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WASH-1400 ASSUMPTIONS ON CONTAINMENT QVERPRESSURIZATION FAILURES

@ ASSUMED FAILURE PRESSURE - 1C0 PSIA = 15 PSI

® FAILURE MODE - EXTENSIVE CRACKING OF REINFORCED CONCRETE,
FOLLOWED BY TEARING OF LINER

® FAILURE EXPECTED AT TOP OF CONTAINMENT

® DEPRESSURIZATION IS RAPID COMPARED TO THE HALF-LIVES
OF ISOTOPES BEING CONSIDERED
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OBJECTIVES

. Ultimate Pressure Capacity.

. Effect of High 1"omperafuros

. Idantify ‘Failure Mode (s)

. Possible Remedies If Meaningful

. Etfect of Rate of Pressure / Temperature Rise
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80. 4 /DESIGN PRESSURE 47 PSIG

CONTAINMENT PRESSURE (PSIG)
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CONTAINMENT PRESSURE RESPONSE TO LOCA
SARGENT % LUNDY |
L_"_‘:wco-c-‘u'

e A R N T e




CONTAINMENT ULTIMATE CAPACITY
ZION NUCLEAR POWER PLANT C1

JUNE 16, 1580
- PAGE S
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D= .DEAD LOAD To= LOCA TEMPERATURE LOAD
F = POST-TENSIONING LOAD E = SEISMIC (0OBE) LCAD
Pa= LOCA PRESSURE LOAD E'= SEISMIC (SSE) LOAD

CONTAINMENT ORIGINAL DESIGN LOAD COMBINATIONS
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i /-cmm-snnc CONTAINMENT CAPACITY

PRESSURE TRANSIENT

CONTAINMENT PRESSURE

TIME

CLASS 9 ACCIDENT CONTAINMENT PRESSURE TRANSIENTS
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CLASS 9 ACCIDENT TEMPERATURE EFFECTS

SELF - LIMITING LOADS : NO EFFECT ON ULTIMATE
'STRUCTURAL STRENCTH.

LINER MATERIAL INTACT :
LEAK-TIGHTNESS NOT JEOPORDIZED

DETERMINE PRESSURE CAPACITY WITH AND
WITHOUT LINER.

LINER STRAINS.

CONCRETE MATERIAL INTACT.
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b

TEMPERATURE

TIME

CLASS 9 ACCIDENT CONTAINMENT THERMAL TRANSIENTS
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__ PAGE 10

MERI!DIONAL
MOMENT ('K/*)

e ———
AR

9-0]

—
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MERIDIONAL HOOP -806
FORCE (X/v) FORCE (K/,)
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POTENTIAL FAILURE MODES

e TENDON YIELDING: HOOP, VERTICAL, DOME.
e SHEAR FAILURE: DISCONTINUITIES.

* LINER FRACTURE : STRAINS.

e REINFORCING 3ARS : STRAINS.

e PENETRATIC .. : EQUIPMENT HATCH,

e SOIL FAILURE.
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g
| = DOME TENDONS

" 2 - DOME DISCCNTINUITY
(MOMENTS, SHEARS)

3 = CYLINDER DISCONTINUITY
(MOMENTS, SHEARS)

H - 4 - HOOP TENDONS, LINER,
VERTICAL TENDONS

5 - EQUIPMENT HATCH
FAILURE

I~ 5
< \ 6 = CYLINDER RESTRAINT
) (MOMENTS, SHEARS)
' 7 - BASE MAT REINFORCING
{ AND SHEAR TIES
|

- 8 — SOIL PRESSURE
P~ ~

H

yeemS

CONTAINMENT POTENTIAL MODES OF FAILURE
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FAILURE CRITERIA

* TENDON YIELDING: (i)

e SHEAR FAILURE: (4-o)
* LINER MEMBRANE STRAIN: IS5 €y (4) £ I, (-6

* LINER FIBER STRAIN: + £, (4-0)

b *

e SOIL FAILURE : F

* REINFORCEMENT STRAIN: 10 &y () € 14 E4 (4 -6)
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CONFIDENCE LEVEL : QUALITATIVE

.

7. A ’
’
OBJECTIVE
100
T v - . >
-1.0 : 20 P/ Py

us »PRESSURE
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ANALYSIS

o COMPUTER ANALYSIS

. TENDON YIELDING : HOOP, VERTICAL, DOME.
. SHEAR FAILURE - DISCONTINUITIES

+ LINER: MEMBRANE STRAINS

. REINFORCING BAKS : STRAINS

« SOIL FAILURE

e HAND CALCULATIONS

» TENDON YIELDING : HOOP, VERTICAL, DOME
« LINER: FLEXURAL STRAINS - BUCKLING

. PENETRATIONS : EQUIPMENT HATCH

¥ et
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FINITE ELEMENT ANALYSIS

e THIN SHELL OF REVOLUTION

. MATERIAL NON-LINEARITY : CONCRETE CRACKING
AND STEEL YIELDING

9 LAYERED :ELEMENTS : CONCRETE 'AND REBARS
* POST -TENSIONING TENDONS : TRI-LINEAR

. SOIL : ONE - WAY SPRINGS . >

- COMBINED LOADS:

e DEAD LOAD
® POST-TENSIONING(PERMANENT)LOADS
e PRESSURE LOADS:20,22,2.4,26,2.8xPa
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69,78

4CELT36-0"
EL.729-0

NUMBER OF NODES 7€
NUMBER OF ELEMENTS 14/
NUMBER OF MATERIALS 48

' 2 3C EL.656-6"
- [|28°
B—M’ - “‘
|
EL59I-0"
’ R=26-6"
R=10-8" 2C EL576-6"
= 18 28 T2
Q0501 L 4 Q=D c o1 se66”
! I . EL.556-0"
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=0 L. &EL.T
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AX!- SYMMETRIC FINITE ELEMENT MCCEL
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e — —

MERIDIONAL REINFORCING

T HOOP REINFORCING

-UNER

_CONCRETE LAYERS | THRU &
_MERID. STEEL LAYERS 8410
_HOQP STEEL LAYERS 789

LINER LAYER Il

LAYERED ELEMENT FOR NONLINEAR FINITE ELEMENT ANALYSIS
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ASTM A-42! TYPE BA
. ACTUAL VALUE
NO. AVERAGE | STANDARD
PROPERTY -SPECIFIED VALUE | oF SAMPLES VALUE DEVIATION
YIELD STRENGTH 204 KSI MIN. 735 222.5 KSI 7.42 KS|
AT 1% ELONG i
| : APPROX,. '
TENSILE STRENGTH 240 KSI MIN. 1120 VERIFY MINIMUM VALUE
ELONGATION IN 8 4% MIN. 1298 S.07% 49%
MODULUS OF 3 3
ELASTICITY p 144 28.9x10° KSI 0.1xIO”KSI

POST -TENSIONING WIRE MATERIAL PROPERTIES
(UNIT 2)

ir ' |
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ASTM A-6I5 GRADE 60

ACTUAL VALUE
SPECIFIED " NO.OF AVERAGE STANDARD
PROPERTY VALUE SAMPLES VALUE - | DEVIATION
v
.. €0 KS! (MIN) 3500 | . e72xsi 55Ks|
’
TENSILE VERIFY
SRENGTH %0 "s"(’“'"’ MINIMUM VALUES
ELO':S:]’!ON 7% 645 14.7% 3.5%

REINFORCING STEEL MATERIAL PROPERTIES

SARGENT 3 LUNDY
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ASTM A-442 GRADE 60

CONTAINMENT ULTIMATE CAPACITY
ZION NUCLEAR POWER PLANT
JUNE 16, 1980 ‘]
PAGE 23

ACTUAL VALUE
PROPERTY | SPECIFIEDVALLE |of sanpLzs| AVERACE | STANDAZD
YIELD STRENGTH 32 KSI MIN. 74 48.431s 232ks|
TENSILE STRENGTH' 60 KSI MIN. " VERIFY MINM.M \ALLE
ELONGATION IN 8" 20% MIN 73 . 26.2% L9%

STEEL LINER MATERIAL PROPERTIES

=
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PAGE 24 2 8

ACTUAL VALUE

LOCATI‘ON SPECIFIED No.OF | AVERAGE STANDARD
VALUE SAMPLES VALUE DEVIATION

BASEMAT 5,000 PSI 76 5,948 PSI 570 PSI

CONTAINMENT| 5,500 PSI | 404 6,663 PSI 617 PSI

90 DAY éONCRETE' COMPRESSIVE STRENGTH

-

\
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STRESS (KS1)

CONTAINMENT ULTIMATE CAPACITY

ZION NUCLEAR POWER PLANT
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. PAGE 25
| {
,. MIN. ULTIMATE 240 xsa\
_ . _____.J
~ACTUAL AVERAGE
[ 2 -
P
200 s /
— s c— c————— ") 18 ELEMENTS
/ FOR TRI-LIMEAR
/ REPRESETATION
[ D CAN N G ¢ G S— .
/ P g
NORMAL / -~
4 PRESTRESS o é
L 4
5 4
y ,
100 - .
ASTM A-42i TYPE 8A
\
0.5 1.0 1.5 ; 4.0
STRAIN (%) |

TENDON IDEALIZED STRESS - STRAIN CURVE *

]
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PAGE 28
] P U 2 ‘ N 2
- MIN. ULTIMATE 90 kS| )
: g —0
» > o}
] ¥ ~
x -
® : /
/ACTUAL AVERAGE Y
Pt .
| :
860~
i
!
- 4
L] :
ASTM A-6I5 GRADE 6C
‘ -
023 Rt e

STRAIN (%)

REINFORCEMENT IDEALIZED STRESS - STRAIN CURVE
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PAGE 27

?
60 KSi

—

-
-

~

/( MIN. ULTIMATE
//

o a””

-

. \
(-ACT UAL AVERAGE

+ ASTM A-442 GRADE 60

4
\W\

1
Q.16 '
STRAIN (%)

LINER IDEALIZED STRESS - STRAIN CURVE
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s |



 CONTAINMENT ULTIMAM CAPACITY -
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 PAGE 28 o
!
\ {
®
x
- ‘ .
2 AVERAGE
» w
@
: /—;Q\ -
" g
7 e
4 5'5000 /
L]
COMPRESSION
‘N . i .
-0! - . ol d2 03
TENJION .
L0000+ .
6 Fe STRAIN (%)

CONTAINMENT CONCREYE IDEALIZED STRESS - STRAIN CURVE
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TABLE OF CONTENTS

CONTAINMENT DESCRIPTION

‘OBJECTIVES COF STUDY

CONTAINMENT SHELL BEHAVIOR UNDER LOAD
ANALYSIS

MATERIAL PROFERTIES

RESULTS
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CONTAINMENT ULTIMATE CAPACITY

=

ZION NUCLEAR POWER PLANT 3 4.
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PAGE 30
s L
. TENDON | TENDON
DIRECTION | LINER |CONC. CRACK |REBAR YIELD | 'vo° ooy
754 62 . 120.0 128.0
foaa O ol YT (2.47) (2.55) (2.72)
. 75.4 130.6 134.4 142 4
v sl (1.605) (2.778) (2.86) (3.03)
83.8 121.9 130.0 137.5
ERIDIORAL | WITHOUY (1.78) (2.59) (2.765) (2.925)
83.8 150.7 158.8 166.3
1DI A |
WERIAORAL wITH (1.78) (3.21) (3.38) (3.54)
L}
. P
VTN S 8l1.6 119.9 131.5 140.6
, ' (1.73) (2.55) (2.80) (2.99)
83.24 141.24 152.84 161.97
M
. et (1.77) (3.00) (3.252) (3.448)
- PRy B, = 47 PSIG
PRESSURE AT VARIOUS RESPONSE STAGES (PSiG)
HAND CALCULATIONS : EQUILIEBMIUM REQUIREMENTS
| " SARGENT 4 LUNDY
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RADIAL DEFLECTION (INCHES)

6.0 -

504

40 -

301

20-

104

,’ Up (302" @ 142 PSIG)

CONTAINMENT ULTIMATE CAPACITY -

ZION NUCLEAR POWER PLANT
JUNE 16, 1980 4
PAGE 31

?Y, (134 PSIG)

Y, (130PSIG)

LEGEND

C = CONCRETE CRACKING

Yg = YIELD OF REBARS
\
Y= YIELD OF TENDONS .

Up= TENDON FAILURE

C (7S PSIG)
50 100 180 PSIG__
cs 1.0 i) 20 25 30 P/Pa
PRESSURE

RADIAL CEFLECTION OF CONTAINMENT-HAND CALCULATIONS

—
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TENDON STRESS (KSI)

4 CONTAINMENT ULTIMATE CAPACITY _
: ZION NUCLEAR POWER PLANT

. ' JUNE 16, 1980 3\0
‘ PAGE 32
225+ Foy = 222 5 KS!
: {
2004 ' ' .
' +  WITHOUT LINER WITH LINER
1754 //
/ /’
. //
50 //
150 4 .
a— ——
P
R‘ .'47 PSlG '
g .
125
050 10 20 30 PR :
PRESSUFE

' -a . 8

HOOP TENDON STRESSES vs. PRESSUFE.
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DISPLACEMENT (INCHES)

CONTAINMENT ULTIMATE CAPACITY
ZION NUCLEAR POWER PLANT
JUNE 16, 1980

PAGE 33 ,5’]
A 30 IN. AT R
A -f—; f 3.03 Py = 142 PSIG
|
|
- 0.005 r \
. | | :
- 0004
3.0-
. 0003 "L WITH LINER
2.0
- 0.002 ' .
. 'Y .
1.0 4 7
- 0.001
/ . P, = 47 PSIG
| /‘ ’ "
. R ; - »
f,-—-—-".‘_&' 20 3.0 B/P,
- PRESSURE

RADIAL DISPLACEMENT OF CYLINDER VS PRESSURE

-
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TENDON STRESS (KSIH)

- . &

1 :  CONTAINMENT ULTIMATE CAPACITY

VERTICAL TENDON STRESSES VS. PRESSURE

‘ ZION NUCLEAR POWER PLANT
' JUNE 16, 1930
| PAGE 34 1 %
o Fpy= 2225 kS
{
200 -
WITHOUT LINER .
ln 9 ' 3
WITH LINER
. / 2
/ .
! /7 .
Iso - b= il — —
. ‘_-—_—
% 4
” _
e Pa=47 PSlé
00 ' ' ) - v
00 * 10 20 30 P/Pa
PRESSURE

.
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TENDON STRESS (KSI)

. ZION NUCLEAR POWER PLAKT a4
. JUNE 16, 1980 7
i PAGE .S
225+ Fpy= 2228 KSI | o il il 3 - S
{
200 1
WITHOUT LINER
i7%5 4 ’
; WITH LINER
/ o
150 + /_/
L— — — - = g
5 4
r ,
125 + Pa=47 PSIG
| | ' : .
°°o.o G 20 30 P/fa
| PRESSURE )
DOME TENDON STRESSES vs PRESSURE_
- #
- SARGENT 4LULDY '
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DISPLACEMENT (INCHES)

40 -

104 ¢

s
CONTAINMENT ULTIMATE CAPACITY o)
ZION NUCLEAR POWER PLANT 4
JUNE 16, 1980

PAGE 36

PRESSURE

VERTICAL DISPLACEMENT AT TOP OF .

OOME vs PRESSURE

=

SARGENT ZLUNDY
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STRAIN (%)

. ] CONTAINHENT ULTIMATE CAPACITY
; ZION NUCLEAR POWER PLANT

JUNE 16, 1980
PACE 37 4\
| {
. ELEM.29 : CONT.AT BASE (DISCONTINUITY) :
. ELEM.37 : CONT. MID-HEIGHT F
0.8+
i To= 20°F
INCLUDES CREEP & SHRINKAGE e
06 - MERIDIONAL (ELEM.29)
]
. -
0.4 -
'
R
| _HOOP (ELEM.37)
021  owrsg,, ' |
Pa=47 PS1G
TENSION | / ~
- 1 _ ERIDIONAL (ELEM.27)
COMPRESSION . \
HOOP (ELEM.29) .
, -__4( (BUCKLED)
02 - - = —-—
10 20 0 2/Pa
PRESSURE
STEEL LINER MEMBRANE STRAINS VS. PRESSURE ’
r L ]
TSARGENT % LUNDY
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STRESS (KSI)

%’

CONTAINMENT ULTIMATE CAPACITY

. ZION NUCLEAR POWER PLANT 4 y !
: JUNE 16, 1380
PAGE 3¢
| { REBAR STRAIN
700 € = 6.5 x10"* (MERIDIONAL)
€ = 4.5x10°3 (HOOP)
‘72 ._-“—HA—RﬂE—LD——---—— T ————— ——
60.0 - a :
MERIDIONAL STEEL—"] '
(AT DISCONTINUITY)
.

50.0 -

S

HOOP STEEL
- _
400 9. )
LINER INCLUDED
30.0 - ) Pa= 47 PSIG
' -
200 . - . -
1.0 20 - 30 2/Pa

PRESSURE

MAXIMUM REBAR STRESSES VS PRESSURE

v —
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- 3 CONTAINMENT ULTIMATE CAPACITY
ZION NUCLEAR POWER PLANT /5
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STRESS (KS1)

PAGE 39
{
\
.' ‘ .
250- ’ ' X
_
S T PRESTRESSING STRAND
( F
3 ' ) ® MAX ‘VALUES
200 . AT P=2.8 Pa
.
-,
mq
, X “
¥ . .
1001
/’___\_‘____.REMR
7
.
-.—-/ a i
: : INER
. — — w— o — "‘(L .
— \
30 s = \uzmsnms a BENDING
MEMBRANE ¢ .
Q - - - - - - - - e
2 4 6 < 10 12 14 16 I8 20 STRAIN (%)

MAXIMUM COMPONENT STRAINS AT P=2.8Pq

\

SARGENT 2 LUNDY |

———————anonerasl




_ 3,
’ g CONTAINMENT ULTIMATE CAPACITY
¢ ZION NUCLEAR POWER PLANT
: JUNE 16, 1980 4 &

PAGE 40
B

:
AT P =2558, =120 PSIG =135 PSIA

PARAMETER MARGIN FACTOR
SHEAR : BASEMAT 127
SHEAR: CONTAINMENT 128
'SHEAR: EQUIP.MENT - 1.29
HATCH
CONCRETE COMPRESSION: 385
BASEMAT | p
CONCRETE COMPRESSION: 5.83
CONTAINMENT , '
: .
REINFORCEMENT : 132
EM#MENT HATCH (CBI) 1.0 (CONSERVATIVE)
SOIL PRESSURE 1.95
LINER FIBER STRAIN 210 i e :
REBAR STRAIN 474 %

MARGIN FACTORS FOR OTHER NONCRITICAL PARAMETERS

—
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CONTAINMENT DESCRIPTION

'OBJECTIVES OF STUDY

CONTAINMENT SHELL BEHAVIOR UNDER LOAD

ANALYSIS

.MATERIAL PROPERTIES

RESULTS

CONCLUSIONS
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. CONTAINMENT ULTIMATE CAPACITY ()
: ZION NUCLEAR POWER PLANT 4

JUNE 16

, 1980

PAGE 42

CONCLUSIONS :

ULTIMATE PRESSURE CAPACITY :

120 PSIG = 135§ PSIA (WITHOUT LINER)

* 134 PSIG = 149 PSIA (WITH LINER)
FAILURE MODE : HOOP TENDON YIELDING

TEMPERATURE EFFECTS : PROSABLY NOT SIGNIFICANT

POSSIBLE REMEDIES : NONE RECOMMENDED

EFFECT OF RATE OF PRESSURE / TEMPERATURE RISE :

PROBABLY ‘NOT SIGNIFICANT

e |
‘| SARGENT 2LUNDY
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L : . CONTAINMENT ULTIMATE CAPACITY
. ZION NUCLEAR POWER PLANT

. ' . JUNE 16, 1980 g
. PAGE & 4
{
j . MIN. ULTIMATE 240 KS!

)

o amm—

200+
s
~ NORMAL' — VERTICAL AND DOME :
g 4 PRESTRESS TENDONS : ALMOST COMPLETE .
: 1 RECOVERY )
o
w
. . ~
100 -+

HOOP PRESTRESS
AFTER DEPRESSURIZATION

S
¥
'

0.5 1.0 18 4.0
STRAN (%) 2

TENDON STRESS RECOVERY AFTER DEPRESSURIZATION

S—
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EVALUATION OF CAPABILITY OF INDIAN POINT

PURPQSE OF EVALUATION - TO MAKE A CONSERVATIVE ASSESSMENT OF THE
CAPABILITY OF THE INDIAN POINT CONTAINMENT VESSELS - THE CAPABIL-
ITY WAS EVALUATED BASED ON CONDITIONS REPRESENTATIVE OF A CLASS

9 EVENT

|
- THE EVALUATICN WAS PERFORMED ON A REALISTIC BASIS
- ACTUAL MATERIAL PROPERTIES WERE USED
J .

- THE STRENGTH OF THE LINER WAS INCLUDED IN THE EVALUATION
DEFINITION QF CAPABILITY - THE MAXIMUM COMBINATICN OF TEMP™...TURE
AND PRESSURE TO PRODUCE A GENERAL YIELD STATE (ESSENTIALLY THE
LIMIT OF ELASTIC RESPONSE)

THIS IS A CCFIDENT LOWER BOUND OF FUNCTIONAL CAPABILITY WITHOUT
ACCOUNTING FOR ADDITIONAL AVAILABLE STRENGTH DUE TO STRAIN HARD-
ENING - THE ACTUAL CAPABILITY IS HIGHER.

CONCLUSIONS - INDIAN POINT UNI™ 2 AND 3 CONTAINMENTS CAN WITH-

STAND A PRESSURE = 126 PSIG OR 2.7 TINES THE DESIGN ACCIDENT
PRESSURE.
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EVALUATION OF CAPABILITY OF INDIAN POINT
——CONTAINMENT VESSELS UNITS 2 83

QUTLINE
CONTAINMENT DESCRIPTION )
- OVERLAYS :
- SLIDES

CONTAINMENT BEHAVIOR UNDER TEMPERATURE AND PRESSURE LOADING

STRUCTURAL EVALUATION OF CAPABILITY
- DEFINITION OF CAPABILITY
- MATERIAL PROPERTIES
- LOADING
- METHOD OF EVALUATION

RESULTS
- PRESSURE - TEMPERATURE - DISPLACEMENTS PLOTS
- MAXIMUM PRESSURE
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ATTACHMENT TO CYLINDER
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DISCONTINUITY REGION AT
BASE OF CONTAINMENT SHELL



SECTION THROUGH MAT BELOW

CONTAINMENT WALL
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[II STRUCTURAL EVALUATION OF CAPABILITY
DEEINITION - CAPABILITY IS DEFINED AS THE MAXIMUM COMBINATION
OF TEMPSRATUKE AND PRESSURE TO PRODUCE A GENERAL YIELD STATE.
(THIS IS ESSENTIALLY THE LIMIT OF ELASTIC 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

YATERIALS
 CONCRETE FL = 3000 st
LINER STEEL A-442  F, = 32000 ps:

REINFORCING STEEL A-615-60 F, = 60000 ps!




LINER STRESS (KSI)
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QUASI-STATIC LOAD
(NO DYNAMIC EFFECTS)

ol 1. = 1000 SECONDS

(I

t
' : SECCNDS
TYPICAL PRESSURE TRANSIENT
USED IN EVALUATION

Ie

3



2= 800 SECONDS

TYPICAL TEMPERATURE TRANSIENT
- USED IN EVALUATION . ®
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METHOD OF EVA[UATION - HAND CALCULATIONS
JUSTIFICATION

- EXPERIENCE IN DESIGN AND ANALYSIS OF CONTAINMENT
VESSELS :

- AGREEMENT BETWEEN HAND CALCULATIONS AND COMPUTER
SOLUTIONS FROM PREVIQUS ANALYSES.

REGIONS OF CONTAINMENT EVALUATED

- MEMBRANE
DOME & CYLINDER

- DISCONTINUITY REGION AT SPRINSLINE
- DISCONTINUITY REGION AT BASE OF CYLINDER
- BASE WAT
- LARGE PENETRATIONS
EQUIPMENT HATCH
PERSONNEL. AIRLOCK
- SMALL PENETRATIONS - TYPICAL

- LINER



DOME
HOOP FORCE = PR MERIDIONAL FORCE = PR
2 2

EYLINDER
HOOP FORCE = PR (GOVERNING CONDITION)
MERIDIONAL FORCE = PR - D
2
STATICALLY DETERMINATE FORCE SYSTEM INDEPENDENT OF
MATERIAL PROPERTIES.

MERIDIONAL SHEARS AND MOMENTS ARE SECONDARY AND ARE NOT
LARGE DUE TO A DESIGNED COMPATIBLE HOQP STIFFNESS AT
‘DOME CYLINDER JUNCTION.

THIS REGION IS NOT CRITICAL



MERIDIONAL SHEARS AND MOMENTS ARE SECONDARY AND ARE LARGE. BEAM
ON ELASTIC FOUNDATICON EQUATIONS WERE USED TO COMPUTE THE RESPONSE.

SHEARS AND MOMENTS WERE EVALUATED IN THE PRESENCE OF MERIDIONAL
TENSION,

THIS REGION IS NOT 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 [S NOT REDUCED AT THE BASE AND IS SUFFICIENT TO RE-
SIST THE ENTIRE HOCP 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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CALCULATIONS WERE PERFORMED FOR

SHEAR
BENDING
TENSION

EVALUATION WAS PERFORMED TO CHECK SHEAR AND MOMENT
IN PRESENCE OF TENSION

THIS REGION IS NOT CRITICAL

\

7>



- 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 NOT CRITICAL

- REPRESENTATIVE PIPING PENETRATIONS WERE EVALUATED FOR
PRESSURE AND APPLIED PIPING REACTIONS
- ANCHORAGE TO CONCRETE WAS ALSQO EVALUATED

- THE REGIONS EVALUATED ARE MOT CRITICAL




QUALITATIVE ASSESSMENT OF REBAR CAPABILITY
ADJACENT TO ROTH LARGE AND SMAILL PENETRATIONS

- ADJACENT TO PENETRATIONS THERE IS A SHARP INCREASE IN BOTH
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 PENETRATIONS (DIAMETER EQUAL TO OR LESS THAN SHELL
THICKNESS) MOMENTS ARE NEGLIGIBLE AND EQRCE CONCENTRATIONS
ARE RESISTED BY AN INCREASED DENSITY OF REBARS (THE REBAR

_STRESS CONCENTRATIGN IS SUBSTANTIALLY LESS THAN THE FORCE CON-
CENTRATION) ==~ o e i

- IF YIELDING 21D OCCUR IT WOULD ONLY CCCUR IN THE REBAR
IMMEDIATELY 3DJACENT TO THE HOLE.

- THE MAGNITULZ OF THIS STRAIN IS LIMITED SINCE THE RE-
~ MAINDER OF T4E SECTION IS ELASTIC.

- STRUCTURAL INTEGRITY TESTS HAVE NOT DISCLOSED ANY EX-
CESSIVE CRACKWIDTHS NEAR PENETRATIONS.

FOR LARGE PENETRATIONS A 30SS 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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- STRUCTURAL INTEGRITY TEST - NO EXCESSIVE CRACK-
WIDTHS

QUALITATIVE CONCLUSION - CAPABILITY OF REBAR ADJACENT TO PENE-
TRATIONS IS NQT CRITICAL,

ot P --
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- STRAINS WERE EVALUATED TO INSURE INTEGRITY OF
THE LINER

- ANCHORS WERE CHECKED TO INSURE AGAINST A PRO-
GRESSIVE FAILURE OF THE LINER ANCHORAGE SYSTEM
/

THE LINER IS NOT CRITICAL



e e —— ———

40 1

-

127

REINFORCING BAR STRESS (KSI)

1

80 400 120 140
CONTAINMENT PRESSURE (PSIG)

PLOT OF HOOP REBAR STRESS VERSUS CONTAINMENT
 PRESSURE—REGION OF CYLINDER WHERE SEISMIC
' REBAR 1S REDUCED .-

-
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INDTAN POINT CONTAINMENTS UNITS 2 33
CONSERVATISMS [N ORIGINAL DESIGN

- PRIMARY CONSERVATISMS APPLIED IN ORIGINAL DESIGN OF THE GOVER-
NING REGION (BELOW SPRINGLINE) OF THE CONTAINMENT SHELL.

1. APPLICATION QF LOAD FACTORS (1.5)
2, APPLIC;TION OF CAPACITY REDUCTION FACTORS (1.11)
3. STRENGTH OF LINER NOT ACCOUNTED FOR (1.15)
4, MINIMUM STRENGTH OF MATERIALS CONSIDERED  (1.18)
5. SEISMIC REBAR RESISTING LOCA LOADS (1.12)
5, DESIGNER CG&SERVATISM - (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 DAMPLIG - 2%

3, REDUNDANCY AT BASE PROVIDED - SHEAR FORCE AND BENDING -
MOMENT ARE SECONDARY AND EXIST ONLY BECAUSE OF BASE
CONSTRAINT - THEY ARE NOT REQUIRED FOR EQUILIBRIUM.




Pa (DESIGN) = 47 psia
P (CAPABILITY) = 47 * (PRODUCT OF FACTORS ABQVE)

P (CAPABILITY) = 47 * 2.7
P (CAPABILITY) = 126 psic
WHERE CAPABILITY IS THE LIMIT OF ELASTIC 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
NOT GOVERN DESIGN.
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ZION CONTAINMENT BUILDING
STRUCTURAL ANALYSIS

C. A. ANDERSON & J. G. BENNETT
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ZION CONTAINMENT BUILDING ANALYSIS

LINEAR ELASTIC NUMERICAL ANALYSIS FOR SCOPING THE PROBLEM;

L NATURAL FREQUENCIES
® MODE SHAPES

L STATIC RESPONSE TO GRAVITY LOADS, POST-TENSIONING LOADS, AND
INTERNAL PRESSURE LOADS.

NONL INEAR NUMERICAL ANALYSIS FOR:

* STATiC PRESSURE LOADING INTO INELASTIC REGION OF MATERIAL
BEHAVIOR

8 TRANSIENT OVERPRESSURE LOADING

LIMIT STATE ANALYSIS TO PREDICT FAILURE LOADS
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RESULTS OF LINEAR ANALYSES

IDENTIFIED MOMENT DISTRIBUTION.

FREGUENCIES AND MODE SHAPES (12, 21, 24, anp 27 Hz),

VERIFIED MOMENT REVERSAL AT 67 PS1 INTERNAL PRESSURE.

GOOD COMPARISON WITH PRESSURIZATION TESTS ON ZION CONTAINMENT.

ESTABLISHED ADDITIONAL DATA POINTS ON PRESSURE-MOMENT
INTERACTION CURVE.
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StesL SHELL REPRESENTING
THE LINER ON INTERICR
SURFACE

ALL ConTinuum ELEMENTS
FOR CONCRETE

SteeL TRUSSES ON EXTERIOR

SURFACES FOR REBAR
SteeL TRUSSES ON INNER ﬁ
SURFACES FOR REBAR \ i
i} -

\ : INTERNAL TRUSSES

\ f RepreSENTING PosT TENSIONING

3 1l Tenoons INSIDE WALLS
SAsE Mar ~ 7
REPRESENTATION

/T
i |
i

PossiaLe SolL SPRINGS IN
Tu1s Recion

NONLINEAR AXISYMMETRIC ZION NUCLEAR PLANT CONTAINMENT MODEL

AY



TABLE II
CONCRETE MATERIAL PROPERTIES

Tangent modulus of elasticity at zero strain 5 x 135 psi (35 GPa)
Poisson's ratio 0.2

Uniaxial cutoff tensile stress S0C psi (3.5 MPa)
Unfaxial maximum compressive stress 5500 psi ( 38 MPa2)
Corresponding uniaxial compressive strain " 0.003

Uniaxial ultimate compressive stress 4 000 psi ( 28 MPa)

Corresponding ultimate compressive strain 0.004 5

87
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| g + POSTTENSIONING LOAD

[FURE NEE U N 0 N6 TR AN (N NN NN SN N NN N N W - LOAD
O 2 4 6 € 10 12 4 & 18 20 22 OIFF
PROSLEM SOES UNCTABLE
100k T) .
ggps‘ ‘CBDSI

= 87 psi

S

“EJS‘J- 54 psi

73]

o
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0 v oy g b o g b oo s oo a t g o LOAD
Q12345 10 15 20 STEP

Static load step history applied to finite element model.
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time = 11.7 ms

time = 11.8 ms



SUMMARY OF ALL RESULTS
SUMRARY OF ALLRESLILE oA
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FOR STATIC PRESSURE LOADING WE PREDICT THE FOLLOWING:

SuMMARY OF STATIC RESPONSE
PRESSURE (PS1G) DESCRIPTION
67 SIDEWALL AND DOME MOMEMT SIGN REVEBSAL
92 FIRST CONCRETE CRACKING OCCURS
123 ESTIMATED LINER YIELD
154 FAILURE PRESSURE (LINER SEPARATES)

FOR TRANSIENT OVERPRESSURE LOADING WE PREDICT THE FOLLOWING:

100 ps1 PEAK ® CONCRETE SEVERELY CRACKED EVERYWHERE
RE INFORCEMENT INTACT
® TENDONS WiLL BELOW ULTIMATE

200 PS1 PEAK L CATASTROPHIC FAILURE INCLUDING
RE INFORCEMENT YIELDING A0 TENDON FAILURE

7
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® | ITERATURE SURVEY

® Desion DRAWINGS

-

®  MoDELLING
®  ANALYSES

® Static LINEAR AND NONLINEAR
®  DNynamic NONLINEAR

¢  PENETRATIONS
®  CONCLUSIONS

(DETAILS ARE GIVEN IN REPORT - TODAY'S PRESENTATION WILL COVER HIGHLIGHTS ONLY)
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_LITERATURE SURVEY

®  ANALYTICAL

MIT - 111.5 PSIG
(5.0 F1 waLL, 3.5 FT DomE)
WASH 14rc - 75 1o 120 PSIG

®  EXPERIMENTAL
Canapa - 159 PSIG
Japan - 135 PSIG
PoLanp - 75 PSIG

(SEE REFERENCES FOR ASSUMPTIONS AND LIMITATIONS)
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DEs1eN_DRAWINGS

-

UniTeEp ENGINEERS & CONSTRUCTORS SUPELIED OVER
200 HRAWINGS & SEVERAL REPORTS.

COOPERATION WAS EXCELLENT.




FIGURE 1A, CROSS=SECTION OF THE CONTAINMENT BUILDING
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IHDIAN POINT COMTALAMENT BUILDING

1.37 M
(4.5 fT)

21.94 M

(72.0 ¢7)

gLEVATION: 13.1 M (43.0 FT) Ty

45,11 M
(148.0 fT)

FIGURE 18, SCHEMATIC OF THE CONTALNMENT BUILDING.,
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_MODELLING

® ]DIMENSIONS - SEE FIGIRES

®  ASSUMPTIONS
AXISYMMETRIC STRUCTURE
AXISYMMETRIC LOADING
UNIFORM BASEMAT

REBARS SIMPLIFIED
LINER

® MaTeEr1AL PROPERTIES
REBAR - YIELD STRENGTH 60 ks!
CONCRETE - COMPRESSIVE STRENGTH 3 KSI
TENSILE STRENGTH 20 ps1

SN/
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R-AXIS, [NCHES

FIGURE 2, FINITE ELEMENT MESH FOR THE SUILDING.



_STATIC ANALYSES

®  SIMPLIFIEPD

REBAR oNLY - 123 PSIG - uLTIMATE
EXTRAPOLATION OF cope - 117.5 PSIG

® FiniTeE ELeMENT MoDEL

108 PSIG




INCHES

DISPL AT NoDE 127,

7.0

8.2
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o8 e g 2 2 I .20 28 2
o  TIME., SEC
FIGURE 7. RADIAL DISPLACEMENT OF THE WALL DUE TO THE QUASI-

STATIC PRESSURE INPUT.
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FIGURE 8., CALCULATED DEFORMED MESH FOR THE QUASI-STATIC
PRESSURE INPUT, DEFORMATIONS ARE MAGNIFIED 10x
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_DynaMic ANALYSES

® HONDO FiniTe ELement Cobe

®  NoNLINEAR "MATERIALS

®  UNiForM PResSuRE Purse Over THE INTERIOR

PSity
150

ko

5 3o msSe

®* ResuLts (FiGure 9)

RapiAL DISPLACEMENT 7 INCHES
STrRaIn 17
SEVERE CONCRETE CRACKING

But POSSIBLY ABLE® TO CONTAIN PRESSURE
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FIGURE 8. CALCULATED DEFORMED MESH FOR THE QUASI-STATIC
PRESSURE INPUT. DEFORMATIONS A°E MAGNIFIED 10x
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Interface positions and velocities for the three cases at t = 0 ms.
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Fig. 61.

Interface positions and velocities for the three cases at t = 20 ms.
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Fig. 63.

(b)

Interface positions and velocities for the three cas:s at t = 60 ms.
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PRESSURE VESSEL RESPONSE
TO STEAM EXPLOSIONS

C. A, ANDERSON
LASL
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ERESSURE VESSEL LOAD SCENARIQS

STATIC UNIFORM PRESSURE DISTRIBUTION
STATIC STEPPED PRESSURE DISTRIBUTION
SOLA-VOF GENERATED COHERENT FUEL SLUG,

SIMMER GENERATED DIFFUSE FUEL SLuC
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VESSEL FAILURE MODES UNDER VARIOUS
LOADING SCENARIOS

InsuLt To
LOADING SCENARIO Peak PRESSURE DerormATION MODE CONTAINMENT _
STATIC UNIFORM 6 400 ps1 FATLURE OF CYLINDER NONE -CONCRETE
CYLINDER PROTECTS
CONTAINMENT
STATIC STEPPED 12 600 psi STRETCH AT HEAD APEX None-IPS*
Dynamic UNIFORM 11 000 ps1 HINGE AT PERIMETER None-1PS
(SIMMER) (InD1AN POINT
VesseL OnLY)
Dynamic DIFFUSE 18 000 ps1 STRETCH AT HEAD APEX None-1PS °
(SIMMER)
Dynamic COHERENT 106 PS1 PLUG SHEARING OF POTENTIAL MISSILE
HEAD THROUGH SHIELD ,
*INSUFFICIENT PLASTIC STRAIN AR (onome
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