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Fatigue analysis of steel-girder bridges by reliability theory

Sang-Jin KIM
School of Ocean Science. Cheju National University. Jeju-Do 690-756, Korea

This study performs the fatigue analysis of steel-plate girder-bridges using t.he
theory of reliability. The safety of girder-bridges were examined by applying the
design live load of HL-93 in AASHTO LRFD bridge design specifications. The
analyses were applied to the bridges with the girder spacings of 1.2 m to 3.0 m and
with the span lengths of 9 m to 36 m. Truck load data for the fatigue reliability
analysis were obtained from the literature survey. It has been found that the ratio
of design truck moment to truck moment from measured data are decreased with the
increasing girder spacings. It was concluded from the safety analysis that the safety
of fatigue is larger than those of flexural moment strength and shear strength.
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Fig. 1. Definition of reliability index
Table 1. Reliability index(B). reliability.
probability of failure
Rebility Reliability Probility of
index failure
B (P s 1- P F) ; PF
2.0 0.9772 0.0228
25 0.99379 0.00621
3.0 0.99865 0.00135
35 0.999767 0.000233
4.0 0.9999683 0.0000317
45 0.99999660 0.0000034
5.0 0.999999713 0.000000287
5.5 0.9999999810 0.0000000190
6.0 0.99999999013 0.000000001987
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Table 2. Design conditions

Bridge type "Plate girder
Width(B) 7.8 m
conc’ weight W, 2.500 kg/m?

Railway 330 kg/m
yield strength f, 3000 kg/cm?
impact factor 0.15
distribution width of L
wheel load e
# of girders 3
span (L) 9~36m
asphall weight 1, 2.300 kg/in’
conc strength f, 240kg /cm?
E, 270000 kg/cmn?
steel SM400
slab thickness 22cm
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Fig. 3. Elevation of plate-girder bridxes

- 62 -



AM2|A ooy 28t gHcime| T28HY

1 A00 o
Em:,f 3500 5 ¢ 3,500 o2 o2
JE' ASP_1=800n

[ T 1]

Fig. 4. Cross-section of bridges

810 oy
E
& & 4

Fig. 5. Girder detail

oY FHo| ¥ Agste EAA AT
e og A7 Z2o RS ARt pAAl ¢
A&AE el Rojn], 4s¥sE el
2 uphy) g8 gEsish g desle
B 5o Yebd 4 (S— N curvetl) € dist
vl A g AANe] A9z A (8)3) tel
tiebd 4= e

g=D~IX) (6)

v,
e=D,~ 34 (7)

A7\ D ; failure damage

N,=—<s (8)

714 b, ce 45(2% b=3.0)

A (8)& ANl mgdshd 4 (9) 2t}
=D~ TS} (9)
=D/‘—%ZS§'0

71N, VY EYEAF(ADTT)

t: AHE7IR

ozlo) sFRdE ZYste] FAEW, APl
o3 gatEr AFZRE I2E] U@ U
A4+ 4 (1012 o] vehd 5 gioh.

=M (10)

wn
E X
i)’

SS9
LR |
x €

o714

m

S

N
2

A%

s=ﬁ%"—iﬂ (11)
X

AZIN  mARRTLAAT
giFg A
i;3AAT

b AFDLAA T

w;AAREE

Y ,'. . . 3
g=D,——CL.Z(~'L—g—JZ‘—f&) (12)

A (12)0llA] KA Z = AR 28
A gheir], vk A (13)el elald HA
atadol] o] atFEF Ao oigdge 2 A
g F U

S p= UL "‘”ggx"‘"”” (13)

S p AR SE 3H U
m ;AR 2AF & AHAT

g p A FEEAF

714

_63_



2y

ipAA FAAF
ko A7 A A
wpyAA A%

A5 ce AALEZSF (N9 oo A3He

&BHTo SAXE

u‘)-t:

Boodtol) ALRE 2t WS FAAE e
$(1991), Nowak(1993)2] A3 &89 EA
A8E $4 3%l Table 3& 2z ¥ige] §

AAEE Aol Fod,

Y9 (S)oll elsiA A (14)s} o) 3 &

4+ Uk

¢c=Np,S? (14)

Table 3. Statistics of analysis variables

—— mean coefficient
A% A% e 4 (15)-(17)5 o] ZdYG - of variation
- LT . .
(fatigue damage) 1.000 0150
o\ | g () i) | M
g=D/"TVLZ| ( "‘D)( wn)(sgn) i,,)( ha) (ratio of axle spacing) L1z2 0.027
) l Sy L,
So (ratio of truck weight) 0'396‘ 0.227
(15) I
(impact factor ratio) L110 0.110
G
=D,V |(Mea ) L V'(_uLL)3 (ratio of girder | 0216 | 0018
£ /" Np S Vit S\ wy distribution factor)
H
(16) (ratio of 1.551 0.044
headway distance)
— Vi { MGIH\?® e 8
g=D,~ ND( S ) L, am (ratio of stress range) 0.707 0.061
L% _%)3 (18) Alzld siA Fo ¥ DA
V, S\ W, ,
Rackwitz-Fiessler 41214 A=Y (Rackwitz
714 s} Fiessler. 1978)& ol &3] EAIE A

Mde) FREH} AARFY AF % 1F
A4 Hl

G el $HE} A G 78 BujAs

B}

Eglel B3 ee)at AAAel FAAS

H:-del BREZHF} QAN AFHAS v

SAAwES S 2299} A ES
v:1d 33 EY &

t: AHE7IZE

N AA S RER S

dael dido AAY #HHE ARG
AASHTO HL-93 HAEH @lFol ¢ =
HES} Nowak(1993)ol 2&f FAld A&RE
o] 23l AT Im~36mE ImAPALE 4717

29 Ayl Z+4E 1.2m~3.0m7HA 0.6m
ez 4714 734E 2Hs F 16789 A+
of et z3 At ZALAZ HAAZe] &
gy oule Aol 9mYd 7} € e Y
el A o] 18m¥ W #APE A
%7b3ln SUtHFig. 6). AY Fol 71 ¥

-64_



¢
!
{
'

Alzjy oj=of 2|8t Lricime| H2s

& gRwsle A28 A,

girder spacing (m)

A A% olg% ot ¥R AW
NzsMg  4AAsidt. AASHTO LRFD
HL-93 §35¢ 343 ¥ §dclE Adad
oA AEE AAden L ImAHLR
9m~36m 7tA WA Im, A WAL
1.2m~3.0m7tA 0.6m¥ W3AA F 1673
2 Z2FPAA Ziztl s AN S AR
o, HzAA Mo Bagd T Ase
Nowak(1993)¢] #At&E o] &3t

Pig. 6. Ratio of stress range per span

A8 A3 (Fig. 7) Aol 9m, AGz
2 1.2m 99 A4Y AFE 4.391 e et
yon A9 Ho] 1.8m, 2.4m, 3.0mZ A
3} 271 @542 AHHAFE Y 37t 84
Ad 247 3.0mAd 71 2 gk 5.0028
ghlct. 2|zt do] 18mY W& AR5
4.724%6 A Z7heA 517374 JEe
o Azt o] 2TmUME  4.605004 %€l
5.04771A4 Jehgten, A o] 36m¥ We
45155 4.9347A el

reliabiity !

index
54
52
50
48
46
44
42
40

12 18 24 30
girder spacing (m)

Fig. 7. Results of reliability analysis per spun

d 2

2 A2 M= Rackwitz-Fiessler(1978)9]

B Age Age Feshd oad 2o

[}

(1) AP A HFe] 371 $5F AR
2yES} AAxG 2AES] ¥E Fadhe
Roz yeigen FI7HEE AA Fadke
Moz vehgeh A Aozt 37t
g g asict A S7HeHAl Hed,
22t 9mQl A $ols Aol via At
o] e ojfQ Aoz wodrh

2o 93g 71X MU vE B
B, A2 gud 25 3dse @l
veE Rog Mol zfd A A
17 Yl 4P ZE A9t A2l IR
£ uixe Aoz Bdad.

(2)

QssA A% A A=Y A5t
4.3904 5.1%01s) QHAR @ viepich
Ae B A4 A BE BENIYAS
35urh A @ ghg vheh oAew
gaoleAvnel Az oE PAY
e fud o o 398 ¢ 4 Uk

(3)

(4) H2el thalo] Haste NP $u @
7 AnE 87] slalMi s A
Aol A= st AYd BWIM(Bridge
Weight In Motion)& AIZBH2 dlofein
oj2ststd A A §88 3¢ nFol ol

_65_



e e e =

443

FAE P KANE ARAE w2 ARL
Ae Aoz webdd

nEd

A4, 2%, 1996, EYEF 332 @ =
FAH, FEE =7, 160 A21-631
g5 1991, Aol olgh el 4 v
ZaMAF, MEdtn MAstel=E
AASHTO. 1998. LRFD Bridge Design
Specifica-tions. 2nd Edition, American
Association of State Highway and
Transportation Officials, U.S.A.
Moses. F. and Ghosen. M. 1985. A

Comprehensive Study of Bridge Loads
and Reliability. Final Report. FHWA/
OH-85/005, Jan.

Nowak, A.S. 1993. Calibration of LRFD
Bridge Design Code, Report UMCE,
Department of Civil and Environmental
Engineering University of Michigan. Ann
Arbor, Michigan.

Rackwitz, R., and Fiessler, B 1978.
“Structural Reliability under Combined
Random Load Sequences’, Computers
and Structures, 9: 489-494



	서론
	신뢰성 이론
	피로파괴 및 평가이론
	교량부재의 설계변수
	피로신뢰성 해석
	결론
	참고문헌



