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Thermal Transient Strength Test of a Welded Vessel Model

No.4 Mechanical Properties of the Test Model Materials
H. Machida*, M. Kikuchi*, K. Watashi**

ABSTRACT

The fatigue and creep test were carried out for the Welded Vessel Model constructing
materials to investigate the fatigue and creep strength of them. Test pieces were made of
SUS304 and FBR grade SU8316,. and these were cut out from model materials in advance. The
observations were compared with calculations of fatigue equation, creep strain equation, creep
rupture equation and dynamic stress strain equation which regulated in material strength
standard.

The results shows the fatigue and creep strength of the model materials have average
properties which calculated with equations of the material strength standard. There is no big
difference between observation and calculation value of dynamic stress strain relation and
creep rate. Hence, the equations regulated in material sirength standard can be applied to

elasto-plastic stress analysis and creep-fatigue strength evaluation of the model.

* Structural Engineering Section, OEC / PNC

** Material Development Section, QEC / PNC
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I

EEFREEF VI, FBRIVE—-F ¥} oﬁiﬂi&?ﬁ%?Q& OEAETEHELTEL, K
BMPOFTHHRBERB L LTELHVLRZSUS304#, BLUABRFEOREFE~DBEA 2
AEEA TSR BFHREASUSIICHEE ERMRAL LTAVTRESRAY, HE, X%
MEWRERERBRER (TTS) AW/ AEEMERBRIIHE SR T2,

CORAGOFHERF L, ) - TEFEEFMC BT, R LY HRBELEDDO
BRESHREHBREEZAVTVCE, 20k, FARXAFHHBREEXRIIREES LRSS
PRESERLTVEV L ERE L TBLEFD D, 22T, fACEH»LFORML
TBVBEFRLBCT, BEHERBIUZ V- TRRYEH L. RBRER T, HEHRE
RECHEERT— % LB Sh, RGO EEEBF P2V - 7TEFREFE~0H &
EXEoBatzBEA L,

ABRMEBLTOIEHOBH EH W,

(1) A4 . SUS304, 100t
(2) PFRH : SUS304, 25t
(3) HWFUTH . HHEPHERSUS31S, 25t

ARBC Lo THRONABAUEBENOELERRT — 73, S EIEB SN ABEBE
AREOFHUBIBIUT Y ) - TEFREFMAILBERES 2 5,



PNC ZN9410 92-202
2. REOHE
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(1) SUS304%
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Table 2.2-1 Fatigue and creep test conditions

202-T6 0LY6NZ DN |

m O AEREH U9 AT B Rt sk
77/ - S = T AR A et(%) SRERE- B
e B okgmm2) | (%/sec) | BEBERIERDELK
550 A e1=0.7 0.1 N=5439
A e1=0.8 0.1 N £=3709
9 5 A ER A e1=06 0.1 N f=6984 6 A
600 A et=0.7 0.1 N £=4357
SUS304 A ¢t=0.8 0.1 N =3012
(100t) A et=09 0.1 N f=2227
550 o =23 — t r=1944
7-7° HER o =25 — t r=930 44
600 0 =165 — t =1929
o =18 - t r=946
T R 600 |A et=07 0.1 Nf=4357 2 2
SUS304 A et=0.8 0.1 N f=3021
(25t) »-7" RER 600 o =16.5 — t r=1929 27
=18 —_ t r=946
550 A et=0.7 0.1 Nf=5439
A et=0.8 0.1 N f=3709
A et=06 0.1 N1=6982
T # AER Aet=07 0.1 N £=4357 3 A&
IR KA 600 A £t=07 0.002 N£=2003
A ¢t=0.8 0.1 Nf=4357
SUS316 A et=0.8 0.002 N f=1448
A e1=0.9 0.1 N{=2227
550 o =34 — t r=2082
7-7° SRER o =36 — t r=864 W N
600 o =25 — t r=2313
o =27 — t r=873
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3. #HEM O

3.1 HEMOHER
(1) SUS304%8
FREHAL L THCLZHE100mmOBH & FFREHR L LTHWIRE2Smm O H
P BREA BB L%, Fig 3. 1-1CRRAN OTH L ZORNEB 2TT . '
(2) HHEPHEEHASUS3I168
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3.2 SRR
(1) SUS304A
SUS304 i3, ERFERANROEIEMB LAEONB LAz, {LEKS % Table
3.2-1%CF kD B,
(2) HWEFHERSUS3168
BEFHEASUSII6EIE . ABFEOFRFCBVTIERENE L LTHESRT
V5 SUS316FR ¥ Fvi7z, fb& M4 £ Table 3,220 L 0 5,
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Table 3.2-1 Chemical composition of SUS304

B o REE
(Wt %)
C 0.040~0.060
Si = 1.00
Mn = 2.00
P = 0.040
S = 0.030
Ni 8.00~10.50
Cr 18.00~20.00
N = 0.045

Table 3.2-2 Chemical composition of FBR grade SUS316

o RE I
(Wt %)
C = 0.020
Si = 1.00
Mn = 2.00
P = 0.045
S < 0.030
Ni 10.00~14.00
Cr 16.00~18.00
Mo 2.00~3.00
N 0.06~0.10
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4.3 BBRAE
(1) EFABR
BHRB A EIL . ASTM-E606ICHE U TEHR L7to RBICHEHL -5 B % Table 4.3-18
& UFig.4.3- 1A T, EHFABRBOLB £ Table 43210 T . EFRBRCHWLHURH O
% Fig.4.3-2ICR T
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X 1000, X10000

Table4.3-1 Test device of fatigue test
% 3 idl x Zan £ A= % B
MWE Y — K IAF A4 LA
&R 810.21
(BEXI0F ) Txny (#)
EREnEER T-108 10kW.23KHz EHBELTE (%)
0.5mV/em~5V/cm
X-TLa—%— 3036-21 A ER (%)
250VDC AN
~NyLad—F— VP6538A 1mv/FS ~500v/F$ BRTEREE (%)
A= 07 PC9801RX 16 bit ARES (&)
X 10, X100,
58 4% - (#R) HhE T ERERIE
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Table4.3-2 Fatigue test device specifications

H B

i K

1. RAME

10+ > (EHAY, BH)

2. KA bO—~2

+75mm

3. HEHR BERMER 70 -—A FL—7HRK
4. FIEHE—F WE, &N, E
5. BEL VY £HWEE— F4BOHR
MEL M 10, 5 2, 1
ZEM +mm 100, 50, 20, 10
# +mm :0.84, 0.42, 0.21, 0.105
6. BiRWHE Tus s Ak
7. IS EE WEL0.5% (BLY P INAF—NiZoE)

R +1.0% ( ' » )

EAL0.5% ( # )

8. CALIBRATION

WHELMF> 10, 5, 2, 1
4 +mm 100, 50, 20, 10

£ +mm :0.84, 0.42, 0.21, 0.105

Hh 10kW
REREEHK 23+3KHz
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SPECIFICATIONS FOR EXTENSCMETER MODEL NO.632.50¢~D5

INDICATES SUPPLIED OPTIONS SERIAL NO. 989
PART NO. | MODEL NO. [(0GE LENGTH]| ORGioniinG ‘ETE“NE%E AR
el ok b e g = A ) :_LOQE u.;u * &P TOyTCr
PO 586051108 o D S - TN W Y-V T
CODLING AIR TN -ﬂwmm—‘-&_,o,%‘ (—aE D oG
tyveLaaL f'Tuse 00 B Lo i ol B i o IS 7o Tz, s T
4 = = v = ] T PN 1. :;l.f‘_ﬂ i i
£ - . HOLD DOWM SPRING CLAMP SLREWS — et —— 1%‘*‘; S T —
(4 e T . - " ; K e A
MTG. HOLLS (KNIFE EDGL MUST BE REMOVED 1] CfedR20c08 (2100 | pimm 1218 s )
FOR ACLESS)
EATENSION ROD EXTEMSION ROD MATERIAL, DIAMETER, END
- p 7] . - LENGTH OPTIONS _ CONFIGUR KTION £ ALCESSORY YNFORMATION
T i OPTIoN | o B T 3EE DWG L CATI44-O1
1 H i | Ne. ot N (DT v [y ey TEMPEAKTURE LIMIT (M HOT TOME:
8 - e e e v vy QUARTT EXTCHSION RODST 800" ¢ t(looo'cl;.
- CERAMIC EXTCNSION RODA T200°F (1200°¢) _ .
! o6’ | sas(ase 3 . .
L] S f231880 | 224 s10jms e OVERTAAVEL LIMIT SYOPS. APPROK, 37, BEVOND STRAIN RANGL
Buadhdd RO 3 AR COOLING REQUIREMENTS: CLEAN DRY SHOP MR _ .
— . REGULATE PREISURE ASREOD
, , NOTES' FOR ABOVE TABLES: “ e
- DOWN 5P NTACT POINT ON
as0 1 EOLBNTTn SORNS CONTACT POUTON | 5o L STANDARD EXTENSION ROD LENGTH
{DIMPLES OF 120" TOTAL ANGLE HO mm THAT HOLD-DOWN SPRINGS D0 NOT BECOME 2. OPTIONAL EXTENSMON ROD LENGTHS
RLQUIRED I SAECHLI) | BENT, THEY 3HOULD NOT BE PULLED BACK IN 3. TRAVEL CFTION NUMBER CORRELAT
d EACESS OF .AQ IHEH (10mem) BEYOND NORMAL d : LATES
1 QPEAATING POSITION, WITH THE UPPER HoLD DIRECTLY TO THE STAMN RANGE,
e DOWN SPRING \N POSITION, THE LOWER. CONTACT
aPECIaC SHOULD NUGH WITH THE CONICAL END OF THE
RESPECTIVE EXTEMSION ROD WHEN [T 1S PULLED
¢ SLIGHTLY AWAY FROM THE EXTENSION ROD,
()
p 1 /
Tﬁb— - = = l tx
J'I ATTACH SPAING BCREW (+) CUT AWAY VIEW SHOWING
i (FINGER, TIGHTEN EACH PAIR KNIFE EDGE CONTALT

S5 DAMENMOW A, [{ATERM0M RDO LERGTHY
MFLCTS DIMENSIONS BLC SEL ABGVE TABLES
FOR DIMENSIONS

s A

I~

- RAIATION HEAT SHICLD (2)
. UPPER HOLD =DOWN
SPRING,
) FORCE: 400 GRAMS
ity B,

GAGE LLNGTH

) .{
b I

] I J
’[:Qi o % :
TXTENSIOH ROD WNSTALL ATION GALE,
UL T ACCURATELY SET D‘M-E. n
. BIFOAL WETALLING EXTEN ]
1IN KLAT SHELD (

e
l . ;lLECTRICAL CABLE

- 4l i

SPECIMEN

DA ¥ Einiig

[CDNIO\L POINT CATENSION RDD (2)
INSTALLED M EXTEHRSOMETER

=

—
\- LOWER HOLD -DOWH SPRING

{SEL£ DWG CAIa4-01 FOR
OPTIONAL EXTEMSGN RODSY)

EXTENSION ROD DA
SEE DWGL LAV T84 -t
C

+ THYS DIMENSION MUST BE ACCURATELY
SCT YO MAINTAIN CALIBRATION

FORCE: 400 GRAMS
CRO5S FLEXURE

\ FINED RADIATION

HINGE FOINT
HEAT SHIELD

EVENLY, THEN TORQUE ONE oOr
EACH PAIR 34 TURN PAST FINCER
TIGHT To SECURE EATENSION RoTs)

ROD ATTALH BPRING

CUSHION-OXTERSON
/_ @) (B2905-2)

4

/COOLlNG AR DYCT

EXTENSON ROC AYTACH SPRING (2)
(81776 -3)

Fig. 4.3-2 Extensometer for fatigue test
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5. RBER

5.1 EHEER
BEHRBREREOBMEETable 5.1-1IF L2, T/, ERROBROFEM % Table 5.1-2~
5EELDD, NIRFIRADOBAPFBRAEDTS% E R ozl E LTz,
EHFRBO 1Y 4 7 NVEBDEN-OTHEAEROLAF IS AN—-T2HVTRD20.2%F

73 % Table 5.1-6 27T o
5.2 2U—-7EE

_ 2V —TERBEREOBE 2 Table 5.2-1icF Lt 2, 72, BERBOFEEOEM + Table
52212 kB,



Table5.1-1 Summary of fatigue test
. B OE | ODTAHAEE O A6 HE HHEEE LK WHEEELE BHEEELEOL
# # REBEREE
() Aet (%) ¢ (1/sec) SHHEAENT FEXfENT2 Nf2/Nf1
Fl41 0.69 5439 6000 1.10
550
F142 0.79 3709 5730 1.54
SUS304 F143 0.60 . 6982 11298 1.62
10°
(100t} F144 500 0.70 4357 >5074 % 1.16
F147 0.79 3012 >3012% 1.00
, F146 0.89 2227 >3058 % 1.37
SUS304 F241 0.69 4357 5808 1.33
600 107
(251) F242 0.80 3012 4892 1.62
F261 0.70 5439 4240 % * 0.78
550 : 107
F262 0.79 3709 3220 0.87
=8l 2 F263 0.60 107 6982 11196 1.60
SUS316 F264 0.70 107 4357 5200 1.19
{251) F265 600 0.69 2x10°* 2003 3676 1.84
F266 0.79 10°? 3012 2116 0.70
F269 0.79 2%10° 1448 2040 1.41
F268 0.89 10°? 2227 1614 0.72
* 2 cUL B T

* kTEEERICM R AL L -7-0, BEL:.
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Table5.1-2 Details of fatigue test(1/4)

KB | % B | RBRE | BEE Nf/2EED T — % moE [ w oW R R
/OBl R OB E 2 & F | BEE | BEE | Blka | E&f | o b | BER | B | #EHK
' % B f5 OB | M OB | b | H |

€ VAN Le, N, ¢ max o min Ne Nf N

(T) (mm) | (%./S)| (%) (%) (%) | (N/mm®) | (N/mm?) | (N/mm?®)| ([E]) (El)

Fl141 550 10.01 0.1 0.69 0.37 0.32 239 -240 476 6000 6672
F142 # » » 0.79 0.45 0.34 252 -257 509 5730 5980
F143 600 ” 4 0.60 0.31 0.29 211 =214 425 11298 12032
Fi144 7 # % Q.70 0.38 0.32 231 -236 467 - >5074 5075

fii# =f1 emax/emin=-—1

20T-T6 CIY6NZ DNd



Table5.1-3 Details of fatigue test(2/4)

RER | & B | BB | EEF Nf/2EEDF— ¥ wOH | oW R OB
m 5| R E | BEH B £ F | BHEE | HHEE [ BkW | JEEBA (5 5 | BEE | B | BEK

_ g8 BH | &5 M | % OB [ Bh | h | # O H

£ Mg, FANY-3 DNe, g max g min FaNy. Nf N

(C) (mm) [(%./S)| (%) (%)} (%) |[(N/mm?®|(N/mm?)|®N/mm*) | (@) (m)
Fi146 600 10.02 0.1 0.89 0.54 0.35 257 -265 522 >3058 3136
F147 & 10.01 & 0.79 0.48 0.31 241 -248 489 >3012 3012
F241 % 10.01 & 0.69 0.39 0.30 232 -235 467 5808 5862
F242 ” 10.00 4 0.80 0.46 0.34 239 -245 484 4892 4892
i =f1 ¢max/femin=—1

20T-26 0LY6NZ DNdJ



Table5.1-4 Details of fatigue test(3/4)
RERF | & B | AR | EEE Nf2EFED T~ ¥ BB |W® W R R
FEy (R OE | H & & F | BUE [ HMEE | SRM | EEA (B b | BER | B | HEX

i B | B (# B (& H |k H | # A

3 FANF-IN Mg, FANN-3 o max ¢ min Fagrs Nf N
() (mm) | (%.8)] (%) (%) (%) |(N/mm?) |(N/mm?) |(N/mm®)y | ([E]) ()
*F261 550 10.0t 0.1 0.70 0.36 0.34 256 -256 512 4240 4267
‘F262 » G ” ¢.79 0.42 0.37 267 -271 538 3220 3437
F263 600 z 2 0.60 0.29 0.31 226 -229 455 11196 11315
F264 ” ” # 0.70 0.37 0.33 240 -241 481 5200 3564
F265 “ z 2X10° 0.69 0.38 0.31 245 -245 490 3676 3724
W% =M% emax/emin=—1

* WIS PR L V2D, ERL.
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Table5.1-5 Details of fatigue test(4/4)

REN | R B | RBY | EaE Nf/2EBOFT— ¥ BB | %W R B
#F 5 | B E|EBE & | € £ |BHEE | #HEE | 7I5RM | EHA [Fo¥a ] R | B | HEK
g8 B | % B O # B (e h |k D #t B8
£ Moe, Ae, Ne, g max e min Ao Nf N
() (mm) |(%./ S} (%) (%) (%) | (/mm?)| (N/mm?®)| (N/fmm?) | ([E]) ()
F266 600 10.01 0.1 0.79 0.44 0.35 265 270 535 2116 2259
F269 # 9.99 2%107 0.’)9 0.47 0.32 251 -248 499 2040 .2334
F268 » 10.02 0.1 0.89 0.52 0.37 276 -282 558 1614 1629
fiE =M cmax/emin=—1
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PNC ZN9410 92-202

Table5.1-6 0.2% yield stress
7 < R OE % 5 CTFAEE | 0.2%WAD 0.2% W
(C) (% ./ sec) (N/mm?) i 4E
F141 116
550 118
F142 120
SUS304 F143 0.1 114
(100t) F144 114
600 114
F146 114
F147 114
F241 134
SUS304 600 0.1 136
(251) F242 137
F261 147
550 146
F262 145
mE P L F263 144
SUS316 F264 0.1 145 144
(25¢) 600 F266 143
F268 144
F265 150
2%X107? 150
F269 149




Table5.2-1 Summary of creep test
R 57 B B B Tt 1 IRE BEREO | 2V-TEok | E82V-F
## ‘ EEOH,
(T) o (kgf/mm?) | FHEEtg, (hn) LB Htg,(hr) ag ac a
23.0 1944 3198.3 1.65 1.37 1.39
550
SUS304 25.0 930 1249.2 1.34 1.50 1.57
(100t1) 16.5 1929 1492.1 0.77 3.48 4.20
600
18.0 946 834.4 0.88 2.70 2.97
16.5 1729 3052.4 1.58 1.87 1.94
SUS304 600
(25t) 18.0 946 1023.7 1.08 2.79 3.05
34.0 2198 1847.7 0.84 0.58 0.64
550
= AR A 1 36.5 866 634.8 0.73 0.48 © 0,60
SUS316 24.5 2168 1552.5 0.72 1.48 1.55
(251) 600 26.5 896 311.6 0.35 2.70 2.56
26.5 896 425.9 0.48 2.47 3.01

20T-T6 0I¥6NZ IONd



Table5.2-2 Details of creep test

R HBRTE | D [BE- EE =Ry V-7 REMRER (fROF | Heh | WEEF | B #
- e x10° BRI ETRE
(C) EfEmm) |(kgh/mm’)| mm/mmm ISR MHD| BIEREE%) | (h)  [(%) | %) | BB | (%)
sso C141 10.00 23.0 4.17 13200 7.09 31983 (398 | 42 A 5.70
SUS304 C142 10.00 25.0 10.87 648.0 7.87 12492 406 | 40 A 7.64
10064 C143 10.00 16.5 17.85 340.0 6.89 14921 |73.1| 70 B 2.37
. Cl44 10.00 18.0 28.30 240.0 7.90 8344 |71.7| 69 A 3.50
SUS304 C241 10.00 16.5 8.24 1515.0 15.35 30524 |60.7 | 58 A 1.42
2506 . C242 10.00 18.0 29.17 516.0 16.50 1023.7 {689 | 66 A 2.18
C261 10.00 34.0 1.79 810.0 2.13 18477 (264 | 35 A 11.61
ORISR = C262 10.00 36.5 4.67 235.0 1.68 6348 (372 | 47 B 16.85
SUS316 C263 10.00 24.5 6.72 428.0 3.60 15525 |469 | 56 A 4.80
2568} 600 | C264 10.00 26.5 29.41 1410 5.70 311.6  |37.8 | 59 B 5.79
C265 10.00 26.5 34.60 168.0 6.61 4259 444 57 B 6.00

C0T-T6 OI¥6NZ ONd
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Fig. 6.1-1 Observations plotted on design fatigue curves - SUS304, 100t
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Fig. 6.1-2 Observations plotted on design fatigue curves - SUS304, 25t
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Fig.6.1-3 Observations plotted on design fatigue curves - FBR grade SUS316, e =0.1 %/sec
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Fig. 6.1-4 Observations plotted on design fatigue curves - FBR grade SUS316, e =0.002 %/sec
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Fig. 6.1-6  Observations plotted on best fit fatigue curves - 600C
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Fig. 6.1-7 Comparison of Nf calculations with observations
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Fig. 6.2-1 Observations plotted on creep rupture curves
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Fig. 6.2-2 Comparison of creep rupture time calculations with observations - SUS304
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Fig. 6.2-3 Comparison of creep rupture time calculations with observations - FBR grade SUS316
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Fig. 6.2-4 Comparison of steady creep rate calculations with observations - SUS304
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Fig. 6.2-5 Comparison of steady creep rate calculations with observations - FBR grade SUS316
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Fig.6.3-2 Observations plotted on dynamic stress-strain curve - SUS304, 600°C
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Fig. 6.3-3 Observations plotted on dynamic stress-strain curve - FBR grade SUS316, 550C
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Fig. 6.3-4 Observations plotted on dynamic stress-strain curve - FBR grade SUS316, 600°C
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