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Fatigue characteristics of steel box girder
based on measured vehicle flow
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Abstract: To study the fatigue properties of the base material at the arc incision of a steel box
girder under traffic load, Foshan Pingsheng Bridge was used for the engineering background, and
based on the monitoring data of the weigh-in-motion (WIM) system, the fatigue load spectrum of

nine vehicle types of the bridge was obtained. A steel box girder segment model was established
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using ABAQUS, and the fatigue stress history curve of the arc incision of the transverse
diaphragm was calculated. Validated by model tests, the fatigue life and crack propagation law of
the design arc incision was obtained. The results show that the fatigue model of the suspension
bridge can be simplified to V2 to V10, the axle weights of the same model vary in different lanes,
the axle weights of lanes 37 and 47 are generally higher than lanes 17, 2%, 5%, and the Z3 axis
of the V10 model in lane 3% has a maximum axle weight of 151 kN. The proportions of V2 to V10
models in heavy traffic lanes (lanes 3% and 47 ) are significantly higher than in other lanes. The
influence lines along the longitudinal bridge at the arc incision under the axles are shorter, about
the spacing of the three diaphragms. The dynamic response is always compressive, and only the
axis group can be identified. The weight of a single axle in the axis group cannot be distinguished
when the rear axle group of the V10 model passes, and the compressive stress amplitude of the
arc incision slit reaches a maximum of —169 MPa. When considering the vehicle overload, the
minimum and maximum fatigue stress amplitudes at the arc incision are 1. 17 and 1. 75 times of
that without vehicle overload, respectively. Under the action of the film compressive stress
amplitude, the fatigue crack occurred in the base material at the arc incision of the model test
piece, and the cracking position is consistent with the real bridge, and cracks both appeared near
the arcing point of the arc incision of the diaphragm, and the length of the crack was 53 mm. The
rate of crack propagation is faster in the early stage and gradually slowing down in the later
stage. The lateral position of the wheel load has a significant influence on the stress amplitude at
the arc incision. When the wheel load acts directly above the arc incision, the stress amplitude at
this position is the largest. 3 tabs, 14 figs, 33 refs.

Key words: bridge engineering; vehicle load spectrum; model test; arc incision of transverse dia-

phragm; fatigue life; crack propagation
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Fig. 1 Standard cross-sections of steel box girder and distributions of cracks in arc incision of diaphragm at left amplitude
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Fig. 4 Ratios of vehicle models in each lane on left

FLSAZIRNEE 5 ON

PS5 L i DR B e A MR T A A

Fig.5 Finite element model of steel box girder for

Foshan Pingsheng Bridge

B x il N IR Oy 1 AR A A SR R G g 8 A
Aol B A () B AR SCoR T 48 O 7 48 BCEE SI0E V)
H A |13 6 mm &b 51 3 1E R 4 SO 5
3.3 HERRGNFYI O A E 3 R A1 B A2 i &

SRy LB 57t 2 v AN () 4 Y ) A v 55 AR AR
FAXESIIE U) F 4047 14 95 57 5% . 3l 35 % A BR T o3 Bt
BT R AT AN [ b o 0 57 42 R Jm i 48, 159 8 4% 420
AE R P 1 7 B2 S 9 55 M BU 2 1 37 HEIE T AR i A
A B AR BIOE U0 01 4k sy g ip AR 2 DL I 6, FT B R
H o V2~ V10 Z RUAK Y 28 0 1 Al i 8 il o sio%
YAV AR 1] 1) 17 ) 52 ) 4R 45 0, 24 3 A Rl A
V] 35, 3l 7 e o7 e ¢ Oy F N 5 ELASCRE TR 3l 4L L
ANRE S HERh 2 v AR L Y V10 ZE R S 2GR
ot B SIOR Y1 E 0 He B 7 6 3k e K AH . — 169 MPa,
3.4 HERHENEYIOAES M g

K FH RN T 85005 X 45 7 I B AR AT R AR A
K LTS Eurocode 3., JE 4542238 107 H N 77 2% & 60 %%
Pk o BRI 95 W F3 18 /A0 = Sax — 0. 68wmin » O + Orin 73
SR L 3 A RAB AR /IME . 25 R 2R RN AN 25 i 3
B A W 37 2 3 G e A B AR ST D) 1 Ak o g i L I
7. 8. AT R, SR U1 O R 7 i B K
T AN PR A Y R T L 2 R AR e /s R R K
W% 57 W 1843 59 —30. 3, —102. 4 MPa, A% &8
R —25. 9, —58. 6 MPa,

=3

0 0
& & g =40
S —40f S —40r = _—
R R R
& B B 120
M —8of H  —80f H
H H H —160
T =5 —10 =5 0 5 10 15 T —s—10 =5 0 5 10 15 _2@20 —5-10 =5 0 5 10 15
J 0 B A A AR B B /m JE e B DA A PR AR B B /m J e B DA R PR B B /m
(a) V2~V4ZERY (b) V5~V7ZER (c) V8~V10Z#Y

6 ZeiE 37 T G AR R A IR V) 1 b 5 7 R g I i £

Fig. 6 Curve of fatigue stress history at arc incision of diaphragm in left 3% lane
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Tab.3 Stresses range of each test point before cracking of each model
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D-3 179
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Fig. 12 Fatigue cracks at arc incision
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Fig. 13 Propagation law of cracks arc incision of

model A-2

AR R 7

% A X B
B 14 fF A-2 SI0B U) F AR ER 4 3 B A %

Fig. 14 Partial dynamic strain spectrum at arc incision of model A-2
Ad
-3
5 & iE

(DIZBERWFRG 58N V2~V10, 3L 9 2k %



56 k& XRFFROGAMFR)

2019 4

RN TR 428 0 ) — 42 Al B 22 S A K, 37 (47 AL
B R R T 1T .27 57 Rl L R KBl O 37 E A
i) V10 R 73 Bl 3k 151 kN, H4E (37 (47
KB V2~VI10 Z R L & T HAh %208 L £
D28 A 22 W] B B Al IO 1) 11 Ak i 5 = 2 4 R 7
HEIA,

(2)V2~V10 ZEARUMRYCGE 1 207 37 4B, 48
BT IR VI 0 A 3 AT ) 14 g g 5 A R 2493
AR Al TR B L 2l g e g 4 2% Sy TR T HACRE TR 5]
e OREE s> PR b p AR R L 2 Vo RS
RIS U D B A7 MW i U A VA B BN - N
J1—169 MPa,

(3 TR Hs B 3 W@ AE T B R 908 U 1 Ak
BEMF 09 55 80 TP B S S — B W AE T
1 B AR IO U0 111 A0 IR R BRI 80K B 3R 53 mm;
TFART 2L i i AR A S5 A I 5, 5 ] I A7
TETH MBI 2 G H G K EH— Y .

CA) 5 R ) 1 A2 8 6 90T 1 11 4k 10 7 W
M AR K 48 2R 908 U0 10 0 1 J7 B 1 ) e e K o

(O FT 2 REET ik 275 % IBFEHL 4 2 5%
AR THOU A BT 52 ) OB 52 359 55 1 00 4 B s A 4 Bk
AN ST LG R X5 Y % 55 W7 24 T SE
VAR i i A Ul S U ICER U

S E 3k

References:

[1] LU N W,NOORI M, LIU Y. Fatigue reliability as-
sessment of welded steel bridge decks under stochas-
tic truck loads via machine learning [J]. Journal of
Bridge Engineering.2017,22(1) ;04016105.

[2] LIUY,ZHANG H P,LIU Y M,et al. Fatigue relia-
bility assessment for orthotropic steel deck details un-
der traffic flow and temperature loading[ J |. Engineer-
ing Failure Analysis.2017.71:179-194.

JEL K VB TLN L R WL AL BB 9 OF B A 3R
PRUEDFFE[T]. AR TR 41, 2010,43(11) : 79-85.
ZHOU Yong-tao, BAO Wei-gang, ZHAI Hui, et al.

[3]

Study of standard fatigue design load for steel high-
way bridges [ J ]. China Civil Engineering Journal,
2010,43(11) .79-85.

I O - e P N S /A B SV
B AT SO0E U 0 Y 9% 97 PR e [T 0. v B 2 3 2 4l
2017,30(3):104-112.

[4]

L6]

L7]

[8]

[9]

[10]

[11]

[12]

ZHU Zhi-wen, HUANG Yan, XIANG Ze, et al. Fa-
tigue performance of floor beam cutout detail of or-
thotropic steel bridge on heavy freight transportation
highway[J]. China Journal of Highway and Trans-
port,2017,30(3):104-112.

HAIDER S W,HARICHANDRAN R S. Relating ax-
le load spectra to truck gross vehicle weights and vol-
umes [ J ]. Journal of Transportation Engineering,
2007,133(12) :696-705.

LAMAN ] A,NOWAK A S. Fatigue-load models for
girder bridge[ J]. Journal of Structural Engineering,
1996,122(7) :726-733.

FRET AT, B 32 R JUTTAR VLR M 9% 97 42 4 i 4% LT .
K2R BB, 2015,35(5) :50-56, 64,
SHAO Yu-hong, LU Peng-min. Fatigue load spec-
trum for Jiujiang Yangtze River Bridge[ ] ]. Journal of
Chang’an University: Natural Science Edition, 2015,
35(5):50-56,64.

PNSFRE  INFI R B T S 000 118 2 58 A 2% 4 A 4y 4 e 1t
REHILT ). [6) B R 2 2 4l B AR BE A, 2012, 40(2)
198-204.

SUN Shou-wang, SUN Li-min. Statistic model of ve-
hicle loads for highway bridges[ J]. Journal of Tongji
University: Natural Science,2012,40(2) :198-204.

XL KL 1, 5 B R B A o B
SCRRIE PR LT ], W7 VL R 2% 2 - 2% R, 2015, 49
(11):2172-2178.

LIU Yang.ZHANG Hai-ping.DENG Yang.et al. Fa-
tigue damage analysis on simple supported bridge un-
der over loading[ J]. Journal of Zhejiang University:
Engineering Science,2015,49(11):2172-2178.
OBRIEN E J.,ENRIGHT B. Using weigh-in-motion
data to determine aggressiveness of traffic for bridge
loading[ ] ]. Journal of Bridge Engineering, 2013, 18
(3):232-239.

FIORILLO G,GHOSN M. Procedure for statistic cat-
egorization of overweight vehicles in a WIM database
[J]. Journal of Transportation Engineering,2014,140
(5):04014011.

LIU Y,ZHANG H P,DENG Y, et al. Effect of live
load on simply supported bridges under a random
traffic flow based on weigh-in-motion data[]J]. Ad-

vances in Structural Engineering, 2017, 20 (5):



% 5

# A AT M ERGN

MRAETRMIE T 57

[13]

[14]

[15]

[16]

[17]

[18]

[19]

722-736.

LIU M, FRANGOPOL D M, KIM S. Bridge system
performance assessment from structural health moni-
toring: A case study[]J]. Journal of Structural, 2009,
135(6) :733-742.

MGG A vh, R AR TR 07 AT R A AT I
O\ BT G OO BIF S LT . B Sl R 4, 2011, 28
(5):80-85.

SUN Xiao-yan, XU Chong, WANG Hai-long, et al.
Investigation of highway bridge load effect for fatigue
reliability analysis[J]. Journal of Highway and Trans-
portation Research and Development, 2011, 28
(5):80-85.

I N - B E NS 3 /NS IR LY
IR 55 AT R L) . 22 838 i TR 2= 4, 2017, 17
(3):13-24.

ZHU Zhi-wen, HUANG Yan. XIANG Ze. Vehicle
loading spectrum and fatigue truck models of heavy
cargo highway[ J]. Journal of Traffic and Transporta-
tion Engineering,2017,17(3) :13-24.

BRI R IO B g, 4 AR ACIE T A O R R
ARERE At 20 is i TR A e, 2017, 17
(3):1-12.

HUANG Ping-ming, YUAN Yang-guang, ZHAO
Jian-feng, et al. Bearing capacity safety of hollow slab
bridge under heavy traffic load[ ]J]. Journal of Traffic
and Transportation Engineering,2017,17(3) :1-12.

W A5, 1F 5 S 1 AT T M S R 95 A0 2 B
JECR 23 (0], 45 . 2011,26(2) 1 9-15.

ZENG Zhi-bin. Classification and reasons of typical
fatigue cracks in orthotropic steel deck[]J]. Steel Con-
struction, 2011,26(2) :9-15.

KA AR BE R SR IE S S R R T AR o7
Z SO R o M e s i LT 4 6 583 Bl 4, 2013, 30
(8):75-80.

ZHANG Yun-shi, LI Fa-xiong, XIONG Feng, et al.
Cause analysis and control measures of fatigue cracks
in orthotropic steel deck[ J]. Journal of Highway and
Transportation Research and Development, 2013, 30
(8):75-80.

HENG ] L,ZHENG K F,GOU C,et al. Fatigue per-
formance of rib-to-deck joints in orthotropic steel

decks with thickened edge U-ribs [ J]. Journal of

[20]

(21]

[22]

(23]

[24]

[25]

[26]

Bridge Engineering,2017.,22(9) :04017059.

EARAE AR T TS IE S S B AR R R
9 57 I L) ], v I 4 B 241, 2013, 26(2) 1 69-76.
WANG Chun-sheng, FU Bing-ning, ZHANG Qin,
et al. Fatigue test on full-scale orthotropic steel
bridge deck[]J]. China Journal of Highway and Trans-
port,2013,26(2) :69-76.

I STRICRE: S N N 37 31 Ny 1 s e R 2|
T AR 98 55 MR gE L), £ R TR 240, 2014, 47
(9):110-119.

ZHANG Qing-hua, CUI Chuang, BU Yi-zhi, et al.
Study on fatigue features of orthotropic decks in steel
box girder of Hong Kong-Zhuhai-Macao Bridge[ ]J].
China Civil Engineering Journal. 2014, 47 (9).
110-119.

KIER A RS0, SEIE A S 1 AT T AR 45
TR B 57 WA AT iPAN LT ], £ AR,
2015,48(4) :72-83.

ZHANG Qing-hua, LI Jun, GUO Ya-wen, et al. Fa-
tigue failure modes and resistance evaluation of ortho-
tropic steel bridge deck structural system[]J]. China
Civil Engineering Journal,2015,48(4) :72-83.

B E AR M A U - R AR
e 143 B [T 0. 24 38l BB, 2014, 31(5)
93-101.

TANG Liang, HUANG Li-ji, WANG Xiu-wei, et al.
Analysis of stress in U-rib-diaphragm joints of steel
deck[J]. Journal of Highway and Transportation Re-
search and Development,2014,31(5):93-101.

7o 37 R R AR U I JE RN T A2 S B AT T AR
53 PERE AR W AT ST LT ). BRI AR e B, 2014, 58(12)
67-70.

GAO Li-giang. Influence of crossbeam web cutout
shape on fatigue performance of steel orthotropic deck
[J]. Railway Standard Design,2014,58(12) :67-70.
FE OS5 BN . IR RS S AT I AR R IR
IR Jy 5 M LT 1. 2 i 5838 B4, 2011, 28 (6) -
83-90.

TANG Liang, HUANG Li-ji, LIU Gao. FEA of stress
along cope hole edge of crossbeam in orthotropic steel
deck[J]. Journal of Highway and Transportation Re-

search and Development,2011,28(6) :83-90.
G MR A 2 L AR TR TR R I AR 07 AL



58

¥ERXFFROGAAFR

2019 4

[27]

[28]

[29]

FRIES S 30 50 400 ) (7], R TR 240,
2017,50(8) :59-67.

LI Chuan-xi, CHEN Zhuo-yi, ZHOU Ai-guo, et al.
The fatigue crack characteristics and wheel load
stresses of steel box girder diaphragms in an existing
bridge[ J]. China Civil Engineering Journal, 2017, 50
(8):59-67.

PRl e, 4L o] A Bk 55, BE B R AT B A B 57 W
EBALE T BN R )], AR TRE2A 4. 2017,50(3)
91-100.

CHEN Zhuo-yi, LI Chuan-xi, KE Lu, et al. Study on
fatigue damages and retrofit methods of steel box
girders in a suspension bridge[J]. China Civil Engi-
neering Journal,2017,50(3) :91-100.

BLAESC, ) B 2] I 52 S P SATR THT R A R A OIR
T 0110 9% 55 v RE L) ], 3258 i i TR 4% 4R, 2018, 18
(2):11-22.

ZHU Zhi-wen, XIANG Ze, LI Jian-peng. Fatigue per-
formance of floor beam cutout on orthotropic steel
bridge decks[J]. Journal of Traffic and Transporta-
tion Engineering,2018,18(2) :11-22.

B ] A R MR A AR TR IR AR 57 P
JE PR B b i A0 1 wF g LI w2 2 4, 2017, 30
(3):122-131.

LI Chuan-xi, LI You, CHEN Zhuo-yi, et al. Fatigue
cracking reason and detail dimension of reinforcement

about transverse diaphragm of steel box girder[]J].

[30]

[31]

[32]

[33]

China Journal of Highway and Transport, 2017, 30
(3):122-131.

XIANG Z,ZHU Z W,HUANG Y,et al. FEM analy-
sis on fatigue cracking mechanism of floor beam cut-
out in orthotropic steel decks[ C]//ASCE. Proceeding
of the 4th Orthotropic Bridge Conference. Reston:
ASCE,2015:125-136.

FEOSEL RN WL SR IR e PR AR R R
B 57 g [T, £ R TR 27 4l 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.

i, [, b —2Z 5. IE 3 5 PR O AR R
VB o ALK I WS [T ], £ R T4 4], 2015, 48
(4):72-83.

ZHANG Qing-hua,CUI Chuang,BU Yi-zhi, et al. Ex-
perimental study on fatigue features of orthotropic
bridge deck through full-scale segment models[]].
China Civil Engineering Journal,2015,48(4) :72-83.
JEWNG T #EL 5Kk T A SR I TE £ AL IR R L A R
(1. fe s R 2003, 22(9) :44-46.

TANG Ya-ming, DING Xin, ZHANG He. Piezoelec-
tric generator of bridge monitoring wireless sensor
[J1. Journal of Transducer Technology,2003,22(9):
44-46,



