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Assessment of Fatigue Life

for Anchor Plates Based on Fracture Mechanics

LI Li-feng", TANG Wu, TANG Jin-liang
(College of Civil Engineering, Hunan Univ, Changsha, Hunan 410082, China)

Abstract: To investigate the fatigue performance of anchor plates, a composite beam cable-stayed
bridge was taken for example in this study. A loading model in the new standard for steel bridge and the
rain-flow method were applied to gain fatigue load spectrum, combined with a three dimensional finite ele-
ment model to identify the typical structural details and fatigue stress spectrum of anchor plates. Initial
surface cracks were imported in the typical details, and stress intensity factors of crack tips were calculat-
ed. The stress intensity factor and crack size were regressed by substituting in Paris formula, which were
integrated to gain the fatigue life of typical structural details. The assessment of fatigue life for anchor
plates based on fracture mechanics was then established. The results show that the fatigue life for anchor
plate based on fracture mechanics is over 100 years, satisfying the requirement of design and utilization;
the crack is developed very slowly in the early time, but when it reaches 10 millimeters, 50% to 80 % of
its fatigue life is consumed. Therefore, reinforcement should be timely applied to the anchor plates.
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Fig.1 Anchor plate construction
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Fig.2 1/2 main girder section of mid-span(mm)
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Tab.1 Cable force amplitude of each lane
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Fig. 3 Analysis flow chart
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Fig. 4 Finite element model of the whole bridge
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Fig. 5 Cable force influence line of proximal slow lane
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Fig. 6 Finite element model of anchor plate
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Fig. 9 Stress intensity factors
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Tab.3 Fatigue life analysis of anchor plate

A 11.66 0.2 50 AK = 0.0147a® — 0. 892a? + 15. 528a + 24. 79 135.1
B 10.73 0.2 50 AK = 0.0135a® — 0. 763a® + 14. 295a + 22. 82 160. 6
C 9.48 0.2 30 AK = 0.0153a® — 0. 447a® + 6. 716a + 32. 482 197.9
D 8.71 0.2 30 AK = 0.01424°® — 0. 415a® + 6. 224a + 30. 103 242.2

6.2 WMGAERIZIT

A PR BT 20 48 70 ARAUR SR IFBOR B
il FH B0 55 Bt O ik T I T e - BUE R 1
FEAEW) U6 280 W 2R 3 2 05 3 08 TR A2 00 55 77 i
TS 88 T A< AT Al o 8 57 58 3 ARG D0 07 58 5 >4
ZLGURT 35 B T RO IF X6 24 o 124 24485 B 48k
PAGRIESS #1422 4. B3t A B 10 frai.

L1 Ay 45 368 40 775 % 07 1 24 80 e il 2% AT
A E R RS ARG 4 1 R 492 55
ATHFELEBL B B s M GR T 36 F] 10 mm B, 45 )
AT EERE TS Al 61, 220 ~79.3%. Ik
FEVEAT 40040 28 BR B T A, v] B M LR SF o 10
mm , 2 £ 25 B LA F] 10 mm B, K ERLAR N
DL 46 B T 4t



%91 5 TR 2 ) B RLBORE 95 7 D 87
RYF
ﬁ s
LS A 2% 3Lk
| | | TIT 40N, S0, i 2 AT PRI 548 161050 09 1
| | I FELJ]. EAR TR 2004,37(3) . 73—179.
Fhoi /' Fhig /' Ahik /' LI Xiao-zhen, CAI Jing, Study on models of cable-girder anchorage
a il \/ Ay \/ 22 \‘/ f?r 'lor}gffpan ‘cabltstaycd bridges with steel box g‘glrdcr [J]. China
° Civil Engineering Journal ,2004,37(3) :73—79. (In Chinese)
(2] ks, s e B AL I 2% 2 ) 45 A4 I S B 28 LD, J0HE - 1 1 28
RY R R AR TR BE . 2007 : 12,
MAN Hong-gao. Experimental studies on cable-girder anchorage for
a, fiE A A i long-span cable-stayed bridges with steel girder[ D]. Chengdu: College

B 10 #i4h ARt R
Fig. 10 Principle of damage tolerance design

50+ | -
| Pl
4T P
5 5 7
-i’_' ol o. /'-
K _ I' L]
% ol < ,t’/
¢ _ . '/’_/)r
! e
0 I ,/r,,,,,ﬂ,,.,,,,,s;,,,,., | | | | |
O O a0
W 7 i/ 4
()ALB i
301 | -
L : ; .
25+ :. :
B Fof
EE of -.'. fn'
& ." ,',r
S -
a ol L
I e
' i/irulrwgil IS | S| M|
0 50 100 150 200 o
{81 FH 25 fir / 4E
(b) C.D

BH1l Ry kA
Fig. 11 Cracks growth curve

7 % i

1) X TG LA 45 A0 JHC B 17 15 8 R Al 1 0L T P
VB AR 4E UL R s hi il 5 3 9 AR A 2 T SR AR AR
4 o s AL ol T LRI AR B 9 A8 A7 A 7™ H Ny ) B v
PG SR 98 55 VPAk v 1) G S ) 325 240 5

2) {7 HE T W) A 0 hL AR 5 F A o BT
D7 A5 B P AR A5 B R 20 T (0 9% 97 B A 3 i
100 4, 156 B i A HL A ARG 19 H0 98 97 PERE L AT 7E 4>
Ja BB LA

) FEPLAR LI P e SR AR S BN
MR AT O i 22 e i (4 10 mm) , I FE T 60% DA 1Y
W57 FF A BT A PR, B 10 mm Oy A4k
& 5.

AR SCR T 28 820 ORTH 53 0 g 98 B2 PR 5 A g
N = YRS R I ) A T A B DT T B
J1 R A R itk — 2B 0E 5.

of Civil Engineering,Southwest Jiaotong University, 2007:1—2. (In
Chinese)

[3]  WLARSC RIS T TR0 11N T35 1Y 1E 38 S5V 4R 11 AR 9% 57 17

LT, W RE K224 A SRBR2 R, 2015,42(9) :59—67.
ZHU Zhi-wen, QIAN Liu-wu. Fatigue assessment of orthotropic steel
bridge deck based on the effective notch stress method[J]. Journal of
Hunan University: Natural Sciences, 2015,42(9):59—67. (In Chi-
nese)

[4] FISHER J W. Fatigue and fracture in steel bridges| M]. New York:
Wiley and Sons,Inc,1984 ;1608 —1623.

[5]  FEITif. koo, WIENEEA K HIR R W XA Z b i 7],

IR K224 BRI, 2014,41(2) : 26— 31,
WANG Yuan-qing, ZHANG Yuan-yuan. Experimental research of
the z-direction tensile properties of thick plate steel and its heat affect-
ed zone[ J]. Journal of Hunan University: Natural Sciences, 2014,41
(2):26—31. (In Chinese)

(6] o2 BRI, FI0H . 25, Q345qD HF JR AN 55 2L 804 i o AL 56 F
FELT] HERIERR: . 2015,36(3) :37—44.

ZONG Liang, SHI Gang, WANG Yuan-qing, et al. Experimental
studies on fatigue crack growth rate of Q345gD type bridge steel[J].
China Railway Science,2015, 36(3) :37—44. (In Chinese)

(7] 328, 25 0. ORI AR 1A 48 T8 55 M e 1 00 5 #e 4 i L.

o E A R, 2013,26(4) :94—101.
PENG Kun, LI Li-feng. Experimental and theoretical analysis on fa-
tigue performance of composite box girder with corrugated webs[ J].
China Journal of Highway and Transport , 2013, 26(4) :94—101. (In
Chinese)

[8] EFA BRI BRI, B T W8 7 0 & 0 SR AR o A 75w 5 1

2 2AGLT]. A E A B2, 2006,19(2) :42—48.
WANG Chun-sheng, CHEN Ai-rong, CHEN Wei-zhen. Assessment
of remaining fatigue life and service safety for old steel bridges based
on fracture mechanics[ J]. China Journal of Highway and Transport ,
2006, 19(2) :42—48. (In Chinese)

(9] FESRy UL JET W24 77 2 09 B AR S TR B8 L T RUJR 4y s 9% 57
A Hin )], TR S, 2013,30(4) :331—337.

TONG Le-wei, GU Min. Prediction of fatigue life for welded T-joints
of concrete-filled circular hollow sections based on fracture mechanics
[I]. Engineering Mechanics, 2013,30(4) :331—337. (In Chinese)

[10] JTG D60—2015 2B T30 AL LS. b5t - N RASE
#,2015:31—63.

JTG D60—2015 General specification for design of highway bridges
and culverts[ S]. Beijing: China Communications Press,2015;31—63.
(In Chinese)

[11] Bfese. 997 5 W 24 LML s . A6 RL B K 4 AL, 2001:3—
151.

CHEN Chuan-yao. Fatigue and fracturel M]. Wuhan: Huazhong U-
niversity of Science and Technology Press, 2001:3— 151. (In Chi-
nese)

[12] v EfL s F 58 Be. B g 38 8 I8 T 0F LML b s Bl 2= s R AL
1993.:375—384.

China Aviation Academy. Stress intensity factor handbook[ M]. Bei-
jing: Science Press, 1993:375—384. (In Chinese)

[13] ALBRECHT P, YAMADA K. Rapid calculation of stress intensity
factors[ ] ]. Journal of the Structural Division, ASCE, 1977, 103(2):
377—389.

[14] N K. kT 0BT 55 R T 24 04 A7 528 70 0 Joe R AR BLUJEE 32 1 1 2
(0], AR TAEE:4 . 2012,45(10) : 145—151.

WANG Ying-liang. Permissible maximum plate thickness assessment
of steel bridges based on resistance fatigue and fracture[ J]. China Civil
Engineering Journal,2012,45(10) ;145—151. (In Chinese)



