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A QUANTITATIVE RELATIONSHIP OF HIGH CYCLE
FATIGUE LIMIT WITH MEAN STRESSES

CAI Xiao-jing , XU Jin-quan

(Department of Engineering Mechanics, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: Fatigue limit is a very important property of engineering materials in applications, but it is not a
constant of material in fact. It is well known that a fatigue limit is dependent on fatigue cyclic properties,
especially on either mean stress or maximum stress amplitude. Since the S-N curve corresponding to low stress
amplitudes is strongly influenced by a fatigue limit, the quantitative and intrinsic relationship of a fatigue limit
with mean stress is necessary for the life design in engineering applications. However, the classical experience
relationships generally can only give a very rough estimation, thusly special experiments are usually necessary to
obtain experimental results to meet engineering needs. This paper proposes a functional relationship to describe
the variation of a fatigue limit with mean stresses. It is found that this relationship can well express the fatigue
limits under different mean stresses for various engineering materials, and contains only three material constants.
When these three material constants have been pre-determined, the fatigue limit for any fatigue cyclic loadings
can be determined quantitatively. This functional relationship is referred to as the state relationship of fatigue
strength, which is an intrinsic relationship of material property.

Key words: fatigue limit; mean stress; S-N curve; state rule of fatigue strength; fatigue property

57 PR AL AL h AR B — R R R TR S TRy 1k R A kA
Fitk, HERS VAN M AR K, P RE /AR S MR IR S
Ve, AR B — AN PR D7 R FRINL SRR A 2N T8 H A Goodman ]

W F 3. 2014-02-25; &k H: 2014-10-17

BeEWH: ERBRREIE4TH (10772116)

WIES: WEIR(1963—), W, LA, #d%, 8L, S, EEMNIRRIERE 5T IR (E-mail: jgxu@sjtu.edu.cn).
PR Wifr: SE0REH(1988—), 5, WL A, BOBE RN, Mid, 5% M4 R 57 W20t 9T (E-mail: 1100109090@sjtu.edu.cn).



26 €T %

¥

ZLMESR R Gerber [ OC 7255, (HIXLEAE EiitAl
P A2 1R 0 56 5% 23 A1 AL AR RS il AN R
SRR IR ST ARER 5 SEBR A 5T iR A AR
REZEH], CARERIw 2 R TRE RN AR K
TAESEbR A AR H A KRSt Y, B3
SKH R A ML, BEAE AR, AN, HERA
SR PRSI I, AR AR H Al Y f e KL
T, SRERAL SRR R 55 % IR 5 1 #4952 77 1) 5%
7, BRAFEARN. ZRERRR, MR CEX
AT MR AR EAR G R, RMPRHEA RFE G
FHI BATRZ R B 7 B RS R AR IXHE
e R AR, AU TR E MR T %57
PR RANTT BRI, EXS T AR 57 A, it
—SBEALE SR, R E B R S T,
XA S-N #i£k, JCHAZ R RN M %
S5 PR BTER 70 X 55 AR A AR Bk 1. PRIk, 22
MBI EHEA S-N HIZk, B x5 57 i PR AT
FIAT B RAL, RIS SR AR
i, A TRFERR AR, BATHA 2
Ao KB A6 25 ARG 05 A R 5 P 24 I 70 1) SR 56
KZ, MAFELDRBLE, #HERR PR
BEE R JF H 5 ai)seis ok SARL, R
RANLORIGEMEAT EE, DRI BAT R A]
IR (51 DB Bl ™ P 28] 25 el 1) e 557)
1 KXRTHEFRR

W77 R FRABLF A& — AR BT R, EsK
B _F 3 — IR A SO VR K o O A B A
K&, BRSNS N TR WRIRME )R, R AR T
TR, BIAFEAR TR KA, 2R ERE 2%
PRI . AT EmAT R, SR R Lo BT 107 478
IRHIEIRRL 08, B9 57 BBRS . JmeEok,
KT BB BRA AR GTRER, 7R T — 5
. KRFEABKE ML LIFRY, 107 fHH K
HUR, BD RS BT RIS . AT
Ny TR SRR B AN TR, RO
MR BMEASZEATER, Bl <X AR
WERHI AT EhIZ B0 5%, AT RE R & HIETE 55 73
i, R A, TR Ealn] AN ZTLTTH.
{ELAE 0 2RR 98 55 AR BRI D A2 X 2 T A2 % 4K 7 i 11
W7 NS0, FEABETHBRILETE, DY
YRR 14, M0 L3 R e AR SRR T, i,
AR AR EE R (K 75 Ay 2R U 10 43R, U 10° 48 FF

AU R ESK T, (R IR R % 55 B 7
ME IR AR, A EER . ik, FRAEH—
AT 55 W SR R ffRe, B AE AR S M AT 0 1)
ZFa N, B SN 2 UM G — Bk B O #th £8)
RFRES, MM iR TR R, W EaE T
T3 PR AR T AR PR o AR SCRA IR
PRI EHE, #5 B SCER[11—12], MR E Ty
AWML 1. B 1 RR TXMHRENENE X, X
— R SESINERE N T AR: 1) %% S-N i
LI E L5, A — i T9% 57
PR e - 2R R TERR N S-N #h & A — 2%
e 2, AT ARG I 57 HLER AR 1L); 2)
FEAELSRAE A5 iy B K (1] 20 10° 36 = ), B IE Y
P55 At S-N 2RI oy — B, 1 A EERAE
TRELE T IO I A P (511107 82.10° B FR ),
S-N fh £ AT DA 77 A3 R (9016 1 bR R 1R AT 4 38 )
Ay 3) 9T B A 107 FEFR T S-N 2k,
XoF ST 107 JEFR BRI TS R 1, AS— 8 T LU g
TN T TR, EIXPPAERE, 9RO IR 2R
JEFAE T S-N 2RI s i — AR 3L
& S-N M AR, &2 T ZH S-N kg4
AR E R, TAE S I3 — BRI 5. (H
BAIRIE — PR RMRRE, R S-N 26 A B R R 11
AR S R . IEFR H, X—MBRIHAE
WRAE I 57 A BR T B8 38 B A 2 51 K 22 1% i 4 4%
R, WA BRI 57 A BR DL PR S 27 MR L 2 T
PR, 12N e RAE B2 T 2T
Al LLZNG, Fa R R TR LR AR
5. Ao, KT S-N pZk i Bk Hor X, BRI
ACJa ], X EAEN T
#1 ARLESR

Table 1 Heat treatment of materials
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Fig.1 Fatigue limitand S-N curve of LC9 aluminum alloy
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Fig.3 S-N curve with fixed recycle ratio of GC-4 steel
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