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Effect of stress concentration at weld toes on combined high and low cycle
fatigue of EH36 steel welded joints
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(1. School of Materials Science and Engineering, Tianjin University, Tianjin, 300350, China; 2. Tianjin Key Laboratory of advance
joining technology, Tianjin University, Tianjin, 300350, China)
Abstract: In order to study the effect of stress concentration at the weld toes on combined high and low cycle fatigue(CCF) of EH36
steel welded joints for ship structure, CCF tests were carried out on EH36 steel double-sided butt joints with 20 mm thick and
different weld profiles. The results show the extent of reduction in joint life subjected to CCF increased with increasing high stress
ratio of high cycle fatigue; Based on the digital image correlation method, the higher the stress concentration coefficient at the weld
toes, the lower the CCF life of the joints. The extent of reduction increased with increasing stress ratio of high cycle fatigue.
Validation of the models based on experimental data shows that joints with high stress concentration coefficient have lower fatigue
life and increased dispersion of life prediction results; The Palmgren-Miner model and Zhu model do not fully consider the CCF
damage effect, which leads to dangerous prediction results of CCF life. The modified Zhu model fully considers the influence of
CCF. There are few prediction data points that the predicted life is higher than the actual life. The prediction results are relatively

safer. The dispersion and the error are smaller.

Highlights: (1) Combined with the digital image correlation method, the effect of stress concentration at weld toes on combined

high and low cycle fatigue of EH36 steel welded joints was analyzed.

Yr#s B #A: 2023 — 06 — 19
EETR: HEARRAIEEIITH (52025052); Bk g4 7= G055 Wi H (LSZX 2020 HN 01)



2 B

¥k

% 45 %

(2) The combined high and low cycle fatigue law of EH36 steel welded joints was obtained.

(3) The combined high and low cycle fatigue life prediction model which is suitable for EH36 steel welded joints for

ship structure was obtained.

Key words: combined high and low cycle fatigue; S-N curve; stress concentration; fatigue life prediction; digital image correlation
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Table 1 Mechanical properties of EH36 steel
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Sampling, size and form of the fatigue specimens
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Fig. 2 Weld profiles of two specimens. (a) Type-1; (b)
magnify of Type-1; (c) Type-2; (d) magnify of
Type-2
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Table 2 Welding process parameters
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Fig. 3 Fatigue loadings. (a) low cycle fatigue loading;
(b) high cycle fatigue loading; (c) combined high
and low fatigue cycle loading
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Table 3 Geometrical parameters of two welded joints

AR JUTZEL [
JREEM A a(®) 26.05
& Thmm 20.00
A iEh/mm 3.273
Type-1 .
JRLE i RE R, /mm 33.74
1 PRS2 p/mm 8.425
#%3146/mm 0.937
SREE(SAa %) 50.60
& Thmm 20.00
AT h/mm 4.648
Type-2 .
JR4E i L, /mm 26.63
1 B IR A2 p/mm 1.022
551 46/mm 2.020
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Table 4 Combined high and low cycle fatigue test
results of Type-1 welded joints

MBI SR SRR E o5 A

BURS LCF Rycr Aoycp/MPa NIK
300/0.5C-1 0.1 0.5 200 144983
300/0.5C-2 0.1 0.5 200 126924
300/0.5C-3 0.1 0.5 200 150016
300/0.6C-1 0.1 0.6 150 315563
300/0.6C-2 0.1 0.6 150 327714
300/0.6C-3 0.1 0.6 150 355930
300/0.7C-1 0.1 0.7 106 2010492
300/0.7C-2 0.1 0.7 106 1794010
300/0.7C-3 0.1 0.7 106 1989428

=5 Type- 1 KBELEREFTREER (FHAE A
Oavg=300 MPa)
Table 5 Constant amplitude fatigue test results of Type-
1 welded joints (0,,4=300 MPa)

WEESRS  NIWR  NJIR{EAo/MPa  JESFEMNAK
300/0. 5H-1 0.5 200 152302
300/0. 5H-2 0.5 200 196278
300/0. 5H-3 0.5 200 176452
300/0. 6H-1 0.6 150 470065
300/0. 6H-2 0.6 150 419282
300/0. 6H-3 0.6 150 445682
300/0. 7H-1 0.7 106 3099247
300/0. 7H-2 0.7 106 2786650
300/0. 7H-3 0.7 106 2517640

% 6 Type-1 HREILEIRETRILE R (R S1EL R=0.1)
Table 6 Constant amplitude fatigue test results of Type-
1 welded joints(R=0.1)

WSS NOIWR  WEfHAe/MPa JESEFATNIR
300L-1 0.1 270 50291
300L-2 0.1 270 44974
300L-3 0.1 270 40254
222L-1 0.1 200 201218
22212 0.1 200 196988
2221-3 0.1 200 151752
166L-1 0.1 150 512587
166L-2 0.1 150 661207
166L-3 0.1 150 470533
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Fig.4 S-N curves of combined high and low cycle
fatigue tests and constant amplitude fatigue tests
of Type-1 welded joints
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Table 7 Fatigue life decrease of combined high and low
cycle fatigue at different stress ratios

WHRR S A SRR SRR R

BT Nk NecrlK eN %)
300/0.5 175010 140641 19.64
300/0.6 445009 333069 25.15
300/0.7 2801179 1931310 30.05

2.2 BREAR AP E S F e R

S M A 4 S v AT BT 57 7 i 1 PR 2R R g )
IKFA, A FRBEAL Iy B, BT B B A G
¥ (digital image correlation method, DIC) i & &%
F, BT S AR &A% 57 i B AR Bk A AR
51, S R, AR S T LA o b R 2 2
Sl Bl DI 2 A e A, AR s s v T 085G
R, T DNIEL 5 HEWT KRB AEAE B 0 .

e —
I

5 1RREtANEE
Fig. 5 Strain field at weld toe
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Table 10 Constant amplitude fatigue test results of

Type-2 welded joints (R=0.1)

30.59%. 50.94%. 67.21%.
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Table 8 Combined high and low cycle fatigue test

results of Type-2 welded joints

MBI SR SRR B

B Ricr Rycr Aoycr/MPa NAK
h300/0. 5C-1 0.1 0.5 200 95192
h300/0.5C-2 0.1 0.5 200 102212
h300/0.5C-3 0.1 0.5 200 95454
h300/0. 6C-1 0.1 0.6 150 141294
h300/0. 6C-2 0.1 0.6 150 165487
h300/0. 6C-3 0.1 0.6 150 183425
h300/0.7C-1 0.1 0.7 106 550027
h300/0.7C-2 0.1 0.7 106 742598
h300/0.7C-3 0.1 0.7 106 607245

F9 Type2 XBHIERMEZFTRBER (FHEH
Oavg=300 MPa)
Table 9 Constant amplitude fatigue test results of Type-

2 welded joints(c,,4=300 MPa)

WG RIJTLLR B SIWE{EHAc/MPa W55 FARNITR
h300/0. 5H-1 0.5 200 125423
h300/0. 5H-2 0.5 200 145009
h300/0. 5H-3 0.5 200 109157
h300/0. 6H-1 0.6 150 212545
h300/0. 6H-2 0.6 150 274904
h300/0. 6H-3 0.6 150 242758
h300/0. 7H-1 0.7 106 902564
h300/0. 7H-2 0.7 106 1062651
h300/0. 7H-3 0.7 106 959898

WHES BJJR NJIE{EAo/MPa  JESTFEATNAR
h300L-1 0.1 297 25145
h300L-2 0.1 297 30026
h300L-3 0.1 297 25229
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Fig.6 S-N curves of combined high and low cycle
fatigue tests of welded joints with two weld
profiles
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Fig. 7 S-N curves of high cycle fatigue tests of welded
joints with two weld profiles
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Table 11  Fatigue life decrease of welded joints
KT Type-12R8I45k  Type-22883sk  FHawkeKigar
WEFHFMNR LT FFAINIR eN(%)
300/0.5C 140641 97619 30.59
300/0.6C 333069 163402 50.94
300/0.7C 1931310 646312 67.21
300/0.5H 175010 126529 27.70
300/0. 6H 445009 243402 45.30
300/0. 7H 2801179 975037 65.19
300L 45173 28304 37.34
3.603.
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Fig. 8 Strain fields at weld toes of two weld profiles. (a)
strain fields at weld toe of Type-1 welded joint;
(b) strain fields at weld toe of Type-2 welded joint
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Fig. 9 Life prediction and error under two weld profiles.
(a) Life prediction under Type-1 welded joints; (b)
Life prediction under Type-2 welded joints; (c)
error under Type-1 welded joints; (d) error under
Type-2 welded joints
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Fig. 10 Summary of life prediction and error. (a)
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