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Study on Creep Rupture Test.

Synopsis:

Ryuwichi Nakagawa and Yasuo Otoguro

In the study of materials served at high. temperature, the experimental value in creep
‘test and creep. rupture test spread in wide range, so it was very important to consider the devi-
-ation of the experimental result in engineering for constructions and installations used at

-elevated temperature.

" With 18Cr-8Ni stainless steel, studies mere made with deviation of creep rupture properties
such as creep rupture time, elongation and creep rate under stress of 10, 13kg/mm? at
650°C , and the effect of quenching temperature on creep rupture strength, and size effect

-of test piece.
The followieg results were obtained:

i) Both creep rupture time and elongation were decreased with increasing quenching
‘temperature, but were almost invariable at above 1100°C.

It seemed that these phenomena were due to precipitation of Crq3Ce on grain boundaries.

ii) Compared to the results in short time testing, the deviation of creep rupture time
was smaller and those of elongation and creep rate were larger in long time testing.

iii} Size effect was not recognized between test pieces with 6 and 8mm in dia., however
in the results obtained from test piece with !0mm in dia., the deviation or the mean was
larger than that in test pieces with é6mm in dia.
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Table 1. Chemical composition (%)
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Fig. 1. Effect of quenching temperature on.
créep-rupture time and elongation under
stress of 13kg/mm? at 650°C .
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Fig. 2. Effect of quenching temperature on:

creep-rupture time, elongation and grain
size under stress of 10kg/mm? at 650°C.
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Table 2. Results of creep-rupture test.
: Stress 2 2
10kg/mm 13kg/mm
: Creep- Elon- "’ Creep Mean Creep- Elon- Creep | Mean
“Testing rupture | gation rate tempera- | rupture | gation rate tempera-
machine ~— | time (h)] (%) (%/h) (ture(®°C) | time (h)| (%) (%6/n) jture(°C)
1 113487 142 675X 107% 650°2 149°65 16°9 653% 10714 650°*3
2 1262°85 90 377 650" 1 200°60 20°1 531 650°0
3 - 1130°03 123 688 650°2 194-88 19-4 597 6502
4 118331 11°9 612 6502 200°15 18*5 585 6506
5 i275-25 1775 (731 6502 155745 1600 1093 AR
. . . 14375 197 |716 I 6503
6 1270° 36 12°5 573 650" 1 142°11 16'3 621 ~ 651°5
7 1316° 11 18-8 903 650°2 15477 18°0 %547 i 650°6
8 124448 14°0 575 6522 179°61 200 645 , 651"l
9 129531 219 988 650°0 | 156°61 230 §639 1‘ 6507
10 1064-78 14*9 627 650°0 12895 16°0 659 1 649°8
. . . 143-11 18*2 595 L 6507
11 134583 116 409 6502 200°51 20°3 !627 J 650°8
12 127417 ! 16°9 825 650" 1 170°03 17*9 554 650°7
13 1238°*91 14+9 662 650" 1 14500 18*5 633 650° 1
14 1356+08 1674 664 650° 1 173+ 68 18+8 1657 650°6
15 1237°27 | 13'9  [529 6500 | 144+81 1847 [595 6493
Mean 1241-98 14-7 656X 1073 163°75 186 5615)(10 4
u 80" 1 3*2  [165% 1073 23°7 i 147 45X 1074 [

— 44 —-



~

7Y -7 3FF » —HEBRITET 2P 985

LTRIEL. BRIV —F - 7FF 5 —FHBONT

VF ORI NS FIEEE, IREZSOREILARY

REENTB3DTH Y, ZOBEEIECKY £+
oY, REDIREFIEEE ClE» h DR DER
BRI 5.

L7t > CIREHEORBESE L AWIE D, Zhb
DEBEEAELDE Y ) —FRRDNTY % L5 25
FREYTHLELHEZLNS.

UL LR SORERC W UOIEERESESE—FET
HHDT, LOBEOREZEHBRL TEHBDLLLD

PESPEHSBRD, GRRICHY BEEOMBEE

L) =7 577 » —RBREOEROR T T I
ﬁmﬁlmghmm@%émﬁﬁmﬁwﬂﬁﬁw%ws

FEBRBATITROI. TDFERVTNROES D HEEEE
DERE. LSO TIRELZFOEEII & x ok

ELTh, 7)) ~TlBREDOL0, b bitADMAN
IR LI BNV XL L NIIBEHRATESREDD

'0) & 4%\%92’11%) .

650°C , 10kg/mm?, 13kg/mm® TPy Y ~F- 5

FF . —BR, B, 7Y — FEEOENS R Fig. 4
.Fig. 5 icR/7. :

N=15 Y5

Y ] N=15

= s24198 Z=/7 Z = 000656
i You=801 v=32 v =000/85
] 7% |

7 ’ '

, 7

o) %7/ é
A0 LD 1200 (S0 (4T 19 72 M 16 I8 20 22 725 45 65 85 s

Creep rupture time(5) Elongation (%) Creep rate (Yw

Fig. 5. Frequency distribution of creep-
rupture time, elongation and creep rate
under stress, 10kg/mms?2, at 650°C.

“Table 3. The ratio of standard deviation
to the mean value. (%) .
Creep-rupture ’ . Creep
| ‘ time Elongation rate
10 kg / mm? 6°5 2178 251
13 kg / mm? 14°5 91 7°3
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Fig. 6. -Frequency distribution of creep-

rupture time, elongation and creep rate
. under 'stress, 13 kg/mm?, at 650°.
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Bu: FERE, N: ZE5¥, a0 BHE n=N—1D1¢
SAEHERD 1 — a R S50 5 { D{E)
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72, £F Fo=ua/us®-(2) X vl O HEiE X
FekER, SELIEIE 2098 Lix D F4dE L 0 F(0°05)
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»hHE 254 Lixh, EHIC )

to=(%a—%p)/u + v/ NaNp/ (Na+N3) --(4)
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Table 4. Confidence limit of the mean value at 999 of conﬁdence coefficient.

Creep-rupture time(h)

Elongation (%) Creep rate (%/h)

1241 h59mn+61 h40mn
163h45mn+ 16 h47mn

10 kg / mm?
13 kg / mm?

000656+ 000127
0+061540°0032

14+74£2°5
18*6t1°2
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Table 5. Correlation between variation of creep-rupture time (x), that of
elongation (y) and that of creep rate (z)
10 kg / mm? 13 kg / mm?
7 to ¢ (0°05) 7 to £(0°05)
X, ¥ 0°2165 0°7996 2°16 04540 1°7583 213
y, =2 0°7788 44763 216 00572 0°2226 2°13
x, z 0°0679 0+2452 2*16 —0°2418 —0°9652 2+13
OEBORIC MBI EE 2, £ EOMOMBEKR  HETRT

arey=2 (-2 (—3)/vV I(E—2)23 (y=5)*(5)
LYk, T hLOMBEOFERROMELZTLS

D, =7V N—2/V/1—7%- (6) X DEDED &, 23k °

», TOMWEFHE (N-2) OREE. (a =003) %
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Table 5 X 0 10kg/ mm? TOMKL S ) ~ SHED
flicoz 0°1% DITOfEETHERD 2 Lvnd Db
B, TDIEPDEGEETNTRHFRD LRV

(c) ~HEghR

g s Y —7F . 5FF ., —iBEFER5BEICEHR
B TR RICHE R 5 X VIR D, AEVER
BRTHY, ERBRBOREANNES < TTET.

ZOHEH»S émmé, 8mme¢, 10mmé D 3
DIERE e oWwT, 650°C, 13kg/mm? 10 kg / mm?
D2 BN TERRZTLNTORELT7-. Tables i
% TEHEORBFOEBHTDI ) =T + 7 TF » — W
Y, 7Y~ FEEDFHEE LRI v =LA

ERRIBRT b BIE 10kg/ mm? DR EHEEIE
%, WTFROBEOSED FioiEid 1I0mmeé DA
R E.

10mm¢ FLV emme¢ DOFEKE L 6mme DI
BB D EERED FISEO 2T 57D (2) XD
SHEL7- A8 Fo LOMOEERT R Bic DOBRER
F 3 (0°05) % Table 7 2R $. (m, ne HEE)

10mm ¢ OHEEF IOV TGS 13kg/mm? TR
6emm¢é ORERE LIERTH ) —F - T FF 5% —Ff,
MO, 29— FTEEOFEIE 5% DEIRETHEEN
WwHNS. LicHDT 1I0mmeé DR DHABRNT Y
FAREVZ LD, PHEO LK ONREALLTL
V. o '

10kg/mm?2 OEHNTES V-7 - 7 FF 5 —Fio
BIIEIRTE 5% THBICENSEDLNDA, fEfREE
19 kB EEBEEL . L0 TIRIEON T
—ISSEED W 21727, F7c 8mm ¢ DFRERAIT.

Table 6. Size effect of test piece-on creep properties.

Number | Creep-rupture time Elongation Creep rate
Stress Diameter of -
samples Mean u? Mean u? Mean %
: 10 ! 4 1,40026 32,057°8705 22*0 7+44 |1,012X107% 42,793 X 10710
10 kg /mm? “ 8 3 1,285°98 2,332°989¢ 144 14*23 715X 107% 23,235x 10710
[ 6 15 1,241°98 6,422°2018 14°7 10*37 656X 1078 { 27,168 X 10710
‘ 10 5 270°98 4,424+ 3840 349 228+30 | 686X 1074} 80,60X 1078
13 kg / mm* 8 3 15471 . ARSIV 86 346 | 594X 107° 7,224 107¢
6 17 163°75 562° 6493 186 3°05, 615% 104 | 20,47 % 1078
Table 7. The test.of variance ratio calculated between test pieces with 6 and 10mm
in dia., test pieces with é and 8mm in dia.
Creep-rupture time Elongation Creep rate
Stress Dia. : i .
Fy | F(0°05) Fy F (0°05) Fy F (0°05)
10 4°99 334 1+39 871 1+58 3°34
2
10kg/mm 8 2-75 19+42 137 3:74 “17 1942
10 7°86 ! 301 7485 ; 3°01 394 3-01
2 - .
13 kg/mm 8 169 1943 113 ¢ 3-24 2:84 1943
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Table 8. The test of the difference of the mean value in creep-rupture properties
‘between test pieces with 6 and 10mm in diavs. test pieces with 6 and 8 mm in -dia.
: Creep-rupture . time Elongation Creep rate
Dia Stress e =
to £2(0°01) o’ £2(0°01) to £2(0°01)
10 10 270 | 2%90 4+13 2°90 366 2+90
10 0°75 2°92 0-12 2*92 0-47 2°92
8 13 0°56 288 0+00 2°88 . 068 288

DV TIRFRSH &b ERE 5% THED £ IBEN W
10kg/

W5 AHEDT, I0mme¢, 10kg/mm?, 8mma,
mm? B LK 13kg/mm? OEFERICOVWT, 6mmde D
HERF & FIED LB A T2

 (3), (4) X yskdi to & X OREIE £2(0°01)
% Table 8 ITR7.

REEE LTRIRE 1% O te % &0k, 8mm
¢ DIERF T OV TIIENRTD Bk, 10mm ¢ DF
BT oW TN, 7 ) — FREREEEN D B,

v ) =7 5 TF  —~FRERREE 2:5%IC Lol
EHELED. LEnoThEE #%Wbétbwm%@
ERRIEEL 50, ZOBEORREBCIEIEEZAD
HFIvEBEbhs. '

BlED XS5 10mm¢ OERTIC2WTIINT Y *
BREPOID, ERTHESASVERELTE, ®
BAO SN T E, B 5VIARFRINTE T OEEHE
I DI, HEALERD X\ DR EIEE OMET &2
EZoNn5. ‘

—HlELT, ﬁMﬂkLT@%thmMmﬁﬂ%®
BiE DAAE IC 31T 5 Ni, Cr OREE & e x
D, BARICIRE LA XY P VRO EREDLEY
Table 9 TR ’ ‘

Table 9. Distribution . of concéntration of

" Ni and Cr in cross section of 18-8 stain-
less steél bar.

Distance from

the center L 2 3. 4
- (mm) .75 4 0 5
Fe/Ni 4+33 4+52 3°93 4-03
Fe/Cr 2°03 1+19 2°00 2+10

L7985 Ni ('"ﬁ@ur,aﬁmi 2=1>423, CritEd
JBALVX 4>1=3>2 s, FHALHHEB X 512 Nijdrh
LEBEDTPELBENE S THY, Cr iHELA EEH
BWESTHD. LrLIOBEOESETLEDENT Y
—F - TFPF v ~ERBECEEE B IETHE S »IEEE
ThoMNrDO—RHELZDL LLAHETD 5.
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