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1.1 INTRODUCTION

On July 23, 1975, Virginia Electric and Power Company (VEPCO) notified
Nuclear Regulatory Commission (NRC) Region II Inspection and Enforce-
ment personnel that certain North Anna Units 3 and 4 Class I structures
would experience unacceptable translation and rotation during a Design
Basis Earthquake (DBE). VEPCO considered this circumstance to be
reportable under the provisions of 10CFR50.55(e). An interim report
was sent to the NRC on August 22, 1975 (Serial No. 660) which stated
that a complete report would be forthcoming by December 23, 1975. The
interim report listed three alternatives under consideration to
ameliorate the situation. Due to delays in the rock anchor testing
program, a final report was not sent until March 30, 1976 (serial

no. 956). The final report describes in detail the methods to be used
to accommodate rotation and translation motions of the various
structures. The selection of the rock anchor alternative is described
together with the objectives to be obtained from a rock anchor test program.

A typographical error in the nominal strand diameter in the final report
was corrected in an April 27, 1976 letter (serial no. 956A).

On January 11, 1977, members of the NRC Regulatory Staff contacted VEPCO
concerning certain aspects of rotation and translation motions under DBE
conditions for North Anna Units 1 and 2 and Units 3 and 4. Specifically,
the NRC requested documentation of the design differences in Units 1 and 2
and Units 3 and 4 which make rock anchors necessary on one plant and not
on the other. Consequently, a report in response to this request was
submitted to the NRC on February 18, 1977, serial no. 051.

This report documents all aspects of the Rock Anchor Test Program
performed at the North Anna Nuclear Power Station, Units 3 and 4, between
December 1975 and June 1976, It is submitted to the NRC for information
and documentation. The test program was performed by the Nicholson
Anchorage Company under the supervision of Stone & Webster Engineering
Corporation and in accordance with the requirements given in
Specification NAS-30163, "Posttensioned Rock Anchor Proof Test," which is
included as Appendix A of this report.

The report is divided into four sections. Section 1 presents the back-
ground to the Rock Anchor Test Program. Section 2 covers the requirements
and construction of the test program, including anchor material, testing,
and instrumentation, and summarizes the Rock Anchor Test Report by the
Nicholson Anchorage Company, included as Appendix B of this report. A
detailed presentation and evaluation of the data obtained from the test
program is presented in Section 3. Recommendations for the design, the
construction requirements, and the in-service inspection program for the
permanent anchors are presented in Section 4,



1.2 PURPOSE OF ROCK ANCHORS

The containment auxiliary structures (the main steam quench spray and
safeguards area buildings), due to their geometry and lack of lateral
restraint (3 in rattle space) adjacent to the reactor containments
(see Figures 1-1 to 1-4) would experience unbalanced lateral forces
and overturning moments during static and seismic loading conditions,
thereby resulting in translational and rotational movements of these
structures. Concrete reinforced shear keys have been added to the
foundation mat to transfer the unbalanced lateral loads to a
continuous reinforced concrete ring girder around the containment
foundation. Permanent rock anchors, housed in separate galleries,
have been included to prevent rotational motion.

Figures 1-1 to 1-4 show the details of the above structural modifications.
Figures 1-1 and 1-2 are plan views of the containment auxiliary structures.
Figures 1-3 and 1-4 show sections through the Unit 3 main steam valve house
and the Unit 3 safeguards building, respectively. The galleries housing

the permanent rock anchors will provide access to the anchors for the purpose
of monitoring the performance of the anchors throughout the plant's Vife-
time.

1.3 OBJECTIVES OF THE TEST PROGRAM

State-of ~the-art practice for designing permanent anchors includes the
confirmation of design parameters with a field test program. A compre-
hensive test program was developed for this reason and also to evaluate
the effect that installation procedures have on the design capacity of the
ancho: system. Specifically, the objectives of the test program were

as follows:

1. To determine the effects of anchor type, grout type, grout
mix design, and anchor length on anchor capac’ty and, therefore,
to determine the anchor comporents most suited to the permanent
anchors

2. To verify design assumptions regarding grout-rock and grout-
steel bond strengths and document the ability of the grouted
anchorage to transfer the load from the tendon to the surround-
ing rock

3. To provide a rational basis for estimating tendon elongation,
prestress loss, rock and foundation mat deformations, and
grout column movement

4, To determine the best procedure for installing and stressing
the production anchors

1.4 TEST PROGRAM DESIGN

The state-of-the-art paper by Littlejohn and lruco(l) provided the basis
for the test anchor design, in particular, the basis for determining the
total and bonded lengths of the tendons. The stressing procedures were
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based upon the guidelines given by Schnabcl(z) and upon the anticipated
loading conditions for the permanent anchors. Material selection for the
test anchor components was based upon the guidelines given ts)nubocction
CC 2400, "Materials for Proctrctt}ng Steel," of ACI 359-74,
Prestressed Concrete Institute, ;?i,tory Guide 1.103 providcd
by the U.S. Nuclear Regulatory Co.linlion A similar test program
pttforn.d by the TVA at the Bellefonte Nuclear Power Plant, Units 1 and
was also reviewed. A detailed description of the anchor components
is given in section 2 of this report. The terms used to describe the
anchor components are defined in Specification NAS-30163 (Appendix A).

1.5 TEST PROGRAM LOCATION

The test anchors were located as close as possible to the planned rock
anchor galleries and, therefore, to be in rock conditions similar to those
anticipated for the permanent anchors. Test anchor locations are shown

in Figure 1-5. The first four anchors were located just north of the

Unit 4 containment auxiliary structures, and the remaining three anchors
within the area planned for the auxiliary building.

The geologic conditions at each test anchor borehole were verified by
recovering NX size core samples. The results of the core sampling are
discussed in detail in the following subsection.

1.6 SITE GEOLOGY

The North Anna site lies on the northwest flank of a northeast plunging
anticlinal structure. The major stratigraphic units in ascending order
(south to north) are a biotite hornblende gneiss, a biotite granite
gneiss, a granite gneiss, and a schistose biotite-hornblende gneiss.

The banding and foliation displayed in the rocks strike northeast and dip
45 deg to 60 deg to the northualt. The general geology of the site is
shown in Figure 1-6 t”' aaology is presented w)douil in geologic
reports by Stone & chltor and Dames & Moore.

The stratigraphic units are cut by four major joint sets. The most
predominant joint set consists of foliation plane joints. They have an
average orientation of N67E, 47NW and are commonly clay filled. The
average orientations of the three remaining sets are N67E, 30SE
(cross-foliation joints); NISE, 72NW; and NO1E, 90. Laboratory shear

tests were conducted on natural joint surfaces. The average friction angle
for the foliation plane joints is approximately 22 deg. For the remaining
joint sets, the average friction angle is approximately 34 deg.

The granite gneiss unit is cut by several faulted chlorite zones which

are oriented parallel to the foliation nlane joints. The surface out-croppings
of these zones are shown in ¥igure 1-6, Teferences 7, 8, and 9 provide the
results of detailed geologic mapping in the containment and adjacent areas.
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NX size core samples were taken to document rock conditions at each
test anchor location. Logs for these borings (RATH 1 through 7)

are included in Appendix C. The cores recovered a gray, fresh to
slightly weathered granite gneiss with close to moderately close
joint spacing. The cores also intersected occasional pegmatites and
quartz veins. Core recovery averaged nearly 100 percent and the Rock
Quality Designation (RQD) ranged from 70 to 100 percent, with most
values exceeding 85 percent.
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2.1 INTRODUCTION

This section presents the design and construction requirements of

the test program as given in Specification NAS-30163 (Appendix A).

ihe intent of this section is to summarize the Rock Anchor Test Report
nrepared by the Nicholson Anchorage Company (Appendix B). The test
program was conducted using foundation conditions, materials, equipment,
instrumentation, installation procedures, and stressing sequences

similar to those envisioned for the permanenc anchors. These items are
presented in this section and are discussed in more detail in Appendix B.

2.2 ANCHOR MATERIALS

Multistrand and multiwire tendon systems were selected for the test

program due to their wide application in the nuclear industry for
posttensioned reactor concainment vessels and as foundation anchors to
stabilize dams, retaining structures, and transmission towers, The multi-
strand system, supplied by the VSL Corporation, consisted of 13 seven-wire
strands with an 0.5 in nominal strand diameter. The multiwire system,
supplied by the Prescon Corporation, consisted of 46 wires, each being
0.25 in diameter. The ultimate capacities of the strand and wire tendons
are 537 kips and 543 kips, respectively. The working capacity and lock-off
loads for the permanent anchors were anticipated to be 300 kips and 350 kips,
respectively., A detailed description of both tendon systems and the
stressing equipment are given in Appendix B. A typical multiwire and
multistrand anchor is shown in Figures 2-1 and 2-2, respectively.

Certified Material Test Reports (CMTRs) were required for all tendon
components. Selected material qualifications, which include actual results of
chemical analyses and physical and mechanical properties, are included in
Appendix B.

2.3 GROUT TYPES AND MIX DESIGN

Two grout types were used in the test program, Master Builder's 814 Cable
Grout (MB 814) and a Type II Portland cement with an expansive admixture,
hereafter referred to as Type II+N, MB 814 is a blend of selected cements,
fluidifiers, and thickening agents and is designed to be a high strength,
nonbleed grout providing good corrosion protection for highly stressed
steel cables. MB 814 was used to grout Anchors 1 through 4 with 2.0 gal
of water per 55 1b bag of grout and Anchor 5 with 2.4 gal per bag. The
Type II+N cement grout had a water cement ratio of 0.44 by weight and
contained an expansive admixture, "Intraplast N" as supplied by Sika
Chemical Corporation. The expansive agent was incorporated into the

mix at a rate of 0.5 percent by weight of cement. The Type 14N grout
was used for Anchors 6 and 7.

2.4 INSTRUMENTATION

A comprehensive array of instrumentation was included in the test program
to provide the data necessary to evaluate anchor performance., The instru-
ments fell into three broad categories: anchor instrumentation, rock
instrumentation, and permeability test instrumentation,
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The anchor instrumentation consisted of (1) electronic load cells

and hydraulic jack gages to monitor the loads on the tendons, (2) dial
gage indicators to measure tendon elongation, and (3) grout extensometers
to measure grout column movement. The extensometers were placed in the
grout column as shown in Figure 2-3.

Rock instrumentation consisted of mechanical extensometers, surface
markers, and grouted rebars. Double-position mechanical extensometers
were placed between Anchors 1 and 2, and Anchors 3 and 4. Surface

markers and rebars embeddec in rock were used to monitor ground surface
deformations. The locatious of all rock instrumentation are shown in
Pigures 1-5 and 2-3. Rock instrumentation was installed in Anchors 1
through 4 only. The results obtained during the first stage of the test
program provided sufficient information; therefore, this instrumentation
was deleted in Anchors 5, 6, and 7.

Borehole permeability test instrumentation consisted of the Weksler
pressure gages and the Rockwell flow meters.

A detailed description of all instrumentation is given in Appendix B.

2.5 REQUIREMENTS OF TEST PROGRAM
2.5.1 Test Anchors

The original scope of the test program included two multistrand and

two multiwire anchors. One anchor of each pair was 45 ft long and the
other 55 ft long. All four anchors were grouted with MB 814 grout. The
failure of the multistrand anchors at stress lewls lower than the
guaranteed ultimate tensile strength of the strands and the questionable
performance of the grout mix necessitated extending the test program.
Three multiwire anchors were added; the first anchor was 45 ft long and the
other two were 55 ft long. The 45 ft long anchor was grouted with the
MB 814 grout, as were the first four, except that a higher water cement
ratio was used. The last two anchors were grouted with the Type II+N
cement grout.

The behavior of each anchor was determined from tendon elongation and grout
column movement data obtained during stressing. These data are presented
and discussed in Section 3 of this report.

2.5.2 Grout Tests
Specification NAS-30163 in Appendix A provides the specific grout testing

requirements. The results of these tests are presented and discussed
in Section 3.
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Prior to the start of the test program, the strength, time of setting,
expansion, bleeding, and flow characteristics of the grouts were
determined by the McCallum Testing Laboratories, Inc. Time-strength
relationships of both grouts were determined with mortar cubes by the
Stone & Webster Field Quality Control Laboratory in accordance with
ASTM C109. (See Appendix A.) The time-strength relationships were
used to determine when anchor stressing could begin.

A separate 45 ft deep borehole (Grout Test Hole 1) was drilled and
filled with MB 814 grout for the purpose of obtaining core samples to
determine time-strength relationships of the grout subjected to the
in-situ conditions. Grout Test Holes 2 and 3, approximately 25 ft deep,
were drilled; one was filled with Type II4#N grout and the other with the
MB 814 grout. Core samples of the grout-rock interface were taken to
visually determine the rock-grout bond characteristics. Petrographic
analyses of thin-sections, made from the core samples, were also
conducted to better evaluate the bonding characteristics of the grouts.
The results of the petrographic analyses are discussed in Section 3 and a
detailed report is included in Appendix D.

In addition, two grout encapsulation tests and one grout column test
were performed. The encapsulation tests were performed to evaluate the
effectiveness of the tremie grouting procedures to encapsulate the
tendons. The grout column test was performed on the Type II+N grout

to evaluate the effect of the expansive agent on the strength and
bleeding characteristics of the grout mix. The results of the above
tests are presented and discussed in section 3.

2.5.3 Measurement of Rock Movements

The effect of anchor stressing on the in-situ rock was determined
for the first four anchors in the following manner:

1. Double position mechanical extensometers were installed
between each pair of anchors to determine the amount of
rock movement between the top of rock and the top of the
bonded length of the tendon.

2. Surface markers were installed on each concrete pad to
determine displacement of the pad,

3. Rebar dowels were grouted several feet into rock at
distances of approximately 10, 30, and 50 ft from
each pair of anchors to determine surface rock movements,



2.5.4 Rock Quality Parameters

As indicated earlier, core samples were obtained from the anchor and the
grout test boreholes to determine percent of recovery and the RQD, Fall-
ing head and water pressure tests were performed before and after
preliminary grouting to determine the permeability of the rock and the
effectiveness of the preliminary grouting prior to anchor installation.
Direct shear tests were performed by the Stone & Webster Geotechnical
Laboratory to determine the snear strength of the major joint sets.

2.5.5 Miscellaneous Tests

Specification NAS-30163 required that certain quality requirements be
met for lake and groundwater used in the grout mix and the lubricants
for the tendons. The results of these tests are discussed in Section 3.

2.6 ANCHOR CONSTRUCTION

Each test anchor was stressed against the reaction of a reinforced concrete
pad as shown in Figures 2-1 and 2-2., The concrete pads were 4 ft thick,
the anticipated design thickness of the gallery mats. Each pad contained
an 8 in dia steel pipe sleeve to simulate the permanent rock anchor

mat penetrations. A detailed description of the anchor comnstruction pro=-
cedures is given in Appendix B. A brief summary of the procedures is given
below:

1. Anchor holes were drilled to obtain a continuous rock core
sample for the full depth, except for holes 6 and 7 where only
the bonded lengtin was cored. The holes were then reamed
out to 6.5 in with a Jdown-hole buttonhead bit. All anchor holes
were overdrilled 18 in to allow drilling debris to settle below
the bottom of the anchor. The holes were flushed using compressed
air and then water,

2. Vertical alignment of each hole was measured as described in
Appendix B, Deviations from the vertical were well within the
maximum allowable deviation of three degrees.

3. Following completion of drilling, falling head and water
pressure tests were performed in anchor holes 1, 2, and 3 to
measure rock permeability,

4. All anchor holes were preliminary grouted with Type II
Portland cement mixed with 6.5 gal of water per bag of
cement to reduce the permeability of the rock surrounding
the hole. Holes 5, 6, and 7 were pressure grouted for
added assurance that the holes were watertight. However,
the pressure-grouted holes did not have any appreciable
increase in grout take, a further indication of the high
rock quality,
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5. The holes were then reamed to their original 6.5 in dia and water
pressure tested. If the leakage rate from the borehole during
the pressure test exceeded 0,001 gal per in dia, per ft of depth
per min for 10 min, the specification required that the borehole be
regrouted and retested until satisfactory results were achieved.
The permeability requirement was met for all boreholes after
one application of preliminary grout. The boreholes were flushed,
first with compressed air and then with water, just prior to tendon
installation.

6. Tendon installation began with inspection of the tendon system
at the warehouse and again at the laydown area just prior to
insertion in the borehole. Inspection items consisted of tendon
condition, the temporary corrosion protection packaging, the
PVC sheathing, unbonded corrosion protection, and steel cleanliness
over the bonded length. Grout extensometers were attached to the
anchor after inspection. The positions of the extensometers
depended on the tendon length (see Table 2-1). The tendons were
then carefully lowered into the borehole and were supported on the
bearing plate (with shim stacks) to ensure a vertical tendon.
Immediately after inserting the teandons, grout was placed, until
the hole wis filled. Samples were taken from each batch of grout
for compressive strength testing. The grout was allowed to set for
approximately 30 min and then the unbonded section of the grout column
was flushed. Flushing was performed using a 1.0 in dia, side
discharge metal pipe.

7. After the grout reached a minimum compressive strength of
3,000 psi, the anchors were stressed. The stressing procedures
are discussed below.

2.7 ANCHOR STRESSING PROCEDURE

The stressing procedure specified in NAS-30163 (Appendix A) included four
phases., Figure 2-4 shows the sequence of each phase. Each phase was
designed to test a specific anchor component and simulate actual forces
that could be placed on the permanent anchors during the plant's
lifetime. For each phase, all increases and decreases in load were in
increments of 50 kips, and instruments were monitored at each increment.
Lift-offs were performed after lock-offs to determine the changes in pre-
stress level in the anchor system.
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Phase I, or the proof test, consisted of loading from 0 to 400 kips in
50 kip increments and locking off at 350 kips for a minimum of 24 hr.
This phase simulated the stressing sequence anticipated for the
permanent anchors. Hence, the behavior of the permanent anchors during
installation, in particular, tendon elongation and grout coiumn
movements, can be estimated from the Phase I results. Phase II, or the
performance test, involved tendon relaxation from 350 kips to 50 kips
and then cyclic loading as shown in Figure 2-4 with lock-off at 350 kips
for a minimum of 24 hr. This phase was designed to determine whether
significant debonding at the grout-steel and the grout-rock interfaces
occurred.

Phase III, or the cyclic load test, involved 10 cycles of loading from
350 kips to 400 kips and locking off at 350 kips for a minimum of seven
days. This phase was designed to simulate cyclic loading resulting from
potential seismically induced motion and lift-off checks during in-service
inspection.

Phase 1V, or the ultimate test, involved stressing from 350 kips to

500 kips as shown in Figure 2-4. This load was then held for 10 min and
the test was considered complete. This phase was designed to test the
ultimate strengths of the anchors and to verify the load range at vhich the
tendon system began to yield. Upon completion of this phase, the anchor
stressing system was dismantled.

Several changes were made in the stressing procedure during the course
of the test program. A fifth phase was added to the test for Anchor 3 to
determine the "weakest link" in the wire tendon system and to Anchor 4 to

check failure and the type of failure of the strand tendon system. Phase III
was increased for Anchors 5, 6, and 7 to 24 cycles of the 50 kip cyclic
load.

The 24 hr lock-offs at the end of Phases I and II were performed to
evaluate the ability of the anchor system to hold the 350 kip load. The
subsequent phases of the test program were allowed to take place only if
the prestress loss was less than 25 kips. If the prestress loss exceeded
25 kips, the load was restored to 350 kips and another 24 hr lock-off
period was required. A second lock-off was required for Anchor 2.

2.8 QUALITY ASSURANCE REQUIREMENTS

To ensure compiiance with the terms of the specification, the work performed
by the Nicholson Anchorage Company was supervised by the Stone & Webster
Field Quality Control Inspector and the Geotechnical Representative.

Their specific duties are presented in detail in the Quality Assurance
section of Appendix A,
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SECTION 1
GENERAL INFORMATION AND REQUIREMENTS

The contents of Section 1 are as follows:

Page
Scope -1
Project Size, Location, and Site Conditions 1-1
Definitions 1-2
Schedule and Progress 1-2
Furnished by the Contractor -3
Submittal of Technical Cata 1-4
Furnished by the Purchaser 1-5
Reference to Standard Specifications 1-5
Applicable Cocuments 1-5
Temporary Construction Utilities 1-8
Boring Logs and Subsurface Data 1-8
Supplemental Documents 1-9
Communicaticns 1-9
Contractor's Drawings 1-10
Results of Proof Test Program -1
Subcontractors -1
Exceptions 1-12

SCOPE

The Contractor shall furnish all supervision,
labor, materials, tools, and equipment necessary to install
and proof test four (4) posttensioned rock anchors in
accordance with the procedures specified herein.

PROJ D _SITE N N

North Anna Units 3 and 8 are each npominal 950-Mw,

nuclear fueled, steam turbine generator units. The reactors
are pressurized water type.

North Anna Power Station is located near Mineral,
Virginia, in Louisa County, on the south bank of Lake Anna.
The site is approximately 40-miles NNW of Richmond,

Virginia, and 70-miles SW of Washington, D.C.

The site is graded to approximately El.-271-ft with
access from a state road and also from a railroad siding
serviced by the Chesapeake and Ohio Railroad.
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DEFINITIONS

Por the definition of the terms Contractcr,
Engineers, and Purchaser, see the General Conditions.

various other terms wused herein are defined, or
mean, as follows:

Bidder - A company submitting a proposal to
fulfill the reqguirements of this
specification.

Approved - This word when applied by the
Engineers to the Contractor's

drawings or documents means that the
Engineers do not request any change
on the drawing or document on the
s that the Contractor retains
the entire responibility for
complete conformance with all of the
specification's requirements.

Approved As - These words when applied by the
Revised Engineers to the Contractor's draw-
ings or documents mean that the
Engineers believe the changes
delineated thereon are necessary to
be in conformance with the
specification or with existing
conditions. On the basis that the
Contractor shall retain the entire
responsibility for the material, the
Contractor shall either:

a. Incorporate the suggested
changes into his drawing or
document and resubmit to the
Engineers, or

b. Inform the Engineers that the
suggested changes cannot be
made without prejudice to the
Contractor's responsibility
under warranty.

SCHEDULE AND PROGRESS

The proof test program shall begin in the Unit-3
Quench Spray Area. Continuity shall be maintained
throughout the test program. The work shall be scheduled
such that as soon as one activity (e.qg., drilling) |is
completed in the Unit-4 Quench Spray Area, the same activity
shall be started ir the Unit-3 Main Steam Valve House
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immediately thereafter and at the direction of the
Engineers.,

e Contractor shall submit with his proposal a
construction schedule which shall include realistic starting
dates, elapsed times, and completion dates to meet the
Contract Schedule.

AS soon as the contract is placed, it shall be the
toaponslbfltty of the Contractor to promptly arrange for a
meeting with the Engineers' Senior Construction Site
Representative to discuss in detail the planning for yard
layout, and sequence and timing of his work, in order to
provide for the most expeditious and economical
construction.

The Contractor shall be alert to the presence and
requirements of other contractors and equipment on the job
during certaia phases of the erection work and shall
cooperate with the other contractors as required for the
most expeditious and economical completion of the project as
a whole.

The Contractor will be required to adhere to the
Contract Schedule., To ensure this goal, the Contractor
shall maintain sufficient equipment and a labor force of
sufficient size and competence to complete all work on
schedule. If the Contractor fails to maintain the Contract
Schedule for reasons not the fault of the Purchaser, the
Engineers, or labor disputes, the Purchaser will hold the
Contractor responsible for returning to Contract Schedule,
with any additional expense to be borne by the Contractor.
No change in the Contract Schedule shall be made unless
approved, in writing, by the Engineers' Senior Construction
Site Representative by issuance and acceptance of a
Memorandum of Change to the contract.

PURNISHED BY THE CONTRACTOR
The Contractor shall:

1) Purnish all necessary materials, tools, equipment,
facilities, and supplies to satisfactorily deliver,
assemble, install, and stress the four proof test
anchors, as specified herein.

2) Furnish the grout mixer and pump, as specified in
"Accessories for Grouting®

3) Furnish wooden boxes to store rock cores.

4) Purnish 6~1/2-in. ID pipe sleeve to be placed at
anchor location in the concrete mat.
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Furnish, design and install tell-tale markers and
extensometers.

SUBMITTAL OF TECHNICAL DATA

The Contracter shall:

Submit with bid for the Engineers' approval the
manufacturer and type of tendon, anchorages, grout
pipes, all lubricants for the tendon components and
drilling equipment, free end extension of
prestressing steel, pullout test equipment and
accessories, and instrumentation for all required
measurements.

3ubmit to the Engineers for approval, at least two
weeks prior to the start of the test program, the
name of the testing firm and personnel, the
technique and equipment, and certificates of
calibration for the hydraulic jacks, pressure
gages, load cells, long range dial indicators,
flowmeters, packers, and instrumentation for
measuring the alignment of the boreholes and the
height of the grout column inside the borehole.

Submit with bid for the Engineers®' approval the
methods and equipment proposed to:

d. Measure the height of grout column during all
grouting operations, as specified herein;

b. Ins~rt the tendon assemblies into the borehole
and maintain the tendons at the center of the
borehole without movement during the grouting
procedure.

C. Remove the grout pipes during or immediately
after the completion of the grouting
procedures.

Submit to the Engineers, at least two weeks prior to
the start of the test program, an analysis
indicating the anticipated elongations of the rock
anchor system during each increment of the load-
unloading c¢ycles specified under "Stressing
Procedure."

Submit to the Engineers for approval, at least two
weeks prior to the start of the test program, the
name and experience record of the manufacturer's
prestressing specialist,
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6) Provide the Engineers, at least two weeks prior to
the start of the test program, the certification of
Material Test Reports for the complete teadon and
anchorage components and accessories, as specified
in “"MATERIALS."

7) Submit to the Engineers, no later than two weeks
after the completion of the test program, 12 copies
of a report summarizing the procedures and results
of the entire test program.

FURNISHED BY THE PURCHASER
The Purchaser will:

1) FPurnish rights of access to all property on which
work is to be done prior to the commencement of
work on such property.

2) Furnish the results of previous subsurface
investigations and compression tests on the grout
mi x.

3) Furnish the survey work required to locate and
determine ground surface elevations for the
boreholes.

4) Furnish all the grout ingredients, as specified
under "“Grout."

5) Furnish Lake Anna wa“er for washing the boreholes.

6) Purnish crane for moving equipment (Note: Contractor
remains responsible for providing labor, rigging,
and handling.

7) Drill holes for extensometers and surface markers.

REFERENCE TO STANDARD SPECIFICATIONS

The letters ASTM, ACI, KI and CRD used herein,
refer to the American Society for Testing and Materials, the
Amer ican Concrete Institute, the Prestressed Concrete
Institute, and the | Army Corps of Engineers,
respectively. it is intended that the revisions to standard
specifications in effect on the date the specification is
issued for bids shall apply, unless otherwise specified.

APPLICABLE DOCUMENTS

Various codes (and addenda thereto), standards, or
other documents that are mentioned by short-form name
elsewhere in this specification are fully identified below.
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To the extent that these documents apply, as stated herein, 9.14
the version of the document that is applicable shall be as
itemized below. It is recognized that a later version of 9.16
some of the dated documents may become mandatory under
regulations that have jurisdiction. If this develops, the 9.18
newer version of each document that cnanges will be
specifically identified by means of an a/ldendum to this 93.19
specification; if the changed requirements in the newer
document have a demonstrable effect on the cost to the
Contractor of doing the work, an adjustment will be made in 9.20
the Contract price.

If there is or seems to be a conflict between this 9.22
specification and a referenced document, the matter shall be 9.23
referred to the Engineers, who will clarify the matter in
writing.

The various documents mentioned herein are as 9.25

follows:
Complete Identification of the 9.29
Short Name As Date of Document and of the Sponsor 9.30
Used Herein Issue Organization 10.1
ACI 306 * Recommended Practice for Cold 10.3
Weather Grouting 10.4
ACI 359-74 * ASME Boiler and Pressure Vessel 10.17
Code 10.18
ASTM-A-416 * Standard Specification for 10. 21
Uncoated Seven Wire Stress 10. 22
Relieved Strand For Prestressed 10.24
Concrete 10. 25
ASTM-A-421 . Standard Specification for 10.28
Uncoated Stress-Relieved Wire 10.29
for Prestressed Concrete 10. 30
ASTM-A-1325 * Standard Specification for 1.3
High Strength Bolts for 11.4
Structural Steel Joints In- 11.9
cluding Suitable Nuts and 11.6
Plain Hardened Washers 1%.7
ASTM-A~36 . Standard Specification for 11.10
Structural Steel 1.1
ASTM-D~-29138 . Test for Unconfined Compressive 11.14

Strength of Rock Core Specimens 11.15
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Complete Identification of the

Short Nawe As Date of Document and of the Sponsor
-Used Herein _Issue  Organization -
ASTM-C~- 109 * Test for Compressive Strength 11.18
of Hydraulic Cement Mortars 11.19
(Using 2 in. Cube Specimens) 11.20
ASTM~E-328 - standard Recommended Practice 11.23
for Stress-Relaxation Tests 11.24
for Materials and Structures. 11.25
ASTM-E-18 * standard Methods of Test for 11.28
Rockwell Hardness and Rockwell 11.29
Superficial Hardness of 11.30
Metallic Materials 2. %
ASTM-E- 10 * standard Method of Test for 12.4
Brinell Hardness of Metallic 12.9
Materials. 12.6
CRD-C79 * Method of Test for Flow of 12.9
Grout Mixtures (Flow-Cone 12.10
Method) . 12.1
ASTM-C- 494 * Standard Specification for 12.14
Chemical Admixtures for Concrete 12.15
ASTM-D-512 * Standard Methods of Test for 12.18
Chloride Ion in Water and 13. 19
Waste wWater 12.20
ASTM-C-150 * Standard Specification for 12.23
Portland Cement 12.24
ASTM-C~- 151 * Standard Method of Test for 12.27
Autoclave Expansion of 12.28
Portland Cement 12.29
ASTM~-C~- 191 * Standard Method of Test 33
for Time of Setting of 13.3
Hydraulic Cement by Vicant 13.4
Needle. 13.5
ASTM-D-992 * Standard Method of Test for 13.8
Nitrate Ion in Water 13.9

*The issue (including addenda) in effect on date of In- 13.17
vitation to Bid. 13.18
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TEMPORARY CONSTRUCTION UTILITIES

Electrical power and drinking water will be
provided to the Contractor at 20 cost, to the extent as
determined by the Engineers. All other utilities shall be
furnished by the Contractor. Lake Anna water to be used
with the grout mix and for washing beoreholes shall be
provided by the Purchaser.

BORING LOGS AND SUBSURFACE DATA

A subsurface investigation of the site has been
performed. Boring and test pit logs, field and laboratory
test results, soil samples and rock cores, results of
refraction seismic surveys and the Engineers'
interpretations of these data are available for examination
at the Engineers' site office.

The above subsurface information shows the
conditions encountered at the particular location and time
they were obtained. Bidders and other users of the above
documents are cautioned that some conditions may change
between the time of a subsurface investigation and the
period during the execution of this contract, particularly
groundwater conditions. Conditions at the boring locations
may not ref lect conditions prevailing elsewhere.

The Engineers have based their design on standard
procedures derived from interpretations and conclusions
drawn from the data contained in these reports. It shall be
the responsibility of the Bidder to: review the documents,
drawings, and reports and any addenda thereto; to
familiarize himself with the basis for the Engineers'
design; and to satisfy himself that the information is
accurate and acceptable for his bid and work. It is
recommended that the Bidder familiarize himself with the
site also. The Bidder shall assume all resgonsibility for
his conclusions based on the data furnished pertaining to
and affecting the method used in the performance of his work
and the selection of equirment required.

If during the course of the work, the Contractor
encounters conditions that differ from those indicated by
the subsurface investigation, he shall immed.ately notify
the Engineers in writing of the changed conditions. Failure
by the Contractor to make such a notification within 7-days
or in time to permit the Engineers to document the changed
conditions, whichever is less, shall preclude subsequent
claims from being made thereon.

If the Engineers concur that subsurface conditions
differ from those anticipated, immediate negotiations will
be undertaken to arrive at a change in contract price for
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the additional or reduced work resulting from the
unanticipated conditions. Changes in contract price brought
about by such negotiations shall become effective from the
date of written notification.

SUPP UM S

Documents that are equally important as the
specification in delineating the requirements and conditions
are as follows:

The Comtract

General Conditions

Supplementary Conditions of Contract

Correspondence, Invoicing, and Shipping Instructions
Contractor's Licensing Ordinance

Project Insurances

Federal Register - Vol. 36 No. 75 - April 17, 19Mm

COMMUNICATIONS

All letters by the Contractor to the Engineers
shall consist of the original and four copies.

All communicatioas pertaining to technical matte:s
sent by the Contractor shall be addressed as follows:

Mr. W. M. Sweetser

Senior Construction Site Representative
Stone & Webster Engineering Corporation
Box 38

Mineral, Virginia 23117

Distribution for test reports, schedules, layout
drawings, or written procedures shall be as follows:

Original and nine copies to:

Chief of Procurement

Procuctement Quality Control Division
Stone & Webster Engineering Corporation
P. O. Box 2325

Boston, Massachusetts 02107

One copy to:
Superintendent of Field Quality Control
Stone & Webster Engineering Corporation

P. O. Box 38
Mineral, Virginia 23117
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Two copies to:

Mr. W. M. Sweetser

Senior Construction Site Representative
Stone & Webster Engineering Corporation
P. O. Box 33

Mineral, Virginia 23117

One copy to:

E. H. McCallig

Project Engineer

Stone & Webster Engineering Corporation
P. 0. Box 2325

Boston, Massachusetts 02107

Samples and specimens required by the Virginia
Electric and Power Company and/or the Enganeers shall be
sent to the following address:

Superintendent of Field Quality Controi
Stone & Webster Engineering Corporation
P. O« Box 18

Mineral, Virginia 23117

Contractor®*s drawings shall be sent to the
Engineers at the job office for approval and shall be
addressed as follows:

Mr. W. M. Sweetser

Senior Construction Site Representative
Stone & Webster Engineering Corporation
P. O. Box 138

Mineral, Virginia 23117

CONTRACTOR'S DRAWINGS

Where Contractor's drawings are required by the
Engineers, the following shall apply:

The Contractor shall submit three good quality
direct reading black and white contact prints and one
reproducible made from Contractor's original drawing to the
Engineers for approval with such promptness as to cause no
delay in the Contractor's work. Submission c¢f drawings by
the Contractor and their return by the Engineers shall be in
accordance with the schedule indicated. It is mandatory
that these drawings be checked before submitting them to the
Engineers.,

The Engineers will return to the Contractor, as
promptly as possible, one print of each of the Contractor's
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drawings with any necessary corrections and/or revisions.
The disposition of each will be clearly marked.

Any specification or drawings heretofore or
hereafter prepared by the Contractor in connection with the
work shall be supplementary to the Engineers® specifications
and drawings, and in case of discrepancy between the two,
the Engineers' specifications and drawings shall take
precedence, unless and to the extent that the Engineers
shall otherwise specifically, in writing, direct.

The Engineers' approval shall not relieve the
Contr> tor from responsibility for deviation from the
Engineers' drawings or specifications unless he has, in
writing, called the Engineers' attention to such deviations
at the time ot submission of drawings. The Engineers'
approval shall be construed to apply to, and only to,
general arrangement and shall not relieve the Contractor
from entire responsibility for correctness of details and
dimensions. Any work done in advance of the receipt of
approved drawings shall be done entirely at the Contractor's
risk and expense.

The Engineers reserve the right to reproduce any
and all drawings or prints considered necessary for
construction and/or Purchaser's purposes received from the
Contractor on this contract despite any notice ¢to the
contrary prohibiting the same appearing on the print.

The number 12180/12181 and contract number shall be
shown on each drawing.

RESULTS OF PROOF_TEST PROGRAM

The Contractor shall provide the Engineers with
twelve (12) copies of a complete and detailed report of the
test program. The report shall include for each anchor, but
not necessarily be limited to, mill certifications of all
anchor materials wused, 1logs of boreholes, records of the
rock permeability tests, records of grouting procedure,
plots of tendon elongation versus load, plots of load versus
time elapsed, and comments on any difficulties or other
pertinent data as encountered in the rock structure during
drilling operations and stressing of anchors.

SUBCONT RS
For the Contractor's responsibilities regarding
subcontractors, see the Gereral Conditions. Subcontractors,

if any, shall be submitted with the Contractor's quotation
and they shall be subject to approval by the Engineers.
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the extent that they apply, the Contractor shall
impose on each of his contractors the complete requirements
of this specification. He shall be completely responsible
that the subcontractors are completely aware of all these
requirements and that they abide thereby.

EXCEPTIONS

1f the Bidder takes any exceptions to this
specification, the exceptions shall be itemized and
described in detail and included as an integral part of the
proposal. However, no exception will be binding unless
included as an addendum to this specification.

All exceptions must be specifically stated as such
in Bidder's proposal.

The bidder shall be considered as meeting the

requirements of this specification and his quoted price
evaluated as such unless Bidder's exceptions are itemized.
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SECTION 2 1.9
INST ON OF TEST ROCK ANCHORS 1.1
The contents of Section 2 are as follows: 1. 14
Page 1. 16
General 2-3 1.18
Definition of Anchor Components and Stressing .19
Procedure 2-3 1.20
Posttensioning 2-3 1.21
Tendon 2-3 1.22
Anchorage 2-3 1.24
Prestressing Steel 2-3 1. 25
Bonded Length 2-3 1.26
Unbonded Length 2-4 1.27
Sheathing 2-4 1.29
Coating 2-4 1.30
Preliminary Grout 2=4 2«1
First Stage Grout 2-4 2.2
Second Stage Grout 2-4 2.4
Consolidation Grout 2-4 2.5
Lock-of f 2-4 2.6
Lift-off (check) 2-5 27
Quiescent Time 2-5 2.9
Efflux Time 2-5 2.10
Rock Tendon Tyge 2-5 2.1
Location of Test Program 2-5 2.12
Existing Condition At Test Location 2-5 2.14
Materials 2~5 2.15
General 2-5 2.16
Prestressing Steel 2-6 2«17
Tendon Anchorage 2-6 2.19
Grout =7 2.20
Grout Pipes 2-7 2.21
Lubricant 2-7 2.22
Performance Tests on Materials 2-8 2.25
Marking and Identification of Samples 2-12 2.26
Tendon Length 2-12 2.27
Corrosion Protection 2-13 2.28
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Delivery and Storaje of Anchor Assembly 2-13 3.1
Tendons 2-13 3.2
Grout Encapsulation Test 2-14 3.3
Surface Anchorage 2-14 3.4
Equipment 2-14 3.8
General 2-14 3.9
Accessories for Grouting 2-14 3.10
Accessories for Stressing and Testing Anchors 2-15 3.
Accessories for Rock Permeability Tests 2-16 3.14
Installation of Test Rock Anchors 2-17 3.16
General 2-17 3.17
Borehole Alignment 2-17 3.18
Drilling Technigue 2-18 3.20
Washing and Cleaning Anchor Holes 2-19 .21
Rock Permeability Tests 2-19 3.2z
Preliminary Grouting 2-20 3.23
Tendon Installation Procedure 2-20 3.25
Grouting 2-21 3.26
Testing Alternate Grouting Procedure 2-22 3.27
Grout Tests 2-23 3.28
Instrumentation 2-23 3.30
Stressing Procedure 2-24 4.1
Measurements 2-26 4.2
Free Ends of Tendons 2-26 4.3
Manufacturer's Specialist 2-26 4.5
Measurement and Payment 2-26 4.6
Mobilization and Demoktilization 2-26 8.7
Rock Drilling and Sampling 2-27 4.8
Test Grout in Borehole 2-27 4.10
Drilling and Sampling Test Grout 2-27 4.1
Rock Permeability Tests 2-27 4.12
Preliminary Grouting of Boreholes 2-27 4.13
Drilling Grouted Boreholes 2-28 4.15
Tendons and Installation 2-28 4. 16
Consolidation Grout 2-28 4.17
Standby Time 2-28 4.18
Crew and Equipment 2-28 4.20
Grout Encapsulation Test 2-29 4. 21
Instrumentation 2-29 4.22
Bidding Schedule 2-30 4.23
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GENERAL

The posttensioned rock anchors shall consist of
high strength steel tendons fitted with a stressing
anchorage at one end and a grouted section to permit
transfer of the stressing force to the perigheral rock at
the other end. Certification of the tendons shall be
provided by the Contractor as set forth in Section-4,
®"Quality Assurance Program,™ of this specification.

DEFINITION OF ANCHOR _COMPONENTS AND STRESSING PROCEDURE

Terms to describe the components of the post-
tensioned rock anchors and the stressing procedure are
defined as follows:

Posttensioning

Posttensioning shall refer to a method of
prestressing in which the tendon is stressed to the required
tension level after the grout has reached the required
compressive strength.

Tendon

Tendon shall refer to the complete rock anchor
assembly consisting of anchorage, prestressing steel, PVC
pipe, sgooth PVC sheath, qgrout pipes and miscellaneous
accessories.

Anchorage

Anchorage shall refer to the means by whi'h the
stressing force is permanently transmitted from the
prestressing steel to the concrete and consists of the
anchorage head, bearing plates, wedges, shims, and
buttonheads.

Prestressing Steel

Prestressing steel shall refer to the element of a
posttensioning tendon which is elongated (unbonded length)
and anchored (bonded length) to provide the necessary
permanent prestressing force.

Bonded Length

Bonded length shall refer to the grouted portion of
the tendon that transmits the prestressing force to the
peripheral rock.
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Unbonded Length

Unbonded length shall refer to the part of the
tendon that is free to elongate during the stressing
procedure.

Sheathing

Sheathing shall refer to the PVC material around
the prestressing steel in the unbonded length of the tendon
to provide corrosion protection and preclude bond between
the prestressing steel and the surrounding grout. The void
between the steel and pipe shall be filled with grease to
provide permanent corrosion protection.

Coating

Coating shall refer to the material used to protect
against corrosion and/or lubricate the prestressing steel.

Preliminary Grout

Preliminary grout shall refer to grouting the
borehole prior to inserting the tendon if necessary to
improve the permeability characteristics of the peripheral
rock.

First Stage Grout

First stage grout shall refer to the grouting of
the bonded length.

Second Stage Grout

Second stage grout shall refer to the grouting of
the annulus between the unbonded length of the tendon and
the perioheral rock.

Consolidaticn Grout

Consolidation grout shall refer to grcuting after
the completion of either the first stage grout and/or second
stage grout to recover any qrout level losses due to seepaqe
of the grout into the peripheral rock.

Lock-of f

Lock-off shall refer to the transferral of the
stressing force from the hydraulic jack to the anchorage at
the completion of the stressing procedure and as specified
in the "Stressing Procedure."
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Lift-off (Check)

Lift-off shall refer to checking the prestress
force in the posttensioned anchor at any specified time with
a hydraulic jack and a load cell.

Quiescent Time

Quiescent time shall refer to the amount of time
that a sample of grout remains undistrubed in the flow cone.

Eff lux Time

Efflux time shall refer to the amount of time that
a sample of grout requires to run out of the flow cone after
the plug is pulled.
ROCK_TENDON TYPE

Tendons shall consist of prestressing steel,
anchorage assembly, sheathing or PVC pipe, grout pipes,
spacers, lubricants, and other miscellaneous accessories.
The prestressing steel shall consist of both the 7-wire
multistrand and the 1/4-in. diam wire multiwire systems.
The tendons shall be as manufactured by the VSL Corporation,
the Stress Steel Corporation, the PIC Corporation, the
Prescon Corporation, the Inland-Ryerson Construction
Products Comgany, or equal, as approved by the Boston
Engineers.

LOCATION OF TEST PROGRAM

The test program shall be performed in the Unit-4
Quench Spray Area and Main Steam Valve House. The location
of the test anchors is shown in sketch 12180-GSK-18. The
anchors shall be located in the field by the Engineers.

EXISTING CONDITION AT TEST LOCATION

A temporary mat of 4.0-ft thick reinforced concrete
will be placed prior to the proof test program. The
Purchaser will provide the necessary blockouts through the
mat to permit drilling and rock anchor installation.

MATERIALS

Gene l’dl

The Contractor shall provide Certified Material
Test Reports (CMTR) for all tendon and anchorage components
and accessories.

The CMTR shall include the following:
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1. Certified reports of the actual results of all
required chemical analyses, physical tests, and
mechanical tests performed on the material.

2. A statement listing any chemical analyses, and tests
required by the material specification which were
not performed.

3. A statement giving the manner in which the material
is identified, including specific marking.

Prestressing Steel

The prestressing steel wused in the tendons shall
consist of the 13-strand 7-wire steel conforming to ASTM
Designation A416 and the 46-wire multiwire steel conforming
to ASTM-A-421. The prestressing steel may be heat treated
to enhance the stress-relaxation properties. Quenching and
tempering treatments to produce specific mechanical
properties are not permitted.

The physical properties of the strand are as
follows:

Nominal strand diam 0.50 in
Nominal minimum ultimate tensile stress 270,000 psi
Nominal minimum breaking strength of strand 41,300 1b
Nominal minimum load (at 1.0 percent extension) 35,000 1b
The physical properties of the wire are as follows:
Nominal wire diam 0.25 in.
Nominal minimum ultimate tensile stress 240,000 psi
Nominal minimum breaking strength of wire 11,800 1b

Nominal minimum load (at 1.0 percent extension) 9,425 1b

Tendon Anchorage

Anchorage for the tendons shall consist of anchor
heads, bearing plates, wedges, shims, buttonheads, and other
miscellaneous items. D2sign of anchorage bearing plate
shall be in accordance with the provisions of ACI-359-74.
The concrete test pad shall be approximatley S5« 5-ft-x-5.5~-ft
in plan, and 4-ft thick, for each anchor.

The Contractor shall submit with the bid for the
Engineers' approval drawings showing the details of the
anchor assemblies including the necessary data and procedure
for proper installation, testing, and capping. These
drawings shall be approved by the tendon assembly
manufacturer prior to submittal to the Engineers.
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Grout

The first and second stage grout and the
preliminary and consolidation grout, if necessary, shall be
made with a Type-II, low alkali Portland cement, 0.5-percent
by weight of an expansive agent, and a 0O.44-water-cement
ratio by weight. The above agent shall be Interplast "N%,
manufactured by Sika Chemical Corp., o« similar material
recommended by the manufacturer of the auchor assemblies and
to be approved by the Engineers. This gcrout mix shall be
used for each bag of grout. '

The grout mix is designed to reach a compressive
strength of at least 3,000-psi in 12-days. Preliminary
grout tests to verify the compressive strength-time
requirements have been performed and are available to the
Contractor for review. The Purchaser shall furnish all the
ingredients for the grout mix. The Contractor shall furnish
the equipment and shall mix these ingredients, as specified
herein, to meet the above requirements. Compression tests
of the grout shall be performed by the Engineers to verify
the above requirements prior to stressing the tendons.

Grout Pipes

The grout pipes shall be made of a material that
will not be significantly affected by temperature and with
sufficient strength tc retain its shape and resist
irreparable damage during installation and stressing of the
tendon. The Contractor shall ensure that the grout pipes
will be free of kinks and other structural defects prior to
and after installation into the borehole. Care must be
taken during the placement of the grout pipes to avoid
interference with the prestressing steel. The grout pipes
shall be sized to fit between prestressing steel and the
annular space around the tendon and to handle the grout mix
without clogging.

Lubricant

Temporary corrosion protection for the tendon and
anchorage components shall be a high quality, low friction
grease, to be approved by the Engineers. The temporary
coating shall allow the grout to bond uniformly to all parts
of the tendon steel. The coating shall be made to be easily
removable in the field with the use of nonchlorinated
pertrcleum solvents for degreasing the bonded area portion
of the tendon and for the installation of field-attached
anchorages. The coating material shall be compatible with
the permanent corrosion coating. Alternately, the
Contractor may select to encase the prestressing steel with
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a PVC material to provide ccrrosion protection during
transportation and site storage.

The permanent corrosion coating in the unbonded
portion and the free end extension of the tendon shall be a
petrolatum or microcrystalline wax base material containing
additives to enhance the corrosion inhibiting and wetting
properties as well as to form a chemical bond with the
tendon steel.

The lubricants used for temporary and permanent
corrosion protection shall meet the requirements under
"Performance Tests on Materials."

Performance Tests on Materials

Prestressing Steel

All mechanical tests on the prestressing steel
shall be performed on full-diam test pieces.

The prestressing steel shall be in accordance with
ASTM Designiticn A-416 and ASTM-A-421 for the strand wire
types, respectively. The tensile strength, yield strength,
elongation, and other pertinent data shall be reported in
the CMTR.

The stress relaxation properties of the
prestressing steel shall be in accordance with ASTM-E-328.
A minimum of three relaxation tests of 1,000-hr duration
shall be performed. The following data shall be reported in
the CMTR:

1) Detailed test method

2) Initial stress

3) Final stress

4) Test time

S) Temperature limits

6) Mathematical tools used to interpret test
results

7) Percentage stress relaxation properties for
design life

In 1lieu of performing the stress relaxation tests
specifically for the grestressing steel required in this
specification, it will be acceptable to furnish test results
performed on materials previously manufactured to the above
requirements and produced in the saneeslant utilizing the
same procedures that will be employ to produce the
prestressing steel required for this proof test program.

y-12180-1004d 11722778

13.21
13.22

13.23

13.25
13.26
13.29
14.1

14.3

4.7
14.8
14.9

1.1

18,12
14.13

14.17
14.18
14.20
18,21
18.22
14,23
14,248
14.25
18.26

14.29
14.30

15.1
15.2

15.3

034



2-9

Additional tests required on the prestressing steel
are the following:

1) Cne static tensile test
2) One high cycle dynamic tensile test
3) One low cycle dynamic tensile test

The above test requirements shall be as indicated
in Sections-CC-2462 to CC-2466.3 of the ACI Standard-359-74,
"Code for Concrete Reactor Vessels and Containments.® The
above test results shall be reported in the CMTR.

Loss of prestress due to frictional losses
resulting from intended or unintended curvature in the
tendons shall be based upon experimentally determined wobble
and curvature coefficients. These coefficients shall be
reported in the CMTR and shall be verified during the
stressing operation.

Tendon Ancherage

The tendon manufacturer shall select the ma-erials
for the anchorage components to be compatible with the
tendon system. The anchorage assembly shall have suitable
physical properties to fully develop the minimum guaranteed
ultimate strength of the tendon assembly and shall be
fabricated of steel which will not exceed the anticipated
set of the anchorage components when tested to 95-percent of
the ultimate strength of the tendon assembly.

Materials for anchorhead assemblies, wedge blocks,
and wedges shall conform to the hardness test requirements
of Sections-CC-2433.1 to CC-2434.2.3 of ACI-Standard-359-74.
The test procedures shall conform to ASTM E-18 for Rockwell
hardness testing and to ASTM-E-10 for Brinell hardness
testing.

Anchoring assemblies utilizing wedges for anchor
lock-off shall consist of wedges capable of sustaining the
tensile loads during the test program to ensure against
unseating of the wedges after lock-off. Anchoring
assemblies utilizing buttonheads for anchor lock-off shall
consist of buttonheads capable of sustaining the tensile
loads to ensure against rupture of the buttonheads.

The CMTR for the anchorage materials shall include
the following:

1. Results of tests to ensure the compatability between

the tendon and anchorage systems throughout all
loading conditions.
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2. Results of hardness tests on anchorhead assemblies,
wedge blocks, and wedges.

3. Results of tensile tests on the wedges to ensure the
permanent transfer of the prestress loads to the
wedges after lock-off.

4. Results of tensile tests on buttonheads to ensure
transfer of the prestress loads without rupture.

Grout

Cement for the grout mix shall conform to the
tequirements of ASTM-C-150.

The fluidity of the grout shall be measured in
accordance with CRD-C79. The efflux time at the pump
discharge shall not be less than 11-sec at zero quiescent
time an! shall not increase less than 3~-sec nor more than
g8-sec at 20-min of quiescent time. These time measurements
shall be made in the field with a stopwatch.

Bleeding of the grout mix at 65-F shall not exceed
2-percent “of the volume three-hours after mixing or a
maximum of U-percent. In addition, the separated water must
be absorbed after 24-hr. Bleeding shall be measured in a
metal or glass cylinder, approximately 4-in. I.D., with a
height of grout of approximately 4-in. During the test, the
container shall be covered to prevent evaporation.

COnptessive strength tests of the grout mix shall
be performed in accordance with ASTM-C-109 and ASTM-D-2938,
as specified under "Grout Tests."

The chloride and nitrate contents of the grout mix
shall not exceed the following limits:

1« Chlorides as Cl- -300 ppm (parts per million)
2. Nitrates as NO- =100 ppm

The above required tests on the grout ingredients
and grout mix shall be performed by the Engineers or by an
approved laboratory at the direction of the Engineers.

The expansive agent used in the grout mix must be
free of chlcrides. The Engineers will require submittal
from the Manufacturer of chemical analyses results. The
expansive agent shall conform to the requirements of
ASTM-C-U494,
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Mixing Water

Mixing water shall be clean with a total solids
content of not more than 2,000-ppm as measured by the
American Public Health Association's "Standard Method for
Determination of Total Solids."™ The mixing water shall
contain not more than 250-ppm of chlorides as Cl- as
determined by ASTM-D-512. In addition, a comparison of the
proposed mixing water properties shall be made with
distilled water in ac~ordance with ASTM-C151, ASTM-C-191,
and ASTM-C-109, as specified in Section-CC-2223.2 of ACI
Standard-359-74.

The above required tests shall be performed by the
Engineers or by an approved laboratory at the direction of
the Engineers.

Lubricants

The lubricants used to provide temporary and
permanent corrosion protection for the tendon and anchorage
components shall be analyzed for the presence of
water-soluble chlorides, nitrates and sulphides. The
lubricants shall not exceed the following chemical contents
in accordance with the listed methods of testing:

Compound Max. Quantity Method
{(ppm)
Chlorides, Cl~ 10 ASTM D 512 (limit of
accuracy: 0.5 ppm)
Nitrates, NO - 10 ASTM D 992 (limit of

accuracy: 0.5 ppm)

Sulphides, S~ 10 APHA - Test Methods,
Sulphides in Water
(limit of accuracy:

1.0 ppm)

The coating manufacturer shall provide for
evaluation and acceptance by the Engineers' test data
verifying that the following properties are met:

1. Freedom from cracking and brittleness,

2. Continuous self-healing film over the coated
surfaces,

3. Chemical and physical stability,
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4. Nonreactivity with the surrounding and adjacent
materials such as concrete, tendons, and ducts, and

5. Moisture displacing characteristics.

Marking and Identification of Samples

411 materials wused in the tendon and anchorage
assemblies shall be marked or tagged in such a manner to
ensure traceability to the CMTR during production and while
in transit and storage. If the original identification
markings are cut out or the material is divided into two or
more pieces, the markings shall be accurately transferred to
the pieces prior to cutting, or a coded marking or other
means of control shall be used to ensure identification of
each piece of material during the subsequent assembly. A
tabulation shall be made in the CMTR for the materials used
in an assembly or group of assemblies.

Upon completion of fabrication into a whole or
partial tendon, the tendon shall be identified with a tendon
nurber. The materials in the tendon shall be recorded so
tha: they can be traced to the tests which have determined
their guality.

Conveyances of bulk cement shall be sealed and
tagged before leaving the place of manufacture, showing lot
number, controlling specification, date of manufacture, and
type. If bag cement is used, each shipmeat shall be tagged
with the same identification as for bulk cement. All tags
and ma. Xxing shall be maintained with the material at site
storage.

All containers of the expansive agent shall be
clearly marked, showing storage requirements and controlling
specification.

TENDON LENGTH

Total length shall be measured from end to end of
the tendon. Each tendon type shall be provided with 45 and
55-ft long tendons.

The bonded length shall be 20-ft and 30-ft for the
45-ft and 55-ft tendons, respectively. The unbonded length
shall be 25-ft for all tendons.

The free end extension of the production tendons
shall not exceed 14-in. after stressing measured along the
tendon axis, from the face of the bearing plate. The
Contractor shall submit with the bid for the Engineers'
approval drawings, design criteria for the free end
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extension of each tendon and accessories to pecform the
required stressing. The 14-in. extension requirement of the
test tendons shall be waived upon submittal of the above
data and approval by the Lead Geotechnical Engineer.

CORROSION PROTECTION

Delivery and Storage of Anchor Assembly

The tendon and anchorage assemblies shall be
delivered to the site according to the recommendations of
the manufacturer. Care shall “be taken during delivery to
preclude the development of corrosion and/or structural
damage to all components of the anchor assembly. Components
of the anchor assembly not intended to be used immediately
upon arrival to the site shall be stored in an area that
will inhibit corrosion development. This storage area shall
be approved by the Engineers. Temporary Corrosion
protection shall be provided by the manufacturer in
accordance with the requirements under "Lubricant.™

Each tendon and anchorage assembly shall be
inspected on two separate occasions: upon arrival at the
site and prior to installation to ascertain that the wires
are free from nicks, scoring, corrosion development, or
other damage, and that the jacking and anchor heads are in
satisfactory condition. If in the opinion of the Engineers
there are any defects or damage, the assembly or any part
thereof shall be returned to the manufacturer for repair or
replacement, at the direction of the Engineers.

Tendons

The permanent corrosion protection for the bonded
length of the tendon shall be grout. The annular sSpace

between the tendon assembly and rock shall be grouted by’

pumping through a grout pipe extending to a point not more
than 6-in. above the bottom of the hole. Pumping Shall
continue until sufficient grout has been place to ensure
filling the hole to the required depth. Grout shall be
placed in such a manner as to fill the entire space around
and between the prestressing steel inside the borehole. All
grouting shall be performed as specified under "Grouting."

The unbonded length of the tendons shall be
protected with a coating meeting the requirements for
permanent ccrrosion protection under "Lubricants,® and shall
be encased in a smooth PVC sheathing. The sheathing shall
be wrapped tightly around the tendon to preclude the
entrapment of deleterious materials within the steel
sctrands. Alternately, the tendon Manufacturer may select to
encase the unbonded length with a smooth self-supporting PVC
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pipe. The void between the prestressing steel and the pipe
shall be filled with a giease injected under pressure to
fully encapsulate the steel. The grease shall meet the
requirements of permanent corrosion protection under
"Lubricants. " The PVC pipe shall be sealed at both ends to
preclude the entrapment of deterious materials within the
pipe and to ensure that the grease is maintained inside the
pipe. The grout for the bonded length shall extend a
minimum of 6-in. above the unbonded length. A seal shall be
placed directly below the PVC pipe or sheath to prevent the
migration of grout intc the pipe or sheath. The diam of the
seal shall be at least 0.5-in. smaller than the borehole
diam to allow water to be displaced vertically during
grouting.

Grout Encapsulation Test

A field test shall be performed to measure the
level of grout encapsulation of the prestressing steel. Two
complete 45-ft long anchor assemblies, including both the
wire and strand type, prestressing steel, PVC pipe, grout
pipes and other accessories, shall be placed inside two
separate 6-in. I.D. self-supporting PVC pipes. The pipe
shall be oriented vertically. After inserting the anchor
assembly inside each pipe, the entire length shall be
grouted as specified under "Grouting." After 12-days, and
at the direction of the Engineers, the PVC pipe shall be
sheared and removed. The level of grout encapsulation shall
be determined and documented by the Engineers.

Surface Anchorage

All anchorage components at the rock surface shall
be protected with a coating meeting the requirements of
permanent corrosion protection under *"Lubricants"™ and to be
approved by the Engineers prior to delivery to the site.

UIPMENT

General

All equipment used for handling and placing the
rock anchors shall not damage or deteriorate the tendon and
anchorage, assemblies, and shall be approved by the
Engineers.

Accessories for Grouting

Grout equipment shall be capable of continuous
mechanical mi.ing that will produce uniform and thoroughly
mixed grout, free of lumps and undispersed cement. Grout
equipment shall prevent introduction of oil, air, or other
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foreign substances into the grout. No loss of water from
the grout due to poor seals, connections cr other causes
shall be permitted. A screen with 0.125-in. maximum clear
opening shall be used to sieve the grout before 1t is
introduced into the grout pump.

The grout mixer shall include a high-speed mixing
drum and low-speed agitating drum arranged such that the
agitating drum will hold approximately two complete mixes.
New mixes shall be added as the stored material is being
pumped into the borehole, thus assuring a continuous pumping
operation. A Moyno pump shall be used for placing the
grout. Once grouting is started, it shall be continuous
until completed for that hole. The grout equipment shall be
capable of —ontinuously grouting each grout stage in less
than 20-min.

The grout mixer or pump shall be equipped with a
metering device to measure the guantity of grout used. The
Contractor shall maintain a record of the grout guantities
used in each borehole.

Accessories for Stressing and Testing Anchors

The Contractor shall at all times provide and
maintain in good working conditions a set of pullout test
equipment approved by the Engineers. The set shall consist
of: 1)--a suitable hydraulic jack with a capacity of not
less than 600-kips; 2)--a center bore in the ram for
installation of the jack concentrically over the
longitudinal axis of the tendons; 3)--means of attaching the
jack to the tendons; 4)--a hydraulic pump; 5)--load cells,
hydraulic pressure gages and long range dial indicators; and
6)--all other necessary accessories. The Contractor shall
also have available at the site duplicate accessories to
ensure a continuous stressing and testing operation for each
anchor in the event that one or all the required accessories
fail during the stressing and the testing ogeration. As a
minimum, the Coatractor is required to maintain at the site
an additional jack and additional load cells, pressure gages
and long range dial indicators all of which are in good
working condition and meet the above requirements and all
others specified herein.

The jacks shall be capable of stressing equally and
simultaneously all stressed elements of the rock anchor.
Each jack shall be equipped with a pressure gage for
determining the jacking load. The gage shall have a reading
dial at least 6~-in. in diam and capable of being read to
500-1b. Load cells, accurate to tl.0-percent of the
stressing load, shall be used in conjunction with the
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.ptessnre gages on the jacks. The output from the load cells
shall govern the test stressing procedure.

The Contractor shall provide long range dial
indicators reading to an accuracy of a 100th of an inch to
measure the tendon elongations during the stressing
procedure. The long range dial indicators shall be placed
in front of the tendon and shall be oriented parallel to the
tendon axis.

The hydraulic jacks, pressure gages, load cells,
and long range dial indicators shall be calibrated to verify
the accuracy specified above. The Contractor shall provide
the Engineers, at least two wee ks prior to the start of the
test program, the following items:

1) Calibration charts for the hydraulic jacks,
pressure gages, load cells and long range dial

indicators;
2) The name and qualifications of the testing
laboratory and/or personnel performing the

calibration; and
3) The technique and equipment used for calibration.

Accessories for the Rock Permeability Tests

The Contractor shall ensure that a complete set of
pressure testing equipment is available in good working
order at such times as the tests are required. All pumps,
packers, gages, flow meters, hoses, and related equipme.t
required for the pressure tests shall be kept available and
properly maintained so that this equipment will be ready for
testing at such times as the tests are required. The
Contractor shall not be compensated for time lost due ¢to
equipment failure.

Pumps shall be of the positive displacement type
and shall have a capacity of not less than 25-gal per min
(qpn) at a discharge pressure of 100-1lb per sq-in. (psi).

Packers and associated equipment shall be provided
so that either single or double packer tests can be per-
formed in boreholes of the sizes that may be drilled.
Packers shall be pneumatically expanded and shall be of
sufficient length, in the opinion of the Engineers, to
ensure a positive seal in the rock boring. Hydraulically
expandable packers may be used only if it can be
demonstrated that they can be satisfactorily deflated to
allow for easy withdrawal from the borehole. The packers
shall be field tested in a length ot casing, as directed by
the Lead Geotechnical Engineer or his appointed
representative (Geotechnical Representative) and shall be
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capable of withstanding a water pressure of 25-psi without
leakage for a period of 5-min.

Flow meters shall read in gallons and shall be
calxbratea immediately prior to use on this project. The
Contractor shall either furnish a certification of factory
or laboratory calibration or shall calibrate the -eters in
the field as directed by the Geotechnical Representative.
Field calibration checks shall be made before the tests and
at regular intervals throughout the pressure testing work as
directed by the Geotechnical Representative. The Contractor
shall provide a container with a capacxty of at least
20-gal, and agprowved by the Geotechnical Representative, for
making these calibration checks. Pressure gages shall read
in pounds per square inch and shall be calibrated
immediately prior to use on this project. The Contractor
shall furnish the Geotechnical FRepresentative with a
certification of calibration of the pressure gages before
the start of any pressure testing. Flow meters and pressure
gages shall be capable of registering over the full delivery
range of the pumps.

INSTALLATION OF TEST ROCK_ANCHORS

General

The type and length of tendons and anchorage to be
used shall be as shown on the drawings and as specified
herein.

Borehole Alignment

The orientation of the boreholes shall be vertical.
The Contractor shall submit with the bid a detailed
aescription of his proposed methods for maintaining the
specified alignment and methods to measure and document the
alignment of the holes. The tolerance for the borehole
orientation shall be 3 degrees. Instrumentation and
methods proposed for measuring and documenting the alignment
of the boreholes will be subject to the agpproval of the
Geotechnical Representative.

If a borehole is rejected by the Geotechnical
Repteaentatzve due tu failure of the Contractor to maintain
the required alignment, or due to any fault or negligence on
the part of the Contractor, the hole shall be backfilled
with grout, at the Contractor's expense, and no payment will
be made for drilling the rejected borehole. If a borehole
is rejected due to circumstances beyond the Contractor's
control, the borehcle shall be filled with grout and payment
shall be made in accordance to the applicable items under
"Measurement and Payment."™
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Drilling Technique

Boreholes shall be drilled using a rotary type
drill with diamond bits. Holes shall be 6-in. in diam. The
entire length of the boreholes shall be cored first with an
NX-size split inner core barrel, as manufactured by
Christensen Diamond Products, or equal, as approved by the
Geotechnical Representative. Core runs shall not exceed
5-ft without the Geotechnical Representative's prior
approval. After the core samples have been obtained, the
boreholes shall be reamed to the full 6-in. diam.
Alternately, the Contractcr can use conventional drilling
techniques to obtain full size core samples from the 6-in.
diam boring. Boreholes shall be drilled at least 18-in. to
no moxe than 24-in. deeper than required for the
installation of the anchor assemblies as directed by the
Geotechnical Representative. Any additional drilling beyond
the limits set by the Geotechnical Representative will be at
the Contractor's expense.

The rock core samples shall be placed in wooden
boxes, furnished by the Contractor, after the necessary
photographs and mea surements are completed by the
Geotechnical Representative. The core boxes shall be stored
on site at the direction of the Geotechnical Representative.
Box design must be approved by the Geotechnical
Representative.

The wuse of %“rod dope®" or grease, oOr other
lubricants on the drill rods, tools, or in the hole will not
be permitted. If one is necessary, the Contractor shall use
a lubricant composed of hio-degradable organic golymers to
preclude a slippery surface buildup around the interior rock
walls of the borehole. The type and contents of the
‘ubricant must be approved by the Geotechnical
Representative, and veritication of the above requirements
shall be required by the Engineers. The Contractor shall
obtain water samgles from the borehole after drilling and
washing 1is completed. The Engineers shall determine if oil
or grease is ccntained in the water samples and if so, the
Contractor shall wash the hole until all the 0il or grease
is removed. The method of washing shall be as approved by
the Geotechnical Representative.

The Contractor, in selecting the eqguipment and
methods of drilling for the rock anchor test program, shall
carefully consider the foillowing:=-1)--the limited concrete
cover around the borehole; and 2)--permanent rock anchors to
be installed later adjacent to the four groof test anchors.
Therefore, the Contractor shall select drilling equipment
and methods which will preclude cracking, spalling, or
possible failure of the concrete and possible damage to the
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surrounding rock. The Bidders shall submit with bid the
type of drilling equipment and the methods of drilling.

Washing and Cleaning Anchor Holes

The 6-in. diam boreholes shall be thoroughly washed
and cleaned before anchor assemblies are installed. Drill
cuttings and slurry shall be removed by applying water to
the bottom of the hole and shall countinue until the effluent
is clear of mud and chips. Washing shall be done
immediately after completion of drilling, and the hole shall
be suitably capped and protected to prevent entrance of
foreign material until anchor installation.

The drilled hole shall be checked by lowering a
full size bit to verify that it is clear to its full
required depth prior to insertion of the anchor assembly.
If the hole is found to be blocked, such debris or material
shall be removed by washing or by using a tailer. IE these
procedures are not effective, the hole shall be redrilled to
remove the blockage and rechecked as described above.

Rock Permeability Tests

Falling Head Test

After the 6-in. borehole is drilled, all drilling
rods and bits shall be immediately removed from the
borehole. The borehole shall be completely filled with
water and the drop in water level shall be measured by the
Geotecnnical Representative with an electrical water level
indicator. The freguency of readings shall be determined by
the Geotechnical Representative at the site. However, the
time allotted for these readings shall not exceed 30-min.

Water Pressure Test

Af ter the completion of the falling head
permeability test, the borehole shall be completely filled
with water and the entire length of the borehole shall be
pressure tested in the following manner:

1. The section of the borehole between the packers or
helow the packer shall be tested at a pressure of
?5‘981.

2. The pressure shall be held essentially constant at
the required test pressure by varying the pumping
rate.

3. The total water take in gallons for a 10 min
interval shall be measured at the flow meter.
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4. In the event that the maximum pressure cannot be
developed due to a water take exceeding the
capacity of the pump, the maximum test pressure
shall be taken as that which can be maintained
constant for the 10 min interval.

5. During the test, the Contractor will record the
pressures and water takes and will also note any
particular events such as erratic pressure or flow
readings, water leaks around the packer, surface
water leaks, rock uplift, and any other anomalous
events.

Pressure Test Records

Water pressure test data recorded by the Contractor
will be presented as two graphs on the attached Pressure
Test Record (Form=-T—-12---4/70).

Preliminary Grouting

If the leakage rate from the borehole during the
water pressure test exceeds 0.001 gallicas per inch diam per
foot of depth per minute for a 10 minute period, the
borehole shall be preliminary grouted, redrilled and
retested. Should the water pressure test exceed the above
criteria, the entire process shall be repeated until the
above criteria is satisfied. In addition, preliminary
grouting shall be required if the leakage rate into the
borehole during the falling head permeability test exceeds
0.5-gpm.

Tendon Installation Procedure

The tendon and anchorage assemblies shall be
installed in the boreholes in accordance with the details
and dimensions shown on the drawings and in accordance with
the anchor manufacturer's recommendations. The Contractor
shall select such equipment to suspend and install the
tendons to prevent damage to the tendons and any part
thereof. The Contractor shall provide for the Engineers®
approval, at least two weeks prior to the start of the proof
test program, the method and equipment proposed for
installing the tendons.

The tendon and anchorage assemblies shall be free
of dirt, loose rust, grease, or other deleterious substances
when installed. The drilled holes shall be inspected to
insure they are cleaned prior to insertion of the tendons
and protectea from entrance of dirt or other foreign matter
until both the first and second stages of grout have been
placed. Tendons shall be installed after the borehole has
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been cleaned to the satisfaction of the Geotechnical
Representative.

The tendons shall be securely fastened inside the
borehvle to fprevent any movement during the grouting
procedure. Appropriate spacers shall be placed on 10-ft
centers, to center the tendons and ensure full grout
encapsulation. The edges of the spacers shali be smooth to
prevent damage to “the strends and the grout pipes. Care
shall be taken during placement of the tendons into “the
borehole to prevent the strands from interfering with the
grout pipes.

Grouting

Prior to commencing grouting, grout vent networks shall be
checked with compressed air or water to ensure that they are
clear. All grout piping shall be clean and free of
deleterious materials that would interfere with the grouting
procedure. Piping shall be thoroughly flushed and blown out
prior to grouting. The grout mixture shall be mixed for a
minimum time of 3-min by means of a high-speed mechanical
agitator. The grout shall be used as soon as possxble after
thoroughly mixing all ingredients, but not later than
45-min. after the addition of water to the cement. Mixing
of gqrout shall be in accordance with the PCI "Recommended
Practice for Grouting of Posttensioned Concrete," Vol.-17,

No.~-6, November-December, 1972. Under appl1cable
conditions, grouting shall be done in accordance with
ACI-306, "Recommended P“ractice for Cold Weather Grouting."
Mixlnq should be of such duration as to obtain a uniform
thoroughly blended grout, without excessive temperature
increase or loss of expansive properties of the admixture.
The grout shall be continuously agitated until it is pumped.

The bonded length shall be grouted first
immediately after insertion of tendons into the borehole.
The bonded length shall vary, as shown on the drawings and
as specified herein. Grout shall be injected from the
bottom of the borehole up to 6-in. above the start of the
unbonded length. The grout pipe used for the first stage
grouting operation shall be removed as grouting proceeds
upward or immediately after grouting is completed. If the
Contractor selects the former technique, the Contractor
shall ensure that the grout pipe is embedded in the grout at
least 12-in. at all times to preclude entrapment of air in
the grout. The Contractor shall ensure that grout is forced
into the drill hole to fully encapsulate the prestressing
steel and fill completely the annular space around the
tendons. A method to determine the height of the grout
during the qtoutan operation must be established by the
Contractor and approved by the Geotechnical Representative.
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After the first stage grouting is completed, a barrier, such
as a large concrete pipe shall be placed around the surface
extension of the anchor to prevent disturbance of the tendon
prior to stressing. Alternately, the Contractor can grout
the bonded length through a tremie tube from the bottom
until clean grout overtops the hole at the surface. After
allowing a period of time to elapse to enable an initial st
of the cement to take place, the grout above the bonded
length shall be washed out using a flush pipe to be removed
after washing is completed.

The annular space around the unbonded length of the
anchor shall be grouted immediately after the stressing
procedure, as specified herein, is completed and at the
direction of the Engineers. Prior to commencing the second
stage grouting, the Contractor shall check all grout vent
networks and grout pipes to ensure that they are clean and
free of deleterious materials. The Contractor shall ensure
that grout is forced into the drill hole to fill completely
the annular space around the tendons ugp to and including the
surface anchorage, and that all air is vented out of the
drill bhole. The grouting operation will be considered
successfr'l when grout is returned full flow without air
bubbles ¢ nrough the vent pipe.

The grout level, after the first and second stage

grouting are completed, shall be checked every two hr to
measure grout consclidation. If the grout level is more
than 2-in. below the required level after each two-hr check,
additional grout shall be added to raise the grout to the
required level.

For both stages, the grout shall be vibrated by
attaching an electric vibrator to the grout pipe to ensure
full grout coverage around the tendon. Consolidation grout,
if required as described above, need not be vibrated.

Testing Alternate Grouting Procedure

The alternate grouting procedure for the bonded
length, consisting of initially tremie grouting the entire
borehole and then washing the upper portion, shall be tested
in the borehole selected for the in-hole grout tests
discussed below. The borehole shall be completely tremie
grouted. The upper grout shall be washed by methods
discussed under "Grouting®™. Accurate measurement techniques
to determine the top of the bonded length shall be
established during this test. Subsegquent to washing down to
the bonded length, the in-hole grout test, below, shall be
performed.
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Grout Tests

Two types of grout tests shall be made by the
Engineers to determine the compressive strength of the grout
before stressing the anchors:

1. Unconfined comgression tests of grout cores, as
specified for rock cores in ASTM-D2938 , and

2. Cube tests, as specified in ASTM~-C109

The bottom 25-ft of the drilled borehole for one of
the 45-ft anchor shall be filled with grout, The grout
shall be allowed 3-days to set. Then, the Contractor shall
obtain S5-{t cores, in accc dance “with the equipment and
methods specified in "Drilling-Technique,® after 3, 7, 12,
ard possibly 14-days after the grout was placed.
Representative sections at the top and bottom of each 5-ft
core shall be tested in accordance with ASTM-D2938.
Alternately, a separate borehole could be drilled for the
above tests at the discretion of the Engineers. In addition
to the above tests, samples of the grout used in the
borehole shall be tested in accordance with ASTM-C109 to
obtain the 3, 7, 12, 14, and 28-day compressive strengths.

The Engineers® Inspector shall obtain eight samples
per batch “of grout to he used for the bonded length. These
samples shall be tested by the Engineers in accordance “with
the procedures specified in ASTM-C109 to obtain the 3, 7,
12, 14, and 28 day compressive strengths. Stressing of the
anchors shall begin after the required compressive strength
of the grout has been achieved and at the direction of the
Engineers.

Instrumentation

In addition to the long-range dial indicators to
monitor teadon elongation, the Contractor shall provide and
install instruments toc monitor movements of the rock at
depth and of the grout in the bonded length. The
instruments shall consist of tell-tale markers,
extensometers, and surface markers.

The tell-tale markers shall consist of a 0.25-in.
diam wire encased in a suitable PVC tube and encapsulated
with a high quality, low friction lubricant, to be approved
by the Engineers. The positicn of the wire tip in the
primary grout shall be as indicated in 12180-GSK-19. The
wire shall be fastened at several locations to the unbonded
length of the tendon. The design of the protrusion of the
wire above the bearing plate shall be as approved by the
tendon manufacturer.
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Extensometers shall be the single- and/or double-
position mechanical type and shall be located as shown in
12180-GSK-19. Two, single-position extensometers shall be
installed to a depth of 25-ft. In the event that the tendon
manufacturer cannot incorporate the tell-tale markers into
the present tendon design, then, four, double-position
extensometers shall be installed as shown in 12180-GSK-19.
The Engineers shall drill the holes required to install the
extensometers.

Surface markers, consisting of steel bars grouted
into rock, shall be installed by the Engineers, as shown in
12180-GSK-19.

Elevation readings of these instruments shall be made by the
Enqxneets. Readings shall be taken subsequent to each load
increment and/or decrement.

Stressing Procedure

Stressing the anchors shall begin after the grout
in the bonded length has reached the required compressive
strength, as determined by the Engineers, but no sooner than
12-days after the first stage grouting has been completed.
The anchors shall be stressed with a hydraulic jack, as
specified herein. The stressing process shall be conducted
to allow accurate measurements of tendon elongation,
stressing load (jack gage pressure and load cell reading)
and elapsed time for each increment of load. These
measurements shall be made with high precision calibrated
instruments, as specified in "Accessories for Stressing and
Testing Anchors."™ All loading and unloading shall be done
in 50-kip increments. Increments of load and/or unload
shall be applied when the measured elongations of the
tendons have stabilized under the previous increment of load
and/or unload and at the direction of the Geotechnical
Representative.

The stressing procedure for all tendons (the

stressing schedule is shown in 12180-GSK-17):
1. Load tendon from zero kips to a maximum of 400-k.
2. Unload tendon from 400~k to 350~k and lock off
tendon at this load.
3. Check load after 24~hr. If prestress loss is less

than 25-k, restore load to 350-k, and proceed with
step-6. If loss exceeds 25-k, restore load to
350-k and hold for a further 24-hr.
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4. Repeat step 3. If loss of prestress load again
exceeds 25k, then the anchor shall be rechecked at
24=hr intervals at the direction of the
Geotechnical Representative to assess whether the
loss cf prestress is likely to continue.

s. If the anchor shows a continuous loss of prestress,

the tendon shall be allowed to relax and will be

monitored continuously, at the direction of the
Geotechnical Representative until a constant load
is obtained.

6. If'

a.

b.

o]

d.

1o
.

7. After

in step 3 or 4 for both anchors, the prestress

loss is less than 25k, proceed as follows:

Unload tendons from 350 k to 50 k.

Load tendons from 50 k to 100 k.

Unload tendons from 100 k to 50 k.

Load tendons from 50-k to 150-k.

In a similar manner, alternately load and
unload from 50-kips to 200, 250, and 300-kips
and back to 50-k.

Load tendons from 50-k to 400-k.

Unload tendons from 400 k to 350 k.

Proceed with step 3 and 4, or 5

If steps 3 and/or 4 are satisfied proceed with
step 7.

the above prestress loss criteria is

satisfied, proceed as follows:

d.

perform 10-cycles of loading from 350-k to
400~k and back to 350-k, and lock-off.

perform lift-off seven-days after above lock-
off.

Load incrementally from 350-k to 500~k and hold
this load for 10-min.

Reduce load to zero.

Contractors shall provide the Engineers, at

least two weeks prior to the start of the test program, an
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analysis indicating the anticipated elcgations of the
tendons during each increment of the above load-unloading
cycles. If the observed elongations aeviate from this
analysis at any cycle by more than 10-percent during the
stressing procedure, an investigation shall be undertaken to
determine the cause of the deviation and .h» effect it may
have on the final anchor design.

Safety precautions shall be taken to prevent
workers from standing behind the jacks or near the hydraulic
pressure lines during the stressing procedure.

Measurements

The elongations of and the prestress loads applied
to the ancher assembly shall be monitored by the equipment
and methods under 'Accessor;es for Stressing and Testing
Anchors® and "Stressing Procedure.”

Free Ends of Tendons

The free end extension of the tendons after
stressing shall be less than 14 in. from the bearing plate,
measured along the tendon axis. The free end shall be
prote~ted against damage or corrosion and shall be approved
by the Engineers prior to implementation.

Manufacturer's Specialist

The Contractor, at his expense, shall arrange to
have a qualified manufacturer's specialist, skilled in
tensioning work, at the site during the prestressing
procedure to instruct, train and advise the Contractor's
personnel in the proper execution of the work. Two weeks
prior to the start of the test program, the Contractor shall
furnish to the Engineers the experience record of the
manufacturer's specialist for approval.

MEASUREMENT AND PAYMENT

Mobilization and Demobilization

A lump sum will bYe paid for mobilization and
demobilization in accordance "o the Bidding Schedule. The
contract lump sum shall be full compensation for moving in
all materials, tools, equipment, facilities, and supplies
necessary for performance of the specified work and removal
of the same from the site at the completion of the work. No
separate payment will be made for relocating or moving any
or all of the above accessories within the project site
after moving equipment to the site. No separate payment
will be made for mobilization and demobilization of
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equipment usci for extra work not specified in this contract
provided that payment for mobilization and demobilization of
the specific equipment has already been included under this
item and that the specific eguipment has not in fact been
demobilized and removed {rom the site.

Rock Drilling and Sampling

The unit of measureme~.z for rock drilling and
sampling the 45 and 55-ft bor-holes shall be the linear
foot. An additiomal 45-ft horehole for the in-hole grout
tests may be required by the Engineers. The unit price
shall be full compensation for drilling and recovering NX-
size core samples with the split inner barrel and subsequent
reaming of bcreholes to full 6-in. diam. A separate unit
price shall be submitted for drilling and recovering full
core samples from the 6-in. diam boring with conventional
drillinj equigment,

Test Grout_in Barehole

The unit of measurcwent for the test grout shall be
the cubic foot of grout pumped into the borehole. The unit
price shall be full compensation for grouting the bottom
25-ft of one borehole.

Drilling and Sampling Test Grout

The unit of measurement for drilling and sampling
the test grout in vhe borehole shall be the linear foot.
The unit price shall be full compensation for drilling and
recovering NX-size grout cores with the split inner barrel.
The lerngth of each core run shall be 5-ft. Core recoveries
shall be made after 3, 7, 12 and possibly 14~days after
grouting.

Rock Permeability Tests

The unit of measurement for the rock permeability
tests shall be the hr. The unit price shall be full
compensation for performing the falling head test and the
water pressure test at the direction of the Geotechnical
Representative. Payment shall start at the heginning of
first reading and terrinate at end of last readiny.

Preliminary Grouting of EBoreholes

The unit of measurement for grouting boreholes
which exceed the seepige requirements under "Rock
Permeability Tests" shall be the cubic foot. The unit price
shall be full compensation for grouting the entixe borehole
at the direction of the Geotechnical Representative.

y-12140-1004 11/22/78

42.19

42.20

42.23
42.25

42.26
42.28

42.29
42.30

43.1

43.4

43.6
43.9

43. 11
43.13
43.14
43.15
43.16
43.17
43.19
43.21
43.22
43.23

43.24

43.27
43.29

43.30
48,2

034



2-28

Drilling Grouted Boreholes

The unit of measurement for drilling grouted
borehcles shall be the linear foot. The unit price shall be
full compensation for fully drilling a grouted borehole.

Tendons _and_Installation

The unit of measurement for the tendons and
installation thereof shall be the linear foot. The wunit
price shall be full compensation for satisfactory completion
of the following:

1. FPurnishing the tendon components to the site,
2. Assemblage of the tendon comgonents at the site,

3. Cleaning and washing borehole before insertion of
tendons,

¢. 1Insertion of the full tendon assembly into the
borehole,

5. Grouting of the total tendon length, and

6. Stressing of the tendons as specified herein.

Consolidaticn Grout

The unit of measurement for grouting boreholes
which exceed the grout consolidation requirements specified
herein shall be the cubic foot of grout. The unit price
shall be full compensation for regrouting to the required
levels after the completion of the first and second stage
grouting.

Standby Time
uipment

The unit of measurement for equipment stand-by time
shall be the day. The unit price shall be full compensation
for delays during the period starting after the completion
of the first stage grouting to the start of the stressing
procedure and as directed by the Engineers.

Crew and Equipment

The wunit of measurement for crew and equipment
stand-by time shall be the day. The unit price shall be
full compensation for delays at any time during the
installation and testing of the anchors where the
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anticipated delay would not warrant removal of the labor
forces from the site and as directed by the Engineers.

Grout Bncaglu;atgon Test

A lumg sum will be paid for the grout encapsulation
test. The contract lump sum shali be full compensation for:

1. PFurnishing two complete 45-ft long tendon assembly
along with a 45-ft lonyg 6-in. I.D. PVC pipe to the
site,

2. Grouting the entire length, and
3. Extracting the entire tendon assembly from the pipe.
Instrumentation

A lump sum will be paid for the design,
procurement, and installation of the required tell-tale
markers and extensometers.
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DDING SCHEDULE Ye?
Item Unit of Estimated Unit Estimated 1.10
No. Description Measurement Quantity Price Total Price 1.11
1.0 Mobilization LeSe 1 1. 13
and Pemobili- 1. 14
zation 1.15
2.0 Rock Drilling 1.25
& Sampling 1. 26
2.1 Split inner 1.28
barrel Lo Pe 100 1.29
2.2 Conventional LePe 100 1. 31
3.0 Test Grout in Culs 5 1. 33
Borehole 1.34
4.0 Drilling and 1. 36
Sampling Test 1.37
Grout LelPe 25 1. 38
5.0 Rock Permea- Hr. 8 1.40
bility Tests 1.41
6.0 Preliminary CoFe - 1.43
Grouting of 1.44
Boreholes 1. 45
7.0 Drilling Grouted 1.47
Roreholes LeFe - 1.48
8.0 Tendons and 1.50
Installation 1. 51
8.1 Multistrand Le.F. 100 1. 53
8.2 Multiwire L.F. 100 1.5%
9.0 Consolidation Cals -_— 1. 57
Grout 1.58
10.0 Standby Time 23
10. 1 Equipment Day - 2.4
10.2 Crew and Day - 2.7
Equipment 2.8
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Item Unit of Estimated Unit
No. Description Measurement Quantity Price
11.0 Grout Encapsula-
tion Test

17.1 Multistrand La8e 1

1.2 Multiwire L8, 1
12.0 Instrumentation Le Se 1
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DRAWINGS AND SKETCHES

The contents of Section 3 are as follows:

Engineers' Crawings and Sketches 3-1

ENGINEERS® DRAWINGS AND SKETCHES

The extent and location of work to be performed
shall be as shown on the following Engineers' Drawings:

Drawing NO. Title
12180-55-39 Typical Rock Anchor
12180-GSK-18 Stressing Schedule of Test

Program in the Unit ¢
Containment Auxiliary
Structures

12180-GSK~-19 Instrumentation for Rock
Anchor Test Program

12180-GSK~20 Location of Rock Anchor
Test Program in the YUnit #
Containment Auxiliary
Structures

Form T=12-4770 Pressure Test kecord

y=12180-100e 11722778

1. 16
1.18
1.2

1.24
1.25

1.28
1.31
1.33
1. 34
135
1. 36

.38
1.39

1.4
T.42

1.46

034
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SECTION 3

ANCHOR TEST RESULTS AND DISCUSSION
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3.1 GENERAL

The test program cons’sted of seven anchors. Anchors 1, 3, 5, 6, and 7
were multiwire systems. Anchors 2 and L were rultistrand systers.

Anchor 4 was the first anchor stressed, with Anchors 1, 2, 3, 5, 6, sna 7

following sequentially. Stressing loads and tendon elongations were
determined with load cells and long range disl indicators, respectively.
Movements of the grout column were measured with telltale extensometers.
The first five anchors were fitted with two ertensometers. A third
extensometer vas added to the last two anchors.

The resvlts of the test program are presented in three separate

stages to better describe the chronological development of the test
program. Each stage is evaluated separately and includes the logic for
continuing the test program.

3.2 SUMMARY OF TEST PROGRAM RESULTS

The most significant results of the test prograr are surmarized below:

1. The ME 81k grout performed poorly, varticularly with
respect to its ability to bond with the in-situ rock,
as indicated by significant grout column movements in
Anchors 1 through 5. Also, visual inspection of cores
of the rock-grout interfaces recovered in Grout Test
Holes 1 and 2 indicated that the grout had not bonded
to the rock. On the other hand, the Type II+N grout
verformed significantly better than ME 81k as indicated
by very srmall moverents in the grout colurns and by visual
inspection of the rock-grout interfaces fror cores recovered
from Grout Test Hole 3.

2. The multiwire anchors were stressed up to 96 percent
of the guaranteed ultimate tensile strength (CUTE) of
the tendon steel during Phase IV stressing with no wire
failures. Wires in the multistrand anchors failed at
82 percent of GUTS. The aprarent prirary cause of the
multistrand failure is due to center wire slivpage, whereby
the outer six wires of each strand carried the total
tendon load.

3. The method for lock-off for the multiwire syster was
simpler and less destructive to the tendon wires than
that for the multistrand system.

L, The in-situ rock adjacent to the anchors did not undergo
any significant rmovement during anchor stressing.

5. The variation in the total and bonded lengths selected
for the test program did not provide significant differences
in the test results.



Based upon the above results, the multiwire system and the Type II+N
grout were selected for the permanent anchors. Further evaluation of
the test program resulted in the removal of the expansive admixture from
the grout mix for the permanent anchors.

TEST PROGRAM RESULTE - STAGE

3 3ud General

Stage I of the test program included two multistrand and two multivire

anchor systems, all grouted with MB 814 grout mixed with 2.0 gallons of
wvater per 55 1b bag. Rock movements during anchor gtressing were determined
with mechanical extensometers, surface markers, and grouted rebars.

This stage also included a grout hole test to determine "in-situ”

grout strength, a grout encapsulation test to evaluate the effectiveness

of the grouting techniques, grout compressive strengtl. tests and water
quality tests. The results of ftage I are presented and discussed separately
below.

Anchor 1 (Multiwire System)
Anchor 1 is a 55 ft long multivire system. Refer to Table 2-1 for the
physical characteristics of the complete anchor system and the location

of the pgrout extensometers. The results of the four stressing phases

are shown in Figure 3-1, a plot of tendon elongation vs stressing load.
This plot is typical of the elongation-load resvonse of the other multi-
wire anchors where progressive grout-steel debonding occurred as the stress
loads increased to 500 kips.

F{gure 3-2 presents the elongation vs load results for Fhase I stressing.
'his plot shows the characteristic parsbolic-shaped curve,6 for both the
loading and unloading cycles This is typical for all the multiwire
tendons. 'he tendon elongations correspond to the elonpations for a ful
bonded system® until a load of 100 kips was reached. With increasing

the tendon wires in the bonded length progressively debonded from the
grout colurm until, at LOO kips, the recorded elongation most nearly cor-
respond to the predicted elongation for a fully unbonded system.® After
unloading back to 50 kips, the tendon showed approximately 1.

permanent elongation.

When the wireg are completely vbhonded, the full anchor load §
to the baseplate and t! *Ou olur {s placed in comression.
is considered desiratl gsinc ? it {8 better able to transfer load

in compression than | 1sion. Propressive grout-steel debonding may be

bonded system irplies that the tendon elongation occur within the

length of the tendor upper 25 f£). A fully unbonded systen

A

that the tendon 9l~rvu"'; occurs throughout the entire length <
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attributed to the smoothness of the tendon wires and the Poisson's Ratio
effect upon the tendon steel. The latter results in a decrease in the wire
diameter as it elongates, thereby creating an annular space between the
wire and the grout column. During unloading, the wire returns to its
original diameter (below plastic yield levels) with friction eventually
developing between tendon steel and grout. When the grout colurn is in
compression, dilation in the grout column can occur, thereby reducing
the annular space between the wires and the grout column. Therefore,
contact between the wires and the grout may begin at a load level higher
than that at which debonding occurred. This will result in a portion of
the tendon stress being retained within the grout column, thus exvlaining
the residual cstrain or permanent elongation of 1.5 in of the tendon after
unloading to the 50 kip level.

Figure 3-3 presents the grout colurn moverments for the Phase I stressing
sequence. The grout colurn roverents increased graduelly um to a load

of about 200 kips after which only minor movements occurred. The recorded
grout column movements at the 40O kin load level were 0.€ and 0.f5 in

for the upper and lower extensoreters, respectively. The higher moverent
of the lower extensometer seers unrealistic since this behavior would
indicate that the lower grout column had moved up more than the umver
grout column. During unloading the extensometers showed no movement, as
indicated by the vertical shape of the plot, until the load dropped below
200 kips. Fror 200 kipe to 50 kips, the grout colurn moved downward linearly.
The permanent set of the grout column at 50 kips indicates that the grout
column at the extensoreter locations moved down below its initial sterting
position (by 0.38 and 0.08 in for the upper and lower extensoreters,
respectively). These results are unreslistic and most likely indicate
either inaccuracy of the rrout extensoreter syster or entanglerent of
extensometer wires with the tendon wires, with the initisl slack ir the
wires being recovered during stressing. Field observations durings anchor
installation indicated that entanglerment of the extensometer snd tendon
wires was possible.

Based ujon the evaluation of the Phase I extensoreter data the following
observations can be rade:

h 3F Up to a load of 200 kips, the anchor loed is transferred
to the upper portion of the grout column end then to
the borehole rock with sijnificant upward moverent of
the grout colunmn.

2. As progressive debonding at the grout-steel interface
cccurs with increasing loads, stresses are transferred to
lover sections of the prout column.

. 8 Complete debonding of the grout-steel interface in the
upver vortions of the grout colurn takes nlace as the
load increases beyond 200 kips as indicated by the lack of
upward grout movemrent Zuring the last 200 kive.
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k. The movement of the grout column during unloading follows
closely the movement that occurred during loading. The
upper portion of the grout colurm does not undergo any
downward movement during unloading from LOO kips to 200 kips
due to the Poisson's Ratio effect on the steel.

The elongation vs load curves for Phases II and III (Figure 3-1) fall in narrow
bands that are approximately parallel to the theoretical fully bonded line.

During the seven-day lock-off between FPhases III and IV, the anchor
load increased L.9 kips above the lock-off level. This slight increase
is probably due to either changes in temperature or release of sore of
the residual stresses within the grout column.

The results of the Phase IV stressing are shown in Figure 3-1. The
wvires behaved elastically up to 460 kips and then plastically to the
final load of 500 kips. These results are consistent with elongation
tests on the steel as given in the CMTRs in Appendix B. The loading
sequence in Phase IV was above 300 kips, hence the behavior of the
grout column (Figure 3-L) indicates complete grout-steel debonding in
the upper portion of the grout columr. Grout column movements did not
increase appreciably during Phase I1, TII, and IV stressing. The residual
elongations of the tendon at the end of Phase IV are the result of the
sum of the movements due to plastic yielding of the steel, short term
creep of the steel during testing, and residual stress retained by the
steel within the grout column.

The behavior of the rock mass during Phase I is shown in Figure 3-5.
Note that rock movements, as monitored with mechanical extensometers and
optical survey of surface markers and grouted rebars, are not appreciable.

3.3.3 Anchor 2 (Multistrand System)

Anchor 2 is a 55 ft long multistrand syster. Fipure 3-6 presents the
elongation vs load results for the four stressing phases. The extent
of steel-grout debonding was less than in Anchor 1. Initial plastic
yielding of Lhe tendon seems to have occurred between 350 kips and LOO
kips, much earlier than expected, with significant yilelding occurring
beyond 40O kips. A permanent set of about L.k in remained after the
Phase IV stressing was completed.

The results of the Phase I stressing are shown in Fipure 3-7. A signifi-
cant departure from the theoretical fully bonded line occurred at a load
of 50 kips; thereafter, the elongation-load is essentially a straipght

line up to a load of 350 kips. The excessive elongation at 50 kips is

most likely due to slack in the unbonded length of the tendon wires or

to slack in the entire length due to the geormetrical arrangement of the
strand wires. 'This slack was recovered quickly during this first increment
of loading.
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The recorded elongation vs load curve for Phase I stressing lies between

the theoretical fully bonded and unbonded lines. However, the egual move-
ments of both grout extensometers, shown in Figure 3-8, sugpest that the
entire grout column moved uniformly, and if these grout column movements

are deducted from the total tendon elongation, then the resultant net elonga-
tions of the steel wires would fall very close to the theoretical fully
bonded line. Therefore, it may be inferred that minimal grout-steel debonding
occurred. Steel-grout bond characteristics for a multistrand system are
significantly better than for a multiwire system due to the following reasons:

1. The geometric arrangerent of the strands in the bonded
section (refer to Figure 2-2) ensures an excellent
mechanical interlock between steel and grout, irrespec-
tive of actual grout-steel bond.

2. The non-vertical configuration of the strand wires does not
allow for any significant contraction in wire diameter,
that vguld lead to steel-grout debonding (Poisson's Ratio
effect).

Ly Pigure 3-8, is significantly different from that recorded in multi-
wire Anchor 1. This is due to the better grout-steel bonding discussed
above. The plot of grout column movement vs load is essentially linear,
indicating that little or no debonding had occurred between the grout
column and the tendon steel. However, the magnitude of grout column
movement, approximately 2.0 in at LOO kivs, indicates poor bond between
the grout and rock.

\

|
The behavior of the grout column during Phase I scressing, as indicated
The results of the Phase II and III stressing (Figure 3-€) fall within
narrov bands with the same slope as the Phase I stressing, excent above
350 kips where elongations due to plastic yield occurred. During the
Phase II stressing sequence, one wire in a seven-wire strand was heard to
break as the load was being increased. Examination of the tendon at that
time revealed no indication of wire breskage. However, after completing
the test, further inspection of the tendon showed that one wire had broken
by coming in contact with the rough edge of the center hole of the bearing
plate,

|

The load in Anchor 2 during the seven-day hcld dropped Lk kine., This
large loss was apparently due to deformations of the horseshoe destres-
sing shim. This vas discovered after completion of the hold and 11ift-
off cycle.

Orout column movements during the Phase II and III stressing are shown in
Figure 3-9. These plots are essentially linear, again indieating pood
bond between the steel and pgrout column. However, the magnitude of grout
column movement indicates poor grout-rock bond.
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Phase IV loading of the anchor from 350 kips to 500 kips was attempted
but excessive elongations occurred at the {;o ki‘p and LS00 kip levels,
indicating yield in the steel (refer to Figure -6). At a load of LTl kips,
wires in the strands vere heard to snap, and jacking was immediately dis-
continued. The permanent tendon set was about ! .k in. Grout column
movements during Phase IV were constant at about 2.0 in (see Fipure 3-9).

The results of the rock measurements during all the stressing phesses are
shown in Figure 3-10. Note that the rock movements were very srwall.

Examination of the tendon strands after the test equipment had been
dismantled showed that, with one exception, the wires had broken level
with the botto: of the grip wedges. The exception was the one wire that
had come into contact with the edre of the bearing plate. The sipni-
ficance of this observation is discussed with the results of Anchor k.

Anchor 3 is a 45 ft long multivire system. The elongation vs load

data for all stressing phases are shown in Figure 3-11. The results
indicate a performance very similar to that of Anchor 1. The same progressive
debonding of the wires was noted with almost cormplete debonding at 40O

kips. This can best be seen in Figure 3-12 vhich shows the data for

the Phase I stressing. The Phase II and IIT stressing results (see

Figure 3-11), as in Ancho: 1, plot avproximately parallel to the theoretical
fully bonded line, thus iniicating the presence of retained residual
stressing in the grout column during unloading. During the seven-day

hold between Phases III and IV loading, a 4.5 kip increase in load vas
measured, as occurred with Anchor 1.

Two differences were noted between the results of Anchors 3 and 1. At

a load of 450 kips, the elongation of Anchor 3 was in excess of the
theoretical fully debonded line (refer to Figure 3-11). The excess moverent
was about 0.25 in which corresponds to the grout column movements shown

in Figure 3-13. Plastic yield of the steel! could not be the cause of

the excess movement since mill test reports indicate LEO kips to be the
lowvest load at which yield could be expected and no wire failures were

found after stressing. Therefcre, it is sssured that the beseplate as

vell as the entire grout colum moved uniformly up the borehole. The

other difference between performance of the two multiwire anchors (Anchors 3
and 1) is the smaller grout column movements recorded in Anchor 3. This
result is either due to better rock-grout bond or a faster transfer of
anchor load to the baseplate leading to dilation of the grout column
(Poisson's Ratio effect in compression) and, earlier development of mechani.al
friction between the grout column and the rock. The erratic readings

of the grout extensometers during Phase IV stressing (see Fipure 3-1k)

are probably due to entanglement of the grout extensoreter vires with

the tendon wires and are therefore not considered to be reliable.
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The permanent set of the anchor was recorded to be apnroxirately 1.1 in
and vas due to yielding in the wires at loads atove L60 kivs and to the
unrecovered grout column movements.

Rock movements during the stressing of Anchor 3 are shown in Figure 3-15.
The rock extensometers, the surface markers, and grouted rebars measured
negligible rock movements.

Upon completion of the Phase IV loading, an attemot was rade to load the
anchor to failure (Phase V) to determine the "weakest 1ink" in the anchor
system. The elongation vs load for this loading sequence, shown in

Fipure 3-16, indicates that the anchor behaved as & fully unbonded system
with loed being transferred to the baseplate. The tendon wires did not
fail but yielded plastically. lLoading was discontinued st 522 kips.

3.3.5 Anchor & (Multistrand System)

Anchor U is a 45 ft long rultistrand system. This was the first anchor
tested, and the stressing was performed in extremely cold weather. The low
temperatures did not affect the load-elongation data obtained but did cause
brittle failure of the tack welds holding the pulley section of the grout
extensometer. The extensometers were rezeroed and subsequent dats was
adjusted to account for the initial deflections. The results of the four
stressing vhases are shown in Figure 3-17.

The elongation vs loed plot for Phase I stressing is shown in Figure 3-18,
The tendon elongaticn at the initial load increment of 50 kips plots beyond
the theoretical fully unborded line. As in Anchor 2, this relatively

large elongation is due to initial slack in the tendon wires which was
recovered immediate'y after initial loading. The shupe of the elongation
vs load plot above 50 kips is nonlinear, indicating progressive steel-
grout debonding.

Grout column movements during Phase I stressing are shown in Figure 3-19.
The shape of the grout colurn moverent vs load fi v the upver extensoreter
is similar to that of Anchor 1, and indicates proysressive debonding.

The movement of the upper extensometer reaches & maxirum of 1.0 in.

The movements recorded by the lower extensoreter are much smaller,
approximately 0.25 in and more linear. The curves for both extensometers
become nearly vertical above 250 kips, indicating that at this load level
the tendon loed is transferred below the lower extensoreter. The higher
movement recorded by the upper extensometer indicates noor rock-grout
bond. The difference in the recorded movements of the two extensometers
indicates that the grout column cracked at some point between the two
extensometers, with the upper portion acting independently of the lower
section.

The results of cyclic loading during the Fhase IT and Phase III
stressing sequences are shown {:. Figure 3-17. These results plot in
narrov bands and parallel the curve for the Phase I stressing. The tendon
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elongation at load levels above 350 kips plotted above those for a fully
unbonded tendon due to either plastic yield in the steel or grout column
movements. At 400 kips, the deformation in excess of the fully unbonded

tendon is approximately 0.25 in which corresponds to the lower grout extenso-
meter movement.

The lift-off check at the end of the long-term hold period, which for
this anchor was 12 days, showed a loss of 1.8 kips. This loss is negligible
and is within the accuracy range of the load cells.

As the Phase IV stressing sequence was being carried out, wires in

the strands started to snap at a load between L35 kips and LL5 kips with the
tendon rapidly elongeting. Consequently, the load was reduced to zero
and the equipment dismantled to permit inspection. It was found that in
eight of the thirteen strands one wire per strand had snapped level with
the bottom of the grip wedpes. All the broken wires were on the same

side of each strand, and the eight strande were all on one side of the
tendon. The location of the failed strands indicates that the tendon
loading from the hydraulic jack was not symmetrically distributed for the
13 strands. At this point in the test progrem, the tendon failure at such
low load levels (approximately 82 percent of the manufacturer's puaranteed
ultimate tensile strength) was attributed to:

1. "Teeth marks' on the wires left by the wedpes, resulting in
localized reduction of the cross-sectional area of the wire

- Resetting the wedges during stressing phases, resulting in
slight overlaps in "teeth marks" (i.e., the vedges vere
not necessarily reset on the sare "teeth marks") thus,
leaving the area where the vedges gripped the wires in
a macerated condition

To further investignte the cause of these failures, an additional phase,
FPhase V, was added to Anchor Lk, Tor this ovhase the wedpes vere set

at a lower level than for the prior phases. The elongation vs load

plot for Phase V is shown in Figure 3-20. Wires in the strands began to
break at approximately 470 kips, slightly higher than during the Fhase IV
stressing but, nonetheless, significantly lower (87.5 percent) than the
guaranteed ultimate tensile strength of the strands. This phase was stopped
at this point and the stressing eouiprment wes reroved. Insvection of the
tendon showed that wires in all the strands had failed and that the wires
had broken level with the bottom of the grip wedges. The center wire had
been broken level with the other six wires in two of the strande and was
still intact in the other eleven strands.

These observations indicate that the "early”’ failures are duve to a cor-
bination of the following:

"Teeth marks from the pgrip wedges leading to
localized stress concentrations
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2, Slippage of the center wire relative to the six
exterior wires in each strand, with little or no
load transfer to the center wire.

The redu:tion of load capacity due to the presence of the "teeth marks"
is probably fairly low but, nonetheless, it is important to note that

all outside wire failures occurred at the bettom of the prip wedges,
with the failure beginning at the first indentation. Resetting of wedges
may lead to slight overlap of the "teeth marks,” and failure at lower
stress (L35 kips to LLS5 kips for Anchor 2) than when the wedges vere not
reset (LT0 kips for Anchor L).

Most likely, slippage between the center wire and the exterior six wires
of each strand is the principal reason for the reduction in anchor
capacity. Each strand is corprised of six wires wound helically around

a straight center wire. Load is transferred from the exterior wires to
the center wire by friction and the clamping force of the grip wvedges.

In normal posttensioning systers, the strands are held with barrels and
wvedges at both ends, but in foundation anchors the strands are held only
with barrels and wedges at one end. Apparently this results in some
looseness of the center wires of each strand with the center wire carrying
less load than the outer wires. Center wire sliopage for all strands
would mean a drop in ultimate strength to approxirately 85 percent of the
guaranteed ultimate tensile strength. This compares well with the observed
ultimate anchor capacities of Anchors 2 and 4., For a six wire strand,
plastic yleld would comience at 390 kips. Figures 3-6 and 3-17 show

that plastic yielding occurs between 350 kips and LOO kivs for Anchors 2
and 4, respectively.

The movement of the grout column during the last four phases of
stressing was less than 0.10 in and is shown in Fipure 3-21. In
comparison with the initial large displacements that occurred in the
upper extensometer during Phese I stressing, these small displacements
indicate an increase in grout-rock friction caused by the grout column
"Jamming" in the borehole, possibly due to dilation of the colurn with
increasing tendon stress,

Figure 3-22 shows the recorded movements of the rock extensometers
and the surface markers, The latter recorded nepligible rock movements.

3.3.6 Grout Test Fole No, 1

The purpose of Grout Test lole 1 was to determine the in-situ
time-strength relationships of the anchor grout via unconfined commression
tests of grout core samples and to corpare these results to those obtained
from mortar cubes.

The diameter and depth of this test hole were aporoxirmately €.0 in and

46 ft, respectively. The drilling and preparation of this borehole were
performed in the same manner and sequence as the anchor boreholes.

After reaming the preliminary grout, MP 81k grout (with 2.0 gallons
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of water per 55 1b bag) was tremie grouted to the too of the borehole.
The upper 20 ft of the grout was flushed as in the anchor boreholes.
The bottor 25 ft of the borehole was cored at 5 ft intervels at 3, 8,
13, 18, and 23 days after the borehole was grouted. The compressive
strength vs time plots for both cores and mortar cubes are shown in
Figure 3-23. The compressive strengths from the core samples are
significantly higher for samples tested within the first 12 deys after
the borehole was grouted. The strength differences between the two
sample methods decreases with time.

During coring of the grout, it was found that the hole was inclined at
a slight angle from the vertical. Consequently, the lower run of core
intersected the borehole wall, thus providing a section of the grout-
rock interface for inspection. It was found that the grout had not
bonded to the rock. The significance of this observation became more
evident as the test program continued.

3.3.7 Grout Encapsulation Test

A grout encapsulation test was performed to evaluate the ability of the
MB Bl grout and the effectiveness of the tremie grouting procedures in
encapsulating the multistrand anchors. The multiwire anchors were not

tested because their simple configuration was not thought to present an
encapsulation problem.

A 25 ft long tendon was placed 1a a 45 ft long, 6 in dia PVC pipe.

The pipe was lifted and hung vertically fror the edpe of the Unit L

reactor containment excavation. The PVC pipe was tremie grouted with

the MB 81k grout. After eight days, the pive was lifted from the scaffolding
and laid horizontally. The grout column was cut into several sections.

The cut end of each seciion showed excellent encapsulation of the tendon
strands with complete filling of the interstitial spaces betweer wires.

3.3.8 Grout_Compressive Strength

Mortar cube samples of the MB 81k grout were taken during the grouting
of the anchor test holes, grout encapsulation test, and prout test

hole. All samples reached unconfined compressive strengths in excess

of 3,000 psi within seven days and in general, the compressive strengths
exceeded 6,000 psi after 28 days. Fipure 3-23 shows corpressive :trength
vs time for the grout test hole. Cube strength results for the MP £1k
grout used in Anchors 1 through 5, and the grout encapsulation tests

are shown in Pigure 3-24,

3.3.9 Water Tests

Lake Anna water was used for washing the grout test and anchor bore-

holes and for mixing the grout ingredients. It is enticipated that Lake
Anna vater will be used to perform the same function for the permanent
anchors, Chemical analyses of Lake Anna water and groundwater were
performed to determine the presence of any substances that wvould be
dzleterious to either the grout or the tendons. Groundvater temneratures
with respect to depth and time were determined fror several boreholes

to vetter document the in-situ environrent in the grouted anchors (Table 3-2),
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The results of the chemical snalyses, shown in Table 3-1, indicate

that lake and groundwater are neutral and contain relatively low concen-
trations of sulfides, sulfates, nitrates, and chlorides. Also, the
concentration of these ions and the pH value are essentially constant
over the time period shown (1975 to 1978). Groundwater temperatures

witl respect to depth and time, as shown in Table 3-2 indicate that
groundwater temperatures are essentially constant with respect to depth,
time, and site location. Recorded temperatures range fror 530F to 58.5°F
with an overall average of 55°F. BEased upon these data, it was determined
that both lake and groundyater will not heve an adverse effect on
either the grout or the tendons.

Tests were also conducted on borehole wash water to determine the effectiveness
of the borehole washing operation in removing oil or grease introduced

into the borehole during the drilling process. The tests showed oil
concentrations of less than 5 parts per million and indicate that the

borehole washing procedures were effective.

3:3.10 Evaluation of Stage I Test Results

Stage I of the test progran provided many sijmificant results. Based
upon an evaluation of these results the following corclusions can be
drawn:

h Failure of the multistrand tendons at approxirately
82 percent of the gpuaranteed ultimate tensile strength
(GUTE) was due primarily to slippage of the center
vire in each strand, In addition, local weakening
of the tendon can occur at the grip wedges, especially
if the wedges are reset. This presents a potential
problem for in-service inspection lift-offs. Failures
of multistrand tendons st loads significantly less
than GUTS have been documented elsewhere. During
an inservice inspection of the post&snlioninp systenrm
at the Rancho Seco Nuclear Station'10) in Californis,
a multistrand anchor failed at 82 percent of GUTE.
Also, during the test program for the rock embedded
portion of the YOIStonlioninp syster at the Hellefonte
Nuclear Station'il) in Alabama, one rulti-strand
anchor failed at 82 percent of GUTE. DBased on these
results the multistrand syster was eliminated from
further consideration for the production anchors.

2. The multivire system was tested to a raxirurm of 522 kips
(96 percent of GUTES) without failure of the tendon
vires. Lock-off was achieved with shims placed between
the anchor head and the bearing plate and lift-offs
vere perforred satisfactorily.

3. The MP B1L grout disvlayed unsatisfactory grout-rock
bonding characteristics as indicated by the larpe
y¥rout column moverents. Cor2 recovery of the grout
interface in Grout Test Fole 1 also showed that the
grout had not bonded to the rock.
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Tendon elongation results for Phase I stressing

(similar to stressing sequence planned for the permanent
anchors) were not significantly different for the
multistrand vs the multiwire tendons, indicating

that the results wvere insensitive to the total and
bonded lengths selected for the test program. These
results also show that the multiwire tendons experienced
almost comple - sbonding in the bonded length,
significantly e than for the multistrand tendons.
However, this is not a probler since the base plate

at the bottom of the multiwire places the grout

in compression. The "permanent set” at the end of
Phace IV stressing is primarily due to plastic yield

of the tendons.

Rock movements during all stressing phases were
negligidble.

Lift-offs after seven day lock-offs showed that
greater changes in prestress level occurred in the
rultistrand tendons than in the multiwire tendons.

The grout encapsulation test indicated that the selected
grouting techniques resulted in excellent encapsulation
of the multistrand tendon.

Compressive strengths of the MB 81k grout, as determined
from mortar cubes and grout cores taken from Crout

Test Hole 1, were significantly above the minimum
requirements. The strengths determined from the grout
cores vere significantly higher than those determined
from mortar cube tests.

The array of instrumentation with minor excentions,
performed well.

Water quality tests performed on lake and groundwater
indicate that very low concentrations of nitrates,
sulfates, chlorides and sulfides exist.

The Phase V stressing of Anchor 3 indicated that the
"weak link' in the steel-prout-rock syster is the ten-
don steel. 6Gince the strenpgth properties of the steel
are easily quantifiable, these results make possible
the deterrination of the lowest factor of safety in
the anchor system.
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3.4 TEST PROGRAM RESULTS - STACE 11

3.b.1  General

Based upon the results of Stage I, the test program was continued with a

45 ft long multiwire tendon (Anchor 5) and MB 81k grout mixed with 2.k pal-
lons of water per 55 1b bag of prepackaged grout. It was anticipated that
the higher water-cement ratio would reduce the apparent high level of
thixotropy in the lower water content (2.0 gallons of water per bag) prout
mix used with the first four anchors and would hence result in higher rock-
grout bond. Two grout test holes approximately 25 ft deep, were added to
the test prograr. Grout Test Hole 2 was filled with MB 814 grout (and

2.4 gallons of water per bag) and Grout Test Hole 3 was filled with Type II+N,
Both grouted boreholes were then cored to recover the rock-grout interface
to visually examine the bonding cheracteristics of the two greouts,

The rock instrumentation system was not continued in subsequent stages
of the test program since the results obtained during Ctage I clearly
indicated that rock movements would be negligible.

3.k.2 Anchor 5 (Multiwire System)

Anchor 5 is a L5 ft multivire anchor. Refer to Table 2-1 for the physical
characteristics of the complete tendon syster. The results of the four
stressing phases are shown in the tendon elongation vs loed plot in

Figure 3-25. The results show good grout-steel bond up to 200 kips,

as indicated by the load-extension line vlotting along the theoretical
fully bonded line. Thereafter, progressive debonding occurred with almost
complete debonding at a load of 40O K (Figure 3-26). The behavior of
Anchor 5 during Phase I stressing is similar to that of Anchor 3, the
other 45 ft multivire tendon (see Fipure 3-27). The results of Phases II
and III stressing plot in nerrow bands roughly narallel to the fully bonded
line, as shown in Figure 3-25. During the hold test, which lasted 2! days,
the anchor lost 10 kips of load. During Phase IV stressing, the anchor
behaved elastically (Figure 3-25). After unloading, 1.1 in of permanent
deformation remained.

The lower grout colurn extensoreter exhibited little moverent during sll
stressing phases (Figure 3-2f), and behaved in & manner sirilar to both
Anchor 3 extensometers (Figure 3-29). FHowever, the umner extensorete:
dieplayed an anomalous behavior. During Phese I stressing, srall rovements
occurred up to 150 kips. At this point, a loud crack was heard and the
extensoreter wire jumped 0,125 in (Figure 3-30). Thereafter, the roverents
increased, and at the end of Phase I, the extensometer had roved 1.65 in.
During the remaining three phases, the upper extensometer continued to
exhibit large displacerents (Fipure 3-28)., This behavior may have been due
to cracking of the grout column at the 150 I load, followed by moverent

of the upper grout column as a single unit with the tendon wires being
separated from the lower grout colurn  Further evaluation of the nossible
grout column separation, made after the completion of the test program,
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indicated that the presence of the flat disc-shaped spacers in the bonded
length may have divided the grout colum into separate sections. The
diameter of the spacers was approximately 1.0 in less than the borehole, and
they were placed every 10 ft along the bonded length. The grout
extensometers vere located at the midsection of the top two grout sections.

3.k.3 Grout Test loles No. 2 and 3

These two grout test holes were approximately €.0 in dia and were drilled
to a depth of about 25 ft. Crout Test Hole 2 was filled with ME 814 grout
mixed at 2.4 gallons of water per 55 1b bag of cement. Crout test Hole 3
was tremie grouted with Type II+N grout mixed at 5.0 gal of water per

9k 1b bag of cement. Once the grout reached the minimum required strength
of 3,000 psi, as determined by mortar cube tests, each hole was cored to
recover the grout-rock interface. Tables 3-3 and 3-4 provide logs of cores
recovered from Grout Test Holes 2 and 3, respectively. Visual examination
of the cores indicated that adequate bonding had occurred in approximately
39 percent of the recovered cores of the MB BlL grout-rock interfacc. Cores
from Grout Test Hole 3 showed that adequate bonding occurred in apnroximately
100 percent of the recovered grout-rock cores for the Type II grout.

A petrographic analysis was performed on four thin sections of the grout-
rock interfaces obtained from the grout test hole cores. Two thin sections
were made from each test hole. The results of the petrographic analyeis are
discussed in detail in Apvendix D. Briefly, the analysis revesled that
during curing the MB 81k grout has a tendency to crack redially and along
the contact with the borehole rock. The cracks are filled with a silicate
mineral formed by a chemical reaction within the grout itself or between the
grout and groundwater. It is believed that the presence of the cracking
along the grout-rock interface and the mineral filling therein contributed
to the poor grout-rock bonding of the MB 814 grout. Exarination of the Tyve II

cement grout-rock interface found significently less cracking at the grout-rock

{nterface., with little evidence of a chermical reaction and no mineral filling
in the cracks.

3.b.b Evaluation of Stage II Results

Results from Grout Test Hole No. 7, the thin secticn analysis, and the
eracking of the grout column of Anchor 5 clearly indicated that the

MR B1k grout did not provide adequate rock-grout bond. Based upon these
results it vas decided to abandon the ume of VB 81k grout and to extend
the program to include two anchors grouted with Type II4N prout.




TEST PROGRAM RESULTS - ETAGE III

Stage the test program consisted « twvo 55 ft long multivire
tendons grouted with Type II+N grout, a grout colurn test to determine
the effects of the expansive admixture on the grout strength, and a
grout encapsulation test to visually determine the encapsulation of the
tendon with this grout mix. Anchors 6 and 7 differed from the other
multivire tendons in two ways. First, the tendons were outfitted with
three grout extensometers to obtain more information relative to the
behavior of the grout column. Second, the tendons were shipped wit!
6 in dia keeper plates instead of 5 1/4 in. The effect of this change
vas considered minimal.

ks )

Anchor 6 (Multiwire Cyster

The results from all four stressin are surrarized in a tendon

elongation vs load plot shown in ’ 3.32, The stressing results

indicate a performance similar to the other 55 ft multiwire tendons,

Anchors 1 and as shown in Fipure 3-3 During Phase
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extensometers, the larger movements of the lowest extensometer apvear to
be anomalous, and are most likely due to the extensometer detector wire
being entangled with the tendon wires.

3.5.3 Anchor 7 (Multiwire Systen)

Anchor 7 is a 55 ft rmultiwire tendon. The physical characteristics

of the complete tendon system are shown in Table 2-1. During construction
of this anchor, two problems arose that had bearing on the results of the
test. During insertion of the tendon into the borehole, it was noted

that the detector wire fror the highest extensometer had becore tangled
with the tendon wires. The other probler concerned the contracter's
inability to properly thread the puller bar into the anchor head. Visual
inspection of the threads in the anchor head revealed sore irregularities
in the threads, Howvever, sufficient thread was engaged to allow stress-
ing of the anchor.

Phases I and II stressings were successfully completed., The load-
extension curves for Phase I stressing is shown in Figure 3-37. Figure 3-33
shows sirilar results of the Phase I stressing for Anchors 1, €, and 7,

all 55 ft long multivire tendons. Debonding bepan at 100 K, continuing
until almost complete debonding occurred at LOO K.

Plots of the grout colum extensometer movement ve load is shown in
Figure 3-38. The tvo lower extensometers moved less than 0.03 in,
thus indicating a good grout-rock bond. The upper extensometer shoved
movements of 0.80 i{n at the 300 K load with no additional movements
thereafter. These movements are most likely due to the detector wire
being tangled with the tendon wires.

At the beginning of Phase III stressing, the threads in the anchor

head failed, resulting in a sudden destressing of the tendon with damage
to the stressing test equipment, the anchor head, and tendon wires.
Prior to the reswmption of testing, every wire wvas individually stressed
to 7€ percent of GUTE to determine whether any wire had been daraged.
The results of the above stressing seauence for selected wires, shown

in Figure 3-39, indicated that none of the wires had been damaged.

The damaged anchor head was replaced with the head from Anchor 5.

Due to an error in rebuttoning the wires, only U5 of the L€ wires were
engaged, The refitting of a nev anchor head reduced the length of

the anchor by approximately € in., Refer to Appendix B for a rore detailed
discussion of the anchor darage and the subsequent renairs.

All four stressing phases were then performed on the revaired Anchor Te
The plot of tendon elongation vs load is shown in Fipure .40, During
Phases I and III, the results plot in narrow bands, which are parallel
to the theoretical fully bonded line, and indicate a retention of residual
stress in the grout colwmn. Phase IV jacking was discontinued at L9 ¥
as excessive elongation occurred due to plastic yielding of the steel.
After removal of the load, 0.85 in of deformation rerained due to vlastic
yield of the steel and the residual stress on the anchor.
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The extensometer movements are plotted in Fipures 3-L)1 and 3-42. The
movements are relatively small for all three prout extensometers.
These srall movements indicete much better bonding of the grout to
the rock. Note that the moverents recorded by the upner extensoreter
are significantly less than during the stressing phases prior to the
thread damage. These results confirr the earlier cbservations that
these movements were anamclous and were due to the detector wire being
entangled during the anchor installation.

3.5.h  Grout Column Test

The grout column test was performed to determine the effect the exvansive
agent would have on the grout strength and to visually observe the
expansion process. For the test, a I in dia, L2 ft long pinve was used.

The pipe was susvended from the scaffolding in the reactor containment
excavation and tremied with a grout mix consisting of Portland Type II
cement mixed at 5 gal of veter per bag. The expansive agent Intraplast "N,"
vas added to the grout at a rate of 0.49 1b ver bag.

After placing the grout, the pressure gages were monitored continuously
until the grout column set and any reaction or expansion due to the
adrixture had ceased. A table of pressure vs time with observational
remarks is given in Figure 3-U43,

Fluid pressures in the PVU pipe were measured with two guges at approximately
6.5 ft and 2.5 ft above the bottom of the pipe. The purpose of the

gages vas to measure any pressure changes during the exvansion process.

The initial recorded pressures are lower than expected for a static

head from a vertical column of weter and fluid grout. It is possible

that the vater leaks observed at the gage locations may be responsible

for the lower recorded gage pressures., !ovever, assuring that the
difference betwveen actual and recorded gage pressures rerained constant
during the entire test (leaks at the gage locations continued until

the grout set), then the changes in recorded pressures during the expansion
process would be considered accurate.

The gapge pressures increased vhen the water in the pipe was replaced

vith the tremie grout. For the next two to three hours, during which
tire the expansion process was wvell underway, the recorded nressures

dropped slightly. Thereafter, the gape pressures decreased slowly

as the grout began to set and dropved to zero aporoximately 2L hours

after tremie grouting, at vhich time the grout had corpletely set,

Bleed water and grout consolidation began to occur within 15 min after
tremie grouting. Initial expansion in the grout column was evident
approximately one hour after trerie grouting at which tire the grout
column began to rise. Overtopping of the pipe began shortly thereafter,
Foaming, indicating gaseous release fror the expansive agent, becare
evident approximately four hours after tremie grouting and continued for
another twvo to three hours. Inspection of the pipe on the following day
revealed that 1.5 ft of bleed water was left at the top of the vipe

and that the top of the grout was extrerely soft.
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The slow drop in gage pressures and overtopning of the nive by the

grout column during expansion clearly indicate that expansion in a vertical
pipe, confined at one end, does not occur radislly but rather vertically.
This results in a lower density grout which, as discussed below is
especially weak at the top of the grout column.

After the grout had set, the pive was 1ifted off the scaffolding and cut
into sections for the purpose of obtaining cylindrical sarples for grout
strength testing. The results are plotted in Figure 3-LL as a function

of time and depth. Also plotted on this figure are the compressive strengths
from mortar cubes made from the same grout used to fill the pipe. The
cylinder strengths are much lower than the cube strengths, esrecially at
shallow depths. It was also noted that the top section of the grout column
vas extremely soft and moldable even three weeks after grout placement in
the pipe. Based on these results, it apvears that the presence of the
expansive adrixture results in lower compressive strengths of the grout.

In particular, the very low strengths at the top of the grout column sugpest
that this grout may have a higher water content due to bleed water being
forced up the pipe by the vertically rising gases released by the expansive
agent.

3.3.5 Grout Encapsulation Test

A grout encapsulation test was performed using the same procedures

as in the earlier test (during Stage I) except tuat a Tyne II Portland
cerment grout was used. Visual inspection of cut sectlions showed thet the
tendon vas well centered in the pive and that the grout provided excellent
encapsulation. Cfeveral observations made in Appendix B indicate that this
grout had bonded better to the tendon than the MB E1L grout.

3.5.6 Eyvaluation of Stage III Test Pesults

The test program was completed with the stressing of Anchor 7. The
stressing results of Anchors € and 7 were satisfactory and the small
movements of the grout column extensoreters indicated a significant
improvement in grout-rock bond with the Type II grout (Figures 3-LS).

This conclusion is substantiated by the grout test hole results obtained
during Stage II of the test prograr. “he repair and retesting of Anchor 7
provides a convincing demonstration that, even after the unexvected

rapid destressing and subsecuent damage to the anchor, that the same
anchor could be restored, and restressed with satisfactory results.



SECTION 4

COMMENDATIONS FOR ANCHO



k.1 GENERAL

The results of the test program provide the basis for selecting the anchor
gystem, the grout mix, and the best installation methods for the permanent
anchcrs, as well as determining the anticipated behavior of the anchors
during stressing. Subsequent to the test progrem, several modifications
were made tc the permanent anchors to accommodate structural design changes.

4,2 RECOMMENDATION BASED ON THE TEST PROGRAM

4,2.1 Anchor System

The multivire system was selected over the multistrand system for the permanent
anchors due to the following reasons:

1. The lock-off and 1lift.off procedure for the multiwire system
is superior to that for the multistrand system and provides
the least chance of anchor daragze for the lift-offs required
during in-service inspection.

The multiwire system was stressed to 96 percent of the guaranteed
ultinate tensile strenmeth (GUTS) of the tendon whilc the multi-
strand system could only be stressed to approximately

82 percent of GUTS, a* which point the tendon behaved

plastically and some wires failed. The wire failures at

load levels lests than the ultimate strength of the steel

are due primarily to center-wire slippage whereby the tendon

load is carried solely bty the outer six wires.

The repair and retesting of Test Anchor 7 provides a convincing
demonstration that, even after the unexpected rapid destressing
and subsequent damage to the anchor, the same anchor could be
restored and restressed with satisfactory results.

4,2.2 Grout Type

The two types of grout used during the test program were MB 814 grout and

a Type II Portland cement grout with an expansive admixture, Interplast N
(Type II+N grout). Despite high unconfined strength, the MB 814 grout bonded
poorly to the rock. The inability of the MB 814 grout to form a good bond

is demonstrated by the excessive grout column movements in Anchors 1 through
5. The grout extensometer movements for Anchors L and 5 (Figures 3-21 and
3-28) suggest that the grout column had (racked somewhere between the two
extensometers. Alsc, examination of NX cores of the grout-rock interface
recovered from Grout Test Holes 1 and 2 indicates that MB 814 grout had not
bonded satisfactorily to the rock. On the other hand, Anchors 6 and T, which
were grouted with Type II+N experienced small grout column movements as shown
in Pigure 3-45. In eddition, NX cores recovered from Grout Test Hole 3 showed

the Type II+N grout to be well bonded to the rock.
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Based on these results, it was determined that Type II+N grout should be
used for the permanent anchors. However, a further review of the grout
mix design for the permecnent anchors raised concerns about the effects

of the Intraplast "N" on the grout. The results of the investigation which
included & literature review, discussions with Nicholson Anchorage Company ,
and a further evaluation of the Grout Column Test indicated that the
expansive agent should be eliminated for the following reasons:

1. Expansive agents are added to grout mixes to provide radial
expa.sion of the grout in confined areas (such as in cable
ducts of posttensioning systems) and to safeguard against
shrinkage of the grout. In foundation anchors, confinement
i{s not available at the top of the borehole; therefore,
grout expansion occurs in the direction of least resistance,
i.e., vertically, not radially (see results of Grout Column
Test). Also, at North Anna, the permanent rock anchors will
be below the constructicn and postconstruction groundwater
levels; hence, the potential for grout shrinkage is not
present. Therefore, the benefits of the expansive agent are
minimal.

2. The expansive agent mey have deleterious effects on the
grout. The release of gas from Intraplast "N" does not
necessarily begin immediately uggn mixing of the grout.
Tests performed by Stressteel (*°) indicate that the
start and duration of "expansion" varies significantly,
depending upon the chemistry of the cement. The expansion
process may begin and/or continue for some time after the
initial set of the grout, resulting in high tensile
stresses aﬂd possible cracking of the grout column. Also,
studies (1“) have shown that the addition of expansive
agents above 2.0 percent by weight of cement will result in
a very weak grout.

The vertical expansion of the grout due to Intraplast "N" results in a

higher porosity, lower density material with localized pockets of bleed
water. This will result in a lower quality grout, particularly in its

ability to provide adequate corrosion protection.

4.2.3 Installation and Stressing Procedures

The techniques used during the test program for borehole drilling and
{nstalling, grouting, and stressing the anchors worked well and will be
employed for the permanent anchors. In addition, the following improvements
will be made:

1. Preliminary grouting will be required for all anchor
holes as en added layer of corrosion protection. Water
testing will be done after preliminary grouting.
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The stressing sequence used in the test program will not
be necessary for the permanent anchors. The stressing
sequence for the permanent anchors will include a load
cycle, a 10 min hold test, and an unload-reload cycle.
Lift-offs to determine any changes in stress levels will
be made approximately 24 hr after lock-off and just
prior to the completion of permanent anchor installation.

The entire length of the tendon will be grouted in a
single stage. Single-stage grouting provides better cor-
rosion protection to the tendon by eliminating the primary-
secondary grout interface. This interface may be a poten-
tial zone of weaker and more porous grout due to the
presence of bleed water. Also, the presence of the grout
column in the unbonded length will provide additional
confinement to the lower grcut column and eliminate any
concerns about cracking or movement of the grout column
during anchor stressing. Single stage grouting is made
possible by the presence of the unbonded length which
allows the anchor to be stressed and to have the tendon
load transferred to the bonded length.

During stressing, the wires elongate and are no longer
protected by the PVC tubing in the unbonded length, Just
below the anchor head. Therefore, immediately after
stressing, the void hetween the grout column, shims, and
anchor head will be filled with a corrosion-inhibiting
grease. Additional corrosion protection of the wires and
top anchorage will be provided by filling the cover box
with a corrosion-inhibiting grease after stressing.

The flat disk-shaped spacers used with the multiwire
tendons in the test program will be replaced with spider-
shaped spacers. The latter will provide less impedance
to the tremie grouting process and will result in a more
continuous grout column. Thus, any concern about grout
column separation by the disk-shaped spacers will be
eliminated.

A separate wire, buttonheaded at the top only, will be
included in 28 of the permanent anchors to monitor cor-
rosion development in the steel as well as any chemical
changes that may occur in the lubricant. This wire will
be encapsulated inside a PVC tube filled with a corrosion-

inhibiting grease.
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Mineteen permanent anchors will be fitted with permanent
loed cells to monitor changes in prestress levels after

installation of the anchors and during in-service inspection.

4.2.4 PRehavior During Stressing

Stressing of the permanent anchors will be closely monitored. Stress-
strain relationships will be developed, using results from the test program,
to evaluate the behavior of each tendon during stressing.

4.3 ANCHOR DESIGN MODIFICATIONS

.31 Anchor Capacity

The anchors used for the test program had a working capacity of about

300 kips. Since the completion of the test program, pipe break loads

and increased structural inertial forces have been accommodated by
increesing the design capacity of the anchors to 575 kips. To achieve

a higher capacity, the borehole diameter and the bonded length of the
permanent anchors have been i{ncreased so as to maintain the grout-rock
shear stress within the range established during the test program. In
addition, the number of wires has incressed from 46 to 90. To mobilize

a larger mass of rock to resist the higher anchor loads, the anchor length
will be increased to an average of 65 ft and the anchor lengths will be
staggered with the deepest anchors located the farthest from the contain-
ment buildings.

4.3.2 Apchor Head Design

The TVA's Bellefonte Nuclear Power Station recently experienced failure
of 16 anchor heads due to stress corroasion cracking. The causes of the
anchor head failures are discussed in detail in a TVA repurt,,gntitled
"Final Report - Rock Anchor Tendon Stressing Heed Failures."("7) To
prevent a similar problem from occurring at North Anna, the following
requirements have been placed on the top anchorage:

s The head shall be fabricated from steel with a tensile
strength of less than 170,000 psi. This strength value
is considered the dividing line between material not 16
susceptible and susceptible to stress corrosion cracking(™")

Flatness tolerances will be specified for the shims and
bearing plates. The maximum vertical deviation from a
horizontal surface along any section of the shims and
vearing plates will not exceed 0.025 and 0.090 in,
respectively.

A minimum contact width of 2.0 in between shims and
anchor head will be required.

The head will be protected at all times with a corrosion-
inhibiting grease.
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L4  IN-SERVICE INSPECTION OF TENDONS

The NRC does not have a staff position for in-service inspection of
posttensioned foundation anchors and will review programs for such
inspection on a cnsefb{-cnae basis. However, the NRC regulatory guides
1.35 and 1.90,(17);( ) governing in-service inspection of grouted
tendons in posttensioned concrete containment structures have been
revieved and the program at North Anna will incorporate the applicable
sections of these guidelines. Specifically, the program at North Anna
will be designed to permit visual inspection of the anc.aorage assembly
hardware (shims, bearing plate, anchor head, end the buttonheads) of all
anchors, to permit monitoring changes in the prestress level and the
effectiveness of the corrosion protection system of selected anchors,
and to permit lift-off tests. A technical specification will be
developed to provide the requirements and procedures for performing
in-gservice inspection.
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TABLE 3-1
JATER CHEMISTRY

LAKE ANNA WATER GROUNDWATER
3-31-75  |5-4-76 | 10-22-78 5-8-74
pH 7.1 7.0 7.5 7.4
Sulfate (ppm) 8.5 6.0 1.0 N/A*
Sulfide (ppm) N/A N/A 0.05 0.0
Chlorides (ppm) 3.1 2.1 4.0 2.10
Nitrates (ppm) N/A 34.0 0.4 N/A

* Not available



TABLE 3-2

Groundwater Temperatures

Ground-
Date Air water Temperatures at Depths Below Groundwater Table
Hole No. Taken Temp Level®
0| ﬂl JZOI ﬂ! ml ﬂl
R.A.T.H, # | 12-9-75 | 40° 20" 54
12-23-75 | 30 8! 53 54 55 56 56 56
12-29-75 | 33° g 53 54,5  55.5  56.5 56 56.5
1-5-76 300 6! 53 54 55 56 56 56.5
R.A.T.H. #3 | 12-23-75 | 30° 19' 53 53.5 54 55.5
12-29-75 | 33° 19° 53 53.5 54 55.5
1-5-76 300 17" 53 53 54 55.5
G.T.H., #1 12-18-75 | 33° 3! 53 54 57 58.5 57.5 57
12-19-75 | 29° 51 53 55.5 57 57 56
12-22-75 | 31° 7 53 55.5 57 57 56
12-23-75 | 30° 51 53 55.5 57 56.5 56
12-29-75 | 33° 51 53 55.5 57 56.5 56
1-5-76 30° L 53 54, 56 57 57
R.A.T.H. = Rock Anchor Test Hole
G.T.H. = Grout Test Hole

low Surface



LOG OF GROUT TEST HOLE NO. 2

TABLE 3-3

DESCRIPTION OF CORE LENGTH TOTAL LENGTH
Concrete 7'-10" 7'-10"
Grout/Rock Interface Bonded 0'-11" 8'-9"
Grout/Rock Interface Unbonded 0'- 2" 8'-11"
Grout/Rock Interface Bonded 4'=-2" 13'-1"
Grout/Rock Interface Unbonded 1'-i" 14'-2"
Grout/Rock Interface Bonded 0'-6" 14°-8"
Grout/Rock Interface Uubonded 7'=-4" 22'-0"

NOTES:

1. Grout test hole no. 2 filled with MB814 with 2.4 gal/55# bag

2. This table modified after Figure 60 of Appendix B



TABLE 3-4

LOG OF GROUT TEST HOLE NO. 3
DESCRIPTION OF CORE LENGTH TOTAL LENGTH
Run 1 Concrete 1'-0" 1'-0"
Grout 13'-0" 14'-0"
Grout/Rock Interface Bonded 4'-0" 18'-0"
Grout 0'-4" 18'-4"
Run 2 Concrete 1'-0" 1'-0"
Grout 17'-0" 18'-0"
Run 3 Concrete 1'-0" 1'-0"
Grout 12'-6" 13'-6"
Run 4 Concrete 1'-0" 1'-0"
Granite 4'-0" 5'-0"
Grout/Rock Interface Bonded 4'-6" 9'-6"

NOTES:

1. Grout test hole no. 3 filled with Portland Type II grout with

5.0 gal/bag.

2. This table modified after Figure 61 of Appendix B
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