NRC Questiohs from 10/22 (assigned to G. Pugh):
Question #36 (Request Number 42)

NRC Question: :
Was the original radial tension stresses due to the hoop stresses considered in'the
original design?

CR3 Response:

Cannot readily determine from the old Gilbert Calculations what the direct answer is to
the request. It appears that the tendon design is based on limiting the concrete tensile
stress to 212 psi. This limit bounds the tensile stresses in meridional, and hoop
directions. See Book 2, Section 1.01.7, pages 1.01.7/6 and 1.01.7/7 for a brief
memorandum outlining the critical loading of the cylindrical RB wall. The tendon pre-
stress is designed to limit the tensile stresses in the concrete for the load combinations.

- It does not appear that the calculations considered the tensile stresses in the concrete
outside the tendon’s influence.

Copies of calculation pages are included at following drive location:

L:\Shared\2009 NRC SPECIAL INSPECTION TEAM Q-AWILLIAMS Q-A\Request 42,
Q36 Response Info- Pugh
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MEMORANDUM

GILBERT ASSOCIATES, INC
: Harch 13, 1969 (
10! DISTRIBUTION LISTED BELOMW \ l

44
: \ 0 ;kct‘# o
FROM: R. Shonmmgasundaram M"’ oA
. | p\.( N“\}/‘ |

SUBJECT: Crystal River
_ Reactor Building - Prestress Requirements

GAl-4203 he¥ W

At present prestress for Reactor Building for Met-Ed and Crystal River are
designed to take care of the following effects:

1. 1.5 accident pressure.
2. Effects of accident temperature above operating temperature.

During accident condition the liner is heated to in the order of 280° F,.
whereas concrete 18 heated to only 110° F., Because of this difference in
temperature, the steel lincr is trying to expand with reforence to concrete.
As this movement is restrained the steel liner exerts a pressure on the
concrete. Necessary prestress is added to take care of the gbove effect.

During operating temperature the liner is gradually heated along with tho
concrote. In order to analyse for this loading condition either one of the
following assumptions kas to be made.

1. Concrete and liner act as a composite material.
- 2+ Concrete and liner act as two independent msterials.

If we consider the first agsumption there is only bending stress. Therefore,
no prestressing is requirad.

If we consider the second assumption there are membrane forces (tension) in
addition to banding stress. Hence we need additional prestressing.

Additional prestressing required if we consider second assumption.
Verti stregsi
Prostressing required without the above additional requiranent;*s - 181200 kips
Stress in steel due to opereting temperature |
aX AT E

= 6.5 x 1070 x (110-70) x 30 x 106
5 6.5 x 40 x 30 = 7800 psi

GAl-1S 8/34 ’



DISTRIEUTION LISTED BELOW .. = -2-

r % P
I

W=78x3x12x x130
8

% increase - =

18 ‘luﬁoo!!
Hoop Proptressing

March 13, 1969 l

= 14300 kips

.o'jfé\

Prostressing required without the above additional requirements = 756X/ft ht

0 = 7.8x3x12=35¢/ft
8

% increase =7’g% = l.6%

Therefore a decision is to be made about the assumption to be followed in case

of operating temperature.

RStfl1g

ces He Po Lorenz
S. N. Dobreft
Do Ao Mrey
D. K. Croneberger
X. B+ Nodland
We Jo Leininger
D. A. Skilten

N A

K.WW.

R+ Shammgasundaram
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MEMORANDUM

GILBERT ASSOCIATES, INC

April 10, 1969

Yo DISTRIBUTION LISTED BELGW
FROM: R. Shanmugasundaram and W J. Leininger

sussect:  Crystal River and Metropolitan Edison Company
Reactor Bullding - Revised Fina) Prestress Requirements

GAI-4203 and GAI-4192
Cylindrical Wall - (R. Shammgasundaram)

The critical loading condition for prestressing in the cylindrical wall
is 0.95 dead load + prestruesing force + 1.5 accident pressure + 1.5 accident
temperature. In calculation, the following are considered:

(1) As per PSAR a principal tensile stress of 3./f'c =
3\/%63 = 212 psi i9 allowed. Without exceeding the above
value, the following stresses can be allowed.

Tensile stress in meridional direction «_,ﬂi\\'@
r < .4 !
o = 200 psi - N ! <

...>
[

Tensile stress in hoop direction

P,

.G—a 5@‘)814 - !
Shear stress ' ’L/]A Ty
= Q =@psi‘
(2) Credit is given for 0.95 dead load of the dame only.

(3) Necessary prestressing force is added to limit the tensile
stress caused by 1.5 accident pressure.

(4) Creep and shrinkage effects in the concrete due to the
prestressing force are tgken care 9f by analysing the vessel
with the lower 'E' value of 2.5x10°.

(5) During the accident condition the liner is quickly heated to
in the order of 280° F. whereas concrete remains at 110° F.
Because of this difference in temperature the gstesl liner is
trying to expand with reference to the concrete. As this

\
GAY-33 B/B6
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Distribution Listed Bolow -2~ April 10, 1969

movement is réstrained the steel liner exerts a pressure
which causes tension on the concrete. Necessary prestressing
force is added to limit the tensile stress in concrete.

(6) With the 1.5 accident pressure and the accident temperature,
the vessel expands which stretches the prestressing tendons.
The stretching of the tendons gives additional prestreseing
force. Due credit is given for this effect also.

Detailed calculations for prestress requirements in the cylindrical wall
are onclosed.

Dome -~ (W, J. mum?gox;)

The criteria for the design of prestress in the dome is the samo as the
criteria for the cylindrical wall except as noted.

(1) The allowadble principle tensile stress in the comcrete is

212 psi. But, because one prestressing system provides the
required prestreassing force in both the hoop and meridional
directiong, the tensile stress in the meridional direction is
dependent upon the tensile stress in the hoop direction which
controls the design. The tensile stresses are as follows:
Tensile stress in the meridional direction

=07 ¢ = 56 pas '
Tensile stress in the hoop direction

=G—0 a 205 psi
Shear stress:

= QX = 16 psi

(2) Credit is given for the desd load stress at the point under
consideration.

Calculations to determine the required prestressing force are enclosed.

.. 2 y) /.
2. 0. R. ¢
W, Je Iﬁiﬂingor R. Shms‘mw
flg
Distribution
H. P. Iomnz Ko E. Nmarﬂ
D. K. Croneberger W. J. Leininger
S. N. Dobreff R. Shanmugasundaram

D. A, Godfrey D. A. Skilton
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1. - SUMMARY : -

QGrouted tendons have been selected for the containment structure at
Oyster Creek Nuclear Station - Unit 2, The purpose of this report is to
estimate prestress losses for these tendons due to concrete shrinksge and

creep over a SO-year period at an average temperature of 85°F 210%.

Deformational behavior of controlled concrete similar to this struc-
ture 1s shown to be predictable on the basis of test data on basic creep

and ahrinkage, and correlation with observations on actual full size beams.

'For“the volume/surface ratio of the concrete in this structure, basic

creep is the dominating deformational component and depends primarily on
the concrete's specific strength and age at loading. Shrinkage strain ie
shown to be approximately equal to the lower limit of possible accuracy

in estimating total long-term losses.
A uni-axial creep strain of 0,40 x 10-6 inch/inch per psi, and a

final shrinkage of 0,000l inch/inch are recommended for the concrete
specified for this structure, ' o

S5J-1



|.oLT7[28

SCHUPACK & ARSOCIATES
- CONBULTING ENGINEENS

2. INTRQDUCTION

The force initially imparted to preatreéeing tendona decreases —

asymptotically with time due to:

A'

c.

Shrinkages of concrete : s s
Creep of concrete

Relaxation of prestressing ateel

Grouted tendons have been aselected for the containmeﬁt structure
in the Jersey Central Power and Light Company project. This requires a

conservative evaluation of the total losases in prestresaing force over a

50-year period in order to ensure the structure's satisfactory function
during its entire service life.

3. PURPOSE OF REPCRT

It 48 the object of this report to recommend a éonaervative estimate

of probable shrinkage and creep of concrete in this structure, The

evaluation applies specifically to:

A'

B.

Steel inaide-lined dome and walls with concrete 36" - 42" thick.

Concrete wvith approximately 5,000 pai strength and of normal
vorkabilityv(i.e.. six to seven sacks cement per cubic yard,
approximately 1" to 4" slump and such normal aggregate that

the concrete's modulus of elasticity is approximately equal

to the ACI formula). : '

Average ambient temperature 85°F & 10%

Bi-axial compression less than S0% of f'c

S5J-2
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b, NATURE QF SHRINKAGE AND CREEP

4.1 Shrinkage

Shrinkage is the deforration of concrete due to other physical or
chemical causes than applied load and temperature dependent volumetric
changes. (i.e., variation in molsture content apd hydration of cement).
Shrinkage strain is time dependent and influenced by the following factors:

A, Internal properties of the concrete, as affected by:

1, Cenment quality

2. Water cement ratio

b Proportion cement-aggregate

4,  Aggregate ﬁropertieo (expansive or permeable aggregate)
5. Admixtufes

6. Degree of compaction

7. Reinforcement percentage

8. Curing methods

B. Ambient temperature

C. Anbient humidity as affected by:

1., Size and shape (volume to surface ratio) of ‘element

2. Environment

L.2 Creep

Creep is the time dependent deformation of concrete due to load. Creep
strain at any particular time is defined as the difference between total
strain and the sum of initial elastic strain, shrinkage strain and strains
due to temperature dependent volumetric changes at that time. Creep strain
is influenced by the following fag}bre:

5J-3
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Internal properties of the concrete (same as for shrinkage,

except A-7 above, Reinforcement percentage, that arbitrarily
can be considered as an internal property or an external load-
factor).

Ambisnt temperaturs (same as for shrinkage)

Anbient’humidggx, (aqnc as for shrinkage)
Ixternal load | |
1. Time of loading

2. Duration of loading

3. Upi-or bi-axial locading

4.2.1 Evaluation of Creep

For practical evaluation and prediction, creep can be separated

into tvo components:

‘.

B.

Drying creep results f{rom stress-induced woisture dif{fusion and
consequential shrinkage or swelling during the period of sus-

- tained loading. For given stress conditions, drying creep is

primarily a function of the humidity factoras (C) mentioned
above. ‘

Basic creep is tﬁe c¢reep of councrete not eipoaod to moisture
diffusion. For any given concrete mix, it is a characteristic,

predictable function of load and temperature alone (2).

The complexity of variables influencing shrinkage and creep oust be
viewed realistically. The property-factors, for example, are substantially

the same ap determine the concrete's strength and workability. For the

structure in queation, therefore, this set of parametera can be substituted
with values typical for the apecified concrete.

Similarly, the bumidity factors can be limited to a aingie para-

meter for size and shape by assuming typical average environmental

5J-4
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A compiehenaive inyeetigation in the range O - 95°C (32 - 203°F) of

temperature effects on creep and shrinkage by D. J. Hannant (14)

y indicates
that creep incrcases approximately linearly with temperature (2). Appiied
to this structure, with an aversge temperature of 85°F ¥ 10% (110°F inside,
0 to 200°F outside), the influence of the temperature range on creep is
negligible. Temperature variationé within this range are without measurable

influence on the final shrinkage, and can also be neglected.(la)

The influence of mild reinforcement is to increase the elastic resist-
ance of the composite section and reduce creep and shrinkage effects propor-
tionately. These recommendations will concern the concrete section alone,

and give conaervativé values for the final shrinkage and creep.

Based on the above, a realistic estimate of creep and shrinkage for

this structure can be determined by:

A. An evaluation of shrinkage and drying creep for the one
significant humidity parameter - the actual volume/surface

ratio.

B. A prediction of basic creep for the specified concrete, the
given loads, and the concrete age'at loading.

5. REVIEM OF LITERATURE AND TEST DATA

9.1 Shrinkage and Creep Research in General

The American Concrete Inatitute's publication SP-9 (3)

presents a
summary of the research done on creep up to 1364, A corresponding review of
reasearch on shrinkage has been prepared by the California Producers Committee
in 1966. Papers presented at the Conference on Prestressed Concrete Pressure
Vessels in London in 1967 Q)

age problems arising in prestressed concrete pressure vessels regembling the

cover research on the special creep and shrink-

one in question.

5J-5
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Most investigations concern effects of a single, or a few, of the
factors influencing shrinkage and creep and supply excellent information
on the nature of these phencmena, especially for basic ereep. The smatl
scale models and laboratory specimens tested, and the comparatively short
period of obéorvation (maximum about 4 yenra); is, however, not representa-
tive of 50 years performance of the large concrete structural dimensions

in question.

Reported obaervations on actual structures show the significant
variation of combined shrinkage and creep effects with size and shape of
member, but suffer {rom the impossibility of separating shrinkage and creep
strain without having unloaded specimens for comparison.

The data reported on a few long-term full scale tests including un-
(*)

loaded companion specimens for shrinkage measurements y 18 insufficient

in quantity and homogeneity to support conclusions on shrinkage and creep

for this specific structure and extrapolation over S0 years. o (;j

All test data can, however, be utilized for this estimate by
separating the deformational behavior of the concrete inte a primary com-
ponent - basic creep, and a modifying component - drying creep and shrinkage.
The investigations of size and shape influence quoted below show that the
volume/surface ratic of this structure completely governs shrinksge in the
poasible range of prediction, and th“§_951325~25399-Eﬁﬂ;ff_ff§ffff°d"
Similarly, the research listed on basic creep shows that it dominates the
concrete's deformational behavior on this structure. General test data

aﬁplios directly to basic creep, and available information in correlation

with reported observations on full scale tests is sufficient to warrant

regreesion and extrapolation of this structure’'s estimated basic creep

behavior during its entire service life.

(*)  Notably, the AASHO Road Test, Report U,Bridge Research‘)and Technical
Report R212 from U, S. Naval Laboratories, Port Ruenewme, California

5J-6
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5.2 Research and Test Data on Influence of Size and Shape

A. H. Mattock hae investigated shrinkage and creep of precast concrete
(4) (5)

y and Hattock and Torben C. Hansen together have reported

data from the first fouf yeérs of an investigation in progress regarding

the influence of size and shape of members on the shrinkage and crq_g_ot
concrete. Based on the accumulated data and G. Pickett's theory of moisture
diffusion (6), Hansen and Mattock have established a relationship between
shrinkage and creep, and the volume to surface ratio ( /s inch) of a concrete

member.,

5.2.1 Shrinkage _
The following graph shows the variation of final shrinkage with

volume-surface ratio for Hansen and Mattock's main tests (Elgin gravel) and

an awxiliary test on concrete made from an unusually porous crushed sandstone

aggregate:

Py

8

i o-\
qa
3
‘5
§
C:

FINAL SHRINKAGE, £, - MILLIONTHS

. smwisr colniTIo :7ofr" 50% RH |
e U 2 3 4 s & 1
VOLUME/SURFACE RATIO - INCHES

FIG. 1.  VARIATION OF FINAL SHRINKAGE WITH VOLUME/SURFACE RATIO

5J-7
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The plotted average represents a conservative prediction on the con-
crete spocified for the structure in question, and the shrinkage at time "t*
may be predicted from the given formula. Based on the dhderlying general
theory of moisture diffusion, extrapolation of this curve is juatlfieé up
to voiume/shrface ratios of approximately 24", Further extrapolation results
in values outside the scope of accuracy possible in estimating total loaaes.
For a volume/surface ratio of 24", the final shrinkage will be

Tt r—

£ =1200 x ¢ 010X 2% L 1576 L 5,000 inch/inch

, All concrete in the present structure has a volume/surface ratio

: greater than 2L", and the above value (0.0001) can be used as a conservative
estimate of the final shrinkage strain,

" 5.2.2 Creep
Hansen and Mattock have established the following relationship

between the coefficient for total (= basic + drying) creep f, the coefficient
of creep for sealed specimens (= basic creep) ﬂ and the volume/surface

ratio V/S. valid for concrete similar to the atructure in question:

T T T 1 T
\ g 8,177 & 24V
25 .
Projectsd Final Vbluss
= 2 .
1 N -
E : A-‘.“_ ‘m -
O IS -
= e
S o .
8 wl 0 -
& 0 .
. 25days -
o—s ™~ e
Secled Specimen (vp-a)——J
1 1 ) 1 1 1
0 { 2 3 4 S 6

VOLUME /SURFACE RATIQ - IN.

¥1G. 2. VARIATION OF CREEP COEFFICIENT WITH VOLUME/SURFACE RATIO AT
DIFFERENT AGES. (ELGIN GRAVEL AGGREGATE CONCRETE CYLINDERS)

SJ-8
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Based on the above, and assuming a coefficient of basic creep
*)
Py =1.5

found to be:

, the drying creep component for & volume/surface ratio > 6 is

—

4 1.77xe -S4 x 6
s é 1.5 z 0.01‘6
i.e., drying creep is less than 5% of basic creep for volume/surface ratios

larger than 6, and can be neglected.

As all volume/surface ratios in the present structure are greater
than 6, the size and shape of this structure makes basic creep the only

significant creep component.

5.c.3 Research on Basic Creep

A summary of research on basic creep has been published by Torben

() tabulating all work done up to 1960. Based on Powers and
(8) (9)

C. Hansen

Brownyard's , and A. Hummel's investigations of the properties of

hardened Portland cement, Hansén has fit the accumulated data to Reiper's

general rheological creep equation (10)

and established a practical
relationship between specific basic creep (i.e., basic creep per unit stress)
and time. For given concrete properties the only parameter is concrete age

at loading.

This fundamental rheological creep equation has been adaptéd to the
concrete specified for the present structure, and curves for the estimated
basic creep have been plotted on a graph, Appendix C, for loading ages
8 and 22 days, 1, 2, 3, 4-2/2 and 6 monthe. The curves are conservatively
designed to over-estimate the probable basic creep by approximately 10%.
For the specific conditions of this structure, the percentage deviatipn on

the estimated creep values is expected to be approximately 14%.

Derivation of the basic creep curves and an evaluation of the accuracy

of the estimate are presented in Appendix A.

(*) See Basic Creep graph (Appendix C)

5J-9
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S.2.4 Effects of Bi-axial Stressing

(11)

i Based on Arthanari and Yu's inveatfgntiona and the data report-
ed to the London Conference on Preatressed Concrete Pressure Vessels by
Browne (IB)' Barrett and Murray (1¢) and D, J. Hannant (1‘), Poisson's

ratio for creep under auatninéd pulti-axial load at temperatures 85°F * 10%
can be conaidered conatant and equal to 1/6. The estimated uni-exial creep
atrnihs wust be evaluated separately for each member of the present structure
as the croep effect due to multi-axial loading varies with the different
ratios betwoen specific uni-axial loads, and with the degree of restraint

due to reinforcement,

6. | CORRELATION WITH FULL SCALE TESTS

The estimated shrinkage and creep for the prosent structure has been
checked against date from full scale tests on 22 prestressed I-section beams
conducted by the U, S. Naval Engineering Laboratory, Port Hueneme, California.
These U2-foot beams had a volume/surface ratio of 2.13" and were constructed
with three proprietary uyetemé of prestresging and deaigned to support a
uniform load of 760 1bs. per linear foot. They were tested under differeunt
loading conditions and observations méde of concrete strains over periods
of 6 to 7 years. Eleven additional 21-foot ;on-loaded specimens were pade
for shrinkege measurements. '

Evaluation of observations relative to the recommended shrinkage and
creep strains is presented in Appendix B, and for comparison, creep curves
for loading ages of § and 22 days derived from these observations are plotted
on the graph of eatimated baesic creep (Appendix C).

For creep, these modified observations (apart from a minor early age
discrepancy on the 8-day curve) clearly fall within the recommended values,
espoclally for extrapolated later age conditloas.

For shrinkage, the final average value observed is half of the value
predicted for a volume/surface ratio of 2.13" by the recommended conservative
formula .(observed 0.0005, calculated 0.001 inch/inch).

5J-10
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7. CONCLUSIONS

Shrinkage and creep are complex phenomena affected by a variety of
factors reflecting the internal properties of the concrete, ambient tempera-~
ture and humidity conditions, and the load pattern involved. Atteampts to
eatinmate long-term deformation of structures with small volume/surface ratios
(say less than 2") result in a broad band of predictions. This is due to the
difficulty of evaluating creep behavior when the volume/surface ratios are
70 small that the drying creep component predominates.

: For the temperature range (85 F - 10%) and volune/surface ratio (larger
€han 24") of this structure, and the concrete properties and load conditions
specified, it is, however, possible to obtain a conpervative estimate of

long-term deformations. This ia done by separating basié creep strainas from

those due to drying creep and shrinkage.

Basic creep is by far the domipating deformational component and can
be predicted with an accuracy of 10 -~ 15% based on the specified concrete
strength and age at load application.

Drying creep is concluded to be negligible for the volume/surface

ratio of the concrete in this structure.

Shrinkage is governed by the Qoiume/aurface ratio and is qonServatively'
estimated to be at the lower limit of possible accuracy in predictions of

total long-term losses.

For bi-axial stress conditians at the considered temperature, Poisson's
ratio for creep can be assumed constant throughout the entire evaluation
period. Multi-axial creep effects must, however; be evaluated separately for

varying ratios of bi-axial stresses,

SJ-11



L oLTg

8. RECOMMENDATI ONS

SCHUPACK & ASSOCIATES
COMSULTING KNGINERRS

The folloviﬁg losses due to shrinkage and creep are a reasonably

conservative estimate of the values to be expected after 50O years sustained
tendon loads at a temperature level of 85°F 2 10% on the Jersey Central

Power and Light Company's Prcqﬁroaaod Concrete Containment Structure at

Oystor Creek Nuclear Station - Unit 2:

Shrinkage Strain After 50 YEATB:eeeseeceeacsesssss ~0.0001 inch/inch

Uni-axial Creep Strain After SO Years:

Concrete Age at Specific

Creep Coefficient
Prestressing * Creop Strain pc
Months inch/inch per psi (Ec 4 x 106 psl)
1. o 45 x 10-6 1.8
2 _ .40 x 107 1.6
3 .37 x 10°° 1.5
6 . ' .33 x 10°° 1.3

‘Modification of Uni-axial Creep Straine for Bi-axial Stresses:

Poiasson's ratio for creep can be conmidered constant over 50 years

sustained tendon load at temperatures avoraging 85°F 2 10%. The recommended

value i8 1/6.

o
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Torbern £ . Hansern's formelatian of Rener’s general rheological
creep equation /s :

. | W .
Sewe. . (3t T’) i (/- e""({"l'))* o 2V, dn /-{4)
« (Nhy+ 0.31) 9(4) ¢ 2
spec.creep delayed elasric by viscosity
t, = oge of concrete at bime &, , 1M days
l, * age of concréde wher loaded, 1n days |
%" = waler-cement ratio by weraht , corrected for bleed:irig
Vi v cwwme corcentration of cement oaste 1 concrete
glts) = aegree of hyoracior of cemerit 2t time &,
ky = werght ratio of nonevaporable water to cerment when
Al cement 18 hyaraced Ay ‘s & Functrorn of the oro-
portions of cemerit components:
k2 0/87(6,8) # 0./S8(C28) + 0.655(CyA) + 0.213 (C4AF )
N = 071+ 4k), where '

k « 0.230(38) -0320(;S) v 0. 317(GGA) #2368 (C4AF)

A B and m ace socticients lo ve delermined by evperimernt,

Hanser has Ff the rescdts of 72 test serres Lo the egeuation
abeve Yo deternnne a,,[ondm. Fowers g Brownyard’s valies
A1.25 ond ky:.23 have beer; wsed whert Ehe cemeert cori 008/ -
Yiorn was wrikrnowrr, as have Hurmmel s valaes For deqree of hy-

arad.orm with frrrme for slorndard orrd raperd harder:ri)9 Port-
lard cemen. Hornser Fowurmd:

Aeltexso® | mv00333 , o« «574/0°% (wi?s: specific r/(e,o/"?é,n‘)

The general equalion for basic creep becornes: (uits: sp.creep or psi)

i 'Lv‘ . —!‘;; (4
Ry e I G

7ne aves age percentage deviabon belweerr meoswred orda calecelated
creep values was 1%, /aryes/ (764) Ffor fo-looa’ays Seaglarircd lead,
émalle6t (72 for 900 days (oaa‘/n_y. For L'ony terrr estriraa ey, where
the efbect of boordy dakned early age conditions s rninimalized, AL
cenrncy oF lhe equadierr ;5 cans(u‘a//;/e&y set al 7%
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SCHUPACK AND ASSOCIATES | - g DA/ by X A weer do. AL or i
BTAMZORD.-CONN, o .éé?’c creeo oo | ewxona .. [T\ . S
ond Y, to be wsed for the specified coricrebe i #hsg

Valwes oFf re c
estrmale are as Follows:
4
u - —_—
/89(1-& 7 /
( 7 ‘fﬁ’ ) ar
) T (%) < 95u(¥) osxrs7

‘—(")‘
"" ) _Lif_(’”’“ )3/j(a)m)' 4r&»""

LY
® savy, g,V 4
Af(').:;f;‘/'(d‘_/‘- ar—&-’—-nq—’-&,l/%)-

v

€

R /49

"’9() /6’9/-6'5‘.’) ¢ 0’9\9
'9' —%—-—(3/?#/‘)# 4"[/7

)[corrzpu/ed for: L5¢0days , ¢,5/8000days | (k) 5 0.85, ra s 45’]
70 be on the corrServative Si1lc, Fhe basie creep curves Aa e
been plovited T r=050 ang ¥ =0,30. Aeca:d/n lo #he.
above, esrprialed creep valies wr(( e found aboul
LO5nforf0:3 5/3% Jo e sarfe side of the probaéle
Walues, with an average o€viation of qo/wonma/rly
W/ ( a9 ;s a/n’ady. rclesded 10 the lo%h)

Voreaste 20
As 134 ™ /9%, Fhe curves will represent the woper lirmié of
the confraence nterval For eyuaf/'on LRT. 7The probable cveres-

{imalon of creep values will be ~ Y3« 13 = /0%

wusn
z0.30. The eiuahon s

a’;aymm end rao. 9

0/894)+2 /_e"g:;‘) # 06 /ﬂ(—t-é)

écfu 7
L =
g < g(t.)

L . /'o:{%{‘{):/oxzsff,'

/H(/—e s de
( r)edy 2,49y, . (49),,0,/0/

Crrves Aave been plotled For 4= £22,3060,90,/354 /60 day!
the carro:pandmy vatues for 90) taters /rom Hurmmell

(s]

p:.,,/ur

£

After abowl fhe first V0 days of loading | delayed elesber

lost its-effecl onmricof creep and the viscous properkics govern.
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€TAMPORD. CONN. ot Huermeme 78se Data cnko A oare 29664
Shrinkaqe. . :

The rmarimal average shrinkage on /) bearns afler 2200 days exposare
was measured o771 bortor Fbres alt  PE5 wirrch jinch ~ 0.0905

Volume fsurface ratio for these specimens was 2,13, Cormputed by
the recomrrrended rormrccla., zs/w-//-n‘eagc’ a/:.‘e(- 2200 days berr19
practically the same as Arral shrirkage, it /s found:

‘ el /’d?'e-"w' 970/”:2:/7/0%\5/7 ~ 0.00/0

e 3200
lomparisort oF these dalues Shows that the Wpu(&{/%(f"
made rs conservadive, and thal large percentwal devialions
oy be expectled orr the predictron of Srmall sherirrkag e
values. | |

Creep. ; '
7he recorded creep observations iiclude data on corxd,drons 9o -

verned by creep recovery, cracked sectron and tensi/e Stresses,
arnd stress pallerms at solow a level as no? to be coriparable
fo the creep cornaitions of the structure 1 z'/esr‘/oh' The fol-

lowrirng lwo cases are cen§idered representative and have beer
/r}uas//'gaz‘ed Aor Phre cariparit 5o

A Creep strar$ at certer of gravity of steel (cg9s) orr 6 beams
Load: OLvohll, L = @days , & (8days)=336x/0%psi 6= /330 I

B Ditberential ckc?o af lop Hébre, 246 bearrs , boad (oL +/00% L2 ) DL .,
o 22days, &e (22045 ) '?.36*/0"105}' Q& = /88050 = /830 pss ;

The reported observations have been averaged for 6 (or 2 x¢) beoms

and tRbulatect below . THe Follawsriq comservaltive AaLproX/rTIRLDNTS

Aave Ocer made. m evaluating rHie basic creep compinert from

rhe test dada :

4, Mean valducs o awa}.,c shrinkage Aave beers wsed Ffor Jﬁr/nbzfe redieC Aot .

2. Mo redicchons Aave Seer made for plastic set .

3. The observed values (al cgs) of non lnear d13hrbulead overall creep effect
(partial Load rerroval at cqs (0L *D{ru?) bave been referred o <95 Sy
6e/)'7; Cakeit 197> dccdierrl tvitt Y3 of FAe aclical valucy .,

f- .w&m'c/iur/ue. ralio 14 1557 for /0/0 //407&)’ . 288 has beer wyee!.

Karsserr §Matlock & formdor defberrynes basic creen /s vt Specde Creeg:

-05¢ .
Bopy = Plosic v177€ > (V/s); Boasic = $2,3—0.56 = Pigs —0.65

Specifre basie creep curves as debepmmed are ploted), see graph, appendix C.
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TABULATION OF " TEST DATA @ CGS . (DL +/00%LL) $ S
. . - y -1 z
8o |(£-22) 220ays {22-200) | f00deys \(800-1600)|600abys |(1600-240| 2400004\ Nor £ 5 SER
A T 7. r A rA r ; - 13 . - c a3ip
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¥ ashanbaneous elastic strain » 770-255 = 515 . Relardantas creep effectd @cgs of non-treor s [frem M. E%\i : ;
. o 5c) 100(m1) bributron of overall creep due to OL-(DLeLL) - 2307%) ind !
| 1 e Flasw 1650 (M) B 560€<) p IO §§E %é
. * @30 ... - , NN
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' b — — E—_— e e w9 -
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2400 DAYS

ConcRETE Ack —~ | 22 bays | So0 Days |16 00 DArS
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GILBERT ASSOCIATES, INC.

RF ADING

C

August 28, 1969

Chicago Bridge end Iron Company
P. 0, Box 13308
famphls, Tennesseo 38113

Attn: M, P, Nerbut
Engineering Coordinator

RE: Crystol River = Unlt No, 3
Floride Powar Corporation

Dear A, Nardut:

The stiftener engles for tho doms, 88 shown on your design skefchos,
produce some interference with the tondon condul!s and reinforcing bers,
Ve wish to call this to your attention so that adjustments can bo made
before you transmit your drewings for approvel,

Tho horlzontal leg of C~1, C=2 and C-3 (L B8 x 6 x 3/4) couscs an Interferenco
end I¢ this leg wore turned 180° so thet the horizontal lag I8 projected
tovard the Q of the vesse! the interference could dbe svolded,

The horizontal legs of C~4 (2 L's B x 6 x 3/4 with a 10" x 1/2" R ) elso
cousa an intorference ond wa ask thet this stiffencr be rovigsed so that
eny projection normal to the surface of the dome docs not exceed eight
{8) inches,

Enclosed plesse find a8 skatch showing the proceding, and In the evont
that you should have any quastions plcese fosl free fto contact us.

Vaor fruly yours,

A, G, Bonyo
Structural Englneer
gu
Enclosures
cc: W, 0. May (2){w/enci!}
R. B. IcKnight (w/encl)
W. R, Oreyer (w/anc))
E. R, Hottonstoln {2)(w/enc!)
R, Yilliforth
S, N. Dodreff
R. Shanmugasundaream
Dept. Fille
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SH. &
memorandum Gilbert/Commonwealth
Ave. 23,1977

w S. N. Dobreff

from: M. R. Wardrop.

subject: CR#3

Request for Approval of Desipn Tasks Requiring Verification

The following List of Design Tasks, which identifies safety related and non-
safety related items and defines those which require Design Verification,
has been prepared for Crystal River Unit ##3 and is hereby submitted for your
approval as required by Sections 5.1 and 5.5.1 of DCP 4.2.1:

Filing Code W. O. Number Safety Verification | Reason for

Name of Task Class Required Verification
(1) (2) (3
]01.7A 04-4762-0l6 | 3SR YES NRC
Tenoow So;veramq )
Presmeess losses

(1) SR = Safety Related NSR = Non-Safety Related
(2) Yes or No :
(3) NRC = Nuclear Regulatory Commission GAI = Gilbert Asgsociates, Inc.
Distribution: m ﬁ =/-¢ <4

F. J. Tomazfc
J ¢ Here
T o. Biss

. R. Wardrop

Project Structural Engineer

Approved by: \A'\/

Date: &rW"“q‘ 11 3% 12773
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H
1

BERE

/3
4.8

- memor al‘ldllm <(l Gilbert/Commonwealth

from:

subject:

Mr. J. E. Lisney

M. R. Wardrop

CR#3 Tendon Surveillance

Design Review
¥. 0. 04-4762-016

Filing Code

1:01.7A

August 26, 1977

You have been designated as the Verifier for subject Design Review.
Attached are the eleven (11) calculation pages, two (2) memorandums
approving this task, and the Design Vertfication Record for this

task.

The First Tendon Surveillance 1is scheduled for Novémber. 1977.
Therefore, your review should be completed by September 30, 1977.

XUV

QmzZ G

Tomazic

. Dobreff

Nodland
Herr

M. R. Wardrop
Project Structural Engineer

AL 3% 121



_ memorandum

/4
SH.

Gilbert/Commonwealth

subject:

Distribution

F. J. Tomazic
J. C. Here
T D. Biss

s. -Dobvo/r

S. N. Dobreff

M. R. Wardrop

Approval of Verifier and Scope of Verification
CR#3

As required by DCP 4.2.1 and DP-0414-7, I request your approval
of the sufficiency of the Verifier's independence from the
Originator and the type and depth of Design Review as shown
below:

Project: Caysrac Pives Uep ™3 _
Design Task: Coumrmiaranr Biba Filing Code /. 0/. 7 A
Tenwoen Svnv&tum:e' Wo 0‘("/762' o’b

Prnesraess Losses

Originator: J. C. Z-/E R R
Iro (3188

Verifier: :
Description of Verification to be Perforwed:

To verify design concept and verify sufficiently the detail

calculations as necessary to his sgsatisfaction that the

design intent is met. Checking of every arithmetical figure
i8 not required.

M. R, Wardrop
Project Structural Engincer

Approved By:

Date: /%2%/77

\

, Sar )Y 1IN



JH. =g

~ memorandum Gilbert/Commonwealth

from.

subject.

October 24, 1977

T. D. Biss
M. R. Wardrop

CR#3 Tendon Surveillance
Design Review

W. 0. #04-4762-016
Filing Code: 1:01.7A

You have been designated as the Verifier for subject Design Review.
Attached are the eleven (11) calculation pages, two (2)
memorandums approving this task, and the Design Verification
Record for this task. \

The first Tendon Surveillance is scheduled to start in November, 1977.

Therefore, your review should be completed as soon as possible.

This wmemorasdum also serves to release Mr. J. E. Lisney from being
the Verifier, as désignated on August 26, 1977,

1

7 R Wandsap

M. R. Wardrop

MRW :km

cc: F. J, Tomazic
S. N. Dobreff
d. E. Lisney
J. C. Herr

680 38 12/1%
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— OESIGN CONTROL PROGRAM

DESIEN VERIFICATION RECORD

CLIENT w.0.
FLORIDA POWER CORPORATION 04-64762- O 1k
PROJECT FILING CODC

l.‘ot.?A//y

CRYSTAL RIVER UNIT #3

DESIIN DOCUMENT Cﬁ&t@tﬁﬂ'ﬂ)

Tovvoon Svaverw MW/ﬂﬁna,Ao“ﬂrﬁM/'//

REVISION AND DAYE

Rev 0 S/e/77

Pva SP-39S

ORIGINATOR

J.C¢ Herr

VERIFIER

T.-D. Brss

DOES THE DESIGN DOCUMENT CONTAIN ASSUMPTIONS IDENTIFIED FQR SUBSEQUENT RE-

10.

VERIFICATION WHEN THE DETAILED DESIGN ACTIVITIES ARE COMPLETED

(REF. QUESTION 2, BELOW) ?

VERIFIERS ATTESTATION

NO _‘/. YES

THE (DESIGN DOCUMENT HAS) (REVISIONSTO-THE-DOGUMENT-OCCURRIMNG-SINGE-THE
RREVOUSMERHICATHON-HAVE) BEEN-REVIEWED BY ME TO PROVIDE ASSURANCE THAT
IT MEETS THE DESIGN INPUTS. ANY FINDINGS UNCOVERED DURING THE COURSE OF

MY REVIEW HAVE BEEN DIRECTED TO THE ORIGINATOR AND RESOLVED. AS A PART

OF THE REVIEW, THE NINETEEN QUESTIONS LISTED HEREUNDER HAVE BEEN ADDRESSED
TO JUDGE WHICH ARE APPLICABLE. THE DESIGN DOCUMENT HAS BEEN EVALUATED

AGAINST THE APPLICABLE QUESTIONS.

Zz;ggm-; YA, QB;V_W

VERIFIER'S SIGNATURE

. WERE THE INPUTS CORRECTLY SELECTED AND

INCORPORATED INTO DESIGN?
{SEE DCP 4.9.1)

. ARE ASSUMPTIONS NECESSARY TO PERFORM THE DE-

S'GN ACTIVITY ADFEQUATELY DESCRIBED AND
REASONABLE ? WHERE NECESSARY, ARE THE ASSUMP-
TIONS IDENTIFIED FOR SUBSEQUENT RE~VERIFICA~
TIONS WHEN THE DETAILED OESIGN ACTIVITIES ARE
COMPLETED ?

ARE THE APPROPRIATE QUALITY AND QUALITY AS~
SURANCE REQUIREMENTS SPECIFIED ?

ARE THE APPLICABLE CODES, STANDARDS AND REGU -
LATORY REQUIREMENTS INCLUDING ISSUE AND AD~
DENDA PROPERLY IDENTIFIED AND ARE THEIR RE~
QUIREMENTS FOR DESIGN MET ?

. HAYE APPLICABLE CONSTRUCTION AND OPERATING

€)> PERIENCE BEEN CONSIDERED ? .

HAVE THE DESIGN INTERFACE REQUIREMENTS BEEN
SATISFIED ?

WAS AN APPROPRIATE DESIGN ME THOD USED ?

. IS THE OUTPUT REASONABLE COMPARED TO INPUTS?
. ARE THE SPECIFIED PARTS, EQUIPMENT, AND PRO-

CESSES SUITABLE FOR THE REQUIRED APPLICATION?

ARE THE SPECIFIED MATERIALS COMPATIBLE WITH
EACH OTHER AND THE DESIGN ENVIRONMENTAL
CONDITIONS TO WHICH THE MATERIAL WILL BE
EXPOSED?

11, HAVE ADEQUATE MAINTENANCE FEATURES AND

CILBERT ASSOCIATES, INC. POYER ENGINEERING - READING

lofes|an

DATE

REQUIREMENTS BEEN SPECIFIED?

12, ARE ACCESSIBILITY AND OTHER DESIGN PROVISIONS
ADEQUATE FOR PERFORMANCE OF NEEDED MAIN-
TENANCE AND REPAIR?

13. HAS ADEQUATE ACCESSIBILITY BEEN PROVIDED TO
PERFORM THE IN-SERVICE INSPECTION EXPECTED
TO BE REQUIRED DURING THE PLANT LIFE?

14, HAS THE DESIGN PROPERLY CONSIDERED RADIATION
EXPOSURE TO THE PUBLIC AND PLANT PERSONNEL?

15. ARE THE ACCEPTANCE CRITERIA INCORPORATED IN
THE DESIGN DOCUMENTS SUFFICIENT TO ALLOW
VERIFICATION THAT DESIGN REQUIREMENTS HAVE
BEEN SATISFACTORILY ACCOMPLISHED?

16. HAVE ADEQUATE PRE-CPERATIONAL AND SUBSE -
QUENT PERIODIC TEST REQUIREMENTS BEEN APPRO-
PRIATELY SPECIFIED?

17. ARE ADEQUATE HANDLING, STORAGE, CLEANING AND
SHIPPING REQUIREMENTS SPECIFIED?

18, ARE ADEQUATE IDENTIFICATION REQUIREMENTS
SPECIFIED?

19. ARE REQUIREMENTS FOR RECORD PREPARATION
REVIEW, APPROVAL, RETENTION, ETC., ADEQUATELY
SPECIFIED?




