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Fatigue state analysis of orthotropic plates of steel box girder based on Markov chain

Guo Jian Hang Da

(Institute of Bridge Engineering, Zhejiang University of Technology, Hangzhou 310023, China)

Abstract; In order to study the residual strength degradation rule of the U-ribs of orthotropic plates, the Markov process
theory was adopted to assess the state change in the very long-span steel box girder suspension bridge—Xihoumen
Bridge. First, the time-frequency characteristics of the long-term strain monitoring data of the steel box girder of
Xihoumen Bridge were analyzed. The wavelet analysis was used to separate the stress fluctuation of the bridge deck
structure caused by the change of environmental temperature. To eliminate the low amplitude stress variation caused by
environmental random excitation and measurement noise, the appropriate threshold was selected for the wavelet transform
coefficient at different scales. The rain-flow counting method was used to statistically analyze the monitoring data of strain
under vehicle load, so that the fatigue stress range was obtained, and six fatigue stress intervals were set. Furthermore ,
the transition probability of the strength from the initial state to the final state was calculated from the typical S-N curve of
the rib-to-rib connection of U-ribs, and the state transition probability matrix of the strength evolution of the vulnerable
portion of the connection was constructed according to the Palmgren-Miner linear fatigue cumulative damage
theory. Finally, the probability distribution vector of the initial state and the state transition probability matrix were used
to obtain the residual strength values at different service time of the bridge, and the strength degradation trajectory of the
connection of U-ribs was fitted. The results show that the established fatigue state analysis model can consider the
correlation of different states during the process of component strength degradation, and can predict the variation of the
U-rib fatigue state of the orthotropic plate during the service time of the bridge according to the change of traffic
flow. Hence, the service performance assessment of orthotropic plates of steel box girder can be realized and

completed.
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Fig.2 Layout of strain sensors of the Xihoumen Bridge (unit: m)
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Fig. 3 Strain sensors arranged in the cross-section (unit: m)
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Fig. 5 Time-history diagram of original stress
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Fig. 6 Time-history change of temperature stress
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Table 1 Strength state division and strength value
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3.4 BEFNARMEITE

ZEt g 2 1) T2 AR R 0 B 02 R
SRR T s Rl i R, 2R R
KARW AR AL, I ELAS 5] M X5 4 40 foy 280 A X 51,
R, SCHRAPEHETTRAR 2010 ~ 2018 4F SEAT ) 245 F)
W 2R 0 0 A S I 1 R Bt S A X 4, b
THRAEE R R, W 10 s,

X A 2 O o B AT BB A B, A5 3 4 O o
I RhZeh .

K(t)=171.2x1.097' (9)

K 2R T 42 AR R (1) = 0. 097,

450+
& 400+
S350t
@ 300f
¥a50
[2200¢

1502 L L L L L L L L
2010 2011 2012 2013 2014 2015 2016 2017 2018
IRt Rt ]

B 10 BERITAHESEERE
Fig. 10 Annual traffic flow of the Xihoumen Bridge

WRIGSEHFAE 2015 AF—4F P A R 7 W D0 RCHE , HE
RIUREE | BRIE BEBIL I K ) ek Mg P ) HG Y 52 0 22
Jei R RR O 0k ek HE R W AE VS B R AT gE iy
Mr, JEHFRAHX B APIRZSH MR, N5k 2 P,

R2 EFHNERINEAITESER
Table 2 Fatigue stress amplitudes and

corresponding calculation results

RO RAEME  esnihil ORRE RRROR
(MPa) P (x) (MPa)  N(X10°)  Pg(x)xPg(x)
0~2.33 0. 844 1.17 879062 0
2.33~4.67 0. 092 3.5 3617.5 0
4.67~7 0.033 5.83 281.3 0
7~9.33 0.02 8. 17 52.3 0
9.33~11.67 0. 009 10. 5 14.9 0.0019
11.67~14 0. 002 12. 83 5.5 0.0014
4 SEEREER
A2 (8) TR FE AL HE I .
"1 0.008 0.006 0.004 0.003]
1 0.008 0.006 0.004
0(1)= 1 0.008 0.006
1 0.008
L 1 .
(1 0.0088 0.0066 0.0044 0.0033]
1 0.0088 0.0066 0.0044
0(2)= 1 0.0088 0.0066
1 0.0088
1

B UG B 20 ¢ = 0 B IR SR 5340 p (0) =
(1 0 0 0 0],Hm=N(1)H5HE t=1 FRHRIRSHER
AN .

p(1)=p(0)xQ(1)

=[1 0.008 0.006 0.004 0.003]



H53E 3

S8 ERAE - T B IR AR BE A A SRR IE S S VAU 97 RS - 65 -

p(2)=p(0)*xQ(1)xQ(2)

=[1 0.0168 0.0127 0.0085 0.0064]
R (2) XPAREMH p(1) | p(2) H—AEIHTH
, _[1 0.008 0.006 0.004 0.003]

p(l)
1+0. 008+0. 006+0. 004+0. 003
=[0.979 0.008 0.006 0.004 0.003]
, [1 0.0168 0.0127 0.0085 0.0064]
p(2)'=

1+0. 0168+0. 0127+0. 0085+0. 0064
=[0.958 0.016 0.012 0.008 0.006]
HAREPR SR p (1) (1=3) HALEEZ
e
WA 1 eGSR EE, m2) RS
SRR R EEEN -
E(1)= Ao, =415.2MPa
E(2)=7376.54x0. 979+299. 22x0. 008+221. 9x
0. 006+144. 58%0. 004+67. 26x0. 003
~=373. 1MPa
E(3)=376.54x0.958+299. 22x0. 016+221. 9%
0. 012+144. 58x0. 008+67. 26x0. 006
~369. TMPa
M 11 AT LUE Y, BE A A 32 IR A% I 8] 1 18
U Wl B B AR B AR, 20 10 AR ], 58 W)
URIRE 415. 2MPa iRBfL & 346. 96MPa, WiT Zit—4
TR SR, X 5 SPGB U I s e v 2
BT, X% U Bl 4 o B2 AR Ak it B AT L
CIEGESIP
o(1)=66.5xe " +319. 9xe * " (10)
Ky o () e 20U M FRIARSREE s « BRI
BFIE], AT LK oA Sheazs 2 100 A A S i B 2R A7 400 25 T
VIBERR B BRYEE IR 4 A
420
E 400
= 380
4:% 360

& 340
& 320

20

5 10 15
HRASE T 6] (4F)

B 11 EZRMER U EERLHE
Fig. 11 Strength degradation curve of U-rib

ASCR A E IR T R #E, GeitIF o i 7P k1]
RFIREZEIEAS S A U il G B v A5 1 4 B 7 A 5
TR, BEST T AR B A R A 5 52 3B Al R IR 25 T

DR FESC T .

(1) HHE Palmgren-Miner 2 PR 57 Bt 4 B
W, ST NIRRT 1 AR G AEAS SR U
I AR A BE T B, ST TR OTRAEIRAR

(2) HIBAEZE IR g, b TIRE S
TN MR R S0 o7 28 A4k 0 S Wl AR A TR R T Rk A 3
P55 ARG, ARG 6 A IXTE], L&A
D) P (B SR 9 97 100 3 MR, 28 I3 AS [w] 10 g Wt 18 &
AEOMERR, RS U &R ALY S-N £k K SE Y
PEIFIRASICI], RAG T 9 BOR S AAS

(3) BT /R REERE, Gl H— A FR S5
FEMEAHF AT 2 T VU] RAT U 5 5088 L 76 A [+)
I 20 AR A it BB, THOR T IESS S AR U AR A o
JEIRAE AR, SEBL T X IR RE A DAl T
2 £ X

[1] Fisher J] W. Fatigue and fracture in steel bridges: case
studies [ M ]. New York: John Wiley & Sons, 1984

[2] Tuwo PJ, Zhang Q H, Bao Y, et al. Fatigue evaluation of
rib-to-deck welded joint using averaged strain energy
density method [ J]. Engineering Structures, 2018, 177;
682-694

[3] JHse, BOZEME, X, 45, D28 5 1k MR A A SR A
WO [J]. EAR TR, 2014, 47(3) . 112-122
(Tang Liang, Huang Liji, Liu Gao, et al. Fatigue
experimental study of a full-scale steel orthotropic deck
model [ J]. China Civil Engineering Journal, 2014, 47
(3): 112-122 (in Chinese) )

[4] Heng J, Zheng K, Gou C, et al. Fatigue performance of
rib-to-deck joints in orthotropic steel decks with thickened
edge U-ribs [J]. Journal of Bridge Engineering, 2017, 22
(9) : 04017059-1-04017059-10

(5] ERER, VRNE, TR, 55 PUIRITRMr R R 2
TR ANK IS ()], Hr i di, 2009(2): 27-31
(An Qunhui, Shen Wang, Wang Jiezao, et al. Test study
of sectional model of separated steel box girders of
Xihoumen Bridge [ J]. Bridge Construction, 2009 (2):
27-31 (in Chinese) )

[6] Farreras-Alcover I, Chryssanthopoulos M K, Andersen J E.
Data-based models for fatigue reliability of orthotropic steel
bridge decks based on temperature, traffic and strain
monitoring [ J]. International Journal of Fatigue, 2017,
95. 104-119

[7] Ju X, Tateishi K. Fatigue crack behavior at rib-to-deck
weld bead in orthotropic steel deck [ J]. Advances in
Structural Engineering, 2014, 17(10) ; 145-1468

[8] Mftldy, HEWH. FRIE RS A2 ARG G 128 S PE A 57 37
Bt ge AR [J]. BRI, 2017, 47(4) ; 60-65 ( Yang
Shili, Shi Zhou. Current research of fatigue damage in
orthotropic deck plates of long span steel box girder bridges
in China [ J]. Bridge Construction, 2017, 47(4) : 60-65
(in Chinese) )

[9] Fisher J] W, Roy S. Fatigue of steel bridge infrastructure



- 66 -

S S NN D =

i 2020 4E

[10]

[11]

[12]

[13]

[J]. Structure and Infrastructure Engineering, 2011, 7
(7/8) . 457-475

Connor R J, Fisher ] W. Consistent approach to calculating
stresses for fatigue design of welded rib-to-web connections
in steel orthotropic bridge decks [ J]. Journal of Bridge
Engineering, 2006, 11(5); 517-525

Pipinato A, Modena C. Structural analysis and fatigue
reliability assessment of the Paderno Bridge [ J]. Practice
Periodical on Structural Design and Construction, 2010, 15
(2): 109-124

X347, 2R, LTI 2 AR o I S Hi ) SN AR 22
BRToUb U A48 0 55 nTSEHE A [ ] A KA 224l
H AR B AR, 2019, 49 (1): 68-75 (Deng Yang, Li
Aiqun. Fatigue reliability anslysis for welds of U ribs in
steel box girders based on fracture mechanics and long-term
Journal of Southeast University:

2019, 49 (1): 6875 (in

monitoring data [ J].
Natural Science Edition,
Chinese) )

Maljaars J, Steenbergen HM G M, Vrouwenvelder A C W
M. Probabilistic model for fatigue crack growth and fracture

of welded joints in civil engineering structures [ J ].

2 E(1973—
BT IE(1995—

[14]

[16]

International Journal of Fatigue, 2012, 38. 108-117

Guo T, Chen Y W. Field stress/displacement monitoring
and fatigue reliability assessment of retrofitted steel bridge
details [ J]. Engineering Failure Analysis, 2011, 18(1):
354-363

AL, /N, XN, ORI AR PC 2 A AR TR 0T
PRIHUS AR B RE I BZ B SE [T ], AR TR 4R,
2012, 45(7): 111-119 (Li Lifeng, Xiao Xiaoyan, Liu
Qing. Study on the residual flexural capacity of composite
box girders with corrugated steel webs after fatigue damage
[J]. China Civil Engineering Journal, 2012, 45(7) ; 111-
119 (in Chinese) )

oA, BELE, VARG, S5 BTN BT AT B B
W], TR, 2006, 23(12) : 129-135 (Guo
Jian, Gu Zhengwei, Sun Bingnan, et al. Method of bridge
health monitoring based on wavelet [J].
Engineering Mechanics, 2006, 23 (12). 129-135 (in
Chinese) )

BS EN 1993-1-9. 2005
structures. Part 1-9.
Standards Institution, 2005

analysis

Eurocode 3.

[S].

Design of steel

fatigue London: British

) I T B GR P TR B R AT S 5 I A S R I 5 7 T
) I LT A AR BT R AR I TR A DS



