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PREFACE

The second tendon surveillance after tendon retensioning of the
R. E. Ginna Nuclear Power Plant containment structure was performed during
July and November of 1983. The report contained herein constitutes the final
report for that surveillance.
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1.0 INTRODUCTION

The 1983 surveillance of containment vessel tendons for the
R. E. Ginna Nuclear Power Station was performed during July and

November. This was the second surveillance performed after 123 of
the tendons (out of a total of 160 tendons) had been retensioned
in June 1980. A representative sample of 18 tendons was selected.
The list of selected tendons, and the reasons for their selection,
is included as Table 1. The procedure used for the surveillance
is included in Appendix A.

During the surveillance it was found that the stressing rod

coupler would not thread onto tendon 8'133, so tendon 876 was

selected as a substitute. The reasons for its selection were the
availability of an existing force prediction calculation and

force-vs-time curve, and the fact that it is adjacent to
tendon 875 which was damaged following its surveillance
inspection.

2.0 TENDON FORCES

2.1, Lift Off Forces

The forces obtained from two calibrated measurement systems are
reported in Appendix B. One system uses the gauge pressures of
the stressing ram as input into the calibration equation.

Force (kips) ~ 0.896 + 0.1274 x Gauge Pressure(psig)

This equation resulted from a linear regression fit-of the
force-gauge pressure data obtained during the calibration of the
pressure gauge and stressing ram as one unit.
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The second measurement system consists of the calibrated strain
gaged stressing rod, which measures the force in the tendon

directly. The calibration equation for this system is

Force (kips) = 0.2004 x Strain (micro-inches/inch)

The above equation was used during July 1983 prior to the accident

involving tendon 875. That accident also damaged the stressing

rod, requiring the fabrication and calibration of a new rod. The

calibration formula for the new rod, used for all tendon testing
performed in November 1983 is

Force (kips) = .1997 x Strain (micro-inches/inch)

The Data Sheets for each tendon (see Appendix C) indicate which

constant was used Eor that tendon.

From the completed data records in Appendix C (Data Sheet 1), both

measurement systems obtained tendon forces that were generally in
good agreement at all increasing and decreasing pressure levels
indicating that confirming force data was obtained. At lift off,
the agreement in forces was excellent. The official tendon forces

are considered to be the lift ofE values measured just prior to

applying the 6X force increment and using the strain gaged

stressing rod results. These forces are presented in column (1)
of Table 2.

2.2 Avera e Tendon Force

From column (1) of Table 2, the average force for the 18 tendon

sample is 709 kips. The sample includes four tendons (35, 36, 116

and 120) that were retensioned in May of 1969, as part of a 23

tendon group. These tendons were not retensioned in June 1980

with the remaining 137 tendons in the containment. As expected,

the lift off forces for 35, 36, 116 and 120 were lower than the
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remaining sample tendons. Therefore, to make use of the forces
from the 18 sample tendons in order to obtain the expected average

tendon" force for all 160 tendons in the containment, a weighted

average should be constructed. This was done, resulting in the

expected average tendon force of 713 kips reported in Table 2.

The formula for calculating the weighted average is'.

137 (Flave) + 23 (F2ave)Weighted Ave. =

160

where: Flave = average force of 14 tendons from June 1980
retensioning

F2ave = average force of 4 tendons from May 1969
retensioning

160 = total tendons in Ginna containment structure

Following surveillance inspection of tendon 875, an accident
occuired 'causing shims to be dislodged and some tendon wires to be

broken. The tendon was repaired by, first, detensioning, removing

the broken wires, and then retensioning. The result of the repair
is that tendon f75 was restored with a tendon force of 531 kips.
An additional weighted average of 711 kips has been provided in
Table 2 to reflect the "as left" force in tendon f75.

The formula for calculating this additional weighted average is:

136 (Flave) + 23 (F2ave) + F75Weighted Ave.

160

where .'lave = average force of 13 tendons from June 1980
retensioning

F2ave = average force of 4 tendons from May 1969
retensioning

F75 = force in tendon f75 after repair
160 = total number of tendons
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2 ' Acce tance Criteria

In the Ginna Technical Specification, Section 4.4.4.2 provides the
acceptance criterion for the lift off forces. The criterion
requires that the average stress of the sample tendons not be less
than 144,000 psi, which is equivalent to 636 kips. The 636 kip
value represents the minimum required average tendon force, for the
tendons. Actually, considering that in this surveillance (or
possibly any surveillance) the tendon sample includes tendons that
were not retensioned in June 1980, the weighted average of the
sample forces (rather than the absolute average) should be

compared to the 636 kip requirement. The "as-found" weighted
average of 713 kips exceeds the minimum requirement of 636 ki'ps by

12.1X. The "as-left" (after Tendon 875 repair) weighted average
of 711 kips exceeds the minimum requirement by 11.8X.

2.4 Com arison with Predicted Forces

In order to determine if the tendons are experiencing an abnormal

rate of force loss with time, the measured lift off force for each

sample tendon is compared with the force predicted for the tendon.
The predicted forces were provided to RG&E prior to the start of
the surveillance in References 1 and 2. This information included
force-versus-time history curves for all sample tendons involved
in the surveillance, along with a table containing the forces from
these curves which apply for this specific surveillance. These

predicted forces are shown in column (2) and column (3) of
Table 2. Also, for each of the 18 surveillance tendons, the
force-versus-time history curve that was included in References 1

and 2 are provided herein in Appendix D.

Two sets of predicted forces are presented, which are denoted as

ESR WITH RT and 16X RELAX. WITH RT. The difference in the two

sets of forces is due to different stress relaxation properties
used for the tendon wires. These properties result from the
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evaluation of the stress relaxation testing performed at
Lehigh University. The method for establishing the stress
relaxation values is summarized below. A detailed report on this
work has been issued (3).

In one case, the individual Effective Stress Relaxation (ESR)

values of the tendons determined from the June 1980 lift off tests
were used. These are the values of stress relaxation which

individual tendons had to exhibit in order for the predicted and

measured forces to be equal in June 1980, after deducting other
known losses. The ESR values were then reduced by the factors
developed from the Lehigh restressed wire tests to take into
account the fact that the tendons were retensioned in June 1980.

These factors significantly reduce the ESR values and,

consequently, result in higher values of predicted tendon force.
This effect can be seen from the figures in Appendix D where, for
information, curves noted as ESR WITHOUT RT have been included in
some figures. These curves are comparable with the curves marked

ESR WITH RT, the only difference being whether the retensioning
effect on stress relaxation has been included.

In the second case, a stress relaxation curve developed from the

Lehigh tests on both the unrestressed and the restressed wires was

used. The basis for this curve is the following. From the test
results of the sample wires (prior to restressing) for Tendon 76

(heat 830091) and Tendon 51 (heat 819477), 90o F stress relaxation
curves were constructed by linear interpolation between the 68 F

and 104o F test curves. The 90 F temperature was selected as an

average value for the 85 F to 95o F range which the tendons are

expected to have experienced during most of their existence in the

containment. This resulted in one curve for heat 830091, with a

16.7X stress relaxation value at 100,000 hours, and one curve for
heat 819477, with a 14.2X stress relaxation value at
100,000 hours. The time of 100,000 hours was selected since the
June 1980 lift off tests occurred at approximately 100,000 after
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original tensioning in 1969. In these tests, the average ESR

value was approximately 15X for each of the three heats tested.
Therefore, since this value was within the 14.2Z and 16.7X values

described above, 15X at 100,000 hours was selected to establish
the one stress relaxation curve to be used for all the tendons for
future force predictions. This curve was determined by scaling
the 16.7X curve for heat 830091 to 15X at 100,000 hours. The

16.7X curve was selected over the 14.2X curve to establish the

shape of the 15X curve because the 16.7X curve was based on

longer-time data; consequently, its shape was established more

accurately out to 40 years. The resulting curve with 15X at
100,000 hours exhibits a 40 year relaxation of 15.9X; therefore,
it is referred to as the 16X RELAXATION case in Table 2 and in the

figures in Appendix D. Finally, the same factors discussed above

to account for the retensioning effect (to reduce relaxation) were

applied to the 16X curve, and this is noted as 16X RELAX. WITH RT

in the table and figures.

The two relaxation cases described above were in effect for the

July 1983 surveillance as part of the task to determine if one

curve, namely 16X RELAX. WITH RT, could be used for all the

tendons to predict forces which'would be in reasonable agreement

with those measured.

The measured lift off forces appearing in column (1) of Table 2

are also indicated on the curves in Appendix D by a circled dot.
A comparison of the lift off forces with the two predicted curves,
denoted as (1) and (2), generally shows good agreement. The

actual percent differences for the surveillance tendons are shown

in columns (4) and (5) of Table 2. From these results, the forces
for 9 of the 18 tendons exceed the predicted values. For all but

one of the remaining 9 tendons, the amounts by which the measured

forces are less than predicted are small and well within the 5X

tolerance allowed, indicating that no abnormal force losses have

occurred. The one exception is tendon 8125 which is 5.3X below
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the prediction based on Effective Stress Relaxation. However, a

review of the force prediction calculations indicated that the

Effective Stress Relaxation for this tendon, was much lower than

for other tendons, resulting in a high predicted force using this
method. Consequently, the force prediction for tendon 8125 based

on 16X RELAX. is believed to be more realistic, and the measured

force is only 2.0X below this value. Considering all the tendons

involved in the surveillance, a comparison of the results between

column (4) and column (5) indicates that the 16X RELAXATION case

generally agrees better with the measured forces than does the ESR

case. Therefore, there appears to be sufficient justification to
restrict future surveillance tendon force predictions to the case

of 16X relaxation, accounting for the retensioning effect.

2.5 Future Need for Tendon Retensionin

In order to determine the need for future tendon retensioning, it
is necessary to compare the stress relaxation experienced at the

1983 surveillance with that predicted in Figure 5 of Reference 3.

This comparison has been done for the tendons retensioned in
May 1969 where the 11X actual stress relaxation compares favorably
with the 11.2X stress relaxation read from the 1000 hour curve in
Figure 5 at 124,000 hours. For the tendons retensioned in
June 1980, the 5.4X actual stress relaxation also compares

favorably with the 6.2X stress relaxation read from the 11 year

curve in Figure 5 at 27,000 hours.

From the 1000 hour curve in Figure 5 of Reference 3, the average

stress relaxation for the group of 23 tendons which were

retensioned in May 1969 (1000 hours after original tensioning) is
12.7X at 350,000 hours (estimated plant life of 40 years).
Applying this relaxation percentage loss to the average tendon

force of 758 for these 23 tendons at retensioning produces an

estimated average tendon force of 662 at the assumed plant life of
40 years.
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The average stress relaxation for the group of 137 tendons

retensioned in June 1980 can be read from the ll year curve in
Figure 5 (above) as 10.3X at 253,000 hours (approx. 29 years after
retensioning). The average tendon force for this group at
retensioning was 760 . Applying the stress relaxation percentage
loss to the average retensioning force produces an estimated
average tendon force of 682 at the 40 year plant life.

In order to account for Tendon 875, which was restored to a tendon

force of 531 following the accident mentioned in Section 2.2, a

value for stress relaxation of 10X has been read from the 11 year
curve in Figure 5 at 233,000 hours (approx. 25.5 years after
retensioning). The effect of this stress relaxation would be to
reduce the estimated tendon force for this tendon to 478k at the
40 year plant life.

In order to compare the above .tendon forces with the design
requirements, a weighted average tendon force at the anticipated
plant life of 40 years has been constructed as follows'.

Ave. tendon force g 40 years— 23(662) + 136(682) + 478
160

= 678k

The Ginna Technical Specification, Section 4.4.4.2 requires that
the average stress in the containment vessel tendons be not less
than 144,000 psi, which equates to an average tendon force of
636k.

Since the predicted average tendon force of 678 at 40 year plant
life exceeds the required minimum average tendon force of 636 by

42 (6.6X) it can be concluded that no additional tendon

retensioning will be required for the remainder of the life of the

plant.
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3.0 CONCLUSIONS

The results of the completed tendon surveillance, in which 18

sample tendons have been lift off tested, indicate that the forces

in the tendons are being maintained at the levels expected, and no

abnormal force losses have occurred. In fact, the agreement

between the actual and predicted tendon forces is better than that
which is generally experienced on other containments.

Based on the forces measured in the sample tendons, the average

force level of the tendons in the containment is 711 kips, and

this exceeds the minimum required value of 636 kips appearing in
the Ginna Technical Specification by 11.8X.

Based on the results of this surveillance, it is recommended for
future surveillances that the predicted tendon force calculations
be based on a 40 year wire relaxation of 16X, applicable to all
tendons, and multiplied by factors to account for the retensioning
effect. The information necessary to implement this
recommendation is in Reference 3.

From the results of this surveillance and a comparison of actual
stress relaxation with that predicted, no future retensioning of
tendons should be required for the remainder of the expected plant
life.

4.0 REFERENCES

1. Letter: J. F. Fulton (G/C) to C. A. Forbes (RG&E), dated

July 18, 1983. (13N1-GR-T4289)

2. Letter.'J. F. Fulton (G/C) to C. A. Forbes (RGSE), dated

July 20, 1983. (13Nl-GR-T4295)
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3. GAI Report No. 2499, "Stress Relaxation Pro erties of
Retensioned Wires", December, 1983.
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Tendon 8

GINNA
TENDONS FOR 1983 SURVEILLANCE

Heat $P Reason for Selection
From July 1981 Surveillance

13 19477 (51) Load Cell

36

51

53

62

93

10355 (150)
39377

19477 (51)

19477 (51)

21504

39377

Retensioned at 1000 hours
(Largest Percent Loss)

Third Largest, Percent Loss

Load Cell

Second Largest Percent Loss

Load Cell

116

125

133

155

Remaining Tendons

18

35

40

60

120

128

160

Unspecified

30091 (76)

39377

19477 (51)

'0091 (76)

10355 (150)

30091 (76)

21504

30091 (76)

Unspecified

30091 (76)

19477 (51)

Retensioned at 1000 hours
(Smallest Percent Loss)

Largest Percent Loss

Load Cell

Smallest Percent Loss

Largest ESR from this heat

Retensioned at 1000 hours

Arbitrary from Heat 30091

Arbitrary from Heat 21504

16X ESR from this heat

Retensioned at 1000 hours

Smallest ESR from this heat

Arbitrary from Heat 19477

ESR = Effective Stress Relaxation as of June 1980 (prior to retensioning)
( ) = Tendon 8 of wire for relaxation tests
Summary by Heat 8:

5 tendons from 19477 (51) 2 tendons from 21504
5 tendons from 30091 (76) 2 tendons from 39377
2 tendons from 10355 (150) 2 tendons from unspecified heat

TABLE 1 TENDON SELECTION FOR 1983 SURVEILLANCE
Qbert /~alth
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TENDON
NO.

LIFT OFF FORCES (KIPS)
PREDICTED

ESR 16X RELAX.
MEASURED WITH RT WITH RT

MEAS-PRED
PRED

ESR 16X RELAX.
WITH RT WITH RT

(2) (3) (4) (5)

13 730 693 711 5.3 F 7

18

35-"

36::

727

662

664

703

661

686

721

650

661

3.4

0.2

3 ~ 2

0.8

1.8

0.5

40 731 714 711 2.4 2.8

51 709 718 712 -1.3 -0.4

731 697 711 4.8 2.8

60 711 712 707 -0.1 0.6

62 715 723 720 -0.7

75 723 705 709 2.5 2.0

76 700 695 704 0.7 -0.6

93 706 702 711 0.6 -0.7

116:" 693 660 656 5.0 5.6

120~ 680 693 661 -1.9 2.9

125 702 741 716 5 ~ 3 -2.0

128

155

160

709

745

721

716

709

711

703

703

709

-1.0

5.1

1.4

0.9

6.0

1.7

Ave.
Wt. Ave.(1)
Wt. Ave.(2)

709

713

711

702 699 2.5(3) 2.0(3)

="Retensioned in May 1969
(1) Weighted average using inspection value of 723K for Tendon 875.
(2) Weighted average using value of 531K for Tendon 875 as repaired.
(3) Average of the absolute values.

TABLE 2 MEASURED AND PREDICTED TENDON FORCES

Qbert ICommonwealth
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APPENDIX A

TENDON SURVEILLANCE PROGRAM
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PT-27 2

TENDON SURVEILLANCE PROGRAM FOLLONING RE-TENSIONING

PURPOSE:

1 ~ 2

2 ~ 8

To provide th e instructions necessary to pe r form a tendonlift-offsurveillance after the re-tensioning program has
been completed to verify that the tendon forces are within
Technical Specification limits.
To obtain data needed to continue the investigation into
the larger than predicted tendon losses.

1

TEST REQUIREMENTS:

2.1 To measure l,ift-off forces in eighteen (18) selected tendons
including the four (4) tendons with load cells.

2.2 To compare lift-off forces with those predicted My applying
~ factors developed from the retensioned wire tests at Lehigh
University, to retensioned wire stress relaxation property
curves.

2 '

2.F 1

2.3 '

To compare the two force measuring systems:

Strain gaged stressing rod.

Pressure gauge and effective ram area.

2 ~ 4 To test the 6> overstress effect.
2 ~ 5 ACCEPTANCE CRITERIA:

2 '.1 The measured lift-offforce of each tendon will be evaluatedin accordance with the present "Ginna Technical Specifications".
2.5 ~ 2 Any tendon having a lift-off force less than '3-6 GUTS (636kips)'ill be considered not acceptable.

2 ~ 5.3 Tendons on each side of all unacceptable tendons will be
surveyed according to the procedures of 2. 5.4 and 2. 5. 5.
They shall be sequenced next after the unacceptable tendonwith the lowest numbered tendon being first.

2.5 ~ 4 If both adjacent tendons have lift off forces greater than
8 ~ 6 GUTS (636 kips) and the average is greater than 636
kips, the group will be considered as meeting the specifications
(comments wil'1 be included in the surveillance report onthis tendon) ~
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2 ~ 5.5 only one adjacent tendon has a liftoff force gr ater
than 8.6 GUTS (63'6. kips) but the average of all three is
greater than 636 kips the group will be considered as meeting
the

specifications'.5.6

If both adjacent tendons have liftoff forces less than
8.6 GUTS (636 kips) or either average in 2. 5.4 or 2 ~ 5 ~ 5

is less than 636 kips, the group will be considered to not
meet the

specifications'.5

7 All tendons evaluated as unacceptable will be retensioned
to 8.7 GUTS at the end of the surveillance.

2.6

2.6.1

2 6.2

2.6.3

2 ~ 6.4

The tendon selectidn process will:
Verify that tendon force losses have stabilized.

Survey enough tendons to extend present data base.

Include all four tendons with load cells.
Include four (4) tendons retensioned at 1888 hours after
initial stressing, two (2) from the July 1981 Surveillance
and two (2) additional tendons.

2.6. 5 Include ten (18) tendons from the July 1981 Surveillance
and two (2) additional tendons.

2.6 6 Include eight (8) tendons that were not tested during the
July. 1981 Surveillance, which are from representative wire
heats and had displayed a wide range of percent force loss
at the June 1988 Retensioning Program.

3.8 REPERENCES

F 1

3 2

Gilbert Associates Inc. (GAI) June, 1981 Tendon Surveillance
Program (Rev. 1).
Ginna Technical Specifications « Section 4.4.4.

INITIALCONDITIONS:

4.1

4.2

4.3

Plant may be in any phase of operation.

Pressure gauges have been calibrated.

Hydraulic ram area has been calculated.





4
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4 ~ 4 pydraulic pump and ram are functional and ready for op rationC'.d.

4.5 Stressing rod and strain indicator have been calibrated.
C'.>. P.

4.6 Load cells have been calibrated. C
4'.7

All tendons to be stressed will be in'spected for brok~e
wires and corrosion prior to liftoff. C. CP. r.

4.8

4.9

4.18

4 'l

Containment structure has been inspected for cracks, spallin~g
etc.. j
Test personnel have been qualified in accordance with A-l.18

Q cc

CNotify QC fcfr assignment of inspection personnel.

Test personnel shall be present during all phases of tendon
surveillance and related set-up/take-down activities.

0

5.8 'RECAUTIONS:

5 1

5 2

5 '

Observe all RG&E safety rules and regulations.

Do not exceed 6568 psi gauge pressure for jack and tendons.

Whenever hydraulic pump is operating, the reservoir vent
valve must be open.

5 ' Do not extend ram more than 8. inches.

6.8 INSTRUCTIONS:

NOTE: The tendon surveillance sequence is presented
in attached Table 2.

6 ' Pill in line 1-4 on the data sheet ( sample attached) and
record comments from the visual inspection on line 5.

6.2 Hove assembled hydraulic jack to position for coupling
the anchor head and place the pump in a convenient location
for operation.

6.2.1

6.2 2

Carefully thread stressing adaptor onto tendon anchor head.

NOTE: Leave a minimum of one thread and maximum of three
threads on tendon anchor exposed below the lower
edge of the stressing adaptor.

I

Place jack assembly on tendon base plate.



6.2.3 Center jack chair carefully over tendon head and thread
stressing rod into stressing adaptor ensuring full engagement.

NOTE: Leave a maximum of thread on stressing rod exposed
above the top edge of the stressing ad'aptor.

6 ' '

6 ~ 2.5

6.3

Inspect for approximately equal circumferential clearance
between stressing rod and jack assembly.

Center compression shims and tighten jack rod nut at top
(ram) end of jack being careful not to damage strain gaged
area and the electrical connector on top of the jack rod.

Make the appropriate strain gage connections and check for
mal functions.

6.4

6 ~ 4.1

6 4.2

Before attaching hoses to jack for the first tendon, check
pump and hoses by performing the following:

Set valves to pump position. Discharge Valve "OPEN". Vent
Valve "OPEN" ~

Start pump and Gauge Valve "OPEN" at the same time depress
the ball valve.

Pump .slowly to fillhose with oil until it comes'ut of
the hose free of bubbles.

6.4.4 Release ball valve and start pumping again. Continue pumping;
hose will become stiff; gauge pressure will rise rapidly
to approximately 2888 psig and then hold constant.

6 ' Reduce pressure to "8" psig and connect hoses to jack, suction
hose to top of ram and'ischarge hose to bottom of ram.

6.6 Record all initial readings in the appropriate columns on
'hedata sheet.

6.7

6.7.1

6 '.2

Start pump and increase pressure to 2. 888 psi.

Record stressing rod reading in column 3a on data sheet.

Record load cell reading in column 4'a on the data sheetif tendon has load cell.
6.7.3 Record ram position in inches in column 5 on data sheet.

- 6.7.4 Calculate and record force values for the stressing rod,
pressure gauge and load cell.

6.8 Increase pressure up to 4.888 psi and hold.





~ ~
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6 ~ 8.1 Inspect for leakage of. hydraulic fluid and note if leakage i

is excessive.

6 ~ 8.2 Record stressing rod and load cell (if tendon has load cell),~
readings in the appropriat columns on the data sheet.

6.,8. 3

6 '

6.18

6 '8.1

Calculate and record force for the stressing rod, pressure
gauge and load cell.
Increase pressure until a 8.835 (I/32) inch thick feeler

'himcan be inserted. into the shim stack at two equally,
spaced positions around the shi'm stack.

1

Reduce ram pressure 1888 psi or until the feeler shims cannot~
be removed. Increase pressure until both feeler shims canl
be removed. Note in the comment section if there is a large
difference "in the load at which each feeler shim can be

~

removed. This is defined as lift-off.
Record the pressure gauge reading on the data sheet in column
2a

6 '8 ' Record the stressing rod reading on the data sheet in column
3a 0

6.18 3 Record the load cell reading for load cell tendons in column
4a

6 18.4

6.18.5

6 '1

Record the ram position in column 5 of the data sheet.

Calculate and record force values.

Stress each tendon an additional 6% over recorded lift-off
pressure.

6 ~ ll~ 1 Record computed 6% overstress pressure on data sheet in
column 2a.

6 ~ ll~ 2

6 ~ ll~ 3

Increase pressure to computed 6% over stressing pressure
and record stressing rod reading, load cell reading anc
ram position on the data sheet.

Place two .835 (1/32) inch thick feeler shims in the ship
pack and reduce ram pressure to approximately 2988 psi.

6.11 ' Slowly increase pressure until the feeler shims can be withdraw
from shim stack. This is defined as lift-off. Record loaccell, pressure gauge, strain gage and ram position on dat-
sheet.

6.11.5 Calculate and record force values on data sheet.
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6 ~ ll~ 6 Ensure permanently installed shims are properly aligned
under tendon head as pressure is reduced.

6.12

6.12.1

Decrease pressure to approximately 4,808 psi.
Record stressing rod reading, load cell and ram position
on the data sheet.

6 '2.2
6 13

6 13 ~ 1

6.13 '

6 '4
6.14.1

'6. 14. 2

Record stressing rod reading, load cell reading and ram
position on the data sheet.

Re»check alignment of permanently installed shims ~ If shims
need adjustment, re-perform liftoff, as determined in step6.1i.5. os nntil shims can be moved easily by hand, then
r peat. steps 6.12 through 6.14.2.

Do not exceed 6568 PSI.NOTE:

Calculate and record force values on data sheet.

Decrease pressure to'approximately 2. 888 psi.
Record stressing rod reading, load cell reading and ram
position on the data sheet.

Calculate and record force values on the data sheet.

Decrease pressure until all load is removed from jack rod.

6 '5 Remove jack assembly from tendon.

6 '5 '

6 '5 '

6.15 '

6 '5 4

6.16

6 '7

Disconnect strain gage equipment.

Unthread stressing rod from coupler.

Remove jack chair and stressing rod assembly.

Remove adapter from tendon head.

Record any comments concerning lift-offon the data sheet.

Move to next tendon.
COMPLETED BY:

DATE COMPLETED: /I
SHIFT SUPERVISOR:

RESULTS 5: TEST REVIEH- DATE
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ATTACHMENT 1

INDIVIDUALLOAD CELL FACTORS

PT-27 2: 7

013) Force ~ 722.4 — 8.15137 (/~ Load Cell Reading)

053 ) Force ~ 51. 6 — 8. 1561 (Load Cell Reading)

093) Force = 48.6 - 8.1495 (Load Cell Reading)

f133) Force = 26. 9 - 8. 1413 (L'oad Cell Reading)
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PT-27.2 8

TABLE 1

TENDON SELECTION

Tendon 4 Heat Reason for Selection

From July 1981 Surveillance

Jg2

~125
/133
jl55

19477 (51 )
10355,.39377 (158)

19477 (51)
19477 (51)
21584
39377
Unspecified.

38891 (76)
39377
19477 (51)

Load Cell
Retensioned at 1888 hours
(Largest Percent Loss)
Third Largest Percent Loss
Load Cell
Second Largest Percent Loss
Load Cell-
Retensioned at 1888 hours
(Smallest Percent Loss)
Largest, Percent Loss
Load Cell
Smallest Percent Loss

Remaining Tendons

i 18
428
75

135
(128

J68
)168

38891 (76)
38091 (76)

'8891 (76)
18355 (158)
Unspecified
38891 (76) ~

21584
19477 (51)

Largest ESR from this heat
Smallest ESR from this heat
16% ESR from this h'eat
Retensioned at 1800 hours
Retensioned at 1888 hours
Arbitrary from Heat 38091
Arbitrary from Heat 21504.
Arbitrary from Heat 19477

ESR = Effective Stress Relaxation as of June 1980 (prior to retensioning)

( ) ~ Tendon ~ of wire for relaxation tests





~ ~

4

aa TABLE 2

TENDON SURVEILLANCE SEQUENCE

PT-27.2:9

Sequence
Number

a
2
3
4
5
6
7
8
9

18
11
12
13
14
as
16
17
18

Tendon
Number

155
160

13*
18
35
36
4Q
sa
53*
68
62
75
93*

116
128
125
128
133*

*Load Cell Tendon



APPENDIX B

EQUIPMENT CALIBRATION

G4lbett /CommonweaIth



1983 Tendon Surveillance
(Ginna Station)

Linear Regression Calibration E uations

1

Tension Rod

Force (Kips)' 0.2004 x Strain

Stressin Ram

Force (Kips) = 0.896 + 0.1274 x Gage Pressure

Load Cells

No. 13:

No. 53:

No. 93:

Force (Kips) = 4.94 + 0.15125 x Strain
Force (Kips) = -1.95 + 0.1525 x Strain

Force (Kips) = 3.12 + 0 '5106 x Strain

No. 133: Force (Kips) '= 3.42 + 0 '5155 x Strain





Subject

FRITZ ENGINEERING LABORATORY

Lehigh University

Calibration of Tension Link Load Cell

200.83.783.1

Sheet.......l.....of....l......

D,te 7/12/83

p ~ C.H.

R.ST

Attn: C. B. Forbes P.O. 352-44

Rochester Gas & Electric Corporation
89 East Avenue
Rochester, NY 14644 Appraveagp...>!A~

Director-Operations

Indicator 8 035074
Switch Box ft 034917 (connected)
Gage Factor ~ 2.00
Shield Connected to Ground on Indicator

Load
~(ki s)

0

50

100

150

200

250

300

350

400

450

500

550

600

650

700

750

400

First Run
(11 )

+ 248

+ 494

+ 746

+ 994

+ 1246

+ 1492

+ 1748

+ 1990

+ 2242

+ 2490

+ 2746

+ 2988

+ 3238

+ 3490

+ 3738

+ 2000

Second Run
(1I")

+ 244

+ 495

+ 746

+ 994

+ 1242

+ 1492

+ 1744

+ 1990

+ 2238

+ 2488

+ 2746

+ 2990

+ 3244

+ 3490

+ 3741

+ 1998

Average Run
(0")

+ 246

+ 495

+ 746

+ 994

+ 1244

+ 1492

+ 1746

+ 1990

+ 2240

+ 2489

+ 2746

+ 2989

+ 3241

+ 3490

+ 3740

+ 1999





CERTIFICATE of CALIBRATION

INSTRUMENT ~'ISHA1 0-3>D Jk ST~tklM I'nlblc'1~@

SERIAL NUMBER c9 z dym DUE

STANDARD USED AI I iVIT I A LS

As-Is Calibration Corrective Action Calibration
S tan dar d Inst. Output= Standard

ts I
Inst. Output

.v'.

~ 4

/ ~ C

I ~

e3 g
-t $ CC7

Cj.
~ /K'i'7
~ /9~) ~

~29 ~ c-

~~vss
u 3wf7
+3>

Calibration Procedure Used: EAc ~ z Jc) J

REMARKS: - ~i>H.~r p 3 g g>g,+~„7j=g 7/Agdvcl~ ~(Sr'viPP'c'~lit/4

crP~c~ ~~vi7 Mc Dad 5, g -g >l~ JZ"i'yl7

c~ ~„~,
JHOW ~ < +~ +8 fC <g)gi

WHS JP// //gal'( gyp p 7

REFERENCES:

1200 BLH Model Manual Pages 5-15 to 5-16, Paragraph 5-65, Subparagraphs 1 to 43.
P-350A Instruction Manual, Pages 3-6.
Section 2.0 SPECIFICATIONS, Paragraphs 2 ~ 1 to 2.16.
Operating and Service Manual - 625 Precision Calibrator, Page 3-1, Section III,

Paragraphs 3-1 through 3-20.

) 9 /.~~

oui~~
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January 24, 1984

Gilbert Associates, Inc.
P.O. Box 1498
Reading, Pennsylvania 19603

Attention: Mr. J. F. Fulton

BE: 1983 Tendon Surveillance

Dear Jim:

Attached herewith is one (1) copy of the calibration data
and material certification reports for the new stressing rod.
During our telephone conversation yesterday, I stated that the
calculated "stressing rod gage factor" is 0.1997. This value
was used to determine the stressing rod force for the tendons
tested subsequent to the accident involving tendon 75. The
calibration equation for the pressure gauge system was assumed
to remain constant.

If you have any questions, please contact me.

Very truly yours,

Clyde A. Forbes
Structural Engineering

CAF:mkv
Enclosure

xc: R. E. Smith
T. R. Weis
D. R. Campbell (GAI)
File/EWR 51900

13N1-RG-L0624



WHEELOCK, LOVEJOY - METALSOURCE
LABORATORY CERTIFICATION REPORT

CUSTOMER Teledyne Engineering Services DATE 10/6/83

ADDRESS 130 Second Ave ~

Waltham, Ma. 02254
ORDER NO. '2806

GRADE 4150 F HT RT INVOICE NO. 17288

SPECIFICATION MILI SOURCE Standard Steel
I

SIZE HEAT NO.

10-1 /2" R d. LVB5 681

MN. P. S. SIL.

~ 47 F 00 .019 .08 .22

CR.

~ 72

MO.

.16

~SIZ

TENSILE
STRENGTH

ELASTIC
LIMIT

% ELONG
IN

RED. OF
AREA HARDNESS

311

WHEELOCK, LOVEJOY - METALSOURCE

BY

Carol Gob skas

STATE OF Mas s.
COUNTY OF Middlesex

SWORN TO ANDSUBSCRIBED BEFORE ME, A NOTARYPUBLIC, THIS DAYOF

19

NOTARY PUBLIC

MY COMMISSION EXPIRES



rva7
c

WHEELOCK, LOVEJOY - METALSOURCE
LABORATORYCERTIFICATION REPORT

CUSTOMER TELEDYNE ENGINEERING SERVICES DATE Sept ember 28, 1983

ADDRESS 130 Second Street
Waltham, HA 02254

ORDER NO. E2806 Part 1 of 2

GRADE, '140 HR HT HR INVOICE NO. 00-17287

S P EC IF I CATION MILLSOURCE Republic

SIZE HEAT NO.

5-1/4 RD 6071414 .43

MN. S. SIL.

~ 82 . 007 . 024 ~ 20

Nl.

~ 22 .92
MO.

.26

SIZE

-1/4 RD

TENSILE
STRENGTH

126,500

ELASTIC
LIMIT

98,000

% ELONG
IN

18.0

RED. OF
AREA

58.1
HARDNESS

285

WHEELOCK, LOVEJOY - METALSOURCE

BY

Caro yn H. Sharon

STATE OF Mass.
COUNTY OF Middlesex j
SWORN TO ANDSUBSCRIBED BEFORE ME, A NOTARY PUBLIC, THIS DAYOF

19

NOTARY PUBLIC

MYCOMMISSION EXPIRES



Rochester Gas & Electric Corporation
89 East Avenue
Rochester, NY 14644

Attn: Mr. C. B. Forbes

Indicator II 035074
Gage Factor = 2.00

P.O. BZ-36613

FRITZ ENGINEERING LABORATORY

Lehigh University

Calibration of Tension Link Load Cell

200.83.783.1

sheet....l......of...2........

pete 11 - 9 - 83

E.M.

CrH.

Approved........

Director-Operations

Load
~(ki s)

0

50

100

150

200

250

300

350

400

450

500

550

600

650

700

750

400

0

First Run
(v")

0

+ 244

+ 496

+ 746

+ 988

+ 1236

+ 1488

+ 1746

+ 2000

+ 2240

+ 2500,

+ 2748

+ 2996

+ 3248

+ 3500

+ 3750

+ 1990

Second Run
(11")

0

+ 248

+'94
+ 760

+ 990

+ 1240

+ 1498

+ 1742

+ 1994

+ 2246

+ 2494

+ 2750

+ 2994

+ 3250

+ 3498

+ 3762

+ 2000

Average Run
(u")

+ 246

+ 495

+ 753

+ '989

+ 1238

+ 1493

+ 1744

+ 1997

+ 2243

+ 2497

+ 2749

+ 2995

+ 3249

+ 3499

+ 3756

+ 1995

0

Note: Switch box used on previous
calibration was not available
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Rochester Gas & Electric Corporation
89 East Avenue
Rochester, NY 14644

Attn: Mr. C. B. Forbes P. 0. BZ-36613

FRITZ ENGINEERING LABORATORY

Lehigh University
Calibration of Tension Link Load Cell

200 ~ 83 t 783 e 1

t 2 ....of.. 2

Party

C. H.

Approved....... F...:
Directo -Operations
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APPENDIX C

DATA SHEET 1

SURVEILLANCE FORCE DATA
II

Qbert ICenmonwcalth





DATA Sl IEL'T I

PT-27 ':IO
JIJLY 19O3 .TEWDOII SIJRVEILLWNCE

I ) DATI: /2 ~/9 TEhlDOM tlO.:

2) IIYDItAUf.IC JACK hIO.: gd 5'-/2- an» AREA:

3 ) IIYDRAULIC PIJt1P NO.: ~F7/f 474~/
4) r.OAD CELL FACTOR**:

PRES. URE GAUGE nO.: OO PO
JAIL l~ ~ uS ital /Alg4.r)

STRLSSIIAG POD GAGE FACTOR" *: 4 -2
4')

TENDQN iIIEPEGTio!I co!IIIINT.: ~r/ /6& +c'>/// // aaP c<~A Tfow

(I)
COttDITIOII

IllITIAL:
Ze ra 8c'C
IWCRLASIhIG:

(2)
PRESSIJRE GAIJGH

Pressure Force*
( si) (1hs)t'/@do

RA'I POSITIO!1

inches

(3)'g
STRESSIWG POD r.non CEr.r,

I ~h ~~~I+>
S tra in Force** Stra.in Force**

(u in/in) ( Ibs)j'Add(u in/in) (]bs)f/oatJ

6
Cot I'IE;IrS

IWCRL'ASIhIG:
Fr'!>. 5 25'0 3/pjg2 5/268!'yV'7 ', . 2->

LIFTOFF:

Dr;cREASING:

DEC ItEA5 ItlG:

OOr 5

zV

HOT I ":

nTP!:.: g/ggg~

(*) Ram area to be used to calcul ate ram force in column 2o: Force = ~ $ 5 t C /271k
[Gage Pressure (P~>IG) 3(**) I.oad C.ll Factor to he used to calculate fore ~ in column 4l~: See Attact»nent I

(***) Stress i»g Ro I Gage Factor to be usetl to calculat» force in rod in col ulnn JI>:
stressinq ro;I <gage factor x (Str ~in — Initial Strain Iteailin~l)

CO'IP liETI',I) BY:





) ., ~ g.<~F3 TFJJDOM JJO

'-"') -'t PT-27. 2: I!J

DATA St!Et:.T 1 -,JtlLY 1903.THWDOJJ StjRVF.ILMMCF.
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FIGURE
COMPARISON OF PREDICTED ~

AHD MEASURED TENDON FORCES
INCLUDING RETENSIONING
FOR TENDOH NO. 36
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COMPARISON OF PREDICTED
AHD MEASURED TEHDOH FORCES
INCLUDING RETEHSIOHIHG
FOR TEHDOH HO. 40

ffACtt&tfitfNNfNtNlftttttltNtNl
PREVIOUS SURVEILLANCE

LIFT OFF

(I) E.S.R.
WITH RT

I IllI I I I I I I IIIIII

(2) 16% RELAX.
WITH RT

650

600

X

O
O'

~ I-,

XI-
O

W
U
X

UJ

IL'

IU
U
X

IU

IL'

IU IU,
X

UJ

D.

tU
U
'X

W

D

U-'IJ
U
X

I

iD
U III

IL

W

, O

v RT

I

O
Xr
O I-

CL'

IL
WI- W
Wa >-

P

I-
tL

UJ

T OFF LU

O

E

I--
JL

UJ
>. I
Ill L

I
I

l

CV

IIIIIIIIIIIIIII
95% X ('I) I
IIIIIIIIIIIIIII

95% X (2)

I-

CI
Pl

1.4 2.0 2.5 4.5 9.6 12.0 13.6

12.6

HSTRIICTIOHTIMF. AFTFR COHTAIHMFHTWAI.L CO

15.6 17.6 22.6 27.6 32.6 37.6 42.6

(YEARS)





850

FIGURE
COMPARISOH OF PR EDICTED

AND MEASURED TENDOH FORCES
INCLUDIHG RETEHSIOHIHG
FOR TEHDOH HO. 51
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F IGUR E

COMPARISON OF PREDICTED ~

AND MEASURED TEHDON FORCES
IHCLUDIHG R ETENSIOHING
FOR TENDOH NO. 53
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FIGURE
COMPARISON OF PREDICTED
AND MEASURED TENDON FORCES
INCLUDING R ETENSIONIHG
FOR TEHDOH HO. 60
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FIGURE
COMPARISON OF PREDICTED .

AHD MEASURED TEHDON FORCES

INCLUDING RETENSIOHIHG
FOR TEHDOH NO. 62
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FIGURE
COMPARISON OF PREDICTED
AHD MEASURED TEHDON FORCES
INCLUDING R ETEHSIOHIHG
FOR TENDON HO. 75
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FIGUR E

COMPARISON OF PREDICTED .

AHD MEASURED TENDON FORCES
INCLUDING RETENSIOHING
FOR TENDOH NO. 76
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FIGURE
COMPARISON OF PREDICTED .

AND MEASURED TENDON FORCES
INCLUDING R ET EHSIONING
FOR TEHDOH NO. 93
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FIGURE
COMPARISON OF PREDICTED
AND MEASURED TENDON FORCES
INCLUDING RETENSIOHIHG
FOR TENDON NO. 116
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FIGURE
COMPARISON OF PREDICTED .

AND MEASURED TENDON FORCES
INCLUDING RETENSIOHIHG
FOR TENDON HO. 120
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FIGURE
COMPARISON OF PREDICTED-
AHD MEASURED TENDOH FORCES
INCLUDING RETENSIOHIHG
FOR TEHDOH NO. 125
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FIGURE
COMPARISON OF PREDI
AHD MEASURED TEHDOH CES
INCLUDING RETENSIOHIHG
FOR TENDON NO. 128
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'FIGURE
COMPARISON OF PREDICTED .

AND MEASURED TENDON FORCES

INCLUDING RETEHSIOHING
FOR TENDOH HO. 133
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F IGUR E

COMPARISOH OF PREDICTED .

AND MEASURED TENDON FORCES
INCLUDING R ETEHSIOHIHG
FOR TENDOH HO. 133
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FIGURE
COMPARISON OF PRED1CTED .

AHD MEASURED TENDON FORCES

INCLUDING R ET EH 5 IONING
fOR TENDOH HO. 155
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FIGURE
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