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Fatigue Assessment of Reactor Vessel Outlet Nozzle Weld Considering the LBZ and
Welding Residual Stress Effects

Se-Hwan Lee*

*Korea Atomic Energy Research Institute, P.O Box 105, Yuseong Daejeon, 305-600, Korea

Abstract

The fatigue strength of the welds is affected by such factors as the weld geometry, microstructures,
tensile properties and residual stresses caused by fabrication. It is very important to evaluate the structural
integrity of the welds in nuclear power plant because the weldment undergoes the most of damage and
failure mechanisms. In this study, the fatigue assessments for a reactor vessel outlet nozzle with the
weldment to the piping system are performed considering the welding residual stresses as well as the
effect of local brittle zone in the vicinity of the weld fusion line. The analytical approaches employed are
the microstructure and mechanical properties prediction by semi-analytical method, the thermal and stress
analysis including the welding residual stress analysis by finite element method, the fatigue life assessment
by following the ASME Code rules. The calculated results of cumulative usage factors(CUF) are compared
for cases of the elastic and elasto-plastic analysis, and with or without residual stress and local brittle zone
effects, respectively. Finally, the fatigue life of reactor vessel outlet nozzle weld is slightly affected by the
local brittle zone and welding residual stresses.
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Fig. 1 Shape and size of the reactor vessel outlet
nozzle for KSNP

Table 1 Chemical composition of materials
(Unit: Weight %)
Comp.

] C i v
Mat] Mnjy P | S |S |N|Cr|Mo

SA508 {0.25( 1.2 ]0.025/0.025{0.151 0.4 |0.25]0.45{0.05
Gr.3,Cl.1{ max | -1.5 | max [ max | 0.4 | -1.0 | max | -0.6 | max

SA508 | 0.3 | 0.7 0.025]0.025/0.15| 0.4 |0.25| 0.1 {0.05
Gr.la | max |-1.35{ max | max | -0.4 | max | max | max | max
0.4-10.1-

E7016 [0.08( 1.2 [0.02 0.0150,75 0.3 01 - -
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Fig. 2 FE mesh generation and boundary conditions
with weldment details
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Table 2 Specifications of welding parameters

Parameters
Welding
Process Voltage | Current | Speed Pzz::sat In;‘eerl;liass
W) (a) (Cm/min) © : o .
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54 ol A &
Table 3 List of combined transients employed in the fatigue analysis
Type - Transients Group Name Occurrence Remark

: No. (40 yrs)
Steady State Operation (Increasing) 1 N1A 1000000 Group No. 1:
Steady State Operation (Decreasing) 1 N1B 1000000 N1A+NIB
Daily load follow cycle (100-50%) 2 N2A 15000 Group No. 2:
Daily load follow cycle (50-100%) 2 N2B 15000 N2A+N2B
Turbine step load change (+10%) 3 N3A 4000
Turbine step load change (-10%) 3 N3B 000 | Sroup No. 3¢

N3A+N3B+N3C

Normal Large turbine load step decrease 3 N3C 180
Turbine ramp load change-increase 4 N4A 17000 Group No. 4:
Turbine ramp load change-decrease 4 N4B 17040 N4A+N4B
Non-load change events (Planned) 5 N5 9000 Group No. 5
Non-load change events (Unplanned) 6 N6 200 Group No. 6
Plant events below power operation 7 N7 4580 Group No. 7
Plant heat up 8 N8 500 Group No. 8
Plant cool down 9 N9 500 Group No. 9
g;cﬁlisze‘c‘; ﬁ;:yrgz‘t’;’;f 10 U1 70 | Group No. 10
Dt o et e t | e [ w0 [amsen

Upset | Decrease in R.C.S. flow rate 12 U3 30 Group No. 12
iﬁi;t;ia\;iii}; and power distribution 13 U4 40 Group No. 13
Increase in R.C.S. inventory 14 us 30 Group No. 14
Decrease in R.C.S. inventory 15 U6 20 Group No. 15

Table 4 Calculated results of alternating stresses at point A by elastic and elastic-plastic stress analysis

Sa (MPa)
Group No. -
Transient Elastic Elasto-plastic LBZ LBZ

name (70% yield) (50% yield)

8 N8 542.0503 287.3267 344.7303 350.2090

9 N9 542.7013 513.7958 526.3881 535.2948

12 U3 300.7889 300.8361 305.5888 317.4916

13 U4 283.2776 282.3140 287.8733 289.8867
T AAYZAEE AME3le] Zb Aoz HY ¥
43 =2 BlZ T} FUBIS(N)E FAYL. 2 Holzad A8AS

2 o AHEE 71EAQ sERs g7 WEe
ASME B&PV Code Sec.III NBe| A}l we} 28
3 Ang o} sl FAAMAIT(Cumulative Usage
Factor: CUF) g2 Al 3249E Hr1slsith.
Aol AANGE F=dde 4 AsE HANZFEIA
(design fatigue curve)< AAlstn BrletaA s
71719] AAFEE 1HZ2RE ARG, 74 MHolx
A9 S.& ¥ H(3)e2HE AFsm 2z S uig

162

(usage factor)= 71719] FH7|HE<t EHed v
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(CUF: U)Z AR 1 gho] 1 o]3d A% 4
AE AZAY g2 Gy 5o FURiEE
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Table 5ol 2z &4 e @& CUF ALt 23
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Table 5 Compared results of CUF values at point A for various cases

Case No. Analysis Type CUF
1 Elastic 0.317123
2 Elasto-plastic 0.156337
3 Elasto-plastic with LBZ (70%-Yield Stress) 0.167798
4 Elasto-plastic with LBZ (50%-Yield Stress) 0.176102
5 Flastic with residual stress (no mean stress) 0.328057
B . o o
6 Elasto p*astlc with LBZ (70%-Yield Stress) and 0184336
weld residual stress (no mean stress)
B N o
7 Elasto p¥ast1c with LBZ (50%-Yield Stress) and 0.194537
weld residual stress (no mean stress)
8 Elastic with residual stress (mean stress) 0.332952
— . Py
9 Elasto p¥ast1c with LBZ (70%-Yield Stress) and 0.184662
weld residual stress (mean stress)
B . . o
10 Elasto p%astlc with LBZ (50%-Yield Stress) and 0.194836
weld residual stress (mean stress)
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