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Round Robin Analysis of Pressure-Temperature Limit Curve for Reactor Vessel
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Abstract

Performed here is a comparative assessment study for the generation of the pressure-temperature limit curve of the
reactor vessel. A round robin problem is proposed using the data available in Korea and all organizations interested in the
generation of the pressure-temperature limit curve are invited. The problems consisting of 12 cases for cool-down are
solved and their results are compared to generate a reference solution for the reference problem, which will be useful in the
evaluation of the generation of the pressure-temperature limit curve in the future.

Keywords @ pressure-temperature limit curve, fracture toughness, stress intensity factor, heat-up, cool-down, reactor
vessel, ASME code
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F 1 Neutron fluence and RTwor at specified crack depths

yr | Ol s | Bl cack e | e Tooce [ Nt onee TR
(x10"n/cm®?) (X10"n/em®) )
1/4 0 1.6250 3 2.0312 288.7
1/4 0.125 1.7500 6 3.9423 321.2
1/4 0.125 1.7500 3 1.9711 287.1
1/6 0.125 1.2083 3 2.2448 293.9
1/10 0 0.6500 3 2.5667 300.8
1/10 0.125 0.7750 3 2.4908 299.3
E 2 Analysis matrix for round robin
Case Dep(til/:)atlo Direction Clad(itr}llcifll)mess TOEE?:;SS Co?ii:/irr)ate o lojl%ug/ch)
Cl 1/4 Axial 0.125 Kia 100 3
C2 1/4 Axial 0.125 K 100 6
C3 1/4 Axial 0.125 Kia 100 3
C4 1/4 Axial 0.125 Ky 50 3
C5 1/4 Axial 0 K 100 3
C6 1/4 Axial 0 Kic 100 3
Cc7 1/4 Axial 0 K 50 3
Cc8 1/4 Circumferential 0.125 K 100 3
C9 1/6 Axial 0.125 Kia 100 3
C10 1/10 Axial 0.125 Kia 100 3
C11 1/10 Axial 0.125 K 50 3
C12 1/10 Axial 0 K 100 3
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# 3 Analysis performed by each participant

Participants

Case
Pl | P2 | P3| P4|P5|P6|P7| P8} PO
Cl1 Ol O] O OO0 |00
c2 OO0 0O O] ]O 0] 0O
C3 OO0 0O O] 00|00
c4 Oj01010]0J0O0|0O0]|10]0
C5 O]0]| 0O O] 010|100
C6 O]0]| O OO0 |00 ]|O0O
o O]0] 0O OO0 |0 O
C8 OO0 |0O|O0O O O
C9 O]0]0]|0O O O
C10 O10]101|0 O O
C11 OO0 0 O O
C12 O, 0 O ®) O
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# 4 Computer codes and approaches in the round robin

Analysis o
Partici- P-T limit
pants Heat Stress Ky curve
Transfer
P1 Analytical | Analytical ASME ASME
P2 ABAQUS | ABAQUS | ABAQUS | Manual
P3 ABAQUS | ABAQUS | ABAQUS | Manual
P4 PASTA PASTA PASTA Manual
P5 VINTIN VINTIN VINTIN VINTIN
P6 ABAQUS | ABAQUS | ABAQUS | Manual
P7 FAVOR FAVOR | FAVOR | Manual
P8 ABAQUS | ABAQUS | ABAQUS | Manual
P9 ABAQUS | ABAQUS | ABAQUS | Manual
600 T e — T T
® P2
o
soob & -
v
&
X
400F » 1
0]

Temperature at Crack Tip (F)
A
3
1

0 1 FUN— | P 1 L 1 "
0 100 200 300 400 500 600
Coolant Temperature (°F)
(a) Temperature distribution

14 L L T T T -
1t 4
g
>
g 10 .
o
(=]
o 8} i
<
o
2 ]
= 6k % B
b
=
— 4
> ¥ ]

&

£ &
»n 2L L

0 1 PO | PN 1 2 1 %

0 100 200 300 400 500 600

Coolant Temperature (°F)

(b) Thermal stress intensity factor

a2l 2 Comparison of results for Cb




1000 . —
| Pl
o P21
A P3
800 | v pad
& Ps
— X P6
a > pP7
< 600} o P8
L * P9
=
2 4
L
A
= 400 -
]
=
2
o]
E l
200 | -
1 " 1 n ] n L n 1

0 N
0 100 200 300 400 500 600

Indicated Temperature (°F)

(c) Pressure-temperature limit curve

a2} 2 Comparison of results for C5(Cont'd)

% 50°FE 71F22 33%9 Aol& Uehiglen, S8
AFe 72 100% de AelE BAth 53 FU@
Fosd)d Z20WE A FAQAE Aloldd % 40%7}F
G g Yepditt. o]’k atole A 2UES
et o ® Jhgstly] Wl A% Aoz ¥ En
q Fasdy A P2 #FARE JEoR &
e S ol &3 A vlwEArt. I P2
g S ol 8% Foxse AnE
AT 3% P4 FAAE Adlae
o] FARSHA UElon, ASME Wi ARS-s
fFrassiA7dEy @A Jebgth phet
P7 Zojzatel A ftatsddne fAsh P49 A
$ole o2 XA sl v 2FES ANARE e
ek P49) A9, WS £x7t 2E4E fde Y
Ao JIHAH, 2 FAREY dde W
Lx7t B AS fRasdAAad vls] FAUH|
ZF %A JUeEdtt ASME Section 1119 XI1¢) Appen-
dix G| 7P3HE C5¢8 A, 4 FAAE AT o
BEo A7t fAMg 2x-tE dAIZAH AHE e
vor ughAd AU wE iole AA ¢grin dd
2=
Cle) A% Chd FH=E FAE neigt 202 7h Fo
A5 Xdze a8 37 2uh. C1 FE Hg a2
= FEgxdy FoAxtEn @4 P5, PT izt 2
E AN, MG e] 2R Ay, BE
Fodzte] Ante 10% oz & dx39u. a3y €%

:|

J

-‘aﬂﬁ

oK i

Yo g SAFYATE FRLiANATE WS The
78S Boln E3 Pho A%, Adaidddze 2
Wk eEsh oldes dgRAUASA AH 44
= ATe eI ¢E-2% 3ASA AddTdE 48
A Aol BFen gAZ & A gt &
3] FY=2 n8dA ¢S ASME Wi ZFH=E 17
g o] Ash fAA LEdth deb en-gE @
AZA M FYgs T4 Hile FAE st & ¢
ATk
600 —— ' T T T r T
)
o P5 @9"3
s00L & 7 é)éo@ i
i) & '
~ &
£ 400 | £ ]
= &
4 &
2 &
S 3001 é,é) 4
J &
2 o
g 200} & .
g &
e |
= 100 & -
° J
O 1 L 1 1 1 P 1 "
0 100 200 300 400 500 600
Coolant Temperature (°F)
(a) Temperature distribution
14 T T T T T
. P2
12}
.
:7"' 10 }
&
5 s
2 I
5
2 6
:
S 4 n E
7 [e]
8 - a
@ 2t o
0 1 " 1 1 1 " i i | N
0 100 200 300 400 500 600

ra

Coolant Temperature (°F)
(b) Thermal stress intensity factor

a3 3 Comparison of results for C1

MR T =27 M6 ®25(2003.6) 157



Axz 4719 -5 @43 Round Robin 34

3000 T T T T T T R T T
)_ a Pl Am
o P2 v
2500 A& P5 2w 4
v P7
Al
—~ v
'\gj 2000 | At -
L
2
1721 - -
3 1500
[T}
ke
L
s 1000 - -
2
=
S
500 | N

) S S | | n [} L [l

0 . .
0 100 200 300 400 500 600

Indicated Temperature (°F)
(c) Pressure-temperature limit curve

12l 3 Comparison of results for C1(Cont'd)

3.2 ANAF IF

rte

round robindlE 7HFTE Zel, W3k, FHE9
FA, A ZAH, AR, AZHE 5 F 6719 &l
g7t A=A o T AAJAFA, FAAAE
< g2k LZﬂ""‘1 7—‘-}’“/\]"“‘\'} G v, 1 99

BN

[+ -
tg-2= WA

—2% %
AR 7‘1‘:]’041 £9]

B
=R
Aol Asl §

o]

i
2

FERo)9 9FE nAd}) HAstq FW=E nHEL
%7-}%0] 100°F/hrel™ o/t 7} 242 1/4(C1), 1/10(C10)
A%l g AT gE-25 dAZAE H
ﬂ or 1 49 2o €&EFUATY AE dF
Fozte] Ayt #Eol(a/t=1/4, 1/10)] T&
7t 3A ket gk FEdels €88 o Y
gA Adtde] 2 dgE FA gt 422 ¢
AZAS B, o/t7F 1/4(C1HY ZLET 1/10(C10)Y
A 9 2 3498E it ol dd el we
Wgtel ofgt gdstiA s & JEE vA7] el
e} o/t 7} 1/10(C10)2 B %elE a/t 7} 1/4(C1)
o ZAee g 7 Foizle] XA B Aozt o

J?lHEFJr

p

158 sta@ARRERES =27 H16T H22(2003.6)

.__.
S
1

12 1
—_
g
= 10} _
7]
]
N
& st -
Q
]
59
2 6 .
‘@
& A
5} (@) =1/4 ——P2
= A ---P5 .
a | p7 ‘
g
7]

oL @n=110 = P2
o P5
A P7

0 n 1 1 2 1 " J L i
0 100 200 300 400 500 600

Coolant Temperature ('F)

(a) Thermal stress intensity factor

3000 —T T T T
(=14 ——Pp2
---Ps
2500F 0 . P7 -
om
| @p=i0 = R
— o]
:é; 2000 |- .
£ 1
% 1500} -
a
o)
2
§ 1000 | ~
ot
k=
500 | i
0 1 1 n 1 i 1 1 ) Y 1 —
0 100 200 300 400 500 60

Indicated Temperature (°F)
(b) Pressure-temperature limit curve

a2l 4 Comparison of results for the effect of crack
depth(C1, C10)

o A o) wal gatesd A At s K4H oA
U u) a2 A5 e

%EHEP’] oo:]z‘%}:% _']—__77}__‘_6']—] -.40}04 d/l‘7}‘ 1/40 ‘/g zt
=g uHF AH(Cl)e 13
s GA R GA-2% @
59 2g. dgdgyAS

|

i)



14 T T T T T T d T T T
AAABLADBAAAANALAL
AAA
] N 4
= == =< a
= 10F IUUURRERRI S LIS 4
g7 [e} e am
< ¢ GRS B S D & Ity
§ 8F oo .l-- .
T,
2 6+ ' ]
G 1.=0.125 inch P2
S 4t .
% l noclad = Pl
= o P2
w 2t A P4 .
v P5
& P7
0 1 1 1 i 1 n 1 1

0 100 200 300 400 500 600

Coolant Temperature (’F)

(a) Thermal stress intensity factor

3000
1. =0.125 inch P2 N -
---P5 J
250 e P7 B
N
no clad Pl

é 2000 - e
[5)
=
2
“ 1500 | R
&
(a9
e
o}
s 1000 | -
g
=

500 | B

O n 1 n 1 i 1 n 1 " 1

0 100 200 300 400 500 600

Indicated Temperature (°F)
(b) Pressure-temperature limit curve
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¥ b Effect of crack direction on the margin increase
of operation region

Allowableo pressure (psi) % Tnerease

Partici- at 100°F of coolant (C8/C1 - 1)
pants Axial Circumferential X100

(C1) (C8)

P1 402 1199 +198
P2 330 596 +81
P3 317 572 +80
P4 210 492 +134
P5 324 676 +109
P7 393 805 +105
P8 399 771 +93
P9 315 609 +93
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