5 121.9 0.134 609.3 0.00022 0.00022
16 15.0 16.0 1.0 15.5 179.9 0.136 899.5 0.00015 0.00015
17 16.0 17.0 1.0 16.5 650.7 0.139 3253.5 0.00004 0.00004
18 17.0 18.0 1.0 17.5 586.1 0.141 2930.3 0.00005 0.00005
19 18.0 19.0 1.0 18.5 635.8 0.144 3178.8 0.00005 0.00005
20 19.0 20.0 1.0 19.5 273.3 0.146 1366.5 0.00011 0.00011
21 20.0 21.0 1.0 20.5 148.8 0.148 744.0 0.00020 0.00020
22 21.0 22.0 1.0 21.5 95.9 0.151 479.5 0.00031 0.00031
23 22.0 23.0 1.0 22.5 73.1 0.153 365.7 0.00042 0.00042
24 23.0 24.0 1.0 23.5 241.7 0.155 1208.7 0.00013 0.00013
25 24.0 25.0 1.0 24.5 256.2 0.158 1280.8 0.00012 0.00012

Immediate
Settlement (in.)

(S0 / 2)

30 Year
Settlement (in.)

(S30 / 2)
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26 25.0 26.0 1.0 25.5 253.4 0.160 1266.8 0.00013 0.00013
27 26.0 27.0 1.0 26.5 236.5 0.162 1182.5 0.00014 0.00014
28 27.0 28.0 1.0 27.5 278.6 0.165 1392.9 0.00012 0.00012
29 28.0 29.0 1.0 28.5 304.2 0.167 1521.1 0.00011 0.00011
30 29.0 30.0 1.0 29.5 315.4 0.169 1577.1 0.00011 0.00011
31 30.0 31.0 1.0 30.5 270.1 0.172 1350.5 0.00013 0.00013
32 31.0 32.0 1.0 31.5 176.0 0.174 880.2 0.00020 0.00020
33 32.0 33.0 1.0 32.5 69.2 0.176 346.2 0.00051 0.00051
34 33.0 34.0 1.0 33.5 84.7 0.179 423.6 0.00042 0.00042
35 34.0 35.0 1.0 34.5 81.2 0.181 405.9 0.00045 0.00045
36 35.0 36.0 1.0 35.5 26.7 0.183 133.6 0.00137 0.00137
37 36.0 37.0 1.0 36.5 7.4 0.186 37.0 0.00503 0.00503
38 37.0 38.0 1.0 37.5 8.4 0.188 42.0 0.00448 0.00448
39 38.0 39.0 1.0 38.5 9.5 0.191 47.3 0.00403 0.00403
40 39.0 40.0 1.0 39.5 12.6 0.193 62.8 0.00307 0.00307
41 40.0 41.0 1.0 40.5 14.0 0.195 69.8 0.00280 0.00280
42 41.0 42.0 1.0 41.5 12.3 0.198 61.5 0.00321 0.00321
43 42.0 43.0 1.0 42.5 11.3 0.200 56.5 0.00354 0.00354
44 43.0 44.0 1.0 43.5 11.1 0.202 55.4 0.00365 0.00365
45 44.0 45.0 1.0 44.5 18.6 0.205 93.2 0.00219 0.00219
46 45.0 46.0 1.0 45.5 31.5 0.207 157.5 0.00131 0.00131
47 46.0 47.0 1.0 46.5 30.8 0.209 154.2 0.00136 0.00136
48 47.0 48.0 1.0 47.5 89.9 0.212 449.3 0.00047 0.00047
49 48.0 49.0 1.0 48.5 78.7 0.214 393.3 0.00054 0.00054
50 49.0 50.0 1.0 49.5 84.9 0.216 424.7 0.00051 0.00051
51 50.0 51.0 1.0 50.5 100.4 0.219 502.1 0.00044 0.00044
52 51.0 52.0 1.0 51.5 145.5 0.221 727.7 0.00030 0.00030
53 52.0 53.0 1.0 52.5 164.5 0.223 822.3 0.00027 0.00027
54 53.0 54.0 1.0 53.5 169.6 0.226 848.1 0.00027 0.00027
55 54.0 55.0 1.0 54.5 168.3 0.228 841.4 0.00027 0.00027
56 55.0 56.0 1.0 55.5 139.6 0.231 698.2 0.00033 0.00033
57 56.0 57.0 1.0 56.5 112.5 0.233 562.3 0.00041 0.00041
58 57.0 58.0 1.0 57.5 130.3 0.235 651.7 0.00036 0.00036
59 58.0 59.0 1.0 58.5 140.4 0.238 701.9 0.00034 0.00034
60 59.0 60.0 1.0 59.5 75.8 0.240 378.8 0.00063 0.00063
61 60.0 61.0 1.0 60.5 35.7 0.242 178.5 0.00136 0.00136
62 61.0 62.0 1.0 61.5 53.5 0.245 267.6 0.00091 0.00091
63 62.0 63.0 1.0 62.5 44.3 0.247 221.7 0.00111 0.00111
64 63.0 64.0 1.0 63.5 154.0 0.249 769.8 0.00032 0.00032
65 64.0 65.0 1.0 64.5 171.4 0.252 857.2 0.00029 0.00029
66 65.0 66.0 1.0 65.5 166.6 0.254 833.0 0.00030 0.00030
67 66.0 67.0 1.0 66.5 169.8 0.256 849.2 0.00030 0.00030
68 67.0 68.0 1.0 67.5 152.4 0.259 762.1 0.00034 0.00034
69 68.0 69.0 1.0 68.5 147.1 0.261 735.3 0.00036 0.00036
70 69.0 70.0 1.0 69.5 100.0 0.263 500.0 0.00053 0.00053
71 70.0 71.0 1.0 70.5 20.0 0.266 100.2 0.00265 0.00265
72 71.0 72.0 1.0 71.5 7.1 0.268 35.6 0.00753 0.00753
73 72.0 73.0 1.0 72.5 59.7 0.271 298.5 0.00091 0.00091
74 73.0 74.0 1.0 73.5 103.7 0.273 518.7 0.00053 0.00053
75 74.0 75.0 1.0 74.5 92.0 0.275 460.1 0.00060 0.00060
76 75.0 76.0 1.0 75.5 78.3 0.278 391.4 0.00071 0.00071
77 76.0 77.0 1.0 76.5 52.2 0.280 261.1 0.00107 0.00107
78 77.0 78.0 1.0 77.5 64.6 0.282 322.8 0.00087 0.00087
79 78.0 79.0 1.0 78.5 50.0 0.285 250.2 0.00114 0.00114
80 79.0 80.0 1.0 79.5 50.0 0.287 250.2 0.00115 0.00115
81 80.0 81.0 1.0 80.5 58.6 0.289 293.0 0.00099 0.00099
82 81.0 82.0 1.0 81.5 27.8 0.292 139.1 0.00210 0.00210
83 82.0 83.0 1.0 82.5 49.9 0.294 249.5 0.00118 0.00118
84 83.0 84.0 1.0 83.5 174.5 0.296 872.6 0.00034 0.00034
85 84.0 85.0 1.0 84.5 394.9 0.299 1974.7 0.00015 0.00015
86 85.0 86.0 1.0 85.5 324.2 0.301 1621.0 0.00019 0.00019
87 86.0 87.0 1.0 86.5 107.2 0.303 536.2 0.00057 0.00057
88 87.0 88.0 1.0 87.5 142.6 0.306 713.2 0.00043 0.00043
89 88.0 89.0 1.0 88.5 159.0 0.308 795.1 0.00039 0.00039
90 89.0 90.0 1.0 89.5 101.7 0.310 508.4 0.00061 0.00061
91 90.0 91.0 1.0 90.5 113.9 0.313 569.7 0.00055 0.00055
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92 91.0 92.0 1.0 91.5 128.0 0.315 639.8 0.00049 0.00049
93 92.0 93.0 1.0 92.5 132.8 0.318 663.8 0.00048 0.00048
94 93.0 94.0 1.0 93.5 201.8 0.320 1009.1 0.00032 0.00032
95 94.0 95.0 1.0 94.5 142.9 0.322 714.4 0.00045 0.00045
96 95.0 96.0 1.0 95.5 118.3 0.325 591.6 0.00055 0.00055
97 96.0 97.0 1.0 96.5 115.9 0.327 579.7 0.00056 0.00056
98 97.0 98.0 1.0 97.5 111.7 0.329 558.5 0.00059 0.00059
99 98.0 99.0 1.0 98.5 93.3 0.332 466.7 0.00071 0.00071
100 99.0 100.0 1.0 99.5 131.0 0.334 655.2 0.00051 0.00051
101 100.0 101.0 1.0 100.5 199.1 0.336 995.3 0.00034 0.00034
102 101.0 102.0 1.0 101.5 210.6 0.339 1053.0 0.00032 0.00032
103 102.0 103.0 1.0 102.5 167.6 0.341 837.8 0.00041 0.00041
104 103.0 104.0 1.0 103.5 117.9 0.343 589.5 0.00058 0.00058
105 104.0 105.0 1.0 104.5 71.2 0.346 356.1 0.00097 0.00097
106 105.0 106.0 1.0 105.5 84.2 0.348 421.0 0.00083 0.00083
107 106.0 107.0 1.0 106.5 82.8 0.350 414.1 0.00085 0.00085
108 107.0 108.0 1.0 107.5 85.5 0.353 427.5 0.00083 0.00083
109 108.0 109.0 1.0 108.5 87.7 0.355 438.7 0.00081 0.00081
110 109.0 110.0 1.0 109.5 71.5 0.358 357.6 0.00100 0.00100
111 110.0 111.0 1.0 110.5 60.5 0.360 302.6 0.00119 0.00119
112 111.0 112.0 1.0 111.5 64.9 0.362 324.4 0.00112 0.00112
113 112.0 113.0 1.0 112.5 62.6 0.365 313.2 0.00116 0.00116
114 113.0 114.0 1.0 113.5 70.2 0.367 351.0 0.00105 0.00105
115 114.0 115.0 1.0 114.5 80.1 0.369 400.6 0.00092 0.00092
116 115.0 116.0 1.0 115.5 191.7 0.372 958.5 0.00039 0.00039
117 116.0 117.0 1.0 116.5 204.5 0.374 1022.4 0.00037 0.00037
118 117.0 118.0 1.0 117.5 508.1 0.376 2540.5 0.00015 0.00015
119 118.0 119.0 1.0 118.5 621.5 0.379 3107.7 0.00012 0.00012
120 119.0 120.0 1.0 119.5 668.1 0.381 3340.6 0.00011 0.00011
! = 0.09688

I zr (1 < L/B < 10): I zr = I zs  + 0.111 (I zc  - I zs ) (L/B - 1)
I zs  (L/B = 1):
     For z ave  = 0 to B/2: I zs  = 0.1 + (z ave /B)(2I zp- 0.2)
     For z ave  = B/2 to 2B: I zs  = 0.667 I zp (2 - z ave /B)
I zc  (L/B �  10):
     For z ave  = 0 to B: I zc  = 0.2 + (z ave /B)(I zp - 0.2)
     For z ave  = B to 4B: I zc  = 0.333 I zp (4 - z ave /B) ( Coduto p.228. )
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Footing w idth B = 382.0 ft Z-SDU6-C16
Footing length L = 382.0 ft
Ground elevation 276.7 ft
Foundation elevation 265.0 ft
Ground Water elevation 220.0 ft Load S0 =
Excavated or embedded depth D = 11.7 ft End of Operations 5.10 1.8
Depth to Groundw ater 56.7 ft Tank Half Full 2.80 0.4
Unit w eight �  = 120.0 pcf Pre Closure 5.50 2.0
Gross Footing Load 5.10 ksf Post Closure 8.00 3.5
Net applied footing pressure �p = 3.696 ksf

L/B = 1.00 -

Computation
Settlement  �i = C1 Ct �p !(�zi Izi/Esi) 0.292 ft

 �i = Ct = 1 3.501 in Load S0 =
S�t	 = 0.436 ft 5.10 2.6
S�t	 = 5.236 in 8.00 5.3

Correction for strain relief C1 = 1 - 0.5(�'D/q') 0.810 -
Effective vertical overburden pressure at D �'vo = � �D 1.404 ksf
Correction for time dependent increase Ct = 1 + 0.2 log( t / 0.1 ) 1.50 -

t = 30.00 years
Elastic modulus of soil layer i Esi = 2.5 qc see Column H if L/B = 1

Esi = 3.5 qc see Column H If L/B � 10
Depth increment i �zi see Column D
Influence factor of soil layer i Izi Figure 3-4 see Column G
Peak depth influence factor Izp = 0.5 + 0.1�(�p/�'Izp)1/2 0.549 -

zp = 0.5B + D 202.70 ft If  L/B = 1
zp = B + D 393.70 ft If  L/B � 10
zp = 202.70 ft for L/B=1.00

Effective overburden pressure at depth Izp �'Izp = 15.21 ksf
Elastic Modulus Esi = 2.50 qc If  L/B = 1

Esi = 3.50 qc If  L/B � 10
Esi = 2.50 qc for L/B=1.00

Computations made relative to the bottom of foundation
A B C D E F G H I J K

Layer Layer Layer Layer Mid-layer Average Elastic
top bottom thickness depth tip stress Izi modulus �zi Izi/Esi �zi Izi/Esi Notes

 depth depth �zi zave qc Esi
No. (ft) (ft) (ft) (ft) (tsf) (ksf)
1 0.0 1.0 1.0 0.5 225.8 0.101 1129.0 0.00009 0.00009
2 1.0 2.0 1.0 1.5 125.4 0.104 627.2 0.00017 0.00017
3 2.0 3.0 1.0 2.5 106.9 0.106 534.5 0.00020 0.00020
4 3.0 4.0 1.0 3.5 76.8 0.108 383.9 0.00028 0.00028
5 4.0 5.0 1.0 4.5 67.8 0.111 339.1 0.00033 0.00033
6 5.0 6.0 1.0 5.5 88.2 0.113 441.0 0.00026 0.00026
7 6.0 7.0 1.0 6.5 128.2 0.115 641.1 0.00018 0.00018
8 7.0 8.0 1.0 7.5 166.3 0.118 831.5 0.00014 0.00014
9 8.0 9.0 1.0 8.5 107.3 0.120 536.3 0.00022 0.00022
10 9.0 10.0 1.0 9.5 77.6 0.122 388.2 0.00032 0.00032
11 10.0 11.0 1.0 10.5 51.4 0.125 257.1 0.00049 0.00049
12 11.0 12.0 1.0 11.5 48.5 0.127 242.4 0.00052 0.00052
13 12.0 13.0 1.0 12.5 104.2 0.129 521.2 0.00025 0.00025
14 13.0 14.0 1.0 13.5 160.4 0.132 802.2 0.00016 0.00016
15 14.0 15.0 1.0 14.5 115.4 0.134 576.9 0.00023 0.00023
16 15.0 16.0 1.0 15.5 121.3 0.136 606.7 0.00022 0.00022
17 16.0 17.0 1.0 16.5 212.0 0.139 1060.0 0.00013 0.00013
18 17.0 18.0 1.0 17.5 103.4 0.141 516.9 0.00027 0.00027
19 18.0 19.0 1.0 18.5 176.2 0.144 880.9 0.00016 0.00016
20 19.0 20.0 1.0 19.5 192.4 0.146 962.0 0.00015 0.00015
21 20.0 21.0 1.0 20.5 182.3 0.148 911.6 0.00016 0.00016
22 21.0 22.0 1.0 21.5 238.3 0.151 1191.4 0.00013 0.00013
23 22.0 23.0 1.0 22.5 285.3 0.153 1426.7 0.00011 0.00011
24 23.0 24.0 1.0 23.5 253.3 0.155 1266.6 0.00012 0.00012
25 24.0 25.0 1.0 24.5 258.7 0.158 1293.5 0.00012 0.00012

Immediate
Settlement (in.)

(S0 / 2)

30 Year
Settlement (in.)

(S30 / 2)
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26 25.0 26.0 1.0 25.5 266.1 0.160 1330.3 0.00012 0.00012
27 26.0 27.0 1.0 26.5 281.5 0.162 1407.3 0.00012 0.00012
28 27.0 28.0 1.0 27.5 300.1 0.165 1500.7 0.00011 0.00011
29 28.0 29.0 1.0 28.5 261.0 0.167 1305.2 0.00013 0.00013
30 29.0 30.0 1.0 29.5 130.8 0.169 654.0 0.00026 0.00026
31 30.0 31.0 1.0 30.5 60.0 0.172 300.2 0.00057 0.00057
32 31.0 32.0 1.0 31.5 62.2 0.174 310.8 0.00056 0.00056
33 32.0 33.0 1.0 32.5 41.4 0.176 207.0 0.00085 0.00085
34 33.0 34.0 1.0 33.5 16.1 0.179 80.4 0.00222 0.00222
35 34.0 35.0 1.0 34.5 18.2 0.181 90.8 0.00200 0.00200
36 35.0 36.0 1.0 35.5 21.9 0.184 109.3 0.00168 0.00168
37 36.0 37.0 1.0 36.5 28.7 0.186 143.3 0.00130 0.00130
38 37.0 38.0 1.0 37.5 20.1 0.188 100.3 0.00188 0.00188
39 38.0 39.0 1.0 38.5 16.1 0.191 80.6 0.00236 0.00236
40 39.0 40.0 1.0 39.5 12.8 0.193 64.2 0.00300 0.00300
41 40.0 41.0 1.0 40.5 14.8 0.195 74.0 0.00264 0.00264
42 41.0 42.0 1.0 41.5 20.6 0.198 102.8 0.00192 0.00192
43 42.0 43.0 1.0 42.5 25.6 0.200 128.0 0.00156 0.00156
44 43.0 44.0 1.0 43.5 45.7 0.202 228.6 0.00089 0.00089
45 44.0 45.0 1.0 44.5 35.2 0.205 175.9 0.00116 0.00116
46 45.0 46.0 1.0 45.5 21.3 0.207 106.6 0.00194 0.00194
47 46.0 47.0 1.0 46.5 21.9 0.209 109.5 0.00191 0.00191
48 47.0 48.0 1.0 47.5 24.7 0.212 123.4 0.00172 0.00172
49 48.0 49.0 1.0 48.5 89.8 0.214 448.8 0.00048 0.00048
50 49.0 50.0 1.0 49.5 147.5 0.216 737.4 0.00029 0.00029
51 50.0 51.0 1.0 50.5 159.8 0.219 799.0 0.00027 0.00027
52 51.0 52.0 1.0 51.5 177.9 0.221 889.6 0.00025 0.00025
53 52.0 53.0 1.0 52.5 222.3 0.223 1111.4 0.00020 0.00020
54 53.0 54.0 1.0 53.5 216.8 0.226 1084.1 0.00021 0.00021
55 54.0 55.0 1.0 54.5 178.7 0.228 893.6 0.00026 0.00026
56 55.0 56.0 1.0 55.5 137.2 0.231 686.2 0.00034 0.00034
57 56.0 57.0 1.0 56.5 73.0 0.233 364.9 0.00064 0.00064
58 57.0 58.0 1.0 57.5 34.0 0.235 170.0 0.00138 0.00138
59 58.0 59.0 1.0 58.5 15.3 0.238 76.3 0.00311 0.00311
60 59.0 60.0 1.0 59.5 12.2 0.240 60.8 0.00395 0.00395
61 60.0 61.0 1.0 60.5 12.1 0.242 60.5 0.00401 0.00401
62 61.0 62.0 1.0 61.5 19.8 0.245 99.2 0.00247 0.00247
63 62.0 63.0 1.0 62.5 56.9 0.247 284.5 0.00087 0.00087
64 63.0 64.0 1.0 63.5 192.4 0.249 961.8 0.00026 0.00026
65 64.0 65.0 1.0 64.5 246.6 0.252 1233.0 0.00020 0.00020
66 65.0 66.0 1.0 65.5 232.4 0.254 1161.9 0.00022 0.00022
67 66.0 67.0 1.0 66.5 205.9 0.256 1029.5 0.00025 0.00025
68 67.0 68.0 1.0 67.5 232.6 0.259 1163.0 0.00022 0.00022
69 68.0 69.0 1.0 68.5 216.4 0.261 1082.2 0.00024 0.00024
70 69.0 70.0 1.0 69.5 66.4 0.263 331.9 0.00079 0.00079
71 70.0 71.0 1.0 70.5 9.5 0.266 47.6 0.00559 0.00559
72 71.0 72.0 1.0 71.5 21.0 0.268 104.9 0.00256 0.00256
73 72.0 73.0 1.0 72.5 26.3 0.271 131.4 0.00206 0.00206
74 73.0 74.0 1.0 73.5 82.5 0.273 412.3 0.00066 0.00066
75 74.0 75.0 1.0 74.5 98.5 0.275 492.7 0.00056 0.00056
76 75.0 76.0 1.0 75.5 87.8 0.278 438.8 0.00063 0.00063
77 76.0 77.0 1.0 76.5 57.9 0.280 289.3 0.00097 0.00097
78 77.0 78.0 1.0 77.5 64.2 0.282 321.0 0.00088 0.00088
79 78.0 79.0 1.0 78.5 75.9 0.285 379.6 0.00075 0.00075
80 79.0 80.0 1.0 79.5 48.7 0.287 243.7 0.00118 0.00118
81 80.0 81.0 1.0 80.5 31.7 0.289 158.6 0.00182 0.00182
82 81.0 82.0 1.0 81.5 130.7 0.292 653.7 0.00045 0.00045
83 82.0 83.0 1.0 82.5 173.6 0.294 867.8 0.00034 0.00034
84 83.0 84.0 1.0 83.5 202.8 0.296 1014.2 0.00029 0.00029
85 84.0 85.0 1.0 84.5 171.8 0.299 859.0 0.00035 0.00035
86 85.0 86.0 1.0 85.5 139.6 0.301 698.1 0.00043 0.00043
87 86.0 87.0 1.0 86.5 107.2 0.303 536.2 0.00057 0.00057
88 87.0 88.0 1.0 87.5 142.6 0.306 713.2 0.00043 0.00043
89 88.0 89.0 1.0 88.5 159.0 0.308 795.1 0.00039 0.00039
90 89.0 90.0 1.0 89.5 101.7 0.311 508.4 0.00061 0.00061
91 90.0 91.0 1.0 90.5 113.9 0.313 569.7 0.00055 0.00055
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92 91.0 92.0 1.0 91.5 128.0 0.315 639.8 0.00049 0.00049
93 92.0 93.0 1.0 92.5 132.8 0.318 663.8 0.00048 0.00048
94 93.0 94.0 1.0 93.5 201.8 0.320 1009.1 0.00032 0.00032
95 94.0 95.0 1.0 94.5 142.9 0.322 714.4 0.00045 0.00045
96 95.0 96.0 1.0 95.5 118.3 0.325 591.6 0.00055 0.00055
97 96.0 97.0 1.0 96.5 115.9 0.327 579.7 0.00056 0.00056
98 97.0 98.0 1.0 97.5 111.7 0.329 558.5 0.00059 0.00059
99 98.0 99.0 1.0 98.5 93.3 0.332 466.7 0.00071 0.00071
100 99.0 100.0 1.0 99.5 131.0 0.334 655.2 0.00051 0.00051
101 100.0 101.0 1.0 100.5 199.1 0.336 995.3 0.00034 0.00034
102 101.0 102.0 1.0 101.5 210.6 0.339 1053.0 0.00032 0.00032
103 102.0 103.0 1.0 102.5 167.6 0.341 837.8 0.00041 0.00041
104 103.0 104.0 1.0 103.5 117.9 0.343 589.5 0.00058 0.00058
105 104.0 105.0 1.0 104.5 71.2 0.346 356.1 0.00097 0.00097
106 105.0 106.0 1.0 105.5 84.2 0.348 421.0 0.00083 0.00083
107 106.0 107.0 1.0 106.5 82.8 0.351 414.1 0.00085 0.00085
108 107.0 108.0 1.0 107.5 85.5 0.353 427.5 0.00083 0.00083
109 108.0 109.0 1.0 108.5 87.7 0.355 438.7 0.00081 0.00081
110 109.0 110.0 1.0 109.5 71.5 0.358 357.6 0.00100 0.00100
111 110.0 111.0 1.0 110.5 60.5 0.360 302.6 0.00119 0.00119
112 111.0 112.0 1.0 111.5 64.9 0.362 324.4 0.00112 0.00112
113 112.0 113.0 1.0 112.5 62.6 0.365 313.2 0.00116 0.00116
114 113.0 114.0 1.0 113.5 70.2 0.367 351.0 0.00105 0.00105
115 114.0 115.0 1.0 114.5 80.1 0.369 400.6 0.00092 0.00092
116 115.0 116.0 1.0 115.5 191.7 0.372 958.5 0.00039 0.00039
117 116.0 117.0 1.0 116.5 204.5 0.374 1022.4 0.00037 0.00037
118 117.0 118.0 1.0 117.5 508.1 0.376 2540.5 0.00015 0.00015
119 118.0 119.0 1.0 118.5 621.5 0.379 3107.7 0.00012 0.00012
120 119.0 120.0 1.0 119.5 668.1 0.381 3340.6 0.00011 0.00011
! = 0.09745

I zr (1 < L/B < 10): I zr = I zs  + 0.111 (I zc  - I zs ) (L/B - 1)
I zs  (L/B = 1):
     For z ave  = 0 to B/2: I zs  = 0.1 + (z ave /B)(2I zp- 0.2)
     For z ave  = B/2 to 2B: I zs  = 0.667 I zp (2 - z ave /B)
I zc  (L/B �  10):
     For z ave  = 0 to B: I zc  = 0.2 + (z ave /B)(I zp - 0.2)
     For z ave  = B to 4B: I zc  = 0.333 I zp (4 - z ave /B) ( Coduto p.228. )
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Footing w idth B = 382.0 ft Z-SDU6-C17
Footing length L = 382.0 ft
Ground elevation 276.0 ft
Foundation elevation 265.0 ft
Ground Water elevation 220.0 ft Load S0 =
Excavated or embedded depth D = 11.0 ft End of Operations 5.10 1.3
Depth to Groundw ater 56.0 ft Tank Half Full 2.80 0.3
Unit w eight �  = 120.0 pcf Pre Closure 5.50 1.5
Gross Footing Load 5.10 ksf Post Closure 8.00 2.6
Net applied footing pressure �p = 3.780 ksf

L/B = 1.00 -

Computation
Settlement  �i = C1 Ct �p !(�zi Izi/Esi) 0.219 ft

 �i = Ct = 1 2.622 in Load S0 =
S�t	 = 0.327 ft 5.10 2.0
S�t	 = 3.921 in 8.00 3.9

Correction for strain relief C1 = 1 - 0.5(�'D/q') 0.825 -
Effective vertical overburden pressure at D �'vo = � �D 1.320 ksf
Correction for time dependent increase Ct = 1 + 0.2 log( t / 0.1 ) 1.50 -

t = 30.00 years
Elastic modulus of soil layer i Esi = 2.5 qc see Column H if L/B = 1

Esi = 3.5 qc see Column H If L/B � 10
Depth increment i �zi see Column D
Influence factor of soil layer i Izi Figure 3-4 see Column G
Peak depth influence factor Izp = 0.5 + 0.1�(�p/�'Izp)1/2 0.550 -

zp = 0.5B + D 202.00 ft If  L/B = 1
zp = B + D 393.00 ft If  L/B � 10
zp = 202.00 ft for L/B=1.00

Effective overburden pressure at depth Izp �'Izp = 15.13 ksf
Elastic Modulus Esi = 2.50 qc If  L/B = 1

Esi = 3.50 qc If  L/B � 10
Esi = 2.50 qc for L/B=1.00

Computations made relative to the bottom of foundation
A B C D E F G H I J K

Layer Layer Layer Layer Mid-layer Average Elastic
top bottom thickness depth tip stress Izi modulus �zi Izi/Esi �zi Izi/Esi Notes

 depth depth �zi zave qc Esi
No. (ft) (ft) (ft) (ft) (tsf) (ksf)
1 0.0 1.0 1.0 0.5 171.4 0.101 857.2 0.00012 0.00012
2 1.0 2.0 1.0 1.5 126.6 0.104 632.8 0.00016 0.00016
3 2.0 3.0 1.0 2.5 116.1 0.106 580.6 0.00018 0.00018
4 3.0 4.0 1.0 3.5 195.6 0.108 977.9 0.00011 0.00011
5 4.0 5.0 1.0 4.5 93.1 0.111 465.3 0.00024 0.00024
6 5.0 6.0 1.0 5.5 118.1 0.113 590.6 0.00019 0.00019
7 6.0 7.0 1.0 6.5 112.7 0.115 563.6 0.00020 0.00020
8 7.0 8.0 1.0 7.5 184.6 0.118 922.9 0.00013 0.00013
9 8.0 9.0 1.0 8.5 156.9 0.120 784.3 0.00015 0.00015
10 9.0 10.0 1.0 9.5 61.8 0.122 309.1 0.00040 0.00040
11 10.0 11.0 1.0 10.5 53.4 0.125 267.2 0.00047 0.00047
12 11.0 12.0 1.0 11.5 106.3 0.127 531.3 0.00024 0.00024
13 12.0 13.0 1.0 12.5 52.9 0.129 264.4 0.00049 0.00049
14 13.0 14.0 1.0 13.5 87.1 0.132 435.5 0.00030 0.00030
15 14.0 15.0 1.0 14.5 345.3 0.134 1726.6 0.00008 0.00008
16 15.0 16.0 1.0 15.5 326.7 0.137 1633.6 0.00008 0.00008
17 16.0 17.0 1.0 16.5 239.1 0.139 1195.3 0.00012 0.00012
18 17.0 18.0 1.0 17.5 292.6 0.141 1463.2 0.00010 0.00010
19 18.0 19.0 1.0 18.5 400.2 0.144 2001.2 0.00007 0.00007
20 19.0 20.0 1.0 19.5 396.1 0.146 1980.4 0.00007 0.00007
21 20.0 21.0 1.0 20.5 355.1 0.148 1775.7 0.00008 0.00008
22 21.0 22.0 1.0 21.5 310.2 0.151 1551.0 0.00010 0.00010
23 22.0 23.0 1.0 22.5 332.8 0.153 1664.2 0.00009 0.00009
24 23.0 24.0 1.0 23.5 341.2 0.155 1705.9 0.00009 0.00009
25 24.0 25.0 1.0 24.5 357.2 0.158 1785.9 0.00009 0.00009

Immediate
Settlement (in.)

(S0 / 2)

30 Year
Settlement (in.)

(S30 / 2)

C-111



K-CLC-Z-00024, Rev. 0  Sheet 111 
  

 

 

26 25.0 26.0 1.0 25.5 375.1 0.160 1875.5 0.00009 0.00009
27 26.0 27.0 1.0 26.5 356.2 0.162 1780.8 0.00009 0.00009
28 27.0 28.0 1.0 27.5 350.6 0.165 1752.9 0.00009 0.00009
29 28.0 29.0 1.0 28.5 159.2 0.167 796.0 0.00021 0.00021
30 29.0 30.0 1.0 29.5 94.3 0.170 471.5 0.00036 0.00036
31 30.0 31.0 1.0 30.5 67.5 0.172 337.4 0.00051 0.00051
32 31.0 32.0 1.0 31.5 88.1 0.174 440.4 0.00040 0.00040
33 32.0 33.0 1.0 32.5 60.1 0.177 300.3 0.00059 0.00059
34 33.0 34.0 1.0 33.5 19.8 0.179 99.0 0.00181 0.00181
35 34.0 35.0 1.0 34.5 49.5 0.181 247.6 0.00073 0.00073
36 35.0 36.0 1.0 35.5 69.2 0.184 346.1 0.00053 0.00053
37 36.0 37.0 1.0 36.5 34.2 0.186 171.0 0.00109 0.00109
38 37.0 38.0 1.0 37.5 21.1 0.188 105.4 0.00179 0.00179
39 38.0 39.0 1.0 38.5 34.2 0.191 170.9 0.00112 0.00112
40 39.0 40.0 1.0 39.5 32.9 0.193 164.3 0.00118 0.00118
41 40.0 41.0 1.0 40.5 22.8 0.195 114.0 0.00171 0.00171
42 41.0 42.0 1.0 41.5 19.1 0.198 95.6 0.00207 0.00207
43 42.0 43.0 1.0 42.5 30.3 0.200 151.6 0.00132 0.00132
44 43.0 44.0 1.0 43.5 55.2 0.202 275.9 0.00073 0.00073
45 44.0 45.0 1.0 44.5 64.7 0.205 323.7 0.00063 0.00063
46 45.0 46.0 1.0 45.5 64.0 0.207 319.9 0.00065 0.00065
47 46.0 47.0 1.0 46.5 151.9 0.210 759.7 0.00028 0.00028
48 47.0 48.0 1.0 47.5 260.5 0.212 1302.5 0.00016 0.00016
49 48.0 49.0 1.0 48.5 249.3 0.214 1246.5 0.00017 0.00017
50 49.0 50.0 1.0 49.5 229.3 0.217 1146.7 0.00019 0.00019
51 50.0 51.0 1.0 50.5 196.9 0.219 984.4 0.00022 0.00022
52 51.0 52.0 1.0 51.5 173.1 0.221 865.6 0.00026 0.00026
53 52.0 53.0 1.0 52.5 141.2 0.224 706.2 0.00032 0.00032
54 53.0 54.0 1.0 53.5 65.6 0.226 327.8 0.00069 0.00069
55 54.0 55.0 1.0 54.5 30.5 0.228 152.5 0.00150 0.00150
56 55.0 56.0 1.0 55.5 23.2 0.231 115.9 0.00199 0.00199
57 56.0 57.0 1.0 56.5 22.9 0.233 114.6 0.00203 0.00203
58 57.0 58.0 1.0 57.5 49.9 0.235 249.7 0.00094 0.00094
59 58.0 59.0 1.0 58.5 83.9 0.238 419.3 0.00057 0.00057
60 59.0 60.0 1.0 59.5 125.4 0.240 627.0 0.00038 0.00038
61 60.0 61.0 1.0 60.5 146.9 0.243 734.6 0.00033 0.00033
62 61.0 62.0 1.0 61.5 154.5 0.245 772.7 0.00032 0.00032
63 62.0 63.0 1.0 62.5 154.4 0.247 772.1 0.00032 0.00032
64 63.0 64.0 1.0 63.5 149.4 0.250 747.0 0.00033 0.00033
65 64.0 65.0 1.0 64.5 178.4 0.252 891.9 0.00028 0.00028
66 65.0 66.0 1.0 65.5 174.4 0.254 872.0 0.00029 0.00029
67 66.0 67.0 1.0 66.5 173.0 0.257 865.2 0.00030 0.00030
68 67.0 68.0 1.0 67.5 42.6 0.259 213.2 0.00122 0.00122
69 68.0 69.0 1.0 68.5 29.1 0.261 145.6 0.00180 0.00180
70 69.0 70.0 1.0 69.5 27.2 0.264 136.1 0.00194 0.00194
71 70.0 71.0 1.0 70.5 45.3 0.266 226.5 0.00117 0.00117
72 71.0 72.0 1.0 71.5 77.3 0.268 386.3 0.00069 0.00069
73 72.0 73.0 1.0 72.5 50.1 0.271 250.3 0.00108 0.00108
74 73.0 74.0 1.0 73.5 35.4 0.273 177.2 0.00154 0.00154
75 74.0 75.0 1.0 74.5 48.7 0.276 243.5 0.00113 0.00113
76 75.0 76.0 1.0 75.5 92.9 0.278 464.5 0.00060 0.00060
77 76.0 77.0 1.0 76.5 74.5 0.280 372.5 0.00075 0.00075
78 77.0 78.0 1.0 77.5 121.1 0.283 605.7 0.00047 0.00047
79 78.0 79.0 1.0 78.5 295.3 0.285 1476.7 0.00019 0.00019
80 79.0 80.0 1.0 79.5 142.8 0.287 713.9 0.00040 0.00040
81 80.0 81.0 1.0 80.5 117.1 0.290 585.5 0.00049 0.00049
82 81.0 82.0 1.0 81.5 181.6 0.292 907.9 0.00032 0.00032
83 82.0 83.0 1.0 82.5 163.1 0.294 815.3 0.00036 0.00036
84 83.0 84.0 1.0 83.5 131.7 0.297 658.5 0.00045 0.00045
85 84.0 85.0 1.0 84.5 171.8 0.299 859.0 0.00035 0.00035
86 85.0 86.0 1.0 85.5 139.6 0.301 698.1 0.00043 0.00043
87 86.0 87.0 1.0 86.5 107.2 0.304 536.2 0.00057 0.00057
88 87.0 88.0 1.0 87.5 142.6 0.306 713.2 0.00043 0.00043
89 88.0 89.0 1.0 88.5 159.0 0.309 795.1 0.00039 0.00039
90 89.0 90.0 1.0 89.5 101.7 0.311 508.4 0.00061 0.00061
91 90.0 91.0 1.0 90.5 113.9 0.313 569.7 0.00055 0.00055

C-112



K-CLC-Z-00024, Rev. 0  Sheet 112 
  

 

 

92 91.0 92.0 1.0 91.5 128.0 0.316 639.8 0.00049 0.00049
93 92.0 93.0 1.0 92.5 132.8 0.318 663.8 0.00048 0.00048
94 93.0 94.0 1.0 93.5 201.8 0.320 1009.1 0.00032 0.00032
95 94.0 95.0 1.0 94.5 142.9 0.323 714.4 0.00045 0.00045
96 95.0 96.0 1.0 95.5 118.3 0.325 591.6 0.00055 0.00055
97 96.0 97.0 1.0 96.5 115.9 0.327 579.7 0.00056 0.00056
98 97.0 98.0 1.0 97.5 111.7 0.330 558.5 0.00059 0.00059
99 98.0 99.0 1.0 98.5 93.3 0.332 466.7 0.00071 0.00071
100 99.0 100.0 1.0 99.5 131.0 0.334 655.2 0.00051 0.00051
101 100.0 101.0 1.0 100.5 199.1 0.337 995.3 0.00034 0.00034
102 101.0 102.0 1.0 101.5 210.6 0.339 1053.0 0.00032 0.00032
103 102.0 103.0 1.0 102.5 167.6 0.341 837.8 0.00041 0.00041
104 103.0 104.0 1.0 103.5 117.9 0.344 589.5 0.00058 0.00058
105 104.0 105.0 1.0 104.5 71.2 0.346 356.1 0.00097 0.00097
106 105.0 106.0 1.0 105.5 84.2 0.349 421.0 0.00083 0.00083
107 106.0 107.0 1.0 106.5 82.8 0.351 414.1 0.00085 0.00085
108 107.0 108.0 1.0 107.5 85.5 0.353 427.5 0.00083 0.00083
109 108.0 109.0 1.0 108.5 87.7 0.356 438.7 0.00081 0.00081
110 109.0 110.0 1.0 109.5 71.5 0.358 357.6 0.00100 0.00100
111 110.0 111.0 1.0 110.5 60.5 0.360 302.6 0.00119 0.00119
112 111.0 112.0 1.0 111.5 64.9 0.363 324.4 0.00112 0.00112
113 112.0 113.0 1.0 112.5 62.6 0.365 313.2 0.00117 0.00117
114 113.0 114.0 1.0 113.5 70.2 0.367 351.0 0.00105 0.00105
115 114.0 115.0 1.0 114.5 80.1 0.370 400.6 0.00092 0.00092
116 115.0 116.0 1.0 115.5 191.7 0.372 958.5 0.00039 0.00039
117 116.0 117.0 1.0 116.5 204.5 0.374 1022.4 0.00037 0.00037
118 117.0 118.0 1.0 117.5 508.1 0.377 2540.5 0.00015 0.00015
119 118.0 119.0 1.0 118.5 621.5 0.379 3107.7 0.00012 0.00012
120 119.0 120.0 1.0 119.5 668.1 0.382 3340.6 0.00011 0.00011
! = 0.07004

I zr (1 < L/B < 10): I zr = I zs  + 0.111 (I zc  - I zs ) (L/B - 1)
I zs  (L/B = 1):
     For z ave  = 0 to B/2: I zs  = 0.1 + (z ave /B)(2I zp- 0.2)
     For z ave  = B/2 to 2B: I zs  = 0.667 I zp (2 - z ave /B)
I zc  (L/B �  10):
     For z ave  = 0 to B: I zc  = 0.2 + (z ave /B)(I zp - 0.2)
     For z ave  = B to 4B: I zc  = 0.333 I zp (4 - z ave /B) ( Coduto p.228. )
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Footing w idth B = 382.0 ft Z-SDU6-C18
Footing length L = 382.0 ft
Ground elevation 275.6 ft
Foundation elevation 265.0 ft
Ground Water elevation 220.0 ft Load S0 =
Excavated or embedded depth D = 10.6 ft End of Operations 5.10 1.8
Depth to Groundw ater 55.6 ft Tank Half Full 2.80 0.5
Unit w eight �  = 120.0 pcf Pre Closure 5.50 2.1
Gross Footing Load 5.10 ksf Post Closure 8.00 3.6
Net applied footing pressure �p = 3.828 ksf

L/B = 1.00 -

Computation
Settlement  �i = C1 Ct �p !(�zi Izi/Esi) 0.306 ft

 �i = Ct = 1 3.670 in Load S0 =
S�t	 = 0.457 ft 5.10 2.7
S�t	 = 5.489 in 8.00 5.3

Correction for strain relief C1 = 1 - 0.5(�'D/q') 0.834 -
Effective vertical overburden pressure at D �'vo = � �D 1.272 ksf
Correction for time dependent increase Ct = 1 + 0.2 log( t / 0.1 ) 1.50 -

t = 30.00 years
Elastic modulus of soil layer i Esi = 2.5 qc see Column H if L/B = 1

Esi = 3.5 qc see Column H If L/B � 10
Depth increment i �zi see Column D
Influence factor of soil layer i Izi Figure 3-4 see Column G
Peak depth influence factor Izp = 0.5 + 0.1�(�p/�'Izp)1/2 0.550 -

zp = 0.5B + D 201.60 ft If  L/B = 1
zp = B + D 392.60 ft If  L/B � 10
zp = 201.60 ft for L/B=1.00

Effective overburden pressure at depth Izp �'Izp = 15.08 ksf
Elastic Modulus Esi = 2.50 qc If  L/B = 1

Esi = 3.50 qc If  L/B � 10
Esi = 2.50 qc for L/B=1.00

Computations made relative to the bottom of foundation
A B C D E F G H I J K

Layer Layer Layer Layer Mid-layer Average Elastic
top bottom thickness depth tip stress Izi modulus �zi Izi/Esi �zi Izi/Esi Notes

 depth depth �zi zave qc Esi
No. (ft) (ft) (ft) (ft) (tsf) (ksf)
1 0.0 1.0 1.0 0.5 112.1 0.101 560.6 0.00018 0.00018
2 1.0 2.0 1.0 1.5 80.8 0.104 403.8 0.00026 0.00026
3 2.0 3.0 1.0 2.5 45.2 0.106 226.2 0.00047 0.00047
4 3.0 4.0 1.0 3.5 91.7 0.108 458.7 0.00024 0.00024
5 4.0 5.0 1.0 4.5 129.0 0.111 645.2 0.00017 0.00017
6 5.0 6.0 1.0 5.5 136.9 0.113 684.7 0.00017 0.00017
7 6.0 7.0 1.0 6.5 81.1 0.115 405.4 0.00028 0.00028
8 7.0 8.0 1.0 7.5 150.8 0.118 754.1 0.00016 0.00016
9 8.0 9.0 1.0 8.5 238.9 0.120 1194.5 0.00010 0.00010
10 9.0 10.0 1.0 9.5 171.3 0.122 856.3 0.00014 0.00014
11 10.0 11.0 1.0 10.5 226.5 0.125 1132.7 0.00011 0.00011
12 11.0 12.0 1.0 11.5 48.3 0.127 241.4 0.00053 0.00053
13 12.0 13.0 1.0 12.5 33.0 0.129 164.9 0.00079 0.00079
14 13.0 14.0 1.0 13.5 109.4 0.132 547.2 0.00024 0.00024
15 14.0 15.0 1.0 14.5 33.1 0.134 165.5 0.00081 0.00081
16 15.0 16.0 1.0 15.5 54.8 0.137 273.9 0.00050 0.00050
17 16.0 17.0 1.0 16.5 74.4 0.139 371.8 0.00037 0.00037
18 17.0 18.0 1.0 17.5 103.8 0.141 519.2 0.00027 0.00027
19 18.0 19.0 1.0 18.5 209.4 0.144 1047.1 0.00014 0.00014
20 19.0 20.0 1.0 19.5 293.4 0.146 1466.8 0.00010 0.00010
21 20.0 21.0 1.0 20.5 296.5 0.148 1482.5 0.00010 0.00010
22 21.0 22.0 1.0 21.5 272.9 0.151 1364.5 0.00011 0.00011
23 22.0 23.0 1.0 22.5 330.2 0.153 1650.9 0.00009 0.00009
24 23.0 24.0 1.0 23.5 293.8 0.155 1469.1 0.00011 0.00011
25 24.0 25.0 1.0 24.5 292.7 0.158 1463.6 0.00011 0.00011

(S30 / 2)

Immediate
Settlement (in.)

(S0 / 2)

30 Year
Settlement (in.)
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26 25.0 26.0 1.0 25.5 278.0 0.160 1389.8 0.00012 0.00012
27 26.0 27.0 1.0 26.5 228.3 0.162 1141.7 0.00014 0.00014
28 27.0 28.0 1.0 27.5 167.7 0.165 838.3 0.00020 0.00020
29 28.0 29.0 1.0 28.5 53.7 0.167 268.4 0.00062 0.00062
30 29.0 30.0 1.0 29.5 14.0 0.170 70.2 0.00241 0.00241
31 30.0 31.0 1.0 30.5 40.0 0.172 199.8 0.00086 0.00086
32 31.0 32.0 1.0 31.5 13.1 0.174 65.6 0.00266 0.00266
33 32.0 33.0 1.0 32.5 11.1 0.177 55.6 0.00318 0.00318
34 33.0 34.0 1.0 33.5 12.3 0.179 61.5 0.00291 0.00291
35 34.0 35.0 1.0 34.5 51.5 0.181 257.5 0.00070 0.00070
36 35.0 36.0 1.0 35.5 78.0 0.184 390.1 0.00047 0.00047
37 36.0 37.0 1.0 36.5 99.2 0.186 496.2 0.00038 0.00038
38 37.0 38.0 1.0 37.5 113.1 0.188 565.7 0.00033 0.00033
39 38.0 39.0 1.0 38.5 103.3 0.191 516.6 0.00037 0.00037
40 39.0 40.0 1.0 39.5 34.4 0.193 172.2 0.00112 0.00112
41 40.0 41.0 1.0 40.5 24.0 0.195 119.8 0.00163 0.00163
42 41.0 42.0 1.0 41.5 11.3 0.198 56.3 0.00351 0.00351
43 42.0 43.0 1.0 42.5 14.0 0.200 70.2 0.00285 0.00285
44 43.0 44.0 1.0 43.5 15.2 0.203 75.8 0.00267 0.00267
45 44.0 45.0 1.0 44.5 12.4 0.205 61.8 0.00331 0.00331
46 45.0 46.0 1.0 45.5 14.5 0.207 72.7 0.00285 0.00285
47 46.0 47.0 1.0 46.5 21.9 0.210 109.5 0.00191 0.00191
48 47.0 48.0 1.0 47.5 137.2 0.212 686.0 0.00031 0.00031
49 48.0 49.0 1.0 48.5 193.4 0.214 966.9 0.00022 0.00022
50 49.0 50.0 1.0 49.5 195.5 0.217 977.7 0.00022 0.00022
51 50.0 51.0 1.0 50.5 184.4 0.219 921.9 0.00024 0.00024
52 51.0 52.0 1.0 51.5 174.2 0.221 871.0 0.00025 0.00025
53 52.0 53.0 1.0 52.5 164.7 0.224 823.5 0.00027 0.00027
54 53.0 54.0 1.0 53.5 137.8 0.226 688.9 0.00033 0.00033
55 54.0 55.0 1.0 54.5 101.1 0.229 505.3 0.00045 0.00045
56 55.0 56.0 1.0 55.5 48.3 0.231 241.7 0.00096 0.00096
57 56.0 57.0 1.0 56.5 69.7 0.233 348.5 0.00067 0.00067
58 57.0 58.0 1.0 57.5 51.0 0.236 254.9 0.00092 0.00092
59 58.0 59.0 1.0 58.5 15.8 0.238 79.1 0.00301 0.00301
60 59.0 60.0 1.0 59.5 23.6 0.240 118.2 0.00203 0.00203
61 60.0 61.0 1.0 60.5 67.4 0.243 337.1 0.00072 0.00072
62 61.0 62.0 1.0 61.5 206.8 0.245 1033.8 0.00024 0.00024
63 62.0 63.0 1.0 62.5 216.6 0.247 1083.0 0.00023 0.00023
64 63.0 64.0 1.0 63.5 200.0 0.250 1000.1 0.00025 0.00025
65 64.0 65.0 1.0 64.5 204.8 0.252 1024.2 0.00025 0.00025
66 65.0 66.0 1.0 65.5 143.5 0.254 717.4 0.00035 0.00035
67 66.0 67.0 1.0 66.5 157.2 0.257 785.8 0.00033 0.00033
68 67.0 68.0 1.0 67.5 142.0 0.259 710.1 0.00036 0.00036
69 68.0 69.0 1.0 68.5 199.5 0.262 997.5 0.00026 0.00026
70 69.0 70.0 1.0 69.5 137.5 0.264 687.6 0.00038 0.00038
71 70.0 71.0 1.0 70.5 22.6 0.266 113.1 0.00235 0.00235
72 71.0 72.0 1.0 71.5 25.8 0.269 129.0 0.00208 0.00208
73 72.0 73.0 1.0 72.5 24.2 0.271 121.1 0.00224 0.00224
74 73.0 74.0 1.0 73.5 22.5 0.273 112.4 0.00243 0.00243
75 74.0 75.0 1.0 74.5 23.0 0.276 115.1 0.00239 0.00239
76 75.0 76.0 1.0 75.5 23.4 0.278 116.9 0.00238 0.00238
77 76.0 77.0 1.0 76.5 73.1 0.280 365.5 0.00077 0.00077
78 77.0 78.0 1.0 77.5 45.9 0.283 229.5 0.00123 0.00123
79 78.0 79.0 1.0 78.5 37.2 0.285 186.1 0.00153 0.00153
80 79.0 80.0 1.0 79.5 206.4 0.287 1032.1 0.00028 0.00028
81 80.0 81.0 1.0 80.5 125.8 0.290 629.0 0.00046 0.00046
82 81.0 82.0 1.0 81.5 181.6 0.292 907.9 0.00032 0.00032
83 82.0 83.0 1.0 82.5 163.1 0.295 815.3 0.00036 0.00036
84 83.0 84.0 1.0 83.5 131.7 0.297 658.5 0.00045 0.00045
85 84.0 85.0 1.0 84.5 171.8 0.299 859.0 0.00035 0.00035
86 85.0 86.0 1.0 85.5 139.6 0.302 698.1 0.00043 0.00043
87 86.0 87.0 1.0 86.5 107.2 0.304 536.2 0.00057 0.00057
88 87.0 88.0 1.0 87.5 142.6 0.306 713.2 0.00043 0.00043
89 88.0 89.0 1.0 88.5 159.0 0.309 795.1 0.00039 0.00039
90 89.0 90.0 1.0 89.5 101.7 0.311 508.4 0.00061 0.00061
91 90.0 91.0 1.0 90.5 113.9 0.313 569.7 0.00055 0.00055
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92 91.0 92.0 1.0 91.5 128.0 0.316 639.8 0.00049 0.00049
93 92.0 93.0 1.0 92.5 132.8 0.318 663.8 0.00048 0.00048
94 93.0 94.0 1.0 93.5 201.8 0.320 1009.1 0.00032 0.00032
95 94.0 95.0 1.0 94.5 142.9 0.323 714.4 0.00045 0.00045
96 95.0 96.0 1.0 95.5 118.3 0.325 591.6 0.00055 0.00055
97 96.0 97.0 1.0 96.5 115.9 0.328 579.7 0.00056 0.00056
98 97.0 98.0 1.0 97.5 111.7 0.330 558.5 0.00059 0.00059
99 98.0 99.0 1.0 98.5 93.3 0.332 466.7 0.00071 0.00071
100 99.0 100.0 1.0 99.5 131.0 0.335 655.2 0.00051 0.00051
101 100.0 101.0 1.0 100.5 199.1 0.337 995.3 0.00034 0.00034
102 101.0 102.0 1.0 101.5 210.6 0.339 1053.0 0.00032 0.00032
103 102.0 103.0 1.0 102.5 167.6 0.342 837.8 0.00041 0.00041
104 103.0 104.0 1.0 103.5 117.9 0.344 589.5 0.00058 0.00058
105 104.0 105.0 1.0 104.5 71.2 0.346 356.1 0.00097 0.00097
106 105.0 106.0 1.0 105.5 84.2 0.349 421.0 0.00083 0.00083
107 106.0 107.0 1.0 106.5 82.8 0.351 414.1 0.00085 0.00085
108 107.0 108.0 1.0 107.5 85.5 0.353 427.5 0.00083 0.00083
109 108.0 109.0 1.0 108.5 87.7 0.356 438.7 0.00081 0.00081
110 109.0 110.0 1.0 109.5 71.5 0.358 357.6 0.00100 0.00100
111 110.0 111.0 1.0 110.5 60.5 0.361 302.6 0.00119 0.00119
112 111.0 112.0 1.0 111.5 64.9 0.363 324.4 0.00112 0.00112
113 112.0 113.0 1.0 112.5 62.6 0.365 313.2 0.00117 0.00117
114 113.0 114.0 1.0 113.5 70.2 0.368 351.0 0.00105 0.00105
115 114.0 115.0 1.0 114.5 80.1 0.370 400.6 0.00092 0.00092
116 115.0 116.0 1.0 115.5 191.7 0.372 958.5 0.00039 0.00039
117 116.0 117.0 1.0 116.5 204.5 0.375 1022.4 0.00037 0.00037
118 117.0 118.0 1.0 117.5 508.1 0.377 2540.5 0.00015 0.00015
119 118.0 119.0 1.0 118.5 621.5 0.379 3107.7 0.00012 0.00012
120 119.0 120.0 1.0 119.5 668.1 0.382 3340.6 0.00011 0.00011
! = 0.09582

I zr (1 < L/B < 10): I zr = I zs  + 0.111 (I zc  - I zs ) (L/B - 1)
I zs  (L/B = 1):
     For z ave  = 0 to B/2: I zs  = 0.1 + (z ave /B)(2I zp- 0.2)
     For z ave  = B/2 to 2B: I zs  = 0.667 I zp (2 - z ave /B)
I zc  (L/B �  10):
     For z ave  = 0 to B: I zc  = 0.2 + (z ave /B)(I zp - 0.2)
     For z ave  = B to 4B: I zc  = 0.333 I zp (4 - z ave /B) ( Coduto p.228. )
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Footing w idth B = 382.0 ft Z-SDU6-C19
Footing length L = 382.0 ft
Ground elevation 276.4 ft
Foundation elevation 265.0 ft
Ground Water elevation 220.0 ft Load S0 =
Excavated or embedded depth D = 11.4 ft End of Operations 5.10 1.0
Depth to Groundw ater 56.4 ft Tank Half Full 2.80 0.2
Unit w eight �  = 120.0 pcf Pre Closure 5.50 1.1
Gross Footing Load 5.10 ksf Post Closure 8.00 2.0
Net applied footing pressure �p = 3.732 ksf

L/B = 1.00 -

Computation
Settlement  �i = C1 Ct �p !(�zi Izi/Esi) 0.166 ft

 �i = Ct = 1 1.991 in Load S0 =
S�t	 = 0.248 ft 5.10 1.5
S�t	 = 2.978 in 8.00 3.0

Correction for strain relief C1 = 1 - 0.5(�'D/q') 0.817 -
Effective vertical overburden pressure at D �'vo = � �D 1.368 ksf
Correction for time dependent increase Ct = 1 + 0.2 log( t / 0.1 ) 1.50 -

t = 30.00 years
Elastic modulus of soil layer i Esi = 2.5 qc see Column H if L/B = 1

Esi = 3.5 qc see Column H If L/B � 10
Depth increment i �zi see Column D
Influence factor of soil layer i Izi Figure 3-4 see Column G
Peak depth influence factor Izp = 0.5 + 0.1�(�p/�'Izp)1/2 0.550 -

zp = 0.5B + D 202.40 ft If  L/B = 1
zp = B + D 393.40 ft If  L/B � 10
zp = 202.40 ft for L/B=1.00

Effective overburden pressure at depth Izp �'Izp = 15.18 ksf
Elastic Modulus Esi = 2.50 qc If  L/B = 1

Esi = 3.50 qc If  L/B � 10
Esi = 2.50 qc for L/B=1.00

Computations made relative to the bottom of foundation
A B C D E F G H I J K

Layer Layer Layer Layer Mid-layer Average Elastic
top bottom thickness depth tip stress Izi modulus �zi Izi/Esi �zi Izi/Esi Notes

 depth depth �zi zave qc Esi
No. (ft) (ft) (ft) (ft) (tsf) (ksf)
1 0.0 1.0 1.0 0.5 160.6 0.101 803.1 0.00013 0.00013
2 1.0 2.0 1.0 1.5 86.2 0.104 431.0 0.00024 0.00024
3 2.0 3.0 1.0 2.5 119.2 0.106 596.0 0.00018 0.00018
4 3.0 4.0 1.0 3.5 80.5 0.108 402.6 0.00027 0.00027
5 4.0 5.0 1.0 4.5 45.8 0.111 228.9 0.00048 0.00048
6 5.0 6.0 1.0 5.5 49.9 0.113 249.3 0.00045 0.00045
7 6.0 7.0 1.0 6.5 49.8 0.115 248.9 0.00046 0.00046
8 7.0 8.0 1.0 7.5 49.7 0.118 248.5 0.00047 0.00047
9 8.0 9.0 1.0 8.5 75.5 0.120 377.7 0.00032 0.00032
10 9.0 10.0 1.0 9.5 93.5 0.122 467.5 0.00026 0.00026
11 10.0 11.0 1.0 10.5 132.0 0.125 660.2 0.00019 0.00019
12 11.0 12.0 1.0 11.5 93.7 0.127 468.7 0.00027 0.00027
13 12.0 13.0 1.0 12.5 95.9 0.129 479.4 0.00027 0.00027
14 13.0 14.0 1.0 13.5 95.4 0.132 477.2 0.00028 0.00028
15 14.0 15.0 1.0 14.5 103.0 0.134 514.9 0.00026 0.00026
16 15.0 16.0 1.0 15.5 99.4 0.136 497.1 0.00027 0.00027
17 16.0 17.0 1.0 16.5 112.1 0.139 560.5 0.00025 0.00025
18 17.0 18.0 1.0 17.5 157.0 0.141 784.9 0.00018 0.00018
19 18.0 19.0 1.0 18.5 207.8 0.144 1039.0 0.00014 0.00014
20 19.0 20.0 1.0 19.5 239.4 0.146 1197.1 0.00012 0.00012
21 20.0 21.0 1.0 20.5 165.3 0.148 826.3 0.00018 0.00018
22 21.0 22.0 1.0 21.5 130.5 0.151 652.4 0.00023 0.00023
23 22.0 23.0 1.0 22.5 173.5 0.153 867.4 0.00018 0.00018
24 23.0 24.0 1.0 23.5 210.2 0.155 1051.2 0.00015 0.00015
25 24.0 25.0 1.0 24.5 221.0 0.158 1104.9 0.00014 0.00014

(S30 / 2)

Immediate
Settlement (in.)

(S0 / 2)

30 Year
Settlement (in.)
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26 25.0 26.0 1.0 25.5 205.2 0.160 1026.1 0.00016 0.00016
27 26.0 27.0 1.0 26.5 216.2 0.162 1080.8 0.00015 0.00015
28 27.0 28.0 1.0 27.5 181.5 0.165 907.5 0.00018 0.00018
29 28.0 29.0 1.0 28.5 122.5 0.167 612.6 0.00027 0.00027
30 29.0 30.0 1.0 29.5 82.6 0.169 413.1 0.00041 0.00041
31 30.0 31.0 1.0 30.5 115.5 0.172 577.3 0.00030 0.00030
32 31.0 32.0 1.0 31.5 56.5 0.174 282.4 0.00062 0.00062
33 32.0 33.0 1.0 32.5 104.4 0.177 522.2 0.00034 0.00034
34 33.0 34.0 1.0 33.5 47.9 0.179 239.3 0.00075 0.00075
35 34.0 35.0 1.0 34.5 55.7 0.181 278.4 0.00065 0.00065
36 35.0 36.0 1.0 35.5 44.1 0.184 220.6 0.00083 0.00083
37 36.0 37.0 1.0 36.5 40.9 0.186 204.6 0.00091 0.00091
38 37.0 38.0 1.0 37.5 114.2 0.188 571.2 0.00033 0.00033
39 38.0 39.0 1.0 38.5 169.8 0.191 848.9 0.00022 0.00022
40 39.0 40.0 1.0 39.5 166.3 0.193 831.4 0.00023 0.00023
41 40.0 41.0 1.0 40.5 167.6 0.195 838.2 0.00023 0.00023
42 41.0 42.0 1.0 41.5 167.9 0.198 839.7 0.00024 0.00024
43 42.0 43.0 1.0 42.5 189.9 0.200 949.6 0.00021 0.00021
44 43.0 44.0 1.0 43.5 172.2 0.202 861.2 0.00024 0.00024
45 44.0 45.0 1.0 44.5 161.5 0.205 807.5 0.00025 0.00025
46 45.0 46.0 1.0 45.5 190.5 0.207 952.7 0.00022 0.00022
47 46.0 47.0 1.0 46.5 195.6 0.209 978.2 0.00021 0.00021
48 47.0 48.0 1.0 47.5 206.0 0.212 1030.1 0.00021 0.00021
49 48.0 49.0 1.0 48.5 93.6 0.214 468.0 0.00046 0.00046
50 49.0 50.0 1.0 49.5 225.0 0.217 1124.8 0.00019 0.00019
51 50.0 51.0 1.0 50.5 294.4 0.219 1471.8 0.00015 0.00015
52 51.0 52.0 1.0 51.5 305.3 0.221 1526.5 0.00014 0.00014
53 52.0 53.0 1.0 52.5 276.6 0.224 1382.8 0.00016 0.00016
54 53.0 54.0 1.0 53.5 268.0 0.226 1339.9 0.00017 0.00017
55 54.0 55.0 1.0 54.5 246.4 0.228 1231.8 0.00019 0.00019
56 55.0 56.0 1.0 55.5 177.5 0.231 887.5 0.00026 0.00026
57 56.0 57.0 1.0 56.5 116.9 0.233 584.6 0.00040 0.00040
58 57.0 58.0 1.0 57.5 120.2 0.235 601.1 0.00039 0.00039
59 58.0 59.0 1.0 58.5 154.1 0.238 770.7 0.00031 0.00031
60 59.0 60.0 1.0 59.5 112.6 0.240 562.8 0.00043 0.00043
61 60.0 61.0 1.0 60.5 24.2 0.242 121.0 0.00200 0.00200
62 61.0 62.0 1.0 61.5 21.7 0.245 108.6 0.00225 0.00225
63 62.0 63.0 1.0 62.5 41.5 0.247 207.4 0.00119 0.00119
64 63.0 64.0 1.0 63.5 159.8 0.249 798.8 0.00031 0.00031
65 64.0 65.0 1.0 64.5 208.3 0.252 1041.3 0.00024 0.00024
66 65.0 66.0 1.0 65.5 204.5 0.254 1022.7 0.00025 0.00025
67 66.0 67.0 1.0 66.5 223.5 0.257 1117.6 0.00023 0.00023
68 67.0 68.0 1.0 67.5 278.4 0.259 1392.0 0.00019 0.00019
69 68.0 69.0 1.0 68.5 229.0 0.261 1145.1 0.00023 0.00023
70 69.0 70.0 1.0 69.5 82.8 0.264 414.1 0.00064 0.00064
71 70.0 71.0 1.0 70.5 83.6 0.266 418.0 0.00064 0.00064
72 71.0 72.0 1.0 71.5 146.0 0.268 730.2 0.00037 0.00037
73 72.0 73.0 1.0 72.5 163.0 0.271 815.1 0.00033 0.00033
74 73.0 74.0 1.0 73.5 162.2 0.273 810.8 0.00034 0.00034
75 74.0 75.0 1.0 74.5 133.0 0.275 665.2 0.00041 0.00041
76 75.0 76.0 1.0 75.5 125.7 0.278 628.7 0.00044 0.00044
77 76.0 77.0 1.0 76.5 68.3 0.280 341.7 0.00082 0.00082
78 77.0 78.0 1.0 77.5 64.0 0.282 320.1 0.00088 0.00088
79 78.0 79.0 1.0 78.5 55.3 0.285 276.6 0.00103 0.00103
80 79.0 80.0 1.0 79.5 41.6 0.287 208.0 0.00138 0.00138
81 80.0 81.0 1.0 80.5 39.2 0.289 196.1 0.00148 0.00148
82 81.0 82.0 1.0 81.5 234.3 0.292 1171.5 0.00025 0.00025
83 82.0 83.0 1.0 82.5 125.2 0.294 625.9 0.00047 0.00047
84 83.0 84.0 1.0 83.5 55.3 0.297 276.3 0.00107 0.00107
85 84.0 85.0 1.0 84.5 141.5 0.299 707.6 0.00042 0.00042
86 85.0 86.0 1.0 85.5 92.1 0.301 460.3 0.00065 0.00065
87 86.0 87.0 1.0 86.5 208.3 0.304 1041.4 0.00029 0.00029
88 87.0 88.0 1.0 87.5 272.1 0.306 1360.7 0.00022 0.00022
89 88.0 89.0 1.0 88.5 174.8 0.308 873.9 0.00035 0.00035
90 89.0 90.0 1.0 89.5 139.4 0.311 696.9 0.00045 0.00045
91 90.0 91.0 1.0 90.5 193.1 0.313 965.6 0.00032 0.00032
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92 91.0 92.0 1.0 91.5 236.9 0.315 1184.3 0.00027 0.00027
93 92.0 93.0 1.0 92.5 197.3 0.318 986.4 0.00032 0.00032
94 93.0 94.0 1.0 93.5 314.8 0.320 1573.9 0.00020 0.00020
95 94.0 95.0 1.0 94.5 131.8 0.322 659.1 0.00049 0.00049
96 95.0 96.0 1.0 95.5 156.2 0.325 780.9 0.00042 0.00042
97 96.0 97.0 1.0 96.5 177.0 0.327 885.1 0.00037 0.00037
98 97.0 98.0 1.0 97.5 181.5 0.330 907.5 0.00036 0.00036
99 98.0 99.0 1.0 98.5 154.4 0.332 772.0 0.00043 0.00043
100 99.0 100.0 1.0 99.5 238.9 0.334 1194.4 0.00028 0.00028
101 100.0 101.0 1.0 100.5 319.4 0.337 1597.0 0.00021 0.00021
102 101.0 102.0 1.0 101.5 210.6 0.339 1053.0 0.00032 0.00032
103 102.0 103.0 1.0 102.5 167.6 0.341 837.8 0.00041 0.00041
104 103.0 104.0 1.0 103.5 117.9 0.344 589.5 0.00058 0.00058
105 104.0 105.0 1.0 104.5 71.2 0.346 356.1 0.00097 0.00097
106 105.0 106.0 1.0 105.5 84.2 0.348 421.0 0.00083 0.00083
107 106.0 107.0 1.0 106.5 82.8 0.351 414.1 0.00085 0.00085
108 107.0 108.0 1.0 107.5 85.5 0.353 427.5 0.00083 0.00083
109 108.0 109.0 1.0 108.5 87.7 0.355 438.7 0.00081 0.00081
110 109.0 110.0 1.0 109.5 71.5 0.358 357.6 0.00100 0.00100
111 110.0 111.0 1.0 110.5 60.5 0.360 302.6 0.00119 0.00119
112 111.0 112.0 1.0 111.5 64.9 0.362 324.4 0.00112 0.00112
113 112.0 113.0 1.0 112.5 62.6 0.365 313.2 0.00116 0.00116
114 113.0 114.0 1.0 113.5 70.2 0.367 351.0 0.00105 0.00105
115 114.0 115.0 1.0 114.5 80.1 0.370 400.6 0.00092 0.00092
116 115.0 116.0 1.0 115.5 191.7 0.372 958.5 0.00039 0.00039
117 116.0 117.0 1.0 116.5 204.5 0.374 1022.4 0.00037 0.00037
118 117.0 118.0 1.0 117.5 508.1 0.377 2540.5 0.00015 0.00015
119 118.0 119.0 1.0 118.5 621.5 0.379 3107.7 0.00012 0.00012
120 119.0 120.0 1.0 119.5 668.1 0.381 3340.6 0.00011 0.00011
! = 0.05445

I zr (1 < L/B < 10): I zr = I zs  + 0.111 (I zc  - I zs ) (L/B - 1)
I zs  (L/B = 1):
     For z ave  = 0 to B/2: I zs  = 0.1 + (z ave /B)(2I zp- 0.2)
     For z ave  = B/2 to 2B: I zs  = 0.667 I zp (2 - z ave /B)
I zc  (L/B �  10):
     For z ave  = 0 to B: I zc  = 0.2 + (z ave /B)(I zp - 0.2)
     For z ave  = B to 4B: I zc  = 0.333 I zp (4 - z ave /B) ( Coduto p.228. )
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Footing w idth B = 382.0 ft Z-SDU6-C20
Footing length L = 382.0 ft
Ground elevation 276.0 ft
Foundation elevation 265.0 ft
Ground Water elevation 220.0 ft Load S0 =
Excavated or embedded depth D = 11.0 ft End of Operations 5.10 1.4
Depth to Groundw ater 56.0 ft Tank Half Full 2.80 0.4
Unit w eight �  = 120.0 pcf Pre Closure 5.50 1.6
Gross Footing Load 5.10 ksf Post Closure 8.00 2.7
Net applied footing pressure �p = 3.780 ksf

L/B = 1.00 -

Computation
Settlement  �i = C1 Ct �p !(�zi Izi/Esi) 0.232 ft

 �i = Ct = 1 2.779 in Load S0 =
S�t	 = 0.346 ft 5.10 2.1
S�t	 = 4.156 in 8.00 4.1

Correction for strain relief C1 = 1 - 0.5(�'D/q') 0.825 -
Effective vertical overburden pressure at D �'vo = � �D 1.320 ksf
Correction for time dependent increase Ct = 1 + 0.2 log( t / 0.1 ) 1.50 -

t = 30.00 years
Elastic modulus of soil layer i Esi = 2.5 qc see Column H if L/B = 1

Esi = 3.5 qc see Column H If L/B � 10
Depth increment i �zi see Column D
Influence factor of soil layer i Izi Figure 3-4 see Column G
Peak depth influence factor Izp = 0.5 + 0.1�(�p/�'Izp)1/2 0.550 -

zp = 0.5B + D 202.00 ft If  L/B = 1
zp = B + D 393.00 ft If  L/B � 10
zp = 202.00 ft for L/B=1.00

Effective overburden pressure at depth Izp �'Izp = 15.13 ksf
Elastic Modulus Esi = 2.50 qc If  L/B = 1

Esi = 3.50 qc If  L/B � 10
Esi = 2.50 qc for L/B=1.00

Computations made relative to the bottom of foundation
A B C D E F G H I J K

Layer Layer Layer Layer Mid-layer Average Elastic
top bottom thickness depth tip stress Izi modulus �zi Izi/Esi �zi Izi/Esi Notes

 depth depth �zi zave qc Esi
No. (ft) (ft) (ft) (ft) (tsf) (ksf)
1 0.0 1.0 1.0 0.5 61.4 0.101 306.9 0.00033 0.00033
2 1.0 2.0 1.0 1.5 58.3 0.104 291.3 0.00036 0.00036
3 2.0 3.0 1.0 2.5 120.8 0.106 603.9 0.00018 0.00018
4 3.0 4.0 1.0 3.5 96.6 0.108 482.9 0.00022 0.00022
5 4.0 5.0 1.0 4.5 52.6 0.111 263.0 0.00042 0.00042
6 5.0 6.0 1.0 5.5 51.2 0.113 256.1 0.00044 0.00044
7 6.0 7.0 1.0 6.5 63.7 0.115 318.5 0.00036 0.00036
8 7.0 8.0 1.0 7.5 62.8 0.118 314.2 0.00037 0.00037
9 8.0 9.0 1.0 8.5 64.9 0.120 324.3 0.00037 0.00037
10 9.0 10.0 1.0 9.5 72.8 0.122 364.1 0.00034 0.00034
11 10.0 11.0 1.0 10.5 93.0 0.125 465.0 0.00027 0.00027
12 11.0 12.0 1.0 11.5 88.3 0.127 441.3 0.00029 0.00029
13 12.0 13.0 1.0 12.5 76.9 0.129 384.5 0.00034 0.00034
14 13.0 14.0 1.0 13.5 65.7 0.132 328.6 0.00040 0.00040
15 14.0 15.0 1.0 14.5 87.4 0.134 437.2 0.00031 0.00031
16 15.0 16.0 1.0 15.5 113.3 0.137 566.6 0.00024 0.00024
17 16.0 17.0 1.0 16.5 99.5 0.139 497.3 0.00028 0.00028
18 17.0 18.0 1.0 17.5 98.3 0.141 491.4 0.00029 0.00029
19 18.0 19.0 1.0 18.5 103.1 0.144 515.4 0.00028 0.00028
20 19.0 20.0 1.0 19.5 101.4 0.146 506.9 0.00029 0.00029
21 20.0 21.0 1.0 20.5 93.8 0.148 468.9 0.00032 0.00032
22 21.0 22.0 1.0 21.5 103.0 0.151 514.9 0.00029 0.00029
23 22.0 23.0 1.0 22.5 98.0 0.153 489.8 0.00031 0.00031
24 23.0 24.0 1.0 23.5 93.8 0.155 468.9 0.00033 0.00033
25 24.0 25.0 1.0 24.5 126.0 0.158 630.0 0.00025 0.00025

(S30 / 2)

Immediate
Settlement (in.)

(S0 / 2)

30 Year
Settlement (in.)
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26 25.0 26.0 1.0 25.5 162.9 0.160 814.6 0.00020 0.00020
27 26.0 27.0 1.0 26.5 174.5 0.162 872.6 0.00019 0.00019
28 27.0 28.0 1.0 27.5 168.0 0.165 839.8 0.00020 0.00020
29 28.0 29.0 1.0 28.5 193.3 0.167 966.6 0.00017 0.00017
30 29.0 30.0 1.0 29.5 188.3 0.170 941.3 0.00018 0.00018
31 30.0 31.0 1.0 30.5 194.3 0.172 971.7 0.00018 0.00018
32 31.0 32.0 1.0 31.5 212.3 0.174 1061.4 0.00016 0.00016
33 32.0 33.0 1.0 32.5 245.7 0.177 1228.7 0.00014 0.00014
34 33.0 34.0 1.0 33.5 259.8 0.179 1299.2 0.00014 0.00014
35 34.0 35.0 1.0 34.5 260.3 0.181 1301.3 0.00014 0.00014
36 35.0 36.0 1.0 35.5 268.9 0.184 1344.3 0.00014 0.00014
37 36.0 37.0 1.0 36.5 263.4 0.186 1316.9 0.00014 0.00014
38 37.0 38.0 1.0 37.5 146.1 0.188 730.3 0.00026 0.00026
39 38.0 39.0 1.0 38.5 72.4 0.191 362.0 0.00053 0.00053
40 39.0 40.0 1.0 39.5 162.6 0.193 813.1 0.00024 0.00024
41 40.0 41.0 1.0 40.5 136.9 0.195 684.7 0.00029 0.00029
42 41.0 42.0 1.0 41.5 96.5 0.198 482.6 0.00041 0.00041
43 42.0 43.0 1.0 42.5 27.1 0.200 135.4 0.00148 0.00148
44 43.0 44.0 1.0 43.5 18.4 0.202 91.9 0.00220 0.00220
45 44.0 45.0 1.0 44.5 15.8 0.205 79.2 0.00259 0.00259
46 45.0 46.0 1.0 45.5 51.9 0.207 259.6 0.00080 0.00080
47 46.0 47.0 1.0 46.5 145.9 0.210 729.5 0.00029 0.00029
48 47.0 48.0 1.0 47.5 153.7 0.212 768.3 0.00028 0.00028
49 48.0 49.0 1.0 48.5 197.6 0.214 987.8 0.00022 0.00022
50 49.0 50.0 1.0 49.5 221.2 0.217 1106.1 0.00020 0.00020
51 50.0 51.0 1.0 50.5 178.5 0.219 892.5 0.00025 0.00025
52 51.0 52.0 1.0 51.5 214.9 0.221 1074.7 0.00021 0.00021
53 52.0 53.0 1.0 52.5 191.3 0.224 956.4 0.00023 0.00023
54 53.0 54.0 1.0 53.5 232.8 0.226 1164.0 0.00019 0.00019
55 54.0 55.0 1.0 54.5 153.6 0.228 768.0 0.00030 0.00030
56 55.0 56.0 1.0 55.5 138.1 0.231 690.6 0.00033 0.00033
57 56.0 57.0 1.0 56.5 101.0 0.233 504.9 0.00046 0.00046
58 57.0 58.0 1.0 57.5 129.0 0.235 644.8 0.00037 0.00037
59 58.0 59.0 1.0 58.5 246.8 0.238 1234.1 0.00019 0.00019
60 59.0 60.0 1.0 59.5 257.5 0.240 1287.5 0.00019 0.00019
61 60.0 61.0 1.0 60.5 267.6 0.243 1337.8 0.00018 0.00018
62 61.0 62.0 1.0 61.5 248.7 0.245 1243.6 0.00020 0.00020
63 62.0 63.0 1.0 62.5 212.9 0.247 1064.7 0.00023 0.00023
64 63.0 64.0 1.0 63.5 146.0 0.250 730.2 0.00034 0.00034
65 64.0 65.0 1.0 64.5 96.1 0.252 480.6 0.00052 0.00052
66 65.0 66.0 1.0 65.5 24.2 0.254 120.8 0.00211 0.00211
67 66.0 67.0 1.0 66.5 26.6 0.257 133.1 0.00193 0.00193
68 67.0 68.0 1.0 67.5 35.6 0.259 178.0 0.00146 0.00146
69 68.0 69.0 1.0 68.5 72.2 0.261 361.1 0.00072 0.00072
70 69.0 70.0 1.0 69.5 199.1 0.264 995.4 0.00026 0.00026
71 70.0 71.0 1.0 70.5 306.5 0.266 1532.7 0.00017 0.00017
72 71.0 72.0 1.0 71.5 319.7 0.268 1598.3 0.00017 0.00017
73 72.0 73.0 1.0 72.5 345.8 0.271 1729.1 0.00016 0.00016
74 73.0 74.0 1.0 73.5 325.2 0.273 1625.8 0.00017 0.00017
75 74.0 75.0 1.0 74.5 310.8 0.276 1554.0 0.00018 0.00018
76 75.0 76.0 1.0 75.5 304.6 0.278 1523.1 0.00018 0.00018
77 76.0 77.0 1.0 76.5 310.2 0.280 1550.8 0.00018 0.00018
78 77.0 78.0 1.0 77.5 233.3 0.283 1166.7 0.00024 0.00024
79 78.0 79.0 1.0 78.5 117.4 0.285 586.8 0.00049 0.00049
80 79.0 80.0 1.0 79.5 243.9 0.287 1219.4 0.00024 0.00024
81 80.0 81.0 1.0 80.5 185.5 0.290 927.7 0.00031 0.00031
82 81.0 82.0 1.0 81.5 113.8 0.292 569.1 0.00051 0.00051
83 82.0 83.0 1.0 82.5 74.1 0.294 370.3 0.00079 0.00079
84 83.0 84.0 1.0 83.5 43.3 0.297 216.6 0.00137 0.00137
85 84.0 85.0 1.0 84.5 23.5 0.299 117.5 0.00255 0.00255
86 85.0 86.0 1.0 85.5 21.6 0.301 108.2 0.00279 0.00279
87 86.0 87.0 1.0 86.5 26.6 0.304 133.0 0.00228 0.00228
88 87.0 88.0 1.0 87.5 37.9 0.306 189.4 0.00162 0.00162
89 88.0 89.0 1.0 88.5 167.3 0.309 836.4 0.00037 0.00037
90 89.0 90.0 1.0 89.5 117.0 0.311 585.2 0.00053 0.00053
91 90.0 91.0 1.0 90.5 31.3 0.313 156.5 0.00200 0.00200
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92 91.0 92.0 1.0 91.5 24.3 0.316 121.5 0.00260 0.00260
93 92.0 93.0 1.0 92.5 116.9 0.318 584.5 0.00054 0.00054
94 93.0 94.0 1.0 93.5 152.2 0.320 761.0 0.00042 0.00042
95 94.0 95.0 1.0 94.5 148.2 0.323 741.0 0.00044 0.00044
96 95.0 96.0 1.0 95.5 60.3 0.325 301.6 0.00108 0.00108
97 96.0 97.0 1.0 96.5 56.1 0.327 280.3 0.00117 0.00117
98 97.0 98.0 1.0 97.5 64.7 0.330 323.3 0.00102 0.00102
99 98.0 99.0 1.0 98.5 63.4 0.332 317.2 0.00105 0.00105
100 99.0 100.0 1.0 99.5 48.9 0.334 244.6 0.00137 0.00137
101 100.0 101.0 1.0 100.5 151.4 0.337 756.9 0.00044 0.00044
102 101.0 102.0 1.0 101.5 56.0 0.339 280.0 0.00121 0.00121
103 102.0 103.0 1.0 102.5 51.2 0.341 255.9 0.00133 0.00133
104 103.0 104.0 1.0 103.5 60.5 0.344 302.7 0.00114 0.00114
105 104.0 105.0 1.0 104.5 76.1 0.346 380.4 0.00091 0.00091
106 105.0 106.0 1.0 105.5 69.3 0.349 346.3 0.00101 0.00101
107 106.0 107.0 1.0 106.5 57.2 0.351 286.0 0.00123 0.00123
108 107.0 108.0 1.0 107.5 65.2 0.353 326.1 0.00108 0.00108
109 108.0 109.0 1.0 108.5 75.9 0.356 379.6 0.00094 0.00094
110 109.0 110.0 1.0 109.5 49.2 0.358 246.0 0.00146 0.00146
111 110.0 111.0 1.0 110.5 51.3 0.360 256.6 0.00140 0.00140
112 111.0 112.0 1.0 111.5 61.9 0.363 309.3 0.00117 0.00117
113 112.0 113.0 1.0 112.5 55.0 0.365 274.9 0.00133 0.00133
114 113.0 114.0 1.0 113.5 84.8 0.367 423.9 0.00087 0.00087
115 114.0 115.0 1.0 114.5 130.1 0.370 650.5 0.00057 0.00057
116 115.0 116.0 1.0 115.5 463.8 0.372 2318.9 0.00016 0.00016
117 116.0 117.0 1.0 116.5 204.5 0.374 1022.4 0.00037 0.00037
118 117.0 118.0 1.0 117.5 508.1 0.377 2540.5 0.00015 0.00015
119 118.0 119.0 1.0 118.5 621.5 0.379 3107.7 0.00012 0.00012
120 119.0 120.0 1.0 119.5 668.1 0.382 3340.6 0.00011 0.00011
! = 0.07423

I zr (1 < L/B < 10): I zr = I zs  + 0.111 (I zc  - I zs ) (L/B - 1)
I zs  (L/B = 1):
     For z ave  = 0 to B/2: I zs  = 0.1 + (z ave /B)(2I zp- 0.2)
     For z ave  = B/2 to 2B: I zs  = 0.667 I zp (2 - z ave /B)
I zc  (L/B �  10):
     For z ave  = 0 to B: I zc  = 0.2 + (z ave /B)(I zp - 0.2)
     For z ave  = B to 4B: I zc  = 0.333 I zp (4 - z ave /B) ( Coduto p.228. )
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Footing w idth B = 382.0 ft Z-SDU6-C21
Footing length L = 382.0 ft
Ground elevation 276.3 ft
Foundation elevation 265.0 ft
Ground Water elevation 220.0 ft Load S0 =
Excavated or embedded depth D = 11.3 ft End of Operations 5.10 1.6
Depth to Groundw ater 56.3 ft Tank Half Full 2.80 0.4
Unit w eight �  = 120.0 pcf Pre Closure 5.50 1.8
Gross Footing Load 5.10 ksf Post Closure 8.00 3.1
Net applied footing pressure �p = 3.744 ksf

L/B = 1.00 -

Computation
Settlement  �i = C1 Ct �p !(�zi Izi/Esi) 0.263 ft

 �i = Ct = 1 3.159 in Load S0 =
S�t	 = 0.394 ft 5.10 2.4
S�t	 = 4.724 in 8.00 4.7

Correction for strain relief C1 = 1 - 0.5(�'D/q') 0.819 -
Effective vertical overburden pressure at D �'vo = � �D 1.356 ksf
Correction for time dependent increase Ct = 1 + 0.2 log( t / 0.1 ) 1.50 -

t = 30.00 years
Elastic modulus of soil layer i Esi = 2.5 qc see Column H if L/B = 1

Esi = 3.5 qc see Column H If L/B � 10
Depth increment i �zi see Column D
Influence factor of soil layer i Izi Figure 3-4 see Column G
Peak depth influence factor Izp = 0.5 + 0.1�(�p/�'Izp)1/2 0.550 -

zp = 0.5B + D 202.30 ft If  L/B = 1
zp = B + D 393.30 ft If  L/B � 10
zp = 202.30 ft for L/B=1.00

Effective overburden pressure at depth Izp �'Izp = 15.17 ksf
Elastic Modulus Esi = 2.50 qc If  L/B = 1

Esi = 3.50 qc If  L/B � 10
Esi = 2.50 qc for L/B=1.00

Computations made relative to the bottom of foundation
A B C D E F G H I J K

Layer Layer Layer Layer Mid-layer Average Elastic
top bottom thickness depth tip stress Izi modulus �zi Izi/Esi �zi Izi/Esi Notes

 depth depth �zi zave qc Esi
No. (ft) (ft) (ft) (ft) (tsf) (ksf)
1 0.0 1.0 1.0 0.5 85.2 0.101 426.2 0.00024 0.00024
2 1.0 2.0 1.0 1.5 99.3 0.104 496.7 0.00021 0.00021
3 2.0 3.0 1.0 2.5 125.9 0.106 629.7 0.00017 0.00017
4 3.0 4.0 1.0 3.5 84.2 0.108 420.9 0.00026 0.00026
5 4.0 5.0 1.0 4.5 64.0 0.111 320.1 0.00035 0.00035
6 5.0 6.0 1.0 5.5 53.9 0.113 269.6 0.00042 0.00042
7 6.0 7.0 1.0 6.5 53.2 0.115 266.1 0.00043 0.00043
8 7.0 8.0 1.0 7.5 49.7 0.118 248.3 0.00047 0.00047
9 8.0 9.0 1.0 8.5 47.6 0.120 237.8 0.00050 0.00050
10 9.0 10.0 1.0 9.5 51.8 0.122 258.8 0.00047 0.00047
11 10.0 11.0 1.0 10.5 62.1 0.125 310.5 0.00040 0.00040
12 11.0 12.0 1.0 11.5 67.7 0.127 338.3 0.00038 0.00038
13 12.0 13.0 1.0 12.5 97.0 0.129 485.1 0.00027 0.00027
14 13.0 14.0 1.0 13.5 123.6 0.132 618.2 0.00021 0.00021
15 14.0 15.0 1.0 14.5 123.5 0.134 617.4 0.00022 0.00022
16 15.0 16.0 1.0 15.5 131.3 0.136 656.6 0.00021 0.00021
17 16.0 17.0 1.0 16.5 173.5 0.139 867.6 0.00016 0.00016
18 17.0 18.0 1.0 17.5 180.0 0.141 899.8 0.00016 0.00016
19 18.0 19.0 1.0 18.5 219.8 0.144 1099.0 0.00013 0.00013
20 19.0 20.0 1.0 19.5 240.6 0.146 1203.2 0.00012 0.00012
21 20.0 21.0 1.0 20.5 274.5 0.148 1372.3 0.00011 0.00011
22 21.0 22.0 1.0 21.5 321.9 0.151 1609.6 0.00009 0.00009
23 22.0 23.0 1.0 22.5 338.5 0.153 1692.7 0.00009 0.00009
24 23.0 24.0 1.0 23.5 339.1 0.155 1695.4 0.00009 0.00009
25 24.0 25.0 1.0 24.5 309.3 0.158 1546.5 0.00010 0.00010

(S30 / 2)

Immediate
Settlement (in.)

(S0 / 2)

30 Year
Settlement (in.)
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26 25.0 26.0 1.0 25.5 303.3 0.160 1516.5 0.00011 0.00011
27 26.0 27.0 1.0 26.5 324.0 0.162 1620.2 0.00010 0.00010
28 27.0 28.0 1.0 27.5 306.3 0.165 1531.3 0.00011 0.00011
29 28.0 29.0 1.0 28.5 289.3 0.167 1446.7 0.00012 0.00012
30 29.0 30.0 1.0 29.5 258.9 0.169 1294.3 0.00013 0.00013
31 30.0 31.0 1.0 30.5 149.6 0.172 748.0 0.00023 0.00023
32 31.0 32.0 1.0 31.5 62.3 0.174 311.6 0.00056 0.00056
33 32.0 33.0 1.0 32.5 34.9 0.177 174.5 0.00101 0.00101
34 33.0 34.0 1.0 33.5 22.1 0.179 110.4 0.00162 0.00162
35 34.0 35.0 1.0 34.5 10.0 0.181 49.9 0.00363 0.00363
36 35.0 36.0 1.0 35.5 8.0 0.184 40.0 0.00458 0.00458
37 36.0 37.0 1.0 36.5 7.1 0.186 35.3 0.00527 0.00527
38 37.0 38.0 1.0 37.5 6.6 0.188 32.8 0.00573 0.00573
39 38.0 39.0 1.0 38.5 45.4 0.191 226.9 0.00084 0.00084
40 39.0 40.0 1.0 39.5 115.6 0.193 578.0 0.00033 0.00033
41 40.0 41.0 1.0 40.5 216.2 0.195 1081.0 0.00018 0.00018
42 41.0 42.0 1.0 41.5 313.5 0.198 1567.5 0.00013 0.00013
43 42.0 43.0 1.0 42.5 331.6 0.200 1658.2 0.00012 0.00012
44 43.0 44.0 1.0 43.5 254.1 0.202 1270.6 0.00016 0.00016
45 44.0 45.0 1.0 44.5 304.9 0.205 1524.5 0.00013 0.00013
46 45.0 46.0 1.0 45.5 272.2 0.207 1361.0 0.00015 0.00015
47 46.0 47.0 1.0 46.5 187.1 0.209 935.7 0.00022 0.00022
48 47.0 48.0 1.0 47.5 182.1 0.212 910.7 0.00023 0.00023
49 48.0 49.0 1.0 48.5 230.8 0.214 1154.2 0.00019 0.00019
50 49.0 50.0 1.0 49.5 182.7 0.217 913.3 0.00024 0.00024
51 50.0 51.0 1.0 50.5 156.4 0.219 782.1 0.00028 0.00028
52 51.0 52.0 1.0 51.5 145.3 0.221 726.6 0.00030 0.00030
53 52.0 53.0 1.0 52.5 239.9 0.224 1199.3 0.00019 0.00019
54 53.0 54.0 1.0 53.5 325.1 0.226 1625.3 0.00014 0.00014
55 54.0 55.0 1.0 54.5 329.7 0.228 1648.7 0.00014 0.00014
56 55.0 56.0 1.0 55.5 308.0 0.231 1540.2 0.00015 0.00015
57 56.0 57.0 1.0 56.5 309.6 0.233 1547.8 0.00015 0.00015
58 57.0 58.0 1.0 57.5 300.3 0.235 1501.6 0.00016 0.00016
59 58.0 59.0 1.0 58.5 253.6 0.238 1268.1 0.00019 0.00019
60 59.0 60.0 1.0 59.5 103.4 0.240 517.2 0.00046 0.00046
61 60.0 61.0 1.0 60.5 123.2 0.242 615.8 0.00039 0.00039
62 61.0 62.0 1.0 61.5 133.8 0.245 668.8 0.00037 0.00037
63 62.0 63.0 1.0 62.5 24.6 0.247 123.0 0.00201 0.00201
64 63.0 64.0 1.0 63.5 25.0 0.250 125.1 0.00199 0.00199
65 64.0 65.0 1.0 64.5 93.5 0.252 467.6 0.00054 0.00054
66 65.0 66.0 1.0 65.5 180.3 0.254 901.5 0.00028 0.00028
67 66.0 67.0 1.0 66.5 213.1 0.257 1065.4 0.00024 0.00024
68 67.0 68.0 1.0 67.5 249.6 0.259 1247.8 0.00021 0.00021
69 68.0 69.0 1.0 68.5 294.5 0.261 1472.4 0.00018 0.00018
70 69.0 70.0 1.0 69.5 314.9 0.264 1574.7 0.00017 0.00017
71 70.0 71.0 1.0 70.5 333.9 0.266 1669.4 0.00016 0.00016
72 71.0 72.0 1.0 71.5 169.9 0.268 849.6 0.00032 0.00032
73 72.0 73.0 1.0 72.5 86.2 0.271 430.8 0.00063 0.00063
74 73.0 74.0 1.0 73.5 46.4 0.273 232.2 0.00118 0.00118
75 74.0 75.0 1.0 74.5 48.1 0.275 240.6 0.00114 0.00114
76 75.0 76.0 1.0 75.5 60.8 0.278 304.1 0.00091 0.00091
77 76.0 77.0 1.0 76.5 45.9 0.280 229.6 0.00122 0.00122
78 77.0 78.0 1.0 77.5 43.4 0.282 217.1 0.00130 0.00130
79 78.0 79.0 1.0 78.5 49.7 0.285 248.7 0.00115 0.00115
80 79.0 80.0 1.0 79.5 52.5 0.287 262.6 0.00109 0.00109
81 80.0 81.0 1.0 80.5 47.4 0.290 236.8 0.00122 0.00122
82 81.0 82.0 1.0 81.5 62.5 0.292 312.3 0.00093 0.00093
83 82.0 83.0 1.0 82.5 174.4 0.294 871.8 0.00034 0.00034
84 83.0 84.0 1.0 83.5 176.7 0.297 883.3 0.00034 0.00034
85 84.0 85.0 1.0 84.5 155.2 0.299 776.0 0.00039 0.00039
86 85.0 86.0 1.0 85.5 152.1 0.301 760.4 0.00040 0.00040
87 86.0 87.0 1.0 86.5 232.8 0.304 1163.9 0.00026 0.00026
88 87.0 88.0 1.0 87.5 241.6 0.306 1207.8 0.00025 0.00025
89 88.0 89.0 1.0 88.5 70.1 0.308 350.3 0.00088 0.00088
90 89.0 90.0 1.0 89.5 46.9 0.311 234.5 0.00133 0.00133
91 90.0 91.0 1.0 90.5 68.3 0.313 341.5 0.00092 0.00092
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92 91.0 92.0 1.0 91.5 59.0 0.315 295.0 0.00107 0.00107
93 92.0 93.0 1.0 92.5 29.0 0.318 145.0 0.00219 0.00219
94 93.0 94.0 1.0 93.5 98.9 0.320 494.6 0.00065 0.00065
95 94.0 95.0 1.0 94.5 75.5 0.322 377.5 0.00085 0.00085
96 95.0 96.0 1.0 95.5 47.9 0.325 239.6 0.00136 0.00136
97 96.0 97.0 1.0 96.5 66.9 0.327 334.4 0.00098 0.00098
98 97.0 98.0 1.0 97.5 67.7 0.330 338.6 0.00097 0.00097
99 98.0 99.0 1.0 98.5 42.4 0.332 212.0 0.00157 0.00157
100 99.0 100.0 1.0 99.5 60.1 0.334 300.6 0.00111 0.00111
101 100.0 101.0 1.0 100.5 34.8 0.337 174.0 0.00193 0.00193
102 101.0 102.0 1.0 101.5 57.6 0.339 288.0 0.00118 0.00118
103 102.0 103.0 1.0 102.5 158.4 0.341 791.8 0.00043 0.00043
104 103.0 104.0 1.0 103.5 75.8 0.344 379.0 0.00091 0.00091
105 104.0 105.0 1.0 104.5 45.6 0.346 227.9 0.00152 0.00152
106 105.0 106.0 1.0 105.5 85.1 0.348 425.7 0.00082 0.00082
107 106.0 107.0 1.0 106.5 84.1 0.351 420.7 0.00083 0.00083
108 107.0 108.0 1.0 107.5 83.5 0.353 417.6 0.00085 0.00085
109 108.0 109.0 1.0 108.5 82.4 0.355 412.2 0.00086 0.00086
110 109.0 110.0 1.0 109.5 75.7 0.358 378.3 0.00095 0.00095
111 110.0 111.0 1.0 110.5 64.6 0.360 323.2 0.00111 0.00111
112 111.0 112.0 1.0 111.5 69.5 0.363 347.7 0.00104 0.00104
113 112.0 113.0 1.0 112.5 66.5 0.365 332.7 0.00110 0.00110
114 113.0 114.0 1.0 113.5 60.3 0.367 301.4 0.00122 0.00122
115 114.0 115.0 1.0 114.5 57.3 0.370 286.3 0.00129 0.00129
116 115.0 116.0 1.0 115.5 60.9 0.372 304.5 0.00122 0.00122
117 116.0 117.0 1.0 116.5 319.4 0.374 1597.1 0.00023 0.00023
118 117.0 118.0 1.0 117.5 574.7 0.377 2873.7 0.00013 0.00013
119 118.0 119.0 1.0 118.5 621.5 0.379 3107.7 0.00012 0.00012
120 119.0 120.0 1.0 119.5 668.1 0.381 3340.6 0.00011 0.00011
! = 0.08587

I zr (1 < L/B < 10): I zr = I zs  + 0.111 (I zc  - I zs ) (L/B - 1)
I zs  (L/B = 1):
     For z ave  = 0 to B/2: I zs  = 0.1 + (z ave /B)(2I zp- 0.2)
     For z ave  = B/2 to 2B: I zs  = 0.667 I zp (2 - z ave /B)
I zc  (L/B �  10):
     For z ave  = 0 to B: I zc  = 0.2 + (z ave /B)(I zp - 0.2)
     For z ave  = B to 4B: I zc  = 0.333 I zp (4 - z ave /B) ( Coduto p.228. )
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Footing w idth B = 382.0 ft Z-SDU6-C22
Footing length L = 382.0 ft
Ground elevation 276.5 ft
Foundation elevation 265.0 ft
Ground Water elevation 220.0 ft Load S0 =
Excavated or embedded depth D = 11.5 ft End of Operations 5.10 1.9
Depth to Groundw ater 56.5 ft Tank Half Full 2.80 0.4
Unit w eight �  = 120.0 pcf Pre Closure 5.50 2.1
Gross Footing Load 5.10 ksf Post Closure 8.00 3.7
Net applied footing pressure �p = 3.720 ksf

L/B = 1.00 -

Computation
Settlement  �i = C1 Ct �p !(�zi Izi/Esi) 0.312 ft

 �i = Ct = 1 3.746 in Load S0 =
S�t	 = 0.467 ft 5.10 2.8
S�t	 = 5.602 in 8.00 5.6

Correction for strain relief C1 = 1 - 0.5(�'D/q') 0.815 -
Effective vertical overburden pressure at D �'vo = � �D 1.380 ksf
Correction for time dependent increase Ct = 1 + 0.2 log( t / 0.1 ) 1.50 -

t = 30.00 years
Elastic modulus of soil layer i Esi = 2.5 qc see Column H if L/B = 1

Esi = 3.5 qc see Column H If L/B � 10
Depth increment i �zi see Column D
Influence factor of soil layer i Izi Figure 3-4 see Column G
Peak depth influence factor Izp = 0.5 + 0.1�(�p/�'Izp)1/2 0.549 -

zp = 0.5B + D 202.50 ft If  L/B = 1
zp = B + D 393.50 ft If  L/B � 10
zp = 202.50 ft for L/B=1.00

Effective overburden pressure at depth Izp �'Izp = 15.19 ksf
Elastic Modulus Esi = 2.50 qc If  L/B = 1

Esi = 3.50 qc If  L/B � 10
Esi = 2.50 qc for L/B=1.00

Computations made relative to the bottom of foundation
A B C D E F G H I J K

Layer Layer Layer Layer Mid-layer Average Elastic
top bottom thickness depth tip stress Izi modulus �zi Izi/Esi �zi Izi/Esi Notes

 depth depth �zi zave qc Esi
No. (ft) (ft) (ft) (ft) (tsf) (ksf)
1 0.0 1.0 1.0 0.5 177.5 0.101 887.3 0.00011 0.00011
2 1.0 2.0 1.0 1.5 118.7 0.104 593.5 0.00017 0.00017
3 2.0 3.0 1.0 2.5 65.4 0.106 326.9 0.00032 0.00032
4 3.0 4.0 1.0 3.5 73.1 0.108 365.3 0.00030 0.00030
5 4.0 5.0 1.0 4.5 69.0 0.111 345.0 0.00032 0.00032
6 5.0 6.0 1.0 5.5 89.7 0.113 448.3 0.00025 0.00025
7 6.0 7.0 1.0 6.5 89.8 0.115 448.9 0.00026 0.00026
8 7.0 8.0 1.0 7.5 60.2 0.118 301.1 0.00039 0.00039
9 8.0 9.0 1.0 8.5 55.2 0.120 276.0 0.00043 0.00043
10 9.0 10.0 1.0 9.5 59.7 0.122 298.6 0.00041 0.00041
11 10.0 11.0 1.0 10.5 66.5 0.125 332.4 0.00038 0.00038
12 11.0 12.0 1.0 11.5 165.2 0.127 825.9 0.00015 0.00015
13 12.0 13.0 1.0 12.5 153.8 0.129 769.0 0.00017 0.00017
14 13.0 14.0 1.0 13.5 154.3 0.132 771.6 0.00017 0.00017
15 14.0 15.0 1.0 14.5 177.9 0.134 889.6 0.00015 0.00015
16 15.0 16.0 1.0 15.5 205.7 0.136 1028.5 0.00013 0.00013
17 16.0 17.0 1.0 16.5 256.3 0.139 1281.6 0.00011 0.00011
18 17.0 18.0 1.0 17.5 290.7 0.141 1453.6 0.00010 0.00010
19 18.0 19.0 1.0 18.5 343.6 0.144 1717.8 0.00008 0.00008
20 19.0 20.0 1.0 19.5 374.9 0.146 1874.5 0.00008 0.00008
21 20.0 21.0 1.0 20.5 329.4 0.148 1647.1 0.00009 0.00009
22 21.0 22.0 1.0 21.5 206.7 0.151 1033.6 0.00015 0.00015
23 22.0 23.0 1.0 22.5 212.7 0.153 1063.4 0.00014 0.00014
24 23.0 24.0 1.0 23.5 231.4 0.155 1157.1 0.00013 0.00013
25 24.0 25.0 1.0 24.5 261.0 0.158 1305.0 0.00012 0.00012

(S30 / 2)

Immediate
Settlement (in.)

(S0 / 2)

30 Year
Settlement (in.)
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26 25.0 26.0 1.0 25.5 233.3 0.160 1166.4 0.00014 0.00014
27 26.0 27.0 1.0 26.5 136.3 0.162 681.6 0.00024 0.00024
28 27.0 28.0 1.0 27.5 79.8 0.165 399.0 0.00041 0.00041
29 28.0 29.0 1.0 28.5 88.1 0.167 440.5 0.00038 0.00038
30 29.0 30.0 1.0 29.5 53.9 0.169 269.4 0.00063 0.00063
31 30.0 31.0 1.0 30.5 40.7 0.172 203.6 0.00084 0.00084
32 31.0 32.0 1.0 31.5 19.8 0.174 98.8 0.00176 0.00176
33 32.0 33.0 1.0 32.5 16.7 0.176 83.4 0.00212 0.00212
34 33.0 34.0 1.0 33.5 66.8 0.179 333.8 0.00054 0.00054
35 34.0 35.0 1.0 34.5 166.4 0.181 831.9 0.00022 0.00022
36 35.0 36.0 1.0 35.5 166.5 0.184 832.5 0.00022 0.00022
37 36.0 37.0 1.0 36.5 167.9 0.186 839.3 0.00022 0.00022
38 37.0 38.0 1.0 37.5 150.9 0.188 754.3 0.00025 0.00025
39 38.0 39.0 1.0 38.5 135.6 0.191 678.1 0.00028 0.00028
40 39.0 40.0 1.0 39.5 109.1 0.193 545.3 0.00035 0.00035
41 40.0 41.0 1.0 40.5 114.1 0.195 570.5 0.00034 0.00034
42 41.0 42.0 1.0 41.5 103.5 0.198 517.5 0.00038 0.00038
43 42.0 43.0 1.0 42.5 88.5 0.200 442.7 0.00045 0.00045
44 43.0 44.0 1.0 43.5 60.5 0.202 302.6 0.00067 0.00067
45 44.0 45.0 1.0 44.5 81.1 0.205 405.7 0.00050 0.00050
46 45.0 46.0 1.0 45.5 165.2 0.207 826.2 0.00025 0.00025
47 46.0 47.0 1.0 46.5 44.9 0.209 224.4 0.00093 0.00093
48 47.0 48.0 1.0 47.5 135.0 0.212 674.8 0.00031 0.00031
49 48.0 49.0 1.0 48.5 191.6 0.214 958.2 0.00022 0.00022
50 49.0 50.0 1.0 49.5 184.5 0.216 922.5 0.00023 0.00023
51 50.0 51.0 1.0 50.5 175.2 0.219 875.8 0.00025 0.00025
52 51.0 52.0 1.0 51.5 149.2 0.221 745.8 0.00030 0.00030
53 52.0 53.0 1.0 52.5 123.5 0.224 617.3 0.00036 0.00036
54 53.0 54.0 1.0 53.5 57.9 0.226 289.3 0.00078 0.00078
55 54.0 55.0 1.0 54.5 12.0 0.228 59.9 0.00381 0.00381
56 55.0 56.0 1.0 55.5 7.7 0.231 38.7 0.00597 0.00597
57 56.0 57.0 1.0 56.5 6.3 0.233 31.4 0.00741 0.00741
58 57.0 58.0 1.0 57.5 5.8 0.235 28.9 0.00814 0.00814
59 58.0 59.0 1.0 58.5 5.5 0.238 27.5 0.00863 0.00863
60 59.0 60.0 1.0 59.5 66.2 0.240 331.1 0.00072 0.00072
61 60.0 61.0 1.0 60.5 207.2 0.242 1036.2 0.00023 0.00023
62 61.0 62.0 1.0 61.5 206.4 0.245 1032.2 0.00024 0.00024
63 62.0 63.0 1.0 62.5 190.7 0.247 953.6 0.00026 0.00026
64 63.0 64.0 1.0 63.5 199.4 0.249 996.9 0.00025 0.00025
65 64.0 65.0 1.0 64.5 224.3 0.252 1121.3 0.00022 0.00022
66 65.0 66.0 1.0 65.5 247.2 0.254 1236.1 0.00021 0.00021
67 66.0 67.0 1.0 66.5 272.4 0.256 1362.1 0.00019 0.00019
68 67.0 68.0 1.0 67.5 286.4 0.259 1431.8 0.00018 0.00018
69 68.0 69.0 1.0 68.5 104.9 0.261 524.6 0.00050 0.00050
70 69.0 70.0 1.0 69.5 16.5 0.264 82.4 0.00320 0.00320
71 70.0 71.0 1.0 70.5 32.3 0.266 161.6 0.00165 0.00165
72 71.0 72.0 1.0 71.5 31.2 0.268 155.9 0.00172 0.00172
73 72.0 73.0 1.0 72.5 31.1 0.271 155.4 0.00174 0.00174
74 73.0 74.0 1.0 73.5 20.5 0.273 102.7 0.00266 0.00266
75 74.0 75.0 1.0 74.5 25.5 0.275 127.5 0.00216 0.00216
76 75.0 76.0 1.0 75.5 28.0 0.278 139.9 0.00199 0.00199
77 76.0 77.0 1.0 76.5 44.2 0.280 221.2 0.00127 0.00127
78 77.0 78.0 1.0 77.5 121.0 0.282 605.1 0.00047 0.00047
79 78.0 79.0 1.0 78.5 541.1 0.285 2705.3 0.00011 0.00011
80 79.0 80.0 1.0 79.5 525.8 0.287 2629.1 0.00011 0.00011
81 80.0 81.0 1.0 80.5 95.0 0.289 474.8 0.00061 0.00061
82 81.0 82.0 1.0 81.5 33.5 0.292 167.3 0.00174 0.00174
83 82.0 83.0 1.0 82.5 35.3 0.294 176.7 0.00166 0.00166
84 83.0 84.0 1.0 83.5 39.5 0.297 197.4 0.00150 0.00150
85 84.0 85.0 1.0 84.5 43.7 0.299 218.7 0.00137 0.00137
86 85.0 86.0 1.0 85.5 47.7 0.301 238.4 0.00126 0.00126
87 86.0 87.0 1.0 86.5 48.8 0.304 244.0 0.00124 0.00124
88 87.0 88.0 1.0 87.5 72.0 0.306 360.2 0.00085 0.00085
89 88.0 89.0 1.0 88.5 67.0 0.308 334.9 0.00092 0.00092
90 89.0 90.0 1.0 89.5 103.5 0.311 517.3 0.00060 0.00060
91 90.0 91.0 1.0 90.5 163.0 0.313 815.1 0.00038 0.00038
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92 91.0 92.0 1.0 91.5 191.7 0.315 958.3 0.00033 0.00033
93 92.0 93.0 1.0 92.5 187.9 0.318 939.4 0.00034 0.00034
94 93.0 94.0 1.0 93.5 241.3 0.320 1206.7 0.00027 0.00027
95 94.0 95.0 1.0 94.5 216.0 0.322 1079.8 0.00030 0.00030
96 95.0 96.0 1.0 95.5 208.9 0.325 1044.3 0.00031 0.00031
97 96.0 97.0 1.0 96.5 163.8 0.327 819.1 0.00040 0.00040
98 97.0 98.0 1.0 97.5 132.9 0.329 664.6 0.00050 0.00050
99 98.0 99.0 1.0 98.5 113.1 0.332 565.6 0.00059 0.00059
100 99.0 100.0 1.0 99.5 176.2 0.334 881.1 0.00038 0.00038
101 100.0 101.0 1.0 100.5 290.7 0.337 1453.4 0.00023 0.00023
102 101.0 102.0 1.0 101.5 518.2 0.339 2590.9 0.00013 0.00013
103 102.0 103.0 1.0 102.5 293.1 0.341 1465.6 0.00023 0.00023
104 103.0 104.0 1.0 103.5 217.4 0.344 1087.0 0.00032 0.00032
105 104.0 105.0 1.0 104.5 92.0 0.346 460.0 0.00075 0.00075
106 105.0 106.0 1.0 105.5 98.2 0.348 490.9 0.00071 0.00071
107 106.0 107.0 1.0 106.5 107.1 0.351 535.6 0.00065 0.00065
108 107.0 108.0 1.0 107.5 107.7 0.353 538.7 0.00066 0.00066
109 108.0 109.0 1.0 108.5 104.9 0.355 524.4 0.00068 0.00068
110 109.0 110.0 1.0 109.5 89.7 0.358 448.6 0.00080 0.00080
111 110.0 111.0 1.0 110.5 65.6 0.360 328.0 0.00110 0.00110
112 111.0 112.0 1.0 111.5 63.2 0.362 316.1 0.00115 0.00115
113 112.0 113.0 1.0 112.5 66.4 0.365 332.0 0.00110 0.00110
114 113.0 114.0 1.0 113.5 65.5 0.367 327.6 0.00112 0.00112
115 114.0 115.0 1.0 114.5 53.0 0.369 265.1 0.00139 0.00139
116 115.0 116.0 1.0 115.5 50.4 0.372 252.0 0.00148 0.00148
117 116.0 117.0 1.0 116.5 89.5 0.374 447.7 0.00084 0.00084
118 117.0 118.0 1.0 117.5 441.5 0.377 2207.3 0.00017 0.00017
119 118.0 119.0 1.0 118.5 621.5 0.379 3107.7 0.00012 0.00012
120 119.0 120.0 1.0 119.5 668.1 0.381 3340.6 0.00011 0.00011
! = 0.10302

I zr (1 < L/B < 10): I zr = I zs  + 0.111 (I zc  - I zs ) (L/B - 1)
I zs  (L/B = 1):
     For z ave  = 0 to B/2: I zs  = 0.1 + (z ave /B)(2I zp- 0.2)
     For z ave  = B/2 to 2B: I zs  = 0.667 I zp (2 - z ave /B)
I zc  (L/B �  10):
     For z ave  = 0 to B: I zc  = 0.2 + (z ave /B)(I zp - 0.2)
     For z ave  = B to 4B: I zc  = 0.333 I zp (4 - z ave /B) ( Coduto p.228. )
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Footing w idth B = 382.0 ft Z-SDU6-C23
Footing length L = 382.0 ft
Ground elevation 275.5 ft
Foundation elevation 265.0 ft
Ground Water elevation 220.0 ft Load S0 =
Excavated or embedded depth D = 10.5 ft End of Operations 5.10 1.1
Depth to Groundw ater 55.5 ft Tank Half Full 2.80 0.3
Unit w eight �  = 120.0 pcf Pre Closure 5.50 1.2
Gross Footing Load 5.10 ksf Post Closure 8.00 2.1
Net applied footing pressure �p = 3.840 ksf

L/B = 1.00 -

Computation
Settlement  �i = C1 Ct �p !(�zi Izi/Esi) 0.181 ft

 �i = Ct = 1 2.172 in Load S0 =
S�t	 = 0.271 ft 5.10 1.6
S�t	 = 3.247 in 8.00 3.2

Correction for strain relief C1 = 1 - 0.5(�'D/q') 0.836 -
Effective vertical overburden pressure at D �'vo = � �D 1.260 ksf
Correction for time dependent increase Ct = 1 + 0.2 log( t / 0.1 ) 1.50 -

t = 30.00 years
Elastic modulus of soil layer i Esi = 2.5 qc see Column H if L/B = 1

Esi = 3.5 qc see Column H If L/B � 10
Depth increment i �zi see Column D
Influence factor of soil layer i Izi Figure 3-4 see Column G
Peak depth influence factor Izp = 0.5 + 0.1�(�p/�'Izp)1/2 0.550 -

zp = 0.5B + D 201.50 ft If  L/B = 1
zp = B + D 392.50 ft If  L/B � 10
zp = 201.50 ft for L/B=1.00

Effective overburden pressure at depth Izp �'Izp = 15.07 ksf
Elastic Modulus Esi = 2.50 qc If  L/B = 1

Esi = 3.50 qc If  L/B � 10
Esi = 2.50 qc for L/B=1.00

Computations made relative to the bottom of foundation
A B C D E F G H I J K

Layer Layer Layer Layer Mid-layer Average Elastic
top bottom thickness depth tip stress Izi modulus �zi Izi/Esi �zi Izi/Esi Notes

 depth depth �zi zave qc Esi
No. (ft) (ft) (ft) (ft) (tsf) (ksf)
1 0.0 1.0 1.0 0.5 78.8 0.101 394.0 0.00026 0.00026
2 1.0 2.0 1.0 1.5 100.0 0.104 500.0 0.00021 0.00021
3 2.0 3.0 1.0 2.5 50.1 0.106 250.4 0.00042 0.00042
4 3.0 4.0 1.0 3.5 68.2 0.108 341.1 0.00032 0.00032
5 4.0 5.0 1.0 4.5 93.4 0.111 466.9 0.00024 0.00024
6 5.0 6.0 1.0 5.5 56.2 0.113 281.2 0.00040 0.00040
7 6.0 7.0 1.0 6.5 66.7 0.115 333.7 0.00035 0.00035
8 7.0 8.0 1.0 7.5 56.7 0.118 283.3 0.00042 0.00042
9 8.0 9.0 1.0 8.5 55.4 0.120 277.1 0.00043 0.00043
10 9.0 10.0 1.0 9.5 51.9 0.122 259.7 0.00047 0.00047
11 10.0 11.0 1.0 10.5 67.8 0.125 338.8 0.00037 0.00037
12 11.0 12.0 1.0 11.5 82.9 0.127 414.3 0.00031 0.00031
13 12.0 13.0 1.0 12.5 77.8 0.129 388.8 0.00033 0.00033
14 13.0 14.0 1.0 13.5 77.0 0.132 384.8 0.00034 0.00034
15 14.0 15.0 1.0 14.5 61.9 0.134 309.3 0.00043 0.00043
16 15.0 16.0 1.0 15.5 71.9 0.137 359.4 0.00038 0.00038
17 16.0 17.0 1.0 16.5 89.5 0.139 447.3 0.00031 0.00031
18 17.0 18.0 1.0 17.5 128.4 0.141 641.9 0.00022 0.00022
19 18.0 19.0 1.0 18.5 206.0 0.144 1030.0 0.00014 0.00014
20 19.0 20.0 1.0 19.5 315.8 0.146 1579.1 0.00009 0.00009
21 20.0 21.0 1.0 20.5 291.8 0.148 1459.2 0.00010 0.00010
22 21.0 22.0 1.0 21.5 241.9 0.151 1209.3 0.00012 0.00012
23 22.0 23.0 1.0 22.5 286.9 0.153 1434.4 0.00011 0.00011
24 23.0 24.0 1.0 23.5 238.3 0.155 1191.5 0.00013 0.00013
25 24.0 25.0 1.0 24.5 224.4 0.158 1122.1 0.00014 0.00014

(S30 / 2)

Immediate
Settlement (in.)

(S0 / 2)

30 Year
Settlement (in.)
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26 25.0 26.0 1.0 25.5 132.8 0.160 663.9 0.00024 0.00024
27 26.0 27.0 1.0 26.5 91.3 0.163 456.6 0.00036 0.00036
28 27.0 28.0 1.0 27.5 50.6 0.165 253.0 0.00065 0.00065
29 28.0 29.0 1.0 28.5 45.0 0.167 224.9 0.00074 0.00074
30 29.0 30.0 1.0 29.5 28.6 0.170 143.0 0.00119 0.00119
31 30.0 31.0 1.0 30.5 46.8 0.172 234.1 0.00073 0.00073
32 31.0 32.0 1.0 31.5 102.7 0.174 513.7 0.00034 0.00034
33 32.0 33.0 1.0 32.5 163.9 0.177 819.4 0.00022 0.00022
34 33.0 34.0 1.0 33.5 156.7 0.179 783.6 0.00023 0.00023
35 34.0 35.0 1.0 34.5 130.8 0.181 654.0 0.00028 0.00028
36 35.0 36.0 1.0 35.5 132.7 0.184 663.6 0.00028 0.00028
37 36.0 37.0 1.0 36.5 113.7 0.186 568.7 0.00033 0.00033
38 37.0 38.0 1.0 37.5 75.4 0.188 377.0 0.00050 0.00050
39 38.0 39.0 1.0 38.5 56.4 0.191 281.8 0.00068 0.00068
40 39.0 40.0 1.0 39.5 81.4 0.193 406.8 0.00047 0.00047
41 40.0 41.0 1.0 40.5 181.3 0.196 906.6 0.00022 0.00022
42 41.0 42.0 1.0 41.5 155.0 0.198 775.1 0.00026 0.00026
43 42.0 43.0 1.0 42.5 118.3 0.200 591.4 0.00034 0.00034
44 43.0 44.0 1.0 43.5 74.5 0.203 372.4 0.00054 0.00054
45 44.0 45.0 1.0 44.5 176.8 0.205 884.0 0.00023 0.00023
46 45.0 46.0 1.0 45.5 190.7 0.207 953.5 0.00022 0.00022
47 46.0 47.0 1.0 46.5 164.0 0.210 820.2 0.00026 0.00026
48 47.0 48.0 1.0 47.5 157.3 0.212 786.5 0.00027 0.00027
49 48.0 49.0 1.0 48.5 175.0 0.214 875.1 0.00024 0.00024
50 49.0 50.0 1.0 49.5 126.6 0.217 633.0 0.00034 0.00034
51 50.0 51.0 1.0 50.5 47.1 0.219 235.7 0.00093 0.00093
52 51.0 52.0 1.0 51.5 32.7 0.221 163.4 0.00136 0.00136
53 52.0 53.0 1.0 52.5 45.2 0.224 225.8 0.00099 0.00099
54 53.0 54.0 1.0 53.5 39.0 0.226 195.0 0.00116 0.00116
55 54.0 55.0 1.0 54.5 188.8 0.229 943.9 0.00024 0.00024
56 55.0 56.0 1.0 55.5 340.7 0.231 1703.3 0.00014 0.00014
57 56.0 57.0 1.0 56.5 296.0 0.233 1480.0 0.00016 0.00016
58 57.0 58.0 1.0 57.5 178.4 0.236 892.1 0.00026 0.00026
59 58.0 59.0 1.0 58.5 160.7 0.238 803.3 0.00030 0.00030
60 59.0 60.0 1.0 59.5 180.7 0.240 903.7 0.00027 0.00027
61 60.0 61.0 1.0 60.5 188.7 0.243 943.4 0.00026 0.00026
62 61.0 62.0 1.0 61.5 190.7 0.245 953.6 0.00026 0.00026
63 62.0 63.0 1.0 62.5 166.0 0.247 830.2 0.00030 0.00030
64 63.0 64.0 1.0 63.5 179.9 0.250 899.4 0.00028 0.00028
65 64.0 65.0 1.0 64.5 181.5 0.252 907.3 0.00028 0.00028
66 65.0 66.0 1.0 65.5 225.6 0.254 1128.0 0.00023 0.00023
67 66.0 67.0 1.0 66.5 242.9 0.257 1214.4 0.00021 0.00021
68 67.0 68.0 1.0 67.5 167.9 0.259 839.5 0.00031 0.00031
69 68.0 69.0 1.0 68.5 67.4 0.262 337.1 0.00078 0.00078
70 69.0 70.0 1.0 69.5 59.4 0.264 297.2 0.00089 0.00089
71 70.0 71.0 1.0 70.5 46.3 0.266 231.7 0.00115 0.00115
72 71.0 72.0 1.0 71.5 32.5 0.269 162.4 0.00165 0.00165
73 72.0 73.0 1.0 72.5 33.4 0.271 166.8 0.00163 0.00163
74 73.0 74.0 1.0 73.5 86.7 0.273 433.5 0.00063 0.00063
75 74.0 75.0 1.0 74.5 296.2 0.276 1480.8 0.00019 0.00019
76 75.0 76.0 1.0 75.5 211.6 0.278 1057.8 0.00026 0.00026
77 76.0 77.0 1.0 76.5 347.5 0.280 1737.6 0.00016 0.00016
78 77.0 78.0 1.0 77.5 250.3 0.283 1251.3 0.00023 0.00023
79 78.0 79.0 1.0 78.5 357.3 0.285 1786.5 0.00016 0.00016
80 79.0 80.0 1.0 79.5 142.8 0.288 713.9 0.00040 0.00040
81 80.0 81.0 1.0 80.5 117.1 0.290 585.5 0.00050 0.00050
82 81.0 82.0 1.0 81.5 181.6 0.292 907.9 0.00032 0.00032
83 82.0 83.0 1.0 82.5 163.1 0.295 815.3 0.00036 0.00036
84 83.0 84.0 1.0 83.5 131.7 0.297 658.5 0.00045 0.00045
85 84.0 85.0 1.0 84.5 171.8 0.299 859.0 0.00035 0.00035
86 85.0 86.0 1.0 85.5 139.6 0.302 698.1 0.00043 0.00043
87 86.0 87.0 1.0 86.5 107.2 0.304 536.2 0.00057 0.00057
88 87.0 88.0 1.0 87.5 142.6 0.306 713.2 0.00043 0.00043
89 88.0 89.0 1.0 88.5 159.0 0.309 795.1 0.00039 0.00039
90 89.0 90.0 1.0 89.5 101.7 0.311 508.4 0.00061 0.00061
91 90.0 91.0 1.0 90.5 113.9 0.313 569.7 0.00055 0.00055
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92 91.0 92.0 1.0 91.5 128.0 0.316 639.8 0.00049 0.00049
93 92.0 93.0 1.0 92.5 132.8 0.318 663.8 0.00048 0.00048
94 93.0 94.0 1.0 93.5 201.8 0.321 1009.1 0.00032 0.00032
95 94.0 95.0 1.0 94.5 142.9 0.323 714.4 0.00045 0.00045
96 95.0 96.0 1.0 95.5 118.3 0.325 591.6 0.00055 0.00055
97 96.0 97.0 1.0 96.5 115.9 0.328 579.7 0.00057 0.00057
98 97.0 98.0 1.0 97.5 111.7 0.330 558.5 0.00059 0.00059
99 98.0 99.0 1.0 98.5 93.3 0.332 466.7 0.00071 0.00071
100 99.0 100.0 1.0 99.5 131.0 0.335 655.2 0.00051 0.00051
101 100.0 101.0 1.0 100.5 199.1 0.337 995.3 0.00034 0.00034
102 101.0 102.0 1.0 101.5 210.6 0.339 1053.0 0.00032 0.00032
103 102.0 103.0 1.0 102.5 167.6 0.342 837.8 0.00041 0.00041
104 103.0 104.0 1.0 103.5 117.9 0.344 589.5 0.00058 0.00058
105 104.0 105.0 1.0 104.5 71.2 0.346 356.1 0.00097 0.00097
106 105.0 106.0 1.0 105.5 84.2 0.349 421.0 0.00083 0.00083
107 106.0 107.0 1.0 106.5 82.8 0.351 414.1 0.00085 0.00085
108 107.0 108.0 1.0 107.5 85.5 0.354 427.5 0.00083 0.00083
109 108.0 109.0 1.0 108.5 87.7 0.356 438.7 0.00081 0.00081
110 109.0 110.0 1.0 109.5 71.5 0.358 357.6 0.00100 0.00100
111 110.0 111.0 1.0 110.5 60.5 0.361 302.6 0.00119 0.00119
112 111.0 112.0 1.0 111.5 64.9 0.363 324.4 0.00112 0.00112
113 112.0 113.0 1.0 112.5 62.6 0.365 313.2 0.00117 0.00117
114 113.0 114.0 1.0 113.5 70.2 0.368 351.0 0.00105 0.00105
115 114.0 115.0 1.0 114.5 80.1 0.370 400.6 0.00092 0.00092
116 115.0 116.0 1.0 115.5 191.7 0.372 958.5 0.00039 0.00039
117 116.0 117.0 1.0 116.5 204.5 0.375 1022.4 0.00037 0.00037
118 117.0 118.0 1.0 117.5 508.1 0.377 2540.5 0.00015 0.00015
119 118.0 119.0 1.0 118.5 621.5 0.379 3107.7 0.00012 0.00012
120 119.0 120.0 1.0 119.5 668.1 0.382 3340.6 0.00011 0.00011
! = 0.05638

I zr (1 < L/B < 10): I zr = I zs  + 0.111 (I zc  - I zs ) (L/B - 1)
I zs  (L/B = 1):
     For z ave  = 0 to B/2: I zs  = 0.1 + (z ave /B)(2I zp- 0.2)
     For z ave  = B/2 to 2B: I zs  = 0.667 I zp (2 - z ave /B)
I zc  (L/B �  10):
     For z ave  = 0 to B: I zc  = 0.2 + (z ave /B)(I zp - 0.2)
     For z ave  = B to 4B: I zc  = 0.333 I zp (4 - z ave /B) ( Coduto p.228. )
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BURLAND AND BURBIDGE METHOD 
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initial height of the 
compressible layer

Unit weight
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Width of Stress change

Length of Stress change

Depth of Foundation

Applied vertical Load
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Layer Thickness Correction 
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CONSOLIDATION 
 
The consolidation calculation was performed using Excel 2010 using the VLOOKUP function 
and the Table feature.  The VLOOKUP function was used to adjust the layer thickness (H) based 
on the CPT-specific values.  The Table feature was used to determine the settlement for each 
CPT location for various loading conditions.  The stratigraphy array which the VLOOKUP 
function utilizes and the Settlement vs Loading Condition table are included in this portion of the 
Appendix. 

 

C-134



K-CLC-Z-00024, Rev. 0  Sheet 134 
  

  Th
e 

up
pe

r h
al

f o
f t

he
 C

2 
la

ye
r i

s 
no

rm
al

ly
 c

on
so

lid
at

ed
Th

e 
lo

w
er

 h
al

f o
f t

he
 C

2 
la

ye
r w

ill
 o

nl
y 

ex
pe

rie
nc

e 
re

co
m

pr
es

si
on

H
e o

C
c

C
r

O
C

R
B

L
�'

o
�'

p
F

�
�'

�'
f

H
ea

ve
� f

 <
 �

p
� f

 >
 �

p
�

H
ft

---
---

---
---

ft
ft

ps
f

ps
f

---
ps

f
ps

f
in

ch
es

in
ch

es
in

ch
es

in
ch

es
E

xc
av

at
io

n
E

xc
av

at
e

12
0

16
.9

38
0

19
0

-2
,0

28
S

1/
2

12
3

32
0.

63
0.

06
0.

00
7

2.
2

3,
99

6
8,

79
1

0.
85

-1
,7

25
2,

27
1

-0
.4

0
0.

00
0.

00
-0

.4
0

C
2

10
6

3.
5

1.
35

0.
58

0.
10

0
1.

0
6,

15
0

6,
15

0
0.

72
-1

,4
62

4,
68

7
-0

.2
1

0.
00

0.
00

-0
.2

1
C

2
10

6
3.

5
1.

35
0.

58
0.

10
0

2.
0

6,
52

1
13

,0
41

0.
70

-1
,4

18
5,

10
3

-0
.1

9
0.

00
0.

00
-0

.1
9

S
3

64
36

0.
76

0.
23

0.
03

0
1.

4
7,

85
8

11
,0

01
0.

59
-1

,2
00

6,
65

8
-0

.5
3

0.
00

0.
00

-0
.5

3
S

4
57

48
.1

0.
92

0.
28

0.
02

0
1.

2
10

,3
71

12
,4

45
0.

43
-8

76
9,

49
5

-0
.2

3
0.

00
0.

00
-0

.2
3

O
pe

ra
tio

n
To

ta
l H

ea
ve

-1
.5

7
38

0
19

0
5,

10
0

S
1/

2
12

3
32

0.
63

0.
06

0.
00

7
2.

2
2,

27
1

8,
79

1
0.

85
4,

33
9

6,
60

9
0.

00
0.

77
0.

00
0.

77
C

2
10

6
3.

5
1.

35
0.

58
0.

10
0

1.
0

4,
68

7
6,

15
0

0.
72

3,
67

7
8,

36
5

0.
00

0.
00

1.
60

1.
60

C
2

10
6

3.
5

1.
35

0.
58

0.
10

0
2.

0
5,

10
3

13
,0

41
0.

70
3,

56
5

8,
66

8
0.

00
0.

41
0.

00
0.

41
S

3
64

36
0.

76
0.

23
0.

03
0

1.
4

6,
65

8
11

,0
01

0.
59

3,
01

8
9,

67
6

0.
00

1.
20

0.
00

1.
20

S
4

57
48

.1
0.

92
0.

28
0.

02
0

1.
2

9,
49

5
12

,4
45

0.
43

2,
20

4
11

,6
99

0.
00

0.
54

0.
00

0.
54

To
ta

l S
et

tle
m

en
t

4.
51

N
ot

e:
O

C
R

 v
al

ue
s 

fo
r l

ay
er

s 
S

1/
2,

 S
3,

 a
nd

 S
4 

w
he

re
 a

dj
us

te
d

su
ch

 th
at

 o
nl

y 
re

co
m

pr
es

si
on

 s
et

tle
m

en
ts

 o
cc

ur
re

d.

H
ea

ve
 / 

S
et

tle
m

en
t

C-135



K-CLC-Z-00024, Rev. 0  Sheet 135 
  

 

 
 

Stratigraphy
Surface Top C2 Bot C2 Bot S3 Excavation S1/2 C2 S3

1 Z-SDU6-C01 281.9 233 226 190 16.9 32 7 36
2 Z-SDU6-C02 281.4 233 227 190 16.4 32 6 37
3 Z-SDU6-C03 281.6 233 225 190 16.6 32 8 35
4 Z-SDU6-C04 281.8 236 229 190 16.8 29 7 39
5 Z-SDU6-C05 278.1 235 226 187 13.1 30 9 39
6 Z-SDU6-C06 278.6 234 227 189 13.6 31 7 38
7 Z-SDU6-C07 279.4 237 230 191 14.4 28 7 39
8 Z-SDU6-C08 279.7 236 230 186 14.7 29 6 44
9 Z-SDU6-C09 278.3 237 230 194 13.3 28 7 36

10 Z-SDU6-C10 278 237 230 190 13 28 7 40
11 Z-SDU6-C11 277.6 238 233 186 12.6 27 5 47
12 Z-SDU6-C12 277.7 239 234 188 12.7 26 5 46
13 Z-SDU6-C13 276.3 234 228 188 11.3 31 6 40
14 Z-SDU6-C14 277.3 234 222 181 12.3 31 12 41
15 Z-SDU6-C15 276.8 232 217 192 11.8 33 15 25
16 Z-SDU6-C16 276.7 234 216 184 11.7 31 18 32
17 Z-SDU6-C17 276 235 219 187 11 30 16 32
18 Z-SDU6-C18 275.6 235 217 186 10.6 30 18 31
19 Z-SDU6-C19 276.4 235 227 183 11.4 30 8 44
20 Z-SDU6-C20 276 226 219 176 11 39 7 43
21 Z-SDU6-C21 276.3 233 225 182 11.3 32 8 43
22 Z-SDU6-C22 276.5 237 230 187 11.5 28 7 43
23 Z-SDU6-C23 275.5 238 233 190 10.5 27 5 43

CPT
ID End Tank Hydro End Pre Post

of 1/2 Test of Closure Closure
Z-SDU6-C# Construction Full Operations

4.51 600 1000 2000 2800 3300 4000 5100 5500 8000
1 0.51 0.83 1.55 2.39 2.89 3.55 4.51 4.84 8.97
2 0.50 0.81 1.53 2.34 2.80 3.42 4.32 4.63 9.02
3 0.52 0.85 1.59 2.50 3.03 3.74 4.76 5.11 9.46
4 0.55 0.89 1.65 2.56 3.09 3.80 4.82 5.16 9.95
5 0.58 0.94 2.01 3.05 3.66 4.46 5.62 6.02 12.73
6 0.54 0.87 1.80 2.70 3.22 3.91 4.91 5.26 11.58
7 0.57 0.92 1.86 2.81 3.36 4.09 5.14 5.50 12.15
8 0.55 0.89 1.76 2.64 3.14 3.81 4.78 5.12 10.86
9 0.57 0.93 1.93 2.88 3.44 4.17 5.22 5.58 13.27

10 0.58 0.94 1.97 2.94 3.49 4.23 5.29 5.65 13.19
11 0.58 0.93 1.92 2.78 3.27 3.93 4.88 5.20 12.93
12 0.59 0.95 1.95 2.82 3.33 3.99 4.96 5.28 13.39
13 0.54 0.88 1.90 2.76 3.25 3.91 4.86 5.18 13.02
14 0.61 0.98 2.25 3.45 4.15 5.08 6.42 6.88 13.34
15 0.59 0.96 2.34 3.63 4.39 5.39 6.84 7.34 14.90
16 0.66 1.07 2.69 4.21 5.10 6.27 7.98 8.56 15.95
17 0.66 1.06 2.72 4.17 5.02 6.14 7.75 8.31 16.52
18 0.68 1.10 2.93 4.50 5.41 6.62 8.36 8.96 17.42
19 0.58 0.94 2.11 3.11 3.70 4.47 5.58 5.96 13.46
20 0.48 0.78 1.73 2.52 2.98 3.60 4.50 4.81 9.85
21 0.56 0.90 2.03 2.99 3.55 4.29 5.36 5.73 12.72
22 0.59 0.96 2.11 3.09 3.65 4.40 5.48 5.84 14.18
23 0.58 0.94 2.04 2.91 3.41 4.07 5.02 5.48 15.07

ThicknessElevations

Tank Settlement (inches) as a Function of Load (psf)
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Stratigraphy
Surface Top C2 Bot C2 Bot S3 Excavation S1/2 C2 S3

1 Z-SDU6-C01 281.9 233 226 190 16.9 32 7 36
2 Z-SDU6-C02 281.4 233 227 190 16.4 32 6 37
3 Z-SDU6-C03 281.6 233 225 190 16.6 32 8 35
4 Z-SDU6-C04 281.8 236 229 190 16.8 29 7 39
5 Z-SDU6-C05 278.1 235 226 187 13.1 30 9 39
6 Z-SDU6-C06 278.6 234 227 189 13.6 31 7 38
7 Z-SDU6-C07 279.4 237 230 191 14.4 28 7 39
8 Z-SDU6-C08 279.7 236 230 186 14.7 29 6 44
9 Z-SDU6-C09 278.3 237 230 194 13.3 28 7 36

10 Z-SDU6-C10 278 237 230 190 13 28 7 40
11 Z-SDU6-C11 277.6 238 233 186 12.6 27 5 47
12 Z-SDU6-C12 277.7 239 234 188 12.7 26 5 46
13 Z-SDU6-C13 276.3 234 228 188 11.3 31 6 40
14 Z-SDU6-C14 277.3 234 222 181 12.3 31 12 41
15 Z-SDU6-C15 276.8 232 217 192 11.8 33 15 25
16 Z-SDU6-C16 276.7 234 216 184 11.7 31 18 32
17 Z-SDU6-C17 276 235 219 187 11 30 16 32
18 Z-SDU6-C18 275.6 235 217 186 10.6 30 18 31
19 Z-SDU6-C19 276.4 235 227 183 11.4 30 8 44
20 Z-SDU6-C20 276 226 219 176 11 39 7 43
21 Z-SDU6-C21 276.3 233 225 182 11.3 32 8 43
22 Z-SDU6-C22 276.5 237 230 187 11.5 28 7 43
23 Z-SDU6-C23 275.5 238 233 190 10.5 27 5 43

CPT
ID End Tank Hydro End Pre Post

of 1/2 Test of Closure Closure
Z-SDU6-C# Construction Full Operations

4.43 500 1000 2000 2800 3300 4000 5100 5500 8000
1 0.43 0.83 1.55 2.36 2.85 3.49 4.43 4.75 8.83
2 0.42 0.81 1.53 2.31 2.77 3.38 4.26 4.56 8.92
3 0.44 0.85 1.59 2.46 2.98 3.66 4.65 4.99 9.28
4 0.46 0.89 1.65 2.53 3.05 3.73 4.72 5.06 9.80
5 0.49 0.94 1.98 2.98 3.56 4.33 5.44 5.82 12.47
6 0.45 0.87 1.79 2.66 3.16 3.83 4.81 5.14 11.43
7 0.48 0.92 1.85 2.76 3.30 4.01 5.03 5.38 11.99
8 0.46 0.89 1.75 2.60 3.10 3.75 4.70 5.03 10.74
9 0.48 0.93 1.91 2.83 3.37 4.07 5.10 5.45 13.09

10 0.49 0.94 1.95 2.88 3.42 4.14 5.17 5.52 13.01
11 0.49 0.93 1.90 2.74 3.23 3.88 4.81 5.13 12.83
12 0.49 0.95 1.93 2.79 3.29 3.94 4.88 5.21 13.31
13 0.46 0.88 1.88 2.71 3.20 3.84 4.77 5.09 12.90
14 0.51 0.98 2.19 3.31 3.97 4.84 6.11 6.55 12.90
15 0.50 0.96 2.26 3.44 4.14 5.07 6.43 6.90 14.31
16 0.55 1.07 2.56 3.93 4.74 5.81 7.38 7.92 15.08
17 0.55 1.06 2.58 3.90 4.68 5.70 7.20 7.71 15.73
18 0.57 1.10 2.76 4.17 4.99 6.09 7.69 8.24 16.47
19 0.49 0.94 2.08 3.04 3.60 4.34 5.42 5.79 13.23
20 0.40 0.78 1.71 2.48 2.93 3.53 4.42 4.72 9.72
21 0.47 0.90 2.00 2.92 3.46 4.17 5.22 5.57 12.51
22 0.50 0.96 2.08 3.02 3.57 4.30 5.34 5.70 13.99
23 0.49 0.94 2.02 2.87 3.36 4.01 4.94 5.40 15.07

ThicknessElevations

Tank Settlement (inches) as a Function of Load (psf)
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1. Introduction 

The purpose of this calculation is to provide an evaluation of liquefaction potential and estimate 
settlements due to liquefaction, partial liquefaction, and volumetric compression.  See Figure 1 
for the location of Disposal Unit 6. 

2. Input 

 Site Configuration and Soil Properties 2.1

The ground surface elevation at the project site ranges from 275 ft to 282 ft, msl, based on CPT 
surface elevations and SRS topographic maps.  Groundwater elevation at the site ranges from 
215 to 220 ft, msl (Ref. WSRC 2003). 
Five (5) geotechnical borings, three (3) undisturbed sample borings and two (2) Standard 
Penetration Test (SPT) borings, were performed for the Saltstone Disposal Unit 6, see Figure 2.  
Boring Z-SDU6-B02A was abandoned at a depth of 75 feet; boring Z-SDU6-B02B was 
performed adjacent to the abandoned boring.  Stratigraphic interpretations for the three borings 
were based primarily on the geophysical logs.  Twenty-three (23) CPTs and SCPTs were pushed 
for Saltstone Disposal Unit 6 (see Figure 2).  Stratigraphic interpretations of the borings, CPTs, 
and SCPTs are summarized below (Ref. SRS 2012a).  
 

    Elevation Top Pick (ft, msl) 

ID Type SRS 
Northing 

SRS 
Easting 

Elevation 
ft, msl 

C2 
Layer 

S3 
Layer 

S4 
Layer Congaree 

Z-SDU6-C01 CPT 77413.3 66270.1 281.9 233 226 190  
Z-SDU6-C02 SCPT 77448.1 66350.4 281.4 233 227 190  
Z-SDU6-C03 CPT 77478.3 66494.3 281.6 233 225 190  
Z-SDU6-C04 CPT 77503.3 66578.8 281.8 236 229 190  
Z-SDU6-C05 SCPT 77624.5 66594.9 278.1 235 226 187  
Z-SDU6-C06 CPT 77587.6 66472.8 278.6 234 227 189  
Z-SDU6-C07 CPT 77546.9 66357.1 279.4 237 230 191  
Z-SDU6-C08 CPT 77511.4 66258.9 279.7 236 230 186  
Z-SDU6-C09 CPT 77621.8 66210.4 278.3 237 230 194  
Z-SDU6-C10 CPT 77644.2 66285.6 278.0 237 230 190  
Z-SDU6-C11 CPT 77663.3 66354.1 277.6 238 233 186  
Z-SDU6-C12 SCPT 77682.6 66452.6 277.7 239 234 188  
Z-SDU6-C13 CPT 77722.6 66523.4 276.3 234 228 188  
Z-SDU6-C14 CPT 77720.6 66180.9 277.3 234 222 181  
Z-SDU6-C15 CPT 77748.2 66249.8 276.8 232 217 192  
Z-SDU6-C16 SCPT 77772.2 66312.2 276.7 234 216 184  
Z-SDU6-C17 CPT 77796.3 66393.3 276.0 235 219 187  
Z-SDU6-C18 SCPT 77819.4 66471.7 275.6 235 217 186  
Z-SDU6-C19 SCPT 77869.3 66155.6 276.4 235 227 183  
Z-SDU6-C20 CPT 77895.0 66236.9 276.0 226 219 176  
Z-SDU6-C21 CPT 77920.9 66321.6 276.3 233 225 182  
Z-SDU6-C22 CPT 77947.5 66415.1 276.5 237 230 187  
Z-SDU6-C23 CPT 77967.7 66482.5 275.5 238 233 190  
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    Elevation Top Pick (ft, msl) 

ID Type SRS 
Northing 

SRS 
Easting 

Elevation 
ft, msl 

C2 
Layer 

S3 
Layer 

S4 
Layer Congaree 

Z-SDU6-B01 UD 77771.3 66309.1 276.6     
Z-SDU6-B02A UD 77625.3 66594.8 278.0     
Z-SDU6-B02B UD 77629.2 66588.9 278.1 234 227 191  
Z-SDU6-B03 SPT 77769.6 66304.5 276.5 232 217 188 146 
Z-SDU6-B04 SPT 77663.9 66351.1 277.9 236 232 191 145 

 
S1/S2 layer consists of the Upland Formation, Tobacco Road Formation, and the upper portion 
of the Dry Branch Formation.  The C2 Layer is the Tan Clay Unit within the Dry Branch 
Formation.  The S3 layer is the lower portion of the Dry Branch Formation, while the S4 layer is 
the Santee/Tinker Formation.  For this calculation, the liquefaction analysis is performed for the 
saturated portions of the Tobacco Road and Dry Branch Formations (S1/S2, C2, and S3 layers).   
Formations below the Santee Formation (S4) are assumed to have no dynamic settlement 
contributions as they are too dense (Ref. SRS 2008).  SPT N values for soils below the S4 layer 
reaffirm this assumption.  Dynamic settlement within the Santee Formation due to “soft zones” is 
covered in another calculation, K-CLC-Z-00026. 
Total unit weights for soils beneath Saltstone Disposal Unit 6 range from 93 to 130 pcf.  
Recommended values for in situ soils range from 106 to 123 pcf.  The average layer-specific 
total unit weight will be utilized in this calculation.  The recommended total unit weights are 
summarized in the table below.  Sieve analyses were performed on soil samples taken from 
geotechnical boreholes as part of the subsurface investigation (Ref. SRS 2012b).  The locations 
of the boreholes are summarized in the table above (Ref. SRS 2012a).  Table 1 summarizes the 
fines content of the soil samples. 

Layer Total Unit Weight 
S1/S2 123 pcf 

C2 106 pcf 
S3 116 pcf 
S4 119 pcf 

 Design Basis Earthquake 2.2

The design basis earthquake is a 2,500 year return event developed based on SRS Engineering 
Standard 1060 (Ref. SRS 2010).  For Seismic Design Category (SDC) 1 and 2 structures the 
DBE is based on the methodology found in the IBC Sections 1613 and 1803 (Ref. IBC 2009).  
The peak ground acceleration (PGA) used in the calculation was 0.18g.  The derivation of this 
value is found in Appendix B. 
The USGS has performed a site-specific Probabilistic Seismic Hazard Analysis (PSHA) at the 
top of rock for the SRS (Ref. Frankel 1999).  See Appendix C.  The SRS PGA deaggregation for 
the 2,500 year return period is presented in Figure 2 and Table 2.  The hazard deaggregation is 
used to establish weights for averaging earthquake results based on earthquake magnitude. 
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3. Computation 

 Liquefaction Susceptibility 3.1

In this calculation the liquefaction potential for the Saltstone Disposal Units 3 and 5 is evaluated 
using a modified version of the “Simplified Procedure for Evaluating Soil Liquefaction 
Potential” (Ref. Seed and Idriss 1971; NCEER, 1997; Youd et al. 2001).  The simplified 
procedure calculates the liquefaction factor of safety as the ratio of Cyclic Resistance Ratio 
(CRR) to the Cyclic Stress Ratio (CSR) generated by the earthquake.   
 Factor of Safety = CRR / CSR 
It should be noted that CRR was previously termed the CSR required to induce liquefaction, but 
has been changed to more clearly distinguish the term from the CSR induced by the earthquake 
(Ref. NCEER, 1997).  The CRR (soil capacity) and CSR (earthquake demand) are defined below 
 CRR = �ave-liq / �'vo  
where:  
 �ave-liq  = average shear stress required to induce liquefaction 
 �'vo  = effective vertical overburden stress  
CSR is  
 CSR = �ave / �'vo  = 0.65 × (amax / g) × (�vo / �’vo) ×  rd 
where:  
 �ave = average shear stress induced by the earthquake 
 �'vo = effective vertical overburden stress  

3.1.1 Earthquake Demand or Cyclic Stress Ratio (CSR) 

The “Simplified Procedure for Evaluating Soil Liquefaction Potential” uses peak ground 
acceleration (PGA) to estimate shear stress (�ave) at ground surface and a stress reduction factor 
(rd) to calculate �ave as a function of depth (Ref. Seed and Idriss, 1971; NCEER, 1997).  The 
simplified method of CSR determination is given below. 
 CSR = �ave / �'vo  = 0.65 × (amax / g) × (�vo / �’vo) ×  rd 
where 
 amax = maximum horizontal acceleration at ground surface 
 g = the gravitational acceleration 
 �vo = total vertical stress 
 �’vo = effective vertical stress 
 rd = stress reduction factor as a function of depth in meters 
  = 1.000 – 0.00765z for z � 9.15 m 
  = 1.174 – 0.0267z for 9.15 m < z � 23 m 
  = 0.744 – 0.0080z for 23 m < z � 30 m 
  = 0.500  for z > 30 m  

3.1.2 Soil Capacity or Cyclic Resistance Ratio (CRR) 

The original simplified procedure determines CRR using the normalized and corrected Standard 
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Penetration Test (SPT) N160 values and a boundary curve delineating liquefaction.  The CRR 
from the curve is further modified by several factors that have been developed over time.  These 
factors correct for: aging, static driving shear stress, overburden pressure, fines content, and 
earthquake magnitude.  For this calculation the curves based on CPTu tip stress (qt1) are used to 
determine CRR.  The qt1 CRR curves were developed from testing of SRS soils in lieu of the 
standard SPT and CPTu liquefaction methods developed for Holocene and younger deposits 
(Ref. SRS 2007b).  When applying the correction factors, the Factor of Safety is expressed as 
given below.  Each of the correction factors used in this calculation for determining CRR is 
discussed in the following sections.  

 Factor of Safety 
CSR

MSFKKKCRR age ����
� ��5.7  

3.1.3 Age Correction Factor Kage 

The qt1 curves used for this calculation were developed specifically for SRS using data from 
investigations in H-Area after extensive field and laboratory testing programs (Ref. BSRI 1993; 
WSRC 1995; SRS 2007a).  Because the SRS qt1 CRR curves were developed from testing of the 
Tobacco Road and Dry Branch sediments, aging is incorporated into the curves.  The curves may 
be directly applied to calculate liquefaction susceptibility without applying an age correction 
factor (i.e., Kage = 1.0). 

3.1.4 Static Driving Shear Stress Correction Factor, K� 

Relationships proposed by Seed and Harder (1990) suggest that a static driving shear stress can 
increase or decrease the soil's resistance to liquefaction, depending on the magnitude of the 
driving stress and the relative density of the soil.  A static driving shear stress correction factor 
(K�) has been proposed by Seed and Harder to correct CRR (Ref. Seed and Harder 1990).  
However, the proposed chart to estimate K� is preliminary and this correction factor is a subject 
of current research (Ref. NCEER, 1997).  For this calculation, no K� correction was used (i.e., 
K� = 1.0).   

3.1.5 Static Effective Overburden Pressure Correction Factor, K� 

Most of the case history data used to develop the standard liquefaction curves (Ref. Seed and 
Idriss 1982; NRC 1985) were taken from cases of level ground with relatively small initial 
effective overburden stresses (�'o � 1 tsf).  However, at higher effective overburden stresses 
(�'o > 1 tsf), the liquefaction susceptibility of the soil will increase for a given CSR (Ref. Seed 
and Harder 1990).  Thus, the CRR must be corrected for the influence of the static overburden 
stresses.  This is done by multiplying CRR by the correction factor K�.  The soils at SRS are 
much older than the case history data typically used for liquefaction studies.  Therefore, testing 
of soils at SRS has been performed to determine appropriate K� for SRS soils (Ref. WSRC 1995; 
BSRI 1993).  Figure 3 shows the SRS K� curve along with data used to develop the curve (Ref. 
SRS 1994a).  The NCEER recommended K� curves (Ref. Youd et al. 2001) are also shown on 
Figure 3 for comparison.  The polynomial representing the SRS K� curve shown in Figure 3 is 
given below. 
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 K� = 1.009376 - 0.18326 log (�'vo) - 0.08340 log (�'vo)2  
where:  
 �'vo  =  Effective Vertical Overburden Pressure in tsf.   
Note that the K� used for this calculation is the site-specific relationship developed using data 
from investigations in H-Area (Ref. WSRC 1995; SRS 1994a and SRS 2007a) and not the 
standard K� relationship proposed by NCEER (Ref. Youd et al. 2001).  The SRS K� is used but is 
less stringent than the K� proposed by NCEER.   

3.1.6 Earthquake Magnitude Scaling Factor, MSF 

The CRR curves used for liquefaction analysis are only valid for M = 7.5 earthquakes.  For 
earthquakes with differing magnitudes, the CRR values must be multiplied by a magnitude 
scaling factor (MSF).  
The earthquake magnitudes from the PSHA and the appropriate MSF for each magnitude are 
given below.  These MSFs represent the middle of the NCEER (1997) recommended values 
shown on Figure 4 and were used to fit an exponential curve. 

Earthquake 
Magnitude (Mw) 

Magnitude 
Scaling Factor 

5.5 2.5 
6.0 2.0 
6.5 1.6 
7.0 1.25 
7.5 1.0 
8.0 0.8 
8.5 0.7 

The MSF equation is given by 
 MSF = 27.3e -0.44 × Mw 

where 
 MW = earthquake magnitude 
The MSF equation is rounded to the nearest tenth (0.1) for use in calculations. 

3.1.7 CRR from the SRS qt1 versus CRR Curves 

The CRR curves utilized at SRS were reevaluated to incorporate the state of the art methods used 
in liquefaction analysis.  The new CRR curves are presented in this calculation and are 
recommended for design.   

 Current SRS CRR Curves 3.1.7.1.
Figure 5 presents the SRS qt1 versus CRR curves (Ref. SRS 2007b).  Equations for these curves 
allow computer application of the SRS qt1 versus CRR curves.  Laboratory testing and 
development of the curves are discussed in SRS (2007a) and by Lewis and Arango (Ref. SRS 
2007b). 
The SRS CRR relationship has adopted the shape of the Idriss and Boulanger CRR relationship.  
The SRS clean sand curve is the Idriss and Boulanger relationship multiplied by a factor of 1.3 to 
account for strength gain due to aging (Ref. SRS 2007b).  The Idriss and Boulanger CRR clean 

D-8



K-CLC-Z-00025, Rev. 0  Sheet 8 
  

 

sand curve (i.e., fines content � 5%) is given below (Ref. Idriss and Boulanger 2004). 
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This same curve is multiplied by increasing factors to account for aging and increased fines 
content.  The multipliers for various fines contents are provided below (Ref. SRS 2007b).   

Fines 
Content (%) 

SRS Multiplier for 
CRR Curve 

Κ 5 1.3 
10 1.6 
15 2.1 
20 2.6 
25 3.1 

�30 3.4 

 
The CPTu tip stress (qt) must be normalized (qt1) for overburden stress prior to applying the CRR 
curves.  This is done using an overburden correction factor CQ shown below (Ref. Youd et al. 
2001).   
 qt1 = CQ x qt  
 CQ = (Pa / �'vo)n with CQ � 1.7 
where 
 CQ = CPTu Overburden Normalization Factor 
 Pa = Atmospheric pressure (1 atm, 1 tsf) 
 �'vo = Effective vertical overburden pressure at time of testing 
 Pa and �'vo must be in the same units 
 n = exponent ranges between 0.5 for clean sand and 1.0 for clays  
For this calculation the exponent n was assumed to vary linearly, based on percent fines, between 
0.5 for clean sand (i.e., fines � 5%) and 1.0 for clays (i.e., fines � 50%).  It is important to note 
that normalization of qt to qt1 is performed using effective vertical overburden pressure at the 
time of data collection.  

3.1.8 Percent Fines 

The liquefaction methodology used in this calculation requires percent fines to determine CRR.  
Percent fines is determined using an SRS site-specific CPTu method that was developed by 
correlating laboratory determined fines content from borings with nearby CPTu results (Ref. 
SRS 2001).  The SRS method uses a classification index (Ic) to calculate percent fines.  The SRS 
method is given below. 
 Percent Fines = 29.47(Ic)1.21 – 0.09 
 Ic = [(1.60-logQt)2 + (logFr + 0.41)2]0.5  
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where:  
 Qt  = normalized tip resistance Qt = (qt-�vo)/ �'vo 

 Fr  = stress normalized friction ratio Fr = [(fs/(qt-�vo) × 100] 
 qt  = CPTu tip stress corrected for unequal area effects 
 fs  = CPTu sleeve friction 
 �vo  = total vertical stress (total unit weight of soil × depth) 
 �'vo  = effective vertical stress  
Table 1 summarizes the fines content determined from samples taken during the subsurface 
investigations (Ref. SRS 2012b).  The four borings at Saltstone Disposal Unit 6 were generally 
located within approximately 10 feet of a CPT/SCPT.  Figures 6 through 8 compare the 
laboratory measured fines content to the CPT calculated fines content.  The CPT results provide 
reasonable estimates of fines content. 

 Dynamic Settlement above the Santee Formation 3.2

Settlement due to liquefaction and partial liquefaction can be calculated using standard 
techniques from the geotechnical engineering literature or techniques based on site-specific 
testing.  Due to the age and increased strength, it was necessary to sample and test SRS soils to 
quantify strain due to cyclic loading. 

3.2.1 Volumetric Strain Curves 

SRS-specific volumetric strain curves were developed during sampling and laboratory testing 
programs from H Area (Ref. SRS 1994b; SRS 2006b; BSRI 1993; WSRC, 1995).  The SRS 
volumetric strain curves (Figure 9) give volumetric strain as a function of CPTu tip resistance 
and factor of safety.  Because the SRS volumetric strain curves were developed from testing of 
the Tobacco Road and Dry Branch sediments, the curves incorporate strength due to aging.  
These soils were generally classified as SC or SM soils with liquid limits ranging from 
non-plastic (NP) to 80% (Ref. SRS 2007b).  Similar soil conditions are found at the Saltstone 
Disposal Unit 6 site (Ref. SRS 2012b). 
For conservatism, the SRS volumetric strain curves considered liquefaction triggered in all zones 
having a factor of safety less than or equal to 1.15 (Ref. BSRI 1993; WSRC 1995).  Soils having 
factors of safety between 1.15 and 2.2 are considered to be partially liquefied.  Soils with a factor 
of safety greater than 2.2 are considered to be non-liquefiable.  No settlement is expected for 
factors of safety greater than 2.2. 
The volumetric strain curves developed for SRS using H-Area data and used in this calculation 
are presented in Figure 9 (Ref. SRS, 2006b; WSRC 1995).  The volumetric strain curves for 
various values of qt1 are a function of factor of safety.  These curves have been fitted with the 
following regression equations, which were derived and presented in calculation C-CLC-H-
00815 (Ref. SRS 2006b).  
for qt1 = 160, and 0.4 < FS < 1.15 
 strain (%) = 0.65 
for qt1 = 130, and 0.4 < FS < 1.15 
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 strain (%) = 2.9883 + 10.354(FS)4 - 30.258(FS)3 + 30.7(FS)2 -13.064(FS)  
for qt1 = 100, and 0.4 < FS < 1.15 
 strain (%) = 2.0308 + 8.3929(FS)4 - 21.111(FS)3 + 16.12(FS)2 -4.5756(FS)  
for qt1 = 50, and 0.4 < FS < 0.65 
 strain (%) = -41.6495 - 756.666(FS)4 + 1505.222(FS)3  -1123.65(FS)2 + 371.2387(FS)  
for qt1 = 50, and 0.65 < FS < 1.15 
 log strain (%) = 1.256225 - 0.21100(FS)2 - 1.01242(FS)  
for qt1 = 30, and 0.4 < FS < 0.65 
 strain (%) = -45.4815 - 830.0000(FS)4 + 1651.074(FS)3  -1231.64(FS)2  + 406.5062(FS)   
for qt1 = 30, and 0.65 < FS < 1.15 
 log strain (%) = 1.181442 - 0.47909(FS)2 - 0.63184(FS)  
for qt1 = 20, and 0.4 < FS < 0.65 
 strain (%) = -45.2315 - 830.0000(FS)4 + 1651.074(FS)3  -1231.64(FS)2  + 406.5062(FS) 
for qt1 = 20, and 0.65 < FS < 1.15 
 log strain (%) = 0.679601 - 1.17026(FS)2 + 0.616392(FS)  
for qt1 = 10, and 0.4 < FS < 0.65 
 strain (%) = -29.6577 - 560.0000(FS)4 + 1114.074(FS)3  - 836.066(FS)2  + 278.6576(FS)  
for qt1 = 10, and 0.65 < FS < 1.15 
 log strain (%) = 0.454166 - 1.56185(FS)2 +1.272068(FS)  
for qt1 = 5, and 0.4 < FS < 0.65 
 strain (%) = -29.7775 - 566.666(FS)4 + 1127.333(FS)3  - 845.883(FS)2  + 281.8638(FS)  
for qt1 = 5, and 0.65 < FS < 1.15 
 log strain (%) = 0.367762 - 1.73636(FS)2 + 1.555255(FS)  
for partial liquefaction 1.15 < FS < 1.6 and all qt1 values 
 log strain (%) = 1.256225 - 0.21100(FS)2 - 1.01242(FS)  
for partial liquefaction 1.6 < FS < 2.2 and all qt1 values 
 strain (%) = 0.728794 + 0.100221(FS)2 - 0.54090(FS)  

3.2.2 Liquefaction and Partial Liquefaction Settlement 

For this calculation the volumetric strain curves were used for evaluation purposes.  Dynamic 
settlement of unsaturated (i.e., above the water table) sands was ignored, because of their small 
contribution to the total dynamic settlement (Appendix D) 
It was assumed that all liquefiable and partially liquefiable zones will settle and the resulting 
settlement will be cumulative at the surface.  No consideration is given for dilation or bridging 
effects of interspersed or overlying, non-liquefied layers.  This is a conservative assumption and 
actual settlements may be less, especially if the thickness of the non-liquefied layers is 
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substantial.  Total cumulative settlement resulting from liquefaction and partial liquefaction is 
estimated for the profile by summing the liquefaction settlement or partial liquefaction settlement 
for each increment:  
 STotal = � SLiq + � SP Liq + � SDry (Eq. 32) 

where: 
 STotal = cumulative settlement,  
 SLiq = settlement of the increment due to liquefaction, 
 SP Liq = settlement of the increment due to partial liquefaction, 
  SDr = dynamic settlement of dry sands 
The value of SLiq and SP Liq are calculated from: 
 SLiq = (volumetric strain due to liquefaction) dz (Eq. 33) 
 SP Liq = (volumetric strain due to partial liquefaction) dz (Eq. 34) 
where: 
 dz = thickness of the increment. 

 Liquefaction Hazard Weighting 3.3

Table 2 summarizes the PGA hazard for the 2,500 year earthquake (Ref. Frankel 1999).  The 
weight for a given magnitude range is the sum of the weights for the various distances for the 
given magnitude  Settlement due to liquefaction and partial liquefaction is calculated using 
different magnitudes.  The magnitudes selected are the midpoints of the magnitude ranges given 
in Table 2 (i.e. 4.75, 5.25, 5.75, 6.25, 6.75, and 7.5).  The results are then weighted according to 
the PGA hazard deaggregation.   
 Sw = � (SMw-i × WMw-i) / � WMw-i 
where: 
 SMw-i = cumulative settlement for a given earthquake magnitude 
 WMw-i = weight for a given earthquake magnitude 

 Shear Wave Velocity Determination of CRR 3.4

CRR values can be computed using shear wave velocity as follows (Ref. Andrus and Stokoe 
2000):  Note, these curves were generated based on uncemented, Holocene age soils.   

 �
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where 
 Pa  = Atmospheric pressure (1 atm, 1 tsf) 
 �'vo  = effective vertical stress  
VS1

* is computed by the following 
 VS1

*  = 215 m/s   for FC � 5% 
 VS1

*  = 215 – 0.5(FC – 5) m/s for 5% < FC < 35% 
 VS1

*  = 200 m/s   for FC � 35% 
where 
 FC = fines content (%) 
Figure 10 presents the VS1

* vs CRR curves. 
The method incorporating site-specific CRR curves presented in Section 3.1.7 is considered 
more applicable than the CRR computed using shear wave velocity; however this was done for 
comparative purposes. 

4. Results 

Table 3 summarizes the liquefaction induced settlement using the SRS CRR curves.  Individual 
CPT settlements (for a 7.5 magnitude earthquake) range from less than ¼ inch to 2¼ inches 
based on the new CRR curves.  All settlements for the 7.5 magnitude earthquake are less than 
1.0 inch except for CPTs Z-SDU6-C09 (1.0 inches) and Z-SDU6-C10 (2.2 inches).  The 
increased liquefaction settlements in CPTs Z-SDU6-C10 is due to a 2-foot lens of cohesionless 
material located at elevation 200 ft msl which is susceptible to liquefaction under the DBE. 
The weighted average using the USGS PGA hazard deaggregation for weighting is ¼-inch for 
the 2,500 year earthquake.  The USGS weighted 2,500-year settlements range from 0.1 inch to 
1.1 inch.  The settlement is expected to occur rather uniformly and thus not contribute 
significantly to differential settlement.  Similar results were computed for Saltstone Vault No. 2 
(SRS 2006a) and for Saltstone Disposal Units No. 3 and 5 (SRS 2009). 
Liquefaction settlements in the S4 formation result from partial liquefaction (1.15 <FS<2.2).  
CPTs Z-SDU6-C20, -C21, and -C22 appear to have completely penetrated the S4 formation 
(Ref. SRS 2012c).  For the magnitude 7.5 earthquake the settlements in the S4 formation is 
approximately ¼ inch, all due to partial liquefaction.  For lesser magnitude earthquakes the 
settlements in the S4 formation are negligible.  Based on the deaggregation weight of the 7.5 
magnitude earthquake, this would add approximately �-inch to the 2,500-year weighted average 
for the remaining CPTs, all of which had partial penetration of the S4 layer, thus reducing the 
amount to be added to the total settlements.  The partial liquefaction settlement in the S4 layer is 
expected to be uniform and thus not contribute to differential settlement.   
Liquefaction potential based on the CRR determination using shear wave velocity indicates the 
soil is generally not susceptible to liquefaction.  The average factors of safety are in excess of 3.0 
for each of the SCPTs considered.  The minimum factors of safety from the SCPTs range from 
0.5 to more than 5.0.  For the point which has a factor of safety less than one, the fines content is 
in excess of 40%, which tends to reduce the susceptibility to liquefaction.  See the attached 
summary pages in Appendix E.  Settlements were not calculated using factors of safety 
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determined through the use of shear wave velocities since the SRS volumetric strain curves are 
correlated to CPT tip stresses. 
The maximum liquefaction induced settlements occur in CPTs Z-SDU6-C10 and Z-SDU6-C09, 
on cross section CC.  See Figure 11 for SDU6 cross sections.  The greatest differential settlement 
due to liquefaction would be expected to occur between these and adjacent locations.  The 
distance between cross sections BB and CC, and CC and DD is approximately 110 feet each.  
The differential settlement is taken to be twice the standard deviation (Ref. SRS 2008) of the 
weighted 2,500 year settlements. 

5. Conclusions 

Excepting the lens of cohesionless material in Z-SDU6-C10, the Saltstone Disposal Unit 6 
location has acceptable margin against liquefaction.  The maximum settlement is expected to 
occur in the vicinity of Z-SDU6-C10, along cross section CC. 
Including S4 partial liquefaction settlement, the average 2,500 year weighted settlement is less 
than ½-inch. 
The maximum differential liquefaction-induced settlement is ½-inch. 
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Table 1: Fines Content 

Boring No. 
 

Sample 
No. 

Top Elevation 
(ft, msl) 

Bottom 
Elevation  
(ft, msl) 

Engineering 
Layer 

Percent 
Fines 

Z-SDU6-B01 ST02 261.6 259.6 S1/S2 37.0 
Z-SDU6-B01 FPT01 254.6 252.6 S1/S2 84.8 
Z-SDU6-B01 ST03 241.6 240.3 S1/S2 10.0 
Z-SDU6-B01 ST04 228.6 226.6 C2 44.5 
Z-SDU6-B01 ST05 225.5 223.5 C2 64.9 
Z-SDU6-B01 ST06 218.6 216.6 C2 36.1 
Z-SDU6-B01 ST08 203.4 201.4 S3 10.9 
Z-SDU6-B01 FPT02 194.6 192.6 S3 8.6 
Z-SDU6-B01 ST11 150.5 149.0 S4 26.0 

Z-SDU6-B02A FPT01 234.0 232.0 C2 24.9 
Z-SDU6-B02A FPT02 231.0 229.0 C2 40.2 
Z-SDU6-B02A ST02 267.5 267.0 S1/S2 45.2 
Z-SDU6-B02B FP01 203.1 201.1 S3 30.2 
Z-SDU6-B03 SS01 264.5 262.5 S1/S2 33.4 
Z-SDU6-B03 SS02 262.5 260.5 S1/S2 26.9 
Z-SDU6-B03 SS03 260.5 258.5 S1/S2 48.0 
Z-SDU6-B03 SS04 253.5 251.5 S1/S2 42.0 
Z-SDU6-B03 SS05 251.5 249.5 S1/S2 41.3 
Z-SDU6-B03 SS06 249.5 247.5 S1/S2 83.5 
Z-SDU6-B03 SS07 247.5 245.5 S1/S2 23.3 
Z-SDU6-B03 SS08 245.5 243.5 S1/S2 24.8 
Z-SDU6-B03 SS09 243.5 241.5 S1/S2 36.4 
Z-SDU6-B03 SS10 241.5 239.5 S1/S2 21.4 
Z-SDU6-B03 SS11 239.5 237.5 S1/S2 23.9 
Z-SDU6-B03 SS12 237.5 235.5 S1/S2 15.7 
Z-SDU6-B03 SS13 234.5 232.5 S1/S2 23.5 
Z-SDU6-B03 SS14 228.5 226.5 C2 43.1 
Z-SDU6-B03 SS15 223.5 221.5 C2 60.4 
Z-SDU6-B03 SS16 218.5 216.5 C2 36.7 
Z-SDU6-B03 SS17 213.5 211.5 S3 7.6 
Z-SDU6-B03 SS18 208.5 206.5 S3 6.9 
Z-SDU6-B03 SS19 203.5 201.5 S3 16.0 
Z-SDU6-B03 SS20 198.5 196.5 S3 7.3 
Z-SDU6-B03 SS21 193.5 191.5 S3 9.7 
Z-SDU6-B03 SS22 188.5 186.5 S4 36.1 
Z-SDU6-B03 SS23 183.5 181.5 S4 51.1 
Z-SDU6-B03 SS24 178.5 176.5 S4 50.2 
Z-SDU6-B03 SS25 173.5 171.5 S4 50.0 
Z-SDU6-B03 SS26 168.5 166.5 S4 18.0 
Z-SDU6-B03 SS27 163.5 161.5 S4 58.2 
Z-SDU6-B03 SS28 158.5 156.5 S4 38.7 
Z-SDU6-B03 SS29 153.5 151.5 S4 96.3 
Z-SDU6-B03 SS30 148.5 146.5 S4 47.0 
Z-SDU6-B03 SS31 143.5 141.5 S4 8.6 
Z-SDU6-B03 SS33 133.5 131.5 S4 10.3 
Z-SDU6-B03 SS34 128.5 126.5 S4 12.2 
Z-SDU6-B04 SS01 263.9 261.9 S1/S2 19.4 
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Boring No. 
 

Sample 
No. 

Top Elevation 
(ft, msl) 

Bottom 
Elevation  
(ft, msl) 

Engineering 
Layer 

Percent 
Fines 

Z-SDU6-B04 SS02 261.9 259.9 S1/S2 16.7 
Z-SDU6-B04 SS03 259.9 257.9 S1/S2 13.4 
Z-SDU6-B04 SS04 257.9 255.9 S1/S2 47.2 
Z-SDU6-B04 SS05 255.9 253.9 S1/S2 43.6 
Z-SDU6-B04 SS06 253.9 251.9 S1/S2 22.8 
Z-SDU6-B04 SS07 251.9 249.9 S1/S2 24.5 
Z-SDU6-B04 SS08 249.9 247.9 S1/S2 18.8 
Z-SDU6-B04 SS09 247.9 245.9 S1/S2 19.4 
Z-SDU6-B04 SS10 245.9 243.9 S1/S2 12.3 
Z-SDU6-B04 SS11 243.9 241.9 S1/S2 7.9 
Z-SDU6-B04 SS12 241.9 239.9 S1/S2 11.4 
Z-SDU6-B04 SS13 239.9 237.9 S1/S2 12.4 
Z-SDU6-B04 SS14 237.9 235.9 S1/S2 17.0 
Z-SDU6-B04 SS15 234.9 232.9 C2 32.0 
Z-SDU6-B04 SS16 229.9 227.9 S3 13.9 
Z-SDU6-B04 SS17 224.9 222.9 S3 15.8 
Z-SDU6-B04 SS18 219.9 217.9 S3 23.5 
Z-SDU6-B04 SS19 214.9 212.9 S3 8.8 
Z-SDU6-B04 SS20 209.9 207.9 S3 7.8 
Z-SDU6-B04 SS21 204.9 202.9 S3 14.6 
Z-SDU6-B04 SS22 199.9 197.9 S3 6.4 
Z-SDU6-B04 SS23 194.9 192.9 S3 10.0 
Z-SDU6-B04 SS24 189.9 187.9 S4 34.4 
Z-SDU6-B04 SS25 184.9 182.9 S4 50.4 
Z-SDU6-B04 SS26 179.9 177.9 S4 52.8 
Z-SDU6-B04 SS27 174.9 172.9 S4 74.8 
Z-SDU6-B04 SS28 169.9 167.9 S4 36.3 
Z-SDU6-B04 SS29 164.9 162.9 S4 44.3 
Z-SDU6-B04 SS30 159.9 157.9 S4 32.7 
Z-SDU6-B04 SS31 154.9 152.9 S4 98.2 
Z-SDU6-B04 SS32 149.9 147.9 S4 31.4 
Z-SDU6-B04 SS33 144.9 142.9 S4 9.0 
Z-SDU6-B04 SS34 139.9 137.9 S4 9.7 

Table 2: USGS Rock Seismic Hazard: 100 Hz Oscillator Frequency, 2,500 Year Return Period, Sa = 0.15 g 

 Mw = Mw = Mw = Mw = Mw = Mw = 
Distance 4.5 to 5.0 5.0 to 5.5 5.5 to 6.0 6.0 to 6.5 6.5 to 7.0 7.0 to 8.0 
 7.5 km  7.13 3.56 1.73 0.78 0.42 0.00 
20 km 4.93 3.64 2.35 1.28 0.78 0.00 

37.5 km 3.11 3.90 4.04 3.24 2.72 0.00 
75 km 0.33 0.93 2.05 3.24 0.00 16.45 

150 km 0.03 0.14 0.59 1.68 0.00 29.25 
250 km 0.00 0.00 0.00 0.04 0.00 1.63 
550 km 0.00 0.00 0.00 0.00 0.00 0.08 

       
Mw Bin Sum = 15.52 12.16 10.76 10.25 3.92 47.40 

Note:  Ǒ wt Frankel et al. attenuation model, � wt Toro et al. attenuation 
model and � wt AB95 attenuation model 
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Table 3: Liquefaction Based on SRS CRR Curves 

 Settlement (inches) 

 Mw = Mw = Mw = Mw = Mw = Mw = 2,500 Yr 
 4.75 5.25 5.75 6.25 6.75 7.5 Weighting 

Z-SDU6-C01 0.00 0.00 0.00 0.03 0.11 0.68 0.33 
Z-SDU6-C02 0.00 0.00 0.00 0.01 0.04 0.30 0.14 
Z-SDU6-C03 0.00 0.00 0.00 0.00 0.03 0.32 0.15 
Z-SDU6-C04 0.00 0.00 0.00 0.00 0.03 0.25 0.12 
Z-SDU6-C05 0.00 0.00 0.00 0.01 0.04 0.36 0.17 
Z-SDU6-C06 0.00 0.00 0.00 0.01 0.04 0.32 0.15 
Z-SDU6-C07 0.00 0.00 0.00 0.01 0.04 0.20 0.10 
Z-SDU6-C08 0.00 0.00 0.00 0.02 0.09 0.64 0.31 
Z-SDU6-C09 0.00 0.00 0.00 0.06 0.19 1.03 0.50 
Z-SDU6-C10 0.00 0.01 0.03 0.17 0.54 2.17 1.07 
Z-SDU6-C11 0.00 0.00 0.00 0.00 0.02 0.16 0.08 
Z-SDU6-C12 0.00 0.00 0.00 0.01 0.03 0.31 0.15 
Z-SDU6-C13 0.00 0.00 0.00 0.01 0.08 0.60 0.29 
Z-SDU6-C14 0.00 0.00 0.00 0.02 0.08 0.58 0.28 
Z-SDU6-C15 0.00 0.00 0.00 0.01 0.11 0.73 0.35 
Z-SDU6-C16 0.00 0.00 0.00 0.01 0.04 0.44 0.21 
Z-SDU6-C17 0.00 0.00 0.00 0.00 0.01 0.33 0.16 
Z-SDU6-C18 0.00 0.00 0.00 0.02 0.07 0.60 0.29 
Z-SDU6-C19 0.00 0.00 0.00 0.00 0.03 0.32 0.15 
Z-SDU6-C20 0.00 0.00 0.00 0.00 0.04 0.62 0.29 
Z-SDU6-C21 0.00 0.00 0.00 0.01 0.07 0.68 0.33 
Z-SDU6-C22 0.00 0.00 0.00 0.01 0.10 0.89 0.43 
Z-SDU6-C23 0.00 0.00 0.00 0.00 0.01 0.26 0.12 

        
      Average 0.27 
      Minimum 0.08 
      Maximum 1.07 
     Standard Deviation 0.21 
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Figure 1: Saltstone Disposal Unit 6 Project Site 
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Figure 2: USGS Rock Seismic Hazard Deaggregation: 100 Hz, 2,500 Year Return, Sa = 0.15g 
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Figure 3: Comparison of NCEER K� with SRS K� 
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Figure 4: Magnitude Scaling Factor Recommendations Presented by NCEER 
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Figure 5: New SRS Cyclic Resistance Ratio (CRR) Curves 
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Figure 6: Comparison of Fine Content from Z-SDU6-C16 and Z-SDU6-B01 and Z-SDU6-B03 
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Figure 7: Comparison of Fine Content from Z-SDU6-C05 and Z-SDU6-B02 
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Figure 8: Comparison of Fine Content from Z-SDU6-C11 and Z-SDU6-B04 
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Figure 9: SRS Volumetric Strain Curves for Liquefaction Analysis 
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Figure 10: Relationship between CRR and VS1
* 
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Figure 11: Cross Sections for SDU6 
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Appendix A – Seismic Data 
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Appendix B – Response Spectra 
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Per IBC 2009 Section 1803.5.12 

 
SRS Calculation T-CLC-G-00312 Rev. 0 has previously calculated SDS for each area at the 
Savannah River Site per IBC 2009 Section 1613.5.4 / ASCE 7 Section 11.4.  
For Z Area SDS was computed to be 0.428 

PGA = 0.428 / 2.5 = 0.1712 
 
Per ASCE 7 Section 11.8.3 

 
SRS Calculation T-CLC-G-00312 Rev. 0 has previously calculated SDS for each area at the 
Savannah River Site per IBC 2009 Section 1613.5.4 / ASCE 7 Section 11.4.   
For Z Area SS was computed to be 0.444 

PGA = 0.444 / 2.5 = 0.1776 
 
ASCE 7 Section 21 allows for a reduction of the maximum ground acceleration of up to 20% 
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where site-specific studies have been performed.  The current amax at SRS is 0.160 for SDC-3 
structures.  This value is lower than the amax values determined above and thus a reduction is 
allowed by ASCE 7 to use the greater of 0.16 or 80% of the computed values above. However, 
the use of the values above would be considered conservative. 
 
 

Use an amax value of 0.18 for liquefaction analysis 
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Appendix C – PSHA Letter from A. Frankel 
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Filename: psavrivtfa.2500.pga 
Return period: 2500yrs. 0.0  s. PSA (g)=0.146477   Computed annual rate=.40221E-03 

   Dl   Dbar  Dh   Ml   Mbar  Mh   >2s >1s  >mu  >-1s >-2s  <=-2s ROWTOT 

  0.0   9.0  15.0  4.5  4.80  5.0  0.3  1.6  3.4  1.7  0.1  0.0   7.12608 

 15.0  19.5  25.0  4.5  4.81  5.0  0.5  2.7  1.7  0.0  0.0  0.0   4.93071 

 25.0  32.7  50.0  4.5  4.83  5.0  1.7  1.4  0.0  0.0  0.0  0.0   3.10512 

 50.0  61.5 100.0  4.5  4.85  5.0  0.3  0.0  0.0  0.0  0.0  0.0   0.32855 

100.0 119.8 200.0  4.5  4.87  5.0  0.0  0.0  0.0  0.0  0.0  0.0   0.02554 

200.0 211.7 300.0  4.5  4.90  5.0  0.0  0.0  0.0  0.0  0.0  0.0   0.00003 

300.0   0.0 800.0  4.5  0.00  5.0  0.0  0.0  0.0  0.0  0.0  0.0   0.00000 

  0.0   9.2  15.0  5.0  5.23  5.5  0.1  0.6  1.6  1.1  0.1  0.0   3.55894 

 15.0  19.7  25.0  5.0  5.24  5.5  0.2  1.2  2.0  0.2  0.0  0.0   3.63554 

 25.0  33.9  50.0  5.0  5.26  5.5  1.0  2.4  0.5  0.0  0.0  0.0   3.89585 

 50.0  64.2 100.0  5.0  5.29  5.5  0.9  0.0  0.0  0.0  0.0  0.0   0.92566 

100.0 121.9 200.0  5.0  5.32  5.5  0.1  0.0  0.0  0.0  0.0  0.0   0.14191 

200.0 216.7 300.0  5.0  5.35  5.5  0.0  0.0  0.0  0.0  0.0  0.0   0.00044 

300.0 315.2 800.0  5.0  5.41  5.5  0.0  0.0  0.0  0.0  0.0  0.0   0.00000 

  0.0   9.3  15.0  5.5  5.71  6.0  0.0  0.3  0.7  0.6  0.1  0.0   1.72815 

 15.0  19.9  25.0  5.5  5.72  6.0  0.1  0.5  1.2  0.5  0.0  0.0   2.35097 

 25.0  35.2  50.0  5.5  5.73  6.0  0.4  2.1  1.5  0.0  0.0  0.0   4.03774 

 50.0  67.2 100.0  5.5  5.76  6.0  1.3  0.7  0.0  0.0  0.0  0.0   2.04892 

100.0 125.2 200.0  5.5  5.79  6.0  0.6  0.0  0.0  0.0  0.0  0.0   0.58848 

200.0 219.7 300.0  5.5  5.82  6.0  0.0  0.0  0.0  0.0  0.0  0.0   0.00498 

300.0 328.8 800.0  5.5  5.85  6.0  0.0  0.0  0.0  0.0  0.0  0.0   0.00012 

  0.0   9.3  15.0  6.0  6.22  6.5  0.0  0.1  0.3  0.3  0.1  0.0   0.77551 

 15.0  20.1  25.0  6.0  6.23  6.5  0.0  0.2  0.5  0.5  0.0  0.0   1.27647 

 25.0  36.3  50.0  6.0  6.24  6.5  0.2  1.0  1.8  0.3  0.0  0.0   3.23702 

 50.0  70.1 100.0  6.0  6.28  6.5  0.9  2.1  0.2  0.0  0.0  0.0   3.24201 

100.0 129.1 200.0  6.0  6.30  6.5  1.3  0.4  0.0  0.0  0.0  0.0   1.67602 

200.0 224.2 300.0  6.0  6.33  6.5  0.0  0.0  0.0  0.0  0.0  0.0   0.03644 

300.0 334.7 800.0  6.0  6.36  6.5  0.0  0.0  0.0  0.0  0.0  0.0   0.00210 

  0.0   9.4  15.0  6.5  6.89  7.0  0.0  0.1  0.1  0.1  0.1  0.0   0.41956 

 15.0  20.2  25.0  6.5  6.90  7.0  0.0  0.1  0.3  0.3  0.1  0.0   0.77539 

 25.0  37.2  50.0  6.5  6.92  7.0  0.1  0.5  1.3  0.7  0.0  0.0   2.72258 

 50.0   0.0 100.0  6.5  0.00  7.0  0.0  0.0  0.0  0.0  0.0  0.0   0.00000 

100.0   0.0 200.0  6.5  0.00  7.0  0.0  0.0  0.0  0.0  0.0  0.0   0.00000 

200.0   0.0 300.0  6.5  0.00  7.0  0.0  0.0  0.0  0.0  0.0  0.0   0.00000 

300.0   0.0 800.0  6.5  0.00  7.0  0.0  0.0  0.0  0.0  0.0  0.0   0.00000 

  0.0   0.0  15.0  7.0  0.00  8.0  0.0  0.0  0.0  0.0  0.0  0.0   0.00000 

 15.0   0.0  25.0  7.0  0.00  8.0  0.0  0.0  0.0  0.0  0.0  0.0   0.00000 

 25.0   0.0  50.0  7.0  0.00  8.0  0.0  0.0  0.0  0.0  0.0  0.0   0.00000 

 50.0  79.9 100.0  7.0  7.19  8.0  1.3  7.5  7.4  0.2  0.0  0.0  16.44842 

100.0 136.8 200.0  7.0  7.25  8.0  7.2 19.1  3.0  0.0  0.0  0.0  29.24517 

200.0 217.8 300.0  7.0  7.26  8.0  1.3  0.4  0.0  0.0  0.0  0.0   1.63342 

300.0 392.0 800.0  7.0  7.30  8.0  0.1  0.0  0.0  0.0  0.0  0.0   0.07649 
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Appendix D– Dynamic Settlement of Dry Sands 
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Average Surface Elevation  277 ft msl 
Bottom of Foundation  265 ft msl 
Groundwater Table   225 ft msl 
Average N value   30 bpf 
Average (N1)60  24 bpf 
amax    0.18g 
 
Using the simple chart below from Fundamentals of Earthquake Resistant Construction by 
Krinitzsky et. al, 1993: 
 
�H/H = 0.02% 
Therefore: 
 �H = H × 0.02% = 40 ft × 0.0002 = 0.008 ft = 0.096 inches 
It is assumed that the methodology employed was originally developed for clean sands.  The dry 
soils at SDU6 are not clean sands, fines content much greater than 5%.  Thus the settlement of 
unsaturated soils at SDU6 may be neglected. 
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Appendix E– Liquefaction Analysis Output 
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Project: SDU 6
Cone ID: Z-SDU6-C02

Cha50
Magnitudes 4.75 5.25 5.75 6.25 6.75 7.5 7.3

Liquefaction Settlements 0.00 in. 0.00 in. 0.00 in. 0.01 in. 0.04 in. 0.30 in. 0.00 in.

Weighted DBE Settlements Cha50 Settlement (Unweighted)

SCPTu ID

2,500 Year 
Average for 

all 
Magnitudes 
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 Mw = 7.3 
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Project: SDU 6
Cone ID: Z-SDU6-C12

Cha50
Magnitudes 4.75 5.25 5.75 6.25 6.75 7.5 7.3

Liquefaction Settlements 0.00 in. 0.00 in. 0.00 in. 0.01 in. 0.03 in. 0.31 in. 0.00 in.

Weighted DBE Settlements Cha50 Settlement (Unweighted)

SCPTu ID

2,500 Year 
Average for 

all 
Magnitudes 

(100 Hz)

SCPTu ID
Cha50

 Mw = 7.3 
MSF = 1.1

Z-SDU6-C12 0.15 in. Z-SDU6-C12 0.00 in.

CPT Approach Vs Approach

Min. Factor of Safety
1.11

Average Factor of Safety
2.67 4.76

Average Factor of Safety

DBE

PC3 Mw =7.5 CPT (tip stress) and Shear Wave Velocity Factor of Safety Comparison
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Project: SDU 6
Cone ID: Z-SDU6-C16

Cha50
Magnitudes 4.75 5.25 5.75 6.25 6.75 7.5 7.3

Liquefaction Settlements 0.00 in. 0.00 in. 0.00 in. 0.01 in. 0.04 in. 0.44 in. 0.01 in.

Weighted DBE Settlements Cha50 Settlement (Unweighted)

SCPTu ID

2,500 Year 
Average for 

all 
Magnitudes 

(100 Hz)

SCPTu ID
Cha50

 Mw = 7.3 
MSF = 1.1

Z-SDU6-C16 0.21 in. Z-SDU6-C16 0.01 in.

CPT Approach Vs Approach

Min. Factor of Safety
1.03

Average Factor of Safety
2.04 4.59

Average Factor of Safety

DBE

PC3 Mw =7.5 CPT (tip stress) and Shear Wave Velocity Factor of Safety Comparison
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Project: SDU 6
Cone ID: Z-SDU6-C18

Cha50
Magnitudes 4.75 5.25 5.75 6.25 6.75 7.5 7.3

Liquefaction Settlements 0.00 in. 0.00 in. 0.00 in. 0.02 in. 0.07 in. 0.60 in. 0.02 in.

Weighted DBE Settlements Cha50 Settlement (Unweighted)

SCPTu ID

2,500 Year 
Average for 

all 
Magnitudes 

(100 Hz)

SCPTu ID
Cha50

 Mw = 7.3 
MSF = 1.1

Z-SDU6-C18 0.29 in. Z-SDU6-C18 0.02 in.

CPT Approach Vs Approach

Min. Factor of Safety
1.00

Average Factor of Safety
1.92 3.61

Average Factor of Safety

DBE

PC3 Mw =7.5 CPT (tip stress) and Shear Wave Velocity Factor of Safety Comparison
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Project: SDU 6
Cone ID: Z-SDU6-C19

Cha50
Magnitudes 4.75 5.25 5.75 6.25 6.75 7.5 7.3

Liquefaction Settlements 0.00 in. 0.00 in. 0.00 in. 0.00 in. 0.03 in. 0.32 in. 0.00 in.

Weighted DBE Settlements Cha50 Settlement (Unweighted)

SCPTu ID

2,500 Year 
Average for 

all 
Magnitudes 

(100 Hz)

SCPTu ID
Cha50

 Mw = 7.3 
MSF = 1.1

Z-SDU6-C19 0.15 in. Z-SDU6-C19 0.00 in.

CPT Approach Vs Approach

Min. Factor of Safety
1.16

Average Factor of Safety
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Average Factor of Safety
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Folder: Liquefaction Analysis  

SDU6C01.xlsm SDU6C09.xlsm SDU6C17.xlsm 
SDU6C02.xlsm SDU6C10.xlsm SDU6C18.xlsm 
SDU6C03.xlsm SDU6C11.xlsm SDU6C19.xlsm 
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SDU6C07.xlsm SDU6C15.xlsm SDU6C23.xlsm 
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1. Introduction 

The purpose of this calculation is to provide an estimate of the settlement resulting from the 
compression of soft zones for Saltstone Disposal Unit 6. 

2. Input 

 Soft Zone Input  2.1

Twenty-three (23) CPTs and SCPTs were pushed for the Saltstone Disposal Unit 6, see Figure 1.  
Stratigraphic interpretations of the CPT and SCPTs are summarized below (Ref. 1).   These 23 
CPTs and SCPTs were evaluated for the presence of soft zones.   
 

    Elevation Top Pick (ft, msl) 

ID CPT 
Type 

SRS 
Northing 

SRS 
Easting 

Elevation 
ft, msl 

C2 
Layer 

S3 
Layer 

S4 
Layer Congaree 

Z-SDU6-C01 CPT 77413.3 66270.1 281.9 233 226 190  
Z-SDU6-C02 SCPT 77448.1 66350.4 281.4 233 227 190  
Z-SDU6-C03 CPT 77478.3 66494.3 281.6 233 225 190  
Z-SDU6-C04 CPT 77503.3 66578.8 281.8 236 229 190  
Z-SDU6-C05 SCPT 77624.5 66594.9 278.1 235 226 187  
Z-SDU6-C06 CPT 77587.6 66472.8 278.6 234 227 189  
Z-SDU6-C07 CPT 77546.9 66357.1 279.4 237 230 191  
Z-SDU6-C08 CPT 77511.4 66258.9 279.7 236 230 186  
Z-SDU6-C09 CPT 77621.8 66210.4 278.3 237 230 194  
Z-SDU6-C10 CPT 77644.2 66285.6 278.0 237 230 190  
Z-SDU6-C11 CPT 77663.3 66354.1 277.6 238 233 186  
Z-SDU6-C12 SCPT 77682.6 66452.6 277.7 239 234 188  
Z-SDU6-C13 CPT 77722.6 66523.4 276.3 234 228 188  
Z-SDU6-C14 CPT 77720.6 66180.9 277.3 234 222 181  
Z-SDU6-C15 CPT 77748.2 66249.8 276.8 232 217 192  
Z-SDU6-C16 SCPT 77772.2 66312.2 276.7 234 216 184  
Z-SDU6-C17 CPT 77796.3 66393.3 276.0 235 219 187  
Z-SDU6-C18 SCPT 77819.4 66471.7 275.6 235 217 186  
Z-SDU6-C19 SCPT 77869.3 66155.6 276.4 235 227 183  
Z-SDU6-C20 CPT 77895.0 66236.9 276.0 226 219 176  
Z-SDU6-C21 CPT 77920.9 66321.6 276.3 233 225 182  
Z-SDU6-C22 CPT 77947.5 66415.1 276.5 237 230 187  
Z-SDU6-C23 CPT 77967.7 66482.5 275.5 238 233 190  

Five (5) borings were also performed for this investigation.  Stratigraphic interpretations for the 
borings are listed in the table below.  Borings Z-SDU6-B01 and Z-SDU6-B03 are adjacent to 
each other. 
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    Elevation Top Pick (ft, msl) 

ID  SRS 
Northing 

SRS 
Easting 

Elevation 
ft, msl 

C2 
Layer 

S3 
Layer 

S4 
Layer Congaree 

Z-SDU6-B01  77771.3 66309.1 276.6     
Z-SDU6-B02A  77625.3 66594.8 278.0     
Z-SDU6-B02B  77629.2 66588.9 278.1 234 227 191  
Z-SDU6-B03  77769.6 66304.5 276.5 232 217 188 146 
Z-SDU6-B04  77663.9 66351.1 277.9 236 232 191 145 

3. Computation 

Soft zones are layers of underconsolidated soils within the Santee Formation (S4 layer) which 
are identified by a corrected tip stress value less than or equal to 15 tsf.  Layers of soft zone soils 
(corrected tip stress less than or equal to 15 tsf) are considered to behave as a single soft zone if 
the interval of harder material (corrected tip stress greater than 15 tsf) between the soft zone soils 
is less than or equal to 2 feet in thickness.  The thickness of the soft zone is the summation of the 
less than 15 tsf material.  The top elevation of the soft zone is the top of the first layer of soil 
with a corrected tip stress less than 15 tsf within the Santee Formation Santee Formation (S4 
layer).   
If the interval of harder soil (corrected tip stress greater than 15 tsf) between soft zone soils is 
greater than 2 feet, the layers of soft zones soils are considered to behave as two separate soft 
zones (See Figure 3).   
Soft zones may also be identified by N value less than or equal to 5 blows per foot (including 
weight of rod and weight of hammer events) within the Santee Formation (S4 layer).  Loss of 
circulation is also an indication of the presence of soft zones. 

 Soft Zone Settlement 3.1

No soft zone samples were obtained during the geotechnical investigation for Saltstone Disposal 
Unit 6.  The properties from Saltstone Vault 2, used for analysis in this calculation, are 
summarized below (Ref. 2). 

Compression Index, Cc 0.196 
Initial Void Ratio, e0 0.72 

Overconsolidation Ratio, OCR 0.9 
Compression Ratio, Cc/(1+e0) 0.114 

The bottom of the excavation will be 265 ft, msl at Saltstone Disposal Unit 6.  The average top 
of the S4 layer (Santee Formation) at the site is 187 ft, msl.  For conservatism, it will be assumed 
that the top of the soft zone is located at the top of the S4 layer. 
The compression of the soft zone sS at depth is estimated assuming full overburden pressure: 
 sS = H {Cc/(1 + eo)} log {(Po + �P)/Po} 
Where sS is the compression of the soft zone and H is the thickness of the soft zone.  Cc and e0 
were described in the previous section.  When the arch above the soft zone is weakened, the Po + 
�P term is equal to the overburden pressure and the Po term in the denominator is the soft zone 
preconsolidation pressure.  In this instance the equation becomes: 
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       sS = H {Cc/(1 + eo)} log (1/OCR) 
  where OCR is the overconsolidation ratio of the soft zone.   

 Methodology for Computing Surface Settlement 3.2

A vertical slice of subsurface with unit thickness or perpendicular to the longitudinal direction of 
the soft zone was considered.  Ground settlement, which is propagated from the subsurface 
deformation, was computed considering the surface settlement profile resembles the shape of an 
inverted normal distribution curve (Ref. 3).  The surface settlement s(x) at any point x is: 
 s(x) = s(0) Exp.{-x2/(2i2)} (Eq. 1) 
Where i is the distance from the center of the normal probability curve to the point of inflection: 
 i = W/(2�)1/2 (Eq. 2) 
and W is the half width of the normal probability curve and may be estimated as (Ref. 3): 
 W = z tan ��+ WSZ/2. (Eq. 3) 
where: 
 z is the soft zone depth and 
 �Κ is based on soil type 
The volume lost at-depth due to compression of soft zone can be computed as: 
 VL = sS WSZ. (Eq. 4) 
Where sS is the compression of the soft zone computed in the previous section and WSZ is the 
width of the soft zone. 
As the soft zone collapses, the volume of the soil above the soft zone will be increased as a result 
of dilation and loosening as the soil stresses redistribute.  For granular soils, appreciable volume 
changes can occur in the soil as a result of disturbances and displacement (Ref. 3).   
The volume of the surface settlement is: 
 VS = RS/LVL  (Eq. 5) 
where RS/L is the ratio of the volume of the surface settlement to the volume lost at-depth due to 
compression of the soft zone.  Substituting Equation (4) into Equation (5): 
 VS = RS/L sS WSZ. (Eq. 6) 
Surface settlement at the center of the normal probably curve is: 
 s(0) = VS/W (Eq. 7) 
Substituting Equation (6) into Equation (7) 
 s(0) = RS/L sS WSZ /W (Eq. 8) 
Substituting Equation (8) into Equation (1), settlement at any point x can then be expressed as 
 s(x) = RS/L sS WSZ /W Exp[-x2/(2i2)] (Eq. 9) 
Figure 3 illustrates the properties of a normal probability curve settlement trough. 

4. Results  

Soft zones were identified in 3 CPTs: Z-SDU6-C01, Z-SDU6-C10, and Z-SDU6-C15.  The soft 
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zones in C01 and C15 are 1.25 feet and 1.38 feet thick, respectively.  The CPT Z-SDU6-C10 
contained 5.8 feet of soft zone material.  This soft zone was used for settlement computations.   

 Surface Settlement due to the Compression of a Narrow Soft Zone 4.1

The assumption of normal probability is for underground disturbance over a short width.  
Assume the width of the soft zone is:  
 WSZ = 5 feet 
For the project site, at elevation of the foundation, 265 feet, MSL, the distance to the average 
depth of the soft zone is: 
 z =  265 – 187 = 78 feet 
For SRS soil conditions � falls between 33 and 50 degrees.  For sands below groundwater level, 
� is generally greater than 50 degrees.  A smaller � will provide conservative values of 
maximum slope and maximum change of slope (Ref. 3) at the project site, consider ��= 33 
degrees: 
 W = z tan ��+ WSZ/2 = 78 tan(33o) + 5/2 = 53.154 feet 
 i = W/(2�)1/2 = 53.154 / (2�)1/2 = 21.205 feet 
The volume of the surface settlement is generally one third to two thirds less than the volume of 
lost ground (Ref. 1).  In this calculation, RS/L is conservatively taken as 1.0, ie surface volume 
settlement is the same as the volume of lost ground at depth. 
Using the soft zone properties from Vault 2, the compression of the soft zone is: 
       sS = H {Cc/(1 + eo)} log (1/OCR) = 5.8 x 0.196/(1 + 0.72) x log (1/0.9) = 0.030 feet 
or  sS = 0.3629 inches. 
Equation 8 becomes: 
 s(0) = RS/L sS WSZ /W = 1.0 x 0.3629 x 5/53.154 = 0.0341 inches  
Equation 1 becomes: 
 s(x) = 0.0341 Exp {-x2/(2 x 21.2052)} inches  
or s(x) = 0.0341 Exp(-x2/899.304) inches 

 Surface Settlement  4.2

Wide soft zones maybe represented as a series of adjacent narrower soft zones.  Surface 
settlements due to the wide soft zone are computed by superimposing the settlement troughs for 
each of the narrow soft zones.  For this calculation, a series of 5 foot wide soft zones were 
utilized to represent soft zones ranging in width from 25 feet to 150 feet.   
Maximum differential settlement is assumed to be equal to the total soft zone induced settlement.  
Maximum slope is the rate of change of settlement along the settlement trough, while curvature 
is the rate of change of the slope along the settlement trough. 
Figure 4 presents the surface settlement profiles for each of the soft zone widths considered.  
Figures 5 – 7 illustrate the maximum surface settlement, maximum slope, and maximum 
curvature as functions of soft zone width.  The values for these parameters are summarized in the 
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table below.  The maximum curvature summarized in the maximum absolute value of the 
concave up and concave down curves.  The ratio of the surface settlement to the compression of 
the soft zone at depth is also given in the table below. 
 

Soft Zone 
Width (ft) 

Maximum 
Settlement 

(in) 

Maximum 
Differential 
Settlement 

(in) 

Maximum 
Slope (ft/ft) 

Maximum 
Curvature 

(ft/ft per ft) 

Ratio of Maximum 
Settlement (S0) to Soft 
Zone Compression at 

Depth 

25 -0.162 0.162 0.00036 0.00003 45% 
50 -0.276 0.276 0.00053 0.00003 76% 
75 -0.335 0.335 0.00057 0.00002 92% 

100 -0.356 0.356 0.00057 0.00002 98% 
125 -0.362 0.362 0.00057 0.00002 100% 
150 -0.363 0.363 0.00057 0.00002 100% 

Maximum -0.363 0.584 0.00057 0.00003 100% 

 

5. Conclusions 

Considering the maximum values presented in Section 4.2, the following values are 
recommended for design of soft zone induced settlements.  

Parameter Recommended Value 
Maximum soft zone settlement ½ inch 

Maximum soft zone differential settlement ½ inch 
Maximum Slope 0.0006 ft/ft 

Maximum Curvature 0.00003 
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Figure 1: Location of Geotechnical Investigations 
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Figure 2: Graphical Depiction of Soft Zone Determination 
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Figure 3: Geometry of Surface Settlement Trough 
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Figure 4: Surface Settlement Profile for Soft Zones of Various Widths 
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Figure 5: Maximum Surface Settlement for Soft Zones of Various Widths 
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Figure 6: Maximum Surface Slope for Soft Zones of Various Widths 
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Figure 7: Maximum Surface Settlement Curvature for Soft Zones of Various Widths 
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Appendix F – Slope Stability Analysis 
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Seismic Contour Map

The SCDHEC requested a map showing the seismic contours from Algermissen et al., (1982)
along with the Savannah River Site (SRS) and the location of the Saltstone Vaults (Z-Area).  To
make this map the Algermissen et al. seismic contours were digitized and superimposed on a
map showing the SRS and Z-Area.  Plates 1 and 2 show the resulting map at different scales.  As
shown on the Plates, the 0.20g peak ground acceleration (PGA) contour runs directly through
Z-Area (see Plates 1 and 2).  Thus, based on recommendations from SCDHEC to utilize the
Algermissen et al. map, the PGA for Z-Area should be 0.20g rather than 0.21g.  However, the
analysis given below addresses both PGA values.

Additional Slope Stability Analysis

At the request of SCDHEC additional slope stability analysis was performed using the computer
program STABL for Windows, version 2.0.  The runs are similar to those run previously and
submitted to the State, but with some refinements to the soil model and some modifications made
at the request of SCDHEC.  Many of the details of these additional analyses are the same as the
previous work (e.g. vault and slope geometry, water table, etc.) and therefore are not repeated in
this short report.  Additional details not provided here may be found in Section 3 of the original
report “Saltstone Landfill Design Equivalency Demonstration,” (SRS, 2002a).

The computer program STABL and the previously used program (SLOPE/W) both simulate the
effects of seismic loads due to an earthquake with pseudo-static body forces.  Both programs
have common analysis methods.  Spencer’s method, which considers both moment and force
equilibrium, was used for work submitted previously and the analysis reported herein.  However,
the two programs use different methods for input of trial failure surfaces.

At the request of SCDHEC, analysis was performed for a horizontal PGA of 0.21g.  Additional
analysis was performed for PGA of 0.20g, based on the Algermissen et al. map discussed above.
Horizontal seismic coefficients (Kh) of 0.20 and 0.21 were used (i.e., the full PGA).  No vertical
seismic coefficients (Kv) were used for the additional work.

At the request of SCDHEC, the soil model was extended to include the soil beyond the vault
allowing a failure beneath and past the vault structure.  For the additional work the “total stress”
cases (i.e., case 10 and 11 from the original work) were re-evaluated because they result in the
lowest Factor of Safety.  The “total stress” or “undrained” condition is conservative and assumes
significant generation of pore pressure and associated strength loss during seismic loading.

Figures 1a and 1b show the case 10 and case 11 soil models used for the previous work.  Figures
2a and 2b show the extended models used for the additional work.  Note that for the extended
soil models (Figures 2a and 2b) soil strengths are aligned with the soil stratum as opposed to
assigning all soil beneath the water table one strength.  Also note that the soil strength for deeper
soils has been increased representing average strength as opposed to conservative lower bound
strength (Recall, SCDHEC had indicated that our strength values were very conservative and had
suggested an increase).  Strength test data are presented in Attachment 2 of the previous work
(SRS, 2002b).
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Results of the additional analyses are presented in Table 1.  Comparable Factors of Safety are
obtained when the analysis is repeated using SLOPE/W (SRS, 2003).  Figures 3 through 6
contain the plots of the additional slope stability runs using STABL.  In all cases the static and
seismic safety factors are acceptable.  Additional details of the analysis can be obtained from
computer files listed in Table 2 and copied on the accompanying disk.

Table 1 - Slope Stability Factor of Safety
Computed Using STABL for Windows and Total Stress Shear Strengths

Soil
Strength

Condition
Soil

Strength 1

Vault
Strength 2

Horizontal
Seismic

Coefficient
(kh)

Vertical
Seismic

Coefficient
(kv)

Factor
of

Safety
Case 10 extended total stress Figure 2a φ = 33° & c = 20 psf 0.20 0 1.3
Case 10 extended total stress Figure 2a φ = 33° & c = 20 psf 0.21 0 1.3
Case 11 extended total stress Figure 2b φ = 0° & c = 4000 psf 0.20 0 1.2
Case 11 extended total stress Figure 2b φ = 0° & c = 4000 psf 0.21 0 1.2

1 Shear strengths of the soil layers are shown on the referenced Figure.
2 Shear strength of the vault was modeled both as a weak grout (φ = 0° & c = 4000 psf) and as engineered fill

(φ = 33° & c = 20 psf).  Results reported here are those that produced the lowest factor of safety.

Table 2 – Listing of Files for Slope Stability Analysis Using STABL for Windows

Date Time File Size File Name
3/18/2003 09:49a 1,619 CASE10a.in
3/18/2003 09:49a 35,206 case10a.out
3/18/2003 09:51a 1,619 CASE10b.in
3/18/2003 09:52a 35,593 case10b.out
3/18/2003 09:55a 1,619 CASE11a.in
3/18/2003 09:59a 39,342 case11a.out
3/18/2003 09:59a 1,619 CASE11b.in
3/18/2003 10:01a 39,342 case11b.out

Two types of files were created and used by STABL for Windows.  Input files
have an “.in” extension and output files have an “.out” extension.
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