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Low cycle fatigue characteristics and life prediction methods for
different regions of 316L welded joints

Guo Yanjun, Zhang Wei , Yang Qiaofa, Zhou Changyu

(School of Mechanical and Power Engineering, Nanjing Tech. University, Nanjing 211816, Jiangsu, China)

Abstract: In this paper, the high-temperature low-cycle fatigue characteristics of three types of materi-
als: 316L base metal, welded material, and welded joints were systematically studied. By introducing a
fatigue life reduction coefficient into the traditional life prediction model, the low-cycle fatigue life pre-
diction of different regions of the welded joints has been achieved. The results show that during the low-
cycle fatigue process, all three materials undergo initial rapid hardening, then enter a stable cyclic state,
and finally experience a rapid decrease in peak stress followed by failure. Among them, the base metal
has the longest duration of hardening, while the hardening duration of the welded material and welded
joints is relatively shorter. With the increase of strain amplitude, the fatigue life of the three materials
significantly decreases. The fatigue life of the base metal is significantly higher than that of the welded
material and welded joints, while the fatigue lifes of the welded material and welded joints are similar.
Based on the low-cycle fatigue life of the base metal, the fatigue lifes of different materials are equival-
ently processed using a life reduction coefficient. Multiple life prediction models are selected to predict
and evaluate the isothermal fatigue life of the three materials. It is found out that Generalized Strain En-
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ergy Damage Function (GSEDF) method can achieve the best agreement with measured result.
Key words: 316L, welded joint, low cycle fatigue, life prediction
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Table 1 Main chemical compositions of 316L. base metal
and weld metal %

wE Cr Ni Mo Mn Si P S

B 0018 17.80 12.08 223 1.08 035 0.019 0.001

EF 0.020 19.64 1320 233 1.50 0.28 0.014 0.007
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Fig.1 Low cycle fatigue specimen and sampling location
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Table 2 Isothermal low-cycle fatigue test scheme for 316
base material, welded metal and welded joint un-
der different strain amplitudes

v R/ C IS A WA % JEB/s
BMIF04550 550 +0.4 80
BMIF05550 550 +0.5 100
BMIF06550 550 +0.6 120
BMIF08550 550 +0.8 160
WIIF04550 550 +0.4 80
WIIF05550 550 +0.5 100
WIIF06550 550 +0.6 120
WIIF08550 550 +0.8 160
WMIF04550 550 +0.4 80
WMIF05550 550 +0.5 100
WMIF06550 550 +0.6 120
WMIF08550 550 +0.8 160

£ R 5tk
2.1 EMIIEEATHR
211 JEAIE(E N )

316L BlAF, JE44 | AREEAEANIR N AR R
() SR AR R S5 D PRI (L ) i o (T 26 an ] 2 s,
S G ) I TE TIPS N, SRS HEA TG IR
TR RS, WS DB ) B ™ BRI RR0, FERE By
B, FTA A 04 F 1 347 it 5 7 A5 e {118 184 R
B T3 A3 AR T I = RS R AR IR R
MREALFFZE R AL (5B 1 SRR g R Rk
WAEAEL N g B FUAED) . ke, AIEL 3 T LA ), 4%
55 AR Sk A R AL 2 R MR T, T B A B Ak 3y
SR FE U S i TR S . B AR TR R
B, BRI R R L8 N, A 5 R
LICH BARE, AN1E] 3(a) Bz o BEAE A2 1 {1
K, = H WAL SR B T R ka3, X
SRR AR LR S AR EEAS O, FEREN AR
TRAE T, B8 Ak AR B/ N HE P AR U BE#A L SR
ek JEEE, GE 3(b) FR . BER SR TR PG IR GK
A B AR A o 3R 24 3 IR B o T A8 ML 3 G
iR R AR L AE 0.6% N AR R AE )5 X
LR B TR, P AR X G Bt TR
SLTE 0.6% N AR R e BT R EEAL B4,
P 3(c) iz, U B Ak 2 p A7 4 14 2 s B 1 ),
PRIt T D HE TR SR AR R (8T B A dp e 2B I BH A
TR AL



W gk Pl K 2024 4F5 45 4

- 186 -
—0.4%—0.6%
400 [@ 400[(®) — 4% — 047 400 (©) —0:5%— 0.8%
@
£ 200) % —04% £ 200f T £ 200}
2 —0%%| 2 2
= . . ——08%| = , , , R )
= 0 N 0 1=
xi% -200 x g -200 f o & —200
~400 | , , , —400 | , , , —400 | , , ,
1 10 100 1000 1 10 100 1000 1 10 100 1000
JAUN JARN JAUN
(a) BE#T; (b) #8475 () M4k
2 FERZZENEE T BB ERIE B 7700 R i 2%
Fig.2 Cyclic peak stress response curves under various strain amplitudes
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Fig. 3 Evolution of hardening and softening of the three materials
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Fig. 5 Variation of the inelastic strain of different materials under different strain amplitudes
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Fig. 6 Variation of the inelastic strain energy density of different materials under different strain amplitudes
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Fig. 7 Fatigue life of three materials under different strain amplitudes
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