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ABSTRACT

Orthotropic steel bridge decks are important components of the large span steel
bridges. During the service of a bridge, the orthotropic steel bridge decks will take
direct vehicle wheel load and its structure is fairly complex due to many welding
joints. These factors make orthotropic steel bridge decks facing severe fatigue
problems. While many fatigue crack growth expreiments showed that the fatigue
crack growth have great uncertainty, the numerical simulation and uncertainty
analysis of fatigue crack propagation of orthotropic steel bridge decks is of
significance for improving the safety of steel bridge decks. In this research, numerical
simulation of fatigue crack propagation in key positions of orthotropic steel bridge
decks has been carried out based on FRANC3D. On the basis of the numerical
simulation results, uncertainty analysis based on evidence theory of fatigue crack
propagation life prediction has been carried out. The main research work is as
follows:

(1) Established two refined finite element models of orthotropic steel bridge
decks’ arc opening of diaphragm plate and welding of U ribs and top plate. Finite
element static analysis has shown that the two arcs around the opening of diaphragm
plate and the welding of U ribs and top plate in midspan section are fatigue hot spots.
Stress distributions near the fatigue hot spots have also been obtained by static
analysis.

(2) The initial cracks are inserted into the fatigue hot spots of the orthotropic
steel bridge decks. FRANC3D is used to analyze the stress intensity factors of initial
cracks. By using comparative analysis method, the initial crack stress intensity factors’
change regularity under different initial crack locations, magnitude of load, size and
shape of initial cracks, residual stress and multi-cracks existence has been studied.

(3) Based on the maximum generalized stress criterion, refined numerical
simulation of fatigue crack propagation process has been carried out and fatigue life
of fatigue hot spots of the orthotropic steel bridge decks have been predicted based on
Paris model. The fatigue life’s change regularity under different initial crack locations,
magnitude of load, size and shape of initial cracks, residual stress has been studied.

The fatigue life of cracks in orthotropic steel bridge decks’ key positions under the
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variable amplitude fatigue load based on normal vehicle and the heavy vehicle
spectrum has also been studied.

(4) Considering the epistemic uncertainty in the fatigue crack propagation
analysis of orthotropic steel bridge decks’ key position, the evidence theory medtod is
applied to quantify the parameter’s uncertainty in Paris model. An uncertainty
analysis method of orthotropic steel bridge decks’ key positions is created based on
the experimental data and numerical simulation. The veracity of the method has been
verified by a Q345 steel plate standard CT specimens of fatigue crack propagation
experiment results. Thus, all kinds of engineering structures’ uncertainty analysis of
fatigue crack propagation life prediction can be carried out by this method. The
method has been applied to the uncertainty analysis of the fatigue life prediction of
the orthotropic steel bridge decks’ key positions.

Key Words: orthotropic steel bridge decks, fatigue crack propagation, stress
intensity factors (SIFs), fatigue life, evidence theory, uncertainty analysis
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(5.1) MBI, XFEE n AMEATEMPINELRS , HP16,60,-.0, 0, #
SN E R

0=1{0,0,,.6;.6,} (5.1)

K OFNTIIHESRROR — M HAF TR -
NZRICEMEL j=12...., N

PEZL O AT A ATRE FARA R O M— R 2°, HbhaH2"Muk. 5
G IRER B AN, UEHE L 1) 4 2° bt B (1 A F AR BAT vl 4 &l
Bltn{6,6,} TiERIE {6} {6, MIEFMERBASE. H5z, BELMTFE
(0,0, (RFE T AR REBUE AT LU 6, 52 0, , BEVETRMF4{6,0,} 516}
O HE KR Fihlth, LLO &1 3 MR, XtFmgE20m—
MERTH{0,0,,0,} , WAL RSO, 6,56, FIH eI, B T4{6,06,,6,}
FEONE . {2 TR s = S BB AR R R, T416,6,,6,} FHEHR %
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U A 5 B D% TSR LA IR D E AR B i o e AWl 5+
.
5.2.1.2 BAEESREH

BAREAEHE (BBA) SEEHE E L B DS, A RRHHRMESL 0 it —7F
£, IMEACO, WTHRMELR O MW 2° H IR T8 A SG X NI O
%m:2° >[04, m(A) Tl FRIA:
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S m(A)=1 (5.2)
X, m(A)FRUEIE ARISAERRE, AAREARGEIICRE (BPA):
m(D) =0 XR-A T EMEEE A E;

m(A) BN mass BRI BRI R R AL, m(A) AT DAARYE SEBRIE S8 I T
FEEREEME, Ak ar S BAEA IR & 9 1o

S E A B AT Ab BE B R R A A M2 56 I AT DA i S AE AT 4
BCeR % (BPA). —MRIIHAIE J7 k25 S 3UX (A AT & BR A F-3 K 43 5  weyat th ik
REEDERE (BPA) IFHEA, ST m(A)>0MXE, ALK A ZE—4
fEot, #HEAMA) =0, WAAH A EARFEETG.

I FEFEAREAT B RE (BPA) BERSIG HENAELL © T IFAE— T4 A #RIL
B3] 0~1 RN —MEE m(A) L. B AcO, H AMNE - NuR4AmE, m@A)
FoRNH R A FIRSHEAERE, MACO, A0, HATEHEZAITTERN, mA)
RIAR RN Tl A F 2N TTRESPIREER, B2 ERWEEELE A
& & nm PRI B2 4 A=08, I mA)EX 0 W& NTFEBITEES
W5 R AR 23 BIJCVERA € 7 B4 oAt & am @l (K0 7 3 A B R 1A rh, X2
— i A S A TCR BRIRTE DL
5.2.1.3 FRERHBEMUARERH

HH A REHPER O T — T4, BlAcO, (S{LE% Bel(A)2— N6
RRRAR 2° [0, 1] AN, HAFAEQT T R AR
Bel (A)=>_m(B) (5.3)

WA Bel(A)FEN A (ISR EL, FRosiEdaxT A N MEAERERE .

FEAESE B R O Al A REAERE TR R — MEEREORERE, KIvfE
FERECIEZE X A BIVRBERRRE, Bl A AN NEHIRRIE . O 7t — D og i dtidns A
MIEAERERE, X BT GINBIR R PI(A), BLGS Hi el A FOPREERESE o
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SRR PI(A) I 5E LS AR R EL Bel 2880 A A RERFFESL © M —
T, WAcCO, LUERKEL P26 1%L 2° 2I[0,1] MM, HA7Ew
TrRAEX:

PI(A)=1-Bel(A)= > m(B) (5.4)

U Bk L PIAYVIRCA SR BB, SR TEAE T A AR AERR S

i Bel(A) & X A MR IEATRESE, RIGE A B PREERE S . 7R ED Bel(A)/2 L PI(A)
LR H)—Fhfliih, A PI(A)>Bel (A), WIFK Bel(A)Jyxt A FAEEERHT IR, PI(A)
AT AGAERER) EBR, BRI A (BAEREMAH B X ], id [Bel(A), PI(A)], AIf
kG 7R B MR R R, T [Bel (A), PI(A)]IX /MR X [ SR s AN
eI

PI(A)—Bel (A) Fni A BEEAT SCAMEAEME S, BIXE A BANH 2 2R
EHE IR (5 B AN B MR IA 3 25 1 5.1 FoR .

B E [X (8]
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TR eI
| C s } )

M 5.1 IEE S R E B e R IE
5.2.1. 4 IERIBIL AIEIE S B AL )

WEHR BB AE AL 2 WIS T T I R0 KF i PR A8 AR X ANt e it
TR SR 2 LR BE M. X F—F 4, 2L KSR E SRtz
R EIA N 25 O BB AR LG . N —TF TR, BT X Fh R RAN 22 TR O 22
LERENSFHEAFRENG R, BRI ToiE A E A XA A @, 781X BAE
PR IE I 5N A R AL FE £ SRR A (5 B, IREZ LR NE NERE AR
RIS AR LS R, R A ik MAS B AT 2 15 B SR & B LR, Bt Bdiiie
H A FEPRIE B 2 AL 25 SR BUB M R A

R 1L DL — A B AN S ST IR 3R SR 2 A AN 5 28 SR U A 9 R A )
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LN Az (5.5)
0 A=D
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THRIEL, RFUESRIEARAE (R SR8 70 45 5 N B AEREAR & BB 20 L OR B
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et —5 HJF
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WAL LA, FHEE B RIEAE S &SRR LA T

(D EEPTA T BRI AT 2 Bodls, 1 2 R IA AR & 25 18] AN 78 X TH)

(2) 1 H 48 5 2R B AR

(3) R —BURAHLEAHE X 8], IFEATRLS

(4) FH A8 i 2 A s XA |, B0 5 B AT AL A 22 A IXTH) 1a PR 9K 2R
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a1k 5.3 Fior;
(5) FERIAHLEIXIE o 5 1o Z AR &
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Al In R EJFRAN: P 15 la ZIRIISR AR
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B 5.3 FHARIX ]k Ron A

5.3 NMAEHLBIWMBEHLRAHE
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IS AN Hin tH 45 2R [Bel, PI],  HOdEH H RBUE AR (CBF) A E AL bR
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(D #E A AERENET, BEARALREETTZENHE, ER
UGBS TR S (n RATELENANEO, BRI E AR A
e R R I FETT.
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5.3.1 NMAEEBNAFRIE

ST R R R B — RS e BT K X, e
56 X [ S22 — AL A PRI 8 D6, X, T =L, o X A 2 BRI B 7T
I 6] X, B R i A L

FHTUEE B T 45 R4 (R A e Rk 1 DA 22 A PE I 2 76 X ] X,
ESRAR R G5 B8 KO SR MR R, ] 5.4 B

) 4 max(f (x)]

/
minf (x)]
O xi Xi >X
Kl 5.4 RGN E LT

SR AR AR A FE T X [R] N 1) JR e B AR — e = A0 J72X: Monte Carlo %
Fooude ke XIRAREOH 57 LS AR R Re AL 5% . Monte Carlo &K
TR T RAEE H TR FH RS BEAR ANEA € BRI B 5 IR & fE T A &
BRIE, A R EE AT RE, XWRE] S ER N TR . X EE D
X TR A2 AE TSR AR AE U A, BRI REAE SR gt —
HIX AN SRAFTLIEAT 20 2, AR Gt 2 I IX A Al T H B 5 e . 054
BRI EIRAE AR T EE R R, 1R SR TR A i B = m) AT 5K i
FoAZ 0 AR A2 G5 A AE TG £E 7T X TR] b (R AR A e 1 [v) L gE AT SR i, anxC (5.6)
M (5.7) Fin:

minimize  f(x)

. . — (5.6)
subjectto X; < Xi <X,

maxmize  f(x)
. - (5.7)
subjectto x; < Xi<Xx

1T AESERR TREZSH TP ARG VF 2 AN E AL &, FE A ELFR R A T &
Bl an® .. KRERBEAE R, HIRH Monte Carlo %8 X A4
SETTEAEAL G TLVE AR ME LR D SE R TS A 1 5 A AR i 1) o A SR oy
TSR R SR R S5 A AL I 5 FE o X)L RO AR AR i o7 ] 73 o
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5.3.2 Wy EWRILE L

Storn FI Price®1F 1997 442 H T - HL (Differential Evolution
Algorithm, DE), 524 ML & HIRM A IEML, X2 — Pk TR R 2 R
KAREE, BFEMEHIGN. R, S XOHEBEAE. el MM &
VE 5 5 4 R SEBUR AR AY 17) R SR A o DRI R A 0 Yo A Sy AR Ll A SR vk s A% SRk
EEE AT USSPt

o3 B A SRR B S AE IR IR AT AT e TR AL Za A A e, — A n 401
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Horf NP RORFH BRI, S e R AMAL A AL B 25 18], MR X = (X Xigre - Xin)'
VU ZRAE 1) AR o AR 23V A Y P 3 A JEL B 2 X 4 R xR4T AR SR RS SR
SR G R AR VAR B A R B AR AR M B X » AT AR SRR T — AR B . EAk
R IR

(1) A2 rid

A PR DE SUAIEEDDIR, Wi AR S ECRIE T R Z R, R
FIR PR AME RSB CRTE F O B B AR S TR, EEE R E A A
MR 2 A BT X3, AT B — AN AF IS5 IR, TR T R 45 R AH S5
P

HEAREET, E—REMEXST, 1=12,-- NP (HAGRIERIKED ,
AR AN 5] 1 32 e 7 s AT TS 21128 G AR & ve =(v§,vg,-~,vi‘§)T - AR H Storn
A1 Price™31 1% ¥ DE/current-to-best/1/bin 75 748 F e 1E, R (5.8) Fr
7N

VP =] R (X =X+ F (X3 x5 (5.8)

Hr, Xpo NEVEREE G -1ARBHA T RGN E: FMEAERET,
PRt S BRI RN T AR R B 2 R, F AE[0.4, 1] TE B N EUE, #)
SRMEFTHLF =05, DAGRAESEALHITREAT o 0 AT, A EAMREEE, 7358
411,20, i-1i+1,--- NP} HHBEALE H 150 5

(2) AR

5L EEML, DE BEykrh i AMe it A R 5 AT A8 A . 0T RER
5 G MRAET AR Bl G i ) = MA xS #2180 (5.8) 3T X, BRI
e ue =(u§,ui§,-«',u§)T o
{vi‘,i if (rand(n) <CR)or ( j =randn(i))

. . . (5.9)
xp  if (rand(n) > CR)or ( j # randn(i))
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HiF,n=12,--,N; rand(n) & N 4> 0~1 2 [8)#H LA S7 () BEH LA 028 n A
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X
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[1) 2 G2 7 14 05 /ML B0 5 76 X Wb 28 50 2 B8 50 F
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¥, R DE P A0SR AR 28 5 57 bR KK B IMEL, K A% T 8 S IO S S
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HIK I B IO ST A TR OB AT R, ek PB4 A2 Paris Y,
AT AL ST TR I 57 00 S S 1% Paris BET, Paris HUEI />
L 422 K, AT RAE EBUEIOBE RS CL m AT
A BHHEAT 4P

5.4.1 MRISHANXILE

ASCHTR I Pairs B S H0R56 25 R F SRk 11Q345 i 4 55 54
gy RAEm W Eg R, HTEEME C FMBIUER/DN, #—RHEXNEIE IgC
For, HorlgC 5 m Fxt B A7 528 Mpa, m. R #E Bl i g RN E&15 2]
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% 5.2 %l Paris A 240 1gC. m A AR K
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3 2.58 -10.66 12 291 -11.01 21 2.39 -10.3
4 2.96 -11.27 13 2.82 -10.85 22 2.83 -11.04
5 3.01 -11.36 14 2.67 -10.62 23 2.84 -11.12
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B, EHMERRBREIERIE, W n-2=25, #3|r|>0.48693, NI r 7£
a=0.01/KF &, B IgC 5 m ALt REE.
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