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Abstract: Fatigue tests are the basis of fatigue design for steel structures, and due to the high discreteness of fatigue
test data, a failure probability-reliability index-stress amplitude-fatigue life (P-o~S-N) curve with the assurance of
reliability should be established by combining with statistical analysis. In this paper, the existing mainstream statisti-
cal analysis methods for fatigue test data at home and abroad are summarized. Then, the calculation methods and
probability assumptions for tolerance factor k& are compared, and the distributions of & with reliability index ¢ and
failure probability P and the influence of the number of effective data » on k are analyzed. Furthermore, the fatigue
test data of three typical types of welding details (i.., a butt weld, a load-transferring cruciform joint and a non-
load-transferring cruciform joint) in the literature are analyzed, and the P-a-S-N fatigue design curves for these weld-
ing details with different values of reliability index ¢(i.e., 0.95, 0.75 and 0.50) are established. Analyses show that
the design curves for the three types of welding details specified in the existing codes are on the safe side and close to

the statistical results obtained in this paper. Compared with those in the case of a sufficient number of test samples,
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the influences of reliability index « and failure probability P on tolerance factor k are more significant when the num-

ber of test samples is small. The standard deviation (SD) of fatigue test data of welding details is concentrated in the

range of 0.12—0.19. With a decrease in the number of test samples, the SD of the overall data tends to increase, and

both the one-sided tolerance factor &, ,, and the offset &, SD of fatigue design curves and median S-N curves

are on an upward trend. When the number of test samples is sufficient, the value of reliability index ¢ will have less

influence on the fatigue design curves for welding details. In comparison, when the number of test samples is small

(e.g., less than 272), the corresponding influence will be more obvious. The established P-a~S-N curves for the

three types of welding details provide a helpful reference for the welded steel structure fatigue design and safety as-

sessment reliability, as well as for the planning and carrying out of other fatigue tests.

Keywords: high-cycle fatigue; P-o-S-N curve; welding detail; one-sided tolerance factor; fatigue test
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Tab.3 Statistical parameters for fatigue test data of typi-
cal welding details with various numbers of effect-
tive data (P =0.9, =0.95)

ﬁzgﬁ n SD ki) kip.ary SD | S, /MPa
602 | 0.13273 | 13755 0.182 6 115.74

— 301 | 0.13339 | 1.4167 0.1890 115.07
151 013307 | 14771 0.196 6 110.14

76 | 0.12376 | 1.5675 0.194 0 106.39

494 | 0.18615 | 13857 0.2579 42.12

e 252 0.19053 | 14300 02725 39.71
Tk (135 019327 | 1.4894 0.2879 38.18
71| 019277 | 1.578 8 0.304 3 36.65

357 | 0.14642 | 1.4050 0.205 7 90.18

it [ 179 ] 014632 | 1.4599 0.213 6 90.20
F7#ek | 90 | 0.15232 | 1.5416 0.234 8 89.41
45 | 0.16276 | 1.6689 0.271 6 79.21

3.3 A EEIEIREE

RIS O] FE SRR O A B Y P-0-S-N
BT, 43 RS AL )Tk 5L )+
Bk PRSI RE T SRR P = 0.9 FIATSE T4
a9 0.95.0.75 F1 0.50 B4 P-o-S-N itk
Nk 8 FR. & AT SEEERRbR T M IR R 5 &, B
{0 AB Rt k., ,, SD & P-o-S-N JE55 5 ik 2x10°
WX N SR S B 4. W 8 Fis, K
3P FT I IE T AL S HE P-0eS-N T ZR EB X
WA B T B TE P-o-S-N RIS
ﬂﬂlJ 295 S5 IR A El o T i (] 8 (a) AT (), AT

FEFEbR o 530 ij 0. 95 0.75 F1 0.50 B ) P-o-S-N %

frEl?H%%ﬁZIKE BESEARIBUE NS 57 BT I ke
i 58 /1 5 %ﬁﬁﬁ?#ﬂ@&ihd\ﬁ(@ 8(b) A

(d)) , AT5EREHE BR HUE 52 M G K

T 4 AL B TSR EERR ARG R, 957
Bt A e SN & ks &, SD B4, 78
FEAKR TR T, % B S bR (P = 0.9,
o =095 BHE S5 Bt iR R Z & (P =09, a=
0.50) I} 2x10° R A A S IV 1 S8 S, FARAE 4 MPa 2
P YREAR B AN LI, AN W) AT 56 BE AR bR 95 e
2k S HZE ]Ik 13 MPa.

TR BB P EE 8 bR =095 5
o= 0.50 BUE T B ZBR R B 2518 Ak, an= (1)
PN, Ak BEAT SR A BER S 9 B, Y
HRCBIRAE n =60 BF Ak=0.2, Ml SEREFEFRXT
P-0eS-N AT Al AN Al 2% 5 24 n KT 272

wthZgm . R, SA8EdE NN T 272
I, N7 57 BT R0 7 T AT g BE H R BR A

Ak = kp-0.1.a=095.) = Kip=o.1.a=0.50.m) (1)

k

(P=0.1,2=0.95,n)

1000 F

100

AS/MPa

—EF{ESN[W" L
— P=09, a=0.95
10 ——P=0.9, a=0.75
- P=0.9, a=0.50
= G R TR n = 494

, ,
10° 10° 10° 10’ 10°
N

(a) B 543  n = 494

1000 F

100 F

— fEs-Nifigk T T

— P=0.9, a=0.95

10 == P=0.9, a=0.75

- P=0.9, a=0.50

= G ST B, n =1

10 10° 10° 107 10°
N, /IR

AS/MPa

(b) Itk MsE  n =71

1000 | .

100

AS/MPa

— e lis-Nith £
— P=0.9, a=0.95
-=P=09, @=0.75
- P=0.9, a=0.50
V0F e ARfl - S S5 5, n = 357

il il il il

10* 10° 10°
NJIK

107 10°

(¢) AT+ FHe i, n =357

1000

100

— hES-Niffik =

— P=09, a=0.95

-= P=09, a=0.75

< P=0.9, @=0.50

V0E e ALy -5 Sk IR 55§, n = 45
| |

10° 10° 10° 107 10°
N/

AS/MPa

(d) LT PRI  n =45
8 ARWEERIFERGEHET P-orS-N EHRIT
£
Fig.8 P-a-S-N fatigue design curves for welding details
with various values of reliability index
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