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CAPABILITY OF THE INDIAN POINT CONTAINMENT VESSELS - THE CAPABIL--

ITY WAS EVALUATED BASED ON CONDITIONS REPRESENTATIVE OF A CLASS

9 EVENT

-THEEVALbATIONWASPERFORMEDONAREALISTICBASIS

- ACTUAL MATERIAL PROPERTIES WERE USED

O -
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'
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SINCE REBAR QUANTITIES -

i
ARE ADJUSTED TO MAINTAIN
NEAR EQUAL DEFORMATION;

DISCONTINUITY EFFECTS ~

. ARE NOT LARGE
_

-

s . . , . ,
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.III STRUCTURAL EVALUATION OF CAPABILITY
DEFINITION - CAPABILITY IS DEFINED AS THE MAXIMUM COMBINATION
OF TEMPERATURE AND PRESSURE TO PRODUCE A GENERAL YIELD STATE,

(THIS IS ESSENTIALLY THE LIMIT OF El.ASTIC RESPONSE).

THIS IS A CONFIDENT LOWER BOUND OF FUNCTIONAL CAPABILITY.WITH-
OUT ACCOUNTING FOR ADDITIONAL AVAILABLE STRENGTH DUE TO STRAIN

HARDENING.

THE ACTUAL CAPABILITY IS HIGHER

MATERIhLS
'

,

.

CONCRETE F' = 3000 psi
,,

LINER STEEL A-M2 F = 32000 PSI
'

y

REINFORCING STEEL A-615-60 F = 60000 est .y

.
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~,

.

.

e
*

.

D

9 e

o

e

. .- .

g
.

. .

..
O

4

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



. .

.
.- .- . .

_ . . _ . ,.

._...=.-. -- ...-. - ... .
.-

. , .
- - - .

.

Y. . . . .

'

' -
.

.

.

.. .

-
.

.

. .

.

.
. >

*
. . .

i

-

, .
-

, .

.. .
. .

. . .. , ,

.

'

QUASI-STATIC LOAD-
.

h (NO DYNAMIC EFFECTS)-
.

P
.

.
. ,

,

.. ,

-
.

.

.

w- -

.

.

.
-

.

... .

'

.c.

.

r .

I

|
-

. .

- -

*
...

.

% 1000 SEC'ONDS
_ , , .

.

.

w

a
.

- %
S ECONDS'

.

TYPICAL PRESSURE TRANSIENT
USED IN EVALUATION

|
-

- .

i w .

' *

I $
. .

. *.

, .

_...._......=4.--.

- . . . . . -. . . , . , . - . . ~ . - - . , - , . - . -. . , - - , , n.-n, ,- .. . - .-



..
--

-
-. ' - - - . . _ . ..

.. , . . .
.

- g.- .
.

.
..

- -

.

-
-

.

. .

-
.

e /

. .

-
-

.
.

. . . .

T - - -

. . .

.

-
.

.-
.

. .

.. .

-
.

.

.

.. ,
,

.
. .

-
.

. .

.

.
u..-

.

..
-

-
,

. .

> .

|-
1

-

.

-

. - .

l
, ..

.

- _ % 800 SECONDS
,s - .

w
.

.

. . .
v

.

SECONDS-

.

.

| TYPICAL TEMPERATURE TRANSIENT
USED IN EVALU ATION ' -.,

| s .
.

. .
.

.
*

6

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



~ L'. ..: =. . . . .= - . - l . .- -. . . . . . . _...

7o.

!

METHOD OF EVALUATION - HAND CALCULATIONS

JUSTIFICATION

- EXPERIENCE IN DESIGN AND ANALYSIS OF CONTAINMENT.

VESSELS -

.

- AGREEMENT BETWEEN HAND CALCULATIONS AND COMPUTER .

SOLUTIONS FROM. PREVIOUS ANALYSES.

REGIONS' 0F CONTAINM5NT"EVXilUATEIi
~

- MEMBRANE
'

DOME & CYLINDER

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

- .- DISC 0NTINUITY REGION AT SPRIN3LINE _.' -

, . . _.

- DISCONTINUITY REGION AT BASE OF CYLINDER
.

- BASE MAT -

,

- LARGE PENETRATIONS
'

EQUIPMENT HATCH
'

PERSONNEL AIRLOCK -

'

- SMALL PENETRATIONS - TYPICAL.

- LINER

.

.

|

:

|
*

_. . _ . _ _ _ _ _ _ _ . . _ . _ _ . . _ _ ._ _ . . _ _ . _ _ . _ __.
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1'
MEMBRANE REGION

,

DOME

HOOP FORCE = NR MERIDIONAL FORCE = ER

2 2
. .

EYLINDER

HOOP FORCE = PR (GOVERNING CONDITION)

MERIDIONAL FORCE = ER - D

-
-

_ _ _ _

STATICALLY DETERMINATE FORCE SYSTEM INDEPENDENT OF
MATERIAL PROPERTIES,:

. DI5 CONTINUITY R$GTON"AT'5PRfNs[IN$
,

'

MERIDIO'NAL SHEARS AND MOMENTS ARE SECONDARY AND ARE NOT

LARGE DUE TO A DESIGNED COMPATIBLE HOOP STIFFNESS AT .

~,

' DOME CYLINDER JUNCTION..

THIS REGION IS 1Q1 CRITICAL

.
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.
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DISCONTINUITY REGION"AT' BASE OF dLINDER

MERIDIONAL SHEARS AND MOMENTS ARE SECONDARY AND ARE LARGE.BEAM

ON ELASTIC FOUNDATION EQUATIONS WERE USED TO COMPUTE THE RESPONSE.

SHEARS AND MOMENTS WERE EVALUATED IN THE PRESENCE OF MERIDIONAL

TENSION. .

THIS REGION IS HQI CRITICAL
,,

BECAUSE OF ADDITIONAL MERIDIONAL REBAR NEAR THE INSIDE SURFACE

OF THE WALL THE TOTAL QUANTITY OF MERIDIONAL REBAR IS FAR GREAT-

ER THAN REQUIRED TO RESIST MERIDIONAL FORCES ALONE.

HOOP REBAR IS NOT REDUCED AT THE BASE AND IS SUFFICIENT TO RE-
SIST THE ENTIRE HOOP FORCE. THESE HOOP BARS AT THE BASE ARE

~

NOT RELIED UPON TO TRANSMIT LOAD.
.

. .

- SHEAR REINFORCEMENT IS ALSO ADDED TO FULLY RESIST THE RADIAL
SHEAR FORCES.'

.

CONCLUSION - BASE OF CYLINDER IS PROVIDED WITH A HIGHLY REDUN-

DANT SYSTEM OF REBAR. ITS STRENGTH IS SUBSTANTIALLY GREATER ,

THAN REGIONS OF THE SHELL REMOTE FROM THE BASE MAT.
'
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'

EASE" MAT

CALCULATIONS WERE PERFORMED FOR
*

SHEAR

~ BENDING
'

'

TENSION

EVALUATION WAS PERFORMED TO CHECK SHEAR AND MOMENT

IN PRESENCE OF' TENSION
,

I THIS REGION IS 10I CRITICAL
,

.
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e

*

. . . _ _ . _ . . _ .

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



I . . ~ . _
-
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[3RGE PENETNATIONS
~

EQUIPMENT HATCH AND PERSONNEL AIRLOCK EVALUATED FOR PRI--
.

_ . . MARY MEMBRANE PLUS BENDING
.

ANCHORAGE OF EQUIPMENT HATCH AND PERSONNEL AIRLOCK TO-

CONCRETE WAS EVALUATED

'
THESE REGIONS ARE e CRITICAL

.

. .

5M3Et"#ENET#3Tf0Nk

REPRESENTATIVE PIPING PENETRATIONS WERE EVALUATED FOR
- -

PRESSURE AND APPLIED PIPING REACTIONS

ANCHORAGE TO CONCRETE WAS ALSO EVALUATED .-

THE REGIONS EVALUATED ARE e CRITICAL-

.

I
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~

.

.

.

f

I
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QUALITATIVEASSESSM$NTOFREBARCAPABILIW

ADJACENT TO EDTH l_ARGE AND SMALL PENETRATIONS

-ADJACENTTOPENETRATIONST5EREISASHARPINCREASEINBOTH
-

- FORCES AND MOMENTS OVER THOSE WHICH WOULD EXIST IN THE AB-

SENCE OF A HOLE.

- FORCES AND MOMENTS DECREASE RAPIDLY WITH DISTANCE AWAY FROM

HOLE

- FOR SMALL Ps1ETRATIONS (DIAMETER EQUAL TO OR LESS THAN SHELL
THICKNESS) MOMENTS ARE NEGLIGIBLE AND EDEE CONCENTRATIONS

ARE RESISTED BY AN INCREASED DENSITY OF REBARS (THE REBAR
_jiTRESS CONisNTRhfl65 IS'5U55TANTIALLi LESS THAN Ts$'FORCI' CON-

~ ~ ~

CENTRATION)
-

-- --- - - - ~ ----- - ---------

-
-

.

- IF YIELDING DID OCCUR IT WOULD ONLY OCCUR IN THE REBAR
IMMEDIATELY ADJACENT TO THE HOLE. . .

- THE MAGNITUDE OF THIS STRAIN IS LIMITED SINCE THE RE-
~ MAINDER OF THE SECTION IS ELASTIC.

- STRUCTURAL INTEGRITY TESTS HAVE NOT DISCLOSED ANY EX-

CESSIVE CRACKWIDTHS NEAR PENETRATIONS.
-

- FOR LARGE PENETRATIONS A BOSS REGION IS PROVIDED TO PLACE A

MUCH LARGER QUANTITY OF REBAR THAN COULD BE PLACED IN AN UN-

THICKENED SHELL.

YIELDING WOULD BE LOCAL
-

-
,

| REMAINING SECTION IS ELASTIC
'

-

.

'
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STRUCTURALINTEGRITYTEST-NOEXCEShlVECRACK---

WIDTHS
-

QUALITATIVE CONCLUSION - CAPABILITY OF REBAR ADJACENT TO PENE-
TRATIONS IS EQI CRITICAL',''
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1
LINER-

STRAINS WERE EVALUATED TO INSURE INTEGRITY OF-

THE LINER

ANCHORS WERE CHECKED i0 INSURE AGAINST A PRO--

GRESSIVE FAILURE OF THE LINER ANCHORAGE SYSTEM

|
THELINERISSQf. CRITICAL

.
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-
.

. .

.

4

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



-

. .-
-

-
--

- = ...--. . . - . -

9 - . . .; . .

*

. .
*

.

-

. ,,.. .

-

.
,

-

.

.
.

.

e /

' '

h
-

.
4

. .
.

.-. .
.

3.5- - .- - -

'L IN E R STl FF NE SS-

.

-

4, .

3.07 ,e
*

-
.m

$ 3.0- .. ,

-x .

o
'

Z_ - <
,

*2.5-- .

.

> -
.

2 . .

-w
-

2 1.98
'-

.

w 2.0-
o l/ -

- -

<c ,~
J LINER O T = 400 F* /

a. 1.5 -
p

9 /
-

a /- -
.

' 6 T=O
'

''_J y
51.0- .90 _

O LINER YIELDS
''

.,,.
c: /

/
| . 3- /

/ ; C. e c
- o m -

_

s w - -

|| -
'

O =
i , , i i i i i

20 - 40 60 80 10 0 12 0' 14 0

"*

Pa .

CON TAIN M EN T PRESSURE (PSIG)
. .

.

PLOT OF RADIAL DISPLACEMENT VERSUS
CONTAINMENT PRESSURE- REGION OF
CYL!NDER WHERE SEISMIC RESAR IS REDUCED

.- .
,

, - e e

e'

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



..- - L ----. .. -.- - ... . . .-N- . , x . ,_..-
, . .. -

,

go-

.

' INDIAN POINT CONTAINMENTS UNITS 2 & 3
.

CONSERVATISMS IN ORIGINAL DESIGN

PRIMARY CONSERVATISMS APPLIED IN ORIGINAL DESIGN OF THE GOVER- --

NING REGION (BELOW SPRINGLINE) 0F THE CONTAINMENT SHELL.
.

1. APPLICATION OF LOAD FACTORS (1.5)
I

2. APPLICATION OF CAPACITY REDUCTION FACTORS (1,11)

3 .' STRENGTH OF LINER NOT ACCOUNTED FOR (1.15)

Li ,' MINIMUM. STRENGTH OF MATERIALS CONSIDERED (1,18)
,

'

5. SEISMIC REBAR RESISTING LOCA LOADS (1,12)
, -

.

S',' DESIGNER CONSERVATISM '(1,06)'

,

.

OTHER CONSERVATISMS APPLICABLE TO REGIONS WHICH DO NOT GOVERN-
.

1. SEISMIC LOADS COMBINED WITH LOCA LOADS (MAXIMUM EFFECT .

AT BASE OF SHELL)

'

2. SEISMIC LOADS CONSERVATIVELY DETERMINED - EXAMPLE SSE

UNIT 2 DAMPING - 2%
-

.

3. . REDUNDANCY... AT BASE PROVIDED - SHE R FORCE AND BENDING - ,

MOMENT ARE SECONDARY AND EXIST ONLY BECAUSE OF BASE |
.

CONSTRAINT - THEY ARE NOT REQUIRED FOR EQUILIBRIUM. .

\-
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. PA (DESIGN) = 47 PSIG

P (CAPABILITY) = 47 * (PRODUCT OF FACTORS AB0VE)
-

.

P (CAPABILITY) = 47 * 2.7
;

P (CAPABILITY) = 126 PSIG,

WHERE CAPABILITY I'S THE LIMIT OF $[ASTIE RESPONSE

NOTE THAT THE LIMITING REGION OF THE CONTAINMENT IS ONE OF HIGH-

DUCTILITY LOCATED AWAY FROM DISCONTINUITIES.

DISCONTINUITY REGIONS OF THE CONTAINMENT HAVE AT LEAST THE CON-
SERVATISM AS THE MEMBRANE REGION, THE ORIGINAL DESIGN WAS BASED

ON THE ACI 318-63 COBE WHICH MANDATES ADDITIONAL CONSERVATISM IN
REGIONS OF LOW DUCTILITY.' SHEAR, ANCHORAGE AND COMPRESSION WILL

El GOVERN DESIGN.
,
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|

ZION CONTAINMENT BUILDING ANALYSIS

$ llHEAR ELASTIC NUMERICAL ANALYSIS FOR SCOPING Tile PROBLEM:

e NATURAL FREQUENCIES

e MODE SHAPES

e STATIC RESPONSE TO GRAVITY LOADS, POST-TENS 10NING LOADS, AND

INTERNAL PRESSURE LOADS.

O NONLINEAR NUMERICAL ANALYSIS FOR:

9 STATIC PRESSURE LOADING INTO INELASTIC REGION OF MATERIAL

BEllAVIOR

S TRANSIENT OVERPRESSURE LOADING

0 LIMIT STATE ANALYSIS TO PREDICT FAILURE LOADS>

E't
_=aes=_
- - -

V

__ _ _ ________
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RESULTS OF LINEAR ANALYSES

,
-__

,

9 IDENTIFIED MOMENT DISTRIBUTION.

9 FREQUENCIES AND MODE SHAPES (12, 21, 24, AND 27 liz) .

9 VERIFIED MOMENT REVERSAL AT 67 PSI INTERNAL PRESSURE.

9 GOOD COMPARISON WITH PRESSURIZATION TESTS ON ZION CONTAINMENT.

0 ESTABLISilED ADDITIONAL DATA POINTS ON PRESSURE-MOMENT
:

INTERACTION CURVE.
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TABLE II

CONCRETE MATERIAL PROPERTIES

6Tangent modulus of elasticity at zero, strain 5 x 10 psi (35 GPa)
Poisson's ratid 0.2
Uniaxial cutoff tensile stress 500 psi (3.5 MPa)

'

Uniaxial maximum compressive stress 5 500 psi ( 38 MPa)
Corresponding unfaxial compressive strain "O.003
Uniaxial ultimate compressive stress 4 000 psi ( 28 MPa)
Corresponding ultimate compressive strain 0.004 5

!
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SUMMARY OF ALLRESULTS
. =a=:- .

'~ TTLC
.

8
.

8 FOR STATIC PRESSURE LOADING WE PREDICT Tl!E FOLLOWING:

SUMMARY OF STATIC RESPONSE

PRESSilRE (PSIG) OESCRI PTI0ft

67 SIDEWALL At!D D0!1E tiottEi!T SIGt! REVERSAL
'

92 FIRST CONCRETE CRACKillG OCCURS

123 ESTIMATED LINER YIELD

15'l FAILURE PRESSURE (LINER SEPARATES)

8 FOR TRANSIENT OVERPRESSURE LOADING WE PREDICT Tile FOLLOWING:
,

100 PSI PEAK e CONCRETE SEVERELY CRACKED EVERYWilERE

e REINFORCEMENT INTACT

e TENDONS WELL BELOW ULTIMATE

200 PSI PEAK e CATASTROPillC FAILURE IllCLUDING
*

REINFORCEMENT YIELDING Af;U TEllDON FAILURE ,

4
%

1
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$ LITERATURE SURVEY

!
'

4

ANALYTICAL*

.

MIT - 111.5 PSIG

(5.0 FT WALL, 3.5 FT DOME)
'

WASil 1400 - 75 To 120 PSIG
!

j-

; EXPERIMENTAL*

CANADA - 159 PSIG
.

| JAPAN - 135 PSIG '

POLAND - 75 PSIG ,

: (SEE REFERENCES FOR ASSUMPTIONS AND LIMITATIONS)
,

J

'
,

4

*
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: i . .

4
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; 200 DRAWINGS & SEVERAL REPORTS.
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