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Key Design Parameter Study (O) for Large Scale-up Fast Breeder Reactor
Stress Analysis of the Circumferential Welded Joint (2)
- Study on the evaluation method of strain ranges at

the metallurgical discontinuity -

M. Shimokoshi *', H.Negishi *', M Tanigawa*?,

T.Nagata *' and K Iwata*!

Abstract

In the development of the evaluation method of creep-fatigue damage at the
- welded joint, it is necessary to properly verify effects of the geometrical
discontinuity and metallurgical discontinuity

For the purpose of understanding metallurgical discontinuity effects,
inelastic parametric aralyses with shapes, loads and material properties were
performed using the circumferential welded joint model with the temperature
distribution through the wall thickness,

The results are as follows

+ The equations for the strain range evaluation using the elastic follow-up
parameter were proposed,

+ The effects of parameters were quantified the multiplication coefficient
to the elastic follow-up parameter of the reference model {(joint width:
infinity, temperature distribution through the wall thickness:linear)

+ The effect of joint width was found to be the largest and the value of the
coefficient was about 1.8

In the next step, the overlap effect of geometrical discontinuity will be
studied and the generalized evaluation method for circumferential welded joint

will be proposed,

%] Structural Engineering Section, Systems and Components Development Division
Darai Engineering Center

%2 Currently at Hitachi Zosen Corporation
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Table 3.1.1 Analysis cases (parameter:temperature distribution of through the wall thickness (n))
B BT h-2 E & D (om) WE t {(mm) #FEH () Eﬁﬁ(mm) nEBMNEBESF
CASE-1-1 200000 15.0 800.0 400, 0 1
CASE-1-2 2
CASE-1-3 3
CASE-1-4 4

C BMERESD 15.0 Kg/om? BeBRES 12.0 Kg/mn?

O BRI B& /8% = 0.8

O mIwEEE 16.2 Kg/mn?
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VeI F -4 DEE By -x—EBX
Table 3.1.2 Analysis cases (Parameter:sheil parameter (,/Dt))

9¢0-16 OL¥6NL ONd

R -2 B&D (am) WE t (mn) yahAIA-y e | HRE-BE®Kk|] #HFE(m) B 4118 (mm)
S0t 2.5 Dt t/D

CASE-Z-1 2000. 0 0.05 10.0 17.7 4, 0x10* 800.0 400. 0

CASE-2-2A 666. 666 15.0 100. 0 - 176.8 44, 44

CASE-2-4 166. 666 90. 0 88.4 11,11

CASE-2-H 16666. 666 500, 0 §83.9 1.11x10° 2500.0 1250.0

CASE-1-1%’ 2000. 0 173. 205 306.2 133. 33 800.0 400.0

Vel YR —R

=RG LS

B#RRIED

15.0

nE®HEEHSAH n=1

Kg/mm? & BRRIE

BREDLE B/ 8# = 0.8

TR E

16.2

Keg/mm?

12.0 Kg/nm?



x3.13 REEORKE BTy ——HBEX
Table 3.1.3 Analysis cases {parameter:joint width)
B -2 E#&D (nm) WE t (nm) MFIEH (nm) MFER - REL B (om)
H/t
CASE-3-1 2000. 0 15.0 3.0 0.2 400.0
CASE-3-2 6.0 0.4
CASE-3-3 20. 0 0.75
CASE-3-4 15.0 1.0
CASE-3-5 10. 9 0.7
CASE-1-1*? 800.0 53.33
YT LAY —R
O &WEY¥ nHIEBESNH n=1
O B#ERESH 15.0 Kg/on? weBRRIE 12.0 Kg/on®

O BREAHE B2/ 8#=0.38

O mIwftkmE 16.2

Kg/mm?
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Table 3.1.4 Analysis cases (parameter:yield stress ratil (7 ;) of weld metal to base metal)
AT -2 E#&D (nm) wE t (om) #FEH (am) B 4118 (nn) BEREDEE T
CASE-4-1 2000.0 15.0 800.0 400.0 0.75
CASE-4-2 0.9
CASE-4-3 0.85
CASE-4-4 0.95
CASE-1-1% 0.8
YOIy YRy —R

O BAwWE#E nEURBESA n=1

O BMBERRIGA 15.0 Kg/mn* BHE&EBRESH 12.0 Kg/ma?

O mImEkHE 16.2

Kg/nm*
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BEREE nRERBESN n=1

B # R D

15.40

Kg/mm? BeBERIEHn 12.0

BREHIE Be B#=20.38

MR E E=16200.0 Kg/mn?

Kg/mm?

#3.1.5 MIELREBOEE BT r-—2—KE

Table 3.1.5 Analysis cases (parameter:Work hardening coefficient (' ))
Biry-2 E#D (om) HRE t (mm) #EIEH (mm) B’ 1E (mm) MIEELHE H' (Kg/mm?)
CASE-5-1 2000. 0 15.0 800.0 400. 9 1620.0 (E/10)
CASE-5-2 2430.0 (E/6.67)
.CASE—5—3 3240.0 (E/3)
CASE-1-1%° 16. 2 (E/1000)
VYT vRS-R
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#41.1 WmAmE. BARUOTAHEBEOCOSRAORNARECOH
(BHUVTSH@ERAR)
Table 4,1, 1 Each component value of axial and hoop strain range at ianer
surface and outer surface
(at the portion of maximum equivalent strain range)
R Tl 8 4 B8 AT
vFH B 2
A (%) A (%) P E (%) A& (%)
&g, HE B 5 -0.0003 -0. 0003 -0. 0340 -0, 0340
R+ B 9 1. 3158 -1. 3093 2. 1940 -2.1833
I+l o R 1. 3155 -1, 3096 2. 1601 -2. 2173
B+ -2 5 1. 3079 -1. 3014 2. 1107 -2. 1409
Agd J& B 7> -0. 0062 -0. 0062 -0.0624 -0. 0624
B o EE 5 1. 3157 -1.3093 1. 3147 -1. 3082
W +#h o F R 53 1. 3095 -1. 3154 1. 2523 -1. 3706
Biif+e—7 ko 1.3079 -1, 3014 1. 2561 ~-1. 3513
LN =HE 1. 8684 1. 8591 3.3434 3. 4628
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z4.2.1 MUV T AUABERARBEESTER., BHERBOMH VT AR OLEER
Table 4,2. 1 Ratio of equivalent strain range at the portion of maximum equivalent
strain range to the center of weld metal and the end of base metal
HEUTAHER ) B U?’éﬁﬁk%ﬂ&ﬁ%ﬁf’&%&\
nER BHEKE DHE
k-2 BES>4& EHEEEN BE&EF R YOI S EE B 5 &8
(A) A (B) () (B) 7 (A) (B)/(C)

CASE-1-1 1 1. 868 2.5302 3. 3434 2.5183 1.3214 1. 3276
CASE-1-2 2 1. 867 2. 8557 3.3209 2. 8432 1.1874 1.1926
CASE-1-3 3 1. 865 2.9772 3. 2895 2.9498 i.1049 1.1151
CASE-1-4 4 1. 863 2.9703 3. 1217 1. 0510 1. 0630

2. 9366
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Table 4, 7@ Strain concentration factor Kr on parameters (1)
(at the portion of maximum equivalent strain range,

at §:/24a 4=5)
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I & 7 [ 5 B 5 | 1.68 4 P&, BRI
(n)
9 1.71
3 1.632
4 1.568 BEeiH., BR LD 3nm
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0.4 2.1009
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Table 4, T Strain concentration factor K¢ on parameters (2)
(at the portion of maximum equivalent strain range,
at Sp/Zﬂ y=5)
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Table 5. 83.2. 1@ Hultiplication coefficient of influence factors to
reference model {])

EERF K3i-34F RaA-3D (fuX gw) & YaybyAlc w9 2R RGHE T
= i g
B B 5
(n) 2 0.915
3 0.857
4 0.816
Y2 hRgA-d 10.0 0.885
( Dt)
50. 0 0.904
100. 0 0.965
BB
500, 0 1.0429
T 0.2 1.305 1.006 -
(H/t)
0. 4 1.658 1.278
0.7 9.138 1.6409
1.0 9.308 1.774
1,33 9.184 1.685
5388 B e

HEHIm V7 rL Ry —2R
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#5.3210

BEERATFOVN 7y v var—ALHT 2RFBEED

Table 5.83.2. 1) Multiplication coefficient of influence factors to
reference model (2)

RERET KA H RoA-30 (fuX qu) & VIpLVAC T ASERIEE [ v
BREAHE 0.75 1.430 1.103
(7 v)
Hug
0.85 1.197 0.923
0.9 1.122 0.865
0.95 1.055 0.813

PR A5 ¢ ) O
(H'/E)

0.1 1.118 0.8612
0.15 1.0687 0.8339
0.2 1.069 0.825

HHEIR V7 bRy —2
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