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Low temperature master S—N curve of high strength steel welded
structure based on equivalent structural stress method
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Abstract: The existing fatigue S—=N curves are no longer applicable to the low—temperature environment in
the Arctic regions. In order to evaluate the low—temperature fatigue life of Arctic offshore engineering equip-
ment, it is necessary to establish the low—temperature fatigue S=/N curves of metal structures, especially weld-
ed structures. In this paper, based on the equivalent structural siress method, the master S=N curve of the
girth weld of Q690 high strength steel pipes was calculated, and the method was verified by resonance fatigue
test. On this basis, combined with a large number of test results of high—strength steel welded structures, the
temperature sensitive factor ¢ was introduced into the derivation of the low—temperature fatigue master S—/N

curve. The master S=N curve based on low—temperature metal welded structures was established for the first
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time, and the fatigue S—N test data in the literature and the correction method in ASME were compared and
verified. The results show that the equivalent structural stress method can accurately calculate the weld fa-
tigue S=N curve, and the derived low—temperature main S—N curve of metal welded structures is in good
agreement with the test curve, which can meet the engineering requirements in low—temperature areas, and
provide theoretical guidance for the wide application of high—strength steel welded structures in low—temper-
ature environments in the Arctic regions. This method can save a lot of costs for the low temperature fatigue
research of metal welded structures and reduce unnecessary errors caused by non—standard test operations.
This research is of great significance to the design, safe operation and fatigue assessment of Arctic offshore
engineering equipment.
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Fig.1 Stress decomposition diagram of welded structure section
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Tab.1 Master S—N curve parameters

GeitcH T 428 ) +38 -38
c, 199302 286265 138757  34308.1 11577.9
h 0.3195
TE S SEARE R 22 , 26 F1+36 43 I AR 1] R B4 A b o O 22 R P (L )L R 1) =B i 22 5 1
LT C alrbialeE.
1.2 EHRE IR

Q690 51 i BN IR A JE AR VE TR P i DL A AR B2 45 4 o AR SGE 2o 2L PR 55 10 50 N A5 Rk 25 4
N T35y BN ARE E5 K% 55 S-N It AT 1T I0, I X457 17X L

P 5B K Q690 F 5 AN, HLA% A : @180 mmXx70 mmx10 000 mm , #2444 KR H @1.2 mm Y
IM-58 SZ0 R 22 F1 2.0 mm 1) ES1T8-G MR 22 , BEA 1 JiE JIR 3 B 690 MPa., A 25 i 57 1 g bl 32 %L
F ] Al L AL 8h R G5 )AL Sl ke e FL AR A R, i 43 F AL AR Bl 0, il ask v (R0 A% sl b e i o 5
T B — >0 7, 388 3 88 2 A R0, o0 28y 40 23 8 38l e X 1 [ 0, s 3 £ 8 30 e i
SRR, SRR 3 S 9 57 (AR RS ML 3 B A K R S0 15 AN B 2 s

(a) THGRE B I R (b) 15 F 2
L
| %\
74 R
S m—
i
() L IRRG A

P2 JERpE 55 10

Fig.2 Resonance fatigue test device



F 4 B NS R T AR Nk N e s AR R A - 575

TR 2R A KA BN 2(a) ~(b) s o Horp  ARSE PO AR A I e b B AL, anEl 2(a) BT,
RS b ol ol N R S R S IS8 S 8 =R VA e = 1= B 7Y k41 g s 1 1
TN AR RS (K1 2(c)) .

1.3 £IREMES IR SEREMN 1EERITTE
T o IR 555 2 1 N SRS 51 K 90 MPa 200 MPa 300 MPa #1460 MPa i 43 55 76 # 1k
BN 2 FiR
F2 BEHAKRER
Tab.2 Fatigue test results
B9 BKSht SRR E/MPa  (EER A A OB VAR

1 -1 90 8 707 960
2 -1 200 954 855
3 -1 300 326 091
4 -1 460 22 734
TR 2 S S SR F B B A B 5 S-N
LR 3 R . B, 20 i o IR, S
SRR R S B A B P S-N il 2%, £ 25 F1£35 43 Z 1000,
P PR LT R bR G 22 A (L A S
T AR AR VS §
P 45 SR ATA ARG (E Y 7 S-NV B Ze+28 Y Bl 2 19 £
S S-N MR BRI . R, A R E |
A 25 L L S PR T AR R
1(|)“ 1'05 16"’ 1(|)’
2 {RIBS-NHE&FTE RN

3 57 g R 5 £ S- NV

Fig.3 Fatigue test results and main S=N curves
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