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Thermal Cycle Test of Dissimllar Metal Welded Joint of

SUS304 Steel and 2%Cr—1Mo Steel in Prototype LMFBRi)

Masahiro Uedaz)
Masayuki Tanigawaz)

. oy o2
Masakatsu Matsuishi )
Abstract

Thermal cycle tests of dissimilar metal welded joints of SUS304 steel
and 24Cr-1Mo steel and elastic and inelastic stress analyses were performed.
The following results were obtained.

(1) No cracks and creep voids were observed in the dissimilar metal welded
joints subjected to 50 to 200 cycles of uniform heatup and cooldown
with 24 hours of hold time at 550, 600 or 650°C.

(2) Carbon migration from 23Cr-1Mo region to high nickel weld metal,
INCONEL 82 or SUS309, and hardening in carbon-enriched region were
observed. These phenomena, depending on hold temperature and hold
time, were negligible under the condition nearly equivalent to the
operating condition of 'MONJU' using the Larson-Miller parameter.

(3) The general rule for evaluation of creep damage using elastic stress
analysis, given in Structural Design Guide for high temperature class
1 components in the prototype fast breeder reactor, gives very con-
servative values of creep damage. This is due to no consideration
of relaxation of the secondary and peak stress components during

the hold time at high temperatures.

1) This work was performed under contract between Power Reactor and
Nuclear Fuel Development Corp. and Hitachi Zosen Corp.
2) Strength Research Division, Technical Research Institute, Hitachi

Zosen Corporation.




(4) Empirical formulae for estimating the stress indices C;, C» and K are
proposed, where C; is the stress index for buttering thickness, C, is
for a groove angle and K is for weld bead gecometry. Stress intensity
range is calculated simply and accurately using the following equation.

Secondary stress intensity range
<Qp>p = (0.7~0.8)C1 *CoEablaaTa-abTb |
Secondary and peak stress intensity range

<Qp+F>, = K(0.7~0.8)C1-C2Eab|caTa-obTb |

R

Where Eab, aa, ab, Ta and Tb are defined same as given in the Structural

Design Guide.
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Table 1 Chemical compositions of pipes for the test specimen (From mill sheet)
(a) SUS304TP '

Element C Si Mn P S Ni Cr Co
Min 0.04 — — -_ 8.001 18.060

JIS -
Max 0.08 1.00 | 2.00 0.040 0.030( 11.00| 20.00

Analysis | Ladle 0.04| 0.52 | 1.61 | 0.026/ 0.001| 9.55|1850| 0.24

value Check 0.04| 0.51| 1.65 | 0.025 0.001| 9.50[18.55| 0.23
b) STPA 24
Element c | Si | Mn P S |Cr Mo
Min 0.08| -— 0.30| - — | 1.90]| o0.87
JIS
Max 0.14| 0.50| 0.60| 0.030{ 0.030| 2.60 | 1.13

Analysis | Ladle 0.09| 0.39| 0.45| 0.024| 0.008| 220 | 0.94

value Check 0.10| 0.39| 0.45| 0.025 0.008| 2.20 0.95




Table 2 Mechanical properties of pipes for the test specimen(s)

{a) SUS304TP

0.2% offset | Ultimate Eloneation Reduction
Property | Temperature |yield strength strength & of area
kgt {MPa} |kgf. @ {MPa} (%) (%)
21 53= 35 50=
JIS R- T {205.9) {519.8)
26.2 6 4.0 60 2 853
R. T.
Test T (256.9} (627.6)
149 39.8 372 792
55
Result 0T {146.1) (3883 )
Heat treatment 103 07T X 5nin - W Q.
h) STPA24
0.2% offset Ultimate Eloneation Redﬁction
Property | Temperature | yield strength| strength . & of area
kef /e {MPa } | kef. /it {MPa} (%) (%)
21=< 42 18=<
JIS R T. {2059} (411.9}
‘ 36.5 51.4 27.0 7 8.0
Test R T (357.9) (504.1)
231 382 25,6 838
50
Result 550¢ (226.5) (3746} :
Heat treatment 920CX10 nin — A.C.
760TX 30ain — A.C.
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Table 3 Weld conditions of the test specimen

Specimen No DF—1(B, C) DF—2 (A, B') DF—3 (B, C)
1di :
Welding Tr +A TIG TIG
procedure -
Welding Flat Flat Flat
position
100~1507C for
h
Preheat NO NO STPA 24 only
Postheat NO NO 300~350TX30uir
for STPA24 side
only
Interpass 100C <150C £200°C
temperature
Shield gas Argon Argon Argon -
TIG :INCO82
pill cal (¢16) | WEL TIG82 TG309(¢ 24)
1iler meta SMAW : NIC70A (61.6) -
_ ($3.2,6 4.0)
Welding TIG . 8bA
9 0~1 40~
current SMAW | 90A . 104 140~1704
Layer . 4 Layer . 6 Layer . 6
, B .
Layer, Bead Bead : 4 Bead @ 8 Bead : 10
N
T 1ck1}ess of 1 0am 1 Quo No buttering
buttering layer ‘
. (STPA24) (SUS 304 TP)
] - - I -
sl e
0
[ ¥ =y
250 250! —
500
< —
a . Thickness of buttering layer
Fig. 1 Dimensions of the test specimen
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K AL S5SIKHABREOTEERMY £ » (@) Groove for dissimilar metal welded joint
F24 9 PRI DEDERTINEG, HAR | 20°42.5°
HIFLEATHERBERIF SO BIZH ‘

(STPA24) ' : ,
B s Hah, REAOBESFEMLT sy Tab plate (SUS 304)
KI5 LHFOFLEARANRLGRS, HA e .
BEOHUANZFEESICL h 88N (b} Groove for buttering
fTxbihsd, Fig. 2 Geometry of groove

. Container vessel
s Furnace core pipe

1,650 ] | 12,190

. Test specimen
@—_::% S —m—
| f o
Electri - - - = -
ectric furnace LS‘LX Tt ‘ T
71— :
'_'_;".. o LY B =1
S Chain =
Mot '
oror Railway
i_A~ THSPTETRNT R O O, Ol -

LS1,LS2: Limit switch

Fig. 3 Assembly drawing of thermal cycle test machine
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Fig. 5 Locations of temperature measurement of the test specimen
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Table. 4 Test conditions of thermal cycle test

Test Minimum Maximum Number . Total Eguivalent 7

temperature | temperature of ‘ hold hold time |

Yo (T) (T) cycles time (h) | at475T(h)
DF-1—-B ~80 600 104 _ 2529 2.06%X107
DF—-2- B’ ~80 600 51 1212 8.73X10°%
DF-3—B ~80 600 104 2529 2.06)(107
DF~-1-C ~100 650 - 134 3093 9.6 9x108
DF—2-A ~80 550 203 4761 1.13X108
DF-3-C ~100 650 7134 3093 9.6 9X108
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Results of liguid penetrant tests of the test specimens




250
CrMo

500

250
304

TIINT

{a) Model A

T’ o)
= | =
o) =
] @]

o
I=1 [ua)
P
i
<t
=
Al ™
/4
(b) -Model B
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(c) Model C

Di= 67mm e={ S5um{ Elastic analysis)
t= 13mm 10mm( Inelastic analysis)

Fig. 9 Models of dissimilar metal welded joints for stress analysis
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Table 5 Material constants for stress analysis

o Modul‘u? of - Poissor s Ther_ma'l Yield stress work lhe_lrdening
Material elasticity ratio expansion : coefficient
kef /o { MN /o) coefficient Y | kgf /wr{MPa )| kgf ~/m? { MPa }
SUS 304 1.67x10% 0.300 1.789X10~5 14.3 370.9
{1.64X105 } ' ' {1405} |{863X103 }
2UCr—1M 1 177X1 0 0.300 1.381X10 5 25.5 . 9132
- i . .
frmiMostel | 1 74x104 ) {250 | |{8.95X103)
Buttering 1.27X10¢ 0.300 1490X10 -5 33.7 336.3
(INCONEL 82){ {1.25X104 } B ’ {330 } |13.30X103)
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1) 1&XEHOHER Lﬁ@&oﬂﬂﬂﬁ@@%b&m EMMFTOBEREICI S D
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Table6 Material constants of 2% Cr—1Mo steel for evaluation of creep — fatigue damage

, . 1" expansi
Temperature Modulus of Poisson s Yield stress Thern‘aa. expansion
elasticity ratio coefficient (1.-C)
(c) kgt { MN./mt} kgt (MPa } — =
1.58X1 04 ' ' x10-5 | x10-5
°50 {1.55X105 } |. 0.300 16.5{162} | 1549 | 1411
600 L4 0x10t 0.300 14.3{140 ' 2
(1.37X105 } ' 34 } 1.559 1.424
6 1.1 0X1 04 500 Lai1 ‘
.50 [1.07X105 } 0 11.3{111} 1.566 1.435




Table 7 Results of fatigue demage evalumation
Te“?’ér;"‘“re 50C _—550T 50C _— 550TC 50T, — 550°T
Model A(C_T ) c (1) AT c (X7 ) AT ) c (C 37T )
Material 304 Cr Mo 304 Cr Mo 304 CrMo 304 CrMo 304 CrMo 304 CrMo
g N | 2683 27.50 22.34 9.0 4 29.51 3026 | 2457 9.94 32.20 33.01 26.81 10.85
kgf"'/m (262.9) | {2695} | (218.9} | { 886} | {289.2) | {296.5) | {2408} | { 97.4) | (315.6) | {3235} | (262.7) | (106.3)
(Mea) |OUT| 2683 27.50 37.65 707 2951 30.26 41.42 7.78 32.20 33.01 45.18 8.48
a {262.9) | (2695} | {369.0} | { 69.3} | {289.2} | (2965} | {4059} | { 76.2} | {315.6} | {3235} | {4428} [ ( 831}
< N | 003 0.00 0.40 2.27 0.04 0.00 0.44 2.50 0.04 0.00 0.48 2.72
F {029 } | {0.00] | {392} | {2221 | (039} | {0.00) | {4381) | {245} | {0.39) | (0.00} | {470 } | { 26.7}
kgt /urf ouT| 000 0.38 22.02 20.00 0.00 0.40 24.22 0.00 0.00 0.44 26.42 0.00
{MPa } {0001 | {372} | {2158} | {0.00} | {0.00} | {892) | {2373} | {0.00} | {0.00} | {431} | (2589} | { 0.00}
IN |0.00171 | 0.00174 | 0.00142 | 0.00057 | 0.00194 | 0.00216 | 0.00162 | 0.00071 | 0.00219 | 0.00300 | 0.00182 | 0.00099
En g . i
ouT| 0.00171 | 0.00174 | 0.00240 | 0.00045 | 0.00194 | 0.00216 | 0.00273 | 0.00056 | 0.00219 | 0.00300 | 0.00307 | 0.00077
IN |0.00000 | 0.0 0.00003 | 0.00017 | 0.00000 | 0.0 0.00003 | 0.00020 | 0.00000 | 0.0 | 0.00004 | 0.00025
EF - :
OUT| 0.0 0.00003 | 0.00173 | 0.0 0.0 0.00003 | 0.00193 | 0.0 0.0 0.00004 | 0.00211°| 0.0
IN | 159 177 1.58 1.30 1.69 2.08 1.62 1.30 204 2.23 1.6 6 1.3 0
Ke _ _
louT| 1.0 1.36 1.50 1.0 1.31 1.60 .79 1.0 1.58 1.72 1.9 9 1.0
IN | 0.00272 | 0.00308 | 0.00228 | 0.00096 | 0.00328 | 0.00449 | 0.00266 | 0.00118 | 0.00447 | 0.00669 | 0.00307 .| 0.00161
Et -
1 ouT| 000171 | 0.00240 | 0.00533 | 0.00045 | 0.00254 | 0.00349 | 0.00682 | 0.00056 | 0.00346 | 0.00520 | 0.00822 | 0.00077
IN | 2000 110 4500 | 34000 330 15 800 4300 42 2 160 440
Na . r _
OUT| 17000 300 120 >107 970 67 28 >10° 96 5 10 | 85000
IN | o005 0.91 0.02 0.003| 030 6.67 0.13 0.02 2.38 36.4 0.6 3 0.23
Dy - .
OUT| 0.006 | 0.33 0.83 0.000{ 010 1.48 357 | 0.000| 1.04 20.0 9.5 2 0.001




Modified Poisson s

Table 8 ratio
Temperature — —
50 50 5 00¢C 5
o) T _ 550C 0T 601 0T 650C
Material 304 CrMo 3 0~4 Cr Mo 304 Cr Mo
v 0.306 0.300 0.310 0.300 0.31 4 0.300
Srm ?ﬁ&ﬁf} 7.2{ 70.6}| 1.5{ 147} 4.1{ 402} 0.1{ 1.0} 20{ 19.6)| 01( 10}
kgf./m
Sne  (npa) | 140(187.2)|14.0{187.2) 14.0{187.2}|14.0{187.2}| 14.0(137.2)| 14.0{137.2)
= kgf _ - r
3Sm "\ p) | 28.21276.4)[22.5(220.5)| 25.1(246.0)| 21.1(206.8}| 23.0{225.4}| 21.1(206.8)
Etq 0.00563 | 000319 | 0.00440 | 0.00240 | 000342 | 000170
m 0.438 0.411 0,429 0.374 0.415 0.300
Ke' = 1+(g—1)(1~——~) =380 e (6)
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Table 9 Results of creep—fatighe damage evaluation
Te“zp,grj"“re 50C . 550°T 50C, > 600C 50C.__"650C
Model AT ) c (1) A (1 —7) c ([ ) A(C_T1 ) c (37 )
Material 304 CrMo 304 Cr Mo 304 CrMo 304 Cr Mo 304 CrMo 304 CrMo
Sy 10.3 4.7 10.3 4.7 6.9 3.3 6.9 3.3 4.6 3.3 4.6 3.3
| kgf/mm’{MPa} {101} { 46} {101) { 46} { 68} { 32} { 68} { 32} { 45} { 321} f 45} [ 32}
Der 0.002 0.002 0.002 0.002 0.003 0.011 0.003 0011 0.00 4 0.15 0.004 0.15
I 3Sm 313 257 31.3 25.7 27.9 24.3 27.9 243 25.6 24.3 25.6 24.3
| kgt i {(MPa}| (307} {2562} | {307} {252} | {273} {288} {273} | {288} | {251} {238} | (251} | {238}
| .
IN | 0001 — 0.001 — 0.50 - 0.002 — 0.52 — 0.52 —
Dcz .
oUT| 0001 — 0.15 — 0.50 — 0.50 — 0.52 - 0.52 -~
I o IN 19.9 23.4 199 9.0 19.6 221 19.6 9.9 19.4 20.2 19.4 10.9
. et/ {195} (230} {195} { 89} {192} {216} {192} { 97) {190} {1981} | {190} | {106}
' mea ) lour 19.9 23.4 19.9 7.1 19.6 22.1 19.6 7.8 194 20.2 | 194 8.5
{195} {23.0) (195} { 69} | {192} {216} {192} { 76} | {190} {198} | {190} | 83}
| IN| 0003 435 0.003 0.61 0.50 5000 0005 | 211 0.52 40000| 052 | 556
‘ Dewn -
| OoUT| 0.003 435 0.15 0.16 0.50 5000 0.50 5.56 0.52 40000 | 052 133
|
| IN | 0.23 - 0.11 - 0.43 - 0.30 ~ 0.62 — 0:42 -
{ Decp 7 )
1 OUT| 0.0 — 0.81 - 0.27 - 0.94 - 0.48 — 0.98 —
\ .
| IN | 0.23 435 0.11 0.61 0.93 5000 0.30 21.1 1.24 40000 | 0.94 5586
| De .
| .
% OUT| 0.003 435 0.96 0.16 0.77 5000 1.44 5.56 1.0 0 40000 1.50 133
IN | 0.28 436 0.13 0.6 1 1.23 5000 0.43 21.1 3.62 40000 | 1.57 556
D
OUT| 0.01 435 1.79 0.16 0.87 5000 5.0 1 5.56 2.04 40000 | 1102 133
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Table 10

inelastic analysis

Results of creep—fatigue damage evalnation using

Temperature

(c) 50T 5507C
Model . C ( \ / );
Material 304 ~ Cr Mo
Location Inside Qutside Inside Qutside -
Ee(lst cycle) 0.003815 0.0050456 0.001131 0.001045
€:(2rd cycle) 0001213 0.003003 0.000699 0.000897 -
a 157{153} 162{158} 11.8(116} 15.6{153}
0 kgf /o b | 150(147} | 141{138} 9.4{ 92} 86( 84}
{MPa} ¢ | 11.7{115} | 201(197} 41{ 41} | 11.7{114)
d 14.0{138} 129127} 8.6{ 84} 7.2{ 70}
De | 0.27 0.18 1.27 0.50
Dy 0.027 0.6 2 0.0002 0.002
D 0.30 .80 1.27 " .0.50
Note a ! 556'(1, Before creep in the 1st eyele
b: 550C, After creep in the 1st cycle
50C, Cold extreme in the 1st cycle
d: 550C, After creep in the 2nd cycle
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Table 11 Results of tensile tests
(ad At room temperature
Specimen Thermal 0.2% offset Ultimate Elongation Reduction Rupture
) proof stress strength of area
number history kef /mf ( MPa )} | kg, { MPa ) (%) (%) ‘location
1Y) 544 {533} 286 Cr Mo
As—weld - ' —
54.2 {532) 30.0 base metal
DF—1 After 324 {318)| 53.7 {527} | 140 70.7 Cr Mo
test B 31.0 (3041} 51.6 {506} 20.7 714 base metal
After 27.9 {274} 48.0 {471} . 24.3 71.5 Cr Mo
test C 286 (280} 48.0 {471} 26.3 72.3 base metal
@| 334 {328} 55.8 {547} 29.0 Cr Mo
As-—weld _
33.7 {330} 56.0 {549} 28.5 base metal
DF—2 After 321 {315} 52.2 {512} 20.3 74.2 Cr Mo
test A 30.7 {301}]| 52.4 {514} 22.7 736 base metal
After 327 {321}| 51.7 {507} 16.3 73.2 Cr Mo
test B | 31.1 {305}| 50.8 {498} 21.7 73.2 base metal
As—weld — - — — —
DF—3 After 287 {281} 51.3 {503} 25,0 73.9 Cr Mo
test B 275 (270}] 51.0 {500} 253 74.1 base metal
After 27.7 {272} 477 {468} 23.3 731 Cr Mo
test C 27.8 (273)| 47.9 {470} 22.3 72. 4 base metal
b) At 470°T
Specimen | Thermal ° 0.2% offset | Ultimate Elongation| Reduction Rupture
proof stress | strength of area-
number history kegf /awf (MPa)} | kgt /wf {MPa) (%) (%) location
As—weld | 208 (204}] 421 (413)| 245 74.5 Cr Mo
209 (205}] 42.4 {416} 25.5 730 base metal
DF—1 After 255 {250}| 41.2 {404} 187 700 Cr Mo
test B | 244 {239)} 39.1 {383} 18.3 70,7 base metal
After 204 {200} 37.3 (366} 21.7 71.4 Cr Mo
test C | 20.0 (196}] 37.6 {369} 220 69.7 base metal
AS_WEH' 21.0 {206} 422 {414} 23.2 75.4 Cr Mo
209 {205)}| 41.9 {411} 23.6 75.0 base metal
DF—2 After 236 {231}] 38.9 {381} 19.3 7 5.0 Cr Mo
test A 21.3 {209)| 384 {377} 19.3 74.8 base metal
After 23.3 {228} 39.0 {382} 20.3 73.3 Cr Mo
test B’ | 23.3 {228)] 39.3 {385)| 19.7 73.3 base metal
As—weld — - - - -
DF—3 After 219 {215} 387 {380} 21.3 73.2 Cr Mo
test B | 22,8 {219}] 38.6 {379} 210 73.3 base metal
After 19.4 {190}| 36.9 {362} 20.0 67.9 Cr Mo
test C { 183 {179} 36,9 {362} 20.0 6 9.5. base metal




(a} DF—1B, DF—2B, DF—3B— Room temperature

DF—1B DF—2B

() DF—1B, DF—2B, DF—3 B—Elevated temperature

Fig. 11 Specmens affer tensile tests
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Table 12 Results of 2mm V-notch Charpy impact tests
Specimen Thermal Absorbed impact energy Impact value
numbe histor Average Arerage
i o kgf-m(J) | kef-m (J)} | kef-m wr{J &) |kef -mGe(], it}
10.9 {107} 13.7{1.34X108} _
As weld 99 ( 97} 105 {103}]12.3{1.21x105§13.1{1.29%x10¢}
10.7 {105} 13.4{1.31x10¢)
181 {178} 22.6{2.22x108)} :
DF—1 After test B 150 {147} 17.1 {167} | 18.8{1.84X105) 21.3{2.09x10¢%}
18.1 {178} 22.6{2.22x106}
7.7 { 76} 9.6{0.94%106)
After test C 59 { 58]} 6.5 [64) | 7.4{073x106) 8.1{0.80x10%}
59 { 58} 7.4{0.73x10%)
14.7 {144) 18.5{1.81x10°}|
As weld 162 {159} | 14.6 {144} |20.3{1.99x10%)184(1.80%106}
13.0 {127} - | 16.3{1.60x105)
6.1 { 60} 7.6{0.74 X105}
DF—2 After test A 80 { 78} 7.3 { 71} |10.0{0.98x10%) 9.1{0.89x108}
7.7 | 76} 9.6{0.94x10%)
153 (150} 19.1{1.87x106
After test B’ 164 {161} 16.7 {164} |20.5{2.01%X10%)209{2.05%106}
18.4 {180) 23.0{2.25%106}
As weld - — — —
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R 6.1 { 60} | | 7.6{0.74X10°} 6
| After Bond 8.0 (78] | 7.1 { 69} 10.0{0.98X10°} 8.8{0.86x10¢)
| testo 22 22} 2.8{0.27x10°] 6
: Depo 2.2 _22}-‘_.22 [ 22) 2.8{0.27x108] 38{027x10}
Note 1. Test temperature is 0T h
2. Geometry of a test specimen is as below
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Table 13 Material constants for thermal analysis

Temperature | Thermal Specific Specific
Material conductivity heat weight -
(C) kal/ (m- h -Of W/ -k} | kea/bg- O k J/keg-K)} (kg m )
350 16.3 0131 7.88%10°
{19.0) {0548}
16.9 0.132 7.8 6
400 (197} {0553}
- 17.5 0133 7.8 3
SUS 304 450 (20.3) {0557}
181 0.134 7.8 1
500 {210) (0561}
18.6 0.136 7.79
550 (21.7) (0569}
350 27.3 0135 7.70%103
(317} {0565} |
271 0.141 7.70
400 {316} [0.590)
27.0 0149 7.67
STBA 24 450 (i) (Seae
2 6.9 0.157 7.6 7
500 {31.3) {0.657 )
26.7 0.165 7.6 4
550 {31.1) (0.691)
15.7 0.115 8.13%10°
350 (183} (0.481}
16.2 0.115 811
400 {188) - {0481}
16.2 0115 8.09
INCONEL 82| 450 (1s8) (0451
16.2 0113 8.08
500 {189} (0473}
17.6 0.127 8.07
550 (205 ) {0532 )




Table 14 Material constants for stress analysis
@ SUS 30400
Modulus of Poisson’ hf}f:pmal Yield Work hardening
Temperature| elasticity ratio expansion stress coefficient
(T) kg £ int (MM, /e } coffiSHE ket mr(MPa) | ket wr{MPa)
490 [i'.gf;fog; 0.300 1.538x1077 {33'5980} {4%673%3103 )
75 | iig??} 0.300 1.563 { 23'5?80} { P £51'361
100 [1233} 0.300 1.582 {23‘5?80} {iig&f}
150 [iigg} 0.300 1.618 {223.33} {3_365‘98}
200 | (Tgg) 0.300 1.654 (1520) [igff}
225 | (Tgs) 0300 | 1672 |19} | (4186)
250 {iisgc;l} 0.300 1688 {13.26.;30} {ﬁgf}
275 | (T78) 0.300 1704 {iggf} (4063)
300 | (176) 0.300 1720 (1720) {iggf}
325 &:7748} 0.300 1.7 34 [ig'gz_f} -{g_gf'll}
350 | (172) 0300 | 1747 |\ 3¢ty | (5a70)
375 | (171) 0:300 1758 | (igs2) | (3818)
100 | (T4 0.300 1769 |lgaz) | (3756)
425 | (Tg7) 0.300 1778 (1558) | (2696
450 | (184 0.300- 1789 {155.;90} {g.gg'sg}
475 | (Tg1) 0301 1.800 (1459} | (3575)
500 | (150 0.302 1.812 (1570) {g.gff}
525 [i.'ér)e?} 0.304 1.823 (1455} | (5455)
550 | (154) 0.306 1833 |(1526) | (3396)
575 | (Te1) 0308 1844 |(15a7) | (3338)
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Table 14 () Alloy 800H (Only elastic analysis) 1@

Modulus of | Poisson's Thermz?l
Temperature elasticity ratio :ggflfniscliognt
(tc) kgf /oo { MN/fr¥) (1)
170X104 5
475 (1.67%x105) 0.300 1.672x10"
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Table 15 Analysis cases of dissimilar metal welded joints

{a} Flushed joint

S;;g;%eg) " Thickness of buttering ¢ (aom)
.| 62| o 5 10 15 20 30 40 60 80 100 | 120 | 150
o| o|a—o0—0|a- 0-5A—0-10{a0-15 {A- 0-20|A~0-30|A-0-40| A-0-60|A—-0-80A-0-100 | A-0-120A~ 0-150
| s| s A— 5-5 A- 5-20 A- 5-150
| 1l 10 A-10~5 A-10~20 A-10-150
15| 15 A-15-5 A-15-20 A-15-150
& | 225|225 A~ 23-5| A-23-10| A-23~15|A-23~20|A23-30 | A-23-40 |A-23-60 | A-23-80 [A~23-100| A-23-100/A-23-150|
2| s0| 30|  |a-30-5 A-30~20 ' " |a—30-150|
| 45| 45 A-45-5 A~45-20 : A-45-150
g 60| 60 A-60-5 , A-60—20 A-60-150
CE- 75| 75 A-75-5 A-75-20 A-75-150
825|825 A—83-5 A-83-10 | A-83-15|B-83-20|A-83-30 |A-83-40 | A-83-60 | A-83-80 | A-83-100A-83-120|A— 83-150
30 B- 30-4 B—30-20 ' B-30-150
] 45 B-45-5 B-45-20| - B—45-150
e
‘g 225 60 B-60-5 B-60-20 | : B—60-150
e 75 B- 754 B-75-20 B~ 75-150
<5 825 B- 83—§ B-83-20 B-83-150
| -8] sl 50
& |-10| 10[E-10-0
& |-15| 15[E-15-0
2 |_225| 22.5 [E-23-0
'§. -30| 30[E-80-0
é —45| 45 [E—-45-0
2 |-60| 60[E-60-0
2 |-75| 75E-75-0

8, 8y ' ]
>\|E- Inside ’>\2|b 1 =—02 - Inside

I
SUS 304 /$ —\ STBA 24 SUS 304 STBA 24
NCONEL 82\ .

. Outside : Qutside
Type A Type E

b, ,
g
. l/ : ){}" Inside .
T ' * Analyses of the joints, A-23-20
- STBA 24 and A-23-160, with alloy 80OH
SUS 304 /;CONEL 82 buttering are also performed.

Qutside

Type B




(b) As—welded joint

WA W B wcC WD WT
0; | 0| hi=05| hi=1.0 | hi=15 hi = 1.0
0.2 WA—2—1 WT -1
0.4 WA—2~2
0.7} 1.0 WA—2-3
1.0 WA—2—4
1.5 WA—2—5
0.212.0 WA—2—6
0.4 2.0 WT ~ 2
0.2 3.5 WA-2-7
0.7135 WT — 3
0.2 WA-1-1 | WA—2-8 | WA—3-1 |WB-1 wCc-1 [wb-1
0.4 WA-1-2 | WA-2—9 | WA-3—-2 |WB— 2 WC—2 | WD-2
0.7 55 | Wa-1-3 | wa—2-10| waA—-3—-3 |WB—3 wCc—-3 | wb-3
1.0 WA—1-4 | WA-2-11| WA—3—4 |WB—4 WC—4 | WD—4 |[Wr—4
15 WA-1-5 | WA—2-12| WA~3—-5 |WB—5 | WC—5 | WD—5 |WT~5
%Q)I Inside ;L— 1850 = Inside
SUS304 /'NCE%Néf{ STBA24 ggf " INCONEL 82 \ngA
;Av I\‘ Outside o Outside
s RN 22,5 225°
22.5 22,5
" Type WA Type WB
L,%O—"- Inside = 150 - Inside
INCONZ%MSEHE 300 INCONEL 82 e
« 225°75 "W \/L—\:;Ef 22\.‘%{‘]\!&'““8
Type WC Type WD ‘
pi‘Li,—\ L% Inside
. Inside - —J—ir-:l's
SUS 304- 95 3 |
Qutside
! Hy, - Outside
Type WD ’M— .

h; , h, : Height of weld bead
P;, fy, : Radius of root
"Shape of weld bead



Equation of a joint contour
vy is as follows.
Lo,
O1+0:2
y=v/ 0} —2? ~/(01+0:2)2 02+,

0=x=

802
o1+ 02

y=v 0}~ (x~-8)? +0

Bead height h is as follows.

sSx=4t

h=01+0: _\/(014-102)2 —92< ¢

Fig. 24 Model of weld bead
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\ Unit : MPa
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b \ ,
IN. ' OUT IN OUT
fa) Radial stress (b} Axial stress

Fig. 25 Iso—stress curve of A~0—0 joint under uniform heatup from
50C to 550°T
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Table 17 Effect of buttering material
Case A—-23-20
Buttering INCONEL 82 Alloy 800H
SUS304 STBA 24 SUS 304 STBA24
Inside QOutside Inside | Outside Inside Outside Inside Qutside
° 2409 4202 1455 2299 1699 2543 2808 4417
D 8179 8369 5146 3395 0.8673 78886 1904 1904
Case "A—-23—150
Buttering INCONEL 82 Alloy 800H
SUUS304 STBA24 S5US304 STBAZ24
Inside QOutside Inside Outside Inside Outside Inside Qutside
) 2207 3827 775 1376 11.17 1669 2528 3911
D 8065 8246 1.945 2689 0.3646 0.3651 1903 1904
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Table 18 Stress concentration factors of WT — type

joints subjected to uniaxial load

IN Stress concentration factor
Joint or 2 (om) kh (on)

ouUT : FEM Eq (23) Eq (25)

IN 0.2 1.0 1.200 2.283 1.77 8
WT1

OouUT 1.0 0.7 1.459 1.57 2 1.354

IN | 0.4 1.0 1.721 1.86 6 1.632
WT 2

ouT 2.0 0.7 1.370 1.377 1.287

IN 0.7 1.0 1.5677 1.630 1.534
WT 3

ouT 3.5 0.7 1.296 1.269 1.243

IN 1.0 1.0 1.481 1.514 1.4890
WTA4

QuT 5.5 0.7 1.235 1.205 1.212
WTS5 | IN 1.5 1.0 1.398 1.409 1.42 5
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Co=Mazx [ Cs in, Ca out ) | cerreeee (29)

g -0
Ca in=1+AC; in cos (— g% z (30)
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ACzin= 2(1—\/—_1)' ), =~/ Dmt
: m £
{ ......... (31_1)
2 : £ >~/ Dmt
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Py 2 out 1 m, 8=~/ l?mt 512y
1 . 4>/ Dmi
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P b SR =KC, +Cs Fab | €aTa—asTs |

- (32)

Table 19 icH BERIEICL 3HATCE b RI5N% SEHE & (32) Rick 3 3T E R
TRT. (82) ma; AESHEEIFEMBMEL YTV BE2MTH 555, THIITEEM T
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fed, RI, BEGHEIBHAZA -0 -0 MFOBHERZ2BEZICLTO0.7 Fas [QeTo—
asTs |45 L. MBEROETHEERIRES LS,




Table. 19 Stress intensity range by Eq (32) and by FEM
FEM Simplified method
Case SUS 304 STBA 24 SUS 304 STBA 24
P1@ F P+Q F | P+Q F P+@Q F
E—23-0 2899 {501 |3089 (5382|865 |865 |865 |865
A-0 —20 21.86 {2748 |1837 |21.23|3496|3496 (2756|2756
A—23- 20 2521 (4476 |16.98 |2582 |63.05|63.05 (4971|4971
A—-23-150 21.89 (4003 | 7.89 1405|5638 (563819301930
A—T75~ 20 29.80 |5222 |1557 (2307 |81.68|81.68 6439|6439
WA2-11(Inside) 3398 - - 9548 - -
2482 63.05 :
WA2-110utside) 44786 - - 7598 — -
WD—4 (Inside) 3176 | 778 |11.05 | 85.37 2923
21.98 56.38 19.30 ,
WD—4 (Outside ) 40.36. 14.24 16794 2326
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Table 20 Case of inelastic and lysis

Case Groove type Butlering thiclx;xess Groove angle Note
. - {mm) (radian)
cC—-0 —0 Symmetrie 0 0 Corresponding to A—0—0
C—23—- 0 | Antisymmetric 0 /8 # E—-23-0
C—0 —20 | Symmetric 20 0 # A-0-20
C~23—20 | Symmetric 20 T./8 " A—23-20
C—F —20 | Asymmetric 20 | - Recommended qroove
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Table. 21 Comparison of equivalent strain range by elastic amalysis

with those by inelas tic analysis

—107-

Joint Analysis STBA 24 SUS 304
‘ Inside Qutside Inside Outside
x10~2 X102 X102 x1072
A-0-0 Elastic 0.3378 0.2344 0.3469 0.2301
(C=0-0) | Inelastic 0.2511 0.2721 0.1985 0.1418
E-23-0 | Elastic 0.3744 0.3615 0.5141 0.2443
(C-23-0) | Inelastic 0.2399 0.5148 0.3679 0.2350
A—0-20 | Elastic 0.09378 | 0.1224 0.2291 01721
(C-0~20) | Inelastic 0.07519 0.1210 0.1009 0.1399
A-23—2¢ | Elastic 01167 0.1486 0.2594 0.3004
(C—28-20)| Inelastic 0.1601 0.2241 0.1110 0.2860
E-F—20 | Elastic 0.0959 0.0607 0.2572 0.2096
(C-F-20) | Inelastic 0.08916 | 0.08404 01117 0.2406
Table. 22 Comparison of creep—fatigue damage by elastic analysis:
with those by inelastic anmalysis
Joint Analysis STBA 24 SUS 304
Inside Outside Inside Qutside
A—0-0 Elastic 1905 1903 8.623 8052
(C-0-0) | Inelastic 6.061 4.423 0.05334 | 0.03474
E—23-0 | Elastic - 1906 1906 10.18 8.113
{(C-28-0) | Inelastic 18.28 18.37 0.5908 0.09938
A—0—-20 Elastic 1944 505.4 8.047 7.887
(C~0-20) | Inelastic 0.5916 06617 0.1736 0.1716
A—23-20 | Elastic 51.46 3395 8.179 8.369
(C~23-20) Inelastic 2.746 1.546 0.6165 0.6188
E—F-20 | Elastic 2595 4509 8.170 7.95 8
(C-F-20) | Inelastic 1.091 0.8363 0.2031 0.2812
Note. Damage is estimated at the end of 200 cycle.
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Table. 23 Case of thermal transient stress analysis

Case Groove type | Duttering thickuess) Groote anglel  Note

T-06 -0 . | Symmetric 0 0 Corrpsponding to A—0—0
T—10~0 | Antisymmetric " T/ 18 CE-10-0
T-23-0 " , ¥ /8 - E—-23-0
T—45—-0 " u T4 ' E—45—0
T-60—0 " ” T./3 E—-60-0
T—-0 —10 Symmetric 10 0 A—0-10
T-0 —20 " 20 0 A~0-20
T—0 —30 " 30 0 A—0—30
T—0 —40 " 40 0 A-0-40
T-0 —100 | " 100 0 A-0-100
T—10- 20 " 20 718 A~10-20
T—23- 20 " 20 T./8 ' A—-23-20
T—-45-20 " 20 e N A—45-20
T~60- 20 " | 20 /3 A—-60~-20
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Table 24 Stress indices for thermal

transient load

Hl, STBAZ24 O H# & Case SUS 304 STBA 24 _

Inside Qutside Inside Outside
HiILB sHA»S AN [ 17_0- o | 0.96 0.85 1.46 1.834
mETOLTRIPEEICL T—10~- 0 0.93 0.80 1.21 1.32
TE‘I’%UTCQ Ct-?d\ Eﬁjjgﬁg T'_23_ 0 089 072 098 128

' T—45— 0 0.91 0.63 0.91 1.20

RN meEEmIcHABELT
T—60— 0 | 0.97 0.58 0.93 1.15
BIETH. T—0—10| 1.06 0.89 1.24 1.33
BUDIERELZZHFR T— 0 -20 1.06 0.91 1.18 1.26
RO — 2 T—0~—0%f~z, | T-0-30) 1.06 . 0.92 1. 14 1.25
T— 0-40| 1.05 0.93 1.12 1.21

eI SUS 30 48T/

, T— 0 —-100| 1.04 0.91 1.11 .10
$<s STBAZAWTASS 7 7520 | 110 0.94 1.12 126
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ket | - 23.71 28.44 13.25 10.53 22.08 3067 | 10.388 9.39

{MPa) (2324} |(2787) {(129.9} | (1032} | (2164) | {300.6) | {1066} | { 9202}

—2 . =2 - —2 —2 —2 —2 ' —
0.2788x10 |01963X10 {0.1129x10 [0.0679X10 [02572x10 |0.2096%10 {0.0959x10 0.0607><102

8267 7899 8007 1118 8.17"0 7958 2595 4509 -

¢ ! Equivalent stress kgf /mr {MPa}
€t | Strain range mm./ mm '
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42750
F 6548 exp (= o o7s18) |
pi 1.1296
By . —16.07703 +229682./(T+273.15)
B, ~266510/(T+273.15)
B ' ~1763.01/(T+273815)
Qg “ O Y -~ FEBICH LTk 1.0
A. 2 2UCr—1Mo (NT)#HED Y V) =-70F AR
ge=Cy {1—exp (=718)} +Co{1—exp (=721) } +€m ¢ o (A—2)

LT
7y =8y tg!
Ty = 8y tg?
C, =G, i /7
Co =Gy e /7
Em = F tgi
By +B1 logio0+Bz(logip 0)2
(for 2.7=0=35.0)
log10 (Cr tR ) =
{B, —B: (logie 272 } +(B1+2B2 log1 2.7 )log100
‘ (for 0.01x0<2.7)
121U, 0£0<0.01 ML TIZ 71=r=C1=Cp=ém=0
Eo BPDODBHENRTFHFEHREBEAMIZISUSIV0ADBELEARKTH S,
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oA -2 OHEHRIXRDEBHTHS,

& E(C)
370=T£550
G A K
Sy 97.514
a; -0.81537
Ss 2 7.7
; ay -0.9125

| Gy 21550
o 0.89966
Ge 1.1606
)z 0.96696

_ : 68457
F 11871 exp { = o m o718y
A 0.974
By —-1856995+21575.95/(T'+273.15)
B, -589.395/(T+273.15)
B, —218262/(T+273.15)
Qg EHO )~ FHEHBRIKFUTIRLO
A.3 INCONEL 82d7 Yy — 7 FaR
INCONEL 718079y - 7O FARZA NS,
&=€ﬁem)[L75CE%;—JB(5;”)&2 e (A =3)
T,
hg»&s=—q433—3%99+479010go—7a39(mgo)2+922(1og0)3
24910

log tss=129.1+ -191.2log 0+81.61 ( logd)2—11.75(log )3

Chb. ERERIE (%), €55(%), 0(MPa), t(h), T(°k) ThH B, tss, Ess ZENT
N, B3IWy Y —FOHBRKE LEBEHOITATHS,.
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£33 -2 DEHRNBZIEXDEBYTHS,

& E (T)
370=<T=550
IG5 A -z
St 97.514
a, —0.81537
S» - 2 7.7
; a, ~0.9125

’ G, 21550
b 0.89966
Ge 1.1606
yop! 096696

- 68457
F 118116”’{_831(T+27&15ﬂ
A ' 0.974
B, —18.56995+21575.95./(T+273.15)
B, ~589.395/(T+273.15)
B —218262/(T+273.15)
ang O s ) - THBEEELTIEZLO
A.3 INCONEL 820m7% ) — 70§ &K
INCONEL 718D # ) — 7D FaREAVE,
comtm exp (175 (e D) (57D e (A=8)
Ty
log €ss= -‘149.3—2_:}-0&4-179.010g 6—70.39(log0)2 4922 (log o) 3
log tss=129.1+ 24—;1—0- ~191.21og 0+81.61 ( log0)2—11.75(log 6)3

TH b, ERBEIE (%), €ss(%), 6 (MPa), t(h), T(CCk) TH B, tss, €ss FXTNX
N, B3Wr Y - 7ORBEECHBROOTATD S,






