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Multiscale fatigue damage assessment method for orthotropic
steel deck of long-span bridges
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Eryuan Engineering Group Co., Ltd., Chongqing 401121, P. R. China)

Abstract: Orthotropic steel deck (OSD) in a long-span cable-stayed bridge is vulnerable to fatigue damage at the
rib-to-deck (RD) joints due to traffic vehicle load. An algorithm for fatigue damage evaluation simulation of long-
span bridge based on mesoscale damage model is presented in this paper. Firstly, the fatigue damage evolution
model of steel deck based on microscopic damage mechanics is derived. Combined with the measured traffic
data, the random traffic flow simulation is realized based on Monte-Carlo method. Finally, it is applied to

estimate the damage accumulation of a multi-span cable-stayed bridge. The results indicate that the fatigue
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damage accumulation at the rib-to-deck (RD) joints is greater than other areas of the OSD. The cumulative rate

of fatigue damage at the rib-to-deck (RD) joints shows a strong nonlinear trend. The results are also compared

with those estimated by the linear Miner’ s model. The predicted fatigue life is far less than that by the linear

Miner’s model.

Keywords: large multi-span bridge; steel deck; mesoscale fatigue; damage evolution; stochastic traffic flow;

fatigue prediction
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Fig.1 Meso-element embedded in an elastic

representative volume element(RVE)
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Fig.2 The S-N curve of deck-to-rib welded joint
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Table 1 Model parameters of multiscale damage evolution
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Fig.3 Flow chart of fatigue damage evaluation for

structural system of OSD
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distribution
K| ZEAF A S CRl R B m)
0.40 0.60
T =
A dh =
47
026  0.26 0.48
B ) )
AR 8 )y
0.19 021029031
AR 38,8613
- 0.16 0.270.20 0.180.19
= ‘ ] T_ 95 _9CTr
D ot I,
Stk ENERENS
E
.
G

F2)=Sage L0 (19)

Hosa, b oA RELB PR 2 BB, 2 AR A
RS R 2 IR Cuil 2552 BF 58 18058

LU AN, H AN T A R S A2 00 e B e, A

A5 ) 57 X 0 AT TR N g e 7 R R ) o7 A3 AR
Z: I Eurocode 3"\ B B9 45 #9 4 T2 52 11 BIAE )
(JTG D64—2015) H i Z=50 4F 4 18 Ak o) 1 285 53 A3 A5
R AR B A PR E R GRS AR A R R
TE A 430 oA B A O ME 2 % 3 0 A, A9 3 O 4R
H 2 22 0 o0 A S BIE B (=17 294; 6=
1607)57,

3 sk X Rt S0 G G A R A S T LRI
AT S e S B 32 38 A I Y A4S A AT BB R . D) iR
FAR S N BEYLAS i, 38 5T Monte-Carlo 35 4l £ 1]
B4 2] B AL 42 R Ao 83, 1 1 0T A B S
T 0 55 B VAL o Sy 36 UE BT A ST A BE L A
o 805 R (7% o A P R O R L RO R AR
RS EIEATR R . B 5 B R T % A Monte-Carlo 1%
PLOMCS) A 183 7 A28 [ R A Bl , 22 80 5 L RS 4
B RIS I0{E A X L S5 2R . SR TR S SR AR S A AR
4 5 Monte-Carlo 5 L 45 JL A X 152 22 8/, Fr i
HL 114 it VL 2 90 i 28R A5 28 O 0 ek A v B I I S R 2
AT 28 A R L AT Sy DK B M R AT T AR 5 4 0
VPl B AL AT 52 0 B s S

T2 Kl
w7 B S

ZERIL A%
B
B

X

KX
10 K

K

B

A

Bs5 SMFHSGITSRMERITL

Fig. 5 Comparison of actual traffic flow and simulation result
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€ SRR

7 mm

EH7 ZEBfNNEREFRITER
Fig. 7 Multi-scale FEM of the cable-stayed bridge

R 2 BE AT FAE FH Y SR G DL, AN 25 Il o 2
RN B 5 T Xof A G S A T AT 0% 55 43 B o A S PR AN
B T AR L 9 9 R Ak 2 kA AR T A I AR A X
U Ah ISR T O 4 T A ISR S . I 7 A A SRR A
I W A A TR, 6 O T X3 (R B A ) BE
3 000 mm) A Y T8 B 5 90 Bl 0 2 4 3 At 5 i A7 oF
G A UER 53 BT IE 38 S 1k B9 AT AR 25 R AR R 4
T30 L, X A TET A A R AT SR SR BT EE AR, LA
T 25 AR S R 0 32 1 RS | Ry 3 2 K B 5T e 1 A

B 8Ca) irm o DL 7 28 458 2 58 2 4~ U
Joh A 000 T Al 55 N Pl A 3 4V Sy 4], SR P A A
AR E AT A AR E AN 0.2 mX 0.6 m, i
[ #E 2 1.8 m, fie 2% 7] 153 B AR FH R A 56 7 3 A6 1
S TR . 2238 2 M58 24 U A 5 b 3547 1 T
M 55 A KGR 365 24019 1 55 M T 4 €1 8(b) T /s
B 3 Mises N 152 W0 T 5, 45 6 B 400 1 Bl BIL 28
i Aar 2K, 7T 45 2 B AL £ 20 0E BN OG T R 2 40 7 AL 1
N 3 W 1 o I FH TR O T A0 S I i R SR T
B, A AT B AE RN T A A ROVE B, 45 A A
3405 36 b T R T B DG A I 9 5 RO RS
iAW A R B L e FiE 2 s 24 U
Joly A A0 25 v A7 1 00 A 55 N KR A T AN R )
FE— K PG B 7 Wi 5 0 P9 B R o MR A 58 (17) |f

. 3
AT SRR R H R B S = /52,5-)2,5 ,
o F /R & Mises S R0UM J DI . 10 s 14 i
205 1Y 44 SO 5 AR FI Mises 25 500 ) o

TE M LR b, 455 P9 BT 13 J D A, >R T A
TR AR 2 B K % 55 2800 T {8 A0 R R A 4



% 34 kT

V5 RIS EA RN @ AR RE R A R AE ok 167

RDAHT
§U4g ?USg :UZZ QUIQ

7 mm
(a) JRy i LR A6 B 7 2 4

Mises)¥ /1/10-*MPa

02 7 Ils
27700 e
&%/% L ls %\ahl»@m

(b) Mises 1 75 i i
B8 TSNS (RD 43 ) Mises 5 /1 %1 &

Fig. 8 Influence area of Mises stress at rib-to-deck joint

30

20

£ UM F3/MPa
(=]

T
i)/
(a) TR S5 0D 200 15 (RD 41745 ) 44 L) 7 7 )

40

w
S

Von Mises }J/MPa

B E)/h
(b) AR S5 4015 (RD 4875 ) Mises v 11 77 & &

9 TRHESHBNZET (RD 24075) Rz 77 Bt 72
Fig.9 A sample stress time history at rib-to-deck joint

UK, R Bl 5 1) 408 40 16 A 75 78 T A4 310 5 T 4 1 4
TR ODIR A o R B, 4208 2 A [ 7 B A THOAR S5

A 2 4 s 20 0 O RS B T R A IR T AR
H AR R 7 R 73 2 R TOURR S T R T R T
92 55 4 1 2R AR B L IS 220 B4 45345 70 A An 181 10 B s o

H
159 |

H
3198 |

4796 |

6395 i
799 i
9503 !
1192 |
12.790 E
14389 |

(¢) T=5 000 d I} {3 55 361 105 43 A

510 TMRFAMAMZEEAT (RDAT)ESRG S
Fig. 10 Fatigue damage distribution at typical rib-to-
deck joint

SERFRI] 2 1) KT 920 KA B 4 9 A 4 2R
B AR T A 1 2R ARBE 57 4040 22 S O, T A R
2 A0 4 P TR DX 45 03 A R T A v T AR i
B AL TR AE 5 2) 2% 38 N 57 453 3 s T 4l R L
W57 AT, A R BB ) A AR R AR PR &
17 B/, T O 55 BN I LR S S PR a5
P55 PR A5 R — 5

TE I FE Aty b, A9F 50K U0 2800 R 9 #9518 Al
W7 . DL 8 BT s 4236 2 W 92 24> U I A
Bt R AL 114 TOUARE 5 24 0 o5t e A T g ML TR O VA Y
FEAE A 0 A7 2P TR A AR Bk Ak 55 2R B 4 A
BT o NP e BB 0 5 3 B4, 225 e i
Oy G2 U R - e RUJEE 450 40 16 A A8 280 5 1) 43
SR i 5 AR BUEDR A, 45 R A B il AR L0
KA, LA T i S A 2 o 7 R AR 1
KATAR S Ja WP PR K A IR SR A ALk . A



168 K5 xR ¥E AL FROP FE L)

% 46 %

SERRBLR AT TR AR 55 2 BUK ) SR ALY
R, HREY B s B AR I 23 57 B Y & 3]
KRB, 5K 11 B 80 & A AT . Xu
SR L o 0 B BUR AR A 0
FE AT HEAG < 8 e, 0 55 SR A 1 1% B B 280
A o G Ng 5 IR, B 57 RS LIRS E
JB s deJm, K e SRR B 57 R Bk . 9 55 B R AR
SERFW] - 1) S TE AN 1Y Ak 19 95 57 453 3 Bitd AR A3 °F 1] £
W R AR Lo 3G I, H 7R AR B s A O R
103 388 1 19 72 Al # 5 X S BT 5T 45 R A
2) I S 400 5 0 1 2 1, A TR0 I B 2 0L R ) ¢
SUE A MY R A ot AL, 5 S BR A B % 5T T
LT WL B 1540 B R ARAT o 3) AE A 5 8 A 3 e
KAWL T XM 97 75 i 29 27 a, IR T 2R A ALE
A% 58 77 vk 1) T AH -

1.0 -

10
08 -
08|
L o6}
0
R
= 04
o4+
02}
02 . . -
9000 9200 9400 9600
HfTal/d L
0.0 T 1 L
0 5 10 15 20 25
i Ti)/a

B11 EEHRGRRGE

Fig. 11 Accumulative Fatigue Damage Curve
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