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ABSTRACT

Nuclear containment structure is the last barrier for being secure from any nuclear power plant accident.
Even though the safety requirements of nuclear power plant have been focused on removing accidental
situations, nuclear containment structure must reserve the sufficient resisting capacity to any accident
because it works as the last barrier. The acceptable nuclear containment structure makes possible to limit
the effect of internal accidents and to avoid radioactive release. In this study, to conduct the numerical
analysis for the structural safety of a containment structure, loss of coolant accident (LOCA) is considered
as the basic accidental load, and Wolsong containment structure is considered as a target structure. The
CANDU containment structure, such as Wolsong containment structure, is a prestressed concrete shell
structure which has dome and is reinforced with bonded tendons. The evaluation of ultimate pressure
capacity was conducted by nonlinear analysis of a prestressed concrete containment structure.

1. M2

A2 AR E(reactor containment structure)E W2 FAAL(LOCA: loss of coolant accident) 5 WHARL A]
TR T Ay A gdg JaE 248 F e s 2249 9F FE2E WA 98 A
FHHTE AT w2hd, A2 AGAEL 9t FREA Q7HE AN oS Hee ) 53] ¥xY
A go] AAER dgd TR 1986 M2 (Chemobyl) FAEAL Alm A1 AAER g NS
2k & AAY 197949 wlFe] TMI(Three Mile Island) 9248 B84 Al3 o] 3 UiRAbae] g A4z 89 29715
2 Fgkidel b 2 A Ha g

AAZ AGDES 458 A v 7|2 g3 J2ln AR DR 5o FAEHE 47EE Agstn ok
42 99l Aol Z7He) e AaEawle Tz va ude] it AR Fud ZIAEdAE azee
F22 2451 Qo2 d4) FUellAE 719442 (PWR: pressurized water reactor) 9 7F}342 (CANDU: Canada
deuterium uranium) & AN QloH, 7t ol et 44z AW Eo] AAEH ok

+ 334 BIAAs)ed AL 2 B
wodEA - FRAIled A4 L @
s EYRT EZHFTHH 1S

coer FRARYRA7) S8 BYATL

oM. ol

-183 -



A2 AAEY SIUHAS FAEHANZF HE APsA wbo] wWasle] s3=T, APE AN Wi
Hgee I3H0E A4 AR AWdEY SHUUsHS 5T £ ok 44 AR AdHEY F2mde
giros vkl st A% 58S sk AWE g AFAY FE R F2 FATEATE S A2
tEdel A¥ozs Mt Gently-2 dAZRA2Y 114 52789 9% Sizewel-B 94g2d29 1/10
247499 gH Opi-3 YAYEHAL 1/4 24599 So] Q). FAHAA W oz 43943 (finite element
analysis) & & ARt A2 AdaEY 22 2IYE 7229 fIYAFE 458 5 Uk

A PZEQ 94 9AERAL ANA B FEPPRs ABANE P Bol5EEE, 3R SHNE Pe
vigoz 8% 4 otk AW SO g sues TYE AT AYHE AT uiY §He S5
Zehleke Hr1sk vl Qlok o] =EoME #il(ring beam) T BEZHA Gbuttress) 9 93 18 F A, 1349
Axel W ZXEHA (prestressing) EHE WYY T Jv 32 FH8A FEE ARG HHE frEss
2o A A% Faessy 2233 DIANATE o3l AN ANS SR, 2 B4 F Az
ATE IIFozH AR AAEY LS FHE F Yt

2. M=M=

o] =R FAMTY FRAQ AZHTh= F2E AA AZe) Bo] glons BAFATH (smeared crack
model) & AMg3t] ZAES] A vdFAE Tt o] wet Z3ES FEXIAL Ud5FHAA Drucker-
Prager 2@ o8, A3 odn Q- 4&YYoAl: Rankine HojdoZ ZAsG) ol& ey oz TAgsh= 74
wgae Ao d2d (orthotropic model) S A3 EAZEL] FAR=E pshe AFFG JAFAE
(tension stiffening effect) 2 123 Mackawa S® o} 93] AiQke mela& A3

339 A% FARNENY) $3ATE FAFAR Dol EWsl7] 98] Belarbi 59 #U A2 (embedded bar)
of thgt AFAE ALt

A g, 12k eRA Y AsAETE 1eE
AL A8t

= g5 5999 w7143 (embedded tendon) o thd

32

-5 »
a.x
o, |- T
03547: .......................... o, — C
/ % .
7 Tl A 7| B
/e
£, . PER R bare steelbar ¥ | J | e bare tendon
V & £, =0.0038 & embedded steel bar E, embgdded te11§o11
A ra & | e,
' £, =001 £
(@AY $Y-BYE BA O L2Y $A-wWE WA © WPAY $Y-uFE WA

a%9 1 Az A8

-184 -



3. REiR

g

L

3.1, Adss 4y

A 949448 AL ARSI e 7IUF5E3(CANDU) AGAE 74 Fad 13A4Z ARgais) 3373
Fog AMAdd. CANDUE ZddEe 9453 gal(wal) g A% 9lQ S(dome), 182 it 7)%(base) 2
‘?‘3%5}(1’1). T3 YAl A8 (hoop) W UHAE FAA717] A3 HEGA (buttress) & BAS 422 (meridional) Wt
A% 9 23AE HAA717] 48 P (ring beam) o] EAFHIZ 2 2x).

Ao grdo] 543cm’Y 124709 F3e 1A% wde] 365cm’ 120709 180° 98 714}
18709} 90" Aghdd A} BixED, P Fvtdog dddo] 365cm*el 8709 21BAE wiR o] glth
180" 98k 21AAIE WS £ vigne P R3] By, #ARE 183 7128 R Fatgo 9ok
283 Boll= wdo] 365ecm’ 14149 AW 1207 o 248 ol%e] 4 1§80 WXET AFue) Faso)
Aok =3, 7x&Yne] gudo] 54.3cm™d 126709 1A § shblARZ A 2§02 wiHHe] 9t ol
Aol S 1379 71xedB ) DAAE 7154kNOE TAEHA T WA Ashys wu ARzl
A= 5586kNog TAAEFA 718 F AHME T8-98 (cement grouting)319] ¥ 71842 Al2Ho),

FAHIA vhEEN 2 JALATE 71EH 0w TRl

o

32 f8tas 2ug
TYLEHYAE ZIZE AT AGUEY et oid AF A% U Fthidsd Wl 98 324
FHRAE FEAHSUT. Aoz YRAEE I AgdEE 238 (membrane stress)©] AMAYA AFS HolA)
Y22 Mindlin o]2el 2A4% 243 494 (degenerated shell element) 2, 713282 TH2%4(solid element) 2
Eagaigick 8, QT EH Y JdE2YTAL) T ATHE 3R2Y IRENE wREy) Y8 3R
¥AEo ore Agige AL T2AT 9% 71N gE 202 Buso|, fande) TaA)R) Uit
AU f3es BhE A WA} B9 dHdlE 1380709 82A AL AZAQAE F9 A= 12579
627 A AILAE ARSI, vEAAT B T3 7|2 203 S9A) 24 2024708 AMEISITE

@ A4 29 b) dFded (0 &3=84 (d) 273A WAl

I3 2 44 RIS AN fded 7Y



I3 294 HI 23-EE I ’—%%‘éhb 8/ F(ayer) & =% A& 2L WAAE
J1Eo AGAES USEel S ztzh ey sANgo R MiSHEE ANYHYE FXe EE Y
27} 202 o] UZ A2 Z(nner steel layer)TnL 91% AZ F(outer steel layer) 02 Ry F AZ 32
3% 238)E £ 4o YXFEE Ho0, U AT 23 95 AT 2 AP) 2AYEE 4719 207 o) M)
AYEE 2uaRgly, o] 202 UAAL dEsA Ak

TAE FH2AREY ASEA D 7254 T 2AS ] 13} 2] AFsiint. ojd] ¥ ¥ ATule £
FAA B v Ak XS 71E0R, WAl A3H|E 7Y $olE 7IECE it

¥ 11/14PCCMY AEEAY 9 #3254

Properties Upper Dome Lower Dome Wall Base
61cm Shell 38cm Shell 107cm Shell
Geometry 0s5,in=1.25% 05,=0.553% p5n=0.189% Solid
Ps.0u=1.25% P5.0u=0.553% D5 0u=0.189%
Concrete fc'=35MPa
Re-bar ,=400¥Pa
Tendon 37 or 55 'z in. seven-wire strand _with £,,=1862IfPa

ARES TR E£F 949 7zs ure mmol A3} él— o}% }04 435l °¥{91 CEEEES
8ok FRAA APOR olFoRit FHeL BT AT o desd ARG S gelcrt
it FRO AME Aoz gd ANE Tt aduTe Aug & oo $RU Age dAnge Adw

AR AZAE TP B AR & JekIAY 27) TAEANY B BAP) A8 A5, 139, e
ARz AAA et AFel Astd whe 2B 1A EAMA da, S T we 03Ag
2agErt A2 SHEQ F2A%E e A9 o) 2aE 249 e daAA e e a5l
A E Fgich old 1 it SH2 JhF ez 2 vhdEAR JAELE olEY LB UL 4f=((1-
¢ M )ol we} eslc. 2Ekd F FEEO] S e e 1A 23eES UA AFS R 23R
e 1T TYAEYAE 2IHE Q4% #4848 B 5 Yok

4. oM Znt

4.1 HIMEHA A

HAdy 48 -?‘lsﬂ M @%3‘1“"_\ Akl B3 (combined incremental—tangential method: Regular Newton—
Raphson iteration)& AMRSIIT: T4E 943 AdALe $984 e yuLEe AAUHO.124MPa) 9
BHI7IA] S7MAIFIEA Bl EN S ST WA, A ARAEY FERAS 54 By 8ol dAuitad
SRS 2 UdE W o wEAE FRASS URT F s 59 F4Fs HAlg FFelMe dAE I¥ 3
EATIIT

-186 -



Displacement [mm)
Disptacement [mm}]
o

asl
)

i i i i
300 0124 0248 0372 0496 0852 0744
Pressure [MPa]

30 i i A ' i
0 0124 0248 0372 049 062 0.744
Pressure [MPa]

(@ F 7o Yg-—we gA b) 9% (0 BA FEFAM W-Hs B4

I% 3 €4 fAEEAL AYEY Wy
SRl BN AN A 2] e A 500 £ FUNLLAE o8 It
23} vwach. FF EEe T TR ADINAGA ATHE F#e4E AMRSIGL JIxédEs)
ARgel 23 R4S 2] Al el W UA 13AZ Wael FaetEe WEE na ARG

B ] s
----- Chung et al. [ H
s This study | !
414 |- e A
: : : ]
: : : H
: »
— . 1- -
& 207 L 207}~ P &
= 3 =
a 2 : b4
g : |4
% 0 & 0 : : e F : : v : ;
207- 207 A : F
: : : : : : ; : ] This study
i i i i i i i i P i 15 i i i v
0 0124 0248 0372 049 062 0.744 0 0124 0248 0372 0496 062 0.744 0 0124 0248 0372 0435 062 0744
Pressure [MPa] Pressure [MPa] Pressure [MPa}
(@8] st ALAA-USHEZ  O)HA: ¥0] 1lm d¥-95482  ©9Al ¥o| 1lm 98-S E
» B N i 3 3 6 B B t
----- Chung etal | ' it ~mm=~= Chungetal { : N : : : ; R
This study | : : This study | : 3l : : . ~ .
Al e e e 414} SRR S N : : K .
: } ; ; : [1] AR S 7 S A N
5 207 ' & 207 A
-3 = = ’
@ H w @ :
g : 4 g o]
a 0 amemeizZE ’ 5 o : E : : :
: - ‘ ; al- '.'h' T
2071~ : S e 1)1 74 RS 2/ : : :
: N : : 125 e  C— Chung et al.
; : : : : . 5 : | e T il $tUCY
i i i i i i | i i i 15 i i ;
0 0124 0248 0372 0495 062 0744 0 0124 0.248 0372 0496 062 0.744 0 024 0248 0372 0496 062 0744
Pressure (MPa] Pressure [MPa) Pressure [MPa]

@)73%5 W 12m ALA-AFAT (0375 W 12m 98-9542 (0% 3 12m 48-95E3E

O3 4 AGDEY F2AF vl

~187 -



HAREY A%S B, AEEDY 2t SR dveg 7289 240l f A HEe € F Ak ol
HE# 2 §3o] nejdl AR Aoy ARES BE, 7 229 23} vlad visd A vedz Yo

38

4.2 STHHAE}

ATZEQ] A, v APA AHAQ vlae hesAd uE dTAd AFEdt wasiel £ o
BBEdo] AWSIA FRHT L ddt). welA ol wiRoR d4 fAHLAL AdAE STiEs
T3 TEEY RS st gk

AgAEe SRYLL 742 4 AR vBATE wEeR AT Atk digtel S wel, Ad WA
ZAES Fgol WA TR WY ¥, 1A FFoz vdFATe] 8. 23RS B, %29
Zo) 2o Uig FhE FPUNELE 5 Qo o, FEIARILE TAYE 249 Yol F3YE
A IFEEG A BYRARES dAvishy, dEPYEeS QATH| AWIEY At FEoIAT FFEY
v Ay wEe) 20 BT £E USE guid 29 Hg F2 AAUYLY 48, F 0.496MPartRlE H2
FEo] WA 452 IS 53], AR ou) 28 A AHES 141%’34_—3"“*1 et Aedgoe,
B dEgoz WSEZF 5HIN F5o) PP, viAete g, 21gAE AASHe) 58 (0.620MPa) A4
A 71 B35 g0l & QU 0018 WA o A 0% SAFS Bojgta ddd

i

£ 2 AgAE] 238 Ee i3 Sz}
e, e e EEREERE ]

0 SEE oo | @n Sais

0.124MPa (i8ps) |~ &7UIE | &K EAE
. NRs | gul BESEE LEC DLy EEEREN
0.248MPa (36psi) | &ML 280 =55 B3] 515 QIS0 OIESE EJf FETAIIS
. I5E | (E00 DA 280] DoUSS2IN BE | aeagis

M [e]¥e] - < T

0.372MPa (54psi) | EAILIZS 38 g, 53] 512 Q=oi0) ZEUM STy
e | LS00 24 220 DTSN BE | 25220
| 878 S5E Zo% Q=00 pETA EEFRED
0.496MPa (72psi) | ZILHLL! 4 b SIEPi0| B4E IE0| DELIEE BE | BERels
3 B3 A% 9S00 olnsE =1 Ty
B3l o IE0l0l 01828 =0t FSLAIS
X = BE 201 222y EEEFED
0.620MPa (90psi) | EHLIR:S) 5 b |- e feaeso

5. 48

o] ERAAE 24 AAEEAL ARAEY STUYHIE FHAN STHMHEE A, T2 HATE
F 4 9lEE A8 fHsdd T2I9) DIANASIS olgdlel T2 WAZANS SaAT s A
ZEE RdRE| M St REe A 23EY nAFATE BASIGL, I 13AY FEATE
TSI ol Zo] 78 Bde] A HAS fslel bdE drAle] SUYEE vlas o)F FFan.
HAREY 235 sfgos 44 dAEEA A ES SSRGS FPe te 22 FES e T Yok

i

-4

—-188 ~



(1) FYEE g QAU 291(0.248MPa) 24 A #Eo] BAe7] Alztsted, At 54 (0.620MPa) oA
WETYE A F2AP} gt

(2) 2L AU 4¥(0.496MPa) &4 A 72l BAYATE Holu, AAY 56(0.620MPa) ol A5 50
2A}7) A2t

@) DBA= EAUNY 580(0.620MPa) A8 Al 1B WHEe] APAY FF wFEolR} B £ U= 001%
dolA7] Azt

o FEsh, 94 dAHTIL AWUES FAE, T, VWA £o2 Aze 4FH AFPsYo| LHH

DAL G5 olF vkl tigt HFo] FAs] 7563}* FAATE B9 2T 7 Uk wehd, 94 dAgdds

A g9 F3hgke 21849 aradele) & 4 Sl “ﬁlhﬂ“ 54(0.620MPa) 2 skt
Al 2
o} ol =R kA7 A(KING) o] ) <o 4 5”3131_@’1 Aol 22 ZALE =3y
EHn 28
1. Amin, M, Eberhardt, A. C.,, and Erler, B. A., “Design considerations for concrete containments under

severe accident loads,” Nuclear Engineering and Design, Vol. 145, 1993, pp. 331-338.

2. FIB Task Group, Nuclear Containments, International Federation for Structural Concrete (£b), 2001.

3. Rizkalla, S. H., Simmonds, S. H., and MacGregor, J. G., “Prestressed Concrete Containment Model” ,
Journal of Structural Engineering, ASCE, Vol. 110, No. 4, 1984, pp. 730-743.

4. Twidale. D. and Crowder, R., “Sizewell ‘B’ - a one tenth scale containment model test for the UK PWR
programme,” Nuclear Engineering and Design, Vol. 125, 1991, pp. 85—93.

5. Hessheimer, M. F,, Pace, D. W., Klamerus, E. W., Matsumoto, T., and Costello, J. F., “Instrumentation and
Testing of a Prestressed Concrete Containment Vessel Model,” Transactions of the 14" International Conference
on Structural Mechanics in Reactor Technology (SMIRT 14), Lyon, France, 1997, H03—4, pp. 97—-103.

6. BHY, WA, 7H, Y, “As-uldg 2dg 0|83 CANDUY dAEds Zg+2E9
Fehlsksd 7, tisEEEE =24, Al167, A-23, 1996, pp. 305-316.

7. De Witte, F. C,, and Kikstra, W. P., DIANA—-8.1 User’ s Manual — Element Library, Material Library,
Analysis Procedures, TNO Building and Construction Research, 2002.

8. Maekawa, K., Pimanmas, A, and Okamura, H., Nonlinear Mechanics of Reinforced Concrete, Spon Press, 2003.

9. Belarbi. A, and Hsu, T. T. C., “Constitutive Laws of Concrete in Tension and Reinforcing Bars
Stiffened by Concrete,” ACI Structural Journal, Vol. 91, No. 4, 1994, pp. 465—474.

10. 574, 2AF, FED, “PSC 7229 fFoadids A% 144 Zd /A, tgEgss=5y,
A254, #A1AZ, 2005, pp. 153-161.

11. Canatom Inc., Wolsong Nuclear Power Plant: Design Description for Reactor Building Containment
Structure, 8634—21000—0001-00—DE-A, 1993.

- 189 ~



