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Fig. 1 Fatigue testing equipment for structural specimens
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2 ZREFEFNRKXRTF 6056

21 WEHHE + WHT i E S MENEHRIES
5

XU + RIS h 525 48 4548 9% 57
e B, fe R FR AR #R 2K 1000 W, 25 i i 4
50 N, BRI T 3h#% 800 W, 25 Hh3hzk 50 mfi (& 3).
TR0 AT [ B 28k 2 e 7 (DA AN W) 2 A i e
ALY EaF W o daE R E VAR SRS R 1IN E AR S YR
ittt A R B3R R - 25 i A2 A A R 9 571K
5, LA U AL 45 I 2 s BARAIE Hh O 15 AN AR FIA
ST Re, HAERERI R itk m e R
B L i 7 S RE PR DA R A TR B e SRR AL IR
FFTR T BOK TR 5 IR A B v sz i 220 Bl AL
PRI 57 2 AT RO ASEADLZRAE XA

VR — 5 e Rl 76 IR A I, VR AR = A iy 9%

E3 zWMEAMEAR
Fig. 3 Multiaxial composite loading method



86 BB ¥ # %43 %

53 B0 2 IR AT S R AR FTEC, AR G U LA A T 57 Pk et

THFF 0 30 4R, BEAARSEHI 57 0 R I 9% 55 BAGFARN G DAL 5 IR E A E AR
BB, S G B 55 AT a5 SR AN 1A 4 Bz, T 124 20m < 20 m x 0.05 m, A 2 25 14 0% 57 I
VLA - B9 07 W b 200 Tar i SR et Ui RSF 2R, XS bE 5 77 187 7 3 45 A R AT LU 491
B SR Z BN AR S A A 1:20 48R, =TT 20 mm 4R R, HF IR
55 FF an Mk, RPE T B A IRB AR A BT SIARERE A ER A R SLBRZ T PIRAS. A RAEEALEY
S ORGSR ST B, RN 5 IR R E0A R AR S SR N R R AR A A
JI 7N B ST 55 PR AT TR A A SRR Y, A T4 ORI, (EL R AR R 2 R S B B 1 SRy P8 B RS
Iy SR, IR A R A RS Uk . 4l 6 R, 4i

—_— —
6.171 67 337.783  669.395 1001.01 1332.62 (4F)

B4 RKFEEESTHFZAML B 5 MiE5FEEREMEIEE
Fig. 4 Fatigue weak position of semi-submersible hull Fig. 5 Local model of column and pontoon connection
structure structure

W

(b) A ImERA

() G b

Mises Mises
. 0 (Avg: 100%)
(Avg: 100%) 2.452x102
+4.012x +2.247x10?
+3.677% +2.043x10?
431343 & —+1.839x102
< +3.009% = +1.634%10?
S b +2.074% S —+1.430x10°
= H 15340x 8 B41226x10?
S +2:006x R +1.022x102
R +1.671x = +8.177x10!
+1337% = +6:179%10!
B B +1:003x +4:085x10!
+6.686% +2.043x10!
18-988% +2237x10°10
+1.722x%
() BURHRL A ) 534 (d) e 2 g g 3 4 A

B 6 Hi-E-ZHMmE N5
Fig. 6 Stress distribution under tension-compression-bending loading. (a) scale model; (b) load loading condition;
(c) biaxial tensile stress distribution; (d) lateral bending stress distribution



%11

REF, T RAFET & B SR 7 MR =7 87

OB XU A K 25" i 487 25 4°F T B9 L3 20

JO7 3 @ A S S B R — B[R 3 B
Terb R BOASE, N3 1 PR, R SR A Rk S
B, B RO S BR RK IERF 5 fE R
TR R A0 7 98 55 1R e

R1 RANNEHRYITEER

Table 1 Calculation results of hot spot stress concen-
tration coefficient
g SEpRa 4 R
KU AH 1.306 1.318
i 1.261 1.268

Xof 46 ROE T A7 U - 25 il 5245 2 1 T
2 55 4, ok P S A e SR i A A iy %
WE 57 K A (B, A B B AT U A AR BE 0.5 ¢ A1l

S ARt 157 A AE HEA T =Tl ey A B AR, BT
S AU Al A L ST e A P 9 0 ALY IR AT
N, K 2R GE P B A I an sl 7 ~ 151 8 Firais.

B7 EFENRS
Fig. 7 Fatigue monitoring system components

B8 LIRS 1T AN

Fig. 8 Fatigue behavior monitoring for structural
components

22 HE+ THESMHENERERET KT
ik

PR + 25 52 5 i 28 57 0 1K i 1) 3 [ o

A IR AT Bl 525 i o 28] A 41 50 2 mT LB g T

VE B S R T AR S Bt ep by e L 2 25 il sl U
P72 il &2 A 3 T ) B 2, R K B
300 Ii, 25 #5250 I, 7 FE s 2% 240 w25k )
B 50w, Al A 8 TR SR IR AR 5 2
TP O 40 25 ) TS A A 235 40 1 K20 A ) 9 57 1k
S RT SR ST BT

— B, B A 55 R R R T 4 =AY
B Marii | Mg AR E PLE A, Hod g
SR Y S B A R e ey R B
5 /INRGHARAE R 9% 57 1050 AH L, 30 RS RN JE
FE R R B A S e R B,
B R G T, (RS S B A ke i R
SN DA B BRI G AE AR RO A 1 B T 4 SRR
T 4 i S R 2R, (R, el o Y 3R A
SR 1) 42 75 i A2 S0 X ) X

LU B 2 1) SR A RRAE 5 M R Ak gt 2 AH
XN, SR B B R, T R ) R R
P, OB 5 R AR S B R 2 WL L B A
PR, X WA W R R TR AR L. e A ot
ALY B BE, W BB A, e gkl Ay
o JEL R 5 R, P RE AR Ak BRI TR SE I B 7
FE A, WE 9 Firs. 7ERa e Hay TR EL, 1ifs
T bt 5 S S AR A AR R RS e BB K5 24K SR
PR BE 1 K, (v B i K R A R RRORES, (1
FHR 2R K.

1.0

TREH KB

i %
f Fhabirke

0.7

200 400 600
8] #/min

B9 {#EMETL

Fig. 9 The peak displacement varies with time

W' X T R 95 P RE IR 2 1h 20 0 e
KD BARE 2P IR A . a4
AR 0T PN 2R I (RN A LR &, 1) PR [0l 9 D7
PRSI BRAT T IEIREIH T B IEHCR, R 2R
PR SK R 07 M BE A R LA R AR AT
St T AL PRSI AR T 25% Rt RIS



88 B

¥k %43 &

MIFESE PEREIAZ 251, BEPRIIE 104 R S h
R 1R B A A

BT BT MR BOR SE L T 4 R 55 1R A
REAPR 55 1 A rh LA AR A AR S ) Sh 25 e, LA
LR R AR R AR EU BE A il i | 5 55 REU
R | NEAEYTy, AT AT RAE 4 RO R T A 55 1
REAIFT . NP 10 Frow, 7e 55 B A= v B, th 177
TEJUAIAS RS, P A5 b 32 30 HE WD I8 1) J 0 1 g
LG, AR I 2 2R Sl /R AR LT 3 AL R AR
FROR, MAR B V5 J3E T i) o7 A2 T8 il N 7 2480
JEB B, T RS A, SR REAL 2 AR 2R
BRI RS R T HAB AL, 75425 R B 0] 4
NS, A7 RGRAE ) 2L A JE.

10 JE5<%ar DIC RrEz i
Fig. 10 DIC strain monitors the whole fatigue life

TEMCHER b, JT R TR R | 8 0 AR
FETT R T PERE AT, SRSk Y S-N
ZRANTET 11 s 8 ORISR S 240 R4 4 Sk 19
PEFFVERE P HE SN, A/ i 25 A X R Rk
W 55 PERERRARAR B2 e K, SRR S P AT, 25 th 2%
TR Z 5 BEA J5EBE B BG AN, PR Sk 0 55 T a2
FEAIL.

—90 mm J& , 75 il
——50 mm J&, fifi
——50 mm J& , i/
—90 mm J&, fiffi

. —90 mm J%, Rrfi/il
100 000 1 000 000 1E7
TRERUEL NI
B 11 FAREE.ZHFTENX S-N H&3Ttt

Fig. 11 Comparison of S-N curves of different thickness

and load forms

5L J3E B 3 M0 B0 55 M RE R AR D D] 2 2 o
JUART IS B80S 18 82 B J8E 11, 7 4 v e 1

AL SEC. T R S T AL, AR BV
JEEJRE T 1) FLIE 3 A 32 W R AT AR A ] 44 SORE
RS, JUATA SR, SR
B34 TR U5 B 7 1) L IO 3 77 A A I B
W0, e I TR, GRS DX RT R Y A K
AR Y INCIR ST e
2.3  SFIMEIEEIE AR NI 5 K

B 3 55 e TR K IR AR 15 7R A2 Y F 2 55 7
Az —, PR 57 by LB A% RS e 5 75 20 B, XF
GKIFRY- 5 8922 2 IR At i AR i, DR
T STl BT A 43 T 2

ARV IR T FR Rk /MR I 55 PR RE BT 9 0
FErp, R BN /K A4 6 Tl A -5 BT A A JE ok
VEFIEEAARTE]. WIE] 12 Pz, % Hoas SR K g i
T YRR S0 57 P R S BT 7K Y S ok A e A
PR SRR R DT VERE 35 I, SRR EN
TR K FH I I EREE T B 55 PR RE 2y 23 R
f9 70%, BARRAR 7B IhERIE T B9 S5 PEREZ 25 X
HH 90%, 1l I XEE 7K Hh AR Tt I BB A3, ]
VAT B ARAP R 4 SR S 2 W /K B S TR, A
M iR RK BT 5 B F7 PR RE.

1000
— 2RI (P=97.7%)
— Nk (P=97.7%)
— IR (P=97.7%)
£
S 248 MPa
% 226 MPa
ANy
3 177 MPa
100 |
1x10* 1x'105 1x'106 1x107
TEFREL N/ IR
B 12 (BN RS R R

Fig. 12 Study on corrosion fatigue behavior of small
welded joints

3 ZREKFMNAART G HWES

DRI & i 25 U2 2% R pE
R BIE XS AER N R, 1 M id 2 v ad i s 2
TR I A 5 T 00, Unfel iR AYSE i S-N i 4 T
I SRR K 55 3 i 2 PRAIE TR K P2 K- 65 R 32 it
[ ) B

e [ A R RIE 6 16 mm JEAR 4 S AT R



% 11 4 REF, T RAFET & B SR 7 MR =7 89

et AR 57 AT E T 1 AR P2k g REE £k
ANFHERIE R #ofiy T00 R, IR 45 22 e
L F P HTZOR OV, WA KA AL AR i 2
IR B 55 S-N 2R A BRI OR 22 5T 3 [ RE R
HORG SN 2™ AR SR LTSS | KR T
AL AR TR S-N k.

XTI FEAF 65 FPoRek B 8T LR AR
JE | 2RI 2R e R O F RTAS R At A SR v
2 b, SR AR 7k Rk 1 ) ok SR 57
. SRTI L AR 025 R R AT S e 57 P RE I,
BA S-N AT T i5 2 A n] LUHERR A R
53 AR A TR

B BRI O, A 5 0] DU T8 R 30K
TR 5 AR RSS2 T 20 IR EE A K 38
ARZSXHE 57 PERERYRZ R, TRIHM 3 S 2R I AN TR A4
AT R 97 PERE, M — PSS AT P E AR L
F R A5 L R A A R TR OK PR AT 5 98 55 B
2k, A ezl b EGOK G IR AT 05 B TR
[EZRSPSREA LY 3N

4 %k

(1) 22 ROBEPE 55 MK 5 385 T AN R RUEE A
[FI 2T | AN [R) 2548 | AN TRI PR A 9% 57 1k RE I k.
FEASTRAK PR 5 S SEAR IRAR H 7 A5, AR S B e
BEARAE, SEBL T 225 | BEALAYPE 57 200 A 45 F
53 A Sk

(2) BEXF A RT AR BET A, S T LA PR
KA 25% 094 ROT R s 55 P RE I il 2%
SRR 5, R HERAT T 57 1R B 2 A i, TR
BRCTFEBER, INFRAE T 4 R R 57
PEREFIAT .

(3) ZRhIREE T ARk /MR 55 i B
APARIE TROK PR 3 G m IR A IR B 4798 0
PEAREDN K, B B 52 A S W AE S T 00 T (19 9% 57
1A,

(4) A G IR 0] AR s TROK PR AF 5 48
ARG IEAEA R RORL SR T2 IRBER ST LA R 52
ZRBIATIRZS N RIS PERE AR, SEBLTGOK PFAF
B RHESTIR ST BT IR UE, D s R iRk
IR IR & BT 6 197 3T
ik s e

SE 3k

(1] R 5. KA e il SRR (], REE AR AR
5 TAEHANR), 2022, 55(1): 1 - 10.

Xu Lianyong. Long-life and high-reliability welded structures[J].
Journal of Tianjin University (Science and Technology), 2022,
55(1): 1 —10.

[2] 72, EIKi, Eok. IREEIR L 2 M R 22 5 i 2 g% (0],
F SR FETR2AAR, 2020, 35(11): 2613 — 2628.

Su Jun, Wang Yongxun, Wang Qiang. Pattern evolution of global
energy security and the geopolitical game[J]. Journal of Natural
Resources, 2020, 35(11): 2613 — 2628.

[3] Gasser P. A review on energy security indices to compare coun-
try performances[J]. Energy Policy, 2020, 139: 111339.

[4] KL, AL By, MO IT R R P RE IR 4 2 2 F ()], REIR
P, 2022, 12(3): 52 - 56.

Zhang Kang, Zhang Liqin. Increasing oil and gas development is
the key to energy security in the near and medium term[J]. En-
ergy Review, 2022, 12(3): 52 — 56.

[51 KR, WA i < & T B el 3 AR S B
R BT (7], ATIMAE T 354, 2021, 24(10): 112 - 115.
Zhang Chao. Cause and control and prevention of crane accidents
during land construction of supporting facilities for offshore oil
and gas field development[J]. Petroleum and Chemical Equip-
ment, 2021, 24(10): 112 — 115.

[6] Kahl A, Fricke W, Paetzold H, et al. Whipping investigations
based on large-scale measurements and experimental fatigue test-
ing[J]. International Journal of Offshore and Polar Engineering,
2014, 25(4): 247 — 254.

[7] Cai Shunyao, Chen Weizhen, Mohammad M, et al. Fatigue life
assessment of large scale T-jointed steel truss bridge

components[J]. Journal of Constructional Steel Research, 2017,
133(6): 499 — 509.

[8] Fricke W, Paetzold H. Full-scale fatigue tests of ship structures to
validate the S—N approaches for fatigue strength assessment[J].
Marine Structures, 2010, 23(1): 115 — 130.

[91 WitaAe, A4 R B, XIS, 4RI SF R 97 W7 11 4047 [1]. A9
TARR, 2019, 45(3): 48 — 51.

Hu Yanhua, Niu Huli, Liu Jian. Fatigue fracture analysis of full-
size fatigue specimen[J]. Petroleum Engineering Construction,
2019, 45(3): 48 — 51.

[10] Kim K H, Kim B W, Hong S Y. Experimental investigations on

000-TEU

containership[J]. Ocean Engineering, 2019, 171(1): 225 — 240.

extreme bow-flare slamming loads of 10,
[11] Ruan W, Shi J, Sun B, et al. Study on fatigue damage optimiza-
tion mechanism of deep-water lazy wave risers based on multiple

waveform serial arrangement[J]. Ocean Engineering, 2021,


http://dx.doi.org/10.31497/zrzyxb.20201105
http://dx.doi.org/10.3969/j.issn.1674-8980.2021.10.031
http://dx.doi.org/10.3969/j.issn.1001-2206.2019.03.011
http://dx.doi.org/10.3969/j.issn.1001-2206.2019.03.011
http://dx.doi.org/10.31497/zrzyxb.20201105
http://dx.doi.org/10.3969/j.issn.1674-8980.2021.10.031
http://dx.doi.org/10.3969/j.issn.1001-2206.2019.03.011
http://dx.doi.org/10.3969/j.issn.1001-2206.2019.03.011

90

%43 %

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

228(6): 108926.

Shen W, Luo B, Yan R, ef al. The mechanical behavior of sand-
wich composite joints for ship structures[J]. Ocean Engineering,
2017, 144(1): 78 — 89.

Fricke W, Lilienfeld-Toal A V, Paetzold H. Fatigue strength in-
vestigations of welded details of stiffened plate structures in steel
ships[J]. International Journal of Fatigue, 2012, 34(1): 17 — 26.
Lillemaee I, Liinalampi S, Remes H, ef al. Fatigue strength of thin
laser-hybrid welded full-scale deck structure[J]. International
Journal of Fatigue, 2017, 95(2): 282 —292.

Larsen M L, Baumgartner J, Clausen H B, ef al. Multiaxial fa-
tigue assessment of welded joints using a principal component-
based measure for non-proportionality[J]. International Journal of
Fatigue, 2022, 158(5): 106731.

Mei J, Xing S, Vasu A, et al. The fatigue limit prediction of
notched components—A critical review and modified stress gradi-
ent based approach[J].
135(6): 105531.

International Journal of Fatigue, 2020,

Kang G, Luo H. Review on fatigue life prediction models of wel-
ded joint[J]. Acta Mechanica Sinica, 2020, 36(3): 701 — 726.
TR, W, B, S —Fh ORGSR S
[E, CN113433008B[P]. 2022 — 06 — 21.

Xu Lianyong, Feng Chao, Zhao Lei, et al. A test system for weld-
ing joints of deep water platform: China, CN113433008B[P].
2022 - 06 —21.

Shao C, Cui H, Lu F, ef al. Quantitative relationship between weld
defect characteristic and fatigue crack initiation life for high-cycle
fatigue property[J]. International Journal of Fatigue, 2019, 123(6):
238 —247.

Remes H. Strain-based approach to fatigue crack initiation and
propagation in welded steel joints with arbitrary notch shape[J].
International Journal of Fatigue, 2013, 52(7): 114 — 123.

R, E L, B R IL, 5 BRI U - e

[22]

[23]

[24]

[25]

TR I PERE IS [7]. A MESEAHY, 2017, 34(9): 68 — 75.
Ye Xinghan, Cao Yishan, Cao xinger, et al. Fatigue test on U-rib-
to-deck connections in orthotropic steel bridge decks[J]. Journal
of Highway and Transportation Research and Development, 2017,
34(9): 68 — 75.

Hobbacher A F. The new IIW recommendations for fatigue as-
sessment of welded joints and components — A comprehensive
code recently updated[J]. International Journal of Fatigue, 2009,
31(1): 50 — 58.

Boni L, Lanciotti A, Polese C. "Size effect" in the fatigue behavi-
or of friction stir welded plates[J]. International Journal of Fa-
tigue, 2015, 80(11): 238 — 245.

XA, XU, B0, S5 25 RN 7 LRI T R (] A ¥ /K g e 7 4L
SOy AR (3], b Tl B AR, 2022, 42(1): 163 -
168.

Liu Dong, Liu Jing, Huang Feng, et al. Corrosion fatigue crack
growth prediction model based on stress ratio and threshold for
marine engineering steel DH36Z35 in seawater[J]. Journal of
Chinese Society for Corrosion and Protection, 2022, 42(1): 163 —
168.

Wikt 22—, WAFEIR, 45 ARMREEH S-N I 2t O % [J]. MR
WEREFROR, 2014, 7(1): 22 — 26.

Chen Song, Lan Yifeng, Hu Jiajun, et al. Research on selection
method of S-N curve for hull structures[J]. Ship Science and

Technology, 2014, 7(1): 22 — 26.

F—

KR 0 A B 5 VP
St
BB

AT LS

E5, WA, %‘i’f“ T@iﬁiﬁ*ﬁﬁ FENF
K 77 i A5 1 3 A
SRS ; Email: xuhanyong@tju edu.cn.

@j: Rz, HASm; FENFE
BRSBTS s Email: zhaolei8s

1EH: TRik

@tju.edu.cn.

(5E: KRR


http://dx.doi.org/10.3404/j.issn.1672-7649.2014.01.004
http://dx.doi.org/10.3404/j.issn.1672-7649.2014.01.004
http://dx.doi.org/10.3404/j.issn.1672-7649.2014.01.004
http://dx.doi.org/10.3404/j.issn.1672-7649.2014.01.004
http://dx.doi.org/10.3404/j.issn.1672-7649.2014.01.004
http://dx.doi.org/10.3404/j.issn.1672-7649.2014.01.004
http://dx.doi.org/10.3404/j.issn.1672-7649.2014.01.004
http://dx.doi.org/10.3404/j.issn.1672-7649.2014.01.004

	0 序言
	1 多尺度疲劳测试试验平台的构建
	2 多尺度疲劳测试试验平台的功能
	2.1 双轴拉压 + 双轴弯曲复合加载的结构级疲劳测试
	2.2 拉压 + 弯曲复合加载的全板厚焊接节点疲劳测试
	2.3 多种环境焊接接头标准小试样疲劳测试

	3 多尺度疲劳测试试验平台的意义
	4 结论
	参考文献

