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The Plastic - Creep Interaction Behavior Tests of SUS304 Steel*

Tadayoshi Endo**, Takashi Nishida**
Toshio Sakon**, Takahiro Hattori*#*

Hiroyuki Koto**

Abstract

Experimental study on the inelastic behavior of SUS304
steel was performed under uniaxial condition at elevated
temperature.,

Tensile creep, cyclic relaxation and cyclic creep tests
were performed at 550°C.

Tests results were compared each other with respect to
the effect of the plastic-creep interaction on the cyclic
inelastic stress-strain behaviors.

Following characteristics were observed in this study.

{1} Strain rate effect on the monotonic stress-strain
behavior (e < 10%) was not observed in the strain

rate range from 1.67 x 10”* (%/sec) to 5.56 (%/sec).

(2) The prior cyclic hardening reduced the strain rate

in the subsequent creep.

{3) The muti-step creep and relaxation behavior without
reversed plastic yielding could be estimated by
the classical creep strain hardening law.
However, the creep hardening recovered partially

by the plastic stress reversal.

* This work performed under contract between Power Reactor
and Nuclear Fuel Development Corp. and Mitsubishi Heavy
Industries, Ltd.

* Takasago Technical Institute of Mitsubishi Heavy Industries,
Ltd. - '
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Table 2.1 Test conditions
=% i s E LY 5 4 & — ¥ 3 v (¢ = 0.1%/sec)
5 ok gy —7
HE HB 1 = 2 B 3 5o 4 S 5 SR 6
& &K 550°C
£(%/sec) |o(kgf/mm?) 1) Ac (%) =1.0 1)&6&%)=1.0,1)A0 , 1) Ao 1YAe(%)=1.5[1)Ae(%)=1.5
(kgf/mm?)| (kgf/mm?) A -
1)5.56 1) 10 At{h)=1.0 At (h)=1.0 = 28 = gs AN = 100 AN = 100
2)0.8 2) 14 N = 10 N = 10 g g 5 v 00{7
(kgf/mn?) (kgf/mm?) "
3)0.1 3) 18 2) Ae (%) =1.5| 2) Ae (%) =1.5] = 14 = 314 _(kgf/mmz) ikgﬁﬁmmz’
s 4)8.3x10734) 22 Atg(h)=1.0| otgl)=1.5] Atyh)=1.0] Aty(h)=1.0| At ()=1.0| Atgth)=1.0
5} 1.5x1073 5) 24 N = 10 N = 10 N = 10 N = 10 €r(%)=-0.75| N = 10
6)1.67x10"" 6) 28 £ N £
PVAV*‘ t
~ 1000h o /h < v
-] o
£ £l —g ) €| WTQ’
[/V VL i/ // " E
6 6 2 2 1 1 1 1
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Table 2.1 Continued
5 s goE Loy oy — 7 (¢ = 0.1%/sec)
HE 2 1 = ) = B 3 = 4 A8 S5 = 6
AR 550°C
1)Ae(%)=1.5] 1) Ac(2)=1.5|1)Ac(%)=1.5|1)Ac(%)=1.5{1)Ac(®)=1.5 |1)Ae(®)=1.5
o1 o1 AN = 100 AN = 100 AN = 100 AN = 100
_ 2 2 A - <
Lk‘fg/mm ) ik?fémm | ae®)=1.5| ne(¥)=1.5 O’HG Ao
- o1 01 (kgf /mm?) (kgf/mm?)
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o = 14 = 14 g, O Atg(h)=50 (kgf /mm?)
HERFM (k 2 2 - =
- . gf/mm*) (kgf/mm*) N =10 = +24
btg)=1.0 Aty=1.0| _"3 = 124 Aty () =50
N = 10 N = 10 Atgih)=1.0| Atg(h)=1.0 N =8
N = 10 N = 10 |
£ : £ £ =
t t t
v V AV 4 \4
62 ¥ ‘gz a qg Ua
2 H g
a1 & 64 ;—7 662 H
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Table 3.1

SUS 3048st (40t ) omisHBERE

Summary of manufacturing specifications

of SUS304 steel plate (40t)
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JISG4304—1977 [BEHEERF » v 28K |
WELEERB01 5—MBs55E 104

[HEARTNRMBCET 2 &S O 4% |

i

L BESK CEXFHEAR, BERY R RE 2T LR REELESR T

& h BB

# A B JISG4304 Tk BB SILE

L010~1,150CK®E

mEE R

L feaksr ( & b <TE, %)

c

Si

Mn P Ni Cr Co

0.04
e

0.08

<1.00

8.00 | 18.00

<2.00 [<0.040 |{<0.030 <0.25

10.50 | 20.00

2.

e EE

0.2 %A
(kg/mm?)

1 7 RV

(%)

5 iR 8 3

(kg /mm?) (Hp)

>21

>53 >40 <187

B & O
WE G

Eoh o AR
i
B R B
B o3 B BR:
B WRERB

Vi

oM
51

JISG1253
JISG1211~G121T#%LFJI8G1222
JI8Z2241, G0567
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SUS 304 8R4 (40t) ot Begs

Table 3.2 Certified material properties of SUS304
steel plate (40t)

(1) bR 4r (%)
a5 H Rl c si Mn P s Ni Cr
B L— Py 8.00 18.00

<0.08{<1.00| <2.00 |<0.04 |<0.030| "%y 50| /20.00
. L— MV 0.05| 0.59] 0.87 0.027 | 0.003 8.98 18.47
[FL
F x| 0.05| 0.60| 0.87 0.026 | 0.002 8.94 18.59
@ JIS.  G4304 HEFERF o L28E, SUS304HPHY
(2 WEEH
R G ’ ;ﬁ-"fg 3 :I ; ?
oW BT AR (30 tor_l ) o I MR N
M AFER 160, FEFEEKL T ., ( AAMHELE),
B B p0cxas B, KB
3) BmoABER
& B df sk A B X EBE
0.2 %@ | diEwas | MmO .
HOH - 5 ) N - Hp
(kg/mm?) { (kg/mm*) (%)

ki & >21 >53 >40 <187
e | ¥ & 23 64 63 135
| 550°C 12 39 40
W Z2oboXBHAAFHR
wom oW R N oE B i g B A MEERE AR

4.5 B B B




4.

AEB A

4.1 HEBARIMAME
ARFORDNER2Z2N4LI TR T, BRAGERABOSEE S E 7
s BREERELL 72,

4.2 #H B K
HBRAER2PN42CRT,
SRR 7 ) - 7HBRCRZEZRENARL42 1), 2) 0RRA2HEHLL,
E, FEOBRELIS Y- s VRUBELY YV —7RBCEN
4. 2 3) DHEBR ZRVIZ.

- 4.3 HBRBOMIRK

AordBREBodE»R 41 a)~c) TR T,

4.4 H & FH &

BERLFEOCHEBIROBITHEH, ZOHOEEC> T FBR&
RensaznEEs Ve,
1) 53] & & &

DTARED 0.1% 50 & 8.83X10 %/ 2Fk > TR HIEED
OTFAEBEOHBMC I hBBR2T-7d, 2REUANOOTAEFDOL O
20T, 782~y PRAOENEREG -FEL L 3LI1T0, ZO#K
RBONEIPIHOBENEEL L TAEF 2RO,

2) »v-7HB

) - THBERBEIIS Z-22T1 XD LANLBEHY THEDT,

CLTREMIEL . |
8) BW¥EIs N - TEHBRABR

EERELYZ 72 —v 2 VROBEBELY ) - 7HRBRIELL ¢)
TITHEBABRB2HOCTERBL,

HBREMAIRLICTRTIBEITHY, BAOTHERRRL Te =



01%/cDVPTHEEEL AL IEAMEB 2T 2. BELY ) T
RBTEAEORBELCHCELE, 0 Tof@E» s EHEHBANTRA .
MEBEOY V-7 2F-12%, BUOTaElMcEmA TEAREZT-
e

chboDRBREB IV 2 HEFRERBREZRACTI Y Y. —2 @ X
WRBOFBEF ELEEC, EXF VL AM—TF -2 RUBREFE
BF--2070s¥F 4 2 ~OBRERE2AL, ZORD 7 -2 4
HEWRCH VT,



£ 41 a)
Table 4.1 a)

= R S -

Specifications of testing machine and
apparatus

il & & B &
H B 2 B % No EMO001
. HEBAK
1) E b=y 12 b 85 RE BB

2) RAKARBE
8) ox~y FREBER

10 tomn

0.0056~5 0 0mm. min

2. jmn & % B
1) = #EER B RE
2)  AHE K ~800°C
3) % # (K =~ 7 0L, 8 M
4) % i 6 KW

8 BHEAMELER
1) k =y S C R H &0 @
2) & ¥ @ B ~800C
38) HEHAMBERE +2°C
4) MMM H& #\# &

4 HEMNETIRER
1) i & &C 8% &t 74 a S TAR

RO HECBEER
1) & =N
2y ®m o &

8) foradem st

ERE S KL RO DL g-
LVDT

X—Y—TI

- 10 —




z 4.1 b) H OBR OB &£ B

Table 4.1 b) Specifications of testing machine and

apparatus
y ) — TR AR B
B A o B B No FMPO6 ~ FMP10
. ABEELAE
1) & X WA BT T G
2) MAARAR | 3 ton
3) v 5 — H 1 : 10
4) Fve gy ¥ Fx ¥ Inco, 718C
5) # M1 & 0 kg
2. mE & @A .
1) & G- R R IN
2) f# B i & ~800C
3) % m K HovE g, 8 [l
4) A = 8 KW
3. HWHEAMER _
1) E & S C R H &) 5K
2) & F @ W 0~1,830C
3) MEMAMEE +2°C LA
4) THE B 3 & 6 &
4. i B ) ® G0 Gf
1) B Rt 7+ e T AR (FI8407Y b))
2) # W 18% PR, 05¢&
5 MUOHELHRER
1) Eo¥ 2 O OE 5K
2) BURIMABAIGA ‘ T —hog o F—
3@ 1 vy - B 0001, 2 b —2% . 5m
E®H I R {0.01, A ha—% 1 380m
® 5 BWiwx 2 0~1, 0~2.5,
0~5, 0~10,
0~25m
6. £ o fb PNCHEGH
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Table 4.1 ¢) Specifications of testing machine and
apparatus
W OH BB
HA A B B No HMP 01
1. AEBBEAK
1) & = MAME Y — X A R B8 AR
2) BB RKAEARER + 25 ton
3) i TR 8 + 25to0n, A k0o —% 4 5Qmn
4) F % v ¥ ESY
2. W @\ ¥ E
1) & = I 2 — 43w ka —
2) il w®m 2B BE, 07TA, BN
3) % ¥ FHEE, AR, SEHE. EEHEE
4) M B B ~ 1 Hz
3. &% HE
1)y B = HEEFEFE NS A (1 00KHz)
2) # B E B ~ 1,00 0C
3) & H 10 KW
4 BERGHEH
1) ® = SCR PID# @
2) & E #l M ~ 1,000C
3) EREMER + 5 CRoKH (G L)
4) BEBBH 18% PR 38
5, EHEHNELSEH .
1) BELEIH FruosroHF xR

2) BEHRH

Fo4U AR

&

OMETSRER
1) R p=

2) {\oraceat

#MA5m : GL =2 5
LYVDT{

®BAHMB : d4 =1 0m
X—Y—TIHH
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#£ 5.1 BliERBRER, SUS 30448, 5507T

Table 5.1 Results of tensile tests of SUS304 at 550°C
B 550°C
0T HER 1.67x107"% 1.51x107%{8,33x1073 0.10 0.80 5.56
(3/sec)

;EO%W&;@&U_ £ o £ o £ o > o £ s, £ o}
0.004 | 3.8 [0.043 | 6.4 |0.010[ 5.0 |0.010| 4.1/0.029| 4.8 |0.033 4.3
0.013| 4.9 [0.139 [ 11.4 |0.026] 7.5 [0.026] 6.20.055| 8.3 |0.236/10.0
0.020| 6.1 [0.236 | 12.7 | 0.042| 8.8 |0.042| 8.1(0.1021] 10.1 | 0.53713.3

CHUI> 15.033] 7.3 [0.418 | 14.0 |0.059| 9.7 |0.060] 9.3]0.182] 11.5 | 0.914] 12.3
0.047| 8.6 (0.795 | 15.2 | 0.085/10.4 {0.082| 10.1[0.240 | 12.0 | 1.302( 15.6
e+ (3)o.063] 9.6 [1.324 | 16.1 | 0.105/11.1 10.094| 10.6 |0.321 | 12.6 | 2.717| 18.8
0.094 [10.7 [2.046 | 18.7 | 0.212{12.2 [0.108| 10.9(0.459 | 13.4 | 4.488] 22.4

o:(kgf/mm?)|0.134 [11.4 [2.794 | 19.6 | 0.318[12.9 [0.149] 11.5[0.735 | 14.4 | 6.352 26.0
0.191{12.2 |4.361 | 22.9 | 0.446|13.5 [0.199] 12.0(1.130 | 15.1 | 7.938| 28.6
0.316 [13.2 [5.92 |25.6 | 0.506]13.8 |0.323| 12.9[1.598 | 15.6 | 8.764] 29.7
0.459 [14.1 |7.46 |28.2 |0.745/14.5 |0.421| 13.4|2.139 | 16.6
0.678 {14.6 8.98 |30.6 | 1.059(15.4 |0.58 | 14.0[2.910| 18.3
1.138 |15.9 2.018(17.8 [1.155] 15.7(3.676 | 19.9
2.806 [20.4 3.114[20.2 {1.995| 17.8[4.549 | 21.5
3.525 [22.1 3.955/22.0 |3.077| 20.25.188 | 22.9
4.31 [23.5 5.198|24.5 [4.085| 22.7|5.935 | 24.2
5.172 |24.6 5.831|25.5 [5.697| 26.116.715 | 25.6
5.877 |25.7 7.215/28.2 |6.569| 28.0(7.415 | 26.8
7.253 [28.1 8.349{30.3 |7.822| 30.0(8.183 | 28.0
8.475{29.8 9.064(31.5 |9.117| 32.1(8.909 | 29.2




% 5.2 p ) — FRBREE, SUS 3044, 550C

Table 5.2 Results of creep tests of SUS304 at 550°C
BE (°C) 550
&7 10 14 18 22 24 28
(kgf /mm?)
g A
BHOT 0.095 0.498 2.133 4.519 6.013 8.7
(%)
EBEy)—F
OFAHHEE | <6.5x107° |<1.23x107% | <5.7x107"* | 5.42x1073%| 1.21x207% | 4.67x1072
(2/h)
y oy — 7 0 T A (%)
K (h)
0.5 - - 0.023 0.075 0.09 -
1 - - 0.029 0.078 0.112 0.38
2 - - 0.033 0.092 0.141 0.41
3 - - 0.037 0.102 0.170 0.45
5 0.0085 - 0.047 0.126 0.22 0.51
10 0.0101 0.034 0.070 0.188 0.38 0.76
20 0.014 0.040 0.101 0.29 0.63 1.50
30 0.016 0.046 0.135 0.44 0.89 2.18
50 0.022 0.057 0.189 0.72 1.33 3.2
100 0.032 0.088 0.31 1.23 2.17 5.5
200 0.045 0.145 0.51 1.89 3.45 12.7
300 0.055 0.185 0.68 2.43 4.65 -
500 0.074 0.245 0.93 3.53 7.25 -
1000 0.34 1.31 6.5 - -




# 5 3 1)

Table 5.3 a)

¥oRL VI 27— (BERL.2 ) HBER, SUS 304, 550 ¢

Results of cyclic relaxation tests (Test No.l, 2)
of 5US304 at 550°C

2 B 2

o
7 BB
Ac (%)

BEL

JE]
B

H

{kgf/mm?)

Ff
Ha

R oo
R

M

{min)

3

5

7

10

20

30

40

50

60

1.0

13.9

12.5

12.7

12.4

12.3

12.2

12.4

12.5

t2.4

12.0

12.5

16.7

15.6

15.3

15.4

15.2

15.6

15.4

14.8

15.1

14.7

14.8

18.3

16.5

16.7

16.5

16.4

16.4

16.3

16.4

16.2

16.2

16.0

16.4

20.6

18.9

18.7

18.7

18.5

18.3

18.2

18.2

18.2

17.8

17.7

17.1

21.8

20,2

20.0

20.0

19.8

19.5

19.6

19.4

19.1

19.1

18.7

18.5

23.1

21.5

21.1

20.9

20.4

20.8

20.3

20.0

19.9

19.5

19.4

19.1

1.5

—
Njin(wih|[=lo] |l u]wls| —

—
[=]

14.6

13.7

13.7

13.1

13.2

13.2

13.3

13.1

13.2

13.2

13.0

13.0

18.7

17.4

16.8

17.1

16.

[s+]

16.9

16,4

16.8

16.3

15.9

16.0

16.1

21.4

19.7

19.2

19.2

19.

18.9

19.0

18.8

18.1

18.1

17.9

17.9

24.5

22.1

21.7

22.0

21.

21.3

21.3

20.8

20.2

18.9

20.0

19.4

25.9

23.4

23,1

23.0

22.

22.3

21.7

21.0

20.8

20.3

20.1

19.9

26.9

24.6

23.9

23.6

23,

22.9

22.5

21.3

21.0

20.8

20.5

20.4

puy

14.1

13.1

2.9

13.1

12,

12.9

12.8

12.9

12.4

12.8

12.9

12.9

~15.5

~13.8

r13.2

-13.5

—13.

-13.1

-13.0

~13.1

-13.2

-12.7

—-12.6

-12.7

17.0

15.3

15.3

15.4

5.

15.1

15.2

15.0

14.8

14.8

14.6

i5.0

-17.6

~15.3

-15.5

~15.3

-14.

-14.9

~14.8

~14.7

-14.6

-14.7

-14.7

~-14.1

18.9

17.4

17.1

16.9

16.

16.7

17.0

16.4

16.5

15.9

16.5

15.5

~18.9

-16.5

-16.5

~15.9

—15.

-16.2

-15.8

~15.5

-15.5

-15.4

-15.5

-15.2

21.2

18.6

19.3

19.3

19.

18.8

18.7

18.2

18.3

17.8

17.5

17.5

~20.9

-18.2

-17.9

-17.9

17,

~17.5

-17.4

~17.0

-16.4

~16.5

-16.4

=-16.2

22.6

20.7

20.3

20.2

19,

19.8

19.3

19.0

18.7

18.5

18.3

17.9

-22.1

F19.3

-19.2

-19.0

~18.

-18.4

-18.2

-17.8

-17.4

-17.2

=17.1

~16.9

10

23.8

21.5

21.1

21.1

20.

20.6

20.2

19.5

19.2

18.8

18.7

18.5

-23.1

~20.3

-19.8

=19.5

N~ bn|e | Sy (0]

—19.

-18.9

-18.4

—18.1

-17.6

-17.8

-16.9

=-16.9

14.5

13.6

13.5

13.1

13.3

13.2

12.8

13.4

12.9

12.9

13.0

-16.9

~14.3

F14.5

-14.2

-14.1

-14.0

~13.9

-13.7

=13.5

~13.5

-13.4

19.3

18.0

17.6

17.5

17.3

17.5

16.9

17.0

16.7

16.6

16.3

~20.1

F17.2

+17.4

—-17.0

-16.5

-16.7

16.6

-16.0

-16.3

-15.9

-15.7

22.2

20.0

19.8

19.7

19.3

19.5

1.0

18.8

18.4

18.6

18.2

-22.3

~19.1

-18.9

-18.3

-18.4

-18.2

-18.0

-17.9

-17.5

-17.4

-16.9

25.1

21.9

21.9

21,2

21.2

21.0

20.6

20.1

19.5

19,5

19.3

-24.6

~21.0

20,3

-19.8

+19.9

-19.4

-18.7

-18.3

-18.2

-17.9

=-17.6

e Ll LS R R 1SN I 1 S S I R I S RN (R B B K Y S I N I Qe I 6 ) Y

26.3

23.5

22,7

21.9

21.9

21.9

21.0

20.6

20.2

19.7

19.9

~25.5

-21.5

+21.3

-20.6

-20.4

-20.2

~13.6

-19.0

-18.5

~18.4

~-18.0

10

27.0

24.1

23.4

23.1

22.5

22.3

21.4

20.9

20.8

20.4

20.2

D= b

-26.4

22,3

22.0

F21.2

-20.9

[-20.3

—-19.5

-19.2

-15.0

-18.5

-18.4

* ZF o1

2F o7 2

EH
£

Ae/f2
=—Ag /2

20 —

EH 3 ‘f%ﬁﬁ‘rfﬁ (%)




& 5.8 b)
Table 5.3 b)

BRELUS2e—L 2 (HERS8.4 )SREREE, SUS 304, 550 C

Results of cyclic relaxation tests (Test No.3, 4)
of SUS304 at 550°C

b &2 i |
25 5 1 ¢ /25‘?7’2
) /_2_’7__)72 g '{1/:75-;7“3
) //:Zi-v7’3 s 1’ /
rd ],’1’1 i /
/ g 7 raRna
J P i s
/; ’:" i l‘Il ,f/
’II ‘," AF =76 ‘_--—//l i
L.~ # B3 AT v 76 % B4
AF o 74
K A O F AR E R OIS S (kg£ /mm?)
BuEL *
MO w B A7 T R 7 GH Ry & {min)
Ad [ &
kg f Am?) 4 1 2 3 5 7 10 20 30 60
1 14.0 | 13.2} 13.5 | 12.3] 13.1] 12.9] 13.1 | 12.4] 12.1] 1.6
1 2 14.0 | t4.0} 14.0 | 13.8| 13.6 | 13.8| 13.8 | 13.8] 13.7 [ 13.7
3 14.2 | 14.3 14.1 | 14.1] 140 13.7] 13.9 | 14.2] 13.8] 140
1 14.0 | 13.8[ 14.1 ] 13.9] 13.7| 13.6] 13.9] 13.5] 14.1| 13.5
2 2 4.1 ) 14.6 | 13.9 | 14.1| 14.4 | 14.2} 13.6 | 14.1) 14.0 | 14.2
280 3 14.2 | 14.4] 14.6 | 14.7] 14.4 | 14.5] 144 ] 42| 14.4 | 14.1
1 4.1 | 13.6] 13.0 | 13.3[ 13.2| 13.4| 13.4 | 13.3| 13.4| 13.3
5 2 14.0 | 13.8| 14.0 | 14.0] 13.9| 13.8] 13.7 ]| 14.1] 14.0] 13.5
3 14.0 | 13.8| 14.1 | 13.9] 3.9 | 14.2] 13.7| 13.8] 3.9 13.7
1 14.0 | 12,90 12,7 | 13.1] 12.8 | 13.2] 3.2 13.1] 12.8 | 12.7
10 2 14.0 | 13.8[ 13.8 | 13.5| 13.7 | 13.8| 13.8 | 13.6| 14.0 | 13.2
3 14.1 | 14.0| 14,1 | 14.1 | 13.8 | 14.2] 14.0 | 13.7[ 13.4 ) 13.9
1 13.9 | 12.7 | 12.5 | 12.6 | 12.5 | 12.6| 12.4 | 12.7| 12.8 | 13.2
2 141 | 12,9 ] 13.2 | 13.1] 13.0 | 13.0| 12.9 | 12.9| 12.9 | 13.2
3 4.1 [ ¥1.6] 11.5 [ 11.5] 17.5 | 11.6| 1.7 | 11.7] 11.5 | 11.5
! 4 [-14,0 [~11.7]-12.0 | =11.8 |-11.7 | -11.7| ~11.6 | ~11.5[-11.5 [ =11.5
5 [-14.0 {-13.0 [-12.9 | -12.9 |-12.8 | -12.8] -12.9 | -12.7}-12.9 | -13.1
6 [-14.0 [-13.2 |~13.1 | -13.2 [-13.3 | =13.3] -13.2 | -13.3}-13.3 | -13.5
1 13.9 | 1.9 11.9] 1.9 1.7 11.8] 11.8 | 11.6] 1.5 11.2
2 13.9 | 14.2{ 14.2 | 14.1} 14.0 ] 14.1] 14.0 | 13.5] 13.7 | 13.5
, 3 14.3 | 12.3| 12,3 | 12,3 12.4 | 12.3] 2.2 | 1.9 11.7] 11.8
4 |-14.0 |-12,2 [-12.2 | -12.0 |~12.0 | =11.9|-12.0 | -12.1]|-12.3 | -12.0
5 |-14.0 [-13.2]-13,0 | -13.0 [-13.4 [ —13.2| -13.1 | =13.3]-13.2 | -13.0
6 |-14.0 |-13.2 [-13.4 [ -13.3 [-13.6 | ~13.4 | -13.2 | -12.8 | -13.2 | -12.9
28.0 1 13,9 | 12.1 | 11.9 | 120 119 | 12| 1.7 | 1.s| 12.2 | 12.0
2 13.9 | 14.3| 14.3 | 4.3} 14.3 | 14.2] 1.2 | 141 13.9 | 13.5
3 14.3 | 14.3] 14.1 | 141 | 14.1 | 4.1 40| 13,9 139 4.0
3 4 |-14.0 [-11.5 {-11.5 | -11.1 [-11.2 | =11.1 ] -11.0 [ -10.6 [-10.6 | -10.7
5 |-14.0 {-12.7 [-13.1 | -12.9 |[-13.1 | =13.2 [-13.2 | -12.9 [-13.1 | -13.1
6 |-14.0 |-13.0 [-13.0 [ -13.2 [-13.0 | -13.1]-13.2 | -13.1 |-12.9 | -12.7
3 13.9 | 12,2 | 12.2 [ 11.8 | 12.3 | 12.2| 12.1 | 11.8] 11.5 | 11.0
2 13.9 | 4.2 14107 140 142 | 4.9 13.9 | 13,7 13.5 | 13.3
3 14.0 | 14.4 | 14.5 | 14.5 ] 14.4 ] 4.2 140 ] 13.9] 13.7 ] 135
10 4 F14.0 [-11.7 [-11.8 | -11.6 [-11.4 | -11.5[=11.3 | -11.4 [=11.0 | —11.1]
5 [|14.0 [-13.2 [-13.1 [ =131 [-1300 | -12.9 [-13.0 | -12.9 [-12.7 | -12.8
6 [14.0 |-13.5 |[-13.5 | =13.4 [-13.2 | -13.3 |-13.4 | <13.3 |-13.2 | ~13.1
*Z2F 5 2103 1 g, = 14.0 0o: JEEFMMmIL N (kgf/mm?)
ZF 93T 406 1 0, = -14.0 — 91 —
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BBL V7 02— (BLERS, 6 )ABEE, SUS 304, 550C

Results of cyclic relaxation tests (Test No.5, 6)
of SUS304 at 550°C

AF+ M
AF T2
AF2F3

/_

L4

AF+ I
AF 72
AT =73

ol g

:T"'ﬁé B’ L (N=100}

E

L

')

7 &

i

ne(z)| 2°

ot

MQ A g fm)

AF o7
G

> ¥ AR EH OE S

{kgf/mm?)

=

i

3 R

&

(min)

0

1

2

3 5

7

10 | 20 30

60

.51163.5(31.3

—32.2

23.9

20.7

20.3

20.0] 20.0

19.9

19.8] 19.3] 18.8

18.4

101

23.9

23.6

23.1

23.3] 22.8

22.4

22.1) 21,7] 21.2

20.2

24,1

23.9

23.4

23.7} 23.1

23.1

22,7| 22.2] 21,2

20.6

23.9

21l.6

21.4

21.0{ 20.8

20.9

20.6| 20.5| 20.0

19.4

102

24.2

24.1

23.9

23.6| 23.4

23.2

23.0; 22.5| 22,0

21.1

23.9

24.4

24,1

23.9] 23.6

23.5

23.4| 22.8| 22.1

21.5

24.0

21.8

21.6

21,6) 21.4

21.4

21,24 20.8] 20.7

19.8

105

24.0

24,2

24.1

24.0| 23.7

23.5

23,3| 22.7] 22.2

21,4

24.1

24.2

24,2

23.7| 23.8

23.6

23.5] 23.0] 22.5

21.8

23,9

21.5

21.4

21.5]| 21.4

21.0

20.8] 20.5] 20.1

19.7

110

23.9

24,4

24,2

24.21 23.6

23.3

23.4] 22.8] 22.3

21.4

24.0

24.6

24.3

24,2} 23.8

23.6

23.4} 22.9| 22.5

21.8

.51(65.4 /32,0

-33.4

24.0

21.6

21.1

20.8| 20.6

20.1

20.0| 19.3| 18.7

17.7

24.0

23.4

23.1

22.9| 22,7

22.5

21.8] 21.3| 20.8

19.8

24.2

23.7

23.5

23.3] 23.1

23.0

22.5| 21,9 21,5

20.6

101

-24.1

-21.7

-21.0

=20.4]-20.4

-19.9

-19,5|-18.8|-18.4

-17.4

-24.1

-23.9

-23.5

-23.4|-23.2

=-23.0

~22.7(-22,1|-21.6

-20.7

-24.1

-24.4

~24.1

-24.0(-23.8

-23.9

—-23.4|-22.8]|-22.5

=-21.7

24.0

21.7

21.1

20.9| 20.5

20.2

20.0| 19.2] 18.7

18.0

24.0

23.1

23.0

22.8] 22.6

22.35

22.3] 21.5] 21.2

20.4

24.1

23.3

23.3

23.1] 22.8

22.7

22.6] 22.3] 21.7

21.0

102

-24.0

—-21.8

-21.2

~-21.1]-20.7

-20.3

=20.1]-19.3/-18.8

~18.1

-24.2

-23.9

-23.5

-23.4]-23.1

-22.9

-22.9(~22.2|-21.6

-20.9

—24.1

~23.5

-23.7

~23.7]|-23.6

-23.4

~23.3}|-22.9]|-22.4

-21.7

24.0

21.9

21.6

21.2] 20.8

20.7

20.3] 19.7] 19.3

18.7

24.0

23.5

23.4

23.1| 22.8

22.6

22.4| 21.9] 21.6

20.4)

24.1

23,9

23,6

23.4} 23.0

23.0

22.9) 22.2] 21.9

21.2

105

=24.0

-21.7

~21.4

-21,21=-20.8

~20.6

-20.2[~19.6|~19.2

-18.6

~24,1

-23.9

=23.7

-23.4]-23.2

=23.0

-22,5/-22.21-21.7

~20.8

—24.0

~24.0

-23.9

-23.6]-23.6

-23.4

=23.1|~22.8]-22.2

-21.6

24.0

21.8

21.3

21.1| 20.9

20,6

20.2] 19.7| 19,2

18.0

24.1

23.4

23.2

22.9) 22.6

22,6

22.31 21.7] 21.3

20.6

24.0

23.6

23.4

23.3] 23.3

23.0

22,8| 22.0f 21.6

211

110

~24,1

-21.8

~-21.2

-21.2]-20,7

=20.4

=-20.2{-19.6{-19.2

~18.4

~24.1

-23.6

~23.4

-23.1]|-23.0

-23.0

-22.8/-22.1|-21.6

=21.1

mkm-bwmr-o\w.huw:-mm.huma-ﬂmm.a-wmn—-'uwl-umwwwt-'wwi-'

-24.0

-23.9

-23.7

-23.6]|-23.3

=23.4

-22,9|-22,4|-21.9

=21.2

RAF o7 103 :

ZF 97 46 :

Og= 24.0

Up=-~24.0

Oo * R 1% B8 #5 % 7 (kgf/mm?)
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% 5.4 a) BELZY-—7(HB1, 2 ) RABREE, SUS 804, 550C
Table 5.4 a) Results of cyclic creep tests (Test No.l, 2)
of 8SUS304 at 550°C
A7 271 AF Tt
g AFwF2 Y AT7+72
/"? ,"?
4 47
/A B / !
f ,; - g 7 _;/ ==
LI ¢ —~ — X573 .
L a ﬁ 1 -’ L_zj-.,-f,; ﬁ ﬁ 2
| OTA B L *
RRIES e R # R B min)
0 1 2 3 5 7 10 20 30 60
1 1 0.109]| 0.113 | 0.114] 0.114] 0.112 | 0.115) 0.113 | 0.114] 0.112 | 0.%117
2 0.499| 0.504 | 0.505| 0.502| 0.505 | 0.505( 0.505 | 0.507 | 0.509 | 0.508
1 |-0.509 |-0.506 |-0.505{-0.505[-0.504 |-0.503[-0.504 {~0.505 [-0.505 | -0.504
2 2 1-0.430 [-0.424 | ~0.422(-0.423|~0.421 {~0.419-0.419 |-0.415|-0.417 | -0.410
3 1 -0.488 |-0.485 | -0.486{-0.485|~0.486 |-0.482[-0.485 [-0.482 |-0.481 | -0.481
] 1.5 2 |-n.448(-0.442 | -0.441(-0.440]-0.438 {-0.440]-0.437 | -0,435 -0.433 | -0.430
1 —0.466 [-0.463 |-0.463|-0.463[-0.462 |-0.461 }-0.458 |~0.458 [-0.460 | -0.456
> 2 |-0.428 |-0.426 | -0.427{-0.416|-0.423 |-0.425 0,420 |-0.419 |-0.416 | -0.411
7 1 -0.458 [-0.457 | -0.453[-0.455|-0.454 [-0.453)-0.453 [-0,445{-0.448 [ -0,445
2 -0.419 [-0.418 | ~0.415|-0.414|-0.413 [-0.413|-0.415 | -0,409 }~0. 406 | -0, 400
1 [-0.449 |-0.446 | -0.446]-0.445[-0.443 |-0.441[-0.441 | -0.442-0.441 | -0.437
10 2 ~0.410 |-0. 408 |-0.409|-0.405|-0.408 |-0.406 [-0,405 | -0,402 |-0,396 | -0,394
1 0.089( 0.095 | 0.096] 0.097| 0.098 | 0.096| 0.098 | 0.100] 0.101 0.102
1 2 0.509] 0.511 0.512] 0.512| 0.512 | 0.514] 0.515 | 0.514{ 0.517{- 0.518
3 0.454] 0.450 | 0.451] 0.450| 0.448 | 0.447| 0.446 | 0.447| 0,447 0,445
4 -0.070 |-0.077 | -0.077|-0.078|-0.077 {-0.080|~0.080 | -0.080 [-0.085 [ -0.089
1 |-0.508|-0.506 [-0.504|-0.504[-0.503 |-0.506 [-0.504 | -0.503|-0.504 | ~0.499
5 2 | -0.439[-0.427 | -0.424[-0,424[-0.421 [-0.424|-0.421 | -0.419|-0.417 | -0.413
3 0.440| 0.435 | 0.436| 0.434] 0.433 | 0.435| 0.433 | 0.434( 0.434| 0.4n
4 0.366| 0.360 | 0.360f{ 0.3-8) 0.356 | 0.353]| 0.353 | 0.348( 0.345] 0,338
1 -0.491 -0.487 | -0.487]|~0.487|-0,486 |-0.486|-0.484 | -0.485 |-0.483 | -0.483
2 -0.453 |-0,447 | ~0.446|-0.446|-0.444 |-0.442[-0.440 | -0.439 [-0.435| -0.432
? 3 0.435] 0.401 0.430] 0.430} 0.430 | 0.42%] 0.427 | 0.427| 0.426| 0.423
9 1.5 4 0.391( 0.387 | 0.383] 0.385| 0.381 0.379| 0,381 0.376 0.37 0.366]
1 -0.475(-0.472 | -0.470[-0. 469|-0.469 |-0.468]~0.465 | -0, 466 [-0.466 | ~0. 461
5 2 ~0.433[-0,.432 | -0.430|-0.431]|-0.429 |-0.429(-0.426 | ~0.424 |-0,.422} -0.419
3 0.431( 0.426 | 0.424| 0.424] 0.422 | 0.422) 0.419 | 0.417( 0.417| 0.412
4 0.387( 0.384 | 0.382| 0.382| 0.378 | 0.379( 0.377 | 0.372| 0.370| 0.36
1 -0.469|~0.466 | ~0,462[~0,462[-0.460 |-0.461|-0.457 | -0.458]-0,454] -0.45
2 2 -0.427|-0,425 | -0.426| -0,423|-0,424 |-0,423|-0.420 | -0.418}-0.416 ] -0.409
3 0.429¢ 0.421 0.421] 0.420] 0.418 | 0.416] 0.419 | 0.413| 0.413| 0.409
4 0.383( 0.380 | 0.379} 0.379| 0.377 | 0.375| 0.375| 0.367| 0.367| 0.360
1 -0.4641-0.460 | -0.460|~0.457|-0.457 |-0,458|-0.455 | -0,452]-0.452 | -0.447
2 -0.423(-0.421 |-0.420|-0.421!-0,420 |-0.417 |-0.416 | -0.414|-0.413 | ~0. 407
10 3 0.423| 0.418 | 0.415) 0.413( 0.414 | 0.412; 0,413 | 0.409| 0.409| 0.404
4 0.377| 0.376 | 0.374] 0.374] 0.371 | 0.372| 0.369 | 0.367} 0.362] 0.357
AF o971 1 og= 10.0 AF 572 : og= 14.0
2797 3 : oy=-10.0 AF 974 og=-14,0 n + REET) (kgf/mn’)
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MEBLOY-7 (HEBRS, 4 )HBRHERE, SUS 804, 550TC

Results of cyclic creep tests (Test No.3, 4)
of SUS304 at K50°C

# 5.4 b)
Table 5.4 b)

AT+ A1
AF 72

4

FEE U (N=100)

&

L

oTH
R &

ot
H4 70

(kgf/

.mmz)

Ae (%)

Ag Oy

Ue

BB L
B &

s R E BT A

(%)

£

i

AR

L

ﬁ

{(min)

0

7

2

3

5

7

10

20

30.

60

1.51

63.

3|31.2

101

~-0.293

-0.278

-0.274

-0.272

-0.20

-0.273

=0.267

=0.264

~0.261

-0.252

-0.171

~-0.151

=-0.147,

-0.142

-0.134

-0.134

-0.123

~0.109

~0.095

~0.067

i02

-0.285

-0.272

=0.273

-0.272

=0.271

—0.268

-0.268

~0.264

—0.259

-0.254

-0.177

-0.156

-0.149

—~0.147

~0.142

-0.135

-0.130

-0.116

-0.104

~0.074

103

-0.27%

-0.264

—0.258

-0.263

-0.258

~0.253

~0.253

-0.252

—-0.250

~0.244

-0.170

-0.151

-0.147

-0.140

-0.135

~0.129

-0.122

-0.103

~0.094

=0.067

-32.1

105

-0.278

~0.264

-0.264

~0.261

-0.259

-0.259

—0.256

—-0.253

-0.251

-0.243

-0.159

-0.143

-0.138|

~0.135

-0.128

-0.121

-0.116

-0.100

-0.088

~0.056

107

~-0.273

-0.261

-0.258

~0.259

=0.257

-0.259

~0.256

—0.249

~0.249

~0.244

—0.162,

-0.744

—0.140

-0.131

-0.128

~0.121

~0.116

~0.102

—-0.090

~0.061

-0.271

~0.261

~0.257

—0.254

-0.257

-0.252

—-0.254

~0.249

-0.245

-0.239

Rl (N2 == o] =] o =

-0.158

-0.144

-0.135

-0.132

-0.129

-0.121

—0.114

~0.100

~0.088

=-0.061

.31

62.9

30.8

101

-0.273

—-0.249

-0.243

~0.240

~0.240

-0.236

-0.233

-0.226

-0,225

~0.217

-0.132

-0.101

-0.101

-0.091

-0.082

-0.076

—0.066

-0.047

-0.033

-0.002

0.287

0.261

0.260

0.260

0.258

0.252

0.251

0.244

0.239

0.231

0.155

0.135

0.127

0.121

0.117

0.1M

0.103

0.087

0.075

0.045

102

~0.266

~0.239

-0.236;

-0.233

-0.231

~0.227

—0.227

~0.227

F0.222

-0.210

~0.113

~0.083

~0.076

—0.068

~0.056

—0.050

~0.043

-0.022

~0.008

0.026

0.268

0.247

0.247

0.242

0.240

0.239

0.242

0.237

0.232

0.222

B W R =] e N

0.121

0.103

0.096

0.091

0.082

0.080

0.067

0.054

0.040

0.01

103

~0.264-0.238

-0.237

-0.234

-0.232

-0.230

~0.230

-0.225

r0.220

-0.209

-0.091

0.056

—0.048

-0.043

~0.034

~0.023

~0.016

0.002

0.021

0.058

0.261

0.245

0.244

0.236

0.237

0.234

0.236

0.234

0.227

0.215

0.113

0.090

0.084

0.076

0.068

0.059

0.057

0.040

0.027

~0.007

-32.1

105

~0.264

~0.240

-0.239

~0.236

-0.233

~0.231

~0.229

-0.224

~0.222

~0.213

—0.075

-0.043

—0.035

-0.029

—0.019

-0.015

0.000

0.014

0.034

0.070

0.266

0.247

0.243

0.243

0.244

0.244

0.243

0.237

0.233

0,025

0.121

0.101

0.094

0.089

0.082

0.077

0,072

0.050

0.038

0,005

107

-0.253

-0.230

-0.223

~0.222

~0.219

-0.220

-0.217

—0.218

~0.211

~0.202

~0.061

0.033

—0.025

-0.020

~0.015

~0.006

0.004

0.020

0.035

0.070

0.264

0.245

0.242

0.238

0.239

0.242

0.237

0.233

0.232

0.220

0.130

0.1

0.101

0.101

0.094

0.083

0.084

0.063

0.053

0.028

110

~0.247

-0.226

-0.225

~0.222

-0.223

=0.217

—~0.218

—0.212

-0.203

-0.199

-0.055

-0.028

-0.020

—0.013

-0.006

0.009

0.013

0.033

0.050

0.087

0.254

0.229

0.232

0.229

0.225

0.225

0.224

0.220

0.222

0.208

B W] = Wi s W] N win]|—

0.122

0.098

0,094

0.087

0.076

0.075

0.066

0.048

0.038

0.004

* 25 471
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Oy

i
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Table 5.4 c)

BELIU-T(HBr5, 6 ) BRER,

Results of cyclic creep tests

SUS 304, 550T

{Test No.5,

6) of SUS304 at 550°C

4] .l d
AF o+ F1 AT 71
A7 7
t ;g ‘,’ 1
-~ £ = €
[ Y i /
] S ! /s
t ’ +
e e
Lovewe AF =
B 5 2 B 6
T B E L (n=100) % & L & v — v
3 AR " "
A R B Y A v (kgE/mm?) | g * s h R ESF O T A (2)
be (%) EHER | 5ige—2| BREY —2 _ AF oy * £F r 52 i {min)
Ag O Ge 0 1 2 3 5 10 30 60 | 120 | 180 | 300 | 600 [1800 |3000
101 -0-1471-0,123(0.1190.115/-0.111{-0.104_0,084-0-057]-0-021| 0.008! 0.057} 0.133] 0.34g| 0.539
102 0.023) 0,039} 0.043| 0.043} 0.043] 0.055 0.070] 0.086| 0.106] 0.129} 0,168 0.242] 0.463| 0.676
1.51 65.4 39,2 -33.p | 103 1 0.059| 0.074} 0.078| 0.086] 0.086 o.ogqf 0.102| 0.117] 0,145] 0.164| 0.199] ©.277] 0.528| 0.766
108 0.082{ g.106| 0.106| 0.106| 0.113] p.121] 0.139] 0.158( 0.182} 0,199| 0.242| 0.328| 0.590| p.842
107 0.094] 0.119}0.125] 0.127] 0:129{ 0,133 0.150| 0.168] 0.195] 0.227| 0.270| 0.358| 0.641] 0.907
110 0.098| 0.125] 6.129] 0.129] 0.133] 0.141| 0.160| 0.184] 0.229| 0,258{ 0.313| 0.430} 0.811] 1.180
101 1  L0.15610,137+0.23740.1271-0.1270.12200 098F0.0781+0.049 Lo n2a| 0.0104 0.078( 0.239] 0.347
B 2 10.20510.23410 234 10-234| 0,249 0.259+0.27810.293{-0.322 +-0.342}-0.371|-0.430 -0-56‘ﬁ—0.674
102 1 0.000{ 0.005| 0.005 | 0.015| g.o20| 0.029] 0.044| 0.073| 0.093| 0.122| 0.166] g.244] 0.454] 0.606
2 }10,14770.156 0. 16670-161 10,171 |0.1814+0.206+0.215{-0. 244 -0.278 0. 308 [-0. 3860.572|-0.728
1 0.000| 0.024 ] 0.029| 0.029] 0.029] 0.039| 0.054| 0.083| 0.117] 0.147] 0.191| 0.274| 0,513 0,713
1.52 65.8 32.3 -33.5 | 103 ;
2 H0.05940,08810.103+0.103(0.112 +-0.1224-0.12740.15610.186 +-0.210-0.259|-0,3371-0.552|.0.go9
Los 1 (0. 054-0.02910.029 1-0.034 -0.020 }-0.010{ 0.010| 0.039| 0.078 | 0.107| 0.156 0.24:1f 0.532) 0,747
2 -0.0240.044 [-0.054 +0.054 |-0.059 -0.07310.0880.107 |-0.151 +0.176-0.234 |-0.322/-0.581|-0.76 %
108 1 0.147|0.161|0.176 | 0.176| 0.186| 0.195| o 225| 0.249( 0.308 | 0.342| 0.420| 0.552] 0.957| 1.295
. 2 0.581]0.547 1 0.547 { 0.547| 0.537] 0.528|0,498| 0.464| 0,430} 0.386! 0.332| 0.205{-0.112|-0.347
ZF 571 : ag= 24.0
* og : BHEH  (kof/mm?)

AF o T2

: 0g=—24.0



(kgf/mma2)
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True stress

True stress
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Results of tensile tests of SUS304 at 550°C
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Fig. 5.2 Comparison of creep data with creep strain equation of S5US8304 at 550°C
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E Cyclic relaxation  Test No. 1
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Fig. 5.3 Results of cyclic relaxation (Test No.1l)

of 5US304 at 550°C
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