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ncern about the condition of the rock anchors for the containment at Ginna. He
vurther stated that his understanding of the FSAR description of the rock anchor
design led him to conclude that the design was deficient. As a result of that meet-
ing, RG&E/GAI agreed to provide additional information to support their position
that the rock anchor design is acceptable and does not constitute a safety hazard.

}Wg the meeting of October 21, 1980 (RG&E/GAI and USNRC), Dr. John Chen expressed

A review of the design, the FSAR, and current literature indicates thatithe.design
assumptions used were acceptable for rock anchor design at that time, and that these
aqggmptions -are_ still considered:tosbevacceptable.’ The effects of overlapping ‘of
the "reaction cones'" of the anchors were accounted -for in the original design calcu-
lations (see Tab 2) and in the recent calculations (see Tab 3). A scale prototype
test was conducted during the original design and four anchors were checked for
stress losses during construction. The loads applied to the anchors during installa-
tion (i.e., 0.8 GUTS) exceed current anchor loads as well as any load they will see
in the future.

 The assumed condition of the anchors for the controlling load combination (i.e.,
. 1.5 x accident pressure) neglects the overburden, the_weight_of containment internal
{ structures and equipment.as.well_as_the tensile_capacity of the rock. The safety

margins are adequate even without the use of these additional factors, all of which
would increase the margin.

Rock creep data was not obtained during the original design work. However, at' a

later date, additional rock cores and tests were made in an adjacent area on the

site. The results of these tests are provided ,in Tab 1 (Lucius Pitkin Report dated
@eptem’ber 6, 1973) as well as an estimate of the creep over 40 years which was

$21 x 107 inches per inch at a compressive stress of 10000 psi. The maximum stress -~

in the rock was estimated at approximately6600 psi. Thé relaxation of the tendon

wires themselves is estimated at 690 x 10 ° inches per inch. These calculations in-

dicate that the rock creep is insignificant relative to other potential sources of

force loss.

Except during containment pressurization, the resultant uplift force on the rock

. wedge surrounding the rock anchors is zero. As Figures 1 and 2 illustrate, the up-

( ward force which the rock anchor tendons exert on the rock (at the grout-rock inter-
face) is always in equilibrium with a downward reaction force on the rock at the
footing-rock interface. This equilibrium condition existed at the various stages of
rock anchor stressing and wall tendon stressing, and it is not changed by the lift
off tests of the past surveillances, nor by the recently completed retensioning
program. .

The tension force in the rock anchor, and hence the shear forces at the tendon-grout
interface and at the grout~rock interface, increases when there is lift off of the
upper rock anchor head from its shims during the application of a force to the wall
tendon. The amount of force increase in the rock anchor is the difference in the
final force applied to the wall tendon and the force required to 1lift off the rock
anchor head. If a conservatively low anchor head lift off value of 0.5 GUIS is
assumed, then the recently completed retensioning operations would have increased
the force in the rock anchors by approximately 0.24 GUTS (0.735 GUTS minus 0.5 GUTS),

. assuming zero friction loss in the wall. Since the rock anchors were originally

§ tressed to 0.8 GUTS and locked off at 0.7 GUTS, the retensioning program increased
-he rock anchor force at most by 30% of the largest force which has been successfully
applied to the rock anchors, 0.8 GUTS. Considering these conditions, there is no




basis for postulating an "anchor failure", particularly in light of the close agree-~

/ment between predicted and measured tendon elongations for all 133 tendons.

TN

In addition, the phenomena which RG&E has been concerned with at the site, that is,
greater than predicted tendon force losses with time, would not be explained by a
"failure" of the rock anchors. Anchorage "failure' is a phenomena which would have
occurred very rapidly and while the highest loads were being applied, i.e., 0.8 GUIS.
In all cases, even the 6% overload applied during each retemnsion, the load we are
applying to the anchor is below the initial installation and test load of 0.8 GUIS.

Tabs 1 through 8 of the Attachment provide additional informatipn relative to the
rock anchor design and construction.

A second concern expressed during the meeting was related to the connecting sleeve
between the upper and lower tendons. Tab 9 of the Attachment includes three docu-
ments: (1) a telex relating the results of lab tests on the connector; (2) a telex
relating the assembly procedure for the coupling (note item (5)); and (3) the design
criteria for the coupling. Although there is no specific record that the anchors'
treads were fully engaged, it would seem that since the procedure required full
engagement, lack of this would have been reported.

To summarize, the review has not uncovered either faulty assumptions or calculation
errors of an extent that would be of concern.
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ATTACHMENT

TABLE OF CONTENTS

DESCRIPTION

Description of rock and local geology from FSAR, Dames and Moore
Supplementary Report, Lucius Pitkin Report dated 9/6/73, and
calculation of estimated rock creep.

Rock anchor criteria as contained in the FSAR, the original
calculations which support the design.

Calculations made to independently verify the design and to more
clearly illustrate the design assumptions. Although the calculated
values are not identical to the FSAR values, the summary on page 8
illustrates that they are within engineering adequacy and demon-
strate an acceptable margin of safety.

Description of rock anchor tests for insitu anchors. It includes
a test report, the record of the original tensioning of the anchor,
a calculation for the tested anchor (#46), and three others to _
evaluate the effective length and the results of a field survey of
the top of the rock anchors 16 points before and after tensioning
and lift off readings for four anchors 7 to 20 days after initial
tensioning.

A description of small scale anchor tests used to substantiate the
design (from the FSAR).

The installation specification for the rock anchors.

Field data from the anchor installation including, (1) record of
anchor hole depth, (2) depth to top of first stage grout, (3) data
on first stage grout tests, (4) anchor installation data, and (5)
field summary of rock anchor installation.

State-of-the-art design criteria for anchors including a Paper
presented at the Seventh FIP Congress, New York, 26 May-l1 June,
1974, and a model specification for rock anchors from the PTI. The
items indicate that design criteria has not changed since original
design. )

Data relative to the tendon and anchor coupling including, (1)
telex describing coupling fabrication problems and tests, (2) telex
describing installation procedure; item 5 states fully engaged head,
(3) design criteria for coupler, and (4) PTL test report on coupler,
heads, and tendon. |
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2.8 GEOLOGY
2.8.1 SUMMARY

A geological program involving a regional geological surVey,"borings, and
other tests at the site was conducted to provide information needed to assess
foundation conditions, seismic activity and ground water conditions. The
details of these investigations which were peréormed by Dames & Moore are
reported in detail in Volume 1, Appendix D of the PSAR and in Appendix 2 B

of this report. -
These results and subsequent information discussed below indicate that the
rock and compact granular soil on the site provide¢ a suitable fouqdation for
plant structures with allowable bearing pre;sures in the range of 3 to 6 tons
per square foot for spread or mat foundations on the compact granular soils

and of 30 to 40 tons per square foot on bedrock.
2,8.2 + REGIONAL GEOLOGY

The site lies within the Erie-Ontario lowlands physiographic province which
is characterized by an erosional topography of low relief modified by glacial
features. The land rises gradually to the south where it meets the Appalachian

Uplands at the Portage Escarpment.

Geologic formations in the region include Lower and Middle Paleozoic sédiments
overlying the pre-Cambrian basement rocks. The pre-Cambrian surface dips to

the south at approximately 60 feet per mile with local variations.

The youngest formation occurring at the site is the Queenston formation of
Upper Ordovician Age. The Queenston is roughly 1,000 feet thick in this avea
and overlies approximately 80 feet of Oswego sandstone, approximately 600 feet
of Lorraine shales and probably less than 30 feet of Potsdam sandstone.. The

pre~Cambrian surface is roughly 2,600 to 2,700 fect decp at the site.

2.8-1




ﬂ[’s. 3 LUCAL GEOLOGY

»

Tﬂe major nuclear station structures are supported in the Gueenston Formation
or atop a thin layer of natural or compacted granularisoils immcdiately above
the bedrock. The Queenston Formation, which is generélly found at depths of
30 to 40 feet, is composed of alternating strata of thinly to thickly bedded,
dense, fine grained sandstone, silty sandstone, and sandvy siltstone, with occasional
thin beds of fissile shale. Bedding is essentially horizontal with occasional
cross-bedding and shaly partings. * The color is predominatély red, but random
green blotches and layers occur throughout the depths explored. Occasional
continuous vertical joints were noted in the boringé and during our site
1'nsl;pect:ions. .
Subseqhenc to the initial environmental studies, seven additional borings
were drilled to depths between 35 and 90 feet in the reactor area for a
supplementary f;undation study. The location of these borings are shown

n Figure 2.8-1. The soil and rock encountered in the seven borings were
@milar in all respects to the on-site materials described in the PSAR.

Nine borings were drilled for the proposed intake and discharge tunnels.
As shown on Figure 2.8-1, these borings extended from the shore to a distance

of about 3,000 feet into Lake Cntario.

(ﬁ rior to Construction of the plant foundations, the soil overburden (30 to
40 feet of glanial drift) was removed. The exposed rock §ufface was observed
to be similar to that examined in nearby outcrops.‘ Bedding was horizontal
and occasional crossbedding and shaly partings Qere.evident. A pattern
of vertical joints of limited vertical extent was evident in the out-croping
rock, particularly along the lake shore side of the excavation. The observed
joihts c?ntinued to depths of from 20 to 30 feet from the top of the rock,
but no evidence of movement along the joints was found. The major joint
systems were found to be in accordance with those trends reported in the PSAR.

" Some minor exfoliation noted in the bottom of the excavation is believed to

ﬁave been caused primarily by the heavy equipment traffic on the excavation

loor and the drying effects of exposure to air.



The cores extracted in the nine borings drilled for the intake structure . .
investigation were compared with the cores of the previous borinés drilled
at the .site. As expected, the rock encountered below the lake was.consistent

with the rock encountered in on-shore borings.

-
-

The on-shore shaft and the tunnels were inspected during construction as

well as after completioh of the tunneling. Examination of the exposed rock
revealed conditions consistent with those encountered during the previous

studies. No zones of defecgive rock were found and no weathered rock was

evident in the tunnels. The rock in both tunnels is sound. Water flow was
practically nonlexistent, being essentially limited to scattered areas of

minor moisture infiltration. The actual conditions found in the tunnel excavations
are in agreement with those encountered in all previous borings drilled during

the initial subsurface investigation and the other supplemcntary investigations.

.

. ¢ . v
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June 2, 1966

Gilbert Associates, Incorporated
Engineers and -Consultants
‘ 525 Lancaster Avenue
. Reading, Pennsylvania 19603

Attention: Mr. Hans Lorenz
Gentlemen:

We submit herewith ten copies of our "Report, Supplementary

o Foundation Studies, Proposed Brookwood Nuclear Power Plant, Ontario,
New York, Rochester Gas and Electric Corporation.” .
{

The scope of our studies was planned in cooperation with
Mr. D. K. Croneberger of Gilbert Associates, Incorporated. Our
preliminary conclusions were transmitted verbally to Messrs. Croneberger
and H. Lorenz during the course of our studies.

. Yours very truly, '
DAMES & MOORE
et

RMP:ts Robert M. Perry, P.E.
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"REPORT
ﬂ[’ SUPELEMENTARY FOUNDATION STUDIES
PROPOSED BROOKWOOD NUCLEAR POWER PLANT
ONTARIO, NEW YORK

ROCHESTER GAS AND ELECTRIC CORPORATION

INTRODUCTTION

GENERAL
’ : \
This report presents the results of our supplementary foundation

studies for the.propoéed Brookwood Nuclear Power Plant presently under
construction near Ontario, New York, for the Rochester Gas and Electric
» Corporation, Detailed information relative to environmental conditions,

@it:e and subsurface features, and general foundation recommendations are

presented in our report* dated June 14, 1965.

PUKPOSE
- The purpose of our supplementary studies was to:

1) recommernd specific bearing pressures for use
in the design of foundations supported by the
natural compact granular soils, compacted
granular fill and sound bedrock;

2) present more detailed information on the depths
at which the compact natural granular soils and
the bedrock are encountered;

3) .further explore the condition of the bedrock
in the reactor area; and .

4) evaluate the effects of the dynamic load
imposed by the turbine-generator on the soil-
foundation system.

*

* “"Report, Site Evaluation Study, Proposed Nuclear Power Plant, Ontario,
New York, Rochester Gas and Electric Corporation" )

2B-2




SCOPE _OF WORK

The field phase of our supplementary studies consisted of drilling
ceven test borings. Two of the borings were dril}ed in the reactor area and
extended 50 feet into.the bedrock. The remaining five borings were terminated
;hen bedrock was encountered. Undisturbed soil samples, suitable for labora-
tory testing, were extracted from each test boring. Rock cores were recovered
fgom the two borings in the reactor area.

The locations of the borings drilled for these studies are showm in
relation to the proposed construction and previously drilled borings on the
Plot Plan, Plate 1. The field explorations were performed under the technical
direction of a Dames & Moore Engineering Geologist.

The results of the field explorations and laboratory tests, which
proYide the basis for our engineering analyses and recomméndations, are

presented in the Appendix to this report.

SITE CONDITIONS

The plant will be located in a relatively level meadow area with
surface elevations® on the order of +275 feet. Grading operations were
underway during our field explorations.

The subsurface conditions encountered in the borings drilled during
this investigation are similar to those previously encountered in the plant
area. 1In general, the plant area is underlain by four basically different.
types of material. These are, in order of increasing depth:

1) firm brown surficial silty and clayey soils;

2) soft gray silty clay;

3) compact sandy and gravelly .soils; and

4) bedrock.

* All elevations presented in this report refer to United States Coast and

Geodetic Survey Datum.
2B-3






-3 -

w Detailed descriptions of the materials encountered in the plant
area are shown on the boring logs presented in the Appendix. In general,
the compact granular soils were enco;ntered at depths ranging from about
five feet to 35 feet below the original ground surface. Bedrock generally
was observed at depths ranging from about 34 feet to 40 feet below the
surface. The southwest corner of the proposed plant revealed bedrock at
somewhat shallower depths.

Contours of the surface of the compact granular soils and the
( underlying bedrock are presented on the Ploq Plan. This contour map was
prepéred by interpolation between borings. Consequently; local variations

may occur between the boring locations which are not indicated by the contours.

@ DISCUSSION AND RECOMMENDATIONS
{

GENERAL

It is understood that foundations for the major plant facilities
will be installed at depths of 25 or more feet\belowmthe original ground
surface. In our prior report, we r?commenaed that spread or mat foundations
be installed on the natural compact granular soil, compacted granular backfill .
or sound bedrock.

Spread and mat foundation installation and design criteria are
presented in subsequent séﬁtions of this report. The results of our analyses
evaluating the,effects of the turbine-generator on the soil-foundation system

are presented in the final section of this report.

2B=4
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FOUNDATION INSTALLATION PROCEDURES

Natural Soils: Spread or mat foundations can be installed directly

on the compact granular soils at elevations below those indicated by the
contourf on the Plot Plan., We recommendsthat the sand and gravel at foun-
dation depth be proof rolled with heavy pneumatic-tired gquipment. Thie proof
rolling will récompact soils which are disturbed during excavation operations.
Any local pockets of loose or soft material requiring additional e#cavation
also will be revealed by the proof rolling operatiohs. Soils removed below

proposed foundation grade should be replaced with compadted structural fill

or lean concrete.

Compacted Backfill: Foundations which are to be installed above

the elevation of the surface of the natural granular soils should be
supported by compacted granular backfill placed after the clayey soils are
removed. Prior to placing the backfill,'the exposed underlying natural
granular soil should be proof rolled. The structural fill then should be
placed in layers approximately ékght inches in thickness. Each layer should
be compacted to a density of at least 95 percent of the maximum density
obtainable by the Modified AASHO* Method of Compaction, Test Designation
T180-57. We suggest that large vibratory or heav; pneumatic-tired equipment
be used to compact the granular backfill soils.

We believe that most of the natural granular soils excavated in the

plant area below the elevations indicated on Plate 1 can be reused as back-

£i1l. The upper silty and clayey soils should not be used as structural fill.

% American Association of State Highway Officials

2B-5
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@ . It will be necessary to dewater all deep’excavat:‘.ons. Information
regarding ground water levels and soil permeability was presented in our
previous report. ﬁe recommend that adequate dewatering measures be taken
prior to final excavation and that the dewatering be continuously maintained
duriﬁg:

1) final excavation;

2) proof rolling operati&ns;

3) placement of structural backfill;
4) foundation installation; ‘and

' 5) &general backfilling operations.

We recommend that an experienced Soils Engineer be present during.
site preparation in order to inspect the excavation and pFoof rolling

ﬁerations and to technically supervise the placement of structural backfill.

¥
A}

FOUNDATION DESIGN CRITERIA

Soil: Based upon the results of our field explorations and labora-
tory tests, we recommend that spread and mat foundatioms be designed utilizing
the net bearing pressures presented on Plate 2, Foundation Design Data. The
bearing pressures presented on Plate 2 are applicable for the compact natural
granular soil and structural granular fill'compacted in accordance with our
aforementioned recommendations. The recommended bearing pressures apply to
the total of all design loads, dead and live. The term ''net bearing pressures"
refers to the foundation pressure that can be imposed in excess of the lowest
adqacent overburden pressure. The recommended bearing pressures apply'to

foundations at least ten feet in width.

2B-6
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We recommend that the-maximum net bearing pressures imposed on the
natural compact soils and the compacted structural f£ill should be limited to
10,000 and 8,000 pounés per Squarerfoot,’reSpectively. Although, from a
stability standpoint, greater bearing pressures could be used iq the design
of large spread and mat foundations, we recommend that these limiting values
be maintained in order to restrict foundation movements to small elastic
deformations.

Rock: We recommend that foundations installed on the underlying
sound rock be designed utilizing a bearing,pressure not in excess of 35 tons

per square foot. This pressure appiies to the total of all design loads,

-dead and live. It is possible that weathered rock may be encountered at the

soil-rock interface. Our field explorations indicate that the weathered

' zone is relatively thin, generally less than one to two feet in thickness.

We understand that the bedrock in the reactor area will be required

to provide resistance to lateral forces. We believe that a lateral
resistance of 25,000 pounds per square foot of vertical contact area can be
relied upon in the sound rock. This lateral resistance applies oply“to
foundations poured in "neat" excavations directly against the exposed rock
faces. The 25,000 pounds per square foot value does not take into account
the additional resistance which would be provided by any adjacent overburden
above the surface of the bedrock. '

The exposed bedrock should be inspected by a qualified Engineering

Geologist in order to examine the condition of the foundation material and

to check for any unusual or unanticipated joint patterns.



TURBINE-GENERATOR FOUNDATION

The turbine-generator will be supported on a mat foundation
approximately 40 feet by 150 feeg in plan dimensions. The base of the
Tat wiil be installed at approximately Elevation +243 feet, some four
td seven feet above the rock surface. The center-line of the turbine-
generator will be approximately 50 feet above the base of the mat foun:
dation. The deaé weight of the equipment and the foundation will impose )
a pressure of about 4,000 pounds per square foot on the foundation soils.

We understand that the turbine-generator will operate at
approximately 1,800 revolutions per minute. During st;rc-up and operation,
an unbalanced moment on the order of 2,000,000 foot-pounds will be trans-

mitted to the soils at the base of the mat. This moment is a steady-state

condition and does not vary with the operating speed. Unbalanced dynamic

PR

forces will be negligible. A torque approximately ten times the operating
torque will result from a short-circuit load. This short-circuit torque will
be balanced wich&n the equipment foundation and will not be transmitted to
the foundation soil.

Our analyses indicate¢that the deflection resulting from the
unbalanced moment will be on the order of 0.004 inches at the edge of the

unit. We believe that there will be no influence from any small unbalance

*in the equipment since the operating frequency is well above the resonant

frequency of the soil-foundation system.

=000~
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| ﬂb The follo:\'ing Plates and Appendix are attached and complete this
report: N
élate 1 - Plot Plan
) *  Plate 2 - Foundation Design Data
) Appendix - Field Exploratiomns aﬁd Laboratory Tests

Respectfully submitted,
DAMES & MOORE

- (e fguaq

( ] Robert M. Perry
) State of New York
P.E. Registration No. 35284

RMP-AR: ts Arthur Rothman

2p-9
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APPENDIX

FIELD EXPLORATIONS AND LABORATORY TESTS

FIELD EXPLORATIONS

The subsurface conditions in the plant area were explored during
this investigation by drilling 7 supplementary test borings to depths
ranging from 35 feet to 90 feet below the ground surface. The locations of
the borings are shown on the Plot Plan. The field exploration program was

conducted under the technical direction of a Dames & Moore Engineering

*Geologist. The borings were drilled approximately four inches in diameter

utilizing truck-mounted rotary drilling equipment. Driller's mud was used
where necessary to prevent the walls of the borings from caving.

Continuous observations of the materials encountered in the borings
were recorded in the field during drilling operations. Undisturbed soil
samples, suitable for:laboratory testing, were extracted from the borings
utilizing the Dames & Moore sampler illustrated on Page A-2 of this Appendix.
Thé sampler is three and one-quarter inches in outside diametér and approxi-
materly two and one-half inches in inside diameter. Rock cores were obtained
from the two tést borings in the reactor area to a depth of 50 feet below
the rock surface utilizing a Series NX core barrel. The cores recovered are
two and one-eight inches in diameter. The soil samples and rock cores were
shipped to our New York office and laboratory where they were further examined

and subjected to appropriate laboratory tests.

Detailed descriptions of the soils and rock encountered in the
borings arc presented on Plates A-14 and A-1B, Log of Borings. The soils
were classified in accordance with the Unified Soil Classification System

described on Plate A-2.
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The number of blows required to drive the sampler a distance of
one foot into the soil utilizing a 500-pound drive deight falling a distance
of 18 inches is presented in the column at the left of the log of each boring.
The percent of core recovery obtained during coring operations is also presented
in this colump.

The elevations which appear at the top of each boring log refer to
United States Coast and Geodetic Survey Datum and were determined by

representatives of Rochester Gas and Electric Company.

. -

LABORATORY TESTS

Soil: A number of undisturbed samples of the natural compact granular
soils were tested to evéluate their strength characteristics. Triaxial
compression‘tests were performed on the soil samples in the manner described
on Page A-4, In addition to the tesks on samplé; of the natrural undisturbed
soils, triaxial compression tests were performed on samples of remolded and
recompacted granular material. These tests were used in our compacted fill
studies to evaluate the variation in strength characteriscics with changes
in density.

A ioad-deflection curve was plotted for each strength test and cthe
shearing strength of the soil was determined from this curve., Determinations
of the moisture content and dry density of the soii; were maée in conjunctioé
with ;ach strength test.

The results of the strength tests and the corresponding moisture and

density determinations are tabulated on Page A-5, Summary of Soil Strength

Test Data.
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@ METHODS OF P ERFORMING UNCONFINED COMPRESSION AND TRIAXIAL COMPRESSION TESTS

THE SHEARING STRENGTHS OF SOILS ARE DETERMINED
FROM THE RESULTS OF UNCONFINED COMPRESSION AND
TRIAXIAL COMPRESSION TESTS. IN TRIAXIAL COMPRES-
SION TESTS THE TEST METHOD AND THE MAGNITUDE OF
THE CONFINING PRESSURE ARE CHOSEN TO SIMULATE
ANTICIPATED FIELD CONDITIONS.

UNCONFINED COMPRESSION AND TRIAXIAL COMPRESSION
TESTS ARE PERFORMED ON UNDISTURBED OR REMOLDED
SAMPLES OF SOIL APPROXIMATELY SIX INCHES IN LENGTH
AND TWO AND ONE-HALF' INCHES IN DIAMETER. THE TESTS
ARE RUN EITHER STRAIN-CONTROLLED OR STRESS-
CONTROLLED, IN A STRAIN-CONTROLLED TEST THE
SAMPLE IS SUBJECTED TO A CONSTANT RATE OF DEFLEC-
TION AND THE RESULTING STRESSES ARE RECORDED: IN
A STRESS-CONTROLLED TEST THE SAMPLE IS SUBJECTED
TO EQUAL INCREMENTS OF LOAD WITH EACH INCREMENT
BEING MAINTAINED UNTIL AN EQUILIBRIUM CONDITION
*WITH RESPECT TO STRAIN IS ACHIEVED,

YIELD, PEAK, OR ULTIMATE STRESSES ARE DETERMINED  TRIAXIAL COMPRESSION TEST URIT

FROM THE STRESS-STRAIN PLOT FOR EACH SAMPLE AND
THE PRINCIPAL STRESSES ARE EVALUATED. THE PRINCIPAL STRESSES ARE PLOTTED ON A MOHR’S
CIRCLE DIAGRAM TO DETERMINE THE SHEARING STRENGTH OF THE SOIL TYPE BEING TESTED.

UNCONFINED COMPRESSION TESTS CAN BE PERFORMED ONLY ON SAMPLES WITH SUFFICIENT COHE-
SION SO THAT THE SOIL WILL STAND AS AN UNSUPPORTED CYLINDER. THESE TESTS MAY BE RUN AT
NATURAL MOISTURE CONTENT OR ON ARTIFICIALLY SATURATED SOILS.

IN A TRIAXIAL COMPRESSION TEST THE SAMPLE 1S ENCASED IN A RUBBER MEMBRANE, PLACED IN A
TEST CHAMBER, AND SUBJECTED TO A CONFINING PRESSURE THROUGHOUT THE DURATION OF THE
TEST. NORMALLY, THIS CONFINING PRESSURE IS MAINTAINED AT A CONSTANT LEVEL, ALTHOUGH FOR
SPECIAL TESTS IT MAY BE VARIED IN RELATION TO THE MEASURED STRESSES. TRIAXIAL COMPRES-
SION TESTS MAY BE RUN ON SOILS AT FIELD MOISTURE CONTENT OR ON ARTIFICIALLY SATURATED .
SAMPLES. THE TESTS ARE PERFORMED IN ONE OF THE FOLLOWING WAYS:

UNCONSOLIDATED-UNDRAINED: THE CONFINING PRESSURE IS IMPOSED ON THE SAMPLE
AT THE START OF THE TEST., NO DRAINAGE IS PERMITTED AND THE STRESSES WHICH
ARE MEASURED REPRESENT THE SUM OF THE INTERGRANULAR STRESSES AND PORE
WATER PRESSURES.

CONSOLIDATED-UNDRAINED: THE SAMPLE IS ALLOWED TO CONSOLIDATE FULLY UNDER
THE APPLIED CONFINING PRESSURE PRIOR TO THE START OF THE TEST. THE VOLUME
CHANGE IS DETERMINED BY MEASURING THE WATER AND/OR AIR EXPELLED DURING
CONSOLIDATION. NO DRAINAGE IS PERMITTED DURING THE TEST AND THE STRESSES
WHICH ARE MEASURED ARE THE SAME AS FOR THE UNCONSOLIDATED-UNDRAINED TEST.

DRAINED: THE INTERGRANULAR STRESSES IN A SAMPLE MAY BE MEASURED BY PER-
FORMING A DRAINED, OR SLOW, TEST. IN THIS TEST THE SAMPLE IS FULLY SATURATED
AND CONSOLIDATED PRIOR TO THE START OF THE TEST. DURING THE TEST, DRAINAGE
IS PERMITTED AND THE TEST IS PERFORMED AT A SLOW ENOUGH RATE TO PREVENT
THE BUILDUP OF PORE WATER PRESSURES. THE RESULTING STRESSES WHICH ARE MEAS-
URED REPRESENT ONLY THE INTERGRANULAR STRESSES. THESE TESTS ARE USUALLY
PERFORMED ON SAMPLES OF GENERALLY NON-COHESIVE SOILS, ALTHOUGH THE TEST
PROCEDURE IS APPLICABLE TO COHESIVE SOILS IF A SUFFICIENTLY SLOW TEST RATE
IS USED.

AN ALTERNATE MEANS OF OBTAINING THE DATA RESULTING FROM THE DRAINED TEST IS TO PER-
FORM AN UNDRAINED TEST IN WHICH SPECIAL EQUIPMENT IS USED TO MEASURE THE PORE WATER
PRESSURES. THE DIFFERENCES BETWEEN THE TOTAL STRESSES AND THE PORE WATER PRESSURES
MEASURED ARE THE INTERGRANULAR STRESSES, | .
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?1-9¢

BORING DEPTH
(feet)

202 30%
203 10%
203 15%
204 20%
205 15%
207 16

SUMMARY OF SOIL STRENGTH TEST DATA

DRY

DENSITY

(pcf)
114

110

115

127

117
124

120

111

112
111
125
122

144

.MOISTURE

CELL ONE-HALF
CONTENT PRESSURE DEVIATOR STRESS
(percent) (psf) (psf)
1}.2 1,500 3,900
11.0 1,500 2,100
2,000 2,900
3,000 4,400
10.6 1,500 3,300
2,000 3,750
10.5 1,500 4,150
10.8 500 1,400
1,500 2,700
11.2 . 500 2,700
1,500 4,300
12,1 1,500 1,600
3,000 3,800
6,000 8,300
11.5 500 800
1,000 1-,800
3,000 4,000
7.3 2,000 4,000
7.6 2,000 3,500
11.6 1,000 3,000
11.8 1,000 1,800
6.5 2,000 5,200

REMARKS

Natural
Récompacted
Recompacted

Recompacted

Recompacted
Recompacted

Recompacted

Natural
Natural

Recompacted
Recompacted

Natural
Natural
Natural
Recompac ted
Recompacted
Recompacted
Natural
Recompacted
Natural

Recompacted

Natural






A-6

@ Rock: Unconfined compression, triaxial compressioan and tension
tests were performdd on sclected rock cores extracted from the borings, These
tests were performed by subjecting rock cores approximately two and one-eight
inches in diameter and f&upbto six inches in height to an axial strain and
reco;ding the resisting. stress developed by .the rock. A stress-strain curve
was plotted for each of the compression tests and the shearing strength of

the rock was determined from this curve. The results of the strength tests

on the rock cores are presented below:

N\

\ ONE-HALF
( BORING DEPTH CELL PRESSURE DEVIATOR STRESS TYPE OF TEST
(feet) (psi) (psi)
201 42 - :50% Tension
201 45 - ' 50% . Tension
201 49 1,000 4,700 Triaxial
@ | ; Compression
202 ' 47 - . 3,900 Unconfined
Compression
202 50% 1,500 4,400 Triaxial
Compression
( » % Indicates peak tensile stress

normal to beddirg planes,

POOR ORIGINAL
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B (m The following Platws arc attached and complete this Appendix:
Plate A-1A - Log of Borings (Borings 201 and 202)

Plate A-1B Log of Borings (Borings 203 through 207)

) Plate A-2 - Unified Soil Classification System and
r ’ Key to Test Data

® POOR ORIGINAL
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iLesictlES e it bir] Analytical, Metallurgical and Rescarcl Laboratorics
iNCORPORATED Us1. 1585 .
o~ / 50 HUDSON STREET, NEW YORK, N. Y. 10013 ¢ (212) BE 3.2737
. % N . CADLE ADDARES®: NIKTIP

REPORT
September 6,- 1973

M-=2871

Your Ref. :

Dames & Moore - ' o R T
14 Commerce Drive T ) : . ) ‘
Cranford, New Jersey 07016 - !

Attention: Mr. Adekunle Oguntala

1

Subject: COMPRESSION TESTS OF CORED ROCK. SAMPLES

Two cored rock specimens (204-114-1 & 204-104) were
prepared and tested in unconfined axial compression. Strain '
gages of X-Y configuration were employed to determine axial
., and lateral :strain. o
T One cored rock specimen (204-125) was prepared and ,<F~———~
(’ tested in unconfined axial compression-crecp. This specimen ’ i
was loaded to 10,000 psi for four hours. The specimen was then-
loaded from 10,000 psi to failure. ‘ .

One cored rock specimen (204-114-2) was prepared and , ;. '
tested in cyclic triaxial compression at a confining pressure t ;
of 100 psi. The specimen was loaded and unloaded 10 times to DU
a stréss of 6000 psi; 10 times to a stress of 9000 psi, and 10 /. I -
times to a stress of 12,000 psi. At the completion of cyclic S,
loading, the specimen was tested to failure, Strain gages of
X-Y configuration were employed to determin&&,axial and lateral.
strain. T

~

. One cored specimen was prepared from sample 204-125
and returned to Dames & Moore. Cored rock sample 204-86 was cut
into two samples and returned to Dames & Moore. ;

Poisson's ratio for cach'specimen tested in unconfined.
axial compression was calculated from the lincar porxtiom of the
stress-strain curve. ’ - .

-Complete results of all tests' performed are appended.

— ) ; Respectfully submitted,
7
i .
f~$ Approved: ¥ Lp,c.§us PITKIN, INC.
Z;g/ . J. Vecchio X,
st. Chief Metallurgist s -fdsso%‘a N
Metallurgist - N

This report Is rendered upon the condition that it §s not to be reproduced wholly or In part for advettising or othet purposes oves our signature
FORM 107-11768 or in connection with our name without speclal permisston In wrlting.

s
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- Dame . ore { Date: Sept ' \?“'

Attn: & Oguntala o : lthl‘l T)tkiﬂ -;", }. . M-2871 Fi®x )i &
' ) _ : inc orated . B QEE; ’

UNCONF INED CO-PRESSIOMN TRESTS -
: We. Diam. Length Area  Volume Density Ult. Load Ult. - 3%
Sample- . _(gms) (in) (in) (sa.in.) . (cu.in.) (gms/cu.in.) . (1lbs) Str.,-psi Remarks
204-114-1 491  1.87 4,30 2.75 11.83  ©..41.50 - 52,500 - 19,1001 violent sha
204-104 489  1.86 £.28  2.72 - 11.64 ,-742.01 . 60,500 22,240 violent cha
204-125 - 483  1.86 4.25 2.72 - 11.56. + 41.78° 50,500 18,560 violent sha
204-125 485 . 1.85 - 4.33  2.69 11.65 :.i.41.63 * returned to Dames and Moore

TRIAXIAL COMPRESSION TESTS

We.  Diam. Length  Area' Volume  Density  Ult. Load  ULt. . s

Szrnle (gms) (in) - (in) ;sm.ig.) (éu.in) (gms/cu.in.) (1bs) °~ Str.: psi Remzrks
204-114-2 497  1.87 4.34 2.75 11.94 41.62 52,000 18,910 violent sha
. <o n - . Confining

. Pressure-100

.
—_— . TN -



Lucius Pitkin

B . incorporated
! Dames & Moore . . September 6, 1973
{%tn: Mr A. Oguntala | ’ M-2871 File: Ginna
POISSON'S RATIO
i ' '
Stress Range For. " Poisson's
Sample . Poisson's Ratio | Ratio
204-114 5090-12,730 .25
204-104 /5150-11,030 a9
MOISTURE CONTENT
( | . . -
Sample . _ MOISTURE CONTENT, % .,
204-114. . o 10,0950
204-125 , ' 0.0958

POOR ORIGINAL



*ucius Pitlkin
| -sorporated . . )
Dames & Moore M-2871 File: Ginna
N Attn: Mr A.. Oguntala September 6, 1973

—rm . Sample: 204-125

UNCONFINED COMPRESSION-CREEP

Axial Asial Axial Lateral . Elapsed

Load Stress Strain Strain Time

TR ¢ A oM o L N G e (min)
0 o 0 0 _ 0"

y 1000 370 ‘180 0 . 0.3
- 2000 740" 390 0 0.7
"~ 3000° 1100 . 6307 5 1.0
] 4000 1470, 830 10 1.3 .
. 5000 . 1840 . 1030 SRR Y
I 0 6000 2210 $"1250 25 2.0
™ . 7000 2570 1440 / .45 2.3
'®800'0’ 2940 1630 55 - 2.7
d. 9000 . 3310, 1795 s 3.0

10,000 3680 - ©1955 75 C 3.3
11,000 4640» . 2110 / - . e 3.7

v 12,000 4410 2250 110 . 407
13,000 . 4780 2370 125 4.3
. 14,000 5150 : 2500 Y . 140 4.7
, 15,000 5510 2605 155 5.0
J 16,000 5880 2715 . 175 5.3

| 17,000 6250 . 2820 190 5.7 .

“ - 18,000 6620 2920 205 : 6.0
{19,000 6990 - 3020 225 6.3
| @,o‘oo 7350 3120/ 245 6.7
i\~"21,000 7720 3220 © 265 7.0

© 22,000 8090 3310 280 7.3
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ro. Dames & Moore

{ Attn:
f;:iﬂ“b

4

J

Axial
Load
bs)

| G

24,000
25,000
: 26,000
: 27,000

L

P 27,200
27,200

27,200
! 27,200

| 27,200
| 27,200
. 27,200
! 27,200
| 27,200

27,200

: 27,200
2@27',20'0
27,200
27,200

27 0N

23,000

i@ 27,200 °

1. 27,200 .
1 .

| 27,200 -

Mr A, Oguntala

?%@u

fueius Pigli
incorporatod

Axial
Stress

(bsty

8460
8820
'9190
9560
9930
* 10,000
10,000
10,000
10,000
10,000
10,000
10,000
110,000
10,000
10,000
10,000
10,000
10,000
10,000
10,000
10°,000
10,000

N alalsh

scial
Strain
(u-in/1in)
3400
3490
3580
3670
3760

g37857 —

3830
3835
3845
3845
3850
3860 .
3860
3860
3860
3860
3860
3860
3850
3860
3860
3860
2860

300

- 320

345

375

390

400 -
425
435
440

445
445
450
455

455

455
455
455
455
455
455
455
455

/e

M-2871

File:

i

Ginn.

Septembexr’ 6, 1973

Elasped
Time

7.7
8.0

. 8.7
9.0 .

."10'1\

20

30

40
50
60
70
80
90
100
110
120
130
140
150
160
170

| 2N AleY

@%@ ’a“é@%ﬁ‘ Sample: 204-125 -

COMPRESSION- CRFFP
Lu. teral

ctrain

(——infln)'



Axial

: Load
N Ibs)
-« 27,200

| 27,200
.

) 27,200 .
Jk 27,200
j" :57;200
= . 27,200
e~ 27,200
'® 28,000
d 29,000

30,000

= 35,000
1 7 40,900
) _ 45,000
] 50,000

.-50,500

¥ Ult..Load

;

‘. '
®

Dames’
Attn:

& Moore %
Mr A. Oguntala%i &

- & v% ,t;w

UNCONFINED COMPRESSION~CREEP

Axial "Axial Lateral
§%%%%§ .(%§§§%%h> _(%%E%%%ﬁ)‘
" 10,000 3860 455
10,000 3850 455
10,000 3865 460
10,000 3865 460
10,000 3865 460
10,000 3865 460
10,000 38TV — 460
.‘.10,290 3925 470
10,660 3995 485
11,030 4060 505
+12,870 4450 600
14,710 4880 755
16,540 5335 985
18,380 5860 " 1340
18,560
3977

1-2871  File: Gim
Scptember 6, 1972

Sample: 204-125

Elapsed
Time
(min.)

190.
200
210
220
230
260"

( 250
1250.5
251.0

. 251.5
253.5
255.5
257.5
259.5
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DAMES & MOORE.
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SAMPLE 204-125
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] {Q the dome all membrane and shear stresses resulting from.the earthquake
o

ading will be developed in mild steel reinforcing.

The loading on the concrete shell of the containment following an accident
must be transmitted to it through the liner. The liner attempts to expand
under the combiﬁeé influence of the temperature and pressure. Since the
ﬁontaiﬁment structure may be classed as a thin shell, (the diameter to’
thickness ratio is 30), it is considered that it would have been valid

to treat the temperature rise in the liner as an equivalent pressure increase,

. Nevertheless the analysis as actually performed considered an equivalent

liner force occurring at the location of the liner. Such equivalent liner
forces were established based upon no thermal strain relief at points where
concrete 1s uncracked. The liner temperature increase was. assumed to be
10°F due to accident conditions where the liner is insulated. Based upon

no relief of thermal strains with uncracked concrete this effect of this

@emperature rise 'was converted to an axial force plus a moment about the

entroid of this section. As a design conservatism, the elastic expansion
of the concrete shell under pressure and temperature loads has not been

used to reduce the temperature induced stresses.

Rock-Anchors

The basic criterion for the determination of anchor length is that the

pull of the anchor is resisted only by the submerged weight of rock and

that the rock offers no tensile strength., This criterion further assu&es*

that the rock breaks out at an angle of 45° to the bond development

length of the tendon. This criterion also allowed for any additional

loads on the rock imposed from the inside of the containment vessel.

The hold-down capability of the rock in the rock anchor design has:taken

l into consideration the circular geometry of the vessel,

®

50102"'20 ) "
L169



The design of the rock anchors is based upon the simplified assumptlon

that the rock breaks out at an angle of 45° to the axis of the tendon with

.the apex of the angle at mld-height of the first stage grout. This

implies that the rock failure mode is one of diagonal tension. This

assumption of a half-angle of 45° for rock is not unique as is.evident

by the following references:

1. The Raising and Strenéthening of Steenbrar Dam, By S. S. Morris and
W. S. Garrett, Proceedings, I.C.E., Vol. 1., Pt. 1, No. 1,hp. 23;
Discussion, Vol. 1, Pt. 1, No. 4, 1956, p. 399. :

2. Stress Analysis and Special Problems of Prestressed Dams, O. C.

Zienkiewica and R. W. Gerstner, Journal of the Power Division, ASCE,

January, 1961,

3. 1300 ~ Ton Capacity Prestressed Anchors Stabilize Dam, A. Eberhardt

and J. A, Veltrop, Journal of the Prestressed Concrete Institute, Vol;
10, No. 4, August, 1965. )

Further verification of the conservative nature of this assumption was

demonstrated by the rock anchor tests' described in Section 5.6.1.1.

The sockets for the rock anchors are percussion drilled into the rock
through steel pipe sleeves which are welded into the underside of the
bearing plates for the rock anchors and extended through the ring girder.
The sockets in the rock plus the pipe sleeves are filled with a neat cement
grout in two stages after the rock anchors are installed. Protective steel
covers, as shown on Figure 5.1.2-1, are welded to thé bearing plates for
the rock anchors to enclose the sidewall tendon to rock an;hor couplings,

The tendon conduit extending above this enclosure is 6 inch diameter

'sthedule 40 pipe with threaded couplings. This tendon conduit is threaded

into half coupling welded to the top of the protective steel cover. - In
order to permit the required.conduit movement, stainless steel bellows are
provided. The tendon conduit, including the protective steel cover, is
bulk filled with the corrosion protection system described in Section
5.1.2.3. This filler material is injected througﬁ a connection in the
protective steel cover. The exterior surface of the containment structure

will be waterproofed from the edge of the ring girder to Elevation 253'-0"

to provide corrosion protection.
5.1.2-20a

4169
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. rior to installing any rock anchors, a test was performed by grouting
‘@ rock anchor in a water filled, clear; s;ix inch diameter tube. This
rock anchor contained 90-1/4 inch diameter wires with the grout tube
and bottom hardware all identical to the proposed for the permanent
installation. This test demonstrated that the grout did flow so as
to completely encase the tendon. However, it also indicated that the
usé of bleeder holes near the bottom of the group pipe, as well as the,
group pipe terminating above the bottom of the hole, tended to produce
an unacceptable dispersion of the grout. This condition was remedied
by deleting the bleeder holes and extending the, grout pipe with the addition
of a bevel to the bottom of the hole. No tests could be made on the |
completeness of grouting of permanent rock anchors. However, procedures
~( used for grouting did comply with those found to be satisfactory in

the previously described test.

The side wall tendons are coupled directly to the rock anchors. When
‘ lift-off readings are made on the side wall tendons, this will also provide
@a measure of the prestress force at the fixed end (i.e. upper anchor

head for the rock anchors). However, as in any bonded tendon, it is not
possible to measure the prestress in the full rock’anchor tendon.

These criteria are identical with those used for dams in the USA and

EufOpe.(6;7)

Confirming information was also obtained from The Cementation
(“ Company Limited of Great Britain, a specialty firm whose activity in recent
years has been devoted, in large measure, to the prestressing of both

existing and new dams, especially in South Africa and -Australia,

Large capacity., post-~tensioned anchors designed on thi§ basis have previously
been used in a number of dams in Europe, Africa, Australia and, this .
country to provide stability for the structures. One of the éérly apblications
was the anchoring of the Cheurfas Dam in France 1935. Simi%arly, prestressed
rock anchors have been used for tie backs on retaining walls on a, permanent
as well as temporary basis and for suspension bridge anchorages. Recent.

major structures for which prestressed rock anchors were used are listed
0 in Table 5.1.2-2, A list of recent major applications of BBRV ninety -

1/4 inch diameter wire prestressed rock anchor assemblies is given below.

5.1.2-20b
4769

(o
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Wanapum Dam, Washington i ~ Rock anchors and trunnion anchors

Mayfield Dam, Washington Rock anchors for penstock slope
stabilization

Rock anchors for rock stabilization

Rock anchors for dam stabilization

!

Boundary Dam, California

John Hollis Bankhead Dam,
Alabama

Ice Harbor Dam, Washington

Mangla Dam, West Pakistan

Rock anchors
Trunnion girder anchorage, main spillway

The design is based upon the use'of the BBRV system developed originally

in Switzerland and used extensivély for rock anchor applications.

Laboratory tests on core representative of rock in the approximate area

and depth of the rock anchor installation indicate a bulk specific gravity

"of the rock of 2.54. Since the rock participating with the rock anchors

is below the ground water table the submeréeq weight.of rock of 96 pcf
(2.54-1.0) x 62.45) is used in determining the hold-down capability.

The bond development length (first stage grout) for the ninety - 1/4

diameter wire tendon is computed as follows:

For 0.60 fu = 635 kips

_ 80/60 x 635000 _ /
P =T x 6 x 170 x/izy - 220 fr./
= \.

»

Each rock'anchor is initially tensioned to 80%Z of ultimate strength and

the jacking force is then reduced at lock-off to 70% of ultimate. The bond
stress assumed between rock and grout is_170 psi. This value was determined
to be conservative as demonstrated during the test performed on reduced
scale rock anchors as reported here-in and also as reported by the Swiss
Federal Laboratory for the Testing of Material (Reference 'VSL Prestressed -
Rock and Aluvium Anchors, Losiner & Co. SA dated March 1965) and as
documented in Grolversuchemit Spannankern an Talsperran der Asterreichen.

Bunderbahnen und die Anwendung der Vorspannbouweise auf den Talsperrenban,

Von A. Ruttner, Wien, Austrian Engineering Journal 1964. Test data

5. 10 2"21
4/69






—

] (@ obtained for the John Hollis Bankhead Dam, Warrior River, Alabama, also ’)
confirm the conservatism of a bond development iength developed on the )

basis of the average bond stress of 170 psi between grbﬁt and rock.

The diameter of the drilled hole for each rock anchor is 6 inches. The
.assumed breakout angle of 45° to the vertical is most conservative as

demoﬁstrated during the reduced scale rock anchor test, and in Reference 8.

*

Weight of rock in kips per ft. circumference = 0.096d25= .67-Lf

Internal Pressure in kips per ft. circumference

0.072 pd (2x - d)
r

a—

The depth d = 26.5 ft., was established based on prelimihary design. No

surcharge beyond the internal pressure of the containment vessel was

considered to be effective in determining the rock anchors hold-down

capability. Therefore, for varying internal pressures the rock hold- :i)

b down capacity uniform around the circumference of the vessel, is as’

follows:
Rock Hold-down éapac£ty (kips per ft.
Internal Pressure (psig) circumfereqce)
’ 0 ' . . 67.4
60 - DU - \ 240.4
69 . ’ 266.4
75 ' 283.7

>

5.1.2-22
10/68
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For the combination of opernting'plus 1nhident loads (i.e. lLoad
Combination (a) in Section 5.1.2.3), thé uplift per foot circumference
Is constant acu259.0 kips per ft., less than the ussumed rock

anchor capacity of 327.0 kips per ft. Therefore, the factor of
safety on pull~out against the factored load is 1.26. For the

structural proof test, upliff per foot circumference is constant ‘

I
at 182.0 kips per ft., less than the rock anchor capacity of 266.4
kips per ft. for a factor of safety of 1.47.

For the combination of operating plus incident plus design earthquake

" loads (i.e. Load Combination (b)), the maximum uplift per foot

circumference is 274.1 kips per ft. and theé minimum is 150.5 kips

per ft. This copsiders horizontal and vertical components of ground

.motion occurring simultaneously and their effects added algebraically.

Due to the group action of anchors, the overcapacity of the rock against
lateral loads can be represented by the factor of safety against <
overturning. This factor, using the rock hold-down capacity based on \;<£dr;2i(

the pressure load of is 2.38. : yy

For the combination of operating plus incident plus maximum potential
earthquake loads (i.e. Load Combination (c)), the maximum uplift per

foot circumference is 289.2 kips per ft. and the minimum is 25.4 kips
per ft. The factor of safety against overturning again using the same

consideration is 1.96.

Consideration was also given for seismic loading without internal pressure.

For the 0.lg ground motion (vertical and horizontal components considered .

to occur simultancously and the effects added algebraically) there is no
uplift.. Minimum downward component is 0.9 kips per ft.. The factor of )
safety against overturning is 4.62, For the 0.2g ground motion (vertical

an/. horizontal components considered to:occur s3mdicaneousi§ and the effects 2?7

added algebraically) the maximum upl%fc 69.2)}kps per ft. The factor

g

of safety against overturning is 2.31.

5.,1,2-23
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“““he tendons are anchored into the rock socket with an expanding

gfput. The grout contained an additive designed to‘reduce the

water requirement of the cement, have a slightly expanding action

and retard the initial set. The expansion based upon original grout

volure. is 8% + 2%. This expansion is accoéplished by the reaction .

of aluminum powder with the alkaliés of the cements. This reaction

results in liberation of hydrogen gas 1n;the‘férm of s&all bubbles

which have an expanding effect. 1€sts have verifiéd that the molecular

. form of the hydrogen in the alkaline medium will not adversely affect

the steel.

The top (movable) anchor head for the rock anchor is coupled to thé bottom

(fixed) anchor head of the side wall tendon as shown in thé fully ehgaged

position on the attached Figure 5.1.2~12. Dimensions and material will -

. be as shown thereon. The bushing provides for coupling the smaller diameter

fixed head to the larger movable (i.e., tensioning) head). The coupling - .
@as right-hand threads on each end. . :)

During construction, after the rock anchors were tensioned, the coupling

was set in place on the top head of the rock anchor. When the sidewall i

tendon was inserted in the conduit, the coupling was threaded onto the

( ‘bottom head of the sidewall tendon to the end of thread. The coupling was
then turned down onto the top head of the rock anchor reéulting in all
threads on both anchor heads being fully engaged as shown on the sketch.
The design of the tendon hardware ensures that the hardware remains
elastic up to the ultimate capacity of the wires. Therefore, at the

- effective prestress force of 60%Z of the ultimate Etrength of the tendon,
éyerage strains in the coupling are designed to be no greater th;n 60%
of the yield strain of the coupling material. Details of the anchorage
hardware are shown on Figures 5.1.2-13 through 5.1.2-18. .
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{ @ SUBJECT: Test on Rock Anchor lumiver 46, Fole Humber 18 ,

me 50 ton tack 1:/2_3" iz, Joclat yosting on rock cxnchor dbase piete

Buttonheads wvere checked from top of button to toy of anchor heed, Aversge height
ca eppro:dmately 80 tendons was 5/16% minvae 1/16". Adbout five tendons were withia

tolerence -~ 5/15" erove eachor hesd, Tae ramaining five tendons were cerked w/yellow .
chalk to indicete any subsegusat movemsat, iozsurerents and location were teken thus: i
1« X.W. = Second row e 2L/A6" - - . . :

- No Ea = o ) ' v

First row - 11/16" ' P :

2
3~ S, 3, ® Firegt rov =~ 1/2" ’
{ " b -8.W. = Figth rov - 7/i6" ‘ ;
. . 5 - S, W, =3 Second row -~ 3/6" . ,
Pressure wes opolicd et 11 A, - Gage rezding 5,000 lbs/sqe. duch vhen 1/16" sghims . ;
: - were located under enchor heed = 3% Tons, Soke g, ST g
i

Approxdimztely twenty tendons were lcose - prising with a screwdriver,™ "¢ L
Secord Stage - 1:L5 P.M. - . : S . Co L
re . v » e . 1 .._:n T . , L. H

Pressure epplicd to loosen 1/i6" chims = 2,100 1bs/sq.inch e 14 ton, . T
1/8" shins under enchor - Pressure 8,400 1bs/sg, inen = 55t - .7~ . 7

-
TP

.
s,

e

-

" »
.

. . | sl = 5/8" ‘-" . .. . i 4. N ' .
- . 2a5/8" A -
3 = 7/26" . L
. ) 4= 3/3" - . , T
v M . 5 ® 5/16" ) oo« . . o e - '... :‘:., '.(.\

ra l a0 e o vk s e wnn o et

( ' " . Approximately 15 terdons were loose at this stages * ° 77 . . o :'.
., Toixd Stage:, . , v g Ty
. Prossure epnlicd to loosen 1/8" shins, 4,100 lbs'/sq..inc'h s 28 ton. L
Efforts to instell 1/36" shizma with 1/3" shizms were partially successful . Pressure :

! avplicd 9,5C0 Yos/sq.irch Z;"tons. Maasurements oa buttonheads were: :
T ) — :

‘ 1< 9/16" ‘ : ; C S

2:z72.h86" - . . o

3 = l 2" ‘ . i N ;

’ Ly =56 "¢ _ o .

5= 3/ -. - -

Appro:dzately ten- tendo':'zs‘x}pre looce « seravdriver used. DI

Wt . K

L Py rrs

Furthor tests were not contlusive es 3/26" shinms vere not cligned at true level.

ﬁ Removed 1/8" chims « left 1/16"chinms under ecuychor waea Ted Brown intimted conclusion. .

l‘.:l{-s Po:’!o ,

Jokn Giltert
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pe II cement, modified for low heat of ‘hydration, is used to minimize
‘mrinkage .

"Grab" samples are taken period&cally at the batch plant, upon delivery
of cement. Each sample is tested by the Testing Laboratory for
conforhance to ASTM C 150, and the results are also compared with the

certificate supply with each delivery of cement.

Elastoﬁeter Bearing Pads

Tests are performed on elastomer specimens to ensure compliance with
requirements for (1) original physical properties ingcluding tear resistance,
( " ‘rdness, tensile strength and ultimate elongation, (2) éhange in physical
rcbperties due to overaging, (3) extreme temperature characteristics; %)
ozone cracking resistance, (5) oil swell and (6) shear modulus. In,
addition, two full size pads are tested, one for creep and one for
ultimate load. Specimen No. 1 is initially placed under essentially
-@:onstant compressive load of 1000 psi (the design prfessure) for .
ur days to measure creep. This pad is then loaded up to 2000 kips
" (5.3 times design load) when the test was terminated without failure.
Specimen No. 2 was similarly loaded up to 2000 kips without failure,
The rebound of the pads after the 2000 kip load was removed is essentially
comple;e.m A summary of the test results is §hown in Figures ELE;;—
( andi§:§.1-4.

%

Rock Anchor Tests

Three scaled down test rock anchors were installed to dgmonstrate
first the hold-down capacity of the rock and second the capacity of

the bond between rock and grout.

»

i
3
/
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Two tests were made on rock anchor "A" which was installed at the

center of the proﬁosed containment vessel. The first test, called

test A-1 was to determine rock hold-down capacity. The set-up for

test A-1 is illustrated in Figure 5.6.1-5. The beam support piers

were located beyond the assumed influence circle of rock having a

diameter of 23 feet 6 inches. An independent frame was erected to

obtain deflection measurements on the concrete pier at the anchor.

This placed all supports for lifting as well as measuring devices

outside the influence circle of rock. Dial gauges were used to measure

the movement of the concrete pier and the anchor head. The test load

was applied with a 150 ton jack mounted on the beams spanning the ’

test anchor. Measurements of the jacking force were made with a dynamometer,
calibrated immediately before the test. The second test on rock anchor

"A" (Test A-2) and the tests on rock anchors "B" and "C", also installed
near the center of the pfoposed containment vessel, were made to demonstrate
bond capacity. The setzup for test A-2 and for rock anchors "B" and ’ T
"C" was.an arrangement whereby the jack was supported directly by

the concrete pier adjacent to the test anchor.

e

5.6.1-4q
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Rock anchor “A" consists of twenty-cight 1/4 inch diameter wires prouted for
a length of 4 feet. 5-1/2 inches in a 3-1/2 inch.diameter hole. All test rock
anchors were oversized so that the' test load of 100 kips would develop only
about 0% of the ultimate capacity of tendon wires while developing a bond
stress of 170 psi which is the design stress for the. containment rock anchors.

This permitted testing bond stresses well in excess of design (170 psi) without

exceeding ultimate wire stresses.

The test procedure for test A-1l was as follows:

Theiahchor was loaded in 20,000 pound increments to 100,000 pounds. The load
was maintained at each increment for 15 minute; prior to téking measurements

for elongation of the tendon and clevations of the concrete pedestal and
adjacent rock surface. Because the anchor hegd appeared from visual observation
to not have lifted off at the 100,000 pound load, the load was increased to
110,000 pounds at which point lift off was'apparent. Subsequént review of
measurements on the movement of the anchor head indicate that actual lift off

occurred between 80,000 pounds and 100,000 pounds as would be expected.

In test A-2, "B" and "C", tendon was jacked from ,the concrete pier immediately

.adjacent to the tendon.

Table 5.6.1-1 lists measurements taken during test A-l. figures S.Q.l—6,

5.6.1~7 and 5.6.1-8 show plots of load vs. elongation deflection for all tests.

The application of a test load of lld kips to rock anchor "A" (as indicated
by the results of test A-1 shown on Figure 5.6.1-6) is equivalent to 137.5%
of the calculated hold-down capacity assumption used in the design is valid.
The plot of load vs. elongation deflection for rock anchor "A" tests A-2

(see Figure 5.6.1-6) and "B" and "C" (see Figures 5.6.1-7 and 5.6.1-8)
indicate a factor of safety against slippage by the grout and rock of at least
2.0 (200 kip load vs. 100 kip design load) for rock anchor "B". If slippagé
occurred within the grout the factor of safety against failure is even greater.
The plot of load vs. elongation for rock anchor "A" shows an apparent dis-
continuity which is indicated by a dashed line on Figure 5.6.1-6. This »
represents settlement of the concrete pier adjacent to the rock anchor when
the load was transferred from the lifting frame used in test A-1 to the lock’

nut which bears on the concrete pier.

5.6.1-5
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f / MAX. OVERSTRESS LOAD = 0.8 (330) = 264X
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.80 fu = 264%

SEE NOTE
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ROCK ANCHOR "B"
TENDON: 28-1/4" ¢ WIRES

ULTIMATE TENDON LOAD = 330
MAX. OVERSTRESS = 0.8 (330) = 264

TOTAL TENDON LENGTH = 13* - 2-1/2"
EFFECTIVE DEPTH OF GROUT = 5'-5"

'

k

NOTE:

JACKING FORCE INCREASED TO 208% WHEN
SLIPPING OCCURRED AND STOPPED WITH A
TOTAL ELONGATION OF 2 11/16" AND A
JACKING FORCE OF 1955, JACKING WAS
HALTED 7O AVOID POSSIBLE DAMAGE TO

JACK.
!
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.80 fu = 264"

262

240

22¢

200

18¢

160

140
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100
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TENDON:

ROCK ANCHOR "C"

28-1/4" ¢ WIRES

ULTIMATE TENDON LOAD = 330X °

MAX. OVERSTRESS = 0.8 (330) = 264%
TOTAL TENDON LENGTH = 14' - 8-3/4"
EFFECTIVE DEPTH OF GROUT = 4 - 5-1/2"
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TABLE-5.6,1-1

GINNA STATION - UNIT NO. 1-
ROCK _ANCHOR "A" ~ UPLIFT TEST WITH JACXING FRAME

DATE OF TEST -~ MAY 19, 1965

PIER DIALS

N.E. S.W. HEAD AVERAGE DEFORMATION - BLCK SURFACE PEGS
TIVE LOAD CORNER CORNER . DIAL TOP OF PIER NORTE INTZAVEDIATE SCUTH
XIPS INCHES . INCHES INCUES INCHES
0840 0 .300 ¢ .700 0 7-1/4 7-5/8 o s-3/¢
0255 20 .304 .005 .705 .0045
1010 40 .308 .009 .799 .0085
102§ 60 311 .012 714 .0115
1040 80 .318 .019 .723 . .0185 _
1055 100 .354 .031 .752 0425 7-1/b 7-9/16 g-5/8
E"@ LIFT OFF APPARENT
wlzos 110 .380 .039 .767 .0595
| A ] . 80 349 .025 739 .037
et .
60. .334 .016 724 .025
%@ 1‘0 .326 -010 . .7‘15 .Ols
T 20 .318 .003 .706 .0105 y
g: ; 0 312 -.002 6990 .005 7-1/4 7-2/16 9548
[T ]
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intrusicn-rid 2s ranufacttred by the Peopakt Concrove Coempany

and 3nell Se propovhioned and mised in accordance with the manu-~
facturey 's instructicns. The exact gunnbiby of oxpansive additive
%0 b3 used sheil be detcrdined by the propuration of trdisl baiches

usinz the eawe mabtoricls as ere o bo nwed in the vierk to obtain
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MIXING PROPORELTIGHS .

The greud used for instelling rock suchors :shell be a neat cewent groute

The proporticns of grouting wsteyrisls shail be based upon laboratory

tests mads on £resh and hardened grouts rrinoy So their use in the field.

such as8 Lo produce a

The amouny of misting uater employed shall

»

pumpable groub having ths consistency of a thiek croam or heavy vaint.

“hen permitied to stand until seubing sakoes ploco, tha grout shouid
exhibit practically no blecding or segregaticn ‘and should expand not

lese thun 6 nor more than 20 pereont of ibs original voiumse The
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proparties of ‘consistency and expansion. The Testing Lzvoratcry

shzll be provided representative sanmples of the materials to

pexrform these tests. Reimbursement for -she Testing Laboratory’'s

servicas will be by the Furchaser.

Plastic Volume Change

The expansion of a test specimen of grout of the proposed pro-
portions shall be determined by measuring the change in volume

of a zrout column. The expansion of the sample shall be periodically
observed. Dz2psnding upon the gy;e of grout testzd, the test may te
discéntinued at either 3 or L nours when it is evident that
expansion has practically ceased., At the end of this period, the
bleeding vater, if any, shall be poured from the.surface of the
grout into a small gredvated cylinder vhere its volume is

observed.

The grout expansion measured as parcent expansion based on original

grout volume shall be 8 parcent 4+ 2 percent. Any bleeding water

* collected on the surface of the grout shall be measured and

reported as percent of bieeding based on original volume of grout.
In no event shall the grout exhibit bleeding in excess of 0.4
percené.

Compressive Strength

The compressive strength of the grout with the proportions to be

* used for the work shall be determined by the Testing Laboratory.

The test molds used to deternrine compressive strength shall be
provided with end plates end rods that will insure complete restrsint

of thz grout after specimens are cast.

POOR ORIGIRAL
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The standard method for testing two inch (2") cubes is found
in ASTH4 C-109-64 "Standard Hethod of Test for Comprassive
trength of Hydraulic Cemant Mortars {using two irch (2")

Cubs Specimens).

MIXING

Care shall be taken to remove iumps, oversiée'material and foreign
matter prior to i;troducing materials into Fha mixer. The tempeXxature
of the cement whern placed into the mixer shall. not exceed 1ho°r.

To Pproducz a uniform grout mi;ture with & minimam of m@xing time, a
mixer that produces a shearing action in mixing shall be used. This
may bz accomplished by paddles, discs, or drums running at high speed.
in a vertical or horizontal position. Mixing time sh2ll be approximately

1/2 minute per‘bag of cemznt. Due to the shearing action, a considerable
amount of heat is generated and mixing at high speed shall be limited to
about 2 minuies. Standard morter and concrete mixers or hand mixing is
not satisfactory: Thz grout mixture shall be screened with an 8-mesh
ptrainer immediately after it leaves thé'@ixer. Undexr no circumstances
shall grogt be retempered. The proportions 6: the grout shall be such
as to have as low a viater-cementing material yatio as is consistené

with pumping requirements. Thzse proporitions are subject to approval

oy the Engineer.

PLACING GROUT

T.1 General ’
Immediately before grouting the vater in the bottom of the hole shall
b2 agitated and pumped out to remove any silt clay and fire rock

debris. Pumping shall te terminate 2d vhen the effluent is visibly

 POCR ORrigmar
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free of suspended materiel. If the rock surfacz in the hole ic
not damp, the hole sh2ll be filled with water to thoroughly ved

the rock surface. Eech nole shall bz inspected to determine if

(0]

there is a flov of vater into the hole sufficient to disrupt
proper grouting. Any serious problem shall be called to the
attention of the Engineer to determine if pressure grouting and
re-drilling of the hole is required. Qater shall be permitted to
risz in the hole until a steady level is attained. The hole shall

en be grouted as specified herpinafter. -No more then two terdons
shall be grouted under water until it has been ascertained by
tensioning the initial anchors that the grout deve%?ps the required
bond cezpacity. At the Contractofs option the holes may be pumpzd
out completely and. if the influx of water dees not exceed one
foot per hour, and grouﬁed as & dry.hole without weiting for
tensioning the initial tvwo anchors.

Standby water flushing equipment shall be provided vith sufficient

* capacity to flush out a partielly grouted hole if the grouting

equipment breaks down dﬁring grouting. The placing of grout for
each stagme shall be a continuous operation. A list of all equipment
and a description of the frequency and means for calibrating gages
shall bz submitted to the Purchaser for approvai. No grout shali

be placed during heavy rain or viaen there is heavy rain expected
within six hours. The grout being placed is subject To inspection
and sempling by the Testing Laboratcry to cnsure continued

compliance with the reqpirennnts of Section 5.0 LABORATORY TESTS,

Phrae 1ortar cubzs shall bz cast fox Tirst stage grout laczed
P

in each hole. Tnresz ¢ shall t2 brolken, tvo at seven days and
>
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one immediately before the anchor is tensioned. The firel cukhe
shall not bz tested more than 24 hours tofore tensioning the

anchor in the hole represznted by the cubie. Since consistency

. tests are not being performed, the Testing Laboratory will

ensure proportions are as approved by the Engineer.
The rock anchors shall bz installed in a similar sequence to thzt

specified for tensioning the tendons unﬁgi Section 8.0 TENSIOHING

and tensioning.

When the shipment of anchors is received at the jobsite, all tendons

shall be examined for shipping danmoges end location of spacer. As

the tendon is lowered into the hole, the tendon shall also be exaﬁined

for any inconsistencies ;pparent in the arrangement’of the wires.

Aftexr the anchor is insertsd in£0‘the hole and prior to placing the

first stage{grout, the button heads shall be examined to insure |
wire lengths are as spzeified. .

Prior to inserting each tendon, the depth of the hole shall be deter-

mined and the grout 'pipe extension protruding below the bottom anchor
\

head cut to length so as to end at the 16west extremity no higher than

two dnches {2") above the bottom of the hole. The grout pipe shall
have a €0° level.

First Stage Grout

The depth of each hole shall be determined and the volume of
grout computed to providée the required embedéent length. The
grqut shall be placed by gravity in a manner to éisplace any
ground vater in the hole uprvard without precducing eny significant

dispersion of the grout. Special care shell be exercissd to grout

- PODR GRIGINAL
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approximately the first two Teet at‘a slcu speed_to avéid excessive
rixing of the grout vith the water. rout shall be placad to an :
elevation approximately onz foot above fhe desired level,

Within thirty {30) minutes and after the grout feeder hose has
been withdrawn, the pump shell bz lowersd to an elevation of 11'-0"
bélow thz top of the jacking plate and opzrated slowly until it

is evident that no grout is being removed. A hydrostatic head

of water shell be meintained constantly to within one foot (L'} -
of the jacking plate by edding uéter througk the hole in the
snchor head. Two hours later the pumps shall be lovered %o

nine inches {9") above the previodsly pumped grout level

(i.e., 10'-3" below the top of the jJacking plate) and, while
pumping, shell be loversd slovly until the grout level is detected.
If grout level is more than six inches (6"} belov the original

level, adjacent holes shell be inspected for grout. IL grout level

is vithin the specified tolerances, no further action is required

pending tensioning except to mainfain the hole full of water.
Pericdic checks ghall be made to ensure that the bole remins filled
with water. If the grout level is not within the specified toler-
ances, the tendon shall bz removed and the hole flushed. The cause
of abrnormal grout rise or fsll shall ke determined before re-grouting.

Second Stane Grout

ATter tensioning the vock anchor and immediately before injecting
second stage grout ‘the hole chall be cleaned and filled vith water
25 deserdbed herobzfore. The szcond stase grout shall be injected
as sccn as practicable afiter the tendcn is tensioned. Extrene

care should te exercised to encure thet adiz2cent holes are nov

POOR GRIGINAL
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prematurely filled with grout by using excessive grout pressures.
The grout shell be injected by a positive displacsmant pump of the
“prograssing cavity" type. A1l hoses, valves, and fittings shall
be waeter tighat. Prior to grouting, the entire system (i.e. pump,
hoses, valves and fittings) éhall be pressure ‘tested with water
to ensurs water tightness. Provision shall.be made to properly
vent the cavity when grout is injected. The grout shall be
pumpad continuously at a slow rate until the cavity is filled.
The use of a pressure pot is not permissible. - After grout epgeers
at the vent opening, the grout hose shall be withdrawn as grouting
continues {vasting excesé grout) until it'is clear that all en-
trapped air has been removed, and the duct is completely filled ~
with grout of gocd quality. One pressure guage shall be placed
vithin three feet of the pump discharge and a second.gauge wvithin
15 feet of the rock anchor hecad.
After second stage grouting is completed the top anchor head shall
bs protected with & coating of NO-OX-ID "CM" or approved egual and

with a metal cover.

a—

TEHSIONIHé SEQUENCE

Rock anchors shall not be tensioneé until the concrete supporting the
tendon hardware (vaseplate, movable hzad and shins) has attained a
minimun wltimate compressive strength of 40CO psi. When a tendon is
located within 3'-0" of a construction joint in the ring girder, the
minimum vltimote compressive strength of the abutting pour shall also
be hCOD psi. o rock anchors shall not btz tensionzd until the grout

spzcimens exhibit o minimwm confined corpressive strength of LCOO psi

 POOR ORICINAL
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unless otharuise approved by the Engincer nor shall they ve tensicned
tefore the grout has cured a winimum of 19 days. The seguence for
‘ensioning the aéchors shall be as fo}lows:

a. Initially, tensicn every fourth aﬁcpor. Theye are no
limitations on the szquence for tensioning these anchors.

b. Secondly, tension the anchors located mid vay vetuszen the
tensioned anchors. There are no linitations on the sequence
for tensioning these anchors.

c. Thirdly, tension remaining anchors. Again, there are no
limitcotions on the sequence for %tensioning these anchors.

Elevations shall be obtainzd by the Constructor (Bechtel Corporation)'

.on a minimum of 12 equally spaced locations on the ring girder immediately

before and afier the tensioning operation. This date shell be submitted
to the Bngineer.

One veek after the tensioning of all anchors is cobpleted, four equally
spaced anchors shall bz jacked to ascertsin the magnitude of losses.
Thig data shall be submitted to the Enginzer.

Each rock anchor shall be jacked to eiguty percent (80%) of the minimum
gueranteed uliimate capacity of the wires. The Jacking force shall
then bz reduced to seventy percent (70%) of ultimate ccpacity when
finally anchored (shimmed) in place. The strass~strain curves for th;
pgcducticn lots used shall be submitted to the Engineer along ﬁith the
final gage reeding and elongation for each stressed anchor. If the loss
of prestress force due €o failure of wires or butt;nbcads exceeds ons
balf percent (0.5), the Imgineer shail be immediately so advised. Based

upon stross-strain curves For the wire us2d. the enticipated elongation

®,

shall be deternained considering Tirst, the effective length to the
%
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: "w elevaticn of the top of first stage grout and second, the effective
length as the complete tendon length. The Engineer shall be advised if
any slippage is discernable during the tensioning opsration. Deviaticns
from the specified -sequence shall not be permitted without the prior
approvel of the Engineer. The Engineer shall be provided load and
elongstion readings at 1CCO psi jack pressure, at eighty, ' percent (80%)
of the minimum guaranteed ultimate capacity of the wires and at the

f£inally anchored position.
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ROCHESTER GAS AND ELECTRIC CORP.
Avgust 19, 1566

lr, John Arthur

DATE
TO

Subjeote

Spsoe renaining for Second Stage Grout belew top of sleeve,

Hole Nimber
1

25

S 268 o
© 92
113
Y47
160

Byerson Rock Anchors

x

Tendon Muxmber

K 59

(Grouting Operation)

Hoipht Recorded

10!
11
gt
Q1
gt
9|
L] 9‘
10!
gt
gt
gt
8!
gl
gt
11
gt
9!
gt
8t
10
11
11
11
11
10!
11
121
121
9'
10

43"
on

3"

1
1t
1t

1t
1!

Y

1!
1t

1
1
1t

EIgH
Iz"

s%"

%E
3"

3"
6"
6!1
"

L]

2

lo"
7"

1 "
)

in

1“

on

5%"

1
SHEET NO, .
LOY  GOOD
1:‘:!
X
X
X
X
X
N L
x v
X
X
10"
10" :

Plens and Specifications Indicato height of Second Stage Grout to be
11* 6" with an allowable tollerence of plus one foot to minus thros
inchos of this design requirment- 10' 6" %o 11* 9"

Measurments taken this date by R. Murrsy , J. Boniface

R. Go & B. Tiold Office

"Robert Exmett Ginna Nuolear Power Station
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] | TR 'g‘“fx E & CO. PIVISICH
{ DEARB ORN.CHEMICAL T T
\;:\\.: s 5... LABORATORY:

. 320 GENESELE STREET. LAKE ZURICH. ILLINOIS 60047

LY

ATRTFADAY E’i‘ }
Joseph T. Ryerson & Sons,rlnc.
SHIPPED TO 2558 West 1l6th Streat ]
-, Chicezo, Illinois 60616

Attention: Mr, Frank Bialag-

ORDER NO. 217111-10 . VAT OR ROLL NO. }0~0X-IL? 490 Nuclear
6 1 rade~Bateh 4775
; HIPPED liov. 56 MOUNT SHIPPED |
DATE SHIPPED i » 1967 AMOUNT sH PE & - 55 gellon drumsg

‘1500 1lbs. nat

We h°reby certify that the above idzntified material was
tested in acceordancz with Gilbert Assceiates, 1nc., Technical
Specification SP-5357 and that the results of such tests
ave met the requirements as follows:
Chlorides . 6 pp=
i1 Nitrates ’ No dstectable amount

Sulfides . No detectzble zzount

e

Subseribed and sworn to before me this :ZL
day of_//ﬁ"“y/. /9,/7

—— . " \ 4 e 4 » 73 .
j—- NOTARY PLE x._u. ! r‘@ , 1‘7;7?!{;3 ”E-, :*?%g, F;:E
. LT T R R R s

*Foen 213.0

DATE MNovember 20,1967



co 0 C

W. R. G’RAC"‘ & CO.
INITIAL PUMPING OF NO-OX-ID® CM CASING

SUBJECT:  FILLER - NUCLEAR GRADE city  Chicago, I1l.
;\, AME OF ROBERT EMMETT GINNA NUCLEAR PO"ER PLA\‘T

commany:  ONTARIO, NEW YORK DATE  Feb. 8, 1968
TO: Those concerned with this project *’ $232?2;°

FROM: - Paul E. France |

copy To:

My report covering the initial pumping of NO-0X-ID®

CM Casing Filler - Nuclear Grade at the Ginna

e

Brookwood Project is enclosed. ., Its intent is to

keep all interested parties abreast of developments.

‘o™ | - |
@ Y L XO o/ ((%/fwfv

s
: ‘Paul E. France

PEF:ej . Product Manager

Enc. Maintenance and Production Coatings
* { . ‘ L/////' ;
Mr. «oss Lukens Bechtel Corp. % Ginna Nuclear Power Station
Mr. Charles Huston " Lake and Ontario Center Roads |
Mr. John Gilbertt” ¥ .~ Box 157 |
Mr., Don Lindsey ! Ontario Center, New York 1452(
‘Mr. James Hood Gilbert Associates "
Mr. Ed Cantabene Rochester Iron & Metal Co. "
Mr:‘David Tate Westinghouse Electric Coxp. "
Mr. R. Kaprowski Rochester Gas & Electric Corp. 89 East Avenue
Mr. Jeck Boniface ' Rochestexr, New York 14604

Mr. John Arvthur "

My I M., Drown Jes. T. Ryexson & Son, Inc, = P. 0. hox 8000-A
Chicago, Illinois 606G0
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Rock anchors—some design considerations

GS. Littlejohn (UK)

INTRODUCTION

Although rock anchors have been used successfully for
many years in connection with the prestressing of dams,
roof strata control and slope stabilisation, there are still
many questions concerning their design today that cannot
be answered. The use of rock anchors in construction with
particular reference to excavation engineering is now
Increasing at a greater rate than ever before and this
combined with the tiend towards higher load capacities
often associated with poor quality rock has Jed to a growing
need to establish reliable design formulae with realistic
safety factors.

When a grouted anchor fails, it must be by one of the
following modes:

(a) Failute of the rock mass

(b) Failure of the grout/rock bond
(c) Failure of the grout/steel bond
(d) Failure of the steel tendon

and in order to determine the actual safety factor for the
anchor; consideration must be given to all of these aspects.

The purpose of this paper is to describe some current
anchor design concepts, and then question the validity of
the basic assumptions in order to highlight topics for further
discussion and investigation.

OVERALL STABILITY OF THE ANCHOR

The assessment of the overall stability of an anchor is
carried out in order to ensute that faflure of the rock mass
surrounding the anchor does not occur.

Where it is possible to place an anchor in a perfectly
homogeneous rock mass this aspect of the design would
appear to present little difficulty in practice. However, in
many cases heterogeneous rock masses containing joints
and fissures of unknown geometry sestrict the application
of the simple methods described below and necessitate
modifications by the experienced rock mechanics engineer
using his engineering judgement.

wariably, an invested cone of rock §s considered to fail in
the simple cases but the angle and position of the apex of
the cone with respect to the grouted vt fixed anchor length
are chosen differently by various enginecrs in different
countrics (see Table 1).
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Table 1.

Geometry of inverted cone

Included angle] Position of apex Source
60° Base of anchos USA-Hilf [1973)
90° Base of anchor USA~White [1973]
90° Base of anchor Britain=Banks
[1955)
90° Base of anchor Britain—Parker
[1958)
. *60°.90° Middle of grouted | Britain=Littlejohn
fixed anchor, where | [1972)
load is transferred | (see Figure 1)
by bond
Base of anchor

where load Is
transferred by end |
wedges or plate

.90° Middle of anchor for| Germany-Stocker
bond, Base of [1973])
anchor for wedges
or plate
60° Base of Anchor Canada~Saliman
and Schaefer {1968)
90° Base of Anchor Canada-Brown Y
(1970)
90° Top of grouted Australia-Standard
fixed anchor, or CA35(1973) °
60° Base of Anchor
90° Base of Anchot Czechoslovakia—

Hobst {1965}

*60° employed primarily in soft. heavily fissured oz
weathered rock mass

The uplift capacity is normally equated 10 the weight of
the specified 10ck cone, and where the ground is saturated
and beneath the water-table, the submerged weight of
ro¢k is used. If the anchor Is inclined then the same
geometry is often applied and the effect of groups of
anchors involving interaction is to produce a fiat vertical
plane at the interface ol adjoining cones (Figure 20 As
the spacing for a single line of anchors reduces furthera
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simple continuous wedge failure in the rock is ultimately
assumed,

Often no avcount is taken of the overburden pressure
Trom uncenselidated deposits or the shear strength of the
rock at the failure plane. Of the engineers mentioned in
Table 1 only Hilf takes direct account of the shear strength
by stating that a value of 500 Ib/fi2 (24 KN/m2) may be
aitowed for in design. Little data is available on the safey
factors employed when analysing the weight of rock in
the assumed pull-out zone, but it is known that some
designers apply safety factors of 1.6 to 2 while others
equate the weight of rock to the required anchor working
Joad and assume that other rock parameters ignored in the
calculation e.g: shear strength, will produce a sufficiently
large safety factor in the design as a matter of course. The
above analyses only apply to anchors at angles below the
horizontal and obviously the shear stzength of the rock
becomes the major factor when dealing with overthead
anchors. In roof strata control anchors are generally of
low capacity and rock bolts, using quick-setting resins, are
often installed on a trial and error basis, this being the
quickest and cheapest way to ‘stitch’ together a newly
exposed rockface. The length of rock bolt is often decided
on the basis of observed spalling by the mining engineer
and in general the larger the excavation the longer the
length of bolt. Bolt lengths of 3-6 m are very common but
as a further guide Pender et al [1963] suggest L >3 times
width of jointed blocks. Theseafter the maximum spacing
between bolts is taken as L/2 approximately, in order to
provide a continuous zone of compression in the rock. This

approach 1o spacing has been described by Beomonte [1961})

Pender et al {1963] and Hilf [1973].

There is a dearth of data on anchor failures in the rock mass
but a set of tests which provides some results on the overall
stability aspect is presented by Saliman and Schaefer {1960)
in which they describe the failure of gxouted bars on the
Trinity Clear Creek 230 killovolt transmission line. Four
tests were carried out on deformed reinforeing bars grouted
into 2% in. (70 mm) diameter holes to a depth of 5 ft

(1.52 m) in a sedimentary rock which was mostly shale, In
all cases, failure occurred when a block of grout and rock
pulled-out. At failure the propagation of cracking to the
rock surface gave an indication of the cone of influence
(Figure 3).

Assuming 2 bulk density of 125 1b/ft3 (2 Mg/m3) for the
rock analysis of the failure loads suggests that the 90° cone
from the middle of the anchor length gives very
conservative results with safety factors ranging from about
7.4 10 23.5, while the 90° cone from the base gives safety
factors of09 1029,

REMARKS

Bearing in mind the engineer’s desire to optimise any

design there §s little evidence to substantiate the cursent
approaches shown in Table 1. While it is appreciated that
several million tons of wotking anchorage capacity has
been provided 1o date without serious failure, it is
considered that much effort should now be expended in
the form of ficld testing in a wide range of rocks to study
the shape and position of the ruch ‘wedges’ mobilised at
failure. The progranume should secommodate single anchors

and groups tested over a range of inclinations. Some
standardisation on safety factors for temporary and
permanent anchors is also desirable together with agreement
on what allowances should be made for unconsolidated
overburden and the upper layers of weathered sock.

In general it is clear that in order to calculate the
anchongc length accurately with a known safety factos,
it is necessary to utilise all the tools of rock mechanics,

¢.g. detailed mappmg of joints, assessment of joint filling
material properties, thicknesses and dips of bedding planes
and other inhomogenteities. This approach is currently the
rare exception rather than the rule and discussion should be
held on what type of site investigation and field data are
required to facilitate rock anchor design.

BOND BETWEEN THE CEMENT GROUT AND ROCK

Basically there are two types of injection rock anchor being
constructed today:
(1) Sm;ght shaft )

(2) Single or multi underream

The load transfer mechanism for these two categories is
completely different. The straight shaft anchor relies mainly
on the development of skin friction or shear in the region of
the rock/grout interface while the underreamed anchor
depends more on the mechanical interlocking of the grout
cones and the rock. This section concentrates on the

. straight shaft anchor.

Estimation of the magnitude and distribution of the bond
strength mobilised along the straight shaft rock anchor is
without doubt 2 major problem facing the design engineer.
It is current practice to assume an equivalent uniform
distribution for bond stress or skin friction along the fixed
anchor f.e.

P
L =
sxDxo
where L = fixed anchor length
P = requited anchor load
D = effective anchor diameter
o

skin = value of working bond stress

Where shear strength tests are carried out on representative
samples of the rock mass, the maximum average working
bond stress at the fixed anchor/rock interface should not
exceed the minimum shear strength divided by the relevant
safety factor (normally not Jess than 2). According to
current usage this approach applies primarily to soft rocks
where the uniaxial comptessive strength is less than

1000 Ibffin? (7 N/mm?), and the holes have been drilied
using a rotaty percussive technique. In the absence of shear
snenglh data ot field pull-out tests, the ultimate bond
stress is often taken as 1/10 of the unconfined compressive
strenpth of massive rocks uptoa maximum value of oy
= 600 Ibffin? (4.2 N/mm?2), whete the crushing
strength of the cement grout is equal to or greater than
G000 1bfrin? (42 Nfmm2 ), Applying an appatent safety
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factor of 3, which is conservative bearing in mind the lack

of relevant data, the working bond stress is limitedto |

200 1bf,in? (1.4 N/fmm?). A minimum fixed anchor length
of 3 m is also generally recommended.

Jt is however more common to find the magnitude of

bond stress simply being assessed by experienced engineers,
and the value adopted for working bond stress normally
ties in the range 50-200 Ibf/in2 (0.35-1.4 N/mm2). In this
connection Koch of BBR Australia recommends bond
stresses for three categories of rock (see Table 2),

Table 2.
Rock type -+ Bon& stress

1bf/in2 (Nfmm?)
Weak 50 -100 {035 - 0.70)
Medivny' 100 - 150 (0.70 - 1.05)
Strong 150 = 200 (1.05 - 1.40)

The Australian Code CA35~1973 states that a value of
150 Ibffin2 (1.05 N/mm2) has been used in a wide range of
igneous and sedimentary rocks, and confirms that site
testing has permitted values of up to 300 Ibffin2

(2.1 N/mm2), Coates [1970} allows a value of 350 Ibffin2
(2.4 N/mm?) with a safety factor of 1,75, for a hard coarse
grained sandstone.

Care must be taken however before applying the above .
values since the degree of weathering of the rock whatever

its classification is another major factor which affects not
only the value of bond stress at failure but the load-
deflection relationship during service or test loading,

Figure 4 illustrates the latter effect, These results are for
square bars grouted into 2 in. (50 mm) diameter holes

4,75 ft (1.45 m) deep, and tested for use on the Currecanti-
Midway transmission line. Good 2and very poor results
were'produced by the same rock type, Rhyolite Tuff, in .
sound and weathered conditions respectively. No data is
available on grout or rock strengths but ftis signiﬁcam

that the equivalent uniform bond stress at maximum jack
capacity is scascely 0.1 N/mm2.

In general, few failuses are encountered at the rock
anchor interface and new wotk is based on the successful
completion of former projects, i.¢. former *working’ skin
frictions are re-employed or slightly modified depending
on the Judgcmem of the designer. In reality however this
assumption of uniform distribution of bond is unlikely to
be true except for very soft socks.

Since there |s little information available on field anchors
reference must be made to investigations into bond in
reinforced concrete. Hawkes and Evans {1951) show that
theoretically the distribution of shear stress along the
surface of an anchored steel reinforcing rod loaded in
tension at its exposed end can be expressed in an exponential
form:

S\ ~Ax/q

-_— e (Figure §)

Sa

where S, = shear stress at the top of the anchos
Sx = shear stress at a distance X from the top
d = anchor or rod diameter
A = aconstant selating axial suress in the rod
1) bond stress in the anchorage material.

This theory has been developed by Phillips [1970] where
he shows that theoretically

Sy nd? ~Ax/a
= Ae (Figure 6)

P

This type of bond distribution has been verified most
recently by Coates and Yu [1970] whose conclusions are
sufficiently close to those of Hawkes and Evans to suggest
that their approach is applicable to rock anchorages. Coates
and Yu used a finite element method to calculate the stress
along the anchor in a cylindrical hole in a triaxial stress
field. They showed that the stress distsibution is dependent
upon the zatio of the elastic moduli of the anchor (E,) and
the rock (E;) [Figure 7). Comparisons of Figure 6 and 7
show the connection between the two analysis §f r! is
proportional !o-'-A.

From Figure 7 it can be seen thay 2 modular ratio of 10
could be taken as being sufficient to give a reasonably
even stress distribution, Considering the elastic modulus of
grout, values of 3.04 x 10%6 1bffin? (2.1 x 10*4 N/mm?)
quoted by Phillips for 2 neat water/cement ratio of 0.4,
and 1.45 x 10*6 1bf/in2 (1.0 x 10*4 N/mm?) given by
Boyne {1972} for 2 0.35 water cement ratio expansion
grout, suggest that before an even stress disteibution can
be assumed, rocks should have elastic moduli in the range
0.15 - 0.30 x 10*6 1bffin2 (0.1 = 0.2 x 10*4 N/mm?2),
Using a statistical relationship derived by Judd and Huber
[1966] which relates the compressive strength to the
elastic modulus

E
Sc (compressive strength) = ——
34

it may be established that the compressive strength should
be 850 Ibffin2 (6 N/mm?2) or less. For the majority of rock
anchors installed to date, normal values of E‘ would be in,

the range of 0.1 to 1 and hence it is suggested that the bond
distsibution for these ratios apply to many anchorages in
rock. Bezardi {1967) has carried out an exhaustive series of
tests on this aspect, and some typical results in matly
limestone are shown in Figure 8. As expected the main
results show that the distribution of stress is most uniform
for high values of E—%:-', but the distribution varies

considerably for low values of this ratio i.c. rocks of high
elastic modulus,

Berardi concludes that the portion of the fixed anchor
which actually transmits the force is independent of the
anchoxage length, but dependent on lts diameter and the
engineering propenties of the surtounding rock, especially
the modulus of elasticity.




REMARKS

Since the validity of the uniform distribution of bond,
which is most commonly assumed by designers is clearly

In question. it is rtecommended that instrumented anchors
should be pulled to failure in a wide range of materials
whose engineering properties have been fully classified,

in order 1o ascertain which parametets dictate anchor
performance. In this way it should be possible in due course
to provide mote reliable design criteria.

"

BOND BETWEEN THE CEMENT GROUT AND CABLE

Little information is readily available on this subject

related to rock anchors and the general feeling of engineers
fs that this part of the design is not critical since the fixed *
anchor length, nzcessary to mobilise sufficient resistance

at the rock/grout interface, usually allows a large safety
factor against failure of the grout/steel bond.

In practice it is common to find anchorage or transmission
lengths for bars and wires quoted as some number of
diameters since this method ensures a constant value of
apparent average bond stress for various diameters. It
should be borne in mind however that the transmission
length varies with grout strength as well as size and type
of tendon, and it is still advisable on ocassions to measure
expetimentally the transmission length for the known site
conditions.

The British Code of Practice CP110 [1972] specifies a
minimum anchorage length of 100 diameters for plain wire,
where the cube strength of the grout is not less than

5000 Ibf/fin2 (35 N/mm?). Bearing in mind the minimum
fixed anchor length of 3 m then the Code is satisfied for
bars up to 30 mm diameter. For small diameter strand,
secommended transmission lengths are given in Table 3.
No allowance is apparently made for groups of strands.

Table 3.

Diameter of Strand Transmission Length ’
in. (mm) in. (mm)
0.37 9.3 8 200
0.50 12.5 13 330
0.70 | - 18.0 20 500

The Australian Code [1973] stipulates a maximum value of
150 1bfjin2 (1.05 N/mm2) for the bond stress for a clean
wire tendon and 300 1bf/fin2 (2.10 N/mm2) for a clean
strand tendon.

With regard to permissible bond stresses for plain and
deform:d hars in concrete, Table 4 illustrates the values
stipulated by the British Code for different grades of
concrete. These values are applied to neat cement grouts on
occasions,

70

Tadble 4.

Characteristic slxehglh

of concrete foy

Ibffin2 2850 3570 4280 5720
(Nfmm?) L1@o)y (@25 (30)  (404)
Maximum bond stress

Plain bar

Ibffin2 171 200 214 272
(N/mm?) 12) 149 05 9
Deformed bar .

1bf/in? 243 272 314 3N
(N/mm2) ) 19 (2 (26)

For a group of bars, the effective perimeter of the individuat
bars is multiplied by the following reduction factors.

No. of bars in group

Reduction factor

2 0.8

3 0.6

4 04
REMARKS )

While there is an appreciable amount of information
available conceming the mechanism of bond transfer in

. the field of reinforced and prestressed concrete, it is

considered that much more study is required in the field
ot rock anchors with particular regard to load transfer in

" groups of strand cables and the influence of lateral restraint.

The use of spacers and centralisers, leading possibly to
decoupling, also warrants investigation.

CABLE DESIGN

» A designer usually has accurate information on the ultimate

strength of the tendon material which he has chosen and
having decided on the anchor working load it is a straight-
forward procedure to apply the required safety factors and
arrive at the cross-sectional area of steel required. Basically
there are three types of tendon to choose from, namely:
bar, wire and strand and as a result of recent developments
in prestressing equipment and general ease of handling, ~
strand is increasing in popularity, although for low capacity
anchors of limited Jength bars are most common.

While the market for temporary anchors is now expanding
rapidly throughout the world the same cannot be said for
permanent anchors where there is a dearth of published
information on long term behaviour and we lack a good
understanding of stress/strain distribution around the
mechanical or grouted zone resisting pull-out. Until these
fssues are resolved and in order to maintain a steady, but
safe growth in the use of anchorages in soils and soft
socks the writer recommends that all permanent anchors
and temporary anchors, where the consequences are severe
if failure occurs, should be tested to a least 1.5 times the
working load. In Britain since all stress levels and factors
of safety must be related to the characteristic stzengih of
the prestressing steel (fpy) as described in CP 110, Past 1,

POCR 67
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1972 the above recommendations may be summarised as
follows.

Permanent anchors
(including temporary anchors where failure would be very

serious e.g. temporary anchors for main cables of 2
suspension bridge).

Design force (T ) 50% fpu
Test force (Ty) 5% fpu
Factor of safety against breaking the

cable(Sp) 2.0
Measured factor of safety (Sy) 1.5

1t is noteworthy that this recommendation will not only
increase the measuted safety factor on each anchor but the
lower stress levels in the steel will reduce the bond stress
required in the fixed anchor zone which should be of
interest to those engineers who have experienced bond
failure at the grout/tendon interface.

. Temporary anchorages

(consequences not severe if failure occurs ¢.g. temporary
anchors for ground preloading or pipe jacking)

T, = 625%f
T = 8% Lo
Y

Sm = 1,25

The importance of safety in ground anchors cannot be
over-emphasised as it is the post-tensioning operation which
pre-tests the anchor thus ensuting its safety. It Is

considered that ground conditions are never sufficiently
homogeneous or predictable to allow engineers to ignore
this cheap insurance.

GENERAL CONCLUSIONS

J¢ is clear from the rapid development of grouted anchors
thart significant savings are being made on contracts
pertaining to a wide range of applications but these is a
growing need for investment in the form of instrumentation
on new anchor contracts which will allow investigation of
such important aspects as:

1. Stress/strain distribution around the fixed anchor
2. Long term behaviour

3. Interaction between anchors and the structuie being
tied, since tls affects stability calculations

4.  Loaddisplacement relationships for fixed anchors in
sitferent ground conditions, since these relationships
influence choice of safety factor which should be

. wated 1o permissible movemient us well as ultimate
oad,

73
N

Greund theosbolds whese anvhion stop being
w.oonuotaical through poss foad holding cspagity og

difficulties in construction, or endanger safety
through loss of prestress with time.

Only in this way is it believed that permanent anchorages
will continue to develop safely and become fully uiilised
over a wide range of applications.
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2.2.8 NORTHWES" LIFT SLAR 8NadPANY —~ continued

@ BBRV WIRE ROCK ANCHORS

Anchor Capacity (No. of wires, max.) 30 46 62 80 116 | 144 | 170 | 208
Bearing Plate Size Round (dia.) 102 13 16 | 18%2| 20 22 | 23%2 ]| 26
(inches) “ Square % | 11Y2 | 142 16 | 17%2 1 19%2 | 202 | 23
Trumpet O.D. (inches) 4 4% 5 5%2 6 62 | 7 | 7%
Stressing Anchor Head Diameter (inches) 42 5% 6V 7% | 8% 9 9% | 10%
Bore-Hole Diameter (inches) 4 42 5 5%2 6 612 7 72

Fixed Rock Anchor Head Diameter (inches) 3V 3% | 4% 4% | 5% | 5% | 6¥ | 6%

Second stage
grout (optional)

First stage
grout

- 86—
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TENTATIVE. RECOMMUENDATIONS ;- - -

4.1 SCOPE .

This chapter has been prepared to provide guide-
ance in the application of permanent and tempo-
rary prestressed rock and soil anchors utilizing
high strength prestressing steel. It represents the
present state of the art and outlines what are con-
sidered the most practical procedures for instal-
lation of prestressed rock and soil anchors.

4.2 DEFINITIONS

Permanent Anchor: Any prestressed rock or soil
anchor for permanent use. Generally more than
a 3-year service life.

Temporary Anchor: Any prestressed rock or soil
anchor for temporary use. Generally less than a
3-year service life.

Downward Sloped Anchor: Any prestressed an
chor which is placed at a slope greater than 5°
below the horizontal.

Upward Sloped Anchor: Any prestressed anchor
which is placed at a slope greater than 5° above
the horizontal.

Horizontal Anchor: Any prestressed anchor
which is placed at a slope between £5° with the
horizontal. »

Anchor Grout: (A/so known as primary injecton)
Portland Cement grout that is injected into the
anchor hole to provide anchorage at the non-
stressing end of the tendon. In case of a sheath-
ed anchor, also included in the grout between
the sheath and the anchor hole. Resins are also
used as anchor grout. Their properties are not
covered by these tentative recommendations.

Corrosion Protective Filler Injection: (Also
known as secondary injection) Material that is
injected into the anchor hole to cover the stres-
sing length of the prestressed anchor, providing
corrosion protection to the high strength steel.
This material may be grout or other suitable
materials.

Consolidation Grout: Portland cement grout that
is injected into the hole prior to inserting the
tendon to waterproof or otherwise improve the
rock surrounding the hole.

inserting: The physical placement of the anchor
tendon in the prepared hole.

Lift-Off Check: Checking the force in the pre-
stressed anchor at any specified time with the
use of a hydraulic jack.
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senting the proof loading.

Transfer (lock-off) Load: Prestressing force per
anchor after the proof ioading has been com-

. m Proof Load: Initial prestressing’per anchor, repre-
\.

pleted and immediately after the force has -

i been transferred from the jack to the anchor-

0% age.

‘Design Load: Preétressing force per anchor after
allowance for time, dependent losses.

, . Tendon: The complete assembly consisting of an-
chorage and prestressing steel with sheathing
when required.

SREN
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N

e P

Anchorage: The means by which the prestressing
force is permanently transmitted from the
prestressing steel to the rock or earth.

Prestressing Steel: That element of a post-tension-

ing tendon which is elongated and anchored

{, to provide the necessary permanent prestress-
ing force.

- Coating: Material used to protect against corro-
sion and/or lubricate the prestressing steel.

Sheathing: Enclosure around the prestressing steel
to avoid temporary or permanent bond be-

e y_ﬁ"f. ¥

Sy SRS

1
-

¥}

tween the prestressing steel and the surround-
ing grout.

Coupling: The means by which the prestressing
. force may be transmitted from one partial-
length prestressing tendon to another.

Sheathed Anchor: An anchor in which the stress-

R R

v
¥
s

ing length of the high strength steel is encased
in a grout-tight sheath. The annulus between
the sheath and the periphery of the drilled

{ hole may be grouted together with the an-
chor grout.

o Un-sheathed Anchor: An anchor in which the
stressing length of the high strength steel is
notencased in a sheathing.

Coheisve Soils: Soils that exhibit plasticity. Gen-
erally defined as composed of material more
than half of which is smaller than-the No.
200 size sieve.

5 Non Cohesive Soils: Granular material that is
? generally nonplastic, composed of material
% more than half of which is larger than the No.
#

RS YH
a

200 size sieve.

@ 4.3 ROCK ANCHORS
®> 4.3.1 Description

A prestressed rock anchor is a high strength

...,‘.,.
it ‘,}-";‘ Eﬂa F

2
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In order to better define a soil as cohesive or
non-cohesive it is necessary to know the percent-
age of fines and also to know the Atterberg limits
of soils containing more than 12 percent fines.
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steel tendon, fitted with a stressing anchorage at
one end and a means permitting force transfer to
the grout and rock on the other end. The rock
anchor tendon is inserted into a prepared hole of
suitable length and diameter, fixed to the rock
and prestressed to a specified force. The basic
components of prestressed rock anchor tendons
are the following: (see Fig. 4-1).

1. -Prestressing steel which may be a single or a
plurality of wires, strands or bars. (see Guide
Specifications for Post-Tensioning Materials,
pages 133 to 163.) The total length of the pre-
stressing tendon is composed of two parts:

a. Bond length (socket), is the grouted por-
tion of the tendon that transmits the
force to the surrounding rock.

b. Stressing length, which is the part of the
tendon free to elongate during stressing.

2. A stressing anchorage is a device which per-
mits the stressing and anchoring of the pre-
stressing steel under load.

3. A fixed anchor is at the opposite end of the
tendon than the stressing anchor and is a
mechanism which permits the transfer of the
induced force to the surrounding grout.

4. Grout and vent pipes and miscellaneous ap-
purtenances required for injecting the anchor
grout orcorrosion protective filler.

4.3.2 Design Considerations — Rock Anchors

Rock anchors can be installed in downward
or upward positions, however, close to horizontal
positions are not recommended because of grout-
ing difficulties.

Recommended Bond Stress: The ultimate
bond stress values given in the table below are
guide values only. Core drilling to explore the
rock quality is an absolute necessity, and core
testing together with pull-out tests of test rock
anchors are strongly recommended to verify the
design assumptions prior to installation of pro-
duction anchors.

The values presented in the table must be
used with a Safety Factory which will depend
upon the type of application. The following are
suggested methods of obtalnmg safe working
loads:

a. Safety factor applied to the ultimate bond
stress obtained from either pull-out tests or

bond stress table. Safety factor should range

from 1.5 to 2.5.
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Q b. Proof loading of every anchor of not less than

f“ﬁﬁ‘\

I

115 percent of its, transfer (lock-off) force.
During the proof loading operation, the pre-
stressing force shall not be more than 80 per-
cent of the guaranteed ultimate tensile
strength (GUTS) of the high strength steel.

. The duration of the proof loading is to be
specified by the ‘Engineer. Transfer (/ock-off)
the prestressing force at a level of between 50
and 70 percent of its guaranteed ultimate ten-
sile strength. The difference between transfer
load and design load shall include allowance
for time dependent losses.

Typlcal Bond Stresses for Rock Anchors

Ultimate Bond
Stresses Between
Rock and
Anchor-Grout Plug

Type Sound, Non-decayed
Granite & Basalt 250 PS! — 450 PSI
Dolomitic Limestone 200 PSI — 300 PSI
" Soft Limestone* 150 PS{ — 220 PSI
Slates & Hard Shales 120 PSI — 200 PSI
Soft Shales* 30 PSI — 120 PS1
Sandstone 120 PSI — 250 PS!
Concrete 200 PSI1 — 400 PSI

*Bond strength must be confirmed by pullout tests which Include
time creep tests,

4 3.3 Drilling

Holes for anchors should be drilled to a diam-
eter, depth, line, and tolerance as specified by the.
engineer. The hole shall be drilled so that its
diameter is not more than 1/8 inch smaller than
the specified-diameter.

4 3.4 Watertightness

The holes for some or all rock anchors may be
tested for watertightness, if specified by the
Engineer. When specified, the entire hole shall be
tested for watertightness by filling it with water
and subjecting it to a pressure of 5 psi. If the
leakage rate from the hole over a period of 10
minutes exceeds 0.001 gallons per inch diameter
per foot of depth per minute, the hole should be
consolidation grouted, redrilled and retested.
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The duration of the proof loading is usually
up to 15 minutes, in which case, the prestressing
force is held by the jack. If longer duration is
required, it is recommended to transfer the force
to the anchorage and remove the jack. .

For small load strand anchors (such as single
strand) the bond between grout and strand might
govern. The bond capacity between grout and
strand is about 450 psi.

Core drilling, rotary drilling and percussion
drilling may be employed as the conditions war-
rant Core drilling is generally slower and less
economical.

Drilling tolerances are controlled by the size
of the drill steel, weight of the drill rig, the
method of drilling, and the nature of the ground.
Holes can be drilled to an angle tolerance of 3
percent of their planned location.

Holes are water tested to insure limited grout
loss for proper anchoring of the tendon, and to
insure corrosion protection by limiting loss of
either anchor grout or secondary grout. Con-
sistency of consolidation grout depends on the
results of the water test. Should the water test
indicate a high volume of leakage in the hole, &
stiff consolidation grout should be used, such as,
a maximum of five gallons water per sack of
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TENTATIVE RECOMMENDATIONS'

whould the second watertightness test fail, the en-

tire process should be repeated.

Holes adjacent to a hole being tested for
watertightness shall be observed during the test so
that any inter-hole connection can be more easily

detected.

4.3.5 Fabrication
4.3.5.1 Materials

Anchor material shall be in accordance with
Guide Specification for Post-Tensioning Materials

" (see pages 133 to 163).

Anchor material shall consist of either single
or multiple units of the following:

a. Wires conforming to ASTM Designation
A421, "“Uncoated Stress-Relieved Wire for
Prestressed Concrete.”

Strand conforming to ASTM Designation
A416 “Uncoated Seven-Wire Stress Relieved
Strand for Prestressed Concrete.”

High alloy steel bars, either smooth or de-
formed conforming to ASTM;: Designation
A722 “Uncoated High-Strength Bar for
Prestressing Concrete.”

Stressing anchorages shall be capable of devel-
oping 95 percent of the guaranteed minimum ulti-
mate tensile strength of the anchor material when
tested in an unbonded state.

Mill test reports for each heat or lot of pre-
stressing material used to fabricate tendons shall
be submitted if required by the Engineer.

4.3,5.2 Fabrication of Anchors

Anchors shall be either shop fabricated or
figld fabricated in accordance with approved de-
tails, using personnel trained and qualified in this
type of work.

Anchors shall be free of dirt, detrimental rust
or any other deleterious substance.

_Anchors shall be handled and protected prior
to _mstallation in such a manner as to avoid cor-
rosion and physical damage thereto.

Anchors may be either sheathed or un-

Gsheathed.
The sheathing may consist of tubes surround- .

ing individual anchor elements (bar, wire or

COMMENTARY

cement. Should the water test indicate a low
volume of leakage, a very lean consolidation grout
should be used, such as eight gallons of water per
sack of cement.

It is normal practice to redrill a consolidation
grouted hole after the grout has had 24 hours to
set up. )

Payment for consolidation grouting, redrilling
and testing should be based on unit prices since
these quantities are unpredictable. Typical pay-
ment units would be: water tests (each); cement
(CWT); redrilling (lin. ft.).

A light coating of rust on the anchor material
is normal and will not affect the ability of the
anchor to perform its function. Heavy corrosion
or pitting should be cause for rejection of the
anchor. .

The sheathing material can be either steel,
plastic or any other material non-detrimental to
the high strength prestressing steel.
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strand) or a single tube surrouriding the elements
altogether. A seal shall be provided to prevent
the entry of grout into the sheath prior to stress-
ing.

4.3.6 Insertion and Anchor Grouting
Anchors shall be placed in accordance with

- the recommendation of the manufacturer.-

Anchors shall be securely fastened in place to
prevent any movement during grouting.

Grout tubes and vent networks shall be
checked with water or compressed air to insure
that they are clear.

Care shall be taken to insure that the bond
length of the anchor is centrally located in the
hole.

if multi-unit tendons are used without a fixed
anchorage at the lower end of the tendon, provi-
sion should be made for adequate spacing of the
tendon elements to achieve proper grout cover-
age. *

| Grouting operations shall generally be in ac-

cordance with Section 3.2 (pages 743 to 149.)
and in accordance with the recommendations of
the manufacturer.

Primary grout of the proper consistency shall
be pumped into the anchor hole through a grout
pipe provided for that purpose until the hole is
filled to the top of the anchorage Zone. The grout
shall always be injected at the lowest point of the
bond length.

Provisions shall be made for determining the
level of the top of the primary grout to assure
adequate anchorage.

After grouting, the tendon shall remain un-
disturbed until the necessary strength has been
obtained. .

The following data concerning the grouting
operation shall be recorded:

Type of Mixer

Water/Cement Ratio

Types of Additives

Grout Pressure

Type of Cement

Strength Test Samples

Volume of first and second stage grout

4.3.7 Stressing

Stressing shall generally be accomplished in
accordance with the provisions of Section 6.3.4.
The anchor shall be first stressed to an initial

load of about 10 percent of the test load, which is
the starting point for elongation measurements.

- 172 -
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Centering devices are normally provided at
about 10 ft. centers throughout the bond length.

It should be recognized that water separation
or bleed creates a layer of water at the top of any
grouting stage. For strand tendons where bleed is
more pronounced, bleed water could be over 6
percent of the vertical height of the tendon.
Chemical additives are available that will control
the bleed. Collodial (high energy} grout mixers
will reduce this phenomenon. In the case of two
stage grouting, it is normal procedure to fill the
void caused by bleed water at the top of the
second stage by regrouting after the second stage
grout has set,

In the case of sheathed anchors, the first stage
grouting covers the full length of the anchor be-
tween the sheathing and the periphery of the
hole, and may fill the space between the sheath-
ing and tendon throughout the bond length.
Second stage grouting may be used to fill the
space between the sheathing and the tendon
throughout the stressing length or throughout the
entire anchor length.

For sheathed anchors, consideration should
be given to force transfer through the grout in the
annulus around the stressing length.

Stressing is normally carried out seven days
after grouting for Type | or Type Il cements and
three days after grouting for Type ll] cement. At
these times, grout with a water-cement ratio of
0.45 will have a compressive strength of about
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TENTATIVE RECOMMENDATIONS

Immediately thereafter, the anchor shall be
stressed to the proof load and elongation is to be
recorded. The magnitude of the proof load is to
be determined by the engineer. |f measured and
calculated elongations disagree by more than 10
percent, an investigation shall be made to deter-
mine the source of the discrepancy.

" When the above requirements are met, the
anchor force shall be lowered and anchored at the
transfer load. This load may be verified by a lift-
off test and recorded, if required by the Engineer.

4.3.8 Testing

The stressing anchorages shall be capable of
lift-off during the period of installation, in order
to check the force.

The lift-off test, if any, is to be specified by
the Engineer. Allowances shall be made for time
dependent losses when comparing the lift-off
force with the previous transfer load.

4.3.9 Corrosion Protection

Prestressed rock anchors shall be protected
against corrosion by procedures suitable for the
intended service life.

- 4.3.9.1 Temporary Rock Anchors

Corrosion protection provided for temporary
anchors shall be based on the intended service life
of the anchor, and on the corrosion potential of
the environment in which the anchor is to be in-
stalled. For wedge-type post-tensioning systems,
protection shall be applied to the anchor head
and wedge holes prior to insertion of wedges and
stressing of tendons. Corrosion protection of tem-
porary anchors shall be inspected and maintained
throughout the service life of the anchor.

COMMENTARY

3500 psi.

Movements of the bearing plate in excess of
% inch shall be taken into consideration in com-
paring measured and theoretical elongations., For
temporary rock anchors, elongation measure-
ments are not usually required,

Usually, the proof load is specified as 115
percent to 150 percent of the transfer load, The
proof loading of anchors is part of the stressing
operation and occurs fust prior to Joad transfer.

The lift-off, if required, is usually done on a
random basis. The Engineer is to determine the
percentage of tendons tested. Meaningful lift-offs
can be taken as soon as 24 hrs. after the anchor is
stressed, It is poor practice to require that the
jack be left on an anchor since the jack bleeds off
and the results are incorrect.

For most rock anchor applications, the
primary time dependent loss is steel relaxation
which can be as much as 3 percent of the transfer
load in seven days depending on the type of steel.
More exact values can be obtained from the rock
anchor supplier.

When in rock where there is no apparent dan-
ger of corrosive attacks, temporary anchors with a
service life up to 3 years are sometimes installed
with no corrosion protection along the stressing
length. However, normal practice for temporary
anchors requires use of a ferrous metal or suitable
plastic sheathing covering the stressing length to
keep the prestressing steel dry and protect it from
contact with the surrounding rock. A watertight
seal should be provided between the sheathing
and the grout in the bond length on one end and
between the sheathing and anchorage device at
the other end. The annular space between tendon
and sheathing may contain preplaced grease or
powder corrosion inhibitors. Asphaltic painting or
grease corrosion protection of anchorage hard-
ware is recommended. For wedge-type post-ten-
sioning systems, a small amount of movement or
travel of the wedges is required to develop force
in the tendon above the transfer load, To develop
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Appropriate spacers shall be provided to cen-
ter the tendon in the hole throughout the bond
length to insure adequate cover.

4.3.9.2 Permanent Rock Anch‘ors

Permanent rock anchors shall be provided
with protective corrosion seals over their entire
length.

For tendons utlllzmg sheathing over the
stressing length, the annulus between sheathing
and tendon in the stressing length of the tendon
shall be protected with a preplaced grease, pow-
der corrosion inhibitor or grout. A grout plug
shall be provided to seal the end of the sheathing
adjacent to the bond length. Grout shall be ap-
plied from the bottom of the anchor hole cover-
ing bond length and the annulus between sheath-
ing and rock in the stressing length in one con-
tinuous operation.

Permanent rock anchors utlllzmg a two stage
grout system may be fabricated without the use
of sheathing above the bond length. Grout shall
be injected from the bottom of the anchor to the
top of the bond length. Grout quantity shall be
continuously monitored. Secondary grouting shalil
be applied to the stressing length after stressing
and any required stress monitoring are complete
and accepted.

Special attention shall be given to assure cor-
rosion protection of the tendon at the connection
to the anchorage hardware. The anchorage hard-
ware shall be protected by embedment in con-
crete or other suitable material.

4.4. SOIL ANCHORS

4.4.1 Description

A prestressed soil anchor is a high strength
steel tendon, fitted with a stressing anchor at one
end and an anchor device permitting force trans-
fer to the soil on the other end. These anchors,
which are used in clay, sand or other granular
soils, are inserted into a prepared hole or driven
Concrete is gravity placed to form

»
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the full tendon capacity, the required wedge
movement may vary from approximately 1/32
inch to 1/8 inch depending on the wedge type
and the transfer load level. Therefore, to assure
that the tendons have capacity to sustain unantic-
ipated loads substantially in excess of the transfer
load, it is important that corrosion protection of
anchorage hardware be provided and maintained.

Centering devices are normally provided at
about 10 ft. centers throughout the bond length.



S — e e

e S .?-'-'.'m-',."n'ﬂ';‘.'*!!‘;"{,"'ﬂ .‘«",’_".‘"'."‘—"'- N X coatr e o — ——— 0% %

D8 IO A Lo

AT

&

AL SRR

* 4
o

e,

R H

‘GO

TENTATIVE RECOMIMENDATIONS ©
n anchorage, or grout is injected under pressure
form a bulb of grout to anchor the tendon.
pressure bulb soil anchors are usually equipped
with a casing, which is withdrawn during the
arouting operation. Subsequent to placement of
anchor grout, the soil anchor is stressed and an-
chored at a specified force.

_ Soil anchors mdy be classified as follows de-
pending-on their use in cohesive or noncohesive
soils.

Soil anchors in noncohesive material are gen-
erally pressure grouted (See Fig. 4-2). They may
be installed by two procedures:

1. Auger drilled - using hollow stem continuous
flight augers normally of 6" to 10" diameter,
the tendon is placed through the hollow stem
of the auger before or after drilling is com-
pleted. Concrete or grout is then pumped
under pressure through the hollow stem and
the auger is withdrawn as the grout fills the
hole.

2. Drilled or Driven Casing Pressure Grouted. In
this type of anchor a 3" to 6" diameter cas-
ing is either drilled or driven into the ground
to the final depth. The casing is then cleaned
out and the tendon inserted. The anchor is
then pressure grouted over the anchoring
zone as the casing is withdrawn. Grout pres-
sures used vary from 50 to 200 psi.

Soil anchors in cohesive soils are generally of
the following types: .

1. Auger Drilled (See Fig. 4-3) - using either con-
tinuous flight augers or short augers on a
Kelly Bar type of machine. These anchors dif-
fer from those drilled. in cohesionless soil
only in the way they are grouted. The auger
is withdrawn before gouting, and pressure

. grouting is not used.

2. Belled Type Anchors (See Fig. 4-4) - Drilled
either by a Kelly Bar type machine using
augers and a standard caisson belling bucket
or the drilled casing method which employs a
small air or mechanically activated under-
reamer. The cuttings are removed by air or
water flushing. Belled anchors rely on the
bearing of the underream cones against the
soil for resistance to pullout.

:} 4.4.2 Design Considerations
2 0 The design of soil anchors is largely de-

Pendent on the soil conditions and upon the type
of anchor used. Use of test anchors to determine

COMMENTARY

A “lost point” on the bottom end of the cas-
ing is used in this method. The point remains in
the ground during and after casing withdrawal.

For large diameter holes, augered anchor
bond stresses in the bond length are normally
about 10 psi although there can be a wide varia-
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grouted soil anchor

Fig. 4.2 — Pressure
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" TENTATIVE RECOMMENDATIONS

the necessary bond length is strongly recommend-
ed for augered anchors and is essential for pres-
sure bulb type soil anchors.

"Minimum stressing lengths of 20 to 25 ft. are
recommended.

4.4.3 Drilling
4.4.3.1 Augered holes

Augered holes may vary from 6 inches to 24
inches in diameter and lengths may be as much as
100 feet. Some augers have attachments which
permit belling or enlarging the bottom of the
hole. More than one bell may be provided in co-
hesive soils.

4.4.3.2 Pressure Grouted Anchors

Pressure grouted anchors are installed by
either ramming a casing with a detachable point
using an air track, or by augering a small hole
with a hollow stem continuous flight auger.

4.4.4 Fabrication
4.4.4.1 Materials

Soil anchor materials shall conform to the re-
quirements of Section 4.3.5.1. .

4.4.4.2 Fabrication of Anchors

Anchors shall be either shop fabricated or
field fabricated in accordance with approved de-
tails, using personnel trained and qualified in this
type of work.

Anchors shall be free of dirt, detrimental rust
or any other deleterious substance. Anchors shall
be handled and protected prior to installation in
such a manner as to avoid corrosion and physical
damage.

Anchors may be either sheathed or un-
sheathed.

4.4.5 Insertion and Anchor Grouting
4.4.5.1 Augered or Belled Anchors
Soil anchors are manually inserted in augered
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tion in this figure. It is not practical to give typ;.
cal bond stress values for pressure bulb type soil
anchors. Pressure bulb anchors develop the ten.
don force partially through bond and partially
through bearing of the bulb of the soil. The re.
sponse of soils to the pressure grouting varies
widely, and, for this reason, field anchor tests are
necessary to properly design pressure bulb an-
chors.

The minimum stressing Iengths recormmended
are necessary so that small movements of the
stressing anchor will not result in large changes in
load.

Augered holes are the fastest method of drill-
ing a soil anchor.

Ramming is usually only employed in fa)'rly .

loose sands and gravels.

\!

A light coating of rust on the anchor material
is normal and will not affect the ability of the
anchor to perform its function, Heavy corrosion
or pitting should be cause for rejection of the
anchor.

Spacers are normally provided at about 5 ft.
centers in the bond length of augered anchors.

The sheathing material can be either steel,
plastic or any other material non-detr/mental to
the prestressing steel,
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TENTATIVE RECOMMENDATIONS

holes. Concrete or grout isspumped or gravity
placed into the bond length of the anchor.

4.4.5.2 Pressure Grouted Anchors
A. Rammed Anchors

The prestressing tendon is inserted in the cas-
ing and driven,to its final position with the casing,
or the tendon may be inserted after the casing is
driven. Grout, under pressure, is pumped into the
sealed casing as the casing is withdrawn from the
hole by means of hydraulic jacks. After thecasing
has been withdrawn from the bond length, pres-
sure grouting is discontinued and the casing may
be withdrawn.

B. Augered Pressure Anchors

A small diameter continuous flight auger is
used to drill the hole. The procedure for installing
this type of anchor is exactly the same as the
driven anchor described above with the exception
that the auger is always completely withdrawn.

C. Upward Sloped Soil Anchors

Pressure type soil anchors may be installed on
upward slopes.

4.4.6 Stressing

Stressing shall generally be accomplished in
accordance with Section 6.3.4.

4.4.7 Testing

Soil anchors in cohesive soils normally re-
quire more testing than rock anchors since co-
hesive soils may creep under sustained load. Con-
tinuous monitoring systems may be employed
when specified by the Engineer.

4.4.8 Corrosion Protection

Measures to provide corrosion protection for
soil anchors vary depending on whether the an-
chor is intended for temporary or permanent use.
in both cases, protective measures are similar to
those for prestressed rock anchors presented in
Sections 4.3.9.1 and 4.3.9.2,
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It is common practice to withdraw the casing
and continue pumping grout at pressures high
enough to result in a grout requirement of one
bag of cement per foot of hole. However, the
grout requirement depends greatly on the hole
diameter, and the permeability and density of the
soil.

Stressing is normally carried out seven days
after grouting for Type | or Type Il cements, and

three days after grouting for Type Il cement. At.

these times, grout with a water-cement ratio of

0.45 will have a compressive strength of about

3500 psi. ‘

Soil anchors are normally stressed to 15 to 50
percent above design load, held at that load for 5
or 10 minutes, and then relaxed and anchored at
the design load.

Lift-off tests are sometimes performed on se-
lected anchors; these may be of 8-hour duration
in the case of granular soils, but 24-hour duration
may be called for on anchors in cohesive soils.

The average monitoring system consists of a
load cell placed behind the stressing anchorage.
This load cell has SR4 strain gauges installed on
it, and the results can be directly read on a Wheat-
stone bridge. A separate payment item should be
set up for monitoring. '
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A JOB SITE INVESTIGATION WHICH BEGAN ON FEBRUARY 13 AND WAS
CONSUSMATED ON FEBRUARY 27 AND FEBRUARY 28, AS A RESULT OF THE ..
DIFFICULTY IN MAKING UP THE WALL TENDON CONNECTIONS TO _THE ROCK
_ ANCHORS. REVEALED A THO FOLD PROBLEM.
. 1= CGNARrL SYSTEM ALLGWING TGO TIGHT A PITCH DIAMETER"IN THE' C e
- 'BUSHING I.Ds Ce
REVMZDIAL ACTIGMN-- RETURN BUSHINGS TO RYERSON STEELe GAUGE
WITH FULL LENGTH GAUGE AND REMACHINE TO ACCEPT FULLENGAGEMENT .
b GU CAUCE WITHIN NO GO GAUGE LIMITS. . . .
exkyz— “INGR DAMAGE TO BrTTom ANCHOR HEAD THREADS.
. T OREMISIAL ACTION-- MAKE UP THREAD CHASER AND CLEAN ALL TENDONS
i NOT INSTALLED PRIOR Tf THEIR INSTALLATION IN THE _STRUCTURE WITH .02y o 3NE
THIS CHASER. “~ALL TENDONS NOT NOW - INSTALLED WILL KAVE ANCHOR HEADS,\:ﬂ“,il
CHASED 79 REMOVE BURRS. FOR THE FIRST LOT OF TENDOGNS TS BE .
INSTALLED,, _A REPRESENTATIVE BUSHING WILL BE 'SCREWED ONTO THE

LTI 1Y
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\, WORK WILL RESUME ON’ TENDON MARKS 131 AND 133 WHICH ARE HUNG UP AS SOON.

. S SCAFFOLDING IS AVAILABLE AND AV A FRAME IS MOUNTED ON THE TOP BASE
;," LA‘.—’
<N,

OF THE REMEDIAL ACTION BEING TAKEN BY G & G MFGe. CG. THIS TEST

BE APPLIED ON THESE PARTS DURING STRESSING. THE FOLLOWING IS A =~ -
PRELIMINARY REPORT OF THE RESULTS OF THE TEST AS RECEIVED OVER THE

ArTER LOADIVG PARTS TO 1,000,700 LBS. AND RELEASING LOAD, *THERE
"WAS A SMALL INITIAL RESISTANCE TO TURNING BY HAND WHICH WAS JVERCGME

.WITHOUT ANY INITIAL RESISTANCE- :
- . £ « ‘s
¥ f THIS TEST PROVED THAT THE THREADS MAY BE SUBJECTED TO A LOAD 20 PERCEVT
_ GREATER THAN'THE TU. Te. Se. OF THE TENDON WITHOUT UNDUE ELASTIC
“ DEFORMATION. BASED ON THIS TEST» 1T HAS BEEN AGREED THGAT A TOTAL DAMRGE

CERTIFICATIONS WILL BE SUPPLIED TdAT ALL TENDON ANCHOR THRLADS HAVE BEEN
- SUBJECTED TO INSPECTION AND -ARE WITHIN PUBLISHED TOLERANCES. DOCUMENTS..
WILL" SATATE DIMENSIONS OF GO AND NGO GO GAUGES TO, BE USED ON BUSHINGS.

A D”TAILED REPORT EXPfUNDING UPON THE "‘PROBLEM OF ANCHORAGE CDVP’NENT-zw

“ A

.CERTIFICATION OF DIMENSIONAL CHECK'OF REWORKED BUSHINGS, PHYSICAL TEST.:
REPORT FROM PeTeLe ON TEST PERFORMED, WILL FOLLOW IN 30 DAYS AS - f:*};'
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- CAPACITY GF THE MACHINE. AFTER UNLOADING: ‘THE PARTS TURNED EASILY . .fﬂ

b Za
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THE PITTSBURGH TESTING LABGRATOGRY HAS RUN A COMPRESSIGN TEST ON MONDAY,",
FEBRUARY 27, ON THE ANCHORAGE COMPONENTS WHICH ARE REPRESENTATIVE . &

“* VERY EASILY AND THE PARTS MOVE EFFORTLESSLY. .
. .. AFTER, LOADING T 1,060,000 LBS..AND RELEASING» THE SAME AMGUNT oF;",, S
. © - RESISTANCE WAS OBSERVED. THIS. WAS OVERCOME WITHOUT UNDUE EFFORT." . . ...
(| THE ANCHGRAGE CGMPONENTS WERE THEN LOADED TG 1,200,000 LBS., THE CoNE

.
fa

O;F 20 PERCENT OF 1HREADS IN THIS ANCHORAGE COMPONENT IS ACCEPTABLE. :- / :;‘

AND THAT EACH BUSHING REWORKED HAS BEEN CHECKEDo . ) ”Z&E?f

o ¢ {sn PROGRESS. 15 DEH iGNSTRATED=T0) BE- smgmm\s——mﬁu;ﬁi\ec- 1‘“:..’:‘.& I

APPROXIMATES THE MANNER VERY CLOSELY IN WHICH THE LOAD WILL EVENTUALLY .° -

ENGAGEMENT AND REMEDIAL .ACTION TAKEN, THREAD DIMENSIONAL TOLERANCES, % .ET

el P - ve P - - e

ORIGINAL

b sl I S TRIRA LAY SR A

|
i
|
i



LLNTER WY

K- 1 MOHGSE/Y :‘bxowks&nsmﬁ

"ﬁcu,To
;ﬁILBL T Ab\JC INL _f«" . o

:5 GLL thnr"L Coip l; A
RIG. CENTE VY i 710-8 -9104

N R

 BECHTEL t,"vg !'..‘?‘i‘ blO-”SO 2&‘36

S B
. n‘_- i d . . -

LSEA P D
\“K T *510-250-2352 - °

4 ‘ V n
T Ty
A

»
. l.- o

HESTINGHOUSE ‘A P oD fﬁ.i‘i-
3?%& 710~'9773650 PR

IﬁuAb : 31 OGN T 1 U1 SON

"
4."_- b _' 3
-

,bti

..;

JR"A Y "TH!‘.R i' I'EI(.u\ rA""'” 547

‘o«fn LIFTING COUPLING WILL BE SGREUED 0%
OTECTIVE ROSE GONE Bi:PLAGED G THE BSTTON OF, 1HE 17ADOR ~J“

IHL ATTACH D U0 T JTEADON LIF FInG’ Hi..‘xb ANL T 'f"u\‘ 1.
_‘{\Lﬂ"IING IT VL‘.:\‘.'IIU!-\ LY LedlL 17 .18 #Fully. :SUSPERDED. MERTTES

} ; e 3.
,,‘w~4.-uA Cm=and INSPECT 13 wILL 3L‘E NI "‘uacn RN

de”Eka INTs 1T TLAES © NOTEs o A COGPNEHENSIVE I_SPFcion
W‘ﬂ"T‘lA SLISHED "Ll THE MARLFACTURE: OF) [ENDORNS: T9 GLANENTL

PLALLD I ‘.!

[\::l) f\{t‘l’tl‘,.l Law

. 1
-.,.»-. .5 R . RS
ain® ,"- wat _'.- ' ra? i

L. LENGTH ALE Tc IDTNS A r
EBHIEED TAND erL ﬂ.\l’lv . .
IR BTG PAGw 6N THE SITE' ‘IS T3L=b1“nn'f"1r Taﬁouas "zvu;BE,
CIRUCKS ONTO -AALSEL-PLATROIES, IN LAYDOUWS 'SPACE ANE

H“,LLLr &T*'BY SAPACLINS, OERUKAGE WILL .BE CHAPétD,u»@;, p
"Jt“*&ﬂf}IATFDfBY“LAﬁ :J~;P"TE455N"EILL»=h,ﬁ?&g?Dnu,-w'

. .
at .
-

A E ¢ ILE BE USED, ‘ TEND NS“ﬂND TGV
£ r”wusx.ﬁ O BEING COi{TAH ‘ "DIRT, UJD:*?ﬁT?

4= ‘-,

THE. . TEY

P. Hnnu-u;

OF THE THANXKADY DURLIG PHE-UNCOILING OPERATION. A CR B

I S, e, FEN l"'---".' .. »ia
.

SLTHEN iPRESCRIGED LIAIT e Pt

R PRy ’ . " o R L . . ‘ -._':

- ¢ R R " . :::'f:': ’ . b e ’ ',- .
Vo T CHER PLAGLD In TEC005 1088 AD LOGERLD 15 thy e
AE0G wil b JHL AUARTS. 1S ALLEADY IN FLACE.  GREASRE IS5 . -~
"l'l:. vIID AT TH: GOUK AXGHG: COUPLILIG #6100 i0 RAKIRNG ¢ B "

uunhho 10de  fHe 507508 HAD IS, IHREN SCLEGED 1510 1HE quwr b
1IL pHE Tﬂfhn_w ALk FLLL ENGAGERe  IHE GOLPLING TR

PO R B W

L:AS;LVer 1\‘iHuN COMPLETELY CRECKEL FO. #R0PR. IISTALLATION HBY THE - = Y-

= ”r»“~v>/g,

31ALLL &@vvv%mﬂw!hwwqux%/%wﬂ(oad/
. . - - {-. . :- - N - - .‘ >‘ EmA

ELnOh & LOMYINGse Fadhit BIALAL CHICARO I01LF N L



CONSTRUCTION PRO v ETS & SEZRVIC

Z8 BIVISION

PHONE; RO 22121 + PLANT! 1CTH & ROCKWELL, CHICAGD

MAIL

METALOOICS )

ADDRESS: P. O, GOX £C00-A, CHICAGO. ILL. GOCBO

—

July 20, 1956

. Do X. Cronzberzer

Gilbert Association
© 2,0, Zox 1498 ) ‘

525 Lzucaster Avenue ;
) Reading, Pemunsylvenia 10630 . ’
Dear . Cronebexger:

42 Mr, Ted Brown is out of the office this week, I have tzken the iiberty
o zeviewing and ccmzenting on drawing B-400-606-1 per ycur letter of
Suiy 13, 1966. Based on my discussions with Mr. Brown, the 2'-4" dimension
stould T2 to the top of the concrete, rot the botteam of- the beaviag plate.
Also tke access cover on th2 coupling protection "can' should bes attzached

<o a

turned up or welded on lip (see Sect, XA in red pencil) on the sides
c as showa top a2ad bottem.

.

coopy of half of drawing B~400-606-

I tave nede 2 1 and marked-the above
in red sengil. T zm enclosing a copy of the pwesent drawizg ol thke coupler
£oxr your infoxmetion.
In the design of this ccupler, we haye used the following vaiues'for loads
and stiessiag:
2liowzble tensile stress in C1018 steel = 26.4 ksi
2llicwable loz2é on threads in Cl01i8 steel = 1,335 kips on each
incn of thread measured oa the 0.D, '
_ultimate strength of 90 wires = 240 ksi =1060 %k )
maximun jecking force for 90 wires =-192 ksi == 848 k
maxinum transfer force for 90 wires = 168 ksi = 742 k .
maximum effective prestress for 90 wires = 144 ksi—= 636 k
actual tensile stress on coupiing € 848 k = 22.4 ksi
@ 742 k = 19.5 ksi
actual load on :hreads @848 k = 1.23 k/in. )
Nete that this coupler is chzren.ly being tested by the Pittsburgh Teste-
ing Laboratory. . .
, . Very truly yours,
2. Clydé Lathrop
' Chief Drafteman )
Post-Tensioning
BCL: .
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APPENDIX 5A .

PITTSBURGH TESTING LABORATORY
REPORTS

POOR ORIGINAL
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PITTEEURGH TESTING LABORATORY C

CITATLISHED 1808
PITTSBURGH, PA.

« .

AB A MUTUAL PROTZETION TO CLIENTE, THE PULLIZ AND OURSILVES, ALL RIPOKTS

ART CURMITTYD AS TMT CONPIDINTIAL PROPCRTY OF CLITITS, ARD AUTHORIZATION

POR PURLICATICON OF STATUINTYS, CORCLULIOHS U CITRASTS FHOMN OR REGARDING
OUR RIFMOKTS 13 RIZIRYID PENDING OUR WRITITH APPROVAL,

LABORATORY No. £-& '
yazen 29, 1057 672600

CLIENTS No. 2171143 REPORT ORDER No. PG-18519
Report of: Cs=zreasiva Lezd Tests of

D Uire Tcnlin Dnsa Plate
2238 ca Camaness daond

‘Rezost ¢o8 S>235h T Duovasa & Sotn, Inc
P. Q. Doz CRO2N
Chdeono, Illizads &03CH

Wa wsyre woguzated €0 £otrizate a coseXete bacz plate in cccozdanes
vith Byeroon Brewiny SPi-1 daged 1/20/07. A conczete nix d2adan,
reinZozeiny bavs, baco plate and trucpet woze sutzmicted for £obrice-
tica of tha concrete basa plate.

ﬁ‘ﬂm £ollcuing concrete properties were recorded. ‘ (
COYVCRRTZ MIX LESIGH FER. CU. ¥D.
Type I1I Portlend Coment | 611 1bs. ,
Dravo Corpo Siliceous Sand ASTS! 0‘33 12‘)0 lbs. S.8.D,
Pravo Corp. Siliceous Gravel 1" Size 1850 1lbs. S.S.D.
Haterx 300 1bs. :
Slunp 4 inches
 COMPRESSIVE STREHSTHS \
Date Sectional Area Crughing Load Crushing Strergth Age
of Testing Sq. In. . Lbs. P51 Days
" March 8, 1957 28.27 92,000 3250 2
March 8, 1967 28.27 81,000 2870 2
! : 3060 Averaoge
Haxrch 9, 1967 28.27 115,000 4070 3
HMarch 9, 1957 28.27 120,000 6240 3
4150 Averxage
March 10, 1967 28.27 124 ,0C0 4390 & .
March 10, 1567 28.27 121,000 4280 b {

4340 Average

.. POOR ORiciug
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PITTSBU RGH TESTING LABORATORY

ESTABLISNED (88}
PITTSBURGH, PA.

AS A MUYUAL PROTECTION TO CLIENTS, THE PUBLIC AND OURSILVES, ALL REFORTS

ARK SUBMITIED AS THE CONFIDENTIAL PROPERTY OF CLIENTS, AND AUTHORIZATION

FOR PUBLICATION OF STATEMENTS, CONCLUSIONS OR KXTRACTS FROM OR RECARDING
OUR REPORTS I8 RISIRVED PENDING OUR WRITTENR APPROVAL.

LABORATORY No. £52408

March 29, 1967 " ORDER Ne. PG~18619

.cuzm"s No. 21%114-3 REPORT

hen the concrete im the stand had reached the reguested strength,
the stand was tested by the following method. '

A ccoprassive locd of 742,080 1bs.-was spplied inm, incresents of
105,000 1ba., azd thea xelsosed in irmcxexzents of 106,000 1bs. 7The
gage readings tabulated bsley were obtainsd using & deflectoxzter
designad ap shown on Page 5 of Rycrscn imstractions dated 2/2/67.

Cycla Cne was repeated, recording the sezz gege readings.

oa tha third cyecle, dial gage reedings wore recorded oaly up to
762,680 1bs. The loeding continved im 106,600 lbs. incremenis to
1,260,690 1bs. At 954,000 1bs. hedrline crecks eppeexsd on the
sides of the stand. There uwere uo othex gpparent defects at
1,209,000 1bs. .

7ha dial gage Inotxuzent wes desigezd se that measureznats, either
ccmpressive or expansive, were recorded at 3 gpecified digtancs
froa the ceater line of the concrete stend or metal base plete.

Gaze Yo. ’ » Location
| b X ’ Oa the concrete 3 inches frxoca cdge of base plate.
2 Ca the base plate 7-1/2 inches f£rom center line
ol stand.
3 On the base plate 4-3/4 inches fros center lins
of stand.
4 Cn the begs plate 6 inches from center line of
stand.

S 02 the concreta 1 inch from edge of basa pilate.

POOR ORIGIA
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ESTAULISHED 1881

PITTSBURGH, PA.

PITTSBURGH .TESTING LABORATORY

AS A MUTUAL PROYECTION TO CLIENTS, THE PUBLIC AND OURSELVES. ALL RIPORTS

ARE SUBMITTED AS THE CONPIDEZNTIAL PROPEAYY OF CLIKNTS. AND AUTHORIZATION

FOR PUBLICATION OF STATEMENTS, CONCLUSIONS OR EXTRACYS FROM OR RECAROING
OUR REPORYS IS RUSERVED PINDING OUR WRITTEN APPROVAL.

. POOR ORIGIN

BORATORY No. 0
f, March 28, 1967 LASORATORY No. 652408
CLIENT'S No. 217114~3 REPORT ORDER No. 26'18519
LCAD DEFQORUATICH MRASUDRMEINLS
1st Lozding
Load Gage
Pounds g1 $2 $3 24 &5
0 .000 .000 .G09, 800 «800
( 1069080 had 0691 0080 00&2 .901 .000
212,630 -.002 001 005 004 -.00%
318,C00 -.0832 .002 009 005 ~.004%
152& ’690 '.033 0092 oOlL 0007 ‘0007
5309080 - 0006 0003 0013 00’09 "0&09
636,620 - ~.003 .00& 016 011 -.010
7‘52 ’009 - 0096 OOM 0018 0013 - 0012
636,800 -.006 004  W017 012 -.013
530,080 -+805 «034 " W015 012 -.013
624,690 -.085 -804 015 .Cl1 -,012
318,089 bl !AI) 0093 001'% 0019 “0012
212,089 ".0% 0003 0012 0008 "001-2
105,090 "0083 0002 0009 0035 -0012
0 008 .880 023 002 -.002
‘2nd losding
0 .03@ .m .0@0 )030 - 0002
186,030 -.852 N1} 006 003 -.007
2129089 ’0633 0002 00810 00% -0099
3183630 - 00'3"4 00‘03 00'99 0005 ’uOll
424 ,8CD " =085 003 .05 007 -.012
539,000 . -.005 003 .012 008 -.013
636,899 -0036 .00"{) 0013 0020 - 0016
762 ,039 "0036 oe‘ez) ‘ 0015 0011 -0015
636 .0‘3{3 "0986 .0% 0016 .919 ‘00165
530.0’30 '0096 OOM 001-3 0010 "0016
424,040 -. 045 .80635 .012 8085 -.013
318,060 - 805 " 4603 011 8078 -.0125
212 ,0‘30 - .\?n‘b 0003 .@9 .09‘5 -00115
106,0% QOUJ th?p 00'@5 .095) ".910
¢ -G30 630 823 020 -.002

AL
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CLIENT'S No. 21T114-3

Pounds

106,000
212,000
318,080
424,000
539,000
636,000
742,000

954,000

cct 3-Rycrgon Steel

Rair line cracks visidbla.

1-PTL Chicago

’ . “ 407 Rcv,
PITTSBURGH TESTING LABORATORY
| PITTSBURGH, PA.
OUR REPORTS llé;:l:;o le';l:ﬂ ;Uglé\;lﬂlu APPROVAL, :BD::::RY No. 65212939
REPORT ' PG-180
1.OAD DEFOIMATION MBASURRMZHIS
3rd loading
gcaza _
g1 $2 #3 ¢4 &5
.000 000 . .009 ©.000 -.002
«.003 002 004 .003 -.009
"0004 0002 0007 000‘”5 "0011
-.004 .003 009 .008 -,012 °
- 0005 0003 ‘011 o°°7 - 0013
~.006 0035 T W012 0085 -.014
-0006 COM 00135 0010 -.015 ‘
"0007 000‘0 0015 0011 - 00155

PITTSEBURGH TESTING LAERORATORY

Earl Gallaghery Manager

Physical Taseing Dapartment

POCR ORIGINAL
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O BASEPLATE )
FOR 90 WIRE ’_FE_NDOI\)
A ~ LOADS

Loads developped by the 90 wiye
Tendow.
Ult imale Strenglh 060 K

\ C)Ve'rstvessfv\g Force 48 %
Ini'tial Force F4&2F e X
Final TForce G 36 K

@ ' x Design Force for Baseplale

B. SIZE.

‘ ¢ ool 18" — 269 p

¢ le .Gh —_— 280'-'

\

Net'%ea}fng Area 240 .p"

: pLO«'{'_ e thck ness Dy 1

S5A=6 e

customer Dechlel Com DQV‘\E:”

[RVE RSO

JOSEPrPHN T. RYEARARUVUON & BOWN,

5935 -~-C ~5F:

Palisades

METALDOICS

ATE
J& 7

2/

24
-

MADE DY
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21 PT -234- 114
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C) BEARING STRESSES

l) - Actual
Avevoge 742'006/240- 23090 psi

:

2) Allowable for Base-Slob
(use ACI Codes

fo' = fei' = 4000 psi

!cusromr:n Bechlel Compawy
| Palisodles 5935 -C 2 5|

At - ¢ oLg" 803 " (Temdosaspc\cg'ms)

fop = 0.6 4000 [803/263" = 3450 psi
Zoctual

3) Allowchkle for Wall and Dowma
f's fi' = 5000 psi
A, fuse minimum 1" clearawce
crounol Ploles |
- ¢ 200" = 330"

Y]

3;__
0,6 500073207269 ~ 3210 psi
> actuol 0K

fer

Conclusion  The Becm‘mg plote
size (see B.) is in accordance
with the ACI-Ccode Yec}.,n'remcht

as used on this Prcject.

SA-7

METALOOICS
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& ) BASEPLATE TEST

To verify the Adeguocy of Plote-
" thickuness and Plate - Moterial -
strength the followivo Test 1s
prolsoseo\.

5335-C-5

) Test Set up
‘ See Ryersow cdrawing "SpT-|
datedd |-20-G67, '

Palisades

METALOOICS D CUSTOMER Bed,‘tel_ COYV\IDOV\\/ s e
{

Q 53:'-'7. ’VcPl& Yy L\E'S/Q-“ _ 2%* }ﬁ?[& 'b_‘ N 2% ,_7:
| ] I
~ - BN AR ___ SR RN N @0
%N ] Baseplaic. -] l @z
I Trb\\-v\pet “— T :
i e l E
. ' . >
- —1— Remforeedd — LEE
3 © Concraie U"
Stand >f
) ' X L g;.
. | 2)..10!: ’] 7IL 2|...4_s '}
2", 2'-6* 27 . |
$t = ELlevations
N ‘ )
—_—t weo
. Concrete o
Q feci' 2 4000ps) 3
N
” == 59
~ Plan _ é’,
5A-8 2




.2) Appl_\'cmtfo‘/\ of Lood
P -

\\\ l : Teslmoesihine quss)neo‘o‘.
\ .:\\\l\\\\
RN }\\'gv

Shim  $oat gh"

’ A QAN
N
Concrete - .
Strengllh
Fd') Z%OOOPS“ | T Concrete _ Stanel
| L oraree
ANUSSUS SN RENNNNNNY

T Tesimochine Table

q) Appl\/ Lood In Increments Of’
106 K -~ to 742K max.

b) Release Load in increments of
106  tp 2zevo.

c) Repeoat o) ownd b)

o) Apply Load in ncrements of

' l0o6* to Follure .or Testwachine
COPO(C-\"};\/

e) Measure Deformations afier
each Lood - inerevment of ‘a), bl rc).
(Set up see 3))

f) Observe. Concrete Stand
(for Cracks )

5A-9

$935~-C-51

es

; Pa Ly SCich

1.
g CUSTOMER B@C/\x. &2 L COYV‘}DGV\\/

METALOOICS
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@3) Deformaltion - Meosurements
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.

4) Anticipoteo Test Results

a) Obervation cf Concrete Stamol
ltis enticipoted | thal the Concreie
Standt does rot crock (other thow

. Hair Line Craoks) up to the odesign
Load of 742%  The Ha'rline cracks
to close ofter removing of the Leac,
Spau\'ng of the whremnforc ed (oné
nown Structure L) -Concrele arguno
the Daseplote may ccecur anol

'S Insigni ficont.

) Observaiion of Boseplote
It is G\nUCl[QOztG'L  thal the
Plate- Malerial is nol sukjecicd
tc stresses ,greate; thon the
Yield stremgih up to the
oies\'gw Loacd of 742K\'\The
deformotion mecsurements should
thevefore vary Llinear ‘with the
Load and wnwdicate complete (90%)
Yecovet\/ C{MY\‘Y\g uml.oodx'ng‘

The amouwnl of the cleformation
measurerments té be oleterniawed

loter. (max. Reo\dmg =< '/le " )

5A-11 7

3CU$TOMER Bechtel COW\]OC{V\\/ ‘
| poliscdes 5925-C- 5|

METALOOICS

e

RN ERRSOR]

JOBSEPrPH T, RYCADON A BON, INC,

DATE
25067 |
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The edge of the Base plale should
S%o«\/ flush with the edge of the
Cowncreie. S.L\'ghi seating IR

perwl‘SS\‘bLQ | " C(AYLI‘V\C:’ \AP"\‘Y\OHCQ'LGS

un desircble uneven beah‘y\g

stress distyibution.

5) Concrete Mix. , .
See attoached Letter From
Rechiel Covporotion to Ry evson
dotecl V/22/67.

Ewecq.}:_'\i»\se of the .Spec\';mev\ Size
Limit  the mox. cggregale to
P,

Perforva the Test 1f Cowcrete
Test C\/Ll‘vxde'(s indicate o
strength grealer ihonw &0607 pso
Test Cylinders shall ke
“broken ow the sawme day as
Hhe bearing plate test i's
pevformed.

5A-12
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METALOOICS
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G) Baséplc&c~ Mo«'):ev\'.g\.L

See ottoched Heot Tesl Report
regorcling the chemlcal Compo-
sition. (wh\'oln meels ASTM“ASG)
The r_s\/su‘éal Test- Repovt of
repreésentit’v Sawmples wrll
follow.

POOR ORIGINAL
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PITTSBURGH TESTING LABORATORY

CSTABLISHED 1881
PITTSBURGH, PA.

AS A MUYUAL PROTECYTION JO CLIENTS, THE PUBLIC AND OURSELVES, ALL REFORTS
ARE SUSMITIED AS THL CONFIDENTIAL PROPZRYY OF CLIENTS, AND AUTHORIZATION
FOR PUBLICATION OF STATEMENTS, CONCLUSIONS OR EXTRACTS FROM OR REGARDING

OUR REPORTS IS RESERVED PEINDING OUR WRITTIN APPROVAL.

) o LABORATORY No. G46010%
{.l'?o ..O;.C:': 2"!‘9 3.‘:—1;?\’ E N T p'-'-3
. e : - ORDER No. ’:p." wa4
CLIENT'S No. '23\534 10R3-18 REPORT '\-. 9
Repoxt of: goupression Tngte of 96-Wize
Anchor Head Assw...w}.y
Boport €O Joseph %. Byerson G Sen, Iac.

P. 0, Pox 8GA0-4
Ciicege, Illinols 60480

*

Ye rocefved suo {23 98--:5:.1: anchior head asscahiies -for cmizpreasion
tosts in eccondanca witk Drawing S0-pPR~iA, 20-07T-2h and addendu=m

doted 18/311/66.

che chinms end anchior hetds were . asszabdblied, lradad £or tuo nlnutes
od disasseabled for enaminatilon im sceprdunce with Che drawings.
e follewivg obscrvaticns ware reecndad. .

ANCPOL HTAD ASSRMELY $5-PT-1

Lond Tenanks.
! 752,600 ibs. Rutton beaded wires deformad anchey hzad.

e 3/16" and 1/8" sbiws deforwad slightly.
Aznchox haad loosens by hond from adepter leck nue.

«

248,560 1bs. N epraveat deo £n"ssatic1=.s excant as ncted above.
Anchor heed lecoseas by hend foem adaptor lock nut.
958,009 Los. Ho eppacent deformaeions cmesry o natad stove.

Anch:or ‘hoad loenens by hamd Lion ..-;-.vlmp?.o.. foek nut.

1,007,660 ibs. Yo appavent daformations ouxocpé 8z netad asbova.
» ? 4
Griclvor hoad eosons by hand from adaginr lock net.
1,856,680 Ius. No appoxent defomasiious emeepk &s notzd akove.
Srchioy kod leosens by land fooo aduptox lock cat.
GL,:&C;D,GGG b, Bedfeacauions Soon e oiia plates wm fhle on adantor.
;‘:Z.i".'.&::‘ nead #o doiges locswng by hond.

| ?@@é% ORIGIN

¢
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CLIENT'S No. 5.2 8idt 350 3 A

ioad

L Ry P O T

) :-;-‘\." 2'
.

.

&:8,000 1bs.

.

3% ,0U0 lba.
1,887,062 1bs.
1,060,000 lbs.
1,200,860 1lbs.

ces  3-3Jusedls 7.
Atin: k. B

PITTSBURGH TESTING LABORATORY

ESTABLISHED 1001

PITTSBURGH, PA.

A$ A MUTUAL PROYECYTION TO CLIENTS, THE PUBLIC AND OURSILYLES, ALL REIPORTS
ARC SUBMITTED AS THE CONFIDENTIAL PROPERTY OF CLIENRYS. AND AUTHORIZATION
FOR PUBLICATION OF STATEMENTS, CONCLUSIONS OR ELXTRACYS FROM OR REGARDING '

OUR RELPORTS 13 REZSTAVEID PENDING OUR WRITTEN APPROVAL. oy men
LABORATORY No. .3}
. \ .

Srpnele s e O H o
mafadeis S, INLN Ao

REPORT .

ATHOR EaD A8

<
hn'..‘n .-\ e %
Ave

. It
v'n-&‘s-.? o N -
GO £ 67 AV P IT WG TP 2 L W I F AT T WL S 440 FERTRACE ST A S U PN Vs SRt YA § S ST A P

e

gae %o oo vy 7 v ¢Des g [P I |
Lactaa wendsd wlrzes deforosd 6oty haad,

2y T LT e Vbl esTaae v
e 1/18Y ard lré" Gixdies <Gfomm:ld alightly,

Bo ansavent deurmeciony eeespt a8s notad shova,
o appaveel Scevompetisns cueept as acted ahova.
o apparais deformaticon srespd ao noted alove.
L AL

vieais doforamtions exsspt as anted abeve.

o apporent duefomuaiions exgerté as astad atova.

' PITISEGUCH TEOZING LAZURATORY

sarl mallagn- 5 &
Tayeieal aﬂﬂt;aq.&epa,huanr .

yo woea & Suon, Inc,. .
cieazd M. Presazle

s goe
-pEL unizoro

OOR ORIG

5A-15

ORDER No. FATR L
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!. eCOMPA’.ESS/()/V sy Procer e
TEST OF 90 WIRE ANCHOR HEAD ASSEMBLY

=

\SARIKS ARSI LI A IO

SET UP TEST (N MACHINE PER DRAWING 90-PT-1A
" APPLY COMPRESSION TO DESIGNATED LOAD (SEE TABLE BELOVY)
(THIS IS A STATIC TEST, APPLY + RELEASE [OADS ACCORDINGLY)
HOLD EACH LOAD FOR A PERIOD OF TWC MINUTES |
RELEASE LOAD AND DISASSEMBLE

CHECK AND REPORT ON ALL DEFORMATIONS, CRACKS , OR

742,000 [BS.

LOAD TABLE

OTHER SIGNS OF FAILURE IV THEANCHOR HEAD, ADAPTOR
LOCK NUT, AND/OR TUBE SHIMS.
REASSEMBLE AND REPEAT AT NEXT MIGHER LOAD.

/007,000 LBS. .

90-PT-1/

ttttttt

RYEZERNBSON A PON, INC H

848 000
%’4’ 000 + L060,000 v
- MACHINE MAXIMUM
) "}5;/ ;‘* 7_",@2{66 ] RYE R$®M @ CUSTOMER W / A) c?_— 7-5 5 7"

ANCHOR +=40







O QO 0O O ()

"3
z-7"10n6 skines
I-%" LONG SHIM

ANCHOR HEAD AND ADAFTCR FER 90 PT-1

/-14-LONG SHIM

il by

<N ¥

r &8

R3rED

I

o~ »,

LAY
o,

Pz aYs

BASE PLATE

FOR TESTS 90-PT1 « 90-PI2 NOTE: CHANGE IN SHIMS TO BE APPLIED

m.
.
= b
e

DATE
10-1/-66 r

SHIM REVISION

CUSTOMER

NNNNNNNNNNNNNNNNNNNNNNN

T

T 90-PT-14+24 A0




BlLOCK

81-vg

COMPRESSION ~

HR RYCUT HT SR4Y RO, x 0“2

90 -BUTTCMN /

HEADED \ ;
wirRes |\ L
]
o N\
™ ‘k{z@a\ i
——-——-”l OAO h&\xx
ik
/4
ANCHOR HEAD
90-x6

NOTE: PLACE ALL PARTS- CONCENTRICALLY

/

ADAFPTOR
LOCK NUT
Q0-PT-LN

2 SPLIT
S TUBE SHIMS
90-PT-TS

/
/4

*, . "e N b
SR NN
‘s
e e

.
\\ \\\\ R

ABOUT CENTER LINE

-q-.—l -0-6————-0

&

BASE PLATE
90-PT-BF

102 ¢

RYE RSOM

JO S CP e T RYEGnRSOWN 4 S -,

g

METALOOICS ’

CUSTOMER

m 90 Pr-1A
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TAP CENTER HoLE

A% SHawN
prRiLL HolE

TR 0 JG R

{- \q g( ,)-L
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;‘65(:)0 oeo

3 98 5o S
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C\( 0&4 T A
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QO&’\’\\‘V'\' r'
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QOGOOUC@Gq
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\@GQ 5006,
@0®009f
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CLaLS ¥\ ¥yt

90 WIRE ANCHOR HEAD

Tuis diswing Mas 1ol ea poditshes, it 13 e nole recperty of Joseoh T. Ryesan & Son, Inc,
it is Wnl 1o the recpient for nis cenfifent'si use ocly, ard =200 the conditions ang ygreaments
foliowiag. In considecation of the Iran ot thic draviag. the muisieaf prasises and agrees 13
refutn 1l upon feduest, and thet 11 3nalt oot be reproduced, ceple¢, leal ot otheiwiss
givnased of, directly or Indirectly without Joseph T, Ryerson & Seq, lac. wiittes commal, no¢

NOTVICE

be wsed in any wiy dettimenial fo the intetests of Joseph T. Ryerson & 3o, loc.

90 WieE HoLES 166 -
J .

PRIy THQO\)GHJSPP\.CE. AS StigwrIN \C/ fv

AND NoTER

“

+.0cd

.5a) IR |o/ %:}/( 1o

{ g._,‘

UTTON HEAD BEARING SURFACE. !

AN
R~

T(eeaL UoLE -
SEACHIN ‘

DETAL L Derew YL

TP vIIRE Yoot

]
- 5%-& pH
BUTTRESS THREADS

A

b =

PRRTIAL SELTicN

MATERIA -
¢ na\ SHoIN R RaanD

HEAS TeeaT T ERETwrses S |

MADE BY
(\YOoCT

RYERSORMNM

L B " YE&ADJBON &4 B8ON "N

MELTALOOIC '}
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Gy duld

7%'0.0 RH BUTT.
THD.

&

5% ID RH BUTT.
THD.

%"
Z
T

MATERIAL: HRIIAI 8RO x4 "

Y

90-PT-LN

ADAPTOR 1OCK NUT







TZ-ve

ALE LRI

J 41

mAX. " HACKSAW caT
R

— __.//
e

MAX. '{9” HACKSAW CuT

oL’
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‘;‘: ", ‘r" 2y / A% A MUTUAL PROTECTION TO CLIENTS, THE PUBLIC AND OUR!‘tLV:I. ALL. REPORTS
/4 ~, .,|:7Q~\ ARL SUBMITYED AS THE CONFIDENTIAL PROFLRYY OF CLIENTS, AND AUTHORIZATION
&3 m.“y O PO e 15 WebERVED FENDING CUR WRITTEN APPROVALY e
. e LABORATORY No. (42438
. &uguat 28, 1%¢0 ' RDER N CH-5533
CLIENT'S No. 211'3418%91~E0 . ORDER Rex - Lasa
¢ REPORT
Repoxt of: Load Tests of Coupler end Adapter $0-11
Report to: Joseph T. Ryerson & Son, Inc.

P, ©. Box 8000-A
Chicazo, Illinois, 60380

Attention: Er. H. A. Corson

He received at our laboratory cne bushing measuring 11" long,
7-7/8" = 8 buttress threads on the 0. D. and 5-1/8" x 8 buttress
threads on the I. D., along with a pulling rod measuring 18" long
with 3-3/4" of 5~1/8" x 8 buttress threads. Tuis bushing was to
. be used in conjunction with the coupling identified in our Laboratory
<: Report No. 640730. The set up was made as shown on Ryerson drawing,
that 1z, the bushing was thréaded into the 10-1/2" diametzr coupling
with a8 5-1/4" pull rod on one ¢nd and the 8" pull rod on the other
end. The assembly was then loaded and tensiocned to the required
loads, then released and disassembled and the threads checked both
inside and outside the hushing for vigible defects. Xt was also
checked whether or not the pulling rods turned easily or with
difficulty.

The results of these tests are &s follows:

Load Lbs. ' Remarxks
742,000 Red to adapter Hand turn easily.

Adaptor to coupler Hond turn easily.

848,000 Rod to adaptor Hand turn easily.
Adaptor to couplex Hand turn easily.

54,000 Rod to adaptor Hand turn easily.
Adaptor to coupler land tucm easily.
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';K "“':$,/ AS A MUTUAL PROTECTION TO CLIENTS. THE PUU.IC AND OURSeLVYES, ALL REPORTS
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R o FOR PUBLICATION OF STATEMENTS., CONCLUSIONS OR KXTRACTS FROM OR REGARDING
SAL(_D . OUR REPORTS I8 RCSERVED PENDING OUR WRITTEN APPROVAL,
o LABORATORY No. 45563
June 5, 1957 : T
w - ORDER No. ~18612
cuENT'S No. Lixr. 3/13/67 REPORT PG~18612
Repert of: S0 ¥icre Tondon Test
Report to: Joseph ¥. Ryerzon & Son, Inc.

P, 0. Eox 800C-A
Chicego, Xllinois €0630°

Be receilvca & somple which wes ideptified o.us &s a 5@ wirc tendom,

He were zequested to tost the sapple 4n tensionm measuripg clongetion

svor a8 120" gage length. .

Tha semple consisted of 890 wires, 1/4" in dismeter, vii;h enchor heads
3 esck end. “he anchor heads werae held on the wire by tke wire

button heads. 'Z.'he enchor heod hed eaternal threads which threaded

.into a coupler. The coupler then chiretied anto pull rods, 8 in

diemeter, which were instelled in the upper sud lower ozoss heads of

\
\

pur 1,2060,000% testing wachina,

an extengonster, modified to giva a 120" pgage length, was used to

redord sufficient data to plot thke attached cuzve,
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90 WIRE TENDON TEST

The purpose of this Test is to
\/en‘F\/, thhat o Tewdow, COV\S\'sw‘;l"mo)
of 920 wires the wives anchoved

_()"k ecock end n ownchorheads b\/
meons of PButtonheods s 90 tinmes

as Strowne as one wire. The Test

Fwth‘ev allows to measurve the

Tendown -elongotion.

The complete Endanchors have been

previouwsly tesiecd beyownd the

ultimate strengthh of the Tewdon,

(see Ryerson 90-PT-1 odoted 7/2566
| 90-PT- 2 7hS5/c¢

and the corresponding Test report

from PT L doteo 10/24/66.)
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LOAD

Min. guarantied ultinmate Strevgtlh

Lof P wive (see ASTM=- 421 )

240'00¢ }05“ |
Mf‘vx gu\aramt\'ed ulifmate strength
of 90 wire Tewdomwn
Q0. 004909 244000 = VOGO OO0

Min. Vield strengtlh of 90 wive
Tewdown , measured under Load ot

| 0°l extension. o
80 x ult strenglh = 8480007

An};fjcf'pateo’. Test Result

. No wirebreak will gecur beforve

the Looad of 1060% vs veached.

. Min. Tendown eLomgat\'o'f\ 2%

measurect under Locd

In min. gaunge lengtih of OFft

(See PCl | proposed Post-tensioning

Materiol Specificaticns )
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"I'he, Elongalion is to b‘e measurecl
os movemenlt between Anchor-
heads.

The Wirelength for the Test
tenwdow is 10'-0" — (20" .

The methode of meosuring elon -
gotion sholl be smilar to the
one specified yn ASTM -421,

Initial elongation 0.1% - 0,12 s
Initial Stress 29000 psi — 128 ¥

Vield ot 1% extension - 1,20"- | %"

min yield strength 348 K

Min. Elongoation 3% = 360" -+3%¢
1S to be reached befoyre the
f\'rs}g wire breoks,
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CLIENTS No. 21T7341891-48 REPORT

PITTSBURGH TESTING LABORATORY

TETABLISHED 1881
PITTSBURGH, PA.

AS A MUTUAL PROTECTION TO CLIKNTS, THE PUBLIC AND OURSELVES, ALL REPORTE
ARE BUBMITIED AP TME CONFIDENTIAL PROPERTY OF CLIENTS, AND AUTHORIZATION
FOR PUBLICATION OF STATEMENTS, CONCLUSIONS O EXTRACTS FROW OR ARGARDING
OUR REFORTS 10 RESTRVED FPENDING OUR WAITTEN APPROVAL. 640730

A 2 1966 LABORATORY No.
ugust 25, ORDER No. CH-~9583

Report of: Load Tests of 90-X7 Coupler
Report to: Joseph T. Ryerson & Son, Inc.
P. 0. Box 8000-A
Chicago, Illinois 60680

Attention: Mr. W. A. Corson

Submitted to our laboratory for load tests was an assembly {identified
a8 90-X7 coupler. We were instructed to set up the coupler assembly
as shown on Ryerson drawing that showed the coupler that measured
10-1/2" 0.D., 8" long, with a 7-7/8"-8 buttress thread and two

8" diamgeter pulling rods at either end threaded into the coupler.
The thread engagement at each end waz 3-1/2"., After the assexbly
wvas complete, we were to apply designated .tension loads and releaxse
the loads accordingly. After releasing the loads we were to
digassexble the assembly and cherzk threads at both ends of the
coupler for visible defects and check whether or not the pulling
rods would turn easily or with difficulty from the coupler.

_The results of these tests are as follows:

Load Lbs. Remarks
Threads lubricated with ofl.

142,000 Hand turn top of pulling rod.
Haend turn bottom of pulling rod.

848,000 Hand turn top of pulling rod.
Nand turn bottom of pulling rod.

954,000 Hand turn top of pulling rod.
Hand turn bottoa of pulling rod.

1,007,000 Hand turn top of pulling rod.

Hend turn bottom of pulling rod.

Approximately 3 turns, strap wrenches used from
then on. Evidence of thread cutting on rod.
Threads on bottom rod dresseqd with file. Threads

T BO0R ChiciaL
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ESTABLISNED 1001
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ARZ PUBMITIED AS THE CONFIDENTIAL PROFERTY OF CLIENTS, AND AUTHORIZATION
FOR PUBLICATION OF STATIEMEINTA, CONCLUSIONS OR EXTRACTS FROM ORf RESARDING

OUR REFORYP 1B ATPIRYED PINDING OUR WARITTEN APPROVAL.
LABORATORY No. 640730

August 23, 1966 > ORDER No. © CH-9583
REPORT

curnrs Ko. 21Y341891~48

1,683,000 Hand turn top of pulling rod.
Rand tura bottom of pulling rod.

1,260,000 Band turn top of pulling rod.

-~ ]
A Hand turn bottom of pulling rod.

PITTSBURGH TESTING LABORATORY

{ : Earl Gallaghexy/ Manager
) Physical Testing Department

cec: 3-Client
: Attn: Mr. W. A. Corson
e . 1-PTL Chicago
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