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1.1 'INTRODUCTI N '
!
' ~

. . .

. .. .

OW July - 23, .1975, Virginia Electric -and Power Company (VEPCO) notified - 1

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 t

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. '

L
>

.

- - -.-.e ,.v.enn ,m , m--.-,. --,,----w ,,-m,-.,,n.--. ~,.,.g.- -.- ,,--~n , , , . ,-



rx.
- - a-

_

.

1-2

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
I- (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. e

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 perf ormance of the anchors throughout the plant's life-
time.

1.3 (BJECTIVES OF THE TEST PROGRAM
e

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
anchor 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 capacity and, therefore,.
to determine the anchor components 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,

j 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 BruceII) 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 Schnabel(2) and upon the anticipated
loading conditions for the permanent anchors. Material selection for the
test anchor components was based upon the guidelines given g subsection
Prestressed Concrete Institute,gng Steel." of ACI 359-74,
CC 2400,," Materials for Prestre thei

and Re tory Guide 1.103 provided
by the U.S. Nuclear Regulatory Comunission A similar test program

pgormed by the TVA at the Bellefonte Nuclear Power Plant, Units 1 and
was also reviewed. A' detailed description'of the anchor components.2

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 GE01DGY

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 northwest. The general geology of the site is
shown in Figure 1-6. The e eology is presented detail in geologic

reports by Stone & Webster 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); N15E, 72NW; and N01E, 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 plane joints. The surface out-croppings
of these zones are shown in Figure 1-6. F.eferences 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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SECTION 2

' DESIGN AND CONSTRUCTION REQUIREMENTS FOR THE TEST PROGRAM
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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).
The intent of this section is to summarize the Rock Anchor Test Report
prepared 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 permanent anchors. These items are
presented in this section and are discussed in more detail in Appendix B.

2.2 ANCHOR MATERIALS

Multistrand and multivire tendon systems were selected for the test
program due to their wide application in the nuclear industry for
posttensioned reactor conrainment 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 multivire 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 multivire 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 lb 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 II+N 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.

.

m. _ m_
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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.

1

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 embedde6 in rock'were.used~ to monitor ground surface
deformations. The locations of all rock instrumentation are shown inL-

Figures 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. g

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 multivire 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 levels 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 f t long and the
other two were 55 f t 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 Crout 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,
cexpansion . 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 f t deep borehole (Grout Test Hole 1) was drilled'and
h filled with MB 814 grout for the purpose of obtaining core samples to

jdetermine. time-strength relationships of the grout subjected to the-;

1 in-situ conditions. Grout Test Holes 2 and 3, approximately 25 ft deep,
were drilled; one was filled with Type II+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.

I In addition, two grout encapsulation tests and one grout column test
were performed. The encapsulation tests were performed to evaluate the

l' 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
I bleeding characteristics of the grout mix. The results of the above

| tests are presented and discussed in section 3.

!
j 2.5.3 Measurement of Rock Movements
1-

j The effect of anchor stressing on the in-situ rock was determined
; for the first f our anchors in the following manner

| 1. Double position mechanical extensometers were installed
1 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.

,

i

2. Surface markers were installed on each concrete pad to*

| determine displacement of the pad.
i

| 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.
!

f
i

f

.

t
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- 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 hsad and water pressure tests were performed before and after 1

- preliminary grouting to determine the permeability of the rock and the i

effectiveness of the preliminary grouting prior-to anchor installation.
Direct shear tests were performed by the Stone & Webster Geotechnical'

,

Laboratory to determine the shear 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 six and the lubricants

,

for the tendons. .-The results of these tests are discussed in Section 3. 1

2.6 ANCHOR CONSTRUCTION
.

Each test anchor was utressed 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
sat penetrations. A detailed description of the anchor construction 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 length was cored. The holes were then reamed
,

out to 6.5 in with a down-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 fron-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 anchos 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 tendons, grout was placed, until
the hole was 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 pai, the anchors were stressed. The stressing procedures4

i are discussed below.
i

,

i i

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

i designed to test a specific anchor component and simulate actual forces
that could be placed on the permanent anchors during the plant's

j lifetime. For each phase, all increases and decreases in load were in

j' increments of 50 kips, and instruments were monitored at each increment.
Lift-offs were performed after lock-offs to determine the changes in pre-i

| stress levelin the anchor system.
,

!

l

!

!

l

.
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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.

iThis 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 column

.
:

'

movements, can be estimated from the Phase I results. Phase II, or the 1

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 lif t-off checks during in-service
inspection.

Phase IV, 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 which 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.

I 2.8 QUALITY ASSURANCE REQUIREMENTS
.

,

[ 'To ensure compliance 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.
i Their specific duties are presented in detail in the Quality Assurance

section'of Appendix A.

1

I

r
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SECTION 1 1.12
,

,

GENERAL INFORMATION AND HEQUIREMENTS 1.14

The contents of Section 1 are as follows: 1.17

Page 1.19,

Scope 1-1 1.21
Project Size, Location, and Site Conditions 1-1 1.22
Definitions 1-2 1.23

,

Schedule and Progress 1-2 1.24 '

Furnished by the Contractor 1-3 -1.26
Submittal of Technical Data 1-4 1.27-
Furnished by the Purchaser 1-5 1.28
Reference to Standard specifications 1-5 1.29

.

Applicable Documents 1-5 2.1
' Temporary construction Utilities 1-8 2. 2 ;

Boring Logs and Subsurf ace Data 1-8 2.3
'

.

Supplemental Documents 1-9 2.4;

Communicaticns 1-9 2. 6 j
j; contractor's Drawings 1-10 2.7

Results of Proof Test Program 1-11 2.84

Subcontractors 1-11 2. 9
1

! Exceptions 1-12 2.11

'

; SCOPE 2.15 !

! The cont ractor shall furnish all supervision, 2.18
; labor, materials, tools, and equipment necessary tx) install 2.19
; and proof test four , (4) posttensioned rock anchors in
| accordance with the procedures specified herein.
4

PROJECT SIEE. LOCATION. AND SITE CONDITIONS 2.23

North Anna Units 3 and 4 are each nominal 950-Mw, 2.27
nuclear fueled, steam turbine generator units. The reactors 2.29
are pressurized water type.

,

2

North Anna Power Station is located near Mineral, 3.1
- Virginia, in Louisa County, on the south bank of Lake Anna. 3.2

'

The site is approximately 40-miles NNW of Richmond, 3.3
; Virginia, and 70-miles SW of Washington, D. C. .
.

The site is graded to approximately El.-271-ft with 3.5
access from a state road and also from a railroad siding 3.6
serviced by the Chesapeake and Ohio Railroad.

y-12180-100c 11/22/78 034
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I

DEFINITIONS 3.10

'

For the definition of the terms Contractor, 3.13
Engineers 7 and Purchaser, see the General Conditions.

|
-Various other terms used herein are defined, or 3.16 -

mean, . as follows:

A company submitting a proposal to 3.18gidder -

fulfill the requirements of this 3.19
specification.

This word when applied by the 3.21Approved -

Engineers to the contractor's
drawings or documents means that the 3.22
Engineers do not request any change
on the drawing or document on the
basis that the Contractor retains 3.23
the entire responibility for
complete conformance with all of the
specification's requirements. 3.24

These words when applied by the 3.27Approved As -

Revised Engineers to the Contractor's draw- 3.28
ings or documents mean that the 3.30
Enginee rs believe the changes
delineated thereon are necessary to 4.1
be in conformance with the
specification or with existing
conditions. On the basis that the 4.2
Con tractor shall retain the entire 4.3
responsibility f or the material, the
contractor shall either:

a. Incorporate the suggested 4.5
changes into his drawing or 4.6
document and resubmit to the
Engineers, or

b. Inform the Engineers that the 4.8

|
suggested changes cannot be 4.9

| made without prejudice to the
l Contractor's responsibility

under warranty. 4.10'

SCHEDULE AND PROGRESE 4.14

The proof test program shall begin in the Unit-3 4.17

Quench Spray Area. Continuity shall be maintained 4.18
throughout the test program. Ihe work shall be scheduled 4.19
such that as soon as one activity (e.g., drilling) is

! completed in the Unit-4 Quench Spray Area, the same activity 4.20

shall be started in the Unit-3 Main Steam valve House

y-12180-100c 11/22/78 034
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immediately thereafter and at the direction of- the 4.21
,

Engineers. ,

The Contractor shall submit with his proposal a 4.24
construction schedule which shall include realistic starting
dates, elapsed times, and completion dates to meet the 4.25
Contract Schedule.

As soon as the contract is placed, it shall be the 4.27
responsibility of t}w contractor to promptly arrange for a 4.28

'_

meeting with the Engineers' Senior Construction Site
Representative to discuss in detail the planning for yard 4.29

layout, and sequence and timing of his work, in order to 4.30

provide for the most expeditious and economical
construction.

The Contractor shall be alert to the presence and 5. 3
requirements of other contractors and equipment on the job 5.4

during certala phases of the erection work and shall>

cooperate with the other contractors as required for the 5.5'

most expeditious and economical completion of the project as
a whole. 5.6

The Contractor will be required to adhere to the 5.8
Contract Schedule. To ensure this goal, the Contractor 5.9
shall maintain sufficient equipment and a labor force of

,

; sufficient size and competence to complete all work on 5.10
: schedule. If the Contractor fails to maintain the Contract 5.11

-

Schedule f or reasons not the fault of the Purchaser, the 5.12'

; Engineers, or labor disputes, the Purchaser will hold the
j contractor responsible for returning to contract Schedule, 5.13 ,

i with any additional expense to be borne by the contractor.
No change in the Contract Schedule shall be made unless 5.14'

approved, in writing, by the Engineers' Senior Construction 5.15
Site Representative by issuance and acceptance of a
Memorandum of Change to the contract.

FURNISHED BY THE CONTRACTOR 5.19

f
The Contractor shall: 5.22

! 1) Furnish all necessary materials, tools, equipment, 5.24
facilities, and supplies to satisfactorily deliver, 5.27'

assemble, install, and stress the four proof test
anchors, as specified herein.

2) Furnish the grout mixer and pump, as specified in 5.29
" Accessories f or groutinga 5.30

3) turnish wooden boxes to store rock cores. 6.2

4) Furnish 6- 1/ 2-in. ID pipe sleeve to be placed at 6.4
anchor location in the concrete mat. 6.5

y-12180-100c 11/22/78 034
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}) Furnish, design and install tell-tale markers and 6.7
extensometers.

.

6.8 ,

SUBMITTAL OF TECHNICAL DATA 6.11
,

The contractor shall: 6.14

J) submit- with bid for the Engineers' approval the 6.16
manufacturer and type of tendon, anchorages, grout 6.17

-

pipes, all lubricants for the tendon components and
drilling equipment, free end extension of 6.18
prestressing steel, pullout test equipment and
accessories, and instrumentation for all required 6.19 -

measurements.

'

2) Gubmit to the Engineers for approval, at least two 6.21
,

weeks prior to the start of the test program, the-
name of the testing firm and personnel, the 6.22
technique and equipment, and certificates of
calibration for the hydraulic jacks, pressure 6.23
gages, load cells, long range dial indicators, 6.24
flowmete rs, packers, and instrumentation for
measuring the alignment of the boreholes and thei

height of the grout column inside the borehole. 6.25

3) Submit with bid for the Engineers' approval the 6.28
methods and equipment proposed - to:

a. Measure the height of grout column during all 6.30
grouting operations, as specified herein; 7.1

.

b. Insert the tendon assemblies into the borehole 7.3
and maintain the tendons at the center of the 7.4
borehole without movement during the grouting

: procedure.

c. Remove the grout pipes during or immediately 7.6
after the completion of the grouting 7.7
procedures.

4) Submit to the Engineers, at least two weeks prior to 7.10
the start of the test prog ram, an analysis 7.11

i indicating the anticipated elongations of the rock
anchor system during each increment of the load-
unloading cycles specified under " stressing 7.12
Procedure."'

, 5) Submit to the Engineers f or approval, at least two 7.15
| weeks prior to the start of the test program, the ,

name and experience record of the manufacturer's 7.16
prestressing specialist.

y-12180-100c 11/22/78 034

. . _ . - . - _ __ _ _ , _ , _ _ _ _ , _ . _ . _ _ _ _ . . _ _ . _ _ . _



- - - .. - . . .. - -- - - - - .-.

'

1-5

6) Provide the Engineers, at least two weeks prior to 7.18
the start of the test program, the certification of 7.19

Material Test Reports for the complete tendon and,

anchorage components and accessories, as specified 7.20

in " MATERIALS."

]) Submit to the Engineers, no later than two weeks 7.22

after the completion of.the test program, 12 copies 7.23

of a report summarizing the procedures and results
,

of the entire test program.-

FURNISHED BY THE PURCHASER 7.26

7.30The Purchaser will:

1) Furnish rights of access to all property on which 8. 2
work is to be done prior to the commencement of 8.3

work on such property.
!

2) Furnish the results of previous subsurface 8.6

investigations and compression tests on the grout 8.7

; mix.
,

3) Furnish the survey work required to locate and 8.9

determine ground surface elevations for the 8.10

boreholes.
1

4) Furnish all the grout ingredients, as specified 8.12

under " Grout." 8.13

4

5) Furnish Lake Anna water for washing the boreholes. 8.16

| 6) Furnish crane for moving equipment (Note: Contractor 8.19

; remains responsible for providing labor, rigging,

J
and handling,

f 7) Drill holes for extensometers and surface markers. 8.22

REFERENCE TO STANDARD SPECIFICATIONS 8.26

The letters ASTM, ACI, PCI and CRD used herein, 8.29
refer to the American Society for Testing and gatorials, the 9.2

| American Concrete Institute, the Prestressed Concrete
Institute, and the U.S. Army Corps of Engineers,

respectively. It is intended that the revisions to standard 9.3

specifications in effect on the date the specification is
issued for bids shall apply, unless otherwise specified. 9.4

APPLICABLE DOCUMENTS 9.8

yarious codes (and addenda thereto), standards, or 9.11
other documents that are mentioned by short-form name
elsewhere in this specification are fully identified below. 9.12

y-12180-100c 11/22/78 034
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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 changes will be
specifically identified by means of an addendum to this 9.19

,

specification; if the changed requirements in the newer
~

document have a demonstrable e ffect 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

| 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
i 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
f or Prestressed Concrete 10.30'

1

i ASTM-A-325 * Standa rd specification for 11.3
. High Strength Bolts for 11.4
' Structural Steel Joints In- 11.5

cluding Suitable Nuts and 11.6
,

Plain Hardened Washers 11.7
;
,

ASTM-A-36 * Standard Specification for 11.10
,

Structural Steel 11.11

i ASTM- D- 2938 * Test for Unconfined compressive 11.14
Strength of Rcck Core Specimens 11.15

i

y-12180-100c 11/22/78 034
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Complete Identification of the
Short Name As Date of Document and of the Sponsor

' Used Herein Issue Organization

ASTM-C-109 * Test for Compressive Strength 11.18
of Hydraulic Cement Mortare 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 12.1

,
.

I ASTM-E-10 * Standard Method of Test for 12.4
Brinell Hardness of Metallic 12.5
Materials. 12.6

CRD-C79 * Method of Test for Flow of 12.9
;

Grout Mixtures (Flow-Cone 12.10
Method) . 12.11

ASTM-C-494 * Standard specification for 12.14'

Chemical Admixtures for Concrete 12.15

ASTM-D- 512 * Standard Methods of Test for 12.18
i Chloride Ion in Water and 12.19

Waste Water 12.20
.

j ASTM-C-150 * standard Specification for 12.23
Portland Cement 12.24

Standard Method o'f Test for 12.27ASTM-C-151 *

Autoclave Expansion of 12.28
Portland ~ Cement 12.29

ASTM-C-191 * Standard Method of Test 13.2
'for Time of Setting of 13.3

i Hydraulic Cement by Vicant 13.4
| Needle. 13.5

ASTM-D-992 * Standard Method of Test for 13.8,

: Mitrate Ion in Water 13.9
,

i

*The issue (including addenda) in effect on date of In- 13.17 |

vitation to Bid. 13.18
,

! :

!

y-12180-100c 11/22/78 034i
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TEMPORARY CONSTRUCTION UTILITIES 13.22

Electrical power and drinking ' water will be 13.25
provided to the contractor at no cost, to the extent as 13.26
-determined by the Engineers. All other utilities shall be 13.28
furnished by the Contractor. Lake Anna water to be used 13.29
with the grout mix and for washing boreholes shall be I
provided by the Purchaser. !

| BORING LOGS AND SUBSURFACE DATA 14.3 i

A subsurface investigation of the site has been 14.6+

1 performed. Boring and test pit logs, field and laboratory 14.7
tes t results, soil samples. and rock cores, results of
refraction seismic surveys and the Engineers' 14.8
interpretations of these data are available for examination

: at the Engineers' site office.

The above subsurface information shows the 14.11
conditions encountered at the particular location and time

; they were obtaine d. Bidders and other users of the above 14.13
documents are cautioned that some conditions may change'

between the time of a subsurface investigation and the 14.14
period during the execution of this contract, particularly
groundwater conditions. Conditions at the boring locations 14.15-

may not reflect conditions prevailing elsewhere.'
.

) The Engineers have based their design on standard 14.17
procedures derived from interpre tations and conclusionsi

i drawn from the data contained in these reports. It shall be 14.19
the responsibility of the Bidder to: review the documents,
drawings, and reports and any addenda thereto; to 14.20
familiarize himself with the ba sis for the Engineers'
design; and to satisfy himself that the information is
accurate and acceptable- for his bid and work. It is 14.22
recommended that the Bidder familiarize himself with the
site also. The Bidder shall assume all responsibility for 14.23
his conclusions based on the data furnished pertaining to
and affecting the method used in the perforsance of his work 14.24
and the selection of equipment required.

d

If during the course of the work, the Contractor 14.27
encounters conditions that differ from those indicated by 14.28

:' the subsurface ' investigation, he shall immediately notify
' the Engineers in writing of the changed conditions, gailure 15.1

by the contractor to make such a notification within 7-daysi

{ or in time to permit the Engineers to document the changed 15.2
i conditions, whichever is less, shall preclude subsequent

clairs from being made thereon. 15.3
,

if the Engineers concur that subsurface conditions 15.5
differ from those anticipated, immediate negotiations will
be undertaken to arrive at a change in contract price for 15.6

y-12180-100c 11/22/78 034
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the additional or reduced work resulting from the |
unanticipated conditions. Changes in contract price brought 15.8 '

.about by such negotiations shall becomme effective from the
date of written notification.

SUPPLEMENTAL DOCUMENTS 15.12

_ Documents that are equally important as the 15.15
specification in delineating the requirements and conditions 15.16
are as follows:

The Contract 15.20
General Conditions 15.21
Supplementary conditions of Contract 15.22
Correspondence, Invoicing, and Shipping Instructions 15.23
Contractor's Licensing Ordinance 15.25
Project Insurances 15.26i

Federal Register - Vol. 36 No. 75 - April 17, 1971 15.27

| COMMUNICATIONS 16.1

611 letters .by the Contractor to the Engineers 16.4
I shall consist of the original and four copies. 16.5

All communications' pertaining to technical matters 16.8
sent by the Contractor shall _be addressed as follows: 16.9

, Mr. W. M. Sweetser 16.13
| Senior Construction Site Representative 16.14
| Stone & Webster Engineering Corporation 16.15

Box 38 16.16
Mineral, Virginia 23117 16.17;

|
Distribution for test reports, schedules, layout 16.21

.

drawings, or written procedures s_ hall be as follows: 16.22; ,

griginal and nine copies to: 16.25

Chief of Procurement 16.28
Procurement Quality Control Division 16.29
Stone & Webster Engineering Corporation 16.30

t P. O. Box 2325 17.1'

Boston, Massachusetts 02107 17.2

i One copy to: 17.5
1

Superintendent of Field Quality Control 17.7
| Stone & Webster Engineering Corporation 17.8
! P. O. Box 38 17.9

Mineral, Virginia 23117 17.10

l

y-12180-100c 11/22/78 034-
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Two copies _to: 17.13

Mr.1W. M. Sweetser 17.15 l

Senior Construction Site Representative 17.16
Stone & Webster Engineering Corporation '17.17
P. O. Box 33

~ 17.18
Mineral, Virginia 23117 17.19

One copy.to: 17.22

E. H. McCallig 17.24
Project Engineer 17.25
Stone & Webster Engineering Corporation 17.26 ;

P. O. Box 2325 17.27
Boston, Massachusetts 02107 17.28

!

gamples and specimens required by the Virginia 18.2
Electric and Power Company and/or the Engineers shall be 18.3'

sent to the following address:

Superintendent of Field Quality Control 18.7
,

Stone & Webster Engineering Corporation 18.8
P. 04 Box 38 18.9
Mineral, Virginia 23117 18.10'

Contractor's drawings shall be sent to the 18.14
j Engineers at the job office for approval and shall be 18.15

addressed as follows:
,

Mr. W. M. Sweetser 18.19
Senior Construction Site Representative 18.20

i Stone & Webster Engineering Corporation 18.21
'

P. O. Box 38 18.22
Mineral, Virginia 23117 18.23,

CONTRACTOR'S DRAWINGS 18.27
1

| Where contractor's drawings are required by the 18.30
Engineers, the following shall apply: 19.1 .

The contractor shall submit three good quality 19.4
direct reading black and white contact prints and one 19.5
reproducible made from Contractor's original drawing to the,

Engineers for approval with such promptness as to cause no 19.6
delay in the contractor's. work. Submission of drawings by 19.7

: the Contractor and their return by the Engineers shall be in
accordance with the schedule indicated. It is mandatory 19.9
that these drawings be checked before submitting them to the
Engineers.

The Engineers will return to the Contractor, as 19.11
promptly as possible, one print of each of the Contractor's 19.12,

y-12180-100c 11/22/78 034
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drawings with any necessary corrections and/or revisions.
The disposition of each will be clearly marked. 19.13

Any specification or drawings heretofore or- 19.15

L hereafter prepared by the Contractor in connection with the 19.16
i work shall be supplementary to the Engineers' specifications
|

and drawings, and in case of discrepancy between the two, 19.17
i the Engineers' specifications and drawings shall take

i Erecedence, unless and to the extent that the Engineers 19.18
i shall otherwise specifically, in writing, direct. . 19.19

t The Engineers' approval shall not relieve the 19.21
| Contrertor from responsibility for deviation from the

| Engineers' drawings or specifications unless he has, in 19.22
writing, called the Engineers' attention to such deviations 19.23

1

at the time ot submission of drawings. Zhe Engineers' 19.24

approval shall be construed to apply to, and only to,

general arrangement and shall not relieve the contractor 19.25
f rom entire responsibility for correctness of details and 19.26
dimensions. Any work done in advance of the receipt of 19.27
approved drawings shall be done entirely at the contractor s 19.28e

risk and expense.
,

The Engineers reserve the right to reproduce any 19.30
and all drawings or prints considered necessary for 20.1
construction and/or Purchaser's purposes received from the
Contractor on this contract despite any notice to the 20.2
contrary prohibiting the same appearing on the print. 20.3

The number 12180/12181 and contract number shall be 20.5
shown on each drawing.

RESULTS OF PROOF TEST PROGRAM 20.9

The Contractor shall provide the Engineers with 20.12
twelve (12) copies of a complete and detailed report of the 20.13
test program. The report shall include for each anchor, but 20.15
not necessarily be limited to, mill certifications of all 20.16
anchor materials used, logs of boreholes, records of the 20.17

'

rock permeability tests, records of grouting procedure,
plots of tendon clongation versus load, plots of load versus
time elapsed, and comments on any difficulties or other 20.18
pertinent data as encountered in the rock structure during 20.19
drilling operations and stressing of anchors.

SUBCONTRACTORS 20.23

For the Contractor's responsibilities regarding 20.26
,

subcontractors, see the General Conditions.' Subcontractors, 20.28

| if any, shall be submitted with the Contractor s quotatione

and they shall be subject to approval by the Engineers. 20.29

,
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To the extent that they apply, the contractor shall 21.1
impose on each of his contractors the complete requirements 21.2
of this specifica tion. He shall be completely responsible 21.3
that the subcontractors are completely aware of all these
requirements and that they abide thereby. 21.4

EXCEPTIONS 21.8

If the Bidder takes any exceptions to this 21.11
specification, the exceptions shall be itemized and 21.12
described in detail and included as an integral part of the 21.13
proposal. However, no exception will be binding unless 21.14
included as an addendum to this specification. 21.15

All. exceptions must be specifically stated as such 21.18
in Bidder's proposal.

The bidder shall be -considered as meeting the 21.20
requirements of this specifica tion and his quoted price 21.21
evaluated as such unless Bidder's exceptions are itemized.

.

s
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SECTION 2 1.9

INSTALLATION OF TEST ROCK ANCHORS 1.11

The contents of Section 2 are as follows: 1.14

Page 1.16

General 2-3 1.18
Definition of Anchor Components and Stressing 1.19
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-off 2-4 2.6
Lift-off (check) 2-5 2.7

Quiescent Time 2-5 2.9
Efflux Time 2-5 2.10

Rock Tendon Type 2-5 2.11
Location of Test Program 2-5 2.12

Exi. sting 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 2-7 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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i Delivery.and Storage 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 f or Grouting 2-14 3.10
Accessories for Stressing and Testing Anchors 2-15 3.11

Accessories f or 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 Technique 2- 18 3.20
Washing and Cleaning Anchor Holes 2-19 3.21
Rock Permeability Tests 2-19 3.22
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 Demobilization 2-26 4.7
Rock Drilling and Sampling 2-27 4.8

,

Test Grout in Borehole 2-27 4.10
Drilling and Sampling Test Grout 2-27 4.11

<

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 4.28

The posttensioned rock anchors shall consist of 5.1
. high strength steel tendons fitted with a stressing

(. anchorage at one end and a grouted section to permit 5. 2
L transfer of the stressing force to the peripheral rock at

[ the other. end. Certification of the tendons shall be 5.4
provided by the Contractor as set forth in Section-4,
" Quality Assurance Program," of this specification. 5.5

DEFINITION OF ANCHOR COMPONENTS AND STRESSING PROCEDURE 5.9

Terms to describe the components of the post- 5.12
tensioned rock anchors and the stressing procedure are
defined as follows:

Posttensioning 5.15

Posttensioning shall refer to a method of 5.17
prestressing in which the tendon is stressed to the required
tension level after the grout has reached the required 5.18
compressive strength.

Tendon 5.21

Tendon shall refer to the complete rock anchor 5.23
assembly consisting of anchorage, prestressing steel, PVC 5.24
pipe, smooth PVC sheath, grout pipes and miscellaneous
accessories.

Anchorage 5.27
1

Anchorage shall refer to the means by which the 5.29
stressing force is permanently transmitted from the
prestressing steel to the concrete and consists of the 5.30
anchorage head, bearing plates, wedges, shima, and
buttonheads.

Prestressing Steel 6.3

Prestressing steel shall refer to the element of a 6.5
posttensioning tendon which is elongated Junbonded length) 6.6
and anchored (bonded length) to provide the necessary
permanent prestressing force.

Bonded Length 6.10
,

| Bonded length shall refer to the grouted portion of 6.12 l
the tendon that transmits the prestressing force to the,

j geripheral. rock. 6.13
l

(
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Unbonded Length 6.16

Unbonded length shall refer to the part of the 6.18
tendon that is free to elongate during the stressing

|procedure.
|
1

- S heathing 6.22

Sheathing shall refer to the PVC material around 6.24
the prestressing steel in the unbonded length of the tendon 6.26
to provide corrosion protection and preclude bond between
the . prestressing steel and the surrounding grout. The void 6.27

,

between the steel and pipe shall be filled with grease to
provide permanent corrosion protection.

Coating 6.30

Coating shall refer to the material used to protect 7.2
against corrosion and/or lubricate the prestressing steel.

Preliminary Grout 7.5

Preliminary grout shall refer to grouting the 7.7
borehole prior to inserting the tendon if necessary to
improve the permeability characteristics of the peripheral 7.8
rock.

,

First Stage Grout 7.11

First stage grout shall refer to the grouting of 7.13
; the bonded length.

Second Stage Grout 7.16

Second stage grout shall refer to the grouting of 7.18
the annulus between the unbonded length of the tendon and 7.19
the peripheral rock.

,

consolidation Grout 7.22

Consolidation grout shall refer to grcuting after 7.24
the completion of either the first stage grout and/or gecond 7.25'
stage grout to recover any grout level losses due to seepage 7.27
of the grout into the peripheral rock.

Lock-off 7.30
;

-Lock-off shall refer to the transferral of the 8.2
stressing force from the hydraulic jack to the anchorage at 8.3
the completion of the stressing procedure and as specified 8. 4
in the " Stressing Procedure."

,
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Lift-off (Check) 8.7

Lift-off shall refer to checking the prestress 8.9
force in .the posttensioned anchor at any specified time with
a hydraulic jack and a load cell. 8.10

-Quiescent Time 8.14
+

guiescent time shall refer to the amount ot time 8.16
that a sample of ' grout remains undistrubed in the flow cone. 8.17

|

Efflux Time 8.20

Efflux time shall refer to the amount of time that 8.22
a sample of grout requires to run out of the flow cone af ter 8.23
the plug is pulled.

ROCK TENDON TYPE 8.27

Tendons. shall consist of prestressing steel, 8.30
~

anchorage assembly, sheathing or PVC pipe, grout pipes, 9.1
spacers, lubricants, and other miscellaneous accessories.
The prestressing steel shall consist of both the 7-wire 9.3
multistrand and the 1/4-in. diam wire multiwire systems. 9.4

,
The tendons shall be as manufactured by the VSL Corporation, 9.5
the Stress Steel Corporation, the PIC Corporation, the 9.6'

Prescon Corporation, the Inland-Ryerson Construction
Products Company, or equal, as approved by the Boston
Engineers.

LOCATION OF TEST PROGRAM 9.10

The test program shall be performed in the Unit-4 9.13
Quench Spray Area and Main Steam Valve House. The location 9.16
of the test anchors is shown in sketch 12180-GSK-18. The 9.17
anchors shall be located in the field by the Engineers.

EXISTING CONDITION AT TEST LOCATION 9.21

A temporary mat of 4.0-ft thick reinforced concrete 9.24
will be placed prior to the proof test program. The 9.26,

l Purchaser will. provide the necessary blockouts through the
'

mat to permit drilling and rock anchor installation.

MATERIALS 10.1

General 10.5

The Contractor shall provide Certified Material 10.7
Test Reports (CMTR) for all tendon and anchorage components 10.8
and accessories.

The CMTR shall include the following: 10.11

y-12180-100d 11/22/78 034
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.

1 certified reports of 'the actual results of all 10.13
required chemical analyses, physical tests, and 10.14
mechanical tests performed on the material.

,

2. A statement listing any chemical analyses, and tests 10.16
required by the material specification which were 10.17
not perf ormed.

J. A statement giving the manner in which the material 10.19
is identified, including specific marking. 10.20

Prestressing Steel 10.23

The prestressing steel used in the tendons shall 10.25
consist of the 13-strand 7-wire steel conforming to ASTM 10.26
Designation A416 and the 46-wire multiwIre steel conforming
to ASTM-A-421. The prestressing steel may be heat treated 10.28

to enhance the stress-relaxation properties. guenching and 10.29
tempering treatments to produce specific mechanical
properties are not permitted.

The physical properties of the strand are as 11.1
follows:

Nominal strand diam 0.50 in 11.5
Nominal minimum ultimate tensile stress 270,000 psi 11.6
Nominal minimum breaking strength of strand 41,300 lb 11.7
Nominal minimum load (at 1.0 percent extension) 35,000 lb 11.8.

The physical properties of the wire are as follows: 11.11

Nominal wire diam 0.25 in. 11.14
Nominal minimum ultimate tensile stress 240,000 psi 11.15
Nominal minimum breaking strength of wire 11,800 lb 11.16
Nominal minimum load (at 1.0 percent extension) 9,425 lb 11.17

1

Tendon Anchorage 11.21'

Anchorage for the tendons shall consist of anchor 11.24
heads, bearing plates, wedges, shims, buttonheads, and other
miscellaneous items. Dasign of anchorage bearing plate 11.26
shall be in accordance with the provisions of ACI-359-74. 11.27
The concrete test pad shall be approximatley 5.5-f t-x-5.5-f t 11.28
in plan, and 4-f t thick, for each anchor. 11.29

The contractor shall submit with the bid for the 12.1
Engineers' approval drawings showing the details of the ~12.2

| anchor assemblies including the necessary data and procedure 12.3
' for proper installation, testing, and capping. These 12.4

! drawings shall be appr'oved by the tendon assembly

|
manufacturer prior to submittal to the Engineers.

1
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12.7Grout

The first and second stage grout and the 12.9
preliminary and consolidation grout, if necessary, shall be I

,

i made with a Type-II, low alkali Portland cement, 0. 5-pe rcent 12.10 i

by weight of an expansive agent, and a 0.44-water-cement 12.12 |
|

ratio by weight. The above agent shall be Interplast "N", 12.13
manufactured by Sika chemical Corp., or similar material
recommended by the manufacturer of the anchor assemblies and 12.14
to be approved by the Engineers. This grout mix shall be 12.16
used for each bag of grout. .

;

The grout mix is designed to reach a compressive 12.18

strength of at lea st 3,000 psi in 12-days. Preliminary 12.20
grout tests to verify .the compressive strength-time
requirements have been performed and are available to the 12.21
Contractor for review. -The Purchaser shall furnish all the 12.22

ingredients for the grout mix. The Contractor shall furnish 12.23
the equipment and shall mix these ingredients, as specified
herein, to meet the above requirements. Compression tests 12.25
of the grout shall be performed by the Engineers to verify
the above requirements prior to stressing the tendons.

Grout Pipes 12.27

Ihe grout pipes shall be made of a material that 12.29
will not be significantly affected by temperature and with 12.30
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 13.1

,

I will be free of kinks and other structural defects prior to 13.2
and after installation into the borehole. Care must be 13.4

~

taken during the placement of the grout pipes to avoid
interference with the prestressing steel. The grout pipes 13.5
shall be sized to fit between prestressing steel and the
annular space around the tendon and to handle the grout mix 13.6
without clogging.

Lubricant 13.9

| Temporary corrosion protection for the tendon and 13.11
anchorage components shall be a high quality, low friction 13.12

|
'

grease, to be approved by the Engineers. The temporary 13.14
coating shall allow the grout to bond uniformly to all parts
of the tendon steel. The coating shall be made to be easily 13.15
removable in the field with the use of nonchlorinated
pertrcleum solvents for degreasing the bonded area portion 13.16
of the tendon and for the installation of field-attached

. anchorages. The coating material shall be compatible with 13.17
the permanent corrosion coating. Alternately, the 13.18
Contractor may select to encase the prestressing steel with 13.19

.
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a PVC material to provide ccrrosion protection during
transportation and site storage.

The permanent corrosion coating in the unbonded 13.21
portion and the f ree end extension of the tendon shall be a 13.22
petrolatum or microcrystalline wax base material containing
additives to enhance the corrosion inhibiting and wetting 13.23
properties as well as to form a chemical bond with the i

tendon steel. |

The lubricants used for temporary and permanent 13.25
.

corrosion protec tion shall meet the requirements under i

" Performance Tests on Materials." 13.26'

Performance Tests on Materials 13.29
.

Prestressing Steel 14.1

All mechanical tests on the prestressing steel 14.3
shall be perf ormed on f ull-diam test pieces. 14.4

The prestressing steel shall be in accordance with 14.7
ASTM Designaticn A-416 and ASTM-A-421 for the strand wire 14.8
types, respectively. The tensile strength, yield strength, 14.9
elongation, and other pertinent data shall be reported in '

the CMTR.

The stress relaxation properties . of the 14.11
prestressing steel shall be in accordance with ASTM-E-328.
A minimum of three relaxation tests of 1,000-hr duration 14.12
shall be performed. The following data shall be reported in 14.13
the CMTR:

1) Detailed test method 14.17
2) Initial stress 14.18,

1 3) Final stress 14.20
! 4) Test time 14.21

5) Temperature limits 14.22
6) Mathematical tools used to interpret test 14.23

results 14.24
7) Percentage stress relaxation properties for 14.25

design life 14.26

In lieu of performing the stress relaxation tests 14.29
specifically for the prestressing steel required in this 14.30
specification, it will be acceptable to furnish test results
performed on materials previously manufactured to the above 15.1
requirements and produced in the same plant utilizing the 15.2
same procedures that will be employed to produce the
prestressing steel required for this proof test program. 15.3

f
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Additional testa required on the prestressing steel 15.5
are the following:

,

|

1) One static . tensile test 15.9i

| 2) One high cycle dynamic tensile test 15.10

| 3) One low cycle dynamic tensile test 15.11
:

The above test requirements shall be as indicated 15.15-
--in Sections-CC-2462 to CC-2466.3 of the _ACI Standard-359-74, 15.16
" Code for concrete Reactor Vessels and Containments." The 15.17
sbove test results shall be reported in the CMTR.'

Loss of prestress due to frictional losses 15.19
resulting from intended' or unintended curvature in the
tendons shall be based upon experimentally determined wobble 15.20
and curvature coefficients. These' coefficients shall be 15.211

reported in the CMTR and shall be verified during the'

stressing operation.4

Tendon Anchorage 15.24

' The tendon manufacturer shall select the ma?erials 15.26
'

for the anchorage components to be compatible with the 15.27
tendon system. The anchorage assembly shall have suitable 15.29

: physical properties to fully develop the minimum guaranteed
ultimate strength of the tendon assembly and shall be 15.30
fabricated of steel which will not exceed the anticipated '

set of the anchorage components when tested to 95-percent of 16.1
,

the ultimate strength of the tendon assesbly.
.

Materials for anchorhead assemblies, wedge blocks, 16.3
.

and wedges shall conform to the hardness test requirements 16.4
4 of Sections-CC-2433.1 to CC-2434.2.3 of ACI-Standard-359-74.
i The test procedures shall conform to ASTM E-18 for Rockwell 16.5

hardness testing and to ASTM-E-10 for Brinell hardness
; testing.

,

| Anchoring assemblies utilizing wedges for anchor 16.7

| lock-off shall consist of wedges capable of sustaining the 16.8
: tensile loads during the be st program to ensure against 16.9

unseating of the wedges after lock-off. Anchoring 16.10
assemblies utilizing buttonheads for anchor lock-off shall 16.11
consist of buttonheads capable of sustaining the tensile
loads to ensure against rupture of the buttonheads. 16.12,

|

The CMTR for the anchorage materials shall include 16.14
,

the following:

1 Results of tests to ensure the compatability between 16.17
the tendon and anchorage systems throughout all 16.18

: loading conditions.
|

1
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-

2. Results of hardness . tests cn anchorhead assemblies, 16.22
wedge blocks, and wedges. 16.23

3. Hesults of tensile tests on the wedges to ensure the 16.26

Bermanent transfer of the prestress loads to the 16.27
j

wedges after lock-off.

4. Results of ' tensile tests on buttonheads to ensure 16.29

transfer of the prestress loads without rupture. 16.30

Grout 17.3

Cement for the grout mix shall conform to the 17.5
3

'

requirements of ASTM-C-150.

Ihe fluidity of the grout shall be measured in~ 17.8
accordance with CRD-C79. The efflux time at the pump 17.9

discharge shall not be less than 11-sec at zero quiescent
time ani shall not increase less than 3-sec nor more than 17.10

8-sec at 20-min of quiescent time. These time measurements 17.11
shall be made in the field with a stopwatch.

Bleeding of the grout mix at 65-F shall not exceed 17.13

j. 2-percent of the volume three-hours after mixing or a 17.14

i maximum of 4-percent. In addition, the separated water must 17.15
be absorbed af ter 24-hr. Bleeding shall be measured in a 17.16
metal or glass cylinder, approximately 4-in. I.D., with a 17.17

i height of grout of approximately 4-in. During the test, the 17.18
container shall be covered to prevent evaporation.

Compressive strength tests of the grout mix shall 17. 20.

be performed in accordance with ASTM-C-109 and ASTM-D-2938, 17.21i

as specified under " Grout Tests."

|
The chloride and nitrate contents of the grout mix 17.23

shall not exceed the following limits:
i;

1. Chlorides as Cl- -300 ppm (parts per million) 17.27
t

2. Nitrates as NO- -100 ppm 17.29

| The above required tests on the grout ingredien,ts 18.3'

|
and grout mix shall be performed by the Engineers or by an 18.4
approved laboratory at the direction of the Engineers.

i

The expansive agent used in the grout six must be 18.6

: free of chlorides. The Engineers will require submittal 18.7

from the Manufacturer of chemical analyses results. The 18.9
:

I expansive agent s hall- conform to the requirements of
I ASTM-C-494.

|
|

|

|
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|
Mixing Water 18.12

Mixing water shall be clean with a total solids 18.14
;

content of not more than 2,0 00-ppm as measured by the
l

American Public Health Association's " Standard Method for 18.15
! Determination of Total Solids." The mixing water shall 18.17

contain not more than 250-ppm of chlorides as Cl- as'

determined by ASTM-D-512. In addition, a comparison of the 18.18

t proposed mixing water properties shall be made with
distilled water in accordance with ASTM-C151, ASTM-C-191, 18.19

'
and ASTM-C-109, as specified in Section-CC-2223.2 of ACI. 18.20
Standard-35 9-74.

The above required tests shall be performed by the 18.22
Engineers or by an approved laboratory at the direction of 18.23
the Engineers.

Lubricants 18.26

The lubricants used to provide temporary and 18.28
permanent corrosion protection for the tendon and anchorage 18.29
components shall be analyzed for the presence of
water-soluble chlorides, nitrates and sulphides. The 19 7

lubricants shall not exceed the following chemical contents
in accordance with the listed methods of testing:

! Compound Max. Quantity Method 19.6

! (ppm) 19.7
19.8

Chlorides, Cl- 10 ASTM D 512 (limit of 19.10
accuracy:- 0.5 ppm) 19.11

( Nitrates, NO - 10 ASTM D 992 (limit of 19.13
accuracy: 0.5 ppm) 19.14

:

: Sulphides, S- 10 APHA - Test Methods, 19.27
Sulphides in Water 19.28
(limit of accuracy: 19.29
1.0 ppm) 19.30

The coating manufacturer shall provide for 20.8
evaluation and acceptance by the Engineers' test data 20.9
verifying that the following properties are met:

1. Freedom f rom cracking and brittleness, 20.11

2. Continuous self-healing film over the coated 20.13
surfaces, 20.14

j 3. Chemical and physical stability, 20.16
|

|
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4. Nonreactivity with the. surrounding and adjacent 20.18
materials such as concrete, tendons, and ducts, and 20.19

5. Moisture displacing characteristics. 20.21

Marking and Identification of samples 20.24
t

All. materials used in the tendon and anchorage- 20.26
assemblies shall be marked or tagged in such a manner to 20.27
ensure traceability to the CMTR during production and while 20.29

in transit and s to rage. If the original identification 20.30
t markings are cut out or the material is divided into two or
! more pieces, the markings shall be accurately transferred to 21.1

the pieces prior to cutting, or a coded marking or other
! means of control shall be used to ensure identification of 21.2

each piece of material during the subsequent assembly. A 21.3
tabulation shall be made in the CMTR for the materials used

,

in an assembly or group of assemblies.'

f Upon completion of fabrication into a whole or 21.5
partial tendon, the tendon shall be identified with a tendon 21.6'

nuxber. The mate rials in the tendon shall be recorded so 21.7

|
that they can be traced to the tests which have determined

| their guality. 21.8
|

Conveyances of bulk cement shall be sealed and 21.10
tagged before leaving the place of manufacture, showing lot
number, controlling specification, date of manufacture, and 21.11

;

; type. If bag cement is used, each shipment shall be tagged 21.12

| with the same identification as for bulk cement. All tags 21.13
and ma. king shall be maintained with the material at sitel

storage.

311 containers of the expansive agent shall be 21.15

i clearly marked, showing storage requirements and controlling 21.16
specification.

i

TENDON LENGTH 21.20

Total length shall be measured from end to end of 21.23
the tendon. Each tendon type shall be provided with 45 and 21.24
55-f t long tendons.

The bonded length shall be 20-f t and 30-f t for the 21.27
45-f t and 55-f t tendons, respectively. The unbonded length 21.29
shall Be 25-ft for all tendons.

The free end extension of the production tendons 22.1
,

shall not exceed 14-in. af ter stressing measured . along the|
-

tendon axis, from the face of the bearing plate. The 22.3

contractor shall submit with the bid for the Engineers'
approval drawings, design criteria for the free end 22.4

y-12180-100d 11/22/78 034
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1

extension of each tendon and accessories to perform the 22.5'

required stressing. The 14-in. extension requirement of the 22.6
test tendons shall be waived upon submittal of the above 22.7
data and approval by the Lead Geotechnical . Engineer.'

CORROSION PROTECTION 22.11

Delivery and Storage of Anchor Assembly 22.14

- Ihe tendon and anchorage assemblies shall be 22.16
delivered to the site according to the recommendations of 22.17
the manufacturer. Care shall be taken during delivery to 22.19
preclude the development of corrosion and/or structural 22.20

' damage to all components of the anchor assembly. Components 22.21
of the anchor assembly not intended to be used immediately
upon arrival to the site shall be stored in an area that 22.22.

will inhibit corrosion development. This storage area shall 22.23
be approved by . the Engineers. Temporary corrosion 22.24
protection shall be provided by the manufacturer in
accordance with the requirements under " Lubricant."

Each tendon and anchorage assembly shall be 22.26
inspected on two separate occasions: upon arrival at the
site and prior to installation to ascertain that the wires 22.27
are free from nicks, scoring, corrosion development, or 22.28
other damage, and that the jacking and anchor heads are in
satisfactory condition. If in the opinion of the Engineers 22.29
there are any defects or damage, the assembly or any part 22.30
thereof shall be returned to the manufacturer for repair or

1

replacement, at the direction of the Engineers.

Tendon's 23.2
,

Ihe permanent corrosion protection for the bonded 23.4i

length of the tendon shall be grout. The annular space 23.5
between the tendon assembly and rock shall.be grouted by'
pumping through a grout pipe extending to a point not more 23.7
than 6-in. above the bottom of the hole. Pumping chall 23.8
continue until sufficient grout has been placed to ensure
filling the hole to the required depth. Grout shall be 23.9
placed in such a manner as to fill the entire space around
and between the prestressing steel incide the borehole. All 23.10
grouting shall be performed as specified under " Grouting."

: The unbonded length of the tendons shall be 23.12
i protected with a coating meeting the requiremente for .

'

permanent corrosion protection under " Lubricants," and shall 23.13 |
be encased in a smooth PVC sheathing. The sheathing shall 23.14 |

| be wrapped tightly a round the tendon to preclude the 1

entrapment of deleterious materials within the steel 23.15 )
strands. Alternately, the tendon Manufacturer may select to 23.16 |

|
encase the unbonded length with a ' smooth self-supporting PVC 23.17

'

i
1

y-12180-100d 11/22/78 034'

,

. . . .. . . - -. - - . - . . - - --.- - --. -.



_ _ _

,

2-14 |
|

|

| pipe.- The void between the prestressing steel and the pipe 23.18 !
| shall be- filled with a grease injected under pressure to 23.19 l

| fully encapsulate the steel. The grease shall meet the 23.20 I
requirements of permanent corrosion protection under

'

-" Lubricants." The PVC pipe . shall be sealed at both ends to 23.21,

| preclude the entrapment of deterious materials within the
)

| pipe -and to ensure that the grease is maintained inside the. 23.22
pipe. The grout for the bonded length shall extend a 23.23

j minimum of 6-in. above the unbonded length. A seal shall be 23.24
placed directly below the PVC pipe or sheath to prevent the
migration of grout into the pipe or sheath. The diam of the 23.25
seal shall be at least 0.5-in. smaller than the borehole 23.26-
diam to allow water to be displaced vertically during
grouting.

Grout Encapsulation Test 23.29,

A field test shall be performed to measure the 24.1
level of grout encapsulation of the prestressing steel. Two 24.4,

complete 4 5- f t long anchor assemblies, including both the
wire and strand type, prestressing steel, PVC pipe, grout 24.5
pipes and other accessories, shall be placed inside two
ceparate 6-in. I. D. self-supporting PVC pipes. The pipe 24.6

| shall be oriented vertically. After inserting the anchor 24.7
assembly inside each pipe, the entire length shall be
grouted as specified under " Grouting." After 12-days, and 24.9
at the direction of the Engineers, the PVC pipe shall be
sheared and removed. The level of grout encapsulation shall 24.10

>

i be determined and documented by the Engineers.
1

Surface Anchorage 24.13
,

; All anchorage components at the rock surface shall 24.15
be protected with a coating meeting the requirements of 24.16

| permanent corrosion protection under " Lubricants" and to be
approved by the Engineers prior to delivery to the site. 24.17

EQUIPMENT 24.22

General 24.25

All equipment used for handling and placing the 24.27
rock anchors shall not damage or deteriorate the tendon and 24.28
a nchorage, assemblies, and shall be approved by the
Engineers.

Accessories f or Grouting 25.1

Grout equipment shall be capable of continuous 25.3
mechanical mixing that will produce uniform and thoroughly 25.4i

' cixed grout, free of lumps and undispersed cement. Grout 25.6
squipment shall prevent introduction of oil, air, or other

!
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,

foreign substances into the grout. No loss of water from 25.8

L the grout due to poor seals, connections cr other causes

: shall be permitted. A screen with 0.125-in. maximum clear. 25.9- .i

opening shall be used to . sieve the grout before. it is 25.10 !
,

introduced into the grout pump.'

The grout mixer shall include a high-speed mixing 25.12
drum and low-speed agitating _ drum arranged. such that the 25.13

agitating drum .will hold approximately two complete mixes.
. Hew mixes shall be added as.the stored ma terial~ is being 25.14

' pumped . into the borehole, thus assuring a continuous pumping
operation. A Moyno. pump shall be used .for placing the 25.15

,

grout. Once. grouting is . started, it shall be continuous 25.16

until completed f or that hole. The grout equipment shall be 25.17

capable of continuously grouting each grout stage in less
than 20-min.

The grout mixer or pump shall be equipped with a 25.19
metering device to measure the quantity of grout used. The 25.20,

contractor shall maintain a record of the grout quantities

| used in each borehole.

Accessories for Stressing and Testing Anchors 25.23
1

The contractor- shall at all times provide and 25.25'

! maintain In good working conditions a set of pullout test 25.26
|- equipment approved by tte Engineers. The set shall consist 25.28
3 of: 1)--a suitable hydraulic jack with a capacity of not
; less than 600-kips; 2) --a center bore in the ram for 25.29

| installation of the jack concentrically over the 25.30

i longitudinal axis of the tendons; 3)--means of attaching the
jack to the tendons; 4)--a hydraulic pump; 5) --load cells, 26.1'

! hydraulic pressure gages and long range dial indicators; and
| 6)--all other necessary accessories. The Contractor shall 26.2

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 26.3
fail during the ntressing and the testing operation. As a 26.4

,

minimum, the contractor 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 26.5

i working condition and meet the above requirements and all

( others specified herein.

The jacks shall be capable of stressing equally and 26.7

| simultaneously all stressed elements of. the rock anchor. 26.8
'

Each jack shall be equipped with a pressure gage for 26.9
determining the; jacking load. The gage shall have a reading 26.10
dial at least -G-in. in diam and capable of being read to

| 500-lb. Load cells , accurate to t1.0-percent of . the 26.12
I stressing. load, shall be used in conjunction with the 26.13

.
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.

pressure gages on the jacks. The output from the load cells 26.14
shall govern the test _ stressing procedure.

il

The Contractor shall provide long range dial 26.16
indicators reading to an accuracy of a 100th of an inch to 26.17,

measure the tendon elongations during the stressing
procedure. The long range dial indicators shall be placed 26.18
in_ front of the tendon and shall be oriented parallel to the
tendon axis.

The hyd raulic jacks, pressure gages, load cells, 26.20
and long range dial indicators shall be calibrated to verify 26.21 ;1

the accuracy specified above. The Contractor shall provide 26.22
the Engineers, at least two weeks prior to the start of the 26.23
test program, the following items:

1) * Calibration charts for the hydraulic jacks, 26.25
pressure gages, load cells and long range dial 26.26
indicators;

2) The name and qualifications of the testing 26.28
laboratory and/or personnel performing the 26.29

,

|
calibration; and

'

3) The technique and equipment used for calibration. 27.1
i Accessories for the Rock Permeability Tests 27.4'

The Contractor shall ensure that a complete set of 27.6
pressure testing equipment is available in good working 27.7
order at such times as the tests are required. All pumps, 27.10
packers, gages, flow me ters, hoses, and related equipmeat 27.11

| required f or the pressure tests shall be kept available and 27.12
properly maintained so that this equipment will be ready for
testing at such times as the tests are required. The 27.14
contractor shall not be compensated for time lost due to
equipment failure.

Pumps shall be of the positive displacement type 27.16
and shall have a capacity of not less than 25-gal per min 27.17
(gpm) at a discharge pressure of 100-lb per sq-in. (psi). 27.18

Packers and associated equipmen,t shall be provided 27.21
so that either single or double packer tests can be per- 27.22
formed in boreholes of the sizes that may be drilled. 27.23
Packers shall be pneumatically expanded and shall be of 27.24

,

! sufficient length, in the opinion of the Engineers, to
ensure a positive seal in the rock boring. Hydraulically 27.26
expandable packers may be used ~only if it can be 27.27
demonstrated that they can be satisfactorily deflated to 27.28
allow for easy withdrawal from the borehole. The packers 27.29
shall be field tested in a length of casing, as directed by
the Lead Geotechnical Engineer or his appointed
representative (Geotechnical Representative) and shall be 27.30
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.

capable of withstanding a water pressure of 25-psi without 28.1'

leakage for a period of 5-min. 28.2

Flow meters shall read in gallons and shall be 28.4
calibrated immediately prior to use on this project. The 28.6
' Contractor shall either furnish a certification of factory 28.7

i

or laboratory calibration or shall calibrate the meters in 28.8
the field as directed by the Geotechnical Representative.
Field calibration checksL shall be made before the tests and 28.9
at regular intervals throughout the pressure testing work as 28.10
directed by the Geotechnical Representative. The Contractor 28.11
shall provide a container with a capacity of at least
20-gal, and approved by the Geotechnical Representative, for 28.12
making these calibration checks. Pressure gages shall read 28.13
in pounds per square inch and shall be calibrated
immediately prior to use on this project. The Contractor 28.14

! 'shall furnish the Geotechnical Representative with a
certification of calibration of the pressure gages before
the start of any pressure testing. Flow meters and pressure 28.16
gages shall be capable of registering over the full delivery 28.17
range of the pumps.

INSTALLATION OF TEST ROCK ANCHORS 28.23
.

'
General 28.26

The type and length of tendons and anchorage to be 28.28
used shall be as shown on the drawings and as specified 28.29

3

herein.'

Borehole Alignsent 29.2

The orientation of the boreholes shall be vertical. 29.4
. The contractor shall submit with the bid a detailed 29.5
' description of his proposed methods for maintaining the 29.7

specified alignment and methods to measure and document the 29.8
;

alignment of the holes. The tolerance for the borehole
orientation shall be 13 degrees. Instrumentation and 29.9

; methods proposed for measuring and documenting the alignment
j of the boreholes will be subject to the approval of the

Geotechnical Representative.

If a borehole is rejected by the Geotechnical 29.11
j Representative due to failure of the contractor to maintain

| the required alignment, or due to any fault or negligence on 29.12
r the part of the Contractor, the hole shall be backfilled 29.13

with grout, at the Contractor's expense, and no payment will .

be made for drilling the rejected borehole. If a borehole 29.14 '

is rejected due to circumstances beyond the Contractor's
'

control, the borehcle shall be filled with grout and payment 29.15
shall be made in accordance to the applicable items under
" Measurement and Payment."
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I29.18Drilling Technique

goreholes shall be drilled using a rotary type 29.20 .

drill with diamond bits. Holes shall be 6-in. in diam. The 29.24 !
-

t

entire length of the boreholes shall be cared first with an'

NX-size split inner core barrel, as manufactured by 29.25
.

Christe nsen Diamond Products, or equal, as approved by the !
'

Geotechnical Representative. Core runs shall not exceed 29.26

5-ft without the Geotechnical Representative * s prior

| approval. After the core samples have been obtained, the 29.27
' boreholes shall be reamed to .the full 6-in. diam.

Alternately, the Contractor can use conventional drilling 29.28

techniques to obtain full size core samples from the 6-in.
diam boring. Boreholes shall be drilled at least 18-in. to 29.29

no more than 24-in. deeper than required for the 29.30
installation of the anchor assemblies as directed by the

Geotechnical Representative. Any additional drilling beyond 30.1
the limits set by the Geotechnical Representative will be at
the contractor's expense.

The rock core samples shall be placed in wooden 30.3

boxes, furnished by the Contractor, after the necessary 30.4

photographs and measurements are completed by the

Geotechnical Representative. The core boxes shall be stored 30.5

on site at the direction of the Geotechnical Representative.
Box design must be approved by the Geotechnical 30.6

Representative.

The use of arod dope" or grease, or other 30.8
lubricants on the drill rods, tools, or in the hole will not
be permitted. If one is necessary, the Contractor shall use 30.9

a lubricant composed of bio-degradable organic polymers to 30.10

preclude a slippery surf ace buildup around the interior rock
walls of the borehole. The type and contents of the 30.11
1.ubrican t must be approved by the Geotechnical
Representative, and verification of the above requirements 30.12

shall be required by the Engineers. The Contractor shall 30.13
obtain water samples from the borehole after drilling and
washing is completed. The Engineers shall determine if oil 30.15

or grease is contained in the water samples and if so, the 30.16

Con tractor shall wash the hole until all the oil or grease 30.17
is removed. The method of washing shall be as approved by 30.18

the Geotechnical Representative.

The contractor, in. selecting the equipment and 30.20
methods of drilling for the rock anchor test program, shall 30.21

carefully consider the following:--1)--the limited concrete
cover around the borehole; and 2)--permanent rock anchors to 30.22

be installed later adjacent to the four proof test anchors.
Therefore, the contractor shall select drilling equipment 30.23

and me thods which will preclude cracking, spalling, or 30.24

possible failure of the concrete and possible damage to the
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surrounding rock. The Bidders shall submit with bid the 30.25

type of drilling equipment and the methods of drilling.L

Washing'and cleaning Anchor Holes 30.28

The 6-in. diam boreholes shall be thoroughly washed 30.30
; and cleaned before anchor assemblies are installed. Drill 31.3'

cuttings and slurry shall be removed by applying water to
the bottom of the hole and shall continue until the effluent 31.4

is clear of mud- and chips. . Washing shall be done 31.5

immediately af ter completion of drilling, and the hole shall
be suitably capped and protected to prevent entrance of 31.6

foreign material until anchor installation.

The drilled hole shall be checked by lowering a 31.8 '

full size bit to verify. that it is clear to its full

required depth prior to insertion of the anchor assembly. 31.9

If the hole is found to be blocked, such debris or material 31.10
shall~ be removed by washing or by using a tailer. If these 31.12

procedures are not effective, the hole shall be redrilled to
remove the blockage and rechecked as described above.i

Rock Permeability Tests 31.16

Falling Head Test 31.18'

|
After the 6-in. borehole is drilled, all drilling 31.20

rods and bits shall be immediately removed from the
borehole. The borehole shall be completely filled with 31.22,

'

water and the drop in water level shall be measured by the 31.23

Geotechnical Repre sentative with an electrical water level 31.24
indicator. The f requency of readings shall be determined by 31.25 '

4

the Geotechnical Representative at the site. However, the 31.26
time allotted for these readings shall not exceed 30-min.'

Water Pressure Test 31.28

After the completion of the falling head 31.30
permeability test, the borehole shall be completely filled
with water and the entire length of the borehole shall be 32.1
pressure tested in the following manner:

1. The section of the borehole between the packers or 32.3
below the packer shall be tested at a pressure of 32.4
25-psi.

! 2. The pressure shall' be held essentially constant at 32.7 ,

'

I the required test pressure by , varying the pumping
rate.

3. The total water take in gallons for a 10 min 32.9

L interval shall be measured at the flow meter. 32.10
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4. In the event tha t .the maximum pressure cannot be 32.12
developed due to a water take exceeding the 32.13
capacity of the pump, the maximum test pressure
Lshall be taken as tha t which can be maintained 32.14
constant for the 10 min interval.

5. During tte - test, the Contractor will record the 37.17
pressures and water takes and will- also note any
particular events such as erratic pressure or flow 32.18
readings, water leaks around the packer, surface 32.19
water -lea ks, rock uplift, and any other anomalous
events.

^

Pressure Test Records 32.22

Water pressure test data recorded by the Contractor 32.24
i will be presented as two graphs on the attached Pressure 32.25

Test Record (Form-T-12 -4/70) .
Preliminary Grouting 32.29

If the leakage rate from the borehole during the 33.1
water pressure test exceeds 0.001 gallcas per inch diam per 33.2
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 33.4
criteria, the entire process shall be repeated until the
above criteria is satisfied. In addition, preliminary 33.5
grouting shall be required if the leakage rate into the 33.7
borehole during the falling head permeability test exceeds 33.8

'

; 0.5 gpm.

Tendon Installation Procedure 33.11

! The tendon and anchorage assemblies shall be 33.13
installed in the boreholes in accordance with the details 33.14i

i and dimensions shown on the drawings and in accordance with 33.16
j the anchor manuf acturer's recommendations. The Contractor 33.17

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' 33.18
approval, at least two weeks prior to the start of the proof -

,

test program, the method and equipment proposed for 33.19'

installing the tendons.

The tendon and anchorage assemblies shall be free 33.21
of dirt, loose 1 rust, grease, or other deleterious substances 33.22
when installed. The drilled holes shall be inspected to 33.23
insure they are cleaned prior to insertion of the tendons
and protected from entrance of dirt or other foreign matter 33.24
until both the first and second stages of grout have been,

placed. Tendons shall.be installed after the borehole has 33.25|
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been ' cleaned to the . satisfaction of the Geotechnical
Representative.

Ibe tendons shall be securely fastened inside the 33.27
borehole to prevent any movement during the grouting 33.28

,

procedure. Appropriate spacers shall be placed on 10-f t 33.29
centers, to center the tend ons and ensure full grout
encapsulation. The edges of the spacers shall be smooth to 33.30 1

prevent damage .to the strands and the grout pipes. Care 34.1
shall- be taken during placement of the tendons into the
' borehole to prevent the strands from. interfering with the 34.2
grout pipes..

Grouting 34.5
,

Prior to commencing grouting, grout vent networks shall.be- 34.7
checked with compressed air or water to ensure that they are 34.9
clear. All grout piping shall be clean. and free of 34.10
deleterious materials that would interfere with the grouting 34.11
procedure. Piping shall be thoroughly flushed and blown out 34.12
prior to grouting. The grout mixture shall be mixed for a 34.13

i minimum time of 3-min by means of a high-speed mechanical 34.14
agitator. The grout shall be used as soon as possible after- 34.15
thoroughly mixing all ingredients, but not later than 34.16
45-min. after the addition of water to the cement. Mixing 34.17
of grout shall be in accordance with the PCI " Recommended
Practice for Grouting of Posttensioned Concrete," Vol.-17, 34.18'

No.-6, November-December, 1972. Under applicable 34.19
conditions, grouting shall be done in accordance with

,

! ACI-306, " Recommended Practice for Cold Weather Grouting." 34.20
Mixing should be of such duration as to obtain a uniform 34.21
thoroughly blended grout, without excessive temperature
increase or loss of expansive properties of the admixture. 34.22
The grout shall be continuously agitated until it is pumped. 34.23

i The bonded length shall be grouted first 34.25
immediately after insertion of tendons into the borehole. 34.26
The bonded length shall vary, as shown on the drawings and 34.27

;

as specified herein. Grout shall be injected from the 34.28
bottom of the borehole up to 6-in. above the start of the
unbonded length. The grout pipe used for the. first stage 34.30

,

| grouting operation shall be removed as grouting proceeds 35.1
upward or immediately af ter grouting is completed. If the 35.2
Contractor selects the former technique, the contractor
shall ensure that the grout pipe is embedded in the grout at 35.3
least 12-in. at all times to preclude entrapment of air in

I the grout. The Contractor shall ensure that grout is forced 35.4
into the drill hole to fully encapsulate the prestressing 35.5
. steel and fill completely the annular space around the
tendons. A method to determine the height of the grout 35.6

| during the' grouting operation must be established by the 35.7
l Contractor and approved by the Geotechnical Representative.
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After the first stage grouting is completed, a barrier, such 35.8

a large concrete pipe shall be placed around the surfaceas
extension of the anchor to prevent disturbance of the tendon 35.9
prior to stressing. Alternately, the contractor can grout 35.10
the bonded length through a tremie tube from the bottom

until clean grout overtops the hole at the surface. After 35.12

allowing a period of time to elapse to enable an initial set
of the cement to take place, the grout above the bonded 35.13
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 35.15
anchor shall be grouted immediately after the stressing 35.16
procedure, as specified herein, is completed and at the
direction of the Engineers. Prior to commencing the second 35.17
stage grouting, the Contractor shall check all grout vent
networks and grout pipes to ensure that they are clean and 35.18
free of deleterious materials. The contractor shall ensure 35.19
that grout is forced into the drill hole to fill completely
the annular space around the tendons up to and including the 35.20
surface anchorage, and that all air is vented out of the 35.21
drill hole. The grouting operation will be considered 35.22

successful when grout is returned full flow without air 35.23
bubbles through the vent pipe.

i

The grout level, after the first and second stage 35.25
grouting are completed, shall be checked every two hr to 35.26

measure grout consolidation. If the grout level is more 35.27
.than 2-in. below the required level af ter each two-br check, 35.28

additional grout shall be added to raise the grout to the 35.29
required level.

For both stages, the grout shall be vibrated by 36.2
attaching an electric vibrator to the grout pipe to ensure
full grout coverage around the tendon. Consolidation grout, 36.4 :

if required as described above, need not be vibrated.
Testing Alternate Grouting Procedure 36.7

The alternate grouting procedure for the bonded 36.9

length, consisting of initially tremie grouting the entire
borehole and then washing the upper portion, shall be tested 36.10

in the borehole selected for the in-hole grout tests 36.11

discussed below. The borehole shall be completely tremie 36.13

grouted. Ihe upper grout shall be washed by methods 36.14
discussed under " Grouting". Accurate measurement techniques 36.15

to determine the top of the bonded length shall be
established during this test. Subsequent to washing down to 36.16
the bonded length, the in-hole grout test, below, shall be
performed.
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!

( Grout Tests 36.19

.
Two types of. grout tests' shall be made by the 36.21

Engineers to determine the compressive strength of the grout 36.22
' before stressing the anchors:

|- 1. Unconfined compression tests of grout cores, as 36.25
specified for rock cores in ASTM-D2938 , and 36.26

2. Cube tests, as specified in ASTM-c109 36.28

The bottom 25-f t of the drilled borehole for one of 36.30
the 45-f tEarachor shall be filled with grout. The grout 37.2
shall be nilowed 3-days to set. Then, the contractor shall 37.3
obtain 5-ft cores, in acco-dance with the equipment and
methods specified in " Drilling-Technique," after 3, 7, 12, 37.4
ar.d possibly 14-days after the grout was placed.
Representative sections at the top and bottom of each 5-f t 37.5

: core shall be tested in accordance with ASTM-D2938.
; - Alternately, a separate borehole could be drilled for the 37.6

above tests at the discretion of the Engineers. In addition 37.7
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. 37.8

The Engineers' Inspector shall obtain eight samples 37.10
per batch of grout to be used for the bonded length. These 37.12
samples shall be tested by the Engineers in accordance with
the procedures specified in ASTM-c109 to obtain the 3, 7, 37.13-

12, 14, and 28 day compressive strengths. Stressing of the 37.14
anchors shall begin after the required compressive strength
of the grout has been achieved and at the direction of the 37.15

,

Engineers.
f

Instrumentation 37.18
,

i

In addition to the long-range dial indicators to 37.20
; monitor tendon elongation, the contractor shall provide and 37.21

install instruments to monitor movements of the rock at
depth and of the grout in the bonded length. The 37.23
instruments shall consist of tell-tale markers,
extensometers, and surface markers.

I The tell-tale markers shall consist of a 0.25-in. 37.25
! diam wire" encased in a suitable PVC tube and encapsulated 37.26

! with a high quality, low friction lubricant, to be approved
I by the Engineers. The position of the wire tip in the 37.27

| primary grout shall be as indicated in 12180-GSK-19. The 37.28
wire shall be fastened at several locations to the unbondedi

| length of the tendon. The design of the protrusion of the 37.29
wire above the bearing plate shall be as approved by' the
tendon manufacturer.

y-12180-100d 11/22/78 034
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Ex tensometers shall. be the single- and/or double- 38.1 I

position mechanical type and shall be located as_ shown in 38.2
1218 0-GSK- 19. Two, single-position extensometers shall be 38.3 i

_

installed to a depth of 25-f t. In the event that the tendon 38.4 i

manufacturer cannot incorporate the tell-tale markers into I
'

the present tendon design, then, four, double-position 38.5
extensometers shall be installed as shown in 12180-GSK-19.
Ihe Engineers shall drill the holes required to install the 38.6*

extensometers.

Surface markers, consisting of steel bars grouted 38.8
into rock, shall be installed by the Engineers, as shown in 38.9
12180-GSK-19.

Elevation readings of these instruments shall be made by the 38.11
Engineers. Readings shall be taken subsequent to each load 38.12
increment and/or decrement.

Stressing Procedure 38.15

Stressing the anchors shall begin after the grout 38.17
in the bonded length has reached the required compressive
strength, as determined by the Engineers, but no sooner than 38.18 '

12-days after the first stage grouting has been completed.
,

: The anchors shall be stressed with a hydraulic jack, as 38.20
; specified herein. The stressing process shall be conducted 38.21

to allow accura te measurements of tendon elongation,-

stressing load fjack gage pressure and load cell reading) . 38.22
and elapsed time for each increment of load. These 38.24

,

measurements shall be made with high precision calibrated
instruments, as specified in " Accessories for Stressing and 38.25
Testing Anchors." All loading and unloading shall be done 38.26
in 50-kip increments. Increments of load and/or unload 38.27
shall be a pplied when the measured elongations of the
tendons have stabilized under the previous increment of load 38.28
and/or unload and at the direction of the Geotechnical.

J Representative.

The stressing procedure for all tendons (the 38.30
stressing schedule is shown in 12180-GSK-17): 39.1

1- Load tendon from zero kips to a maximum of 400-k. 39.4 |

| 2. Unload tendon from 400-k to 350-k and lock off 39.6
! tendon at this load. 39.7

3. Check load af ter 24-hr. If prestress loss is less 39.10
{ than 25-k, restore load to 350-k, and proceed with 39.11 |

| step-6. If loss exceeds 25-k, restore load to 39.12 ;

j 350-k and hold for a f urther 24-hr. )

! |
|
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'4. Depeat step ; 3. If loss of prestress load again 39.15
exceeds 25k, then the anchor shall be rechecked at 39.16

t

|~ 24-hr intervals at the direction of the
Geotechnical Representative to assess whether the

i

| loss of prestress is likely to continue.

5. If the anchor shows a continuous loss of prestress, 39.18

| the tendon shall be allowed to relax and will be 39.19

[
monitored continuously, at the direction of'the

L Geotechnical Representative until a constant load

is obtained.'

6. If, in step 3 or 4 for both anchors, the prestress 39.21
loss is less than 25k, groceed as follows: 39.22

a. - Unload tendons from 350 k. to 50 k. 39.24
|

b. Load tendons from 50 k to 100 k. 39.26

g. Unioad tendons from 100 k to 50 k. 39.28

_d. Load tendons from 50-k to 150-k. 39.30

e. In a similar manner, alternately load and 40.2
,

unload from 50-kips to 200, 250, and 300-kips 40.3
:

and back to 50-k.;.

f. Load tendons from 50-k to 400-k. 40.5

! g. Unload tendons from a00 k to 350 k. 40.7

I h. Proceed with step 3 and 4, or 5 40.9

1. If steps 3 'and/or 4 are. satisfied proceed with 40.11i -

step 7. 40.12

j 7. After the above prestress loss criteria is 40.14
satisfied, proceed as follows: 40.15

a. Perform 10-cycles of loading from 350-k to 40.17
400-k and back to 350-k, and lock-off. 40.18

b. Perform lif t-of f seven-days after above lock- 40.21
off.

g. Load incrementally from 350-k to 500-k and hold 40.24
this load fqr 10-min.

d. Reduoe loadsto zero. 40.26

The- Contractors .shall provide the Engineers, at 40.28
least two weeks prior to the start gf the test program, an 40.29

y-12180-100d 11/22/78 034 _
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analysis indicating the anticipated elegations of the
tendons during each increment of the above load-unloading 40.30

,

cycles. If the observed elongations deviate from this 41.1
- analysis at any cycle by more than 10-percen t during the 41.2
stressing procedure, an investigation shall be undertaken to ;

determine the cause of the deviation and thq effect it may 41.3 1

have on the final anchor design. !

Safety precautions shall be taken to prevent 41.5
,

'

workers from standing behind the jacks or near the hydraulic 41.6
pressure lines during the stressing procedure.

Measurements 41.9

The elongations of and the prestress loads applied 41.11
to the anchor assembly shall be monitored by the equipment 41.13
and me thods under " Accessories for Stressing and Testing 41.14

'

Anchors" and " Stressing Procedure."

Free Ends of Tendons 41.17

The free end extension of the tendons after 41.19
-

stressing shall be less than 14 in. from the bearing plate, 41.20
measured along the tendon axis. The free end shall be 41.22
protected against damage or corrosion and shall be approved 41.23
by the Engineers prior to implementation.

Manufacturer's specialist 41.26

.The Contractor, at his expense, shall arrange to 41.28'

have a qualified manufacturer's specialist, skilled in
tensioning work, at- the site during the prestressing 41.29
procedure to instruct, train and advise the Contractor's
personnel in the proper execution of the work. Two weeks 42.2

,

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. 42.3

MEASUREMENT AND PAYMENT 42.7

Mobilization and Demobilization 42.10

A lusp sum will be paid 'for mobilization and 42.12
demobilization in accordance to the Bidding Schedule. The 42.13
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 42.15
of the same f rom the site at the completion of the work. No 42.16
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 42.18
will be made for mobilization and demobilization of

y-12180-100d 11/22/78 034
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42.19equipment used ~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 42.20

item and that the specific equipment 'has not, in fact been
|. demobilized and removed from the site.

T.

Rock Drillinq and Sampling 42.23#

I.The unit of measuremen for rock drilling and 42.25s
sampling the 45 and 55-f t borehole s shall be the linear
foot. An additional 45-f t borehole f or- the in-hole groot 42.26.

,

tests may be required by the , Engineers. Th'e unit price 42.28
shall be full compensation' for drilling and recovering NX-
. size core samples with the split inner barrel'and subsequent 42.29
reaming. of boreholes to full 6-in.Ydiam. A separate unit 42.30
price shall be submitted for drilling and recovering full
core samples from the 6-in. diam boring with conventional 43.1

. drilling equipment.

Test Grout in .B.areh_ ole 43.4
- . _

^ The unit of 'measurettent for the test grout shall be 43.6
the cubic foot of grout pumped into the borehole. The unit 43.9

[ price shall be full compensation for grouting the bottom.
_

25-f t of one borehole.
N -

Drilling and Samplino Test Grout 43.11
i

The unit of, measurement for drilling and sampling 43.13
the test grout in the ' borehole shall be the , linear foot.
The unit price shall be full compensation for drilling and 43.14
. recovering NX-size grout cores with the split inner barrel. 43.15
Tlie le r.gth of each core run shall be 5-ft. Core recoveries 43.16
shall be made after 3, 7, 12 and possibly 14-days after
grouting. 43.17

|
Rock Permeability Tests 43.19

: The' unit.of> measurement for the rock permeability 43.21
,

i f tests shall be \ the hr. The unit price shall be full 43.22
compensation for performing the falling head test and the 43.23"

water pressure test at the direction of the Geotechnical
Representative. Payment shall start at the beginning of 43.24
first reading and terminate at end of last reading.

Preliminary Grouting of _ foreholes 43.27

The unit of measurement for grouting boreholes 43.29
which exceed _ the seepage . requirements under " Rock 43.30
" Permeability Tests" shall be .the cubic f oot. The s unit price 44.2

i shall be full compensation for grouting the entire borehole

| at the direction of the Geotechnical Representative.
u
I s

y ,121NO-100d i 11/22/78 034
'a

n.
3
s

\
_ , ..._,_,,_,s,,., ,.,__, ,,,,



_ _

|
!

2-28

Drillinq Grouted Boreholes 44.4
,

I

The unit of measurement for drilling grouted 44.6
boreholes shall be the linear f oot. The unit price shall be 44.7

- full compensation for f ully drilling a grouted borehole. I

i |

Tendons and Installation 44.9 |

;- The unit of measurement for the tendons and 44.11
installation thereof shall-be the linear foot. The unit 44.13"

price shall be full compensation for satisfactory completion
of the following:

1. Furnishing the tendon components.to the site, 44.16

2. Assemblage of the tendon components at the site, 44.18

3. Cleaning and washing borehole before insertion of 44.21
tendons,

E. Insertion of the full tendon assembly into the 44.234

| borehole, 44.24
i
'

5. Grouting of the total tendon length, and 44.26
|

6. Stressing of the tendons as specified herein. 44.28

Consolidation Grout 45.1

The unit of measurement for grouting boreholes 45.3
,

which exceed the grout consolidation requirements specified 45.4
herein shall be the cubic foot of grout. The unit price 45.5
shall be full compensation for regrouting to the required

'
levels after the completion of the first and second stage 45.6
grouting.

Standby Time 45.9

,

Equipment 45.11
:
'

The unit of measurement for equipment stand-by time 45.13
shall be the day. The unit price shall be full compensation 45.14
for delays during the period starting af ter the completion
of the~first stage grouting to the utart of the stressing 45.16
procedure and as directed by the Engineers.

Crew and Equipment 45.19

I

The unit- of measure ment for crew and equipment 45.21
i stand-by time shall-be the day. The unit price shall be 45.22

full compensation for delays at any time during the
installation and testing of the anchors where the 45.24

y-12180-100d 11/22/78 034
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anticipated - delay would not- warrant removal of the labor
forces from the site and as directed b,y the Engineers. 45.25

|- .

45.28 ;

|
Grout Encapsulation Test

_.

A' lump sum will be paid for the grout encapsulation 45.30'

test. T_he contract lump sum shall be full compensation for: -46.1

1. Purnishing two complete 45-f t long tendon assembly 46.4

along with a 45-ft long 6-in. I.D. PVC pipe to the 46.5

site,

2,. Grouting the entire length, and 46.7

J. Extracting the entire tendon assembly f rom _the pipe. 46.10

,

Instrumentation 46.13

A, lump sum will be paid for the design, 46.15

procurement, and installation of the required tell-tale 46.16

markers and extensometers.

;

1

I

i

1

I

.

?
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BIDDING SCHEDULE 1. 7

Item Unit of Estimated Unit Estimated 1.10

No. Description Measurement Quantity Price Total Price 1.11

1.0 Mobilization L.S. 1 1.13

and Demobili- 1.14

zation 1.15'

2.0 Rock Drilling 1.25
,

6 Sampling 1.26

1.282.1 Split inner.

barrel L. F. 100 1.29

2.2 conventional L. F. 100 1.31

3.0 Test Grout in C. F. 5 1.33
Borehole 1.34

4.0 Drilling and 1.36
Sampling Test 1.37
Grout L. F. 25 1.38

.

5.0 Rock Permea- Hr. 8 1.40
bility Tests 1.41

1.436.0 Preliminary C. F. --

Grouting of 1.44

Boreholes 1.45

7.0 Drilling Grouted 1.47
1.48: Boreholes L. F. --

I 8.0 Tendons and 1.50
Installation 1.51

8.1 Multistrand L. F. 100 1.53

8.2 Multiwire L. F. 100 1.55

1.579.0 Consolidation C. F. --

Grout 1.58

10.0 Standby Time 2. 2

2. 4
: 10.1 Equipment Day --

|

I 10.2 Crew and Day 2. 7--

Equipment 2. 8
|

y-12180-100d1 11/21/78 034
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1(U Item Unit of Estimated Unit EstimatedU No. Description Measurement Qua ntity Price Total Price

11.0 ' Grout Encapsula- 2.11
tion Test 2.12

11.1 Multistrand -L.S. 1 2.14-

. 11.2 Multiwire L.S. 1 ~2.16

12.0 Instrumentation L.S. 1 2.19

.

;

,

d

|

|

|

|

|

y-12180-100d1 11/21/78 034
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{ECTION 3 1.9
l

DRAWINGS AND SKETCHES 1.11

The contents of Section 3 are as follows: 1.14

Page 1.16
i

Engineers' Drawings and Sketches 3-1 1.18

ENGIN EERS ' DRAWINGS AND SKETCHES 1.21

The extent and loca tion of work to be performed 1.24
shall be as shown on the following Engineers' Drawings: 1.25

Drawing No. Title 1.28

12180-SS-39 Typical Rock Anchor 1.31
,

12180-GSK- 18 Stressing Schedule of Test 1.33
Program in the Unit 4 1.34
Containment Auxiliary 1.35
Structures 1.36i

12180-GSK- 19 Instrumentation for Rock 1.38
Anchor Test Program 1.39

12180-G SK- 20 Locatiors of Rock Anchor 1.41
Test Program in the Unit 4 1.42
Containment Auxiliary 1.43
Structures 1.44

Form T- 12-4/70 Pressure Test Fecord 1.46
|

|

|

|

!
i

-
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ANCHOR TEST RESULTS AND DISCUSSION
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3.1- GENERAL

The' test program consisted of seven anchors. Anchors 1, 3, 5, 6, and 7
:were multivire systems. Anchors 2 and h were rultistrand systers.
' Anchor 4 was the first anchor stressed, with Anchors 1, 2, 3, 5, 6, and 7
following sequentially.' Stressing loads and tendon elonFations were
determined with load cells and long range dial indicators, respectively.
Movements of the grout column were measured with telltale extensometers.
The first five anchors were fitted with two extensometers. A third
extensometer was added to the last two anchors.

p
'

The restits 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 program are suczarized below:
~

1. The MB 81h grout performed poorly, particularly with
respect to its ability to bond with the in-situ rock,
as indicated by significant grout.colurn 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

| Derformed significantly better than MB 814 as indicated
by very srall moverents in the grout colurns and by visual

i inspection of the rock-grout interfaces fror cores recovered
from Grout Test Hole 3.

' 2. The multivire anchors were stressed up to 96 percent
of the guaranteed ultimate tensile strength (GUTS) of

j the tendon steel during Phase IV stressing with no wire
i failures. Wires in the multistrand anchors failed at

82 percent of GUTS. The apparent prirary cause of the
| multistrand failure is due to center wire slinpage, whereby

| the outer six wires of each strand carried the total
i tendon load.
l
l 3. The method for lock-off for the multivire system was

| simpler and less destructive to the tendon wires than

( that for the multistrand system.

h. The in-situ rock adjacent to the anchors did not undergo
any significant rovement '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,-

u
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Based' upon the above results, the multivire 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
~ Lthe grout mix for_the' permanent anchors.

3. 3 TEST PROGRAM RESULTS - STAGE I .

3.3.1 General

Stage I of the test program included two multistrand and two multivire
anchor _ systems, all grouted with MB 81% grout mixed with 2.0 gallons of
water per 55 lb bag. Rock movements during anchor stressing 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 strength tests and water
quality tests. The results of Stage I are presented and discussed separately
below.

3.3.2 Anchor 1 (Multivire 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 grout extensometers. The results of the four stressing phases
are shown in Figure 3-1, a plot of tendon elongation vs stressine load.
This plot is typical of the elongation-load response of the other multi-
vire anchors where progressive grout-steel debonding occurred as the stress
loads increased to 500, kips.

Figure 3-2 presents the elongation vs load results for Phase I stressing.
This plot shows the characteristic parabolic-shaped curve, for both the
loading and unloading cycles. This is typical for all the multivire
tendons. The tendon elongations correspond to the elonrations for a fully
bonded system * until a load of 100 kips was reached. .With increasing load,
the tendon wires in the bonded length progressively debonded from the
grout column until, at h00 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 approxirately 15 in of
permanent elonration.

When the wires are completely debonded, the full anchor load is transferred
to the baseplate and the grout column is placed in comoression. The latter
is considered desirable since grout is better able to transfer load
in compression than in tension. Prorressive grout-steel debonding may be

_

#A. fully bonded system irplies that the tendon elongation occur within the
unbonded length of the tendon (upper 25 ft). A fully unbonded syster
implies that the tendon elongat! q occurs throughout the entire length of
the tendon.

f
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Jattributed to the smoothness of the tendon wires and the Poisson's Ratio<

: effect upon the tendonisteel. 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 unloadinr, 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 reducine

-

:the annular; space between the wires and the grout colurn. There fore , .-

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.exclaining.
the residual etrain or permanent elongation of 15 in of the tendon after
. unloading to the 50 kip level.

Figure' 3-3 presents the grout coluen moverents for the Phase I stressing
sequence. The grout column rovements increased gradually up to a load
of about 200 kips -after which only minor movements occurred. The recorded
grout column moverents at the h00 kip load level were 0.6 and 0.85 in
for the upper and lower extensoreters', respectively. The higher roverent
of.the lower extensoreter-seers unrealistic since this behavior would
indicate that the lower grout colurn had moved up pore than the upper.
grout column.. During unloading the extensoreters showed no roverent, as
indicated by the vertical shape of the plot, until the load dropped below
200 kips. From 200 kips to 50 kips, the trout 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 starting

position (by 0.38 and 0.08 in for the upper and lower extensoreters,
respectively). These results are unrealistic and rost likely indicate
either inaccuracy of the grout extensoreter syster or entanglerent of

-

extensometer wires with the tendon wires, with the initial slack in the
wires being recovered during stressing. Field observations durine anchor
installation indicated that entanrierent of the extensometer and tendon
wires vas possible.

Based upn the evaluation of the Phase I extensoreter data the followine
observations can be rade:

1. Up to a load of 200 kips, the anchor load is transferred
to the upper portion of the grout colurn and then to
the borehole rock with sirnificant upward poverent of
the grout column.

2. As progressive debonding at the grout-steel interface
occurs with increasing loads, stresses are transferred to
lower sections of the grout colurn.

3 Complete debondinc of' the grout-steel interface in the
upper portions of the grout colurn takes place as the
load increases beyond 200 kips as indicated by the lack of
upward grout roverent durine the last 200 kits.

E w_ _ _ _ _ _ -- _ --- - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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h. The movement of the grout colunut during unloading follows ]
closely the movement that occurred during loading. . The. .I
upper portion of the grout colunut does not undergo any'
downward movement during unloading from kOO kips.to 200 kips i

due to the Poisson's Ratio effect .cn the' steel. ]
The elongation vs load curves for Phases II and III (Firure 3-1) fall in narrow i

'' bands that are approximately parallel-to the. theoretical fully bonded line. |

During the seven-day lock-off between Phases III and IV, the anchor
load increased 4.9 kips above the lock-off level.. This slight increase

. is probably due to either . changes-in temperature or release of some of
the residual stresses within the grout column.

.

The results of the Phase IV stressing are shown in Figure 3-1. The i

wires behaved elastically up to 460 kips and then plastica 11y 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 3-4) indicates complete grout-steel debonding in
the upper portion of the grout columr. Grout coluusi movements did not
increase appreciably during Phase II. III, 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 tem e

creep of the steel during testing, and residual stress retained by the :

steel within the grout column. I

i

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.

7

3.3.3 Anchor 2 (Multistrand.8ystem)
:

Anchor 2 is a 55 ft long multistrand syster. Figure 3-6 presents the -

elongation vs load results for the four stressing phases. The extent i

of steel-grout debonding was less than in Anchor 1. Initial plastic ;

yielding of the tendon seems to have occurred between 350 kips sad 400 ;

kips, much earlier than expected, with significant yielding occurring ;

beyond 400 kips. A permanent set of about k.4 in remained after the |
Phase IV stressing was completed. !

The.results of the Phase I stressing are shown in Firure 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 strairht
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 ~1ength due to the georetrical arrangement of the 1

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 bunded and unbonded lines. However, the equal move-
ments _ of both grout extensometers, shown in Figure 3-8, surrest that the
entire grout column moved uniformly, and if these grout column movements
are deducted from the total tendon elongation, then the resultant net elonFa-
tions of the steel wires would fall very close to the theoretical fully
bonded line. Therefore, it may be inferred that miniral grout-steel debonding
occurred. Steel-grout bond characteristics for a multistrand system are
significantly better than for a multivire 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 Frout, irrespec-
tive of actual grout-steel bond.

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

The behavior of the grout column during Phase I stressing, as indicated
by Figure 3-8, is significantly different from that recorded in multi-
vire 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 ragnitude of grout column
movement, approximately 2.0 in at h00 kips, indicates poor bond between
the grout and rock.

The results of the Phase II and III stressing (Figure 3-6) fall within
narrow bands with the same slope as the Phase I stressing, except above
350 kips where elongations due to plastic yield occurred. Durinr the
Phase II stressing sequence, one wire in a seven-vire strand was heard to
break as the load was being increased. Examination of the tendon at that
time revealed no indication of wire breakage. However, after comnleting
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 hold dropped M kips. This
large loss was apparently due to deformations of the horseshoe destres-

,

-sing shim. This was discovered after corpletion of the hold and lift-i

off cycle.

Grout column movements during the Phase II and III stressing are shown in
Figure 3-9. These plots are essentially linear, arain indienting good

; bond between the steel and grout colunn. However, the marnitude of grout
column movement indicates poor grout-rock bond.

L

!
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- Phase' IV loading of the anchor from 350 kips to.500 kips was attempted,

' but excessive elongations occurred at the 400 kip and 450 kip levels.'

.

.

. indicating yield.in the steel (refer to Figure "-6). : At a load of 4T1 kips, ;
' wires in the strands were heard toLanap, and jacking was immediately dis- |

? continued. _The permanent tendon set was about h.4 in. Grout column j

movements during Phase IV were constant at about 2.0 in (see F$rure 3-9). .'
' The results of the rock measurements .during all the stressing phases are 4

shown in Figure 3-10. Note that the rock movements were very swall. t

!

Examination of the tendon strands after the test equipment had been I
dismantled showed that,-with one exception, the wires had broken level- -

with the bottom of the grip wedges. The exception was the one wire that i

had come into contact with the edge of the bearing plate. The sifni- |

ficance of this observation is discussed with the results of Anchor k. {
4

3.3.4 Anchor _J (Multivire system)

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

data for all stressing phases are shown in Figure 3-11. The results i
indicate a performance very similar to that of Anchor.l. The same progressive ,

debonding of the wires was noted with almost complete debonding at 400' |
kips. This can best be seen in Figure 3-12 which shows the data for !

the Phase I stressing. The Phase II and III stressing results (see- '

Figure 3-11), as in Anchor 1, plot aoproximately parallel to the theoretical |
-

fully bonded line, thus indicating 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 was
measured, as occurred with Anchor 1.

Two differences were noted between the results of Anchors 3 and 1. At
a load of h50 kips, the elongation of Anchor 3 was in excess of the :

theoretical fully debonded line (refer to Figure 3-11). The excess movement
'

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 moverent since mill test reports indicate k60 kips to be the "

Ilowest load at which yield could be expected and no wire failures were
found after stressing. Therefore, it is assured that the baseplate as !

well as the entire grout column moved uniformly up the borehole. The :

other difference between performance of the two multivire anchors (Anchors 3 ,

and 1) is the smaller grout column movements recorded in Anchor 3. This i

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 colurn
.(Poisson's Ratio effect in compression) and, earlier ~ development of mechanjesl
friction between the grout column and the rock. The erratic readings
of the grout extensometers during Phase IV stressing (see Firure 3-14)
are probably due to entanglement of the grout extensoreter wires with
the tendon wires and are therefore not considered to be reliable.

.



p < >

.-

-

3-7

iThe' permanent set of the anchor was recorded to be approxirately 1.1 in
and was due to yielding in the wires at loads above 460 kips and to the
unrecovered grout colusst movements.-

E Rock movements during the stressing of Anchor 3 are shown in Figure' 3-15
The rock extensometers, the surface markers, sad grouted rebars measured ,

negligible rock movements.-

Upon completion of the Phase-IV loading, an attemet was made to load the
' anchor to failure (Phase , V) to determine the " weakest link" in the anchor
system. . The elongation vs load for this loading sequence, shown in
Figure 3-16, indicates that the anchor behaved as a fully unbonded system
with load being transferred to the baseplate. The tendon wires did not
. fail but yielded plastica 11y. Loading was discontinued at.522 kips.

3.3 5 Anchor h (Multistrand system)

Anchor 4 is a h5 ft long multistrand system. This was the first anchor
tested, and the stressing was performed in extrerely cold weather._ The low
temperatures did not affect the load-elongation data obtained but did cause
brittle failure of the tack welds holdin6 the pulley section'of the grout
extensometer. The extensometers were reseroed and subsequent data was
adjusted to accour.t for the. initial deflections. The results of the four
stressing nhases are shown in FiFure 3-17

The elongation vs load plot for Phase I stressing is shown in Figure 3-18.
The tendon elongation at the initial load increment of 50 kips plots beyond
the theoretical fully unbonded line. As in Anchor 2, this.relatively
large elongation is due to initial slack in the tendon wires which was
recovered immediately after initial loading. The shape 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 column roverent vs load fi e the upper extensoreter
is similar to that of Anchor 1, and indicates pro Tessive debonding.e

The movement of the upper extensor.eter reaches a maxirum of 1.0 'in.
The movepents recorded by the lower'extensoreter are much smaller,
approximately 0.25 in and more linear. The curves for. both extensoreters
become nearly vertical ~ above 250 kips, indicating that at this load' level
the tendon load is transferred below the lower extensoreter. The hirher
movement recorded by the upper extensometer indicates poor 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.
i

!' The results of cyclic loading during the Phase II and Phase III
i ' stressing sequences are shown it. Figure 3-17 These results plot in

! narrow bands and parallel the curve for the Phase I stressing. The tendon
!
I

e

I

t
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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. j

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 435 kips and kk5 kips with.the
tendon rapidly elongating. Consequently, the load was reduced to zero
and the equipment dismantled to permit inspection.- It was found that in i

eight of the thirteen strands one wire per strand had snapped level with
the bottom of the grip vedres. All the broken wires were on the same
side of each strand, and the eight strands were all on one side of the
tendon. The location of the failed strands indicates that the tendon
loading from the hydraulic ,1ack was not symmetrically distributed for the
13 strands. At this point in the test program, the tendon failure at such >

low load levels (approximately 82 percent of the ranufacturer's guaranteed
ultimate tensile strength) was attributed to:,

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

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

To further investicate the cause of these failures, an additional phase,
Phase V, was added to Anchor 4. For this chase the wedges were 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 kTO kips, slightly higher than during the Phase IV
stressing but, nonetheless, significantly lower (87.5 percent) than the
guaranteed ultimate tensile strenrth of the strands. This phase was stopped
at this point and the stressing equipr.ent was reroved. Inspection of the
tendon showed that wires in all the strands had failed and that the wires
had broken level with the bottor. of the grip vedges. The center wire had
been broken level with the other six wires in two of the strands and was
still intact in the other eleven strands..

t

These obsersations indicate that the "early" failures are due to a cor-
bination of the following

,

i 1. " Teeth rarks" from the crip vedres leading to

| localized stress concentrations :
'

!
.

- -- -- - - . _ _ . . . -y , , ,y, c, - . ._, .--...-_v.%-.,w,._,-,--,_- .n,,.,_m.,,.y, ,,,e,.----,,m., .,-w.,% _w,-w --
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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 bcttom of the grip vedges,
with the failure beginning at the first indentation. Resetting of vedges
may lead to slight overlap of the " teeth marks," and failure at lower
stress (h35 kips to 445 kips for Anchor 2) than when the wedges were not
reset (470 kips for Anchor 4)..

Most likely, slippage between the center wire and the exterior six vires
of each strand is the principal reason for the reduction in anchor
capacity. Each strand is corprised of six vires 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 vedges.
In normal posttensioning systers, the strands are held with barrels and
vedges at both ends, but in foundation anchors the strands are held only
with barrels and vedges 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 slippage for all strands
would mean a drop in ultimate strength to approxitately 85 percent of the

; guaranteed ultimate tensile strength. This compares well with the observed
ultimate anchor capacities of Anchors 2 and h. For a six vire strand,.

plastic yield would cor:nence at 390 kips. Figures 3-6 and 3-17 show
that plastic yielding occurs between 350 kips and 400 kips 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 Figure 3-21. In

comparison with the initial large displacerents that occurred in the
upper extensometer during Phase 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 moverents of the rock extensoreters
j and the surface markers. The latter recorded negligible rock rovenents.

! 3.3.6 Grout Test Fole No. 1

|
' The purpose of Grout Test Hole 1 vos to deterrine the in-situ

time-strength relationships of the anchor grout via unconfined comnression
tests of grout core samples and to corpare these results to those obtained
from mortar cubes.

.

The diareter and depth of this test hole were approximately 6.0 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 prelirdnary grout, MB 81h grout (with 2.0 gallons|

,

---a v , - - - - - .
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of water per 55 lb bag).was tremie grouted to the ton of the borehole.
The upper 20 ft of the grout was flushed as in the anchor boreholes.

t The bottom 25 ft of the borehole was cored at 5 ft intervals 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
cFigure'3-23. The compressive strengths from_the core samples are
significantly higher for samples tested within the first 12 days 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 Blk grout and the effectiveness of the tremie groutinF procedures in
encapsulating the multistrand anchors. The multivire 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 h5 ft long, 6 in dia PVC pipe.
The pipe was lifted and hung vertically from the edge'of the Unit k
reactor containment excavation. The PVC pipe was tremie grouted with
the MB Blk grout. After eight days, the pipe was lifted from the scaffolding
and laid horizontally. The grout column was cut'into several sections.
The cut end of each section showed excellent encapsulation of the tendon'

strands with complete filling of the interstitial spaces between wires.

3.3.8 Grout Compressive Strenrth

Portar cube samples of the MB 814 grout were taken during the grouting
of the anchor test holes, grout encapsulation test, and grout test
hole. All samples reached unconfined compressive strengths in excess
of 3,000 psi within seven days and in reneral, the compressive strengths
exceeded 6,000 psi after 28 days. Figure 3-23 shows compressive ::trength
vs time for the grout test hole. Cube strength results for the MB Blk
grout used in Anchors 1 through 5, and the grout encapsulation tests
are shown in Figure 3-24.

3.3 9 - hter Tnts_

Lake Anna water was used for washing the grout test and anchor bore-
holes and for mixing the grout ingredients. It is anticipated that Lake

Anna vater will te 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 would be
d.tleterious to either the grout or the tendons. Groundwater temperatures
with respect to depth and tire were determined frori several boreholes -
.to better document the in-situ environrent in the Frouted ' anchors ~ (Table 3-2). .

L
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The results of the chemical analyses, 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
. witt. respect to depth and time, as shown in Table 3-2 indicate that
- groundwater temperatures are essentially constant with respect to depth,
timag and site location. ' Recorded temperatures range from 530F to 58.50F
with an overall average of 550F. ~ Based upon these data, it was determined
that both lake and groundwater will not have 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 vere effective.

3.3.10 Evaluation of State I Test Results

Stage I of the test program provided many significant results. Based
upon an evaluation of these results the following cor.clusions can be
drawn:

1. Failure of the multistrand tendons at approxirately
82 percent of the guaranteed ultimate tensile strength
(GUTS) was due primarily to slippage of the center
wire 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 rultistrand tendons at loads significantly less
than GUTS have been docurented elsewhere. During
an inservice inspection of the posttensioning syster
at the Rancho Seco Nuclear Stationt10) in California,
a multistrand anchor failed at 82 percent of GUTS.
Also, during the test program for the rock embedded
portion of the gtensioning syster at the BellefonteNuclear Station 'in Alabama, one rulti-strand

anchor failed at 82 percent of GUTS. Based on'these
results the rultistrand syster was eliminated from
further consideration for the production anchors.

j

! 2. The multivire system was tested to a raxirum of 522 kips
! (96 percent of GUTS) without failure of the tendon ,

'

wires. - Lock-off was achieved with shirs placed between'

the anchor head and the bearing plate and lift-offs
,

;- were perforred satisfactorily.

! 3. The HB 81h grout displayed unsatisfactory grout-rock
! bonding characteristics as indicated by the large

grout column moverents. Cors recovery of the grout
i^ interface in Grout Test Hole 1 also showed that the

tgrout had not bonded to the rock.

.._- - _ _ _ - - - _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ . .
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h. | Tendon elongation results for Phase I stressing
(similar to stressing sequence planned for the perranent i

anchors) were not significantly different for the
multistrand vs the multivire tendons, indicating-

bonded lengths selected for the test pmgram. These~
')that the results were insensitive to the total and-

'

results also show that the multivire tendons ~ experienced
,

almost completc 'ebonding'in the bonded length, _ *

significantly v te than for the multistrand tendons.
- However, this is not a problem since the base plate
at the bottom of the multivire places the grout
in compression. The " permanent set" at the end of
Phase IV stressing is primarily due to plastic yield
of the tendons.

5 Rock movements during all stressing phases were
negligible.

6. Lift-offs after seven day lock-offs showed that
greater changes in prestress level occurred in the
multistrand tendons than in the multivire tendons.

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

8. Compressive strengths of the MB. 81h grout, as determined
from mortar cubes and grout cores taken from Grout
Test Hole 1, were significantly above the minimum
requirements. The strenFths determined from the grout
cores were significantly higher than those deterrined
from mortar cube tests.

'

9 The array of instrumentation, with minor excentions,
'performed well.

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

11. The Phase V stressine of Anchor 3 indicated that the
' weak link" in the steel-grout-rock syster is the ten-

don steel. Since the strenrth properties of the steel
are easily quantifiable, these results make possible
the deterrination of the lowest factor of safety in
the anchor syster.

e

.

t

.
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3.4 TEST PROGRAM RESULTS - STAGE II

3.h.1 General

Based upon the results of Stage I, the test program was continued with ai
' 45 ft long multivire tendon (Anchor 5) and MB 81h grout mixed with 2.h gal-

lons of water per 55 lb 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) grout
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 81h grout (and
2.h 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-Frout interface
to visually examine the bonding characteristics of the two grouts.

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

3.4.2 Anchor 5 (Multivire System)

Anchor 5 is a 45 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 Iced plot in
Figure 3-25 The results show good grout-steel bond up to 200 kips,
as indicated by the load-extension line plotting along the theoretical
fully bonded line. Thereafter, progressive debonding occurred with alrost
complete debonding at a load of 400 K (Figure 3-26). The behavior of
Anchor 5 during Phase I stressing in similar to that of Anchor 3 the

other h5 ft multivire tendon (see Firure 3-27). The results of Phases II
and III stressing plot in narrow bands rourhly narallel to the fully bonded
line, as shown in Figure 3-25 During the hold test, which lasted 2h days,
the anchor lost 10 kips of load. During Phase IV stressing, the anchor
behaved elastica 11y (Figure 3-25). After unloadinc,1.1 in of perranent
deformation remained.

The lover Frout column extensoreter exhibited little moverent durine all
stressing phases (Figure 3-28), and behaved in a manner sir 13ar to both
Anchor 3 extensoreters (Figure 3-29). However, the unner extencoreter
displayed an anoralous behavior. During Phase I stressing, erall reverents
occurred up to 150 kips. At this point, a loud crack was heard and the
extensoneter wire jumped 0.125 in (Figure 3-30). Thereafter, the roverents
increased, and at the end of Phase I, the extensoreter had roved 1.65 in.
During the remaining three phases, the upper extensoreter continued to
exhibit large displacerents (Figure 3-28). This behavior may have been due
to cracking of the grout colura at the 150 K load, followed by moverent
of the upper Frout colura as a single unit with the tendon vires being
separated from the lover grout colurn. Further evaluation of the possible
grout column separation, made after the corpletion 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 coluna 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 were located at the midsection of the top two grout sections.

- 3.k.3 Grout Test Holes No. 2 and 3
,

These two grout test holes were approximately 6.0 in dia and were drilled :

to a depth of about 25 ' ft. Grout Test Nole 2 was filled with MB Blk grout
mixed at 2.4 gallons of water per 55 lb bag of cement. Grout test Hole 3
was tremie grouted with Type II+N grout mixed at 5.0 gal of water per-
9k lb 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

5recover the grout-rock interface. Tables 3-3 and 3-4 provide lors of cores
recovered from Grout Test Holes 2 and 3 respectively. Visual exar.ination
of the cores indicated that adequate bonding had occurred in approximately
39 percent of the recovered cores of the MB Blk grout-rock interface . Cores
from Grout Test Hole 3 showed that adequate bonding occurred in apnroximately

i 100 percent of the recovered grout-rock cores for the Type II grout. <

I A petrographic analysis was performed on four thin sections of the Frout- .

rock interfaces obtained from the grout test hole cores. Two thin sections4-
were made from each test hole. The results of the petrographic analysis are, ,

discussed in detail in Apeendix D. Briefly, the analysis revealed that
i during curing the MB 814 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

j 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 81h grout. Exarination of the Type II
| cement grout-rock interface found significantly less cracking at the grout-rock
,

i interface, with little evidence of a chemical reaction and no mineral filling
in the cracks.'

i

3.4.4 Evaluation of Ct, age II_pesults'

i

Results from Grout Test Hole No. 2, the thin secticn analysis, and the
cracking of the grout column of Anchor 5 clearly indicated that the ;

[ MB 81h grout did not provide adequate rock-grout bond. Based upon these
'

,

: results it was decided to abandon the use of MB 814 grout and to extend
I the program to include two anchors grouted with Type II+N crout.

!,
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35 TEST FROGRAM RESULTS - STAGE III

351 General

[ Stage III of the test program consisted of two 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
1multivire 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 with
6 in dia keeper plates instead of 51/k in. The effect of this chanre
was considered minimal.

352 Anchor 6 (Multivire Syster)

The results from all four stressing phases are surrarized in a tendon
elongation vs load plot shown in Firure 3-32. The stressine results
indicate a performance similar to the other 55 ft multivire tendons,
Anchors 1 and 7 as shown in Figure 3-33. During Phase I, progressive
debonding cormenced at 100 K and continued until complete debonding
occurred at 400 K (Figure 3-34). Durine Phasec II and III, the
results plot in narrow bands, roughly parallel to the theoretical
fully unbonded line rather than the theoretical fully bonded line
as was observed in Anchors 1, 3, and 5 This departure from previous
observations is probably a result of less friction developing between
the grout and steel.

Anchor 6 experienced elongations creater than a theoretical fully
unbonded system during Phases II and III (Figure 3-32). Anchor 3;

,

experienced similar results. This behavior cannot be attributed
to yield of the steel, since the mill test report Lhows that plastic
yield should not begin until a load of h60 K is irposed and no wire
failures were noted after stressing. The excess movement could
be due to movement in the entire grout colurn.

During a 10-day holding period, the stress in the anchor increened
10 K which is probably due to rearrancerent of residual stresses within
the grout column.

Phase IV stressing to 500 K was accomplished with sore yieldinr of the
steel. After cor.plete unloading,190 in of perranent deformation
renained.

Grout extensometer moverents are plotted in Firures 3-35 and 3-36.
The upper two extensoreters displayed very sea 11 moverents. The middle
extensometer moved about 0.05 in, and the upper extensoreter roved.
0.15 in. In general, the movements occurred durinr loading to 200 K,
with no additional movements observed therestter. These arall movements
indicate good Frout-rock bond. Considering the small moverents of the unper

.
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. .

Jext'ensometers, the 'la'rger movements of the lowest extensoreter appear to )
...

; . ,

'

' be _ anomalous, and are most likely due to the extensometer detector ' wire -
:being entangled with the tendon wires.

,

b353 Anchor 7 (Multivire systen)

1 Anchor 7 is a 55 ft multivire tendon. The physical characteristics
,

of _the complete tendon system are shown in Table 2-1. During construction J

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 extensopeter had become tangled,

with the tendon wires. The other probler concerned the contractor's
inability to properly thread the puller bar into the anchor head. - Visual
inspection of the threads in the anchor head revealed. sore irregularities .t
in the threads. However, 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, 6, and 7,~

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

Plots of the grout coluna extensometer rovement vs load is shown in 1

Figure 3-38. The two lower extensometers moved less than 0.03 in. "

thus indicating a good grout-rock bond. The upper extensometer showed
movements of 0.80 in 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 1

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 resumption of testing, every wire was individually stressed
to 76 percent of GUTS to determine whether any wire had been damaged.
The results of the above stressing sequence 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 45 of the h6 wires were
engaged. The refitting of a new anchor head reduced the length of
the anchor by approximately 6 in. Refer to Appendix B for a more detailed
discussion of the anchor damage and the subsequent repairs.

All four stressing phases were then performed on the repaired Anchor 7.
The plot of tendon elongation vs load is shown in Firure 3 h0. Durint
Phases II 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 column. Phase ~IV jacking was discontinued at k59 K
as excessive elontation occurred due to plastic yieldinc of the steel.
After removal of the load. 0.85 in of deformation rereined due to plastic
yield of the steel and the residual stress on the anchor.

,
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| The extensometer moverents are plotted in Figures 3 h1 and 3 h2. The
'

movements are relatively small for all three grout extensometers.
These small movements indicate much better bonding of the grout to
the rock. Note that the movements recorded by the upper extensoreter
are significantly less than during the stressing phases prior to the
thread damage. These results confirr the earlier observations that
these movements were anamolous and were due to the detector wire being

c entangled during the anchor installation.

3.5.h arout column Test

The grout column test was perforced to determine the effect the exoansive
agent would have on the grout strength and to visually observe the
expansion process. For the test, a h in dia, h2 ft long pipe was used.

. The pipe was suspended from the scaffolding in the reactor containment
excavation and trerled with a grout mix consistinc of Portland Type II
cement mixed at 5 gal of water per bac. The expansive agent Intraplast "N,"
was added to the grout at a rate of 0.h9 lb per bar.

After placing the grout, the pressure gages were ronitored continuously
until the grout column set and any reaction or expansion due to the
adrixture had ceased. A table of pressure vs tire with observational
remarks is given in Firure 3 h3.

Fluid pressures in the PVC pipe were reasured wit.h two gates at approximately
6 5 ft and 2 5 ft above the bottom of the pipe. The purpose of the
gages was to measure any pressure changes dt. ring the expansion process.* The initial recorded pressures are lover than expected for a static
head from a vertical column of veter and fluid grout. It is possible

; that the water leaks observed at the page locations may be responsible
for the lover recorded gage pressures. l'ovever, assurinr that the
difference between actual and recorded rage pressures remained constant
during the entire test (leaks at the rare locations continued until
the grout set), then the changes in recorded pressures during the expansion
process vould be considered accurate.

The rar,e pressures increased when the water in the pipe was replaced
with the tremie grout. For the next two to three hours, during which
tire the expansion process was well underway, the recorded pressures
dropped slightly. Thereafter, the gare pressures decreased slowly
as the grout began to set and dropped to zero speroximately Ph hours
after tremie grouting, at which tire the grout had completely 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 groutine at which tire the grout
column began to rise. Overtopping of the pipe began shortly thereafter.

: Foaming, indicating gaseous release from the expansive acent, becare
evident approximately four hours after tremie groutine and continued for .'

another two to three hours. Inspection of the pipe on the followinr day
revealed that 15 ft of bleed water was left at the top of the pipe
and that the top of the grout was extrerely soft.
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The slow drop in gage pressures and overtopping of the pipe by the
grout column during expansion clearly indicate that expansion in a vertical
pipe, confined at one end, does not occur radially but rather vertically.

'

This results in a lover density grout which, as discussed below is
especially weak at the top of the grout colurn.

After the grout had set, the pipe was lifted 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 44 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 lover than the cube strengths, esTecially at
shallow depths. It was also noted that the top section of the grout colurn
was extremely soft and moldable even three weeks after grout placerent in
the pipe. Based on these results, it appears that the presence of the
expansive adrixture results in lover compressive strengths of the grout.
In particular, the very lov strengths at the top of the grout column suggest
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 crout Encapsulation Test

A grout encapsulation test was perforced using the same procedures
as in the earlier test (during Stage I) except that a Type II Portland*

cerent grout was used. Visual inspection of cut sections showed that the
tendon was well centered in the pipe and that the grout provided excellent
encapsulation. Several observations made in Appendix B indicate that this (
grout had bonded better to the tendon than the MB Bih grout.

3 5.6 Evaluation of Stare 'III Test Pesults

| The test program was completed with the stressing of Anchor 7 The
stressing results of Anchors 6 and 7 vere satisfactory and the small
moverents of the grout colurn extensoreters indicated a significant
improvement in grout-rock bond with the Type II grout (Figures 3-45).
This conclusion is substantiated by the grout test hole results obtained4

during Stage II of the test program. The repair and retesting of Anchor 7
provides a convincing deronstration that, even after the unexpected
rapid destressing and subsequent darage to the anchor, that the same
anchor could be restored, and restressed with satisfactory results.

,
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RECOMMENDATIONS FOR PERMANENT ANCHORS
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4.1 GENERAL
.s

,

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

h.2 RECOMMENDATION BASED ON THE TEST PROGRAM

4.2.1 Anchor System'

The multivire system was selected over the multistrand system for the pemanent
anchors due to the following reasons: M $

i W W
l. The lock-off and lift-off procedure for the multivire system j[)

is superior to that for the multistrand system and provides :j ;.f e ,r
the least chance of anchor darage for the lift-offs required 7 4 '; d
during in-service inspection. j{g i

.am
2. The multivire system was stressed to 96 percent of the guaranteed F W?i'

ultimate tensile strength (GUTS) of the tendon while the multi- dQ
strand system could only be stressed to approximately $9 J. J. l |

^ 82 percent of GUl'S, at which point the tendon behaved jy3 '

plastically and some wires failed. The wire failures at Q/D
load levels less than the ultimate strength of the steel g %5
are due primarily to center-vire slippage whereby the tendon ( T- g-
load is carried solely by the outer six vires. Q -| O

M-ta
3. The repair and retesting of Test Anchor 7 provides a convincing :p.'.

demonstration that , even after the unexpected rapid destressing Q 50 Y
and subsequent damage to the anchor, the same anchor could be 7 ;p.e c .
restored and restressed with satisfactory results. -: : m.f

;.Z , $ ,3

k.2.2 Grout Type

The two types of grout used during the test program were MB 814 grout and M|.7-
a Type II Portland cement grout with an expansive admixture, Interplast N :s,y ).J.f

(Type II+N grout). Despite high unconfined strength, the MB 81h grout bonded L(-My
poorly to the rock. The inability of the MB 814 grout to fom a good bond " D.f .
is demonstrated by the excessive grout column movements in Anchors 1 through ^ %.. f.
5 The grout extensometer movements for Anchors k and 5 (Figures 3-21 and 5. % W
3-28) suggest that the grout column had (oracked somewhere between the two @ hj
extensometers. Also, examination of NX' cores of the grout-rock interface F p .g

1.7recovered from Grout Test Holes 1 and 2 indicates that MB 814 grout had not ?- '46bonded satisfactorily to the rock. On the other hand, Anchors 6 and 7, which -

were grouted with Type II+N experienced small grout column movements as shown
in Figure 3 45 In addition, NX cores recovered from Grout Test Hole 3 showed
the Type II+N grout to be voll bonded to the rock.

,
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Based' on these results ,' it was detemined that Type II+N' grout should be |

used for the permanent anchors. However, a further review of the grout |

- mix design for the permement anchors raised concerns about the effects .i

of the Intraplast "N" on the grout. The results.of the investigation which I

' included a literature review, discussions with Nicholson Anchorage Company, i
-

and a further evaluation of the Grout Column Test indicated that the
expansive agent should be eliminated for the following reasons:

;.T I

l .- Expansive agents are added to grout mixes to provide radial'

exp =3 ion 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
is 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 Columng

Test). Also, at North Anna, the pemanent rock anchors will
be below the construction and postconstruction groundwater
levels; hence, the potential for grout shrinkage is not i

present. Therefore, the benefits of the expansive agent are
minimal.

<

2. The expansive agent may have deleterious effects on thei

grout. The release of gas from Intraplast "N" does not
necessarilybegininmediatelyugnmixingofthegrout.
. Tests performed by Stressteel ( ) indicate that the
start and duration of " expansion" varies significantly ,
depending upon the chemistry of the cement. The expansion .lI

process may begin and/or_ continue for some time after the
initial set of the grout, resulting in high tensile
stresses and possible cracking of the grout column.. Also,

.

studies (l") 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.

h.2.3 Installation and Stressing Procedures
*

| The techniques used during the test program for borehole drilling and'" "

installing, grouting, and stressing the anchors worked well and will be
employed for the permanent anchors. In addition, the following improvements

- 1
will be made:

1. ' Preliminary grouting vill be required for all anchor-
|_

.

holes as an added layer of corrosion protection. Water
L testing vill be done after preliminary grouting.

. ;

i

1
't

i
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k 2. .The stressing sequence used_in'the. test program will.not
. be necessary for the pemanent 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 appreinately 24 hr after lock-off and.Just .
prior to the' completion:of permanent anchor installation.

3.- The entire length of the tendon vill 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-
tializone 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 grout column and eliminate any
concerns about , cracking or movement of the grout ' column

t- 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

h load transferred to the bonded length.
/

4. During stres' sing, the wires elongate and are no longer

f' protected by the PVC tubing in the unbonded length, just
below the anchor head. Therefore, immediately after
stressing, the void between the grout column, shima, 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.

1
'

5 The flat disk-shaped spacers used with the multivire
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 4

!
continuous' grout column. Thus, any concern about grout
column separation by the disk-shaped spacers will be!

eliminated. \

6. 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 vire will
| be encapsulated inside a PVC tube filled with a corrosion-
f inhibiting grease.
!

w.

[' i

*
-j
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'

_' i .._Um . _ _ _ . _ _ _ . . . . _ _ . . . _ , _ . _ _ _ __,.___ _ _ _ __ _ _ _ _ __, ,

'



kh

T. Fineteen permanent anchors vill be fitted with permanent
, load cells to monitor changes in prestress levels after

installation of the anchors and during in-service inspection.

h.2.4 Pehavior During Stressing

Stressing of the permanent anchors will be closely monitored. Stress-
strain relationships vill be developed, using results from the test program, i

to evaluate the behavior of each tendon during stressing.

h.3 ANCHOR DESIGN MODIFICATIONS

4.3.1 Anchor Capacity g

The anchors used for the test program had a working capacity of about
300 kips. Since the ecmpletion of the test program, pipe break loads
and increased structural inertial forces have been accommodated by
increasing 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 increased so as to maintain the grout-rock
shear stress within the range established during the test program. In
addition, the number of wires has increased from h6 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 vill be
staggered with the deepest anchors located the farthest from the contain-
ment buildings.

h.3.2 Anchor Head Design

The TVA's Bellefonte Nuclear Power Station recently experienced failure 1

of 16 anchor heads due to stress corrosion cracking. The causes of the
anchor head failures are discussed in detail in a TVA report,gntitled
" Final Report - Rock Anchor Tendon Stressing Head Failures."( ) To
prevent a similar problem from occurring at North Anna, the following
requirements have been placed on the top anchorage:

i

1. 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
susceptible and susceptible to stress corrosion cracking ( )

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

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

4. The head vill be protected at all times with a corrosion-
inhibiting grease.

.

- . .
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h.4 IN-SERVICE INSPECTION OF TENDONS
1

The NRC does not have a staff position for in-service inspection of

-

posttensioned foundation anchors and vill review programs for such
case basis. However, the NRC regulatory guides

inspection on a case-p) governing in-service inspection of grouted1.35 and 190,(17);(1
.

tendons in.posttensioned concrete containment structures have been
reviewed and the program at North Anna vill incorporate the applicable

f sections of these guidelines. Specifically, the program at North Anna (
vill be designed to permit visual inspection of the ancaorage assembly |
hardware (shima, bearing plate, anchor head, and 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 vill be
developed to provide the requirements and procedures for performing

I in-service inspection. -

\)

!

k

i
T

/

'

,

,

| '
i

|

n

1

i

|
.. y

, - y,. -g - w. -- , - ,y+ 5



..

|
.|

.

REFERENCES i

? 1. Littlejohn, G. S. and Bruce, D. A. Rock Anchors - State'~of
the Art - Part 1: Design. . . Ground Engineering. Vol 8, 1975
P 25-32. P hl-48. 1975

2. Schnabel, H. Procedure for Testing Earth Tiebacks. ASCE
National Structural Engineering Meeting. Cincinnati, Ohio.
Meeting Preprint 2278. 1974.

3. American Concrete Institute (ACI). Code for Concrete Reactor
Vessels and Containments, ACI 359-74. 1974.

? e
4. Prestressed Concrete Institute (PCI). Tentative Recomunendations

for Prestressed Rock and Soil Anchors. PCI, Chicago, Illinois. 1974.
-\,

,

5 U.S. Nuclear Regulatory Coasnission. Regulatory Guide 1.103
( Posttensioned'Prestressing Systems for Concrete Reactor Vessels

and Containments. Washington, D.C. 1975

6. Tennessee Valley Authority (TVA). Specification for Tendon
Jacking Tests for Anchorage in Rock, Bellefonte Nuclear Plant,
Units 1 and 2. TVA, Knoxville, Tennessee. 1973.

I s

i 7 Stone & Webster Engineering Corporation (S&W). Geotechnical
Report on Excavation, Reinforcement, and Final Conditions of<

Foundation Rock, North Anna Power Station Units 3 and h.
S&W, Boston,' Massachusetts. 1975

8. Stone & Webster Engineering Corporation (S&W). Supplementary
Geotechnical Report, Foundation Rock Conditions, North Anna
Units 3 and 4. S&W, Boston, Massachusetts. 1978.

9 Dames & Moore CD&M). ' Report, Supplemental Geologie Data,.
'

North Anna Power Station, Louisa County, Virginia, for Virginia
Electric and Power Company. D&M, Cranford, New Jersey. 1973.

I

10. VSL Corporation. Tendon Strand Slippage of a Horizontal
i Strand. Rancho Seco Nuclear Station. 1972.
I
| 11. Stressteel Corporation (SC). Report to TVA on Anchor Test
| Program at Bellefonte Nuclear Plant, Units 1 and 2

(TVA Reference No. 74K53-8h861) SC, Wilkes-Barre, Pennsylvania. 1973.

12. U.S. Nuclear Regulatory Coannission. Regulatory Guide 1.107,i

L Qualification for Cement Grouting for Prestressing Tendons
j' in Containment Structures. Washington, D.C. 1976.
;.
!

.

p

|

. . - - . - . - . - - - - . . - . - , , - . - -



_7
.-.. _..

2

13. Stressteel Corporation (SC). Grouted Tendon Program.
Prepared for Jersey Central Power and Light Corp. and
Burns and Roe, Inc., SC. Wilkes-Barre, Pennsylvania. 1968-1969.

14. Personal Consnunication between P. T. Wycliffe-Jones of
Nicholson Anchorage Company and A. C. Barila of Stone &
Webster Engineering Corporation. 1975

15 Tennessee Valley Authority (TVA). Final Report to the
Nuclear Regulatory Commission concerning Rock Anchor Stressing
Head Failures, Bellefonte Nuclear Plant, Units 1 and 2.

'
TVA, Knoxville, Tennessee. 1977

16. U.S. Nuclear Regulatory Commission. Regulatory Guide 1.85,
Revision 12. Code Case Acceptability ASME Section III <

Materials. Washington, D.C. 1978.

17 U.S. Nuclear Regulatory Commission. Regulatory Guide 1.35,
Revision 2. In-Service Inspection of Ungrouted Tendons in
Prestressed Concrete Containment Structures. Washington,
D.C. 1976,

18. U.S. Nuclear Regulatory Commission. Regulatory Guide 1 90,
Revision 1. In-Service Inspection of Prestressed Concrete
Containment Structures with Grouted Tendons. Washington,
D.C. 1977

\

<

e

_ _ _ _ _ _ __



.. - ~ ~ ~ . .- . _ .

TABLE 2-10
PHYSICAL CHARACTERISTICS OF TEST ANCHORS

.

ANCHOR NO. 1 2 3 4 5 6 7

Tendon Type Wire ** Strand + Wire Strand Wire Wire Wire

____

Overall Length 55'0" 55'0"" 45'0" 45'0"* 45'0" 55'0"- 55'0"

Bonded Length 30'1" 29'6" 20'2" 19'6" 20'2" 29'9" 30'-0"
.

Unbonded Length 24'11" 25'6" 24'10" 25'6" 24'10" 25'3" 25'0"

Borehole Length 57'0" 57'0" 47'0" 47'0" 56'0" 57'0" 57'0"

Distance Bearing Plate- 1030'0" 1@30'0" 1@28'0" 1@28'0" 1@28'0" 1@30'0" 1@30'0"
Grout Extensometer Anchor Points 1@40'0" 2@40'0" 1@36'0" 1@36'0" 1@36'0" 1@40'0" 1@40'0"

1@50'9" 1@50'0"

Grout Type MB814 MB814 MB814 MB814 MB814 Type II+N Type II+N

Water / Cement Ratio 2 Gal / 2 Gal / 2 Gal / 2 Gal 2.4 Gal / 5 Gal / 5 Gal /
55# Bag 55# Bag 55# Bag 55# Bag 55# Bag 94# Bag 94# Bag

.

* Modified af ter Table I of Appendix B
**Prescon 46, 0.25" 0 wires of 240 KSI steel with 542.8 K GUTS
+VSL 13, 0.5" O strands of 270 KSI steel with 537 K GUTS

++Does not include a stressing tail of approximately 5 ft.

.
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. TABIE 3-1

ilATER CHEMISTRY

_

/

IAKE 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 O.05 0.0

Chlorides (ppm) 31 2.1 .4.0 2.10

Nitrates'(ppm) N/A 34.0, 0.4 N/A

* Not available

._

i

i

''
>

,_- _ _ _ _ _ _ _ _ _ _ . _
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m-

Groundwat:r Temperatursa

,

Ground-
_ .

Date Air water Temperatures at Depths Below Groundwater Tablec-

Hole No. Taken Temp Level *
O' 10' 20' 30' 40' 50'

R.A.T.H. #1 12-9-75 40 20' 54
'~

12-23-75 30 8' 53 54 55 56 . 56 56

12-29-75 33 '8'' 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

'4 55.512-29-75 33 19' 53 53.5 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 5' 53 55.5 57 57 56

12-22-75 31 7' 53 55 5 57 57 56

12-23-75 30 5' 53 55 5 57 56.5 56
12-29-75 33 5' 53 55.5 57 56.5 56

1-5-76 30 3' 53 54 56 57 57

R.A.T.H. = Rock Anchor Test Hole
G.T.H. = Grout Test Hole -

* Below Surface

.

_ _ _ - - - . -
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TABLE 3-3
,

LOG OF GROUT TEST HOLE NO. 2<-

:.

b DESCRIPTION OF CORE LENGTH TOTAL LENGTHE
'

Concrete 7'-10" 7'-10" ,

| Grout / Rock Interface Bonded O'-ll" 8'-9" |
1

Grout / Rock Interface Unbonded O'- 2" 8'-11"

Grout / Rock Interface Bonded 4'-2" 13'-1"

Grout / Rock Interface Unbonded l'-1" 14'-2").

Grout / Rock-Interface Bonded O'-6" 14'-8"

4 Grout / Rock Interface.Unbonded 7'-4" 22'-0"

!

NUIES: ~

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

Q: ,

f

.._. .
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TABLE 3-4

. LOG OF GROUT TEST HOLE No. 3

DESCRIPTION OF CORE LENGTH TOTAL LENGTH

"Run 1 Concrete l'-0" l'-0"
'

Grout- 13'-0" 14'-0"

Grout / Rock Interface Bonded - 4'-0" 18'-0"
, ,

Grout O'-4" 18'-4"

|

Run 2 Concrete l'-0" l'-0".

;

Grout 17'-0" 18'-0"

Run 3 Concrete l'-0" l ' -0" -

Grout 12'-6" 13'-6"

Run 4 Concrete l'-0" l'-0"

Granite 4'-0" 5'-0"

Grout / Rock Interface Bonded 4'-6" 9'-6"

8.

d

;

'

.

*

NOTES:
.

1. Grout test hole no. 3 filled w'ith Portland Type II grout withi

5.0 gal / bag.

2. This table modified after Figure 61 of Appendix B

,

t

e

#
., n.- - - , w.. . . ~ . . . . , , . , ,, , - . . , , ,



.. . - - . . . - - - - . ., _ . _ - .- - - - .-.. ..,
<

. i.

:|}
;iq
:(i ^

-

Lj GALLERY

:j 3

Lj 'N-ACCESS''

_[ + j h-ROCK
' ANCHOR y { ROCKANCHORS

\
: 4

'! + - + + + + +. + + + + + ++,
; - +

;j- + + + 1+ + + + + +

+ + + + + + + + + + ++ + + + +
t - - -

J __i________________

:j. KEY BELOW M AT.

: I _______________

MAIN STEAM VALVE HOUSE KEY BELOW MAT +
'

:
_ _ _j _________________

ACCESS
QUENCH SPRAY PUMP AREA ABOVEI

\.

3" RATTLE

p ., if.,3 >', SPACE (TYR) 3 _

.

P ?p -
'

/ [N \
l ". / \ \

0

ik., / SAFEGUARDS
~:) AREA \

Y-

'

\q. ..
.p.

" .V: \'-

-

g

f- i

/4-

! o g4

- i |-

0 '

|1

. . .

1
'

lj ( REACTOR CONTAINMENT UNIT 3 Pe.
'

j- @
j ., PLAN -UNIT 3
(. y

|j
*+

.. j
,

1- . _ . _ . . _ . . . _ _.: _ . _ . . . _ _ _ _ . _ _ . . - _ _ _ . _ _ _ . . . . _ _ . . . . - _ . , - _ . - _ . __ _ _ _!



..,,.........c. ..,.e.. . . ,. . ...e . . . . . . - . . . . . . . . . . , . . , . .. .. . . . . , .

I

l '

y.

A

tN -

|
{ CIRCULATING

WATER.

DISCHARGE TUNNEL W
23 (UNI.T 3 CNLY)

PLANT
* * ~~

NORTH
i

'-

.

3 2
b: ,

o ROCK
/ ANCHORS

[ .

o - GALLERY
o

O
.

0 to 20
OL I t i

k SCALE - FEET; . .

9

A\%

lT\ ~ 9" R ATTLE'*
SPACE

\$\
\ \ .

1 \

l I
FIGURE 1 -1

! - - - LAYOUT OF ROCK ANCHORS, UNIT 3
,

' '
ROCK ANCHOR TEST PROGRAM REPORT

/ NORTH ANNA UNITS 3 AND 4
(

l
4

' (Y ' ' - ' ' ' ' ' . . ' , L i ~ .. ' ' . ' ' . . ' ' ' ' ' . ' - ' i ' 5 *-' ' ' - $ ~* .. M ' ' ' ' i ', S. ~'

'.ip. . 1,; . g . ,- ~ ' ,. .; .
'

~

: . -

- -- -

-



-
. . - _ .

.

ACCESS GALLERY
\

ROCK ANCHORS - ROCK ANCHORS _

b / b \ E
/ \ L.

+ \ +
|+

-+ + + + + ye ++
+ + + + + + + + + AUXILIARY BLOG+

+ + + + + + + + +

+++ + +++ + + + + -3
*

_w

"KEY BELOW
1

- - - - - - - - . - - - - - - - - - =

b M
|

_

*

KEY BELOW MAIN STEAM VALVE HOUSE
T'

,, 2

fPACE(TY) hQUENCH SPRAY PUMP
: -

p- ag\ g
/ ,-

#SAFEGUARDS AREA
SIMILAR TO
UNIT 3 y

w -

p .--

N M '_2
E
< -

H
-

;

z #g; n

m -

O _ _ .

$ W L

W ' PLANT
'

E NORTH
"'

@
_.

<

{ REACTOR CONTAINMENT 4
- + -

-

_

W :...

? '? ?
SCALE-FEET _

FIGURE 1-2 _--
LAYOUT OF ROCK ANCHORS, UNIT 4 -

_

ROCK ANCHOR TEST PROGRAM REPORT -

NORTH ANNA UNITS 3 AND 4 -

-

-

-

-



.. -

f

f
1-+ -

1
. . . . -4 .v
' v.#, i,[ E L . 27 2 '- O" .Y . A.

<
' .

4.V.:>; : *i.,.A'.Y - ;4:b .*.'.4
. .

y
. . . . . . ..

.. . a.

,. 4 \
.. 1

. . Q .0
'

.h .y. |
.

.A-
- 3" RATTLE SPACE- +

1

1

'9f| . E L. 2 5 5'- O " ;,:i,'. i.

# ; ?': :< ; ;a. . >.-.
:i. , . .k ;;. v . . ,. . g . a.:.4 . . < . ...a . . aa-).a . .:, :*. 9

. * . . . :. . . o.-.
.

. .-.a .4..v....

4. . s .
-

..

R.C. .

I '. 'WALL E L. 24 4*- 6 e .i-
a

v a n

|.t:s+..).
.-.,- . , . : <- . ..

. .V . '.i. - >. s. 1.,3. . .P s '4 v.* .,,:. ..f.. -..p. .> 4
-

.

A. sa . . v. .a v v .a. a-
.

,.y. ,,: .- .7-e,-
'

'4.a.,
4: V. " '.

'

v.ir'n t.*v.- '' ' '' r. . i. .

1r 1r

' ' ''

1 v '. a
.4 . 4 - . g . p, . y y '.* * g). 3

' ' . * b I
,

4, ,a

1rp
,

*
'

RING
.. GIRDER KEY (CONTINUOUS)
.tn - >-

-);o. 4 ?..,.4.,.
. ; y.

o. . . ,,.
..

>-

w
I>-

.

r|*'.
TOP OF .. . . |r y# -
R.C. MAT ' #. ' P . s.'b -

- >--
-

W 4.9*'n. . A*.'*

E L. 214.4 2,
4 r : V .,. 9 >-

. p..,.4, .;-.

. . p ' f. A'.
....

[ ',(*.'

...
.3>
;g >-

.

t . b: r.-
.

.g
. .

1r 1r 1r 1r' E L 203.58'
e
1

,



,

1
| CESS
| \- G R A D E E L. 271. O,,-

I N.''I IE- #NN :y.y--g
9 |-

1 I |
| | |

1 I [
l I !

I I !
f! ..

R.<l I5i i

$$' :$' .'5
- |? :

r.$.
| !?.

I
( ROCK ANCHORS..

,

IA
JL *

1v-
I

'
*. y; 9|i. i; A, '- -

'
# '. i ''' * - CONCRETE BACKFILL ;

v.;;f. f - .r v.'s . * .4: W. ;
.a g . , q, / . b -
. ' y,.y . f . '9 .. .% . .

. p . 4 3. 4 . F. !
-

'- , .s

:6.f4 i
U 1r -

!
*

ROCK PROFILE ,

i

NOTE:
SEE FIGURE 1-1 FOR SECTION LOCAT;ON

FIGURE 1 -3
SECTION 1-1
MAIN STEAM VALVE HOUSE, UNIT 3
ROCK ANCHOR TEST PROGRAM REPORT
NORTH ANNA UNITS 3 AND 4

|

|

a



i._

f

t
-

-

AC

E L. 274'- 2" .'t.t
~

..

,p-: . . .i .: .| p . .= . . . .v.m :,caca'* ' ik
/ .

,,3 ,
'',

% ' p. ."N T ~ ~ T: '
-

y. :<- i g4.
,

I ,.,

- 3" RATTLE SPACE ''i-
| |
1 I

o

E L. 26 3'- 6" l'

p.p 9 r....* .

'> ? * . ''.'a:.s..+:s.| |M: % .' - k4 ': *: .$ ' %.r-

.i.
s.4 - . i.'r:
- -

g,

. p . s. . |
,

e.
-

.

,

i
R. C. 8

IWALL ,.

E L. 251'- 9" {.I. 1)!-

ye y.t :,.I | . .- :1, c,. : *. s:>: > : s '-
. .

a e.s .

9:f.p'7 .;;-. .
.;.. '

,.,. :s'
.b.4-

.

t.- :

'

.V:* E'.. e

EL. 2 3 8 '- 0" ''l A

.s. i'.+ r e- s sp.. .-
r. 4 ..., b. .s : ..;.

p' * . 4.

4*b' . o '.". 4 . ,4 -
~

:U.
.,

.
.' s's :i 4- -

.s-. .A .-) .4. i .' i
i...,A ';, - s .< -

...s. .g v .
4'r. <- j { [;'**

.y
, . . .3

.) : <:
- .

p: .s
P. .a.a. . . . .-.

.. . .V.b..
t- 4 <. :a

'

4- ,4 . 4: 's..

J '. V *
i / :).- .a ' 4 Y \T

,

.

KEY (@. 4 : r.'
- .-
:P . - |A . 4-

a .4 . s. . >--4.a- v.A-
E L. 2 2 1 O,,-

.p.r.
TOP OF R.C. MAT >-

. ,-
| . 6 %

$h. A * '.$ RING GIRDER4 .

..i

'?h.6: :>'i::s.:s : { .wh . ,' | *
..g. A.; . x.9.g: <. .

..

: n ' . <.. >- . . e

., -Ja .* 4.f. 4. - E L. 208 - 5.. ..

..;-
'g. . <-.. ..

~[ejcf,-
-

. ,}4(..a. .P. ' A .J i .,
'

'l> *.

*EL. 20 4'- 3 V "

-*

s
- ,

, i..fs;.a' |g'.! - ' #. 'A .: ' -
*

I*i.
-

. i; . . 8
. 3

.

'

E L . 203.58

(
1, L
he



.,

b, CESS

i GR ADE EL. 271,-O,,

W/M KM/h
.

:i *i.a'
: A'

,

'.?i
l/l ( ROCK ANCHORS

:

L. 2 3 9'.- O"
-

1. .

A r.g.-
; ..:4

[S 'fif;I:
,.

'

- EL. 23 4'- 6"

* - ROCK PROFILE NOTE:
SEE FIGURE 1 - 1 FOR SECTION LOCATION

CONCRETE BACKFILL

3NTINUOUS)

FIGURE 1 -4
SECTION 2-2
SAFEGUARDS BUILDING, UNIT 3
ROCK ANCHOR TEST PROGRAM REPORT
NORTH ANNA UNITS 3 AND 4

i
a



I-

(
!

!( cv
A

'

T

REFER TO DETAIL "A"W 7PLANT /
NORTH /

_ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _. q
l R. A.T.H. 2

| IC2 |

| 88 I

I I

II RAT.H.GALLERY
| 364 I

| OUENCH
|

SP"^Y MAIN STEAM I BM-pUAP
| VALVE HOUSE IAREA
I I

i 7 N I
\

J. GALLERY AUXILIARY BLOG.u _________a
R. A.T. H.
567UNIT 4 ggg

REACTOR CONTAINMENT

N. 4980
E. 9116.5 2

__I_
;

FUEL BLDG,

I,

I

-SAFEGUARDS
AREA

20 10 0 20 40
1 1 I i i

SCALE-FEET

(



--

_ _ _ . -- - . . - - . .

o

R-3 ie
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e

P-3
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R.A.T.H.2 o 10 20P-2 'N. 5100 E-2.
SCALE-FEET

GALLERY' E-1
j-P-1
d^

R.A.T.H. 3 7 JT
PT R. A.T.H. 4 *

QUENCH SPRAY
PUMP AREA e '

R-4 R-5
e

MAIN STEAM VALVE HOUSE

o
5 UNIT 4

DETAIL"A" g

COORDINATES

R. A.T. H. I N.5109 R-1 N.5109 E-1 N.5075
E.9086.5 E.9037.5 E.9122.5

R. A T.H. 2 N.5109 R-2 N.5118.9 E-2 N.5109
E.9094.5 E.9091.3 E.9090.5

R. A.T. H. 3 N.5075 R- 3 N.5127.2 P-1 N.5077
E.9123.5 E.9114.4 E.9131.5

R. A.T. H. 4 N.5075 R- 4 N.5064.9 P-2 N.5107
E.9131.5 E.9126.9 E.9086.5

R. A.T.H. 5 N.5013 R-5 N.5059.56 P-3 N.5111
{E.9250 E.9152.9 E.9094.5 '

R. A.T.H. 6 N.5013 R- 6 N.5071.7 P-4 N.5073
E.9258 E.9170.5 E.9123.5

R. A.T.H. 7 N.5013 BM-1 N.5069.5
i

E.9266 E.9238.11 '

NOTE: R-1 COORDINATE APPROXIMATE

LEGENO

Ms BE H MARK
E: EXTENSOMETER ANCHOR AND SURVEY
Ps TEST PAD POINT MONUMENT LOCATIONS

ROCK ANCHOR TEST PROGRAM REPORT
NORTH ANNA UNITS 3 AND 4
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GROUT COLUMN _. TESTU\ _j
s'

Column lleight 41'3" Distance Gauge 1 to Botton 6'8"

Distance Gauge 2 to Botton 2"-4"
Column Diameter 4"

'Date Tested 5-11-76- ' Grout: Type II Portland Cement with
.5% Interplast 'N' Expanding
Agent. Water 5 gals / bag.

3
.

.

GAUGE 1 GAUGE 2

TIME- P.S.I. P.S.I. REMARKS

iColumn filled with water only09:55' 11.75 13.5
10:03 22.25 25.5 Grout filled and tremie pipe removed
10:05 23.'5 26.5 Column topped up replacing tremie pipe

volume.10:10 23.25 26.0
24.25 Slight clear water drips starting'at both"10:15

kaugesleed water forming fluid level 3/4" below" 24.0.10:20
top of column

23.75"10:25
23.5 Clear water drips continue at Gauges. Also"_., 10:30 at pipe joint 10'6" above bottom.~

" "10:35 2" deep bleed water formed; fluid level 1", " "
I' 10:40 below top of column

Clear water drips slowing" ". 10:45
10:50 23.0 23.0

" 23.010:55
11:00 23.25 23.25

" 23.0 Fluid level back to 3/4" below top of
11:05 " column.11:10 23.5

" "11:15 Slow clear water drips continue."11:20 23.25
"11:25 43.0
23.25 Bleed water starting to overtop column."11:30

,

11:35 23.25 23.5
" "

| 11:40. Grout risen to within 1/8" of top of"11:45 23.0
11:55 23.25 23.75 column

" Grout overtopping column. Visible signs of12:00 23.5
12:15 23.25 chemical reaction."

23.5 Expansion rate approximately 1/8"/10 mins."12:30,

~ 13:00 22.5 23.0 Slow clear water drips continue from gauges
and joint.

22.75"13:15
13:30 22.0 .22.0 Grout continues to expand 6 overtop column.

|' 14:00 20.5 20.5 Slow clearwater drips continuing.
Expansion virtually ceased. Bleedwater

| 14:00 20.5 20.5 reforming at top of column. Foam on top|

of water. .

: ., 14:30- 16.5 17.0- No fluid overtopping column. Foam stilli'

forming. Clear water drips at gauges and - ,

joint ceassd. |

i1

,, , - -

| *This figure taken froin Figure 64' of Appendix B
.

.

:

};
- -

. - . . - -. . - -. -- . ..- .



.. . .. - _. . ,

'

- .< .

' ' N
,

b-Figure 3-d'

'p. < *

. -

:.

!

GAUGE 1 GAUGE 2
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15:00 16.5 17.0 Foaming .I'
15:20 15.0 16.0 j"

15:40 14.5 17.5 :"

I-16:10 13.0 - 2 3. 5 ' "
'

16:30 12.5 22.0 Foaming ceased.
5/12/76'

09:00 0.0 0.0 1.55 ft. of bleedwater at top of column
Top of grout very soft. .
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a

SECTION 4 1.9

QUALITY ASSURANCE PROGRAM 1.11

The contents of Section 4-are as follows: 1.14

Page 1.16'

[ . General L 4-1 1.18

' Submittal of Quality Assurance Program Summary 4-1 1.19
,

Quality-Assurance Program Audits 4-1 1.20

Contract Documents at Production Location 4-2 1.21

: LResponsibility for Inspection 4-2 1.23

Tests 4-4 1.24
' Rock Anchors - Stressing 4-4 1.25
Rock Permeability Tests 4-4 1.26

4 . Grout Tests 4-4 1.28
Mixing Etter 4-4 1.29

Inspection 4-4 1.30

Documentation- 4-6 2.1
,

Documentation by contractor 4-6' 2.3
Documentation by the Engineers Inspector 4-7 2.4e

Certification 4-8 2.54

T.I.D. Report 4-10 2.6
.
'

GENERAL 2.10

'

These provisions shall apply to all work done as 2.13
specified h_erein for the rock anchor test program for the 2.14
North Anna Power Station, Units-3 and 4.

Submittal of Quality Assurance Program Summary 2.18

3 Each Bidder shall submit with his original proposal 2.20
a summary of his Quality Assurance Program in sufficient
detail to allow an evaluation of the quality , control and 2.22
quality assurance measures to be imposed by him on his own
product .a_nd that of his .subsuppliers. The Program shall be 2.24

,

|
'in compliance with the applicable requirements of 10CFF50--

| Appendix-B.

I Quality Assurance Program Audits 2.27
t

The successful Bidder shall submit to the Engineers 2.29
in advance, or make available at his plant, his . Quality
Assurance Program Manual- for use in the audit of the program 3.1
by the Engineers' representatives during the course of the i

'
performance of _the work specified. 3.2

|~
.

[ y-12180-100f 11/22/78 034
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U )
Authorized representatives of the Engineers shall 3.4 j

be'allowe3 access to the engineering offices, shops, and, 1

working " areas of the Contractor and his subsuppliers at all 3. 5 |
reasonable times for the purpose of auditing the Quality I

Assurance Program of' the Contractor and his subsuppliers. 3. 6 !

such audits will include examination of documentary evidence 3.7 ,

'

of activities af fecting quality, and will be carried out on
a_ planned, periodic basis- during the course of the work to 3.8
verify compliance with' all aspects of the Program and to
determine the effectiveness thereof. 3.9

'

If a Bidder has. previously submitted his Quality 3.11
Assurance Program to the Engineers, his proposal shall

. contain a separate signed document which indicatea when his 3.12
QA program was submitted and a statement that the program is-
still being followed as submitted. 3.13-

Contract Documents at Production Location 3.16

The Contractor shall specifically ensure that a 3.18
copy of this specification with all addenda thereto, and of

.

all other contract documents, are readily available at each 3.20*

of his fabricating or production locations where work.
:

covered by this specification is in progress. 3.21'

) RESPONSIBILITY FOR INSPECTION 3.25
:

The work will be conducted under the general 3.28
direction of the Engineers' Superintendent of Construction 3.29

.| and will be subject to surveillance by his appointed
representatives to ensure strict compliance with the terms 3.30
of the contract and specifications. The Engineers' Field 4.2
Inspectors will provide testing and audit functions to
assure that the requirements of the specifications have been 4.3
met. The Geotechnical Representative shall be present to 4.5 ,

;
'

supervise the va rious aspects of the test program,
specifically, the rock drilling and core sampling, rock 4.6

; permeability tests, grouting procedures, stressing
procedures and time duration of each load increment, 4. 7

,

measurements of load versus elongation and time, and to
modify the test program, if necessary. The presence of 4.8
Engineer's Field Inspector and the Geotechnical
Representative shall not relieve the Contractor of4

i responsibility for the proper execution of the work in 4.9
accordance with the specifications.

The contractor shall permit and provide for 4.11
inspection, testing, and audit of the work at all times by 4.12<

e yield
! the Superintendent *s representatives, the Engineers

| Inspector and the Geotechnical Representative. 4.13

The Contractor shall also allow sufficient and 4.15
reasonable time for the superintendent's representatives, 4.16

|'

i y-12180-100f- 11/22/78 034
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Geotechnical Repre sentative, and Quality Control personnel
to perform the specified tests and inspections. 4.17

'

Ihe Contractor shall provide the Engineers full 4.19
-information concerning all materials or articles which he 4.20

contemplates incorporating in the. work. The required 4.22
informa tion supplied shall include, but not be limited to,

that summarized in the paragraph titled " Items for Quality 4.23

control. " samples of materials shall be submitted for 4.24

approval when so directed. Equipment, material, and 4.25
articles installed or used without auch approval shall be at 4.26
the risk of subsequent rejection.

All materials, supplies, and articles furnished and 4.28

incorporated in this work shall be of the highest grade, 4.29

free from defects and imperfections, of recent manufacture 4.30

and unused. Workmanship shall be of the highest quality and 5.1
in accordance with the best modern standard practice. 5.2

It shall be the Engineers' ' Field Inspector's 5. 4
responsibility to review all tests' and material 5.5
certification for completeness and accuracy and to maintain
a complete and orderly file of this information as part of 5.6

the Quality control records for the project, including all 5.7
certifications and qualification papers.

'

It shall also be the Engineers' Field Inspector's 5.9
responsibility to review all rework in areas of 5.10
nonconformance to assure that all workmanship below the
standard set by these specifications has been satisfactorily 5.11
corrected.

The Engineers' Field Inspector has the authority 5.13
through the Engineers' superintendent to prohibit the start 5.14
of various pha ses of work until inspection has been
provided; forbid the use of materials, equipment, or 5.15
workmanship which do not conform to specifications; and to
stop work which is not being done in accordance with plans 5.16
or specifications.

They may also require the removal or repair of 5.18
faulty construction or of construction performed without 5.19
inspection.

Implementa tion of the requirements contained in 5.21
this specification is the responsibility of the Engineers 5.22
and shall be permitted by the contractor, without hindrance.

,

y-12180-100f 11/22/78 034
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TESTS 5.26

Rock Anchors - Stressing 5.29

~

The stressing of the rock anchors shall be 6.1
conducted by the Contractor under the direction of the
Geotechnical Representative in accordance with the 6. 3
"Streesing Procedure," Section 2 of this specification. The 6.4
Geotechnical Representa tive shall witness all stressing of
rock anchors.

Rock Permeability Tests 6. 6

Fock pe rmeability tests shall be~ conducted by the 6.8
Contractor under the direction of the Geotechnical 6.9
Representative. The tests shall be perforned prior to the 6.10
installation of the anchors and in accordance with the " Rock 6.11
Permeability Tests," Section-2 of this specification.

Grout Tests 6.13

Two types of grout tests shall be performed by the 6.15
Engineers to verify the compressive strength of the grout 6.16
prio r to stressing the tendons. The tests shall be 6.17
conducted in accordance with the " Grout Tests," Section-2 of
this specification. In addition, grout tests, as required 6.18
under "Perf ormance Tests on Materials," shall be performed
by the Eno'neers.

Mixing Water 6.21

chemical analyses of the mixing water for the grout 6.23
" Performance Tests on Materials," shall be performed by the 6.24
Engineers.

INSPECTION 6.29

As used herein, the term " Engineers' field 7.2
inspector" means the Senior Field Quality Control (FQC)
Engineer at the jobsite and the FQC inspectors assigned to 7.4
his staff.

The Engineers' or Purchaser's field inspector shall 7.6
have the right, at all reasonable times, to inspect the
Con tractor's or subcontractor's work, material and 7.7
equipme nt, or inspection procedures as applicable to the
work covered by this specification to confirm that the 7.8
requirements of this specification are being complied with.

.

The contractor or subcontractor shall provide all tools, 7. 9
instruments, sca f folding, etc., necessary to facilitate
these inspections.

y-12180-100f 11/22/78 034
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The Contractor shall cooperate with the Eagineers8 7.11

field inspector in establishing when the various inspections
or tests will be performed during the progress of the work. 7.12
The Engineers' field inspector shall designate which of 7.13

these he is required to witness or participate in, and the
Contractor shall furnish an agreed-upon amount of 7.14
notification prior to the start of each.

T_he Engineers' field inspector shall: 7.16

1. Discuss it with the Contractor whenever he (the 7.18

inspector) notices anything that may lead to

rejection of the work. 7.19

2. At the appropriate time, witness or conduct the 7.21
various inspections, tests, verifications, etc. , as
indicated on the enclosed " Field T.I.D. Report" 7.22,

forms, and indicate that each is in conformance
with the requirements of this specification by 7.23
signing and dating in the spaces provided therefor.
It is not intended that the presence or activity of 7.25

the Engineers' field inspector shall relieve the Contractor
in any way whatsoever of his obligation to maintain an 7.26
adequate test, inspection, and documentation program of his
own, or of any other obligation under this specification. 7.27
Furthermore, the fact that the Engineers' field inspector 7.28
may inadvertently overlook a deviation from some requirement
of this specification shall not constitute a waiver of that 7.29
requirement, or of the contractor's obligation to correct
the condition when it is discovered, or of any other 7.30 ,

obligation under this specification.

By acting through established channels, the 8.2
Enginee rs' field inspector has the authority and

i

| responsibility to stop any portion of the work which, if 8.3
continued, would make compliance with some requirement of
this specification difficult or impossible. 8.4

The specific duties assigned to the Engineers' 8.6
field inspector are as follows:

| 1. Anchor-Materials -Verify that certificates of 8.8
compliance and CMTRs f rom the manuf acturer of the|

following items and the required tests by the 8.9
Engineers on the following items are in accordance

| with "MATERI ALS" and " CORROSION PROTECTION," and
I " Performance Tests on Materials" Section-2 of this 8.10

| specification:
-

,

'

a. complete tendon and anchorage assemblies, 8.12
b. all grout ingredients and final mix, 8.14

5 all lubricants 8.16
i

y-12180-100f 11/22/78 034!
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1

2 ' Eauipment- -verify that the various accessories used 8.18
for drilling, grouting, stressing, and the rock 8.19
permeability tests are in compliance with
" EQUIPMENT" Section-2 of this specification.

!

:3. Drill:.nq-Boreholes -verify that the procedures 8.21 i
'

spec;, fed under " Borehole Alignment," " Drilling
' Technique," and " Washing 'and cleaning Anchor 8.22.

<

Holes," .Section-2 of -this specification are 8.23
,

complied with.

: 4. Rock Permeability Tests -witness the performance of 8.25
the rock permeability tests and verify that the 8.26 i

procedures specified under " Rock- Permeability
Tests" Section-2 of this. specification are complied 8.27;

with.
.

1 Tendon-Installation- -witness the complete tendon 8.29
assembly installation and the grouting operations. 8.30

; !

|
6. Grout-Tests -perform and/or verify the required 9.2

grout tests lus specified under " Grout Tests" and
" Performance Tests on Materials," gection-2 of this 9.4i

specification. f

7. Stressinq-Procedure -witness all rock anchor 9.6
stressing along with measurements of all
instruments and verify the . calibration requ'irements 9.7

'

under " Accessories for Stressing and Testing 9.8
i Anch' ors," Section-2 of this specification.

| 1 Grout-Encapsulation-Test -witness the procedures 9.11
; under " Grout Encapsulation Test," Section 2 of this 9.12

specification.
!

DOCUMENTATION 9.17

Documentation by contractor 9.20

The basic documentation required by the contractor 9.22 |4

1s as follows:
i Distribution and No. of Copies 9.27

Title EFI EPE 9.28,

' , ,

Documentation checklist 3 3 9.30

certified Material Test 10.12 I

Reports 3 3 10.13 |

Calibration of Equipment. 10.17
and Instrumentation 3 3 10.18

! y-12180-100f 11/22/78 034
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Distribution and No. of Copies
EFI EPE

1 Report on Rock Anchor Test 10.22
Program 3 3 10.23

Engineers' Field Inspector 10.25'EFI -

Engineers' Project Engineer, or designee 10.26EPE -

_Ba sed upon these basic documentation requirements, 11.5

and at the time indicated in the Schedule, the contractor 11.6
shall submit to the Engineers a detailed " Documentation 11.7

'

| Checklist"; this shall specifically itemize each individual 11.8

document that will be submitted, each identified in two 11.9' ,

ways, namely:

1. Type of document such as mill test report, liquid 11.11
penetrant test report, etc. 11.12 '

.
,

2. The specific component (s)', or parts thereof, to 11.14
which the document applies. 11.15

This checklist shall be organized in a logical, 11.17'

;, easy-to-f ollow format, so that for any shipment (whether it 11.18
be a partial or complete shipment) , it will be readily 11.194

possible to ascertain from the checklist the complete-
consist of documentation applicable to that shipment. If 11.21
more than one shipment to the jobsite is involved, this

4

! means the checklist should be organized by components as 11.22
shipped, with all documents applicable to each component as
shipped separately itemized.,

| This Documentation checklist, when submitted to the 11.25
i Engineers 7 will be reviewed for its adequacy. If 11.27
.

satisfactory, it will be stamped "No Comment," and a copy
I returned to the contractor. If not satisfactory, it will be 11.29

returned with suggestions noted; it shall then be Eromptly 11.30<

revised and resubmitted.
|I

: Documentation by the Engineers' Inspector 12.3
i

Ihe Field T.I.D. Report included with this 12.5
| specification, when signed and dated, comprises the specific 12.8,

Hocumentation required of the Engineers' inspector. The 12.9

) T.I.D. Report shall be signed and dated at the appropriate
time by the Engineers' Field inspector as each item listed 12.10'

| thereon is verified, witnessed, or performed; it shall then 12.11
be submitted to the Engineers and to the Purchaser. ,

<

This T.I.D. Report is not meant to limit the 12.13
! additional tests, inspections, or documentation required by 12.14

|
the specified codes or normally provided by the contractor. 12.15

i

y-12180-100f 11/22/78 034
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JSee the " INSPECTION" section of this specification 12.17
for the definition of the term " field inspector.") 12.18

The signature of the Engineers' inspector for each 12.20
item on the T.I.D Report shall be his certification that, to 12.21
the extent of his responsibility as delineated in the 12.22

specification, the item signed for is in conformance with
the requirements of the specification. 12.23

CERTIFICATION 12.27

Materials certification 12.30

Prestressing Steel Manufacturer's specification of mater- 13.2
ial conforming to ASTM A-416 including 13.3

yield and ultimate stress and the 13.4
requirements under "Pertormance 13.5
Tests on Materials." 13.6

Nuts and Washers Manufacturer's specification of mater- 13.17
ial characteristics conforming to 13.18
ASTM A-325 requirements and the 13.19
requirements under " Performance 13.20
Tests on Materials." 13.21

Bearing Plates Manufacturer's specification of mater- 13.24
ial requirements conforming to ASTM 13.25
A-36 requirements and the require- 13.26
ments under Performance Tests of 13.27
Materials." 13.28

Lubricant Manufacturer's specification of mater- 14.1
ial requirements and the require- 14.2
ments under " Performance Tests on 14.3
Materials." 14.4

Tendon Anchorage Manufacturer's specification of mater- lu.7
ial requirements and the require- 14.8
ments under " Performance Tests on 14.9
Materials." 14.10

cement Manufacturer's specification of 14.13
material requirements conforming 14.14
to ASTM C 150 and the requirements 14.15
under " Performance Tests on 14.16
Materia ls. " 14.17

Hydraulic Jack Manufacturer's specification indicat- 14.21
ing capacity and calibration certifi- 14.22
cation of pumps and gages. 14.23

y-12180-100f 11/22/78 034
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CertificationMajeria is

Long Range Dial Manufacturer's specification indicat- 14.26

Indicators ing capacity and calibration certifi- 14.27
cation of gage. 14.28

Load cells Manufacturer's specification indicat- 15.1
ing capacity and calibration certifi- 15.2

:
-

-

.
-

:

y-12180-100f 11/22/78 034
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SECTION 5 1.9

NONENGINEERED ITEMS 1.11

The QA Ca tegory-I items listed below shall be 1.14
purchased using the following manufacturer's and catalog 1.15
numbers. .No equals shall be acceptable unless specifically 1.16
. identified below, or by. addenda to this specification. . Upon 1.18'

s

delivery, documentation accompanying the items listed below
shall be checked for compliance with the subsection entitled 1.19
" Materials"- in section-2 of this specification. 1.20

Multistrand Tendons 1.22

VSL Corp. Catalog Number ERS-16, 7-wire 1.24

-j 3- strand prestressing steel, including the anchor 1.26
head, bearing plate, wedges, sleeves, grease, and 1.27
EVC sheathing or pipe for the unbonded length. 1.28

Inland-Ryerson Catalog Number CONA, 7-wire 1.30

-j 2- strand (0. 5-in. ) prestressing steel and Catalog 2.2
Number 12/.05-FG Anchor Assembly 2.3

Stressed steel 7-wire, 12-strand (0. 5 in. diameter) 2. 5

Prestressing steel with anchor assembly 2.7

PIC Corp. 7-wire, 13-strand (0.5 in. diameter) 2.9

: Prestressing steel with anchor assembly 2.11

Prescon Corp. 7-wire, 13-strand (0.5 in. diameter) 2.13

Prestressing steel with anchor assembly 2.15
;

i Multiwire Tendons 2.18

| Inland-Ryerson Catalog Number BBRV 46-wire 2.20

(0. 25-in. ) prestressing steel and Ca talog 2.22
| Number-46BG Anchorage Assembly 2.23
i

( .grescon Corp. 46-wire (0.25 in.) 2.26
L

[ Prestressing steel with anchor assembly 2.28
_

|

y-12180-100g 11/22/78 034
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APPENDIX B

REPORT ON THE CONSTRUCTION AND TESTING OF ROCK ANCHORS,

PREPARED BY DICHOLSON ANCHORAGE COMPANY
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I GENERAL INTRODUCTION

North Anna Power Station is located near Mineral,

Virginia in Louisa County, and is 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 power station is under construction by the Stone 6

Webster Engineering Corporation (S.W.E.C.) for the

Virginia Electric 4 Power Company.

The containment auxiliary structures, contiguous

to the Units 3 and 4 reactor containments, will require

permanent rock anchors at the foundation mat level. A

comprehensive anchor test program was required to:

a) verify design assumptions;

b) evaluate performance of two anchor tendon
types to enable selection of the one more
suited to the eventual application;'

c) evaluate the effect of the anchor system
upon the foundation mat of the structures
and on the adjacent rock.

!

| The test program was conducted using installation

techniques, equipment and materials, and stressing se-
i

quences similar to those envisioned for the permanent
I rock anchors. The work was performed by Nicholson

Anchorage company (N. A.C.) under Contract No. NAC-30163.
|

| Site operations commenced on December 1, 1975.in accordance
t i

| with S.W.E.C. specification No. NAS-30163 " Post-Tensioned
i Rock Anchor Proof Test."
|

1- |
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. Figure 1 showsithe : location of' the test anchor
.

.

"

. I

'together with .the~ 1ayout of the rock and concrete pad

instrumentation 'and survey points. The first four

enchors were located adjacent to the Unit 4_ containment

cuxiliary structures, and the* remainder within the area

planned for the auxiliary building.

A total' of seven' separate anchor tests were pe'r-
'

' formed together with two tendon encapsulation tests,

three grout test holes, and one grout column test."

The results of all these tests are presented in the body

lof the report, and show that the anchors, as designed, j

successfully withstood the severe test loading sequences

specified.

.

II~ SITE GEOLOGY

The test anchor locations were chosen to simulate

the geologic conditions that could be expected during

the construction of the permanent anchors. The founda-

tion rock at the test anchor locations is a slightly

weathered to fresh grey granite gneiss. The cores
s

recovered from each anchor borehole show the rock quality

es excellent (95% to 100% recovery and 804 to 100% Rock

Quality Designation). Complete descriptions of the

..

-2-
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r'ecovered cores were made by the S.W.E.C. geotechnical

representative. Core drilling was slow with poor rates.

of penetration and high bit wear due to the hardness

and abrasive nature of the rock.-

III ANCHOR TEST-PROGRAM

Original Program

The original scope of work called for four anchors

to be constructed and tested, two to be of a multi-

strand system and two to be of a multi-wire system.

One anchor of each pair was' to be 45 ft. long and the
other 55 ft. long. One additional 45 ft. long tendon-

of each type was to be supplied and used in a grout
encapsulation test.

A fifth borehole to serve as a grout test hole was~

to be drilled and cement grouted. This grout was to be

cored subsequently at specific intervals of time and

depth with the cores being tested for crushing strength.

- The purpose of this test was to determine the grout
quality. and strength under actual field conditions.-

Rock extensometers of the grout-in-place variety
were to be provided at points equidistant between each

3--
, .
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pair of anchors. The extensometer anchor points were to

be set at 12'6" and 25' below anchor head leyel in each

case. Movements were to be monitored at the reference

heads by means of a micrometer depth gauge at every

loading stage.

Grout column extensometers were required at specified

levels in each test anchor borehole. The anchor points

were connected to the surface by stainless steel wires

in a plastic sheath and grout column movements were de-

tected by monitoring calibrated pulleys over which the

connecting wires had been passed.

Continuous surveying of a number of fixed positions
around the test anchor locations was carried out during

the stressing sequences. The positions of these points

are shown on Fig. 1. and the survey work was to be by

S.W. E. C. pers onnel .

Modifications 6 Additions to the Program

The results obtained from the testing of the first

four anchors indicated the need to extend the test pro-

gram to obtain further information. This was done by

installing one 45 ft. multi-wire tendon in a borehole

using a similar type grout to the first four anchors

but having a slightly higher water / cement ratio, and

.

-4-
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two 55 ft. multi-wire tendons using a different grout.
The 45 ft. tendon originally intended for use in a,

grout encapsulation test was utilized in Test Anchor

No. 5 and a 25 ft. multi-strand tendon was used for the
encepsulation test.

To examine grout quality and strength to depth and

age characteristics of the cement grout used in Test
Anchors No. 6 6 No. 7, a grout column test was carried

out in simulation of the grouted borehole provided in
the original program.

To further examine grout bond properties, two more

shorter boreholes were drilled in an area adjacent to
the three last anchors. These were filled with different
types of cement grouts and, after allowing a suitable
curing period, diamond drilling methods were used to

recover rock / grout interfaces for the length of the bore-
holes.

Sufficient information had been obtained from the
survey of the rock surface markers and from the monitor-

ing of the rock extensometers during the first four tests
to enable this part of the test procedures to be dis-
pensed with for the last three anchor tests.

5--
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IV ANCHOR MATERIALS

x
' Anchor Tendons

For the purposes of the tes't program the multi-strand

type tendon materials were supplied by V.S.L. Corporation,
,

and Prescon Corporation supplied the multi-wire type

tendons.- All tendons were assembled at the manufacturer's

plants and then shipped to the site for installation. The

unbonded length of each anchor tendon had each wire or

strand coated with a corrosion inhibiting grease and en-

cased in a plastic sheath. This provided permanent corro-

sion protection to the anchors and also precluded the ,

transmission of anchor load into the grout column above

the designed bond length. As-built details of each anchor

tendon including type of grout are shown in Table I. When

referring to this table, it should be noted that Test

Anchors #1 to #4 were the original requirement and that

Anchors #5, #6 and #7 were the additional ones. Also #7

was shortened from 55 ft. to 54'6-1/4" during the fitting

of the replacement pulling head to that tendon.

Multi-Strand Tendons

These were as manufactured and supplied by the V.S.L.
.

Corporation and all components were from their standard

range of post-tensioning materials and associated matching

-6-
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TABLE I

ANCHOR No. 1 2 3 4 5 6 7

Tendon Type Prescon V.S.L. Prescon V.S.L. Prescon Prescon Prescon 46x0.25"0
46x0.25"9 13r0.5"9 46x0.25V9 13r0.5"9 46x0.25"9 46x0.25"9 Wires of 240 KSI
Wires of Strands of Wires of Wires of Wires of Wires of Steel
240 KSI 270 KSI 240 KSI 240 KSI 240 KSI 240 KSI 45 Wires After
Steel Steel Steel Steel Steel ~~ Steel Fitting New Head

. Mini =um Gua anteed Ultimate 542.8 537 542.8 537 542.8 542.8 542.8 KIPS /531 KIPS
Tensile Strength (G.U.T.S.) KIPS KIPS KIPS KIPS KIPS KIPS After Fitting New Head

,

Overall Length 55'0" 55'0" 45'0" 45'0" 45'0" 55'0" 55'0"
| Excl. Stress Tail Excl. Stress Tail

__

Bonded Length 30'1" 29'6" 20'2" 19'6" 20'2" 29'9" 30'0"

Unbonded Length 24'11" 25'6" 24'10" 25'6" 24'10" 25'3" 25'0"
'

Borehole Length 57'0" 57'0" 47'0" 47'0" 56'0" 57'0" 57'0"

|
Bearing Plate Elevation +236' +236' +245' +245' +245' +245' +245'

Dictance Bearing Plate-Top of Grout 23'0" 24'3" 23'0" 24'4" 24'8" 23'4" 24'3"

Distance Bearing Plate-Bottom Spacer 45'0" 50'0" 45'0" 43'6" 45'0" 45'0" 45'5"
Dictance Bearing Plate-Center Spacer 35'0" 40'0" 35'0" 36'0" 35'0" 35'0" 35'1"
Distance Bearing Plate-Top Spacer 25'0" 30'0" 25'0" 30'0" 25'0" 25'0" 25'0"
Dictance Bearing Plate- 1@30'0" l@30'0" l@28'0" 1828'0" 1@28'0" 1@30'0" l@30'0"
Grout Extenso=eter Anchor Points l@40'0" 1040'0" 1@36'0" l@36'0" l@36'0" l@40'0" 1@40'0"

l@50'9" 1@50'0"
Crout Type NascerFlow MasterFlow MasterFlow MasterFlow MasterFlow Portland Portland Cement

814 814 814 814 814 Cement Type Type II w/ Intra-
II w/ Intra- plast 'N' at
plast 'N' O.49#/ bag
@ 0.49f/ bag

Eatc;r/Ce=ent Ratio 2 Cals./ 2 Cals./ 2 Gals./ 2 Cals./ 2.4 Cals./ 5 Cals./ 5 Cals./94# Bag
| 55# Bag 55# Bag 55# Bag 55# Bag 55# Bag 94# Bag

_
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components. The anchor tendons were made up ' sus shown ~in

Fig. 2.- Figures 3 and 4 show the details of-the heads

and wedges used. Strand material certification:is included ~
as_ Fig. 5.

'

,

The strands were greased and sheathed with polyethy-,

lene for unbonded lengths shown in Table I'. The grease

was "Visconorust 3166". a corrosion resistant lubricant
,

applied prior to application of the theathing- This.

plastic coating was "Pi-mark" 80* psi 5/8" polyethylene
A d|escription of the grease istubing to ASTM 2239-71. :

,

given in Fig. 6. After the strands had been greased and
sheathed, the ends of each sheath tube were bound with

j duct tape to prevent leakage of grease onto the bonded
t

portions of the tendon.
i

Multi-Wire Tendons
,

j These were as manufactured and supplied by the Prescon

Corporation and all components were from their standard3

! range of post-tensioning materials and associated match-
!

,

|

; ing components. Fig. 7 shows the general arrangements of ;

! the Prescon tendons and Fig. 8 details of the stress heads
,

i

: and base plates. Stress is transferred from the stress
heads to the tendon wires by means of button heads formed

'
| by upsetting the ends of each wire after completion of
L component assembly. A Materials Certification is attached

;

i

-7-
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as Fig. 9 for Anchors #1, #3 'and #5. -The base plate diameters ,

1

were 5-1/4" for Anchors .#1, #3 and #5 and 6" for Anchors #6

and #7, The stress head diameters were 6" for all tendons.

Similar greasing and sheathing was used for the multi-

-wire tendons as for the multi-strand except that the plastic

sheathing was 3/8" I.D. and the grease was Shell C.C. Grease
' '

'No. 1 as supplied by Shell Oil' Company. Details of this

grease are shown in Fig. 10.

Grout Materials

For Anchors #1 through #5, MasterFlow 814 Cable Grout )

as supplied by Master Builders of Cleveland was used. This

is a material blended from selected cements and containing

fluidifiers and thickening agents. It was designed to be

a high strength, non-bleed material for grouting exhibit-

ing thixotropy and giving good corrosion protection of

highly stressed steel cables. Anchors #1 through #4 and

Grout Test Hole #1 were filled with grout having a water /

cement ratio of 2 gallons per 55 pound bag of MasterFlow
l

, 814 under the direction of a Master Builders field repre-
'

sentative. After performance of various tests in which

the developed grout to rock bond strength was found to
,

be very low, Anchor _ #5 was grouted with a more fluid mix,,

..

' .the water /ccment. ratio being 2.4 gallons of water per 55

I

L 8--
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pound bag of cement. A similar mix was used for'one
l

tendon encapsulation test and for Grout Test Hole No. 2. |

As there was no significant improvement in grout /
~

rock bond due to this alteration in water content,

Anchors #6 and #7 were grouted using Type II Portland

' Cement as' supplied to the construction site batch plant,

having a water / cement ratio of 5 gallons of wa t er per 94

pound bag of cement and containing an expansive admixture.

This admixture was 'Intraplast N' as supplied by Sika
chemicals and incorporated into the mix at the rate of

0.5% by weight of cement. Expansion of the grout re-

sults from the release of hydrogen gas caused by reaction
of the aluminum powder of the admixture with the alkalis

released by hydration of the cement. A similar grout -

was used in the grout column test.

The second tendon encapsulation and Grout Hole No. 3

were carried out using the Type II Portland Cement at a,

; water / cement ratio of 5 gallons of water per 94 pound
L bag of cement without any admixture.

i

Test Reports

| It was a specification requirement that Certified
i

Mater'ial Test Reports (C.M.T.R.) be provided for all
;

V .
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tendon and anchorage components and. accessories. This

- included reports 'f actual results of chemical analyses,

physical and mechanical tests, declarations of compliance,
- and methods of identification of materials, and was sub-

mitted by Nicholson Anchorage Company to S.W.E.C. in the

form of documentation check 1ists referring to the docu-

- ments numbered NAC-5007-1 to 89. It should be noted that

some documents comprising the. C.M.T.R. have also been

used as Figures in this report. These may be identified

by the presence of a C.M.T.R. documentation number NAC

5007-XX.

V ANCHOR CONSTRUCTION

Concrete Test Pads

In order to simulate actual working conditions, each

test anchor was stressed against the reaction of a rein-

forced concrete block as shown in Fig. #11. These con-

crete pads were 4 ft. thick, the expected thickness of

the structural mats at the future anchoring points, and

were constructed by S.W.E.C. Each pad contained an 8"

I.D. steel pipe sleeve to duplicate the borehole location

and access method for the permanent rock anchors. In

Anchors #1 to #4 the test pads were poured prior to

start -of anchor construction and access for the drilling

equipment was gained by means of temporary carth ramps

- 10 -
c.
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provided by S.W.E.C. For Anchors #5 to #7 the pads were |

I poured after completion of borehole drilling but prior
c

to installation of the anchor tendons.

Rock Drilling

Drilling of the anchor boreholes was commenced by

taking a continuous rock core for the full depth except
for Anchors #6 and #7 where only the bonded length was

cored. Cores were of the specified NX size and accom-

plished using a Joy Type 12B core drill and a double

tube core barrel having a split inner tube as manufactured

by Christensen Diamond Products. Rock cores were placed

in standard wooden core' boxes and logged by the Stone'l

Webster geotechnical representative. Reference should ;

be made to these logs for a detailed description of rock
type and quality.

Upon completion of core drilling the boreholes were

reamed out to the full designed diameter of 6-1/2". This

was accomplished using 6" nominal diameter down-the-hole

hammer fitted with a 6-1/2" button head bit on a
Nicholson Anchorage Modified RDC-16 fully hydraulic

rotary drill rig using compressed air as a flushing

| medium. A test was performed to ensure that the drill
~

cuttings could be collected at a central location and

without uncontrolled dispersal in the immediate working j

-|
;

,
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Larea.; -The cuttings - from the first two boreholes' (#3 6 #4)
'

were collected into -a. cap ' drum and piped away. for dis-

posal elsewhere.- As the procedure proved successful, it ~'
<

.was-discontinued after drilling borehole #4. On comple-
'

ition of drilling, the boreholes were thoroughly cleaned
-by water _and/or compressed air purge through the drill

rods until the flushing water was clear of cuttings and
the hole cleaned of debris.

,

Due to the hardness and abrasive nature of the rock,

drilling generally was slow with poor rates of penetra-
tion and high' bit wear. Drop center button bits were

used but, even with redressing of the buttons, they were

found to be under gauge and unusable after completion of
-two boreholes.

Alignment Checks

Vertical alignment of the boreholes was established

-by means of spirit level. and square on the leading drill
-rods. Alignment was thereafter maintained by the use of,

stabilizer drill rods behind the drill bit. Starting

tolerances using this method were proved to be better
,

than +1'1which represents a. deviation of '1. 75 f t. in p

100 ft.- ThereafterL the maximum deviation possible within

' the. hole was-limited to 1 inch in 10 feet- by use of a - |

special stabilizer = rod 10 ft. long behind the_ drill bit ~ j
u

- 12 .
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and hammer that was but 1 inch less in diameter'than the :

borehole. Following completion of drilling.the boreholes
'

were checked for verticality by means of a plumb line to
establish that the alignment was within the permitted
tolerance of +3*. Only two boreholes were dry enough

to permit precise measurements to be made. Grout Test

Hole No. I was checked and found to have deviated from

vertical by 5-1/2 inches at a depth of 46 ft.. or 0.57*.

Anchor Borehole No. 6 was measured as being 1/2 inch out

of vertical. All other boreholes were estimated as being
within these two figures.

Rock Permeability Tests

Following completion of drilling, each borehole was,

water tested to measure rock permeability. Two types of

tests were conducted. The first, a-falling head test,

was carried out by filling the borehole with water and

then checking the water level at specific time intervals

by means of an electrical dip meter.

Following the falling head test a pressure test was
carried out. For this test the. borehole was filled with
water and an inflatable packer was lowered into the hole

to a depth determined by the geotechnical representative.

A steel pipe connected the packer to the surface and,'

- 13 -

- - .



,. .. .. .
. _ _ _ _ - - - _ _ _ _ _ _ _ _ - -

)

after inflation of the packer sleeve, water was pumped

through this pipe at a constant pressure of 25 psi into
the section of borehole isolated below the packer. Rate

of flow was determined by use of a flow meter and pressure

by 0-100 psi range Bourdon gauge. Calibration certifi-

cates were obtained for these and all other instruments

used.

Results of the falling head and pressure packer tests

are attached as Figures #12 to #23.

Preliminary Grout

In accordance with specification NAS-30163 if the

leakage rate from the borehole during the pressure test
,

exceeded 0.001 gallon per inch diameter per foot of depth

per minute for the 10 minute test period, then preliminary

grouting was specified. In addition, preliminary grouting

was required if the leakage rate into the borehole during

the falling head permeability tests exceeded 0.5 g.p.m.

Preliminary grouting of the boreholes was required

to reduce rock permeability to specified levels and to

minimize the possibility of ground water entering the

boreholes after installation of anchor tendons. Grout

consisted'of Type.II Portland Cement and water mixed at

ratios as shown below. The grout was mixed in a high

- 14.-
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speed colloidal ~ mixer and-placed using a Moyno constant.

displacement pump. The mix-was pumped into the. borehole
,

through a tremie tube running to the full.-depth until

-clean grout-overtopped the hole at the surface. The

-tremie tube was then withdrawn and the grout allowed to

-set 'for a minimum of 24 hours. The boreholes were then

redrilled using a 6-1/2 inch clearance rotary roller

bit and the water tests repeated to ensure that the
,

anchor holes were water-tight as specified.- Grout

mixes and quantities. used -were -as follows :

12 bags 6-1/2 gal /cu.ft.
,.

Gravity Grouted.T.A.1 --

" " " " "T.A.2 -- 20 bags

" " " " "T.A.3 -- 9 bags

" " " " ' "9 bagsT.A.4 --
,;

! T.A.5 Pressure Grouted 25 psi 8 bags 5 gals / bag-

" " "" "
| T.A.6 25 psi 12 bags

" " "" "T.A.7 35 psi 13 bags

32-1/2 cu.ft. 6-1/2 gal /cu.~ft.Grout Test Hole Gravity Grouted --

6 cu.ft.(on the following day)

The grout test hole'is included above as this required pre-

'liminary grouting due to high rock permeability and the
~

necessity of-preventing dilution- or: loss of the -test grout.

This' procedure simulated the test anchor construction.

- 15 -
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Tendon Installation

Tendons were delivered to the site ready assembled

and -stored in a heated warehouse until required for actual

installation. At this time they were transported-from

warehouse to anchor location and unpacked ready for

Quality Control inspection and documentation. Grout

column extensometers were fitted at this stage and the

-telltale w res run to the anchor head. The 1/2" nominali

I . D'. 100 psi polypropylene grout tremie pipe was also

, positioned in the tendon at this time and checked for
cleanliness and ease of subsequent removal.

Tendons were installed using the main reactor con-

struction ringer crane which picked the tendons up at

the head and then lowered them vertically into the bore-

holes. All tendons were placed with ease in spite of

the close tolerances between tendon dimensions and bore-

hole diameter. Each tendon was oriented correctly with

respect to the grout extensometer wires and was allowed

to hang in:the-borehole prior to grouting to ensure
|

| straightness of the strands or wires.

.

Tendon Grouting

| Prior to the placing of the anchorage grout the bore-

hole was filled and flushed with' clean fresF water pumped

!
!

- 16 -
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through the tremie pipe in the tendon from the bottom of

the hole. This ensured that the grout pipes were clean

and unobstructed and that no foreign matter was present

in the borehole. Upon completion of flushing the grout

was then placed through the same tremic pipe. Grout was

pumped to displace the water in the drilled hole until

it overtopped the hole at the surface. Care was taken

to see that cican and undiluted grout issued from the

borehole before pumping was discontinued.

The grout level was then carefully monitored to see
. .

if any significant drop in level occurred or for other

evidence of an unexpected anomalous grout condition such

as rising air bubbles. In this circumstance additional

grout would have been pumped into the borehole through

the tremic pipe to ensure complete tendon encapsulation

and a competent grout column. However, with all these

anchors, when inspection revealed that no significant

grout loss or other unusual condition was evident, the

tremic pipe was withdrawn from the borehole.

Water testing and preliminary grouting of the bore-

holes virtually precludes the presence of untreated voids

or fissures in the rock and the method outlined above is

a valuabic additional quality control procedure in safe-

guarding completely against the occurrence of anomalous

conditions in the grout.

17 --
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IAfter allowing 20 to 30 minutes to elapse for grout

level observation and to enable some set of the cement to
.take place the excess grout in each borehole above the

top of -the fixed anchor zone was washed out using a special

flush pipe. This was 1" diameter steel with a closed lower

end. Immediately above this cap, four vertical slots were

cut approximately 2" long. The flushing water thus was

directed into four horizontal pressure j ets. In use the

pipe was slowly lowered into the boreh. ole and rotated.

The water j ets were able to wash the excess grout from

around and between the tendon strands or wires to leave

the borehole clean. The flush pipe was lowered to a pre-

determined level and water flushing continued until clean

water overtopped the borehole at the surface. The end

cap and horizontal jets prevented any disturbance of the

grout below the bottom of the pipe and permitted a very
accurate determination of the level of the top of the

grouted fixed anchor zone.

The grouting technique employed for these anchors

ensured complete embedment of the tendons, full compaction

of the grout under hydrostatic head and accurate control

of all stages - of grout placement.

- 18 -
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The . level of the top of the grout was measured by
~

probing after the grout;had fully set. These measurements

together with type of grout and water / cement ratios are

shown in Table.I. Grout cubes were taken of each-' grout
-

mix.and cube test results are included as Figs. 24

through 30.

VI INSTRUMENTATION

A comprehensive range of instrumentation was required

to provide full information on the performance of the
'

anchors. The instruments fell broadly into three. groups

: which may be described as anchor instruments, rock instru-

ments and other test instruments.

The anchor instrumentation consisted of electronic

load cells, dial gauge movement indicators and grout column

extensometers. Fo'r monitoring rock movements, grouted-in-place

rock extensometers were installed and a comprehensive system

. of reference points were continually monitored for dis-'

placement during the test sequence by optical survey. The

other instrumentation consisted of pressure gauges and flow

meter associated with the rock permeability tests and

pressure gauges used in grout column tests.

!

Anchor Instrumentation

Load cells were as manufactured by Remote Systems,

.Inc. and were of 500 kip capacity. The cells operated

--19'-,

b



F

l

using bonded foil strain gauges and.each cell contained two

separate circuits--an active circuit for measuring load
1

and a reference circuit. The active circuit consisted of

eight' strain' gauges bonded at 45 intervals around the

periphery of the cell body to form a Wheatstone Bridge with

each leg of the bridge having two gauges 180* apart. This

gauge arrangement automatically compensates for eccentric

loading conditions and temperature changes. The reference

circuit consisted of four strain gauges also forming a

full Wheatstone Bridge. This circuit is isolated from the

cell body so as to be free from strain effects due to load-

ing or temperature changes, and provides a method of zeroing

the strain meter to each individual load cell. The strain

meter has also an inbuilt reference circuit which may be

used to check instrument calibration.

The readings obtained from the strain meter are ex-

pressed in micro-inches per inch of the gauged cell area

and, when multiplied by the given calibration factor, give

the total load in pounds. This calibration factor is cal-

culated from the readings.obtained when tested in a labo-

ratory load stand. The load stand had an accuracy of +1%

and the load cells had a sensitivity of approximately 50

.lbs . to giv.c a differentiation of 0.01%- when at' full load

of 500 kips.

- 20 -
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Hydraulic Jack Gauges

During testing all loads were set using the. load cells

but jack hydraulic pressures were recorded at the same time

as' a check should a malfunction'of the cell occur. Hydraulic

pressure gauges were marked in 100 psi intervals and were

capable of- being read to 50' psi.

Dial Gauges

The dial gauge movement indicators were Starrett #24-

441J type having 4" travel and Starrett #24-4041J type

having 6" travel. All indicators were constructed to read

to 0.001" and were calibrated using gauge block sets trace-

able to the National Bureau of Standards. One 6" and one

4" travel gauge was used for each test positioned to de-

termine the extension of the exact length of tendon under

test. Readings from both gauges were recorded.and averaged.

Grout Extensometers

Grout column extensometers each consisted of an anchor

point made from 3/4" x 10" long rebar drilled and tapped at

one end for special double tube fittings,and 0.047" stain-

less steel wire encased in 1/4" nylon tubing as the detector

wire. At the surface a 3/64" flexible braided stainless
steel wire cable was attached to the stiff detector wire.

This was then passed round a pulley fixed to the underside

- 21 -
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:of the jacking-stool- and then round a special: 6" diameter

pulley assembly which_was graduated in 1/16" intervals

. enabling . readings to an : accuracy of 1/32" to be made.
1

Movement of the wire and th'us -the grouted-in anchor. point
'

was' detected by reading the' graduated scale against a

fixed pointer. The braided cable was passed completely J

round the special readout pulley to prevent slippage and i

tension was maintained in the system by means of a 9#

weight on the end of the cable, j
l
i

Anchors #1 through #5 were fitted with two grout
]

column- extensometers each and Anchors #6 and #7 with

three. Anchor point levels were as shown in. Table I.

The results obtained during the tests provided a compre-

hensive record of grout column movements.

Rock Instrumentation

Rock extensometers were installed -between Test

' Anchors #1 6 #2 and #3 6 #4. A 2- 3/4" borehole was

drilled and the anchor poin..s set _at 12'6" and 25' below

bearing plate level and the borehole cement grouted |to

the ground surface. Each anchor point consisted of a
,

3/4" x 10" long rebar threaded one-end for special pipe

and tube couplings . Into the couplings were fitted the

1/4" stainless steel detector rod and the 1/2" polyethy--

-lene tube outer casing. At the surface a concrete block-

,
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was; poured on which was placed the 6" x 6" x 1/2" thick-

reference head. plate. .The plate-was located on and ele--

vation'was altered by four 1/2" ' threaded studs set into

'the. top of the concrete. Below the reference plate were
.

.two stainless steel tubes which passed over the 1/4"

detector rods and acted as guides. The extensometers

were read by use of a micrometer depth gauge bearing

against the reference plate and with the probe inserted

through a hole in the plate to touch the end of the de-

tector rod within the guide tube (Fig. 35).

Surface Markers

Other monitoring of rock displacements was carried

out by optical survey of various reference points in .the

area of the tests. During the various stressing sequences

for Anchors #1 through #4 these were monitored continuously.

The results obtained provided sufficient information to be

able to dispense with this survey and other rock instru-

mentation for Anchors #5 through #7.

Other Instruments

Water pressure testing of boreholes was undertaken

using a 1" Rockwell Manufacturing Company in-line flow

meter to determine water take in any borehole. Calibra-

tion was.by allowing water to flow through the meter into

a' collecting drem. The quantity so collected was then
.

-

f .

'
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weighed onfan accurate scale. Pressure was' read on Weksler

pressure gauges Type No'. AA14P having an accuracy of +0.5%

of the full scale reading of the gauge. All gauges were

tested for accuracy using a dead weight tester, the cali-

bration of which was traceable to the National Bureau of

Standards.

Smaller pressure gauges of a similar type were used in

the grout column test to monitor fluid grout pressures at

two points in a 45 ft. column. A cement grout containing

an expanding agent was used for this test to check the

effects of unrestrained expansion. The plots of pressure

'

against time are appended.

VII ANCHOR TESTING
.

Stressing Equipment

To carry out the testing sequences specified, the manu-

facturer of each type of tendon provided hydraulic jacking

equipment and accessories to apply the stress to the ten-

dons. The jacks and other equipment were designed to be

entirely compatible with the tendons and are part of the

standard equipment and procedures used by the manufacturers'

for their normal stressing operations.

24 --
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- The V.S.L. stress jackLwas a Templeton-Kenley type

of 500 -ton ' capacity having- a 7-1/4" I.D. . center hole and

; ram stroke .of 12". Strands were gripped by V.S.L. two part

wedges in atstandard E5-19 head. The j ack was located on

top of a 'special stressing stool standing on the anchor
,

bearing plate. This stool was needed to give access to
a

the grout column extensometer wires and is shown in the

drawing of the V.S.L. tendon test arrangement, Fig. 33

An electronic load cell was placed on top of the jack

but beneath the stressing head so that continuous monitoring: .

!-
of load was possible. A separate stress head was situated

'

|, under the stressing stool immediately above the bearing

-plate which was used to lock off the load in the anchor'

during the seven day hold period.

:
;

;- For the multi-wire tendons the standard Prescon

arrangement was used with a stool on top of the bearing

plate supporting a Proceq 275 ton capacity hydraulic jack.

| The jack had a hollow ram with -center hole of 3-3/8" diam-
|

| eter and a stroke of 4" (100 centimeters) . Stress was
t

applied to the anchor head by a 2-3/4" diameter-pull bar,.

which screwed into an internal thread in the head. The'

other end of this bar was also threaded and a circular

stressing head used to transmit the jack force to.the

pull.bar. Between this head and the jack ram was fitted

i
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an electronic load. cell to enable loads to be monitored at
all times the jack was in place. The anchors could be

. locked off and the j ack reset or removed at - any time by.

placing shims between the anchor head and the bearing6

plate. LThe stressing stool was a standard stressing item

but was also used to1give access to the grout column ex-

tensometer wires.- A drawing of the Prescon type tendon
'

test set-up.is also included as. Fig. 34.

For the V.S.L._ type of stressing equipment the hy-

draulic pump was gasoline powered and pressures were

determined by a 6" diameter pressure gauge which had

been calibrated with the ram. The Prescon hydraulic

pump was electric but pressures were determined with a

similarly calibrated gauge. In both types of equipment

sufficient non-return valves were incorporated into the

hydraulic lines to virtually eliminate loss of pressure

due -to internal bleeding and to permit maintenance of

load for periods of time after removal of the hydraulic

Ipump.

Stressing Sequences

Anchor testing was carried out in compliance with

the.following specification sequence with modifications

as noted later. All load changes were in 50 kip incre-

ments and decrements.

- 26'-
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1) Load to 400 kips andsthen-reduce to 350 kips and lock-o'ff.

, 2) Check load after 24 hrs. If prestress loss is less than |
V

. .
|

.

25' kips, restore load'to 350 kips and proceed with_ Step

5. 'If loss exceeds 25 kips , restore load to. 350. kips
,

and hold for a further 24 hours.

3) Repeat Step 2. If loss of prestress load again exceeds

25 kips, then'the anchor shall be rechecked at 24 hour

intervals at the_ direction of the geotechnical repre-

sentative to assess whether the loss of prestress is

likely to continue.

4) 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 repre-

sentative,until a constant load is obtained.

5) Carry out cyclic loadings to 100 kips, 150 kips, 200

kips, 250 kips and 300 kips reducing the load to 50

kips between each load level. -

6) Load to 400 kips and then reduce to 350 kips and lock-off.

7) Repeat Steps 2 and 3 or 4. If the loss of prestress is

less than 25 kips, proceed with' Step 8.:

8) Perform 10 cycles of loading from 350 kips to 400 kips
.

and back to 350 kips. Lock-off at 350 kips.

9) Perform lift-off load check seven days after the lock-off

in Step 8.

27 --
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!10)~ . Load to 500 kips and hold for 10 minutes. Then reduce |

load ~to zero.- I
_

Prior'to start _of stressing, Step 10 was _ modified to' read:

Reduce' load to'300 kips. Then perform cyclic
-loadings to-350, kips,_400 kips,-450 kips, and
500-kips reducing load to 300 kips between-
each stage. Hold load of 500 kips for 10
minutes then reduce to zero.

J

For Test Anchors #5, #6 and #7, Step 8 was modified to read:
'

Reduce load to 300 kips. Perform 25 cycles of
loading _from 300 kips to 400 kips and back to
300 kips. Then load to 350 kips and lock-off.

In Test Anchor #7 the lock-off in Step 8 and the whole of
i

Step 9 was omitted.
,

For all stressing sequences loads were set using the'

load cell equipment. The hydraulic gauges were monitored

constantly, however, as a precaution against malfunction

of the electronic equipment. These cells were sensitive

to load changes as small as 50 lbs. over the complete

range of 0-500 kips. This represented a sensitivity of

0.1% of the specified load increment or decrement of 50

kips.

Tendon extensions were measured at each anchor head
.

using dial-gauges fastened .to an independent reference

f platform. One 4" travel and one 6" travel gauge was used-

in each test, the gauges showing movement to 0.001".

- 28 -

.- , . . . - -_



__ _ - _ _ _ _ _ _ . _ _ _ _ _ _ ___

^

l

,

Full- records off all stressing were kept and' included-

-time, load, tendon extension and temperature. Readings

- weref taken befo're and after any changefin load to establish

-whether any movement had occurred at any load stage.- The

readings have been plotted in graph; form and are included-

in the appendices.:

iAnchor Test Results

LAnchor No. 1

This anchor was the first of the multi-wire installa-
,

tions to be tested and-the results obtained demonstrated

- that the testing arrangements and instruments were working

effectively and required no modification.

The seven day hold of the 350 kip test load showed

that the anchor load had increased by 4.9 kips at the end

of seven days from the locked off load level. Three days

later the load increase was 3.2 kips above the original

lock-off load.

The residual deflections recorded at the end of the

testing sequences are not ' explainable in any detail but
'

are' the result of the sum of the movements due to plastic

yield of- the steel, short term creep of the steel during

testing, residual stress retained-by the steel within the

grout column, and unrecovered upwards movements of the

grout column. The load-extension graph is Fig. 36.
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A load-time-extension graph is appended as Fig. 37 i

This is' representative of the results of the other multi-

wire anchors tested so no other graphs of this nature have
~

been_ prepared.

No movements of the rock extensometers were noted

during the testing of this anchor.

Anchor No. 2

This anchor was the second of th.e multi-strand tendons

to be tested. Therefore, particular attention was able to

be paid to the behaviour of this anchor at the load levels

at which unexpected events occurred during the testing of

the first.

During cycle 8 of the stressing sequence one individual

wire of a seven wire strand was heard to part as the load

was being increased from 350 kips to 400 kips. Examination

of the tendon at the time of the occurrence did not reveal

any indications of wire breakage so the test was continued.

An examination of the tendon after completion of the test

and dismantling of the stressing equipment showed that the

wire had come into contact with a rough edge of the center

hole in'the stressing plate.

30 --

_ _ _ - _ - _ _ - - _ _ _ _ _



\

' Load in the anchor during the seven day hold period

dropped by 44 kips. No positive reason was established for

this large loss other than the fact that some deformation

of the horseshoe destressing shims was discovered after

completion of the hold and lif t-off cycle. This appeared

to be due to some slippage in their position at the time

of lock-off.

Cyclic loading of the anchor to 500 kips was attempted

but excessive deflection was recorded at the 400 kip and

450 kip load levels indicating yield in the steel. Load

was increased with care above this level in view of the

experience with the first multi-strand anchor test. At

a load of 471 kips wires in the strands were heard snapping

and j acking was discontinued immediately. The load was

reduced by stages to zero and the tendon recovery measured.

Grout extensometer movements are shown in Figures 41

and 42 and it can be seen that these movements started with

the first load applied and continued virtually throughout

all test sequences with the upper extensometer at -30', and

up to a load of 400 kips with the lower extensometer at -40'.

The movements of the extensometers above the 350 kip

load 1cvel as shown on Fig. 42 may or may not have been af-

fected by the possible yielding of the strands as discussed

below.
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As.with the first multi-strand anchor tested, Anchor

No. 4, the test sequence up to Step 10 had been success-

fully completed when individual wires in the tendon

strands again started to snap. On this occasion at a ;

load of between 461 kips and 471 kips, the loading was

discontinued and the load reduced progressively to zero

and tendon recovery noted. After dismantling the test

equipment, examination showed that with one exception
the wires had broken level with the bottom of the grip

wedges. The exception was the one wire that had come

into contact with the edge of the bearing plate.

Following the similar events that occurred during

the testing of the first strand anchor, a theory was

proposed that the resetting of the grip wedges in the
same position on a strand contributed to or caused fail-
ure of the strands at a significantly lower ultimate

strength than stated by the manufacturer. Consequently,

the strands for Anchor No. 2 were gripped at a lower

level for Step 10 of the stressing cycle than for the

previous steps. The test results show no change in be-

havioural pattern so indicating that the failures were

due to other mechanisms. The manufacturers experience

over the years together with our own observations confirms

that, almost invariably, strand breakages occur at the

bottom of the grip wedges.
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W To further explore these mechanisms and theories |

-Anchor No. 4 was stressed to destruction after the com-;

!

. pletion of the testing of Anchor No. 2.

A load-time-ext'ension graph for this anchor is

appended as Fig. 40. This is' also representative of the

results 'of- the other multi-strand anchor tested 'so no

other graphs of this nature have been prepared.

There were no movements of the rock extensometers

during the testing of this anchor.

Anchor No. 3

The results obtained from this test indicated a

performance very similar to that of Anchor No. 1.

During the seven day hold period a slight increase
'

in load in the tendon, 4-1/2 kips, was recorded.

,

At a load of 450 kips the movement in excess of the

theoretical for the full tendon length was 1/4 inch. The

load was not stable and had to be restored twice due to

losses. Also audible sounds came from the tendon indi-

cating some movement taking place. Plastic yield of the

steel could not be the cause of the excess movement as

the mill. test report for the tendon wires showed that

460 kips.would be the lowest load at which yield could be

expected. The load-extension graph for this anchor is Fig. 43.
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LThe ' readings of = the . grout column extensometers'showed
.

1

some minor movements at the~ start of testing with very

-little change thereafter. |

'

~

Rock extensometer movements during the testing of

this~ anchor are shown in Fig. 45 and shows that some small

- changes did occur during the test sequences. This indi-
t

dates that some rock consolidation did take place t oughh

of a less magnitudeithan that recorded during the testing
.

of Anchor No. 4,-the first anchor tested on1the site. A

small residual movement was noted.

On completion of the normal test loading sequences

on Anchor No. 3, a destruction test was attempted using

the hydraulic gauge to set the load and' measuring ram
. , *

extension to determine strain. The load-extension graph

for this test is shown on Fig. 43. The tendon did not-

= fail but was yielded plastica 11y and the test was dis-
'

continued at a load of 522 kips when the jack stool

started to deform.

Anchor No. 4

This was the first anchor to be tested on the site

and'the first test sequences were carried out in severe

weather conditions. This did not- affect the load-

extension records obtained but made the operation of-

,
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the stressing equipment very difficult due to problems

/ caused by freezing. One effect of the cold conditions

was to cause a brittle failure of the tack welds holding

part of the grout extensometer equipment in place. This

is discussed more' fully later but it was possible to ob-

tain some meaningful results before the -instruments went

out of calibration.

e

The anchor stress / strain curve shows an immediate

deviation from the theoretical line representing the

extension of the 25 ft. free length at the start of the

o test sequence, then exhibiting linear behaviour to a

load of 250 kips before showing additional deflections

to cause nonlinearity. This is shown in Fig. 46.

i

The lift-off check at the end of the long term hold

period, which for this anchor was twelve days, showed

the anchor to have lost 1.8 kips in stress over the

period.

1
As Step 10 of the test sequence was being carried out j

I,

wires in the tendons started to snap at a load of between

435 kips and 445 kips,the tendon yielding and elongating

too swiftly for the dial gauges to be reset and measure-

ments taken. Consequently the load was reduced to zero

and the equipment dismantled to permit inspection of the

tendon.
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It was Jfound that one wire per strand in eight of the

thirteen strands had. snapped level with the bottom of the

grip wedges. All the broken wires.were.on the same side

of each strand and the eight' strands were all on one side

of the tendon.
'

A theory was proposed that the cyclic loadings to-

gether with the resetting of the grip wedges 'at the same

position had contributed to or caused failure of the strands

at approximately 83% of .the manufacturer's guaranteed ulti-
.

mate tensile strength. To test this theory, a final anchor

stressing was carried out. In this the jack was replaced

over the tendon and the pull head and grip wedges reset

but at a lower level on the strand to avoid gripping the
,

strand in the same place twice. The anchor was then re-

stressed in 50 kip increments using the hydraulic gauge

to set the load and measuring ram extension to determine
,

strain. Wires in the strands commenced to break at a

load of 470 kips. With progressive failure'the load level-

dropped and ram extension increased. After all the strands

had been failed, inspection-revealed that the wires had

all broken level with the bottom of the grip wedges. This

confirmed that the position of the grip wedges had a mini-

mal reducing effect upon tendon strength. Also, only two

of the thirteen cables showed that the center straight

- 36 -
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wire'had :been broken with the ' other six wires of the strand.

1 Eleven strandsEshowedithat the center wire was still intact
.

:and,- therefore,. had not been subj ect to the same stress,

level ~as the.other wires forming.the cable. The stress /

strain graph for-thisLanchor' destruction test is appended '

.as Fig. 47.
~

As a result of these tests,. and from other information

and observations that have'been made at prior-times, it is -

suggested that the reason for failure 'of the strand tendons

i. ..

at a load lev.el significantly below stated ultimate strength ~

is due to the fact that iniground anchors, the cables are

held with barrels and wedges at one end only as opposed toi

each end in normal post-tensioning applications.- The cen-

.ter wire in each cable is straight and load is transferred

toLit from the surrounding six wires through friction and
the clamping force of the grip wedges. Any loss of fric-

i
tion or drop. in clamping force will allow the center wire i

,

#

to slip and, therefore, to carry less load than the others :
'

f

forming the strand. Total slippage would mean a drop in
.

strand . ultimate strength Eto approximately 85% of the full

strength. .The figure-compares very closely with the ulti- |

mate anchor capacities - determined during these tests. ;

!-

.Similarly 'by 'taking 6/7 of the yield strength of the
!

cables asetaken from the test certificate then some plastic :

.i
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yield could be expected above a load of 390 kips approximately.
Examination of the load-extension graph shows increasing

deficctions of the tendon above this load which could be

due to the cause outlined.

This problem would seem to be unique to ground anchor

usage and to require further investigation. Again, the

effect of Poisson's Ratio would work against locking of

the center wire when stress is applied after the grout is

cured. In normal post-tensioning applications the cables

are gripped both ends and stressed before the grout is

placed, the effect of Poisson's Ratio then preventing
slippage or destressing due to the constraining effect of
the cured grout.

The grout extensometer at -30' showed movement right

from the commentement of test loading, the large prime

movements gradually becoming less until at 350 kips at
the start of the first 24 hour hold period movement of the

tell-tale had ceased after indicating a grout column dis-

placement of 1". This is shown in Fig. 48.

The lower exte.nsometer at -40' also indicated grout

column movements but these were much slower, of much smaller

magnitude and were recorded as totalling 1/4" at the start
,

of the 24 hour hold.
1
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During the off-loading after this hold period very

severe weather occurred and the pulleys holding the exten-

someter read-out wires became dislodged from their usual

alignment due to brittle failure of the welds holding them

in position. After being refixed in their proper position,

the extensometer read-outs were rezeroed and later readings

were added to the readings obtained before the weld failure

to assess grout column behaviour.

Thereafter during the balance. of the test sequences the

extensometers showed very small movements and virtually sta-

tic conditions for the majority of load levels. The maximum

total change for the upper extensometer after resetting the

pulleys was 3/32 inch and for the lower 1/16 inch.

Fig. 49 shows the recorded movements of the rock exten-

someter. These show some consolidation taking place during

the total test but of significance is the movement recorded

at the 350 kip load level during the seven day hold period.

This is directly attributable to the fact that the adjacent

Anchor No. 3 was being test loaded during this period.

Anchor No. 5

Construction of this anchor commenced upon conclusion

of the testing of Anchors #1 through #4. These anchors had

been grouted using MasterFlow 814 grout mixed with two

gallons of water to the bag at the direction of the grout
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Laanufacturer's; representative an'd concern _was expressed at j
the : apparent ~ low bond strengths achieved. Anchor No. 5 was ' I.

'

grouted therefore with Mas terFlow' 814 grout -but using 2.4
~

7 gallons. of water to.theLbag which was the mix as originally

:specified 'as:_ shown in the: manufecturer's literature.

_ During the_seven day _ hold period which was extended

to 24 days for administrative reasons, the anchor lost a,

total load of 10 kips.
,

The grout extensometer readings for the upper tell-tale
_

at -30' are included as Fig. 51. The lower extensometer is

not -shown as - the maximum movement recorded was 3/32 inch.

I During Cycle 1 of the. test sequence fairly small move-

'ments of the upper extensometer were noted up to a load of

250 kips. At this point a loud crack was heard in the bore-

hole and the detector wire jumped 1/8 inch. Thereafter.

1.

movement increased in magnitude at each load application.!

Anchor No. 6

Following completion of' testing Anchors #1 through #5 =
<

L and an assessment of the results, a decision was made to

construct ~_ Anchor No. 6 'using a multi-wire tendon but with
|
|- grout changed to-Type II Portland Cement obtained locally
L

- and as.used11n the construction _ batching plant, and con-
,

taining_a grout additive, Sika 'Intraplast N'. This is an
,
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expansive agent,and the expansion is derived from the release

of hydrogen gas formed by chemical reaction between the

aluminum powder i'n the additive and the alkalis formed byi

hydration of the cement.

Due to an error at the time of manufacture, the tendon

for Anchor No. 6 was found to have been assembled with a 6"

diameter anchor and keeper plate at the bottom instead of

the 5-1/4" diameter plates as fitted to previous anchor

tendons. To avoid delays to the test program it was de-

cided to use the tendon as delivered to site and then to

make the tendon for Anchar No. 7 to similar dimensions.

This would allow direct comparison of results to be made.

The load-extension curves obtained during testing show

a pattern of behaviour very similar to the other multi-wire

tendons tested. These are shown in Fig. 53.

During the seven day hold period which was extended to

| ten days, the stress in the anchor increased by 10 kips.
;

Final testing to 500 kips was accomplished successfully

b'ut was accompanied by some yield in the steel as was to be

expected.

:

For this anchor, modifications to the bearing plate i

were made which permitted the fitting of an extra grout
,

extensometer point within the borehole. The extensometers
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Lwere,.therefore, at -30', -40' and -50'9" levels and the

recorded movements are shown in Fig. 54.

Anchor No.''7

During the assembly lof 'the test apparatus for this

anchor, it was found that the pull bar was very difficult
~

to enter into the threaded anchor head. Visual inspection

indicated some irregularities in the internal thread,

however, sufficient . thread was engaged eventually that was

judged adequate to allow the first few cycles of test

loading to proceed.

Step 1 was completed successfully as were Steps _2 through

5 and the load-extension graph is appended as Fig. 55. The

graph shows -behaviour very similar to the results of the:

other multi-wire anchors.

However, in increasing the load to 400 kips in Step 6,

the thread in the anchor head failed thus causing a sudden

destress of the anchor with attendant damage to the test

setup and equipment and to the anchor head and tendon wires.

.The damage to the test equipment was mainly caused by

-the pulling bar being catapulted through the jack stool and

hollow jack and load cell thus dislodging the jack and cell

and dial gauge stand and bracket. The wire connecting'the

read-out box to the. load cell was parted. The sudden release
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Lof load caused the stress _ head to impact onto the lock-off

Eshims left in place on the bearing plate and, not falling

exactly squ'are, : hit - the edge ' of one and proj ected the other

sideways from beneath the stressing stool some distance.
,

'' In ' impacting .on the edge of -one = shim, one edge of. the stress

head was badly deformed and several wires bent or broken.

These- are noted on Fig. 56 attached.- The extensometer wires

were also broken.

Following a full inspection of the anchor head by all

parties including the manufacturer it was decided to replace

the damaged head with the head from Test ' Anchor #5. To en-

able this to be done a pocket had to be cut in the concrete

test block and the 8" diameter steel pipe removed for a

depth of 15". The old head was then driven down to permit

the removal of the button heads on each wire with the aid

of a set of hand operated metal shears. The old head was

then removed from the tendon.
.

Using a single strand jack and 1/4" barrel and wedge

to grip the wires, each wire was test loaded to 9-kips (76%

of G.U.T.S.) to ensure that no damage had occurred to the .

i

; ' tendon below the head and that the total tenden was com-
; petent and, therefore, able to be tested in accordance

with the specification. These tests showed all wires to
,
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.;be : sound and = no anomalous : conditions were -recorded. Stress /:

. strain ~ graphs forL four -wires 'are'shown -in Fig. 57.

- The head from -Test . Anchor #5 -was then placed on the -

tendon wires and the wires all shortened by an equal amount

L to enable ' the three wires ' found broken below the old head

f to:be fitted into the replacement head. Following shor. ten-,

'

.ing, the wires were then rebuttoned using a Proseg hydraulic

field button-header.- A~ miscalculation during the shorten-
,

ing of the wires Icft one too short to permit a button-head

to be formed. Therefore, the anchor test proceeded with 45

i wires of the 46 under stress - and a total length of 54 '6-1/4".
.

c- Following completion of the installation of the re-

placement head, the 8" I.D. steel pipe was replaced, the
,

pocket in the . concrete test block restored with 6000 psi-

; - concrete and the bearing plate set and 1cvelled ready to
i

receive the test equipment. The grout column extensometer

wires were also. repaired and checked for continuity.,

I.
After the concrete.had been allowed to cure, the test

t

! equipment was reassembled and a new test carried out. This

was fo'r the total test sequences as specified with the.

exception of the lock-off in Step 8 and the hold period

[ 'in Step.9. The anchor test was completed satisfactorily-

and the graphs obtained after the replacement head was

fitted are included in the appendix as Fig. 58.
b

,
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et - The second 'tes't on Anchor No. 7nshowed graphs of stress.

versus. strain that were to a large extent: repeats of the

:results1obtained1from previous multi-wire tests.

.x
. During the test the; unbutton-headed wire was visible

'

andoit seemed to be moving at the same rate as the other

tendon wires -during .the stressing sequences. This indicated.

that it had become. trapped in-the tendon bundle and was,

.therefore, carrying some load. However, nothing in the

load / extension curves can be seen'to confirm or deny this. '

Differential movement of this wire was eventually. noted as

the anchor load was increased above 400 kips.

No seven day hold was carried out on this anchor and

Step 10 followed immediately after Step 8 cyclic loadings.

Jacking was discontinued at a high load of 459 kips as

excessive movement was recorded due to plastic yield of-

the steel and the resulting proximity of the dial gauge

reference plate to the underside of the jacking stool.

The experience gained with the repair and retesting

of this anchor, whilst in no way premeditated, gave a valu-

able-and convincing demonstration that, even after unexpected

and:potentially serious damage, the-anchor could be restored

in the field and ~ proved to be of sound and viable construc-

. tion and performance.

-45-
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Three grout extensometers were fitted to this anchor at

the'-30', -40' and -50' icvels. The two lower ones showed

virtually no movement during the first test on this Anchor

No. 7 but- the upper detector exhibited large movements from

commencement o f the test. The readings, however, became

erratic and an inspection revealed that the plastic sheath

to the detector wire was not moving freely through the stress

head thus giving false readings. In spite of _the very con-

fined conditions, it was found possible to cut the excess

plastic tubing off the wire although a-slight bend in the

detector wire was unavoidably a result. Thereafter the upper

extensometer registered no significant movements to indicate

that the previous movements were probably erroneous and could

be disregarded. Fig. 59 shows' grout-extensometer movements.
.

The damage to the anchor due to the sudden destressing

included the severing of the extensometer detector wires.

They were reconnected after the anchor was repaired and oper-

! ated satis factorily. One point that should be emphasized

here is that it was known that the detector wires did not

stay in their former alignments in the tendon due to the

disturbance of the w2 res that took place of necessity during

the checking and repair of the anchor. Therefore, the very

minor movements of the extensometers recorded during the

second test on Anchor No. 7 are almost c'ertainly associated

with the alignment of the detector wires and not with any
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Egrout column movements.

Grout Test Hole No. 1
,

One additional borehole to the four testLanchors was

originally called for to enable a grouting. test to be ,

carried out. The hole was drilled to a depth of; 46',

water pressure tested, preliminary grouted .and . redrilled

as the anchor boreholes. The grout test hole was then

grouted using the stated technique of tremie tube to the +

i-bottom. Following withdrawal.of the tremie pipe and

after allowing the grout level to stabilize,,the top ;

18'9'of grout was flushed out using the method previously
described.

After allowing the grout to set, the column was cored

with the diamond drill at specific intervals of depth and

time. Sections of the cores so obtained were prepared and

crushed in the laboratory in order to establish the

strength-depth-time relationships of the in-situ-grout as

well as to verify that the construction procedures used

were satisfactory. The record of grout cylinder strengths '

is appended as Fig. 32.

'

During the coring of the grout in this borehole, it

was'found that the core drill had been set up at a slightly
different angle to the vertical than had the track drill.
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: Consequently _ the lower run of core extracted was found to
,

have intersected the borehole wall thus provided a section

of grout / rock interface for examination. Upon opening.the

split tube inner barrel to iemove the sample, it was found
~

that the rock section had not adhered to the grout but had

fallen away.

No particular significance was attached to this at

the time as testing of the -first anchors had only just be-

gun and no results were available for' study. However, it

became cicar as testing progressed on the anchors that a

completely unexpected problem was arising due to very poor

bond between grout and rock. Nicholson Anchorage Company

felt that there was , therefore, a need to investigate this

problem further.

It should be noted that a full core of the grout
,

column was obtained as specified for the length referred

to above by a realignment of the drill rig.

Grout Test Holes #2 6 #3

Following analysis of the results of the first four

anchor tests, it was decided to compare the bonding char-

acteristics of the MasterFlow 814 grout to Portland Type

II cement without additive. Two more boreholes were,

therefore, drilled to a depth of approximately 21 ft. and

-48-
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Tone was then tremie grouted with Type II cement mixed at-

five' gallons of water per 94f bag of cement, and the other

was grouted with ~MasterFlow 814 mixed at 2.4 gallons of

water per 55# bag of cement. After allowing the grout to

attain a minimum strength of'3000 psi, each hole was cored

in such a manner that the grout / rock interface was re-
4

covered. In spite of the fact that the MasterFlow 814

grout obtained higher strengths earlier than the Portland

. Type II grout, it was found, from visual examination of

the cores as the split inner barrel was opened, that the

latter bonded to the rock significantly better than the

former which, for a large part, was found to have fallen

away from the rock.

Some diffi'culties were experienced with maintaining
alignment of the diamond drill to obtain a continuous core

of the rock / grout interface in Grout Test Hole No. 3;
hence, several attempts were made. These are recorded

and shown in Figs. #61 and #62. Fig. 60 described the

cores obtained from Grout Test Hole No. 2 which was grouted

with MasterFlow 814.

An extension of these tests was carried out in the
Nicholson Anchorage Company shop in order to check whether

grout shrinkage -could be responsible for the low bond
,

'
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. strengths. .Two15"'I.D. steel pipes x14 ft. long were set' ,.

vertically Land .one filled and one half-filled -by the tremie -
,

- method with~ MasterFlow 814 grout mixed as specified. .A-

thirdJ pipe Lwas set up and. tremie filled.with an ordinary

Portland Cement Type I grout with no-additives and mixed

at ' 5 gallons of. water to the 94# bag. This was used as a

' control.- All specimens had a single cable strand grouted-

- into the center of the column within the pipe.

After a seven day curing period, it was noted that

the'MasterFlow 814 grout had shrunk away from the-steel

pipe, and feeler gauge measurements showed this reduction

in diameter to be 1/32" at each end of the 4 ft. grouted

pipe and at the accessible end of 2 ft. grouted pipe.

Also water flowed freely through the pipe between grout

-and steel when the upper end was filled. No such shrink-

age was detected with the Portland Cement grout nor was

water able to flow through the pipe.

'These tests were not witnessed by other than Nicholson

Anchorage Company personnel.

F

The bonding characteristics were also checked .by

jacking with the single strand that was cast into the

. grout-column. With the MasterFlow 814 grout the. column

moved within the steel pipe at the nominal jacking force
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whereas the cable in the Portland Cement was stressed to

80% of ultimate strength without causing any detectable

grout column displacement.

Grout-Encapsulation Tests

1

Two tendon encapsulation tests were also carried out

to provide evidence that the grouting techniques used were

sound dnd that ru) voids or weak areas in the grout column
were formed. The tests were carried out by erecting two
6" diameter plastic pipes x 45 ft. 'long alongside the

scaffold ladder tower into Reactor 4 excavation. V.S.L.

multi-strand tendons were lowered into each pipe complete

with integral grout tremic tube and the pipes were then
filled with water. Grout was then pumped into each pipe |

through the tremie tube until it overtopped the top of
|

the plastic pipe. After the grout had set the pipes were
lifted out of the Reactor excavation and the lower portion
cut up into sections using a rotary disc cutter. The

plastic pipe was then cut off and the sections were

examined.

One encapsulation test was carried out using MasterFlow

814 grout mixed at 2.4 gallons of water per 55# bag and the

other with Portland Type II cement mixed at 5 gallons of
water per 94# bag with no additives.

51 --
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-Examination ~off the ' sections of the~ encapsulated 1 tendon

_

. showed that the Type II_ce' ment had. bonded better to the

steel cable tendons. The' estimation of bonding was made

from observation of the resistance of the encapsulated

i tendon -to bending when being laid down for examination
.

and from the ease with which sections of the grout could
I

- be lifted off the steel tendons.

The tendons were-found to be generally centered well

- within the plastic pipe and the grout' contained no signi-

ficant voids or questionable areas with one exception.

This was right at the bottom of the encapsulation test

pipe filled with Portland Type II cement grout, and was

due to a minor leakage of grout through an imperfect joint

- in the pipe end cap. The resulting void was about two

inches long and one inch deep.

'
Grout Column Test

A grout column test was also carried out using the
'

same technique of standing a pipe alongside the scaffold

tower to simulate a borehole. In this test, a 4" pipe was

used which was 42' long and fitted with two pressure. gauges.
'

One was centered 2'4" from the bottom and the other was

6" - 8" from the bottom. The. pipe was attached to the

same scaffold tower as was used for the encapsulation

tests.

- 52 -
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The 4" pipe was first- filled with water to check for.

leaks in the. joints and then filled with grout using the

tremie pipe method. Grout mix was Portland Type II cement

mixed at 5 gallons water per bag and containing~Intraplast

'N' expansive-admixture at the rate of 0.49# per bag.

.

After placing the grout, the pressure gauges were
'

monitored continuously until the grout column had stabilized
.

and any reaction or expension due to the admixture:had

ceased. Pressures were recorded at frequent intervals and

it was found that the grout did not become stable until

6-1/2 hours after placement. The plots of pressures versus

time together with notes on grout behaviour are appended

as Figs. 63 and 64.

After the grout had set, the 4" pipe was cut into sec-

tions and lifted out of the reactor excavation. From these

sections cylinders were prepared for crushing to establish

grout strengths and the relationships of strength to depth.

These results are also appended as Fig. 31B. It should be

noted that the top section of the grout column was found to

be extremely soft and moldabic in the hand even three weeks

after pouring and the crush tests gave very low strengths.

.
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LVIII -GENERAL COMM8NTS

'
4 Fromtthe results.of'these' tests, and from other infor-

;mation and observations'that have been made it is suggested

that .the reason for failure of the V.S.L. tendons at a load

level significantly below ultimate strand strength is due

to the fact that, in ground anchor configurations, the

cables are only held with barrels.and wedges at one end.
.

This'has been discussed previously. It is therefos e re-

commended that design parameters used"in the future to

calculate strand requirements should bc. altered to reflect

the probability that the center wire will not be mobilized.

Simply stated this will mean derating the guaranteed ulti-

mate strength of the strand to 6/7 or 85% of the normal

and adding, therefore, extra strands to a tendon to make

up the required load. Alternatively the manufactureres

could be requested to devise a tendon configuration that

would be 'certain of developing the guaranteed ultimate

tensile strength of the strand.

For the multi-wire tendon system-it is recommended

that the corrosion' protection system be modified. At

present each wire is greased and then' encased in a plastic ;

' tube. However, during stressing the wires extend to leave

- a' gap between the top of the plastic tubing and the anchor

head. The plastic tubing is embedded in the top of.the

,

b
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L grout' column"and, being a slide fit'over the wires, does.not'

extend with the tendon.- .The gap ' formed exposes the tendon-

wiresLand some rust staining was noted in' earlier tests.

Anchor.#7 had:a~ modified plastic tube system which provided

an oversize tube'immediately below the anchor head. The
'

regular plastic tube was fitted into this to provide a slip

joint. However, in practice the epoxy cement holding the

-larger tube'into the recesses'provided in the head proved

.to be inadequate in strength and the plastic tubing again
]

was found not to extend with the tendon. This problem is

not expected to be difficult to solve but some more develop-

ment work is needed to produce a satisfactory corrosion-

protection system.

All other techniquer used in the test anchor program

for drilling, placing, grouting and stressing worked well

and gave no cause for revision of methods. The use of

these techniques for construction of permanent anchors may,

therefore, be safely recommended.
.

It must be emphasized that, apart from the unexpected

behaviour of the MasterFlow 814 grout and the unique fail-

ure of ,the multi-strand tendons at loads in. excess of 400
kips, all anchors proved to be dependable and stable even

under the most rigorous and severe testing conditions.
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A M E R I C A N SPRING WIRE CORPORATION
'

(. r. o. sox 4 eses ocorono Heicars, onio 44:4e

TEl (2163 292 4020

|
l

CERTIFICATION
VSL Corporation

i

P.O. Box 866 1.

'Sprin6 field, Virginia 22150, ., ,

, P, O. SIZE GRADE WEIGHT DATE

7335 1/2 - 270K Strand per ASTM A416 9-24-75----

Spec. in 12,000 ft. center
pull Reel-less Paks*

.

*

1

HEAT # CHEMICAL ANALYSIS TENSILE STRENGTH I

Y 532984 c .78 s .'022
'

-----
,

Mn .83 s; .27
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VISCONORUST 3166

'

SCOPE,

Viac.onorust 3166 is compounded from highly refined petroleum oils.
cnd long chain metallic hydro-carbons. It is designed to provide
c film that is both flexibic and stable from below 00F to 3000F.
Visconorust 3166 can be applied at ambient plant temperature without I.

cdditional heat and be applied to the wire strand either by an
cutomated pumping system or manually.

.

. END USE -

A Rust Protective and Lubricant coating to be applied to strand
tendons prior to covering with a plastic casing for use in post
tensioning construction.

PINSICAL SPECIFICATION AND CllARACTERISTICS:

.A. Color: Dark Amber

.B. Dropping Point (Melting Point ASTM D-566) 3500F Minimum. No
' flowing or Icakage off wires at high ambient temperatures.

C. Flash Point (Cleveland Open Cup Test): 3500 F. Min.

D. Film: Grease type - soft, pliable, self healing

E. ASTM Cone Penetration @ 770F (265-295)

| F. Viscosity of oil @ 1000F 300-800 .

( G. Excellent barrier against possibic water contamination, and
insulation against stray electrical currents.

H. Lubrication '
|

| Visconorus't 3166 by remaining pliable and greasy throughout its
| operating temperature range will provide the required lubriention

between the tendon and the plastic casing. g4 g
- -

rpm 39 tass-vCmu Mnen . - ' '
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I. Rust Test - ASTM D-1743 Pass

J. Water Solubic Chlorides, PPM Less than -2
Water Soluble Nitrates, PPM Less than 2
Water S.luble Sulfides, PPM Less than 2
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CERTIFICATION.0F TEST DEC 121975,0 .Armco Steel Corporat. ion
TUFWIRE/' Mansa $ City, MO. 64125

. , ,,,,
t'

%,,., y, 3 9 7g
s

C US T OM E R: The Prescon Corporatica
c NOMIN AL WIRE DO A. ') Aff

MIN. SPECIFIC ATIONS

CE Q'O. %;E ANING STRENGTH ll 'INI' LBS.2f40 OOO P. LI.j j

WMINIMUM cLONo A TION IN t o- PERCENT JMomer OMer flo. h377
COIL t)l Aet t t m BRE ARING STRENGTH LSL (JLT. T FNSIL E ST R. P SI % ELONO STR A00HT a BUTTON TIELD
10* 'FIONT - S ACit FRONT SACK FRONT BACK

'5 .251 12.660 255.800 5.00 11.1h
17 .251 12. Loo 250.600
19 .251 12.720 257.000 .

11 4251 12,360 2h9,700
32 .251 12.020 259.000
'Ls 251 12.660 246,800
L .241 17.<bo 243.h00
}& 251 12.2h0 2h7,300
7h T .251 12.2 L 2h6.900

-

>< .251 1?;<PO pyh;200
18 s 241 19,420 953,n00
ton _941 19<m 9<9 Ann

LOh .241 1?|}an Al[000
10< _941 19;ynn 939 Ann _ y_An n nt.; ;

(06 .261 1 ? .1111 0 241,h00
1081 .9<1 19Mn' 91.o J-im
Il l, _9t;1 19 A9n 9<o nnn

- -a

11 6 .241_ 19;h00 250;600 .

L20. .2T1 12,460 241,800
171 .9<1 19;700 PK6,603

*

.

.

.

H } t.T NO 773

AN LL T!4 S1 - - ?MFe
_

P 3 5f

4

TH 3 PMTSIC AL OR MECH ANIC AL TEST REPORTED ABOVE AR E CORRECT .[ ,

A3 CONTalNEO IN THE RECORDS OF THE CORPOR ATION.
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S H E ll. O. ll CO SA PAN Y
~

~

;.
.

'. P.O. BOX i422*

Y HOUSTON, TEX AS 77001
k

April 2, 1973.
-

.

.

.

Prsscon Corp.
4
~ c1338:N.'W. W. White' Road- .

* S n , Antonio, Texas

Attention: Mr. Harvey Penshorn -

\:'
.

.

D;ar Mr. Penshorn: .
.

~

The purpose of this letter is~ to familiarize you with the
spIcifications of Shell Cable Coating G.rease Number 1 (C. C. Grease #1).

q . .

Shell .C. C. Grease is a sainth, buttery textured calcium
brsed grease with a rust inhibitor blended in, which gives the grease
a reddish appearance. Calcium based greases have a superior water.

rcsistance quality in comparison to ' sodium based greases. Calcium
' based greases' useful temperature is 180*F compared to 200*F for sodium
based grenses. The. National Lubricating Grease Institute (NLG1) grade .

numbe'r 1 grease will allow good penetration of the grease into the

strands'along w%'.ith better' pumpability.
Properties of Shell*C. C. Grease Numb , f }

'-
.

e as follows:
-

_

ASTM Worked Penetration 9 77*F (60 strokes) 320
Droppi,ng Point *F 205
Soap Calcium
% Soap , 12
Appearance Smooth

~' ' Color- Reddish
Mineral Oil Vis. SSU 8 100*F 305.

Mineral Oil Pour Point -1S.

Rust inhibited-
'

Yes

'

.I wish to thank you for the courtesy extended to me during our
rrcent phone conversation. I'm working-toward getting you a written
qustation, however, I may have to contact you again personally or by

- phone before writing you a quotation.
'

If y'ou have any questions concerning this product, please
. fac1 free to contact me at area code 713-526-4631, ext. 47.

- .
Ver ru y yours,

/ | % t- '-

,
._ W. Smith, Senior Representative

Industrial. Sales Department -

- FtQ 10.

0 M L 5 6k7 ) - 4-1
'

g
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NORTH ANNA POWER STATION
UNITS 3 6 4

ROCK ANCHOR TEST PROGRAM

RESULTS OF CRUSHING TESTS ON NX SIZE CORE SAMPLES
OF GROUT FROM GROUT TEST HOLE #1

.

DATE DEPTH OF SAMPLE
~~

MAX. LOAD CRUSHING AGE

TESTED BELOW GROUND ON SAMPLE STRENGTH, P.S.I. DAYS

1/9/76 20 ft. 15,000 Lbs. 4777 2-1/2
(9:30 A.M.) 25 ft. 15,500 Lbs. 4936

1 '9/76 25 ft. 17,500 Lbs. 5573 3

(3:00 P.M.) 30 ft. 17,500 Lbs. 5573''

1/12/76 30 ft. 20,000 Lbs. 6369 6

35 ft. 19,500 Lbs. 6210

1/19/76 35 ft. 21,000 Lbs. 6688 13

40 ft. 21,500 lbs. 6847

1/20/76 40 ft. 24,000 Lbs. 7643 14

45 ft. 23,000 Lbs. 7325

9M
j{" Grout was MasterFlow 814 mixed with 2 gallons water /55# bag.

Report by North Anna Power Station Quality Control Laboratory dated 1/22/76 by W. J. Harris.
g

IT) Job No. 12180-12181
Reference Documents NAS 30163 dated 12/1/75.*
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CERTIFICAT104RMCO Armco Steel Corporation
\/ x.R. car. uo. aus TUFWIRE February 23, 1976oATE

The Prescoa CorporationCuSTOutR

4 505 1338 North W. W. hhite Road
San Antonio, Texas 78205**'aN AL mR E os a.

ed1N. SPECIFIC ATIONS i

ll 7bb LBS. 2b0=M P. S.I.CQ'o. C%3 AKtNG STRENGTM

Customer Ortier No. h619WINIMUM CLONG ATION IN 90' PERCENT
i

atAutTER BRE AKING ST R ENG TH LBS. ULT. TENSIL E ST R. P$l %ELONG STR AIGHT= BUTTON TIELo
.gg g

$' " "
O. FIOe47 SACK FRONT BACK FRONT SACK

.251 12.200 2h6V500

251 12,180 2h6,100

, .1 .251 12,380 250,100 h.70 10,8604

5 .25 1 12,oh0 2h3,300 4
- :r.o. A-zr- g- og

.8 .251 12.hh0 251.h00
'7 .251 12,180 2h6,100

0. 251 12,2ho 2h7,300

13 .251 12,320 2h8,900

17 .25 1 12,120 2hh,900

i8 .251 12,360 2h9,700
;0 .251 12,5ho 253,h00

17 251 12,200 2h6,500

55 .251 12, oho 2h3,300 W_- A-

19 .251 12,360 2h9,700
o / 5Y/ 10,6ho.

56 .251 12.5ho 253.h00 /'_ n PMV
57 .251 12,220 2h6,900 f/ :F'~,7
72 .251 12.260 2h7,700 /,/ f
p _9<1 19.9An 91,7 700(# 6* "'
78 .251 12:0B0 2hh;100 4 ff8--6-C ?

35 Coils. 30,530 its

M-

'. . .m ,\AS "H Speci:1 cation / h21-7h _-

X ,?-^ TNM1gM_,

---

nn nnwtc. i> " ''A)JMwL'&\. ,
";p-Mp

\ me%%v~ iI W V \
wc-VL wC -

-'o# \p
-

26h72anf NO.

.82 .86 .010 .026* .2h
C uN P S u (AN tL Y =

.

.

TH3 PHY''C#L OR MECH ANIC AL TEST REPORTED ABOVE ARE CORRECT |
. |.

cnONTaNEO m TnE, RECOROs OF ggR,gRgi,0Ng 7 39 pgg. .
D h Meew. m!.1er a.c);uo C t the State of Misag'ir!. nY

Sup'v. Quality & Rope (hntrol Highma p@ day of c.w: . 9.'2.f.> Cartn Wire

fp g v , , , , ,wui n ,e REv.an :
e ,o e og go)- g3. m, ,
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NICHOL50N ANCHORAGE
COMPANY
P. O. BOX 308 BRIDGEVILLE, PENNSYLVANIA 15017

-

412'221-4500
,

-

'

North Anna Power Station Grout Test Hole #2
For . . . - . ... Record of IIole No.. - . - . . -

Masterflow 814 Grout
.. . . . . . Lncanon. .-

2.4 gals /55# bag.
_

._

! !Surfac- Einvasion .. - Date %rtal . .,

orisi., Rick Triplett _ 2/18/76_ ._

' =
n ,, c,,,og,,,a .. .

_ __._

STRATA FEET INCHES TOTAL

Concrete (Roller Bit) 4 4 4' 4" -

Concrete 3 6 7'10"
_

i
Grout / Rock Interface Bonded 11 8' 9"
" " " Unbonded 2 8'11"

-

" " " Bonded 4 2 13' 1"
__

" " " Unbonded 1 1 14' 2"

Bonded |6 14' 8"" " "

_ _

" " " Unbonded 7 4 22' 0" -

-

_._

-

~

_

_. -.
_

.~"

- _ - . . _ _ . _ _ _ . _ _ _

_ _ . - _ . . . _ _ _ _

--
_ _ _ . _

.

.-

-

-

-

~

-

_ _ _

__ fS. bb
A Dupl4cate of this Record say be obtained by eriting to the Above Address

_
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MA NICHOLSON ANCHORAGE
COMPANY
P. O. BOX 308 BRIDGEVILLE, PENNSYLVANIA 15017

412/221-4500

North. Anna. Power.S.tation_ n,cora a not s' . Grout.. Test.. Hole..#3.:o,

Portland Cement Type IT 5rodt~
' ~ ' " " '

5 gals / bag. . ..No... add.i tive.
. . . . . _

Surfac. Elevatwn - - Dare Staned.

2/19/76 --

D ro i., . Rick Triplett...
. no.. con,g. a

.N
_ .

STRATA' FEET INCHES TOTAL

Run I Concrete 1 0 l' 0"

Grout 13 0 14' 0"

Grout / Rock Interface 4 0 18' 0"

Bunded

Grout 4 1g 4a

Run II Corcrete 1 0 1 on

Grout 17 0 1R' na

Run III Concrete 1 0 l' 0"

_. Grout _ 12 6 la' sa

n7(
__Run IV concrete 1 s' na

With Roller
Grey Granito _ 4 n i Rit .-

a

Grout / Rock interfaco 4 g gi gu

Ronded f_

.

s

Gt. in I
*

A Duplicate of this Record og be obtained by writing to the Above Address

--__ ._. . .
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MA NICHOL50N ANCHORAGE
COMPANY
P. O. BOX 308 BRIDGEVILLE. PENNSYLVANIA 15017

412/221-4500

North Anna Power Station Grout Test Hole #3
For Record of Hole No.--- --

' " ' * " ' ' " ~ ~ ~ ~ ' ~ ' ~ ~ ~ ~ ~ '

Portland ' Cement"T pe"II" Grout"-~
5 gals / bag. _No additive

. _ , . _ ._.

Surfac Elevation. . _ . . Daie Started.

Rick Triplett 2/26/76orini,, g,, g.,,,,,,g

STRATA FEET INCHES TOTAL
_ _ _ _ _

Run V Concrete 4
--

4' 0"

3
Grey Granite

__
8 12' 3"

0Grout / Rock Interface 3 16' 0"
.

Bonded

Grout 6 22' 0"
..\ '.p .[ .

. . .

_ ~

Grey Granite 3 25' 0" . . .." . ' :
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GROUT COLUMN TEST. y
Column lleight 41'3" Distance Gauge 1 to Bottom 6'8" f
Column Diameter 4" Distance Gauge 2 to Bottom 2"-4" M
Date Tested 5-11-76 Grout: Type II Portland Cement with _[[

^

.5% Interplast 'N' Expanding _y

Agent. Water 5 gals / bag.

.-
Ad__

GAUGE 1 GAUGE 2 =
TIME P.S.I. P.S.I. REMARKS ,--

w
09:55 11.75 13.5 Column filled with water only

-

_

10:03 22.25 25.5 Grout filled and tremic pipe removed ?10:05 23.5 26.5 Column topped up replacing tremie pipe -::10:10 23.25 26.0 volume. ?"
10:15 " 24.25 Slight clear water drips starting at both f

"gauges
_

10:20 " 24.0. Bleed water forming; fluid level 3/4" below Q,

top of column E-'10:25 " 23.75 J
10:30 " 23.5 Clear water drips continue at Gauges. Also

_-
at pipe joint 10'6" above bottom. p

10:40 " " 2" deep bleed water formed; fluid 1cvel 1" --

below top of column {
10:45 " " Clear water drips slowing --

10:50 23.0 23.0 g
10:55 23.0 n"

11:00 23.25 23.25 k11:05 " 23.0 Fluid level back to 3/4" below top of -

column. h11:10 23.5 "

11:15 " " ~

11:20 23.25 Slow clear water drips continue. g"

11:25 23.0 "

11:30 " 23.25 Bleed water starting to overtop column.
^

~

11:35 23.25 23.5
_

11:40 " "
L

11:45 23.0 Grout risen to within 1/8" of top of i$-
"

11:55 23.25 23.75 column.
12:00 23.5 Grout overtopping column. Visible signs of _""

12:15 23.25 chemical reaction. 7"

12:30 " 23.5 Expansion rate approximately 1/8"/10 mins. .__13:00 22.5 23.0 Slow clear water trips continue from gauges +
and joint.

__

13:15 " 22.75 r
13:30 22.0 22.0 Grout continues to expand 6 overtop column.
14:00 20.5 20.5 Slow clearwater drips continuing.

-

.

Expansion virtually ceased. Bleedwater t
14:00 20.5 20.5 reforming at top of column. Foam on top __;

of water. 5
14:30 16.5 17.0 No fluid overtopping column. Foam still

'

fo rming. Clear water drips at gauges and =.
joint ceased. _=_

_

-

Fiq . 6 4. *
- _ _ _ _ . . . . . _ _ _ . . 5
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M, T
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" '; .6 .i

3 16:10 13.0 23.5 4
:? 16:30 12.5 22.0 Foaming ceased. J G-''S

r.: - 5/12/ 76 . i$
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VIRGNA ELECTRIC APO POWER COMPANY sH 2 0F.J.
r

'

NORTH ANNA POWER STATION UNITS 3 & 4 40. No. 82100,12181 90RiNO hh- git,
_

TYPE OF 00Rese " C"" LOCATION 8W E "'' GROUND ELEV m **'

m
DRILLED ff '""~ " ". N LOGOED SYOstt cat. LEO - '~

evra vi m gr ?* Yvwn "*I aint
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APPENDIX D
.

EXAMINATION OF THIN SECTIONS FR)M GROUP TEST HOLES

Sancies

- Four thin sections' vere prepared from cores of the grout-rock interface
in two grout test holes. Specimens 1 and 2 were taken from Grout Test
He.ae No. 2 which was filled with MB 814 grout, and specimens 3 and k were
taken from Grout Test Hole No. 3 which was filled with a Type II cement
grout -

*
.

Method of Observation

The thin sections were examined under an Olympia polarizing petrographic
microscope. Mineral identifications were made using standard petrographic
characteristics of the minerals. In addition, a slide projector was used to

project the full slide _on a viewing screen so that overall patterns on the
thin sections could be seen.

Observations

1. Specimen 1 - MB 814 grout - Granite gneiss rock

Rock Composition: Quartz, plagioclase (two types), microcline,
biotite, minor chlorite, and opaques

Grout-Rock Contact: A nearly continuous 0.05 ma wide crack is
;
- present along the grout-rock interface, and at several places

along it the crack splays off into the grout (see Figure 1).
The cracks at the grout-rock interface and in the grout are filled
with a late phase birefringent mineral showing a first order gray.
interference color and undulatory extinction. These properties
would imply some type of silicate mineral.

Adjacent to the grout-rock interface, a 0.15 mm thick band is.

present in the grout. This band contains none of the coarse'

particles (filler) that are present in the ' grout mass. Under
crossed nicols, the band appeared browner in color than the

2

majority of the grout. No observable alteration or' difference'

| was found in the rock near the contact. ,

.

Adjacent to this 0.15 mm thick band is a 7 0 mm thick band which is'
discolored and coarser grained (see Figure 1). Under crossed
polaroid filters , the unaffected grout is gray, and the discolored
band becomes browner toward each filled crack.
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< - 2. Specimen 2 - MB 814 grout - Granite gneiss rock
'

Rock Centposition: -Same as Specimen 1-
,

'-Grout-Rock Contact: 'Similar to Specimen 1.- A 0.05 mm crack
F is present along-the interface. ::The crack filling is not_-

as complete as in Specimen 1. _ L Several cracks which are not:

' filled exist in the grout but~ these could have ' occurred
during preparation of the sample. The 0.15 amt thick'.

discolored. band and the vider (7 ast) band were again noted.

3. - Specimen 3 - Neat cement (Type II) grout - Granite gneiss rock

Rock composition: .Same as Specimen 1'

!

I ' Grout-Rock Contact: Along most of the contact, no cracks

.
. are present and the bond is tight. Where cracks are found
in the grout, they are not filled. A discolored band'of '

' grout is present along the contact, but it is much thinner
(0.03 nat) than that seen on specimens 1 and 2.

i

j. 4 Specimen 4 - Nest cement (Type II) grout-granite gneiss

! Rock Composition: Same as Specimen 1

Grout-Rock Contact: Similar to Specimen 3-

,

Conclusions

The samples of the_MB 814 grout-rock interface show the development of
.

fine cracks along the interface. The cracking probably occurred while the
i 1 grout cured .and may represent shrinkage cracking of the grout. The cracks

have since been healed by a late phase silicate mineral'. It is postulated
that the formation of the mineral filling was caused by a cheatical
reaction within the grout itself or by a reaction between.the groundwater
and the grout.. - The granite gneiss rock shows no signs of chemical
alteration and, therefore, does not contribute to the chemical reaction. 1

;

| This conclusion is supported by the fact that the cracks extending into'- )

|. the grout mass are hesled by the.same mineral filling. Also, the T am ;

discolored band parallels both the cracks at the interface ~ and the cracks
extending into the grout. This wide discolored band adjacent to cracks ~
may have been caused by the chemical reaction which resulted in the
formation of the mineral filling. The 0.15 mm band of fine grained

| material ~ is present in the grout at the interface. . This thin band may
. have been caused by the migration of bleed water toward the rock after - J

grout placement.

The samples of the neat cement grout-rock interface generally showed little
,

! cracking ~at the interface. . No evidence of a chemical reaction was present :
other than a very thin discolored band'of grout. No mineral fillings are'

present in cracks.
!

'
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Based upon the. observed differences in the thin section the following
- conclusions can be made:

1. MB 814 cable grout apparently cracked during curing.

2.- The_ cracks in the MB 814 grout are healed by a mineral
~

resulting from a chemical reaction. This chemical.
reaction at the rock-grout interface probably has a
tendency to weaken the bond. (Note: It has been
established by field and laboratory tests that the

. MB 814 grout does not bond ss well to the rock as neat
cement grout.)

3. Neat' cement grout shows none of the above
characteristics.
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filled with silicate (?) mineral
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/ Fine grained brown filling
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Coarse grained filling
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GROUT

Figure 1 Typical MB 81/. Grout,4tock Interface
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