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Analysis on Fatigue Damage of LLong-span Bridges Considering

Effect of Environment Varying-temperature
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Abstract; Based on temperature-history data recorded by structural health monitoring system (SHMS)
installed on long-span bridge, the characteristics of the temperature in the top deck and bottom deck of the
steel box girder was studied. According to the indirect coupling method, temperature was regarded as body
load and applied to three-dimensional multi-scale finite element (FE) model. Structural stress induced by
temperature can be obtained and the analysis from thermal to the structure was realized. And then, based
on the strain data from SHMS, the difference of strain characteristics induced individually by vehicle loads
and environment temperature were investigated. Strain histories caused by the above factors were separated

and extracted,and they were compared with the results by the FE simulation. Finally,based on the contin-
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uum damage mechanics, the cumulative fatigue damage of the bridge was induced by vehicle load separately
as well as the interaction of vehicle load and environment temperature. The results show that the analysis
flow of fatigue damage proposed in this paper can realize fatigue damage analysis at key locations of bridge
under the action of environmental temperature and vehicle load. Fatigue damage caused by the temperature
alone is small and can be ignored. But the fatigue damage caused by the interaction of these two loads has
significant difference with that caused by the vehicle alone. At the beginning of the service periods, the in-
fluence of temperature on damage is not significant, but with the increase of fatigue damage, the influence
of the interaction of these two loads becomes more prominent. That indicates that loads induced by temper-
ature change accelerate the rate of fatigue damage accumulation at the mid-late service periods,and have a
significant impact on the structure fatigue life.

Key words: long-span bridge; varying-temperature; fatigue damage; stress history effects; finite ele-
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Fig.1 Flow chart of fatigue damage analysis for key locations of bridge considering the effect of temperature changes
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Fig.2 Types and locations of sensors installed on

Runyang Cable-stayed Bridge
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local components and weld details
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and stress history at critical node on May 20

X 7 Ca) iR 19 i s 7 AR B RE AN 7 (o) iR
V1R A i 2874 1oy A B AR 4 ) AR AT T AU S R
{18 %7 7 T 250 18 008 PR R B = 4k 56 R I [ 8
7R N ] & Y S0 B R B2 e AT 5 - 24 1 )
A LA W S Ak, J A E S A T 6~ 17
MPa, [fij J5 & W FE 0 MPa I 4 /Mg BE 3 sl v] 1L
SR ) SR BT B R B AR A N ) e
ik s | i, £ A T 1~6 MPa. [H I, #7 2
TEH I8 8 PRI S5 48 L T e 1 B ATl 2 B AR
IR AR A 5 | 1 ST 2 107 T e R R R A A Y
AT 287 RS 9 1 T B R R .
33 EREBEERETHRESHRGRER

IE 518 8 R BT M R A8 A Jm 350 248 1 Ak 1 9% 55
45 =5 B Py A8 3 o 28 R R 0 1R R A AL 3 R 5 | k. i

2018 4

150
o 100
El ‘
50 [
2

0

-50 ‘ ‘

0 2 4 6 8 10 12 14 16 18 20 22 24
%1 /h
Ca) D4 A48 W o £ i

150
» 100 B
2 . "
w50 W
5

0

-50

0 2 4 6 8 10 12 14 16 18 20 22 24
%] /h
(bl J5& 5 | F Y A2 o

50
EL 0
-
E .50

-100

10 12 14 16 18 20 22 24
%/h

0 2 4 6 8

() T AT 280 PR 1 A I
A7 mEFYBH2-217i2 ke R4E 0 T 40 B 698 E
1AL 8Y 2 BT B 4 | AL b B
Fig.7 Original strain history recorded by strain gauge
“YBH2-21”, separated strain histories caused by

temperature and vehicles respectively
T 3.2 TR I AE B A3 AT KRS R IR IS E
PRI AT 2 0 45 K ) I g AT 2 B L A
PR 2V P 23 1 5 2 1 17 4 ] B8 o ] 1) ]
A FRITERA 7390 1 55 52 308 4 95 A 280 R A 055 0 J3E 7%
A S B I g IS 7R P R 55 S A DA 7 3 i
BIpi Sy AT &, = () firs.

c=ov+tor. (5
K o NEEBINTT 5 ov AT 205 RN T 5
or NIREGREE AL G AN .

SH TP e I A5 A 2685 | 14 45 g i o 5L A AS ) )
R[] JUE S AR IA D B — /NS A PR B 38 S AR 5 |
(N T DRREANAS S B I b B[R] BE P4 i A 3 A T 44
ir 25 | SR g s B AT AL ADL M T ds i BB I
Fofrtiy 8 (R T 5 |6 180 1 ) o) A ik B LA A 8 T
MR AN A AT T % 4, A B3k J7 kRS 3



E AR B IR AR B B R S 55 10415 10 AT 33

TR R

[(EEZR7€
S

8 qp 10 'qf,;gﬁﬂﬁ“‘?a
(b) =4 4
|8 mEH“YBH2-21"5k R =45 713%
Fig.8 Three-dimensional stress spectrum
recorded by strain gauge “YBH2-21”

IR P LA A 230 B AR P R 4 0 e 2 B 5 O
AR [EAE T AL Y B g AR B9 Cad (b) 43531
e DA b g ey €= S R T N DD VA
R —4EGe & LA B kb 3R R AN [y 28
O T SR R 7 W oA R N ] B Y 5
DUESCHE O T A TS RS [R] s ly T353R T bR
9 55 ARSI R LI DR /0N 2 B A B O3 A
B

Li SFU T F i B2 4 T 5 1) 2% (Con-
tinuum Damage Mechanics—CDM) | /= J& 3% 55
Pt RS DA R TEASATE S 25 40 J 78 1 98 55 4 1 0 — >
RN RS R 25 EAARL b G 451 45 2R AR 2 45
AR T KT MR 57 13 7 1T AR I A 23
Az W SRAS R TE S 2 i BRI AT 280 T 1 T 57 4
VR LE-ZVE
~ (a+ DNy

D=1-4d BB+3)

mrb

D7 LA + 20m) Ag; ] @2 V@D (6)
i=1

60 [ | | | T T =]
500
400
ﬁ
2 300
“
200
100
0
0 2 4 6 8 101214 16 18 20
J¥% 771/ MPa
Ca)  ZEApigig 35 DI A 2 g IR R A — 2 7 g M i
600 [
500
E 00 }
2 |
£ 300 3
200
100 |
0 |
0 5 10 15 20 25

)7 i@ / MPa
(b) ZE0 4 280 5305 6 5 2 1 182 I 2 18— 4 1y il
B9 RRATEIATEMBINLA
RS R Y b
Fig.9 Two-dimensional stress spectrum

induced by different loads

X B Lo BAMBIHREG Aoy Mow 20 21
PRI BORAT I 55 ¢ R g W (BRIP4 0 J) 5 Ny
VS INWALEINIDNCRY €18

SETALGER Miner £ HF1 CDM BT84 A5
T A AN PR I it A A R AR 55 47 SR AR
WP 10 Fr7R.FH Miner #E 0] F1T CDM 3% 35 #5455
TOTHAR ) 0 4y 2805 |2 1) 82 55 0 1 R AR AR AN )
WA 0.8 B S5 RA IR, T 2 AH 7 1) 45 44
55553 R 150 4RI 183 4F. AR X FLERAF
GEEERIE 750 RBUR UL 2 Miner HENI L4514
FRAR AT TR T 82 55 451 0 B4 P AN BE 1A B i 2 5
A5 B4 SR AR RN 5 32 K B AR T A
T CDM BRI (1452 57 3 475 BEAR 4 4t ik 45 4y 5
Priz B R P AR R BB R 53 40 (5 PR
it 2 A AR I ATR SRR A JRy A8 14098 57 4 P B AR /DN, 5 58
AT ZAH HE LT AT L2220

(I L IR ia 8 I A P BRI it A A 5 5 3 ey
AL [FIVE T 51 S B 52 57 15475 110 2 B A 45 728 3 vy 2K



34 R 72 4R CA SRR RO

2018 4F

0.8
¢ Miner- B
CDM - 238 3
e CDM-ZZHE T .*
ol
K04
B
0.2
6 |
0 50 100 150 200

FRAEH /4
B 10 FREMRGER T ey HG1E
Fig.10 Damage under different damage rules

Je AR 57 A5 o3 A P A R A B L BT 1T 4 i
THET CDM BEBY A4 1E 3z 8 PR 28 1 fif 2 50l
VA5 18 A 35 Tk B A2 A 5 5 3 i 28 3 ) 4 T 9
PIRD 00 B 257 16 0 BB AR il £k n] DU«
MO0 T S5 9855 77 i 23 9l 153 AF A 183 4F,
RIVER I Tk 38 A A S B A A0 B 55 A7 A i AL 1 30 4F.
TEL R AR A AT B 35 72 T A7 2800 245 40 8 57 153 £ 114
SN IR AN B I BE A IS 045 R 5 5405 ) AN BT 2R
FHL B8 i 28k 2 (1 A 45 4 95 57 48 1 LA B R ) i
R REPUFARPE B 7 i S BITE 1R %02 B PR
L PRSI B AL A 23 (45 AL B9 55 1405 R AR E
PR E A5 BRI AT DL RS A e |
PR 17 28015 S 17 28 | R ) 57 45405 =2 ) ) 52 EL A
P G252 57 194403 0 B A ] Z2 AL B 2 K.

e
ﬁﬁﬁﬁ*’ﬂ:iﬁ@iﬂ 1504‘{3 183 @ 3
0.8 " REAR ¥ v
[
0.6 [
i
& /
® 0.4 l-
-
.
[
02 Lttt
l....
ll...-..-
0 [T L |
0 50 100 150 200

MR/ 4
B 11 REAFERIILI] A4

Fig.11 Damage value induced by different loads

PR IR ST AR AL A B DR AR« PR R R
ARAY F2 Bk A AR 55 IV D 1 TP RS 240 g AR
Pa(6) H CDM % 55 1 A5 A5 20 R R, P-4 Bz g A
JIREE T RE I 55 B R B N R M H A
TEAE S LI AR IV 3 W O 52 ) R 2 2 e T 22 )

JIAB R R — R R AT R A 5
AR ZEA I N I IE A v - 24 0 ) 2545 31 2 Py
ST R A 45 4 5 57 0405 23 A IS A 3 . X
BA BRI o T 450 >k U, 718 B i f
XA IS 13 5 R AR P 2 32 ¥ R AR TR I A AR A
130 B 58 A5 T X 45 48 98¢ 55 45 7 2R FR ) 5 il I AN B
i, B IR R G e s i R L U R T
SRS H 9 57 400 3 PR B i A K AR O
TR,
34 XEBEESNEEETAXNNEREZTRGM

A1

X AR iR A 0 DAY i 28K 1) BRI 2 5 A8 9 57 0
3T HAN T Z0 A0 1) B B P Y. A8 g 8RN PR R AR IR
o AT 5 W) E A% MY S 45 /) 952 55 401 405 22 AR Y o A
R E T LA 18 T R ok iz A EE N A8 i
R RN A 7 1 T T AL 3R ke S 4t A % 55 10 1
53T
341 AR EHK

Rifi 5 225 1A AN T R i 28 i 1 A PR 1 3 6
HEK  RTFEREAT B 25 00 I AR B RE 7 ok TR i Bk
A AT R A VL RAT 2 BE AT 22 AF R 1 fr is e » 5
PR R i aE i 8 152, B -3 5 min
AT — B A 2 AR AR 47 K T KA 194 2 3 0 4
e VLA HRAR S PN 174 28 308 3 2 PO A 7R R
yuoz44&®ﬁ+AMH%1+B9MJLx<ﬁm

80 000, x = 30.
)

Ay TRl G« FJE 0 H SRR

A M 3 e AR AR o AT B ARARC T 30 A58
RS WK E 12 PR, ms s T
2z R 7D v i 22 388 3 1 P AR 78 T A5 bl o A8
A B 45 ) SR RS 57 451 1 R AR I 4 RHLE T
2005 4 4 H 30 HiE=UE %, & 13 45 1 A8 i =
ARG EEIEA AT 30 45 (0 45 1) Jm 9% 57 P 45 2
MR AT ) 5 A 2% 1 S8 i o 15 K 11415 100 A
Ll FiT 2 00 25 B i S AR5 55 0 R AR 8 7E 2858
it PR A T 30 4F , S5 4 N BRI 57 B i R AR
HH 308 15 00 s A 30 o 50 TS R 7 L 1) TR
2 2035 4EAZIE YL R IR B W) 4G S E R Y 5 A AH
IR 25 4 9% 55 0 45 R B W) iR sC SOR S T Y 4
fi%.
3.4.2 AMETIE

BT B AR Al 5 R ) far B 5 | RS TE A 22 IF
Wi E IR AR 5T P R EER R Z—



1M A S T PRI A IR AE A KBS AR 0% 57 A5 A AT 35
10 0.20
T MARER ‘ LS
VAR BRI SIRETE | boe
5 0.15 RBHRG T
= *  REREKSEETR | o
- o ‘ ‘ ; Y
= &0.10 P
m ‘ ‘ I
I T e 4
2”5 """""""""""""""""""""" '.‘ ‘ L oo -
0 ‘ ‘ ; ; ; T ; ‘ ‘
2005 2010 2015 2020 2025 2030 2035 2005 2010 2015 2020 2025 2030 2035
i 18] / 4453 B 18] / 440y

H12 B@AZHRKEE
Fig.12 Curve of daily vehicle flow

0.20

e RER
S— v

0.15

B

TR LA TR SRR S P I

0.05

B IE] / 445y
A 13 FEIEREHE KB R R
Fig.13 Damage accumulation considering

increment of vehicle flow

HT TR Bl A R i = AR B R 2
H ] AR A 2 B A I ) R A R T R L A
ooz A TAIDIE S A M ES R U R N DR
TR BE S DX T 34 1 4F 2 M 3R Uil BT 2.7~ 2.9
C/100 aCa fAFAF). 3 BB BT R 4543 BE T 55 3
C A ARASH B UM A2 2 118 GV o7 8 Ak P 982 55 52
SEL N 14 Fros. Al & L 25k 55 1 i R R
72 1 ) e R AR /DN o JLAF- ml 22 [RT 0 FE 45 4
57453 103 0 Bt B AT A 25 I8 B 85 72 I e RS Y Y
T

4 & it

AR R ITAL ORI o TR 5. T2 R
JEEAT PR TC AR AR 0 S 0 3 B AR A5, S T A
A RIS F I 7 84 0 A %S00 #9772 B R 5l 2R A T
G B AR ZRAT B85 22 3tk R A 0 v 05 |2 ey bz 72
A RLAE  FE I HEA] b A1) 3% S 41 [t = BE 70 A
HACHA PG 1R B R ST . BRI .

B 14 F B AR TR 7B A
Fig.14 Damage value considering

climate warming

1) e 50 PR A 45 M il B 5 DR OB I3 i
R IR R ] T ) A 52 R R AR i R AR A, &5
RN ) BRI AL S R /P25 0 ) f i 5E
AR I A R 22 75 VT LA 5 ) 9 A SR TR 141
P07 3 B S e IR 5 o) N [R) ZR JRLE AR Ak B |
R 3 W B8 25 S /DN TSP 28 B g U 52 P 22 3
AR 23 .25 AN ).

2) 5 5 Ay AN 5 R A2 55 0 10 AH LA 36
S5 R AT 2 B A P 1 S ) 5 4540 (L T 22 A
T AR P i 28052 E A HTR 475 3R BR A 52 0 A Al 22
W [t 5 9 57 40 3 P A T SRR BRI AR Tl 25 T 45 4
FIRASE v i S0 57 45 0 ) SR BRI 32 O TR 55 A7 i
A .

3) ARSI I A I 2 A I A5 R
SR LT Y AWAS = EZ8 R R KR OB R (RO R
Pt s RBG A 25 R 0 o (HAE AT SR A 300 MR A it
RErp SUARAL I 5 S A4 45 K 5 55 51475 R AU R 4 8
AAR IS« BEORT 458 403 6 I A8 P A7 0 T I B 5 78 i
o A OB AT AN T 5 T8

4) 1 T KM B e [l — AL A T AR
e IS P B8 A SRS o 50T M) P 4 0 R I oL
AN TRPABUISCRFALE A 73 B 1 ARl PR 28 20 501) 5 A ) I 22
BB PR b RN AR A — 0 232 ph A XU | 1.y T
P R IR X ] 10 B TR B TOURR R RE ANAS
GRS [ B AL 149 17 78 A JRte AR Tk JBE % J i s 7 A
JOLFR) “TRCRS ™ 9 28 5 A2 F R KU 5 | ) I 728 AR
T2 X 7 ) TARRAE S SERE T o LA SE .

S 3Tk

[1] DOMENECH A, MUSEROS P, MARTINEZ-RODRIGO M

D. Influence of the vehicle model on the prediction of the max-



36

W KA CA AR E RO

2018 4F

[2]

[4]

(6]

[7]

(8]

(9]

[10]

imum bending response of simply-supported bridges under
high-speed railway traffic[ J]. Engineering Structures, 2014,
72, 123—139.

WESTGATE R, KOO K'Y, BROWNJOHN J, et al. Suspen-
sion bridge response due to extreme vehicle loads [ ] .
Structure and Infrastructure Engineering, 2014, 10 (6): 821
—833.

OSHIMA Y, YAMAMOTO K. SUGIURA K. Damage as-
sessment of a bridge based on mode shapes estimated by re-
sponses of passing vehicles[J]. Smart Structure and Systems.
2014, 13(5); 731—753.

RAEME, EHR, 3B & TR0 ERBAN ERE &
G20 1) BERLIR SR TE L) ], TR R CH AR MO - 2016,
43(11); 120—130.

ZHU Z H, WANG L D, GONG W, et al. Study on vertical
random vibration of train-bridge coupled system based on im-
proved iteration model [ J]. Journal of Hunan University(Nat-
ural Sciences), 2016, 43(11): 120—130.(In Chinese)

XSwg s EI5. VAW SRR BN ) TR B 1 18 SRR (¥ 8 g
N Kt REBEFE L) ). W R 4R (A AR FHA D 2015,
42(9). 52—58.

DENG L. WANG F. Study on the dynamic responses and im-
pact factors of simply-supported prestressed concrete girder
bridges due to vehicle braking [ J]. Journal of Hunan
University (Natural Sciences), 2015, 42(9). 52 —58. (In
Chinese)

FAE. REGRTNAE R IR T i 52 (D], Bt AR
MR AR LA BE . 2009 27—28.

WANG Y. Research on assessment method of fatigue state of
steel-box girders in long-span cable bridge [ D]. Nanjing:
School of Civil Engineering, Southeast University, 2009: 27
—28.(In Chinese)

WU BJ., L1ZX, CHAN H T, et al. Multiscale features and
information extraction of online strain for long-span bridge[ ] .
Smart Structures and Systems, 2014, 14(4): 679—697.
TR, A, BT M DU B (VAR TR AR A 8 55 o
WAL BT, 2009, 42(6): 66—72.

GUO T, LI A Q. Fatigue life assessment of welds in bridge
decks using long term monitored data[ J]. China Civil Engi-
neering Journal, 2009, 42(6): 66—72. (In Chinese)

GUO T, LI A Q. WANG H.
temperature on the fatigue damage of welded bridge decks [J].
International Journal of Fatigue, 2008, 30(6): 1092—1102.
NACEUR H, RAHMOUN J, HALGRIN ], et al. Multiscale

Influence of ambient

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

finite element modelling of ductile damage behaviour of the
human femur under dynamic loading[ ] ]. International Journal
of Damage Mechanics, 2015,24(3): 418—445.

NEZHADM M, ZHU H H, JUJ W, et al. A simplified mul-
tiscale damage model for the transversely isotropic shale rocks
under tensile loading[ ] ]. International Journal of Damage Me-
chanics, 2016, 25(5): 705—726.

I oA BT 57 75 i 5 B 48 4T S BEEAS (D, V%2
KRN BE2FBE . 2011, 11—24.

HAO L. Fatigue life and service safety for existing steel
bridges [ D]. Xi’ an:
University, 2011; 11—24.(In Chinese)

B, A BRI EF S (D). K% KEH TR R
TAEEB, 2009; 5157, 90— 94,

LI W J. Research on vehicle loads of highway bridge [ D].
Dalian; School of Civil Engineering, Dalian University of
Technology, 2009; 51—57, 90—94.(In Chinese)

TAYSI N, ABID S. Temperature distributions and variations

in concrete box-girder bridges:

School of Highway, Chang’ an

experimental and finite
element parametric studies [ J]. Advances in Structural Engi-
neering, 2015, 18(4). 469—486.

RODRIGUEZ L E, BARR P J, HALLING M W. Temperat-
ure effects on a box-girder integral-abutment bridge [ ] ].
Journal of Performance of Constructed Facilities, 2014, 28
(3): 583—591.

T, TR R NAR T B BRR B 3 RO On i sE (D], K
KU H TR+ RS- TRE2EBE, 2009: 54— 56.

YANG N. Research of temperature field &. temperature effect
of steel box girder without pavement caused by the solar radia-
tions[ DJ. Changsha: School of Civil Engineering and Archi-
tecture, Changsha University of Science &. Technology.,
2009: 54—56.(In Chinese)

FAE L AIRER IR RS A SR S0 e AR A R g 7
FIREVERPAE L], AR R 2 R CHARBL 2RO » 2013, 43(5):
1017—1023.

WANG Y, LI Z X, ZHAO L H. Time-varying damage model
and fatigue reliability assessment for box-girder of long-span
steel bridge[ J]. Journal of Southeast University (Natural Sci-
ence), 2013,43(5):1017—1023. (In Chinese)

LIZ X, CHANT H T, KO J M. Fatigue analysis and life pre-
diction of bridges with structural health monitoring data—part
1: methodology and strategy[ J]. International Journal of Fa-
tigue, 2001, 23(1).:45—53.



	2018年1期正文_部分26
	2018年1期正文_部分27
	2018年1期正文_部分28
	2018年1期正文_部分29
	2018年1期正文_部分30
	2018年1期正文_部分31
	2018年1期正文_部分32
	2018年1期正文_部分33
	2018年1期正文_部分34
	2018年1期正文_部分35
	2018年1期正文_部分36

