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Deternination of 1991 Tnterin Standard Values of Design Ratigue Curve
for Mod, 3Cr-THo (NT) steel

3 E 3 %
Ryuji Komine, Hirotsugu Kawasaki, Kazumi Acto,

Biichi Yoshidz, Masakazu Ichimi;;,Yusaku Wad;
Abstract

The allowable strain range &, of Mod.9Cr-1Mo (NT) steel has been substituted
by that for 2'/sCr-1Mo(NT)steel in last version of material strength standard in
1989. Because of the a small amount of fatigue test data on Mod. 9Cr-1Mo(NT)steel,
it is difficult to determine the best fit curve and allowable strain range &, of
Mod. 9Cr-1Mo (NT) steel can be evaluated conservatively by the values of 2'/.Cr-1Mo
(NT)steel.

Low-cvcle fatigue tests by various strain rates and the high-cycle fatigue tests
were carried out to determine the new best fit fatigue life equation of this mate-
rial.

In this report, the fatigue life equation of Mod.9Cr-1Mo(NT)steel is and the
interim new version of allowable strain range is proposed. The obtained results
are as [llows,

{1} In the best fit fatigue life equation of Mod.9Cr-1Mo(NT)steel the effects by
both of the temperature and low sirain rate should be considerd. As the ana-
Ivtical methods to consider these dependency in the faitigue life equation, the
correlation to the fatigue properties of 2'/.Cr-1Mo(NT)steel is examined. Some
data fitting methods based on the fatigue equation for 2'/,Cr-1Mo{NT)steel are
tried and compared. One of these methods could give a good prediction for the
fatigue properties of the Mod. 9Cr-1Mo (NT)steel up to high cycle range.

(2) The interim standard of allowable strain ranges A, B and C ( for strain rate
of 1079 107% and 10 ~® s ~') for Mod. 9Cr-1Mo(NT)steel could be proposed by the

new best fit fatigue life equation.
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{3) The proposed allowable strain range at 375°C was compared to the present
design fatiuge curve of low alloy steel of MITI Notice No501l, and it was clar-
ified that the fatigue strength of Mod.9Cr-IMo steel was too higher. The design
fatigue curve for Mod. 9Cr-1Mo(NT)steel will be revised to higher design value

(twice for starin range at 10%cycles) than the present design fatigue curve of
low alloy steel.

¥ Materials Deveiopment Section, Systems and Components Division, O-arai

Engineering Center.

%% Plant Engineering Office, Technology Development Division, O-arai Engineering
Center. (from April. 1892)
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Dependence on temperature for Mod. 9Cr-IMo(NT) steel.
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Dependence on strain rate for Mod. 9Cr-1Mo(NT) steel.
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Relationship between standard deviation and equivalent temperature.
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Relationship between fatigue lives of regression analysis results
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Relationship between temperature dependence of regression analysis
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Fig. 12(2) Comparison of best fit fatigue life curve between CASE A and
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Fig. 14(1) Allowable strain range by CASE C
(consideration of consistency to MITI Notice).

R—14(2) »r—RCIHT BFEOTHEM (GRBL) --ovvvererrr e
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Teble 1 Chemical compositions of test materials.
=t | WRES it % WK % (wt%)
BlEER
&5 | (-} No) C Si|{Mn P S Ni|{Cr|Mo| V Nb N
{=EVERR | F 2 %1 | ASB1303 0.1 {0.39(0.41 |0.013 ;0.001 |0.06|8.77|0.96|0.22|0.087 |0.0502
F4 10211 .1 |0.25(0.37]0.008 [0.003 |0.08(95.10(0.93{0.22]0.09 |0.043
- " 842 |86-96008 | 0.094|0.23;0.37!0.015 |0.001 |0.18(8.82|0.97|0.20]0.066 |0.0481
- F8-1%2 | 86-96008 | 0.094 /1 0.230.37|0.015 |[0.001 |0.18|8.82(0.97|0.20|0.066 |0.0481
FMEF 0.1 [0.24[0.39|0.008 |0.001 [0.13]8.76[0.97|0.20|0.08 |0.056
F 6 %1 | A5B1303 0.1 [0.39[0.41{0.013 |[0.001 |0.06|8.77|0.96|0.22|0.087 |0.0502
F 7%1 | A5B1303 0.1 [0.39[0.41(0.013 |[0.001 |0.06,877!0.96;0.220.087 | 0.0502
F3 SX3071 0.1 [0.26]0.42|0.006 |0.001 [0.106;8.84:0.96.0.08;0.22 0. 0677
" FMEP 0.1 [0.25[0.43|0.006 |[0.001 |[0.10{8.85{0.95{0.22{0.08 |0.0643
FSP1 0.09 |0.30(0.37|0.011 |0.001 ;0.36:8.66!0.89)0.22¢0.08 0. 0541
FSP2 0.098 | 0.41 | 0.38 | 0.015 [0.005 |0.11:8.50¢0.96}0.2310.079 j0.0391
$,2  ; BE—t—F#
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Teble 2 Mechanical properties and heat treatment conditions of test materials.

e | =M | HRES o gl ok Bt ER wlEEE | mSEER | SRNE
o BRI TRy 0.2%E 5 | SRR | BEMR{ROY B D | RITLale-
ik | &5 | (=) No) (Keg/mm?) | (Kg/mm?) % H (Kgf-m) Hv
{ZEBE | F 2 | ABBI1303 | 12t > 10001000 [ N 1050°C x0. 8Hr AC | NT 49.7 69. 3 29. 7 74.3
R T T80°C X 1, OHr AC | -oroeeooree et e R — — 7.0

SR 740°C < 10. 6HrFC | SR 51.6 70.2 27.3 73.0

F4 10211 2501 x 1000 1000 | N 1040°C X 6. OHr WC § NT 49.0 66.0 24.0 75.0 23.2

680-¢6 OIV6NL ONd

T TR0 SB, O AG fooremseoome oot oot T — 8.5
SR 725G X8 4fir FC{SR 5.0 | 68.0 | 24.0 | 740 | 212
F 8 | 85-96008 | 2501 1000 1000 | ¥ 1040°C X 10.OHrOG | NT 45.9 | 64.5 | 32.0 | 740 | 185 187
T TS K M AC | oomreee| oo Ut e et RO (S 7.0
e SR 7T40°C X8 4Hr FC|SR 44.4 | 64.2 | 30.0 | 740 | 19.7 191
" 1581 | 86-96008 | 550t 10001000 | N 1040°CX  Wr WQ | NT
T OTTOCK By AG |-ommemmememeee e oo 7.0
SR TACGx8.40r FC | SR 44.5 | 64.3 | 240 | 720 192
FMEF B50t X 1000 1000 | N 1040°C X 12. OHirAC | ¥T 50.3 | 68.5 | 23.0 | 7.0 | 15.3
T B0 XE. Ol AC | -ooroommos b SIS (el IO s — | —
SR T40°C %8 4l FC| SR 48.7 | 66.7 | 200 | T4.0
F 6 | ASBI203 | 25t X 1000X 1000 | N 1050°CX L. OHr AC | NT 49.9 | 68.2 | 26.0 | 69.0
T 7R0°C XL dlly AC [ o [ T _ 7.0
SR T40°C % 10, GHrFC [SR 52.2 | 695 | 27.7 | 68.6
77 | A5BI303 | 25t X 10001000 | N 1050°C <1 Or AC [NT 55.9 | 729 | 26.2 | 69.4
T TR XL ANr AC [ oremoommoeef e oo | S — 8.5
SR TACX 10, SHFC | SR 58.5 | 747 | 25.0 | 69.0
F 9 |SI3071 | 25t X1000%1000 | N 1060°C X 1.0Hr AC|NT 58.1 | 75.0 | 26.0 | 75.0
¥ T 760°C %1 OHr AC |-+ o AN e s %6. 4 —— | 105
SR TAOC X8 4fr FC[SR 53.9 | 74 | 2.0 | 740
PMEP 95t % 1000% 1000 | N 1060°CX L. OHr AC|NT 58.1 | 75.6 | 26.0 | 70.0 | 23.8

T T60°C X L OHr AC | oo emeereosmees oot D — | —
SR 740°C x 8. diir FC [ SR 52.5 | 60.2 | 28.0 | 72.0

PSPL 20t X250 x500 |N 1060°Cx1.0Hr AC [NT 53.5 | 69.1 | 26.8 | 75.2 | 18.3
T 7605 X 1L OHr AC [ -ooorver o fomme et o e 235 —
SR T40C X8.4Hr RC[SR — | — — — —

FSP2 20t X400 X400 |N 1040°CX Hr AC{NT 50.9 | 68.2 | 250 | 75.0 | 20.0

T 760°Cx Hr AC| - R [RSUOUO RN i _
SR 780°CX  Hr SR — — —_— — _




=-3 BAHEBF-FUZRLb
fatigue test data.

Teble 3 List of excluded

B 4 & e | BAE | A et(R) | HEBRER | HBAH
BRT— IR FEDEFELIANGERT — 7 F7 500 0.4 /ST HAL 1
ERREARR 7 -7 FMET | 550 FME 12
= F 13

680-¢6 OIV6NL ONd
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F—4 MNod 9Cr-1Mo SH(NT)DEHHERT—F U 2 b

Teble 4 List of fatigue test data source for Mod. 8Cr-1Mo(NT)steel.

HRBENREHSE F#No
{1} #hREET-758 Mod, 9Cr-1Mo 88 (SRY RSB M oArpEEII 4514 No. FOL F2, F4
19914 7TH PNC PN9450 91-004 Fé

(2) Mod. 9Cr-1Mo EHORTH I3 35 A ER F6
REEES ; 90-446 @WEEEST . - R ZBER

(3) Mod. 9Cr-1Mo SHoUTHEREREHEHHEE F6
HEHES ; 90-460 (HEFES : - R AR#gERD

(4) Mod. 9Cr-1Mo SASIATOEAMBGMFR (EHIVEFFERQ) F7,F9
HREES ;- 91-206 (BWEHES ; - R HBMED

EHEMARRESE FE#No

(1) SUS3047E4E4E F 05 R M BUER (1) ReMod. 9Cr-1Mo SHSBEM o EMBERAER (1) F8-1
19884 4H PNC 5J9124 88-001 % RAILBMERT

@ otr RHEEEFHFoRERERR (1) F9
19894 1H PNC SJ9055 89-001 JIBEIZE &

(3)  Mod. 9Cr-1Mo SHOELE B AR KL UISUSI0AMOIHAERSER (1) F9
19894 1H PNC SJ9068 89-001 =ELEE ®

(4) Mod. 9Cr-1Mo SHOEEMBEARKUISUSI04MANRERFER (1) F9
19902118 PNC $SJ9068 90-001 ELTER #

{5) 9Cr A& For b vhhy ) -TRBTEREE (1D F7
19884 2H PNC $J8124 88-003 #A71»4/HIL &

{6) 9Cr REBEEAEFOIH LR RE (1) F7
19834 28 PNC SJ9216 88-003 =FEETE W

{7} Mod. 9Cr-1Mo MMt FomBEBERR (1) RIVI-TRFIHEREEHAR (1) Fé
19894F 3H PNC SJ9150 89-001 AINEHEEIE ®

8 9Cr REHEEH TR ERFEERR (1D FT
19884 2H PNC SJS164 88-002 @R =HZE

@ FBRESREBEMEHMHOK/ RSP ARES HIENERER 6
19904F12F PNC $J9150 90-002 AJIBEEEITE ®

NN ESHRARERES FH#No

(1) BRROCr MM T2 BT EK2 FF RBRES FMET
19914F 3H JWES-AE-0105 FME /EBE= FMEP

2) BARLEBOHEVMOREAFR LOWR BMOEE T HE RikHE FSTL
HHfI614E3H 60FSC/hEE S FST2

—-13 -
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Teble 5 List of fatigue test data points.

680-¢6 OTIV6NL ONd

BlE—F #= OB OB O E
®RI1#H 51200100 ;200. | 290. |, 300. , 350. ; 400, | 450. | 500. | 550. | 600. | 650. | &
& | F2x 8 8 8 8 32
P4 8 |10 18
iz
| F8 5 5
T
F8-1 6 6
FMEF 4 . 4
F6 4 |9@|41@ (42| 4 32
F7 3 1 7 2 2 7 g 31
F9 5|10 6 O 29
#®
FSP1 6 6 4 16
FSP2 8 8
FMEP - 4@ 4 10
¥ v EEVEREIR ‘ ) &t 191
Off ; FEFHRART—% (BY 4 70, BUOTARERE) '



PNC TN9410 92-089

F—-6 MBERFE , _
Teble 6 Conditions for regression analysis.

r—2ZA |2/, Cr-1MofoRiz, BE T=-T-50 &LTEHELK,

21/,Cr-1MofD D A & IZafE L. Mod OCr-1Mo D7 —#Il7 1w b &
-2 B
H7,

r—RAC | 2V Cr-1MoSDRD A0 %, Mod. 9Cr-1Me DT —FiCT 1 v P 3 €7,

2L/ Cr-1Mofl D O T A EEF — Y DBREET=--50 LEAHEZ T, Mod. 9Cr-
Wo loF—yR—=icMATHEE L,

®&-1 BERER

Teble 7 Results of regression analysis.

2*/40Y‘1M0§ﬁ0)it
r—2 A (logme)“/z

Ao + A:S + ApS% + AsS* + A4T®R + AsRS' + ATS?

T

T —50

2L/ Cr- Mo B0,
o—2RB Clog,oNE)™'72 = Ag + ALS + A.8% + AsS" + A4T?R + A-RS® + AgTS*

Ag = Agvtoa a = 0.79405743

2t/ Cr-1MofRon X
Fe=ZC | C(logi N2 = As + A5 + A2S% + A2S8% + AyT*R + AsRS® + A,TS!

AD = 1.0897913

(log,oNE)™'2 = As + A5 + AsS8% 4 AaS% 4 AgRS® + A(oT + A2sTER
b 201 Ao = 0.1410191E+01 As = -0.1354942E-01 hes = -0.2195295E-07
Ay = (.92739538+00 A = -0.1112277E-03
A = (.2928558E-00 A;w = 0.32854T3E-04

(logluNf)“"z = Ao + A;S + AgS5% 4+ ALSY + AR 4 AaRSY + A5, TF

= ZD2 A = 0.1377399B+0L As = -0.1324392E-01 Azo = 0.1163009E-06
Ar = 0.9002480B+00 As = -0.5490697E-02
A, = 0.2824291E4+00 As = -0.1524908E-03

5B, S logiod & T BE R; logioé

- 15—
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Teble 8 Evaluation on results of regression analysis.

=2 A |72 B | %A C | %A Dl| ¥ D2
7 © © © © ©
OB TiEDE 5.D © | O] | ol o
Factor A A O A AN
QRE « #EREFHED T O O @ O O
e e T T
& C O O O O
®%ﬁ&&wﬂ%@ O X O X X
@5*”’@{@0_3 SELE A BE C © O O O
B #RE O © O A A
C BY O © O A A
BEEEn © @)
HEEHELE LI TFicRd, \ )
@ rHEERE v D FEREZE SD @ FHmTRIHE (OBS/CALIER L D) @@ ik
0.96 = : © 0.18 = : © Factor 2L . © BESEENRVE D 0 O
0.94 ~0.96 : O 0.18 ~0.20 : O Factor 2~ 3 : O LR E LD ¢ X
0.92 ~0.94 : A 0.20 ~0.22 : A Factor 3~ 5 AN
0.92 = ;X 0.22 = ¢ X Factor 5L DX
@ ESE{LE X
5.0 = : ©
2.0~5.0¢ : 0O ¢ N (Mod.9Cr-1Mo A&, )
2.0~10f% : A
Lofg = : X Nf (2!/,0r-1M0 A & ) Ag ; Mod.9Cr-1Mo @3 Sm E (50 0°C) DEHMS

680-2¢6 OTV6NL ONd
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F— 9 Mod 9Cr-1Mo &8 (NT)D R fia
Teble 9 Best fit fatigue |ife equation of Mod. 9Cr-iMo{NT )steel,

(10810Nf) cis o Ao + Ay - logie AE, + Ape (logie A &4 12+ Age (logmA &y )4

fEF B
T = BRE (C)
E = 09 AEE (nn/mm/sec)
Ag = 209AEE (um/nn)
Nf = WIRRDELE
R = logie £

1 A iR B2 i B 375°C=T= 650C

Ao 1.0897913 —0.2439730 x10°"XT? XR

A, 0. 5709357

Ay 0. 1874343

As -0. 1445453 % 107 + 0. 7045986 10" X T ~ 0.6562716 X 107" X R




{cycles)

NUMBER OF CYCLES TO FAILURE

PNC TN9410 92-089

. B rrooiizin A g,
1o — T T T T i3 T T T T 1 T T T —
- J o:l. 04 P
- J a:1.0% F
0”& E
1o’ E
Fo © .
B ° o g i
- § 8 § o -
10° | o =
10° E 3
| Material 1 Mod9Cr-—]1Mo 1
™ | Strain Rate H 01 Hosoe N
10! 1 ] ) ] i 1 ¢ 1 1 ! 1 | 1
0 100 200 300 400 500 500 700
TEMPERATURE (T )
B- 1 Mod. 9Cr-1Mo SA(NT)DiBEEKTEE
Fig.1  Dependence on temperature for Mod. 9Cr-1Mo(NT) steel.
[ 0° Ficorizis A g,
EII,IHHJII L L L L L L Y ) Illlll-:l- o 0. 2%
C Materiat H ModSCr—1Me . a: Db 3%
= : Temparalure H 550, 0 % : a: 0.4
© B o: 1. 0%
= - O ]
5
s 10k 3
o) : 7]
= a A & ]
210t | A % ]
< = =
o I~ ]
[ B -
@ . o] _
5] » o o] 2]
- -
2107 B o o
> [ 3
o - -
o N o
o B _
[+ -
m 107 | =
= - =
= - —
= L ]
10: LU A0 LI b1 3 1 b iae Lo e L L 1y IlllIIT
107 107 107 10° fe” 1o 10"

STRAIN RATE (% 5ec)

B— 2 Mod. 9Cr-1Mo SH(NT)D VD ARERIFHE
Fig.2 Dependence on strain rate for Mod. 8Cr-1Mo(NT) steel.
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TOTAL STRAIN RANGE

PNC TN9410

SEE

92-089
o 50 > ricoznzee
’ [ T T T T T I 11
|Material H Mod, 9Cr-1Mo
e 25
0. 20 \ /
\\ ]
™~ L
[ /
0. 15
6. 19
0 20 a0 60 30 100 §20 140 160 180 200

TEMPERATURE (%)

BERESEMBE L OBR

Fig.3 Relationship between standard deVIatlon and equivalent temperature.
, S ricsz0aln & (9% . sec)
10 _I‘I T IIII.III T+ T iTTIinTr TT1 T TTTTI T 1 T TPTT0am T T T TVIrm T T T TITTI T T T IJIIIL 0 :1. 0000
B Material : Mod9Cr—1Mo a :0. 1000
B Temperature H 550 D(: T oo 0100
[~ Sirain Rate 3 0.1 %/see¢ | | o :0.0010
5 NIREIRILE
: | : 2. 25CR
- p — :CASE A
- 4 ———— :CASE B
K [ RS tCASE C©
weeme :CASE B
2 - “l ——~~—- :CASE D2
10" - N
[ .
b 240r- 1Mot 5 S AR BT SS— ] 4
CASE DI / e TR i
CASE D2
luﬁl | S I | L1 11eil | O O Iy I AR D) L1 1 Citliel | T T I I O T} L 11t 1V 1 pe
1o 10° 1o’ 1ot £0° 10° 107 10°
NUMBER OF CYCLES TO FAILURE {cycles)
B-4 &T—XEAREROME _ ,
Fig.4 Relationship between fatigue lives of regression analysis results

and test data.
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NUMBER OF CYCLES3S TO FAILURE

(cycles)

NUMBER OF CYCLES TO FAILURE

PNC TN9410 92-089

e

10’

10

7
10

=]

. ¥ rroszoaie A g,
= R T T T T | T T T T T T T § 1 e%
= Matorial : ModSCr lMu 1 a:0. 5%
I~ CASE A Temperature : 20. - B50°C | : CASE
» Strain Rate t 0. 1 HAsee | 7| ———— : CASE
- _ - 1+ CASE
= 3 : CASE
C J -~ —-—— i CASE
r - - —-—--— : CASE
C | ——-—— : CASE
.. 1 —-— 1 cASE
E J —-— : casE
I~ 1 —-— : CASE

TT TTTTII 71 TTITIINT T 1.1
C"

e vy o1 e

1 1 ] 1 i i 1 1 1 1 i | ]
[§ (] 200 ang 400 500 [:Jc] 100
TEMPERATURE ()
B—-5 #Byr—REIBEERFEOHE ] .
Fig.5 Relationship between temperature dependence of regression analysis
results and test data.
Flogzoslo A\ E

ETT TTITOT T T T 337000 F T T 10800 T T T T T T T 3310100 £ 0 T T TTIm=TT T TTTITTH
E = o :1. 0%
E Material : Mod9Cr—iMo | =l a :0. 5%
- Temperature : 550 c}(: : : CASE
- | —— i CASE
E 3 : CASE
E 3 : CASE
. T t CASE
- 7 : CASE
= 5 v 3 GASE
E CASE A J —— . case
E J —-—— : CASE
N CASE B ] . case
% CASE C ;
n i

L1 3 Ve bt 1 e evean 0L P TEIEN o1k el g L LI &1 r-rieitil 11 1 1 3ciel
07" - 107 197 i0” o™ 107 107" 107

STRAIN RATE {(MM.”MM.“SEC)

H-6 f75—REVTHEERTEOBER
Fig.6 Relationship between strain rate dependence of regression ana|y51s
results and test data.
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AN 1 EROVOTHER & (A) (mm, mm)
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Az 2 FROTHHEE e (B)  (mmmm)
App. Teble 2 Allowable starin range €. (B)
I ~REC

LE% N 375 400 425 450 475 500 525 550 575 660 625 650

10 0.0546 0.0524 0.0502 0.0478 0.0454 0.0429 0.0403 0.0377 0.0350 0.0322 0.0295 0.0267
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2x10% | 0.00190 |0.00177 |o.00185 ) 0.00154 | 0.00143 |o0.00132 | 0.00121 | 0.00111 | 0.00102 | 0.000230 | 0.000845 | 0.000785
4x10° |0.00174 |0.00168 |0.00152 | 0.00142 |0.00131 | o0.00l22 | 0.00112 | 0.00102 | 0.000943 | 0.000861 | 0.000784 | 0.000711
108 0.00158 | 0.00148 | 0.00138 | 0.0O129 | 0.00120 | 0.00111 | 0.00102 | 0.000941 | 0.000863 | 0.000783 | 0.000719 | 0.000653
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Ak 3 HBFEOTHER e (C) (mm_min)
App. Teble 3 Allowable starin range &, (c)
TR NEEEC
Ltéiiﬁh\ 375 400 425 450 475 500 525 550 515 600 625 650
10 0.0498 0.0472 0.0445 0.0418 0.0387 0.0357 0.0327 0.0296 0.0266 0.0236 0.0206 0.0177
210 D.0292 0.0272 0.0252 0.0231 0.0211 0.0180 D.0170 0.0180 0.0132 0.0114 0.o0972 | 0.00822
410 $.0180 0.0166 0.0152 0.0138 0.0124 0.0111 0.o0gg7 | 0.00B68 | 0.00760 | 0.00859 | 0.00568 | ©.00487
102 0.0108 0.0089%1 | 0.00805 || 0.00822 | 0.00742 | 0.00867 | 0.00595 | 0.00529 | 0.00467 | G.00411 | 0.00380 | 0.00314
9% 10%* | o0.00809 | 0.00744 | 0.00881 0.00620 | 0.00562 | 0.00507 | 0.00456 | 0.00407 | 0.00363 | 0.00321 | 0.00284 | 0.00250
4x10%° |o.o0645 |o0.00595 | 0.00546 | 0.00453 | 0.00454 | 0.00411 | 0.00371 | 0.00334 | 0.00299 | 0.00266 | 0.00236 | 0.00209
10° 0.00512 | 0.00473 | 0.00438 | 0.00400 | 0.00365 | 0.0093Z | 0.00300 | 0.00270 | 0.00241 | 0.00215 | 0.001S1 | 0.001G9
9% 10% |0.00436 | 0.00403 | 0.00371 0.00340 | 0.00311 | 0.00283 | 0.00255 | 0.00229 | 0.002068 | 0.00183 | 0.00163 | 0.00144
4x10° |ov.00372 | 0.00344 | 0.00316 | 0.00z90 | o.00265 §0.00240 | 0.00217 | 0.00195 | 0.00175 | 0Q.00156 | 0.00138 | 0.00123
104 0.00301 | o.oo2z78 | 0.00256 | 0.00235 | c.ooz14 | 0.0C194 | 0.00175 | 0.CClSE | 0.00142 | 0.00126 | 0.00112 | D.0CD996
9% 10* | 0.0pzse | 0.o0237 | 0.002Z18 | D.0OZOO | 0.001B3 | 0.00166 | 0.00151 |0.00138 | 0.0012Z2 | 0.00110 | D.000979 | 0.000872
4x10* |o0.00223 | 0.00208 | 0.00150 | D.00t75 | o0.00160 | 0.00146 | 0.00133 | 0.co120 | 0.00108 | 0.000975 10.000874 | 0.000780
10° D.00192 | 0.00178 | 0.00164 | 0.00151 | 0.0m139 | o.oo127 | 0.00116 | 0.0QO010S | 0.000S52 | 0.000858 | 0.000772 | 0.000891
9% 10% |o.00174 | 0.00182 | 0.00150 | 0.00i38 | 0.00127 | 0.00116 | 0.00106 | 0.000965 | 0.000875 | 0.000721 | 0.000713 | 0.000640
4%10° |o.onie0 | 0.00148 | D.0O0138 | 0.00M27 | ©0.00117 | 0.00108 | 0.000983 | 0.000896 | 0.000814 | 0.000737 | 0.000865 | 0.000538
108 D.00146 | 0.001358 | 0.00126 | 0.00116 | 0.001072 | 0.000985 | 0.000902 | 0.000823 | 0.000749 | 0.000579 | 0.000813 | 0.000553
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TFBR &M REHRERERS
B0 - RRIBAREEEIEM. PNC N241 79-32(1979).

r&BEitsloEhn i A EER]) . JIS 22273(1978)

*Stndard Recommended Practice for CONSTANT-AMPLITUDE LOW-CYCLE FATIGUE
TESTING”, ASTM E606(1980).

BIAIE, @b, B, fIE, TSUS3040% 77— L EEAW T IS 52 My
BLU 7 ) —TEITEE] . BABRHES, BIFESHCE. A523(1890), pp. 532-536.

[ 2V Cr-1ModBM PWHTZA R 4 L UM SUS321 M O =il sa R U8R
817140 - REIBEFEEEME]. PNC SJ218 82-01(1982).

M iSRRG R e MHREEESE SE(L)
By 14 o ARIBAZEE . PNC SN9410 89-086(1989).
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