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Estimation of Residual Stress Distribution for Pressurizer Nozzle of Kori
Nuclear Power Plant Considering Safe End

Tae-Kwang Song, Hong-Yeol Bae, Yun-Bae Chun, Chang-Young Oh, Yun-Jae Kim,
Kyoung-Soo Lee and Chi-Yong Park

Key Words :  Residual Stress(HF -5 2), Dissimilar Metal Weld(©]& 5% £%), PWSCC(¥ 2}

S8 R #9), Safe End(¢HA &)
Abstract

In nuclear power plants, ferritic low alloy steel nozzle was connected with austenitic stainless steel piping
system through alloy 82/182 butt weld. Accurate estimation of residual stress for weldment is important in the
sense that alloy 82/182 is susceptible to stress corrosion cracking. There are many results which predict
residual stress distribution for alloy 82/182 weld between nozzle and pipe. However, nozzle and piping
system usually connected through safe end which has short length. In this paper, residual stress distribution
for pressurizer nozzle of Kori nuclear power plant was predicted using FE analysis, which consideded safe
end. As a result, existing residual stress profile was redistributed and residual stress of inner surface was
decreased specially. It means that safe end should be considered to reduce conservatism when estimating the
piping system.
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Table 1 Materials corresponding to each component consider in this work, work done by Framatome and EPRI

component Kori Framatome EPRI(MRP-106)

Nozzle SA508 SA508 SA508

pipe TP304L TP304L TP304
buttering/ D.M.W Alloy 82/182 Alloy 82/182 Alloy 82/182
Safe end TP316L - -
S.M.W ER308L - -
Table 2 Geometries consider in this work, work done by
Framatome and EPRI Q (W /m3) _ NV (1)
AVAL

. Framatome EPRI
KOI'I 6" " "
©" (14") 5")
DMW |SMW D.M.W D.M.W
t 33 24 41 40
(mm)
fi 65.9 65.9 155.6 62.6
(mm)
it | 2.00 275 3.80 1.57

Table 4= ¢+, W= =5 A% A 489 &4
b A A (WPS, Welding Procedure Specification)S
YEbdTE oA el o] o]F =& &N 16
Ao A2z, TF 55 ST 1Y iz

RS

[\e)
[\)
=
H

Q
%
=

e
fo
B~
ofo Il
X

5 AFed Ae A A4 2 S
g ANe Fudt £4 A 8 TREEE B
@ dYe A Lomw o e SRs A
ol WE L REE TE 0, 7 wsolAe
e $% 4uE ngor ¢ H4S FUNY
}.0

22t YAANS vEer F i 239 24
(2 dimensional axisymmetric element)S A}-&3}2A T}
324 W(mesh)> Fig. 20014 &lst 4 <9l
3 9 SAS A FA F=9<l ABAQUS
AR T ABAQUS oA = FdS it o
A Al 12F 8 A47F 23k Qe HlE) siA] Ao
gegdo] ozl o A 9 &= 4 Al |
2 948 E ARESFIIT

ABAQUS 9| A& A4 22 2 (body flux) 2
=8 X(surface flux)E 3l dES +EE
W o7 g dlzel Y@ AH BYxs A ()
%5—H A==t _/,: (e}

of

¢

Ho

%0, E
to |o (&

o714 = &3 &&S vEuM I& ofa
2% (SMAW, Shielded Metal Arc Weld)o 4= 0.7, 7}
g2l o}3 &% (GTAW, Gas Tungsten Arc Weld)
AE 055 AHEITE® g v = 84 A
e 88 AR A A4 HEe] dHA veE &
£, t v &3 AREE YEdT 83 9 d
e = ouE 2389 A AR U A(Q, line

2 e 2 |

Q'(MI/m)="—= ©)

=
=% 39

A9 GTAW oAM=
Q’=0.51 MJ/m, GMAW 9| 4= Q’=1.42 MJ/m & A}

&5ttt

ZF &3 szl tigk W7F ARk WPS ol A A
At gl 7+ FHY X (Maximum Interpass
temperature) S A4 FEE AAFACTED B F4

o= a#ek #~  Ho 2% 173TC otk

W7he ol BA 9 AdS T FAs
ok A gHF =4 A h=10 Wm’K & A}g39 e
H EAL dAYES 18T Alele A 3) ¥ @)
Zo] HAL A HAEs nEs A dF 4 Ax
ATE A2 5 Ah?

Nequi=0.0668T  (W/m’C) when 0<T<500C (3)

s

Nequi=0.231T-82.1 (W/m’>C) when T>500C (4)
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Table 3 Material properties of TP316L used in this work. Note that liquidus temp. is 1420C, solidus temp. is 1460C
and latent heat is 300kJ/kg

. . heat . , Thermal 0% 20%
Temp. Density specific heat .. Poisson's . proof proof
o q conductivity . expansion x10-6
(C) (kg/m3) (kl/kg C) (W/mT) ratio (mm/mm/ C) stress stress
(Mpa) | (Mpa)
20 7970 0.460 14.9 15.3 243.6 517.1
100 7940 0.505 16.3 16.2 203 467.8
200 7900 0.531 17.9 17.0 168.1 410.1
300 7860 0.545 19.4 17.6 149.4 348.5
400 7810 0.558 20.9 18.1 139.7 328.2
500 7770 0.567 22.1 18.5 129.1 285.8
600 7720 0.578 23.6 18.9 123.5 224.6
700 7680 0.587 24.9 0.27 19.3 116.5 187.3
800 7630 0.595 26.3 194 112.1 152.2
900 7580 0.624 26.9 19.7 70.5 86.2
1000 7540 0.639 27.5 20.0 27.2 333
1100 7490 0.656 28.7 20.3 13.1 15.9
1200 7440 0.671 29.8 20.6 7.89 9.4
1420 7320 0.703 323 214 2.63 3.0
2000 6500 0.703 323 21.4 2.63 3.0
Table 4 Welding Procedure Specification for safety-relief nozzle
I();ZZSI\E?; Process Filler metal (Islqurel) Polarity Cu(rj\e)n t V(zl\t]z;ge lgzvril/srrlljierf)d
B(ultielrf)‘g SMAW | ENiCrFe-3 | ¢32 | DCRP | 125 25 5~10
DMW (I}f‘;t) GTAW | ERNiCr-3 024 | DCRP | 140 12 5~10
C(};f‘l’g; SMAW | ENiCrFe-3 | ¢32 | DCRP | 135 25 5~10
Root GTAW ERNiCr-3 024 DCRP | 140 12 5~10
(1~3)
SMW Groove .
(4~11) SMAW ENiCrFe-3 ¢3.2 DCRP 105 27 5~10
S A% 2ae Age) HY AFES o
23 S 4] HEHOE 5T F YU B fyelAE
U 83 TRES UESFL W gt W 594 2% md2 Agsgt
B3Fe W FrREe duHom YA & thE 848 A SATE 99 §4 WES 9
3} (Bauchinger Effect)S UERHHCY o] 5 118]3}7] 2oz 719 2 WztEn o] uw 7} HZodE
el FEH(yield surface) ©l5S AT & WHEStTo] o3 &Y B WP Eo] FHHA Hrt
A+ °l'5A A3} Z 9 (kinematic hardening model) I8y 8§ Al AR RE &A HIEE oY

DR EE DI

(isotropic hardening model)<-

w5

4 A% =g

A (plasticity) ™ =7}

7t o 5w ols glo] &5w A7) St
= gtk e Fekas &

F¢d A4 A

(plastic strain history)= “07°] 7] wji&ol| FF-S

g 4 Al §8 #¥ &Y (Annealing Effect)= 5t

EA] J_E%EH Fofof JHrh P 1 S oA = A=
-8 =9 === AA3r
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Fig. 3 Typical configuration of nozzle-pipe joint. (a)
nozzle welded to pipe without safe end and (b)
nozzle welded to pipe through safe end
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Table 5 Quantitative comparison for residual stress in
dissimilar metal weld

Framatome Present FE
Axial Hoop Axial hoop
Mean 20 -10.1 162.8 -81.1
S.D 105.7 44.5 115.5 119.9
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