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Reliability Based Assessment of Safety and Load Carrying Capacity
of Cable-Stayed Bridge under Vehicle Traffic Loads
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ABSTRACT

One of the main objectives of the study is to propose a practical but realistic limit state model
considering combined effect of axial and bending load for reliability analysis and safety assessment
of cable-stayed bridge under vehicle traffic loads.

This paper is intended to propose a new approach for the evaluation of reserved load carrying
capacity of cable-stayed bridge under vehicle traffic loads in terms of equivalent strength, which
may be defined as a bridge strength corresponding to the reliability index of the bridge. This can
be derived from an inverse process based on the concept of FOSM form of reliability index.

AFOSM and IST methods are used for the reliability analysis of the proposed models. The
proposed reliability model and methods are applied to the safety assessment of Jindo Bridge which
is one of major two cable—stayed bridges in Korea.

1L A&

AT FugHez Y, MY 5 AMEE A FARF 34 R 714 FduFe {8
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& e FAYHRY L ALsig W APHY 12E M2 HIHHEBI PEE AL E
d, ole AFHPA4e FOSMe oA F#E8 S7HistEgs $gess no dAFn ¢4
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2. Abgae] gAdERY
2.1 AR

211 2dEY SYE a13Y 35

duRez A9 ZEs} Bolut Y o= shive] Nuisle A%, SALATAAL A% R} 2
Hatolo} Bt ole] HFET SO YO EESE W o AYTALULRYeS TUY & 3
o},

g() = R-3S, (1)

AHRa 3¢ FER(FATY 128R)F o] Hol AuHY Ft, AFEPAFT 4w BALH
WAL g Zol EEY £ AW

g(+) = Mg - (Mp+My) 2

A7\M, Mz = AAYEAE ; Mp, My = A3F% 883 42o] o8 Zd=g vehact. ¥8 4
A% ZHUE Mp & =FERAS DrE B 4 @) Lol EVY + Uk

Mg=MNuDr (3

A7\A, M, = ZFAYRWUE; Dr = =F&AAF ; Ny = M3 Drg) $A0) gdg E843S Uz
= WAYWI(=MFPD); o\, M=AEZETA @A F=AZAFT Fd dgizly; P=#43 =dsy
Fd 94y A3 D = =3&4 FADY AY9EF vehdn 29, A FEH #$3F 47 g% 2d
E Mp, M2 4 (4), (5)8} o] Yehd 4 3t

Mp = mpD.Np (4)
ML = miL.KNL (5)

A7\H, mp, mL = @SAEF L FFo] A ZAE GHAF Dn L. = Y AT R 4T
BEHE; K = $§Y) = K,(1+i), oldl K, = $ASH/AILY; i = 3FASF No, No = D, La9
FA B¥Y BERAF L AASET G W& A7) A 47 AYEFe vEhdn.
R, Age) AolE3 o] YFYWNE W A AFZE FAFATHAE 49 4 2)~6G)%
FALE A Y & Ao

212 =35 1Y B¥

ARz lolH FYo AR, F9 sig $& AT £ L W] Wi og P& A2y
B3 249YL FA T FA2A A= L WHEE Qrpstejor vk o] B4 @AYHYA
4 %93 g9 2sFl AP A 6)3F 22 FBHLE FH FEY 7 A9

P_ cM
RO =i

=10 ()

AN, P M, = @H9 H2ZAE; P, = Euler 327E; C = S/RNEAS; P, M = ¢dgL 1
Bt ol a = C/(1-P/P.) & WXE ¥ 4 (6)& T 29 4 ()3 o] &t
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P, Mo
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4 (D9 ¥ M/P & Fe9 FAHE 53 2o Eoh

MC’ _M MC’
P +ap s P (3)

em M -z UAHY Y @8 e 2o M. PYOE EJW 4 A%
Mg - Pe, 20 (9)

A7, e, = SAVAALYZA g 43 g
€y = € + ae (10 a)
M., c M
* 5 (10 b)

Pcr [ ( 1 — Pie) ( P )

g 4 (9)2 8 AY W §F BY AYFFA Mo, Pp, Pr 2T e8] Fo2 @ UG
A gt A (1D)3 geo] dejdn

g(') = Mg - (PD+P1_)8, (11)

ANM, Ma=MmNuDr, o8, Mem = ARAANAN AAE FEHE AHESY FedAE TR 22
E; Pp P = ASt5 R 3T A7 9@ 458E vEdd B, 459 Pp, P R-F/MHAAY
et 474 APuiFozq o3 o] F¥E 5 Uk

Pp=cp Pp. Np (12)
PL=CLPL,.ND (13)
e;=em N, (14)

A71A, Ppn, Pia = FHAELE R &85 4G 43 59, en = FAS7THYAR N, N, Ne
= Pp, P, em & FAEEY MY EHAF L AATHA g ANE =AM A% D9
Ay golt). ojrf N.& e7t 4 (10 b)s} Zo] v)$ EFd Jygjz FEH7] og&] MCS(Monte
Carlo Simulation)e] &]3] $xHo=z HF L AL FHAEE 5144

T i B A (602 ¥ YH=2A AgH A ¥y MCSH IST(Importance
Sampling Technique) {Mechanics, 1989; Cho and Kim, 1991]5 22 |49U% AA4HH¥E 9% +
= A, A(11)3 gol EH =HA UL v B o] HEWSE HFuss By 3y
T gejo] §ANHYF2H] 2o FEEly F4FHe AR @ WsELS YrEg 4 dAQ

22 S¥AYA=E
AgaY AR R WY E Hred AdMHE FH R Aol B U FEAYFEY 4Hel F

L3 EAZ HEd, ¥ =EdAE FAold dilde §EZEE AMESAR, FHoIY Fdo] dHA
= 4 (153 e 234 e A3 [Nakai and Yoo, 1988; Salmon and Johnson, 1990].

gy R<05
6o = {(15-R)o, 05<R<10 (15)
(05/R¥ o, R>10
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A\M, o, = BRBE R = F2AT (=%i e LU-8D ) o, 5 - ngwe 2% ¢ -
B T E = QAAS u=Foldul ke = R2AS(=4nD) i b = BAAZ FRAE A= 58 U
thac.

2.3 BA4 £94%

Mg e Ag U 58U AHAFEY AL gelyoz £3t= Ao S 28
EAlolth. Wt 547 EHAFd e F2AAE JAE v F Y BEE RAEo] THPHolok 3
e, 971 ZEARY SAHHA AP WEF ® ol 2dYPex), BFAY PR Q¢ &
5ol & F A 28U ABRZES IAFHEFE A FAH HY RFo2 Q3 B =
B ZU9e BAE#M[Ellingwood and others, 1980; Shin and others, 1989]¢ F¥wwvsid
A3 BEYAFL FAsgen olg E Lo Ao €9, SuAAY A BgaAge &
A AFE ulst ge] 3F R AYEH SAF BHAFL 7] MCSel 83 F43c L, o
B BAH Ass goz (Y L FFEd A, Q70 $383 BARAES HPA e 3,
2gd 4 & Aoz ARIAY gy E 14 AN SAH BEHAFL ozt AGACA
AN FAANRAY 9ulg He

E 1 TA4 E3LF

"""""""""""""""""""""""""""""""""""" HEET AN HE AT Xy
3 1.10 0.13 Lognormal
A & | 29(3%) 1.08 0.15 Lognormal
EIQED) 1.20 0.30 Lognormal
: ALslE 1.05 0.10 Normal
SEas g3z 1.24 0.25 Lognormal
SR AE 1.10 0.2 Lognormal

3. Agme A5y 2 GAE B
3.1 A= 4%7

71’4 AAae AFAAHNE dERY 35 Ay R 35 BhE F/R] BgAF g 2219
AR 2dy R £AHY £HEHE 24 Fo2 Uy v BRI ozl EAlol7] i
Aol ¥ 7Hg £34FHQA A4 TdPL SAIFHBRAE ALHQA WPz sdsolol & He
2 Alsdd. 39, ARRE 7Y, FEAclE 59 d8 FERAE o|FojW BERY FIAAHL Y
A g7 Wi uj¢ L o842 A @cHMoses and Fu, 1989; Cho and others, 1993).
watd FRANZAY 4AHQ AT E HrE] dHAAE AANAGHLE sP&oF FAR & =
L AR A4 e] 7xaF2A I 498 9L 2HsE 399 €3 &€-8 FAl 1F
E A5 dg 8203404 Ik AAERe AANALAYE A% TL&HQ) 2dYd #
T AFE A 1YF Ao

FZAAdL RIAZE QA AdHezE FAGT FXHe2 FJrE £ YA, AAHezE
Fzaad A2ge JdEHUA BRAAEL AHHRF L4 A /1F 2 2HE 4 A §#4,
HA &g Prs}t AHAPAS 89 #A= &7 2.

B=-07(Pr) (16)

A7NA, Pr = R3A%E; 07 = EERFEZESFS AU4E dehd.
AgEe] Ao qFd FARGY Yo AHEE £ AAL, B =RAME 2HAFHY A
Zme] AR ZNE FE5e] =2 AEANAA G I-ED AE4H A HAYIHA AFOSM &
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32} &[Ellingwood, and others, 1980]& A&l A A#H4-& st
3.2 ¢tA=gs}

AANPHAL T2 AEY VAHYAS & 14D IYLEE n'E A (17) 2] 77 F A

n'=—T%expl BV (VE+VD) ] (a7
AR, 78 75 = AL R BT FTFP Vs Vs = AY 2 3T WEATE dehd o4
gol AW TALAEL A4 SAUAYAN AgaE AsAAEAE e AFA AP BT
% F2Ee AALHAE 2A® AAH VLA AT} ] ¢ F2IAEY Adez A
BET.

4. AgEe) WYyt
41 FEH AF ¥y

71&9 Wagst Wgds 8289 d 9§ WSR(Working Stress Rating)®y# AASHTOA
A A}438= LFR(Load Factor Rating) %% %] AtHAng and Cho, 1989]. 28}t ¢|E8L& 1239
&I} AAR FEAZS AU vYstA £ oo AAHQA ez HrtE FAYHF]
U niuUsiEe ¥4 2 And UsEez 3FEs] oo mEa H2 Moses[1989] %
& d32{Ang and Cho, 1989] 5< 71 4n % &4, age] Agg E EZUYE JAH2
2 IFANEZA Ansusige ez WY £ As WES AL v Aded B 7R
218 LRFR(Load and Resistance Factor Rating)¥d& ez vielyw g3 ZciAng and Cho,
1989].

- ¢ 'Dl" Rn - YD, ¢p Dy
P, = I (18)
P,
RF = 3 (19)

Q7A, Pa= EHUSE; P, = A AR 47, 75, 7L = 427 FANL, A%F L ¥
Z BAQAAS oo, o = TANE R BTl A8 FRASE Uran

R, AAAS 6 1, 75, 7LE Aol 2ANS WYANEAY FH4EE BAT T T
gt 72482 B (calbration}g AN AHHE Rolth & ERANE FAZRY 347
% AYVY FAASE FYRS weistedl AR S3) AolBo] YANE WY S2IAYA)
HeQABE FVAES dAN FUE 38 JLAEE A3 AT L Y] FEUHY A4
B = 408 A9l AYHA FAAFE HPAAT. WALH ] A8H AY L AFVY FAA
4§ Aeed ¥ 29 2o,

¥ 2. LRFReIA e A3 & sFad ¢AAF

T ¢’ 7o’ 7L
zY, 3 0.85
kR 12 2.0
Aol ¥ 0.65

4.2 A4 7te] A% Uy

B =2 Fuagze uage Bo gEHez grisy] A% 4-BRELEA AF4HsL
of 712 A2g WaEPsl PEL Agsdct & AAA TH Hage F2 FEYA g8t
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Hrtso] goy} E =ENAE AZA4ASe FOSMY HegdA =8 S7H3tEH7 9. A

dEd ole FEAE AHEAA FIAE AAYAS: f8 ogstd Tz 2P wAUSEE &

A 7 5 A= B0 AAHe| T #aHd Wi Ardd.

UA, ASHEAHHe] A¥YA FHee SANHEsLE MY RA SFEIH} Se oz

g(:) = R - s2 ¥PAY gL, R} So U 1, 2REAES A HE EFAIHASE Lo WE
= Shiele Py Ao) G FOSMEER 8 = R/ Q)/VRE + 2500 G = cp Dy + cL Pa

g€ FY3id g2 Zo] +E & U

P, = -E BXP(-8V0%7 2D - = D, (20)

[+

~

714, R = A% Q = FTFFEI cp, o = 47 FTEHAEE L FAFEH; 02x,25
= Zz} Ay 9 39 AFAS5E Jehdd

yhao] wldgold, A3y e S35 FHY DAFAZH YA AL 2R BHUEY
€ 4 (2003 Zo] #HYHe2s F¥ 5 Q7] WEY, ¥ AFdAE HrekE: U A4S &
FX Ao g3ty FaE, EAF BFMAAY W 2P F/WEY P& FOSMEH9
Fitting Curve2 ¥H H73153 EXNIPAFY 424 FAH 78 & A $d& Agssith
&, B AdFME S/0EE P& A$H49 Fitting CurveE 2E T3 ¥hiS A Ao2A
olg 422 A7 A4 4 (2008 AdHeR tA EHAE L3 2o

Py, = Zm E)G’(_BQ) - 7/Dn (21)

47\A, Zp& BEFAWR/ 1), 2 (= Y2 + 25 ) AARYAF 283 7& BT QYT
2 4T AR ¥(= cr/c)E AH AdH oz WEEa A wiAEFeD ¥ 144 BE vt
Zo] Pt B9 BAAL 4 (2D 93 A Y= FHIE & 5 A XY wAAS
Zp, 2 & 43 FAY BT ddde AFPAF2A FAY BAA (Pum, B1), (Pr, B2)E
4 (2D BYuzA dold + vk g 4 QDL e gol ¥@erh

Pri=Zn EXP(-28) - 7Da (22a)
Pp=Z, EXP(-28) - 7D, (22b)

P.r

Pk re

Pn2:<.-_

0 SO IS F N

Puz: 5 ' )

" R
JAnxnhSI-ﬁLsxo;zl‘A.‘;so;.....ﬂsznl ........................... bs

a9 1. 8 vs. P,

olwl A (22a)s} 4 (22b)& AVHEA ¥W 48 = B1-F: #I V& o, oP/PAF Z, 2& ©d
3 Zo] YA
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1
= [_ (PR2+ VDn)ﬂ)] a8

Zm - (23)
(Pri+ 71D,)°*
_ 1 Pri+ 7 Dn
Q= - a8 ( Prz+ 7D, ) (24)

#EHoz, H(23)3 A(24)& A(21)e] Wiyste HHstA SN Y P & TS Zo] EHEAY.

(Pr+ 7D,) 2% "7
(Pm+ 7D,) 252727

P,= - 7D, (25)

71X, Pr, Pre = B35 (d& E9, Pr = 18(DL18 or DBI8), Pxz = 24(DL24 or DB24));
AB1=B1-Bo AB2=B32~B., 471N, 81, B:=74Z T8 HYr1&F Pr, Prdl WE AZAA
¥ B. = EXANIHYALE Yehd).

o|g} Zo] ¥ ATFA A AP Nxg AFFRe BHUEY &, FMWEE Fry
& FA9 HiEE: 4o Ay AAPAFT FEA Hd 4 (25)F THR JEAY 29 19 o
Ao 4% Y& ALt FEUEHE(SLR, EXENIYASF B,=3.0)7 FHdzsFus&(MOR,
BRAZNGAF Bo= 25)0) Uid mFe AAHQA BA{NEY P& &44 78 # A HE A2
Ade gyt wieln). o W XNFAA FEAAT EEAY 4B T Zo] FEY 93
2—‘:-. 238 4 AR 2FY JsEHs Bl 2F HL4E £ Q& f 88 wilstn 449

5. 34 % ¥

51 d¥3nF

E =8oA X4 udoez 3 2P FAFR Axduzs SEEHYPYL /23y Ay
Ads AxE Adstn Y e Az AFRe . A=RduE F 11.7m, do] 484me] A4
3 F83 69m Eold AAAY Fg 270 283 68719 locked coil type cable2 FAH e vk T
L ARG Fo] -2Yete] DB 183154 #I3s AASHTOQ HS-20-4431FQ 25 olt. R 29
E Z%E‘H-TI'-Q—] gutAtgol disty Asgen 29 24 A=dre DRALE FEIPHILE,
1993].

E 2 Axgme A

4 A [ Ad HET 2UE §F5-A=T FuUY H3E
T2y | 338 44 AeAY AFR

4 Z | 70+ 344 + 70 =484 m

kA = 11.7m

A A 8+ 3 | AASHTO HS - 20 -44(DB-18)

52 HudEg A

£ =R9NE sFARE T 4% FERAYe2A 231 FAANHE FPEHAT. AHAHY «
GAEFE Add FYFYF 2D APR, FEd R H9F wAH Q1= back stay No. 1
AolEe] Y dPAE =3} AYDEH L o= &5 ¢ AFAAG. A4ARE & 37
Z4.
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53 434 R ¢A=EYS}

gl dE FaFHe 8, A%, 3 R &S AGde A AHHE A5 oo @ &
A=Y7}t AFE APAGALETH HEEe AAEE E 49 2k £ HAASFA DB 18%F < 9@
A ZAFE ANER FYFYFY AHZAF7 30124 ZFFFA dAA e Fdxez Ayl
71 Bd @S ¢ F AR E¥ FAGALLE APAGALRT Y & o= yrHdE
b ole dARF V=it A AL F N 28 IAEE B dS5E vehie
Zdgetn /Y. ¥4, d@zAs EFAEEFHd nE FxE JAEC GE IHH gdd 63
£ o, o]2{@ HAs & AFA Agsn Ae AFPHY ® ool J2g FALAE P
#4493 838& dFste Aoga Alzrd

B 4434 R D=7 2

wa v_fl;lin 8. (DB18)| A4(DB24) |2 A& gzg:
FYFTEE 3 3.01 2.02 2.17 1.70
FHEARR | B+ 43 3.53 2.90 196 | ol
Fg g 3+ &5 6.78 5.76 3.46
Flol 8 #1 AA} 4,22 391 3.47

54 W3¥5 s}

E 59 J1&4 A APt 712 g st AHE v wdS AAHAT. A #E
Aol o WagPriolA AR PPzt AN A ¢ FAHE vimsd FA G 2A 3
7HE€ ¢ & ANeH, HEEYo] 7l2e PY(WSR)H FeFEe] 712 ¥WE(LFR, LRFR)E ¥z
s FAVE 2 T WA WAEE € 5 AT 4HA BY 2R vk ARE F7] @& W
g7t Pie2A 33 AHEE 4 Adane ADsHY =¥ 344 Dy, $8Y K $& zste A
¥ ¥y, 2 FoME Ed5 <A LRFRPY0) ©|849) AAN4 & & 9 7HF e ¥hiegta A
284

EY & wfdA 713 34z dF31 Ae AAAYHs 128 F/UEE 9sid s LRFR
HEg Wis) 29 ydd RF7F 35959 gty 1.003 1.03, Aol &) didte 1.233% 130 o=
A 5 byl 9@ WaEHst d3st LRFRO) 4t o ¥4 AR A {FAR & JeEhd &
g £ Ak ol ¥ =AM ALz e S/HEY el #¥4Q LRFRIAE= &8 728
8 AA Fee] g2 F3E Lo WS UHEEE AY 7Y ¢ A= PEolHE P& 2 A
T felxolm B e wsEBst Hyde v dga ¥ + Aok

¥y, FHANFF 9@ FHde A4AY 2T S = BSole #EA g WHHg Bt
371 ojdA H AHHYHZIE viBe2 F7HEE &, HAusigd e 48 5 U] BEd), B =
Bl AT e S/AREE WP EL AR ol A, ¥+¢4F 5 Ay FARYS G
TFEEY EFHOZ ALY 5 Y& PHclER ARE

E 5 Wstygrigy

N TFEAY o P A=A 7)ol
PR AXE Wy 71285709
aggﬁ&n"‘ WSR LFR WSR LRFR R

RF P, RF

RF P | RF| P. | RF.| ‘P
FY(AAFSF) [151[DL-27.2[1.05]1

)| 1.34 |DL-24.1|1.03 |D 1.00_[DLIB.O

FHOHAHER) |~ [ =T A » | 1.28 |DL23.0
FED) el L [ e ) - | et |- | o= | 243 | DLA38
Back stay No.l [1.90 [DL-34.2[ - - 1168 DL-30.2]1.30[DL-234] 1.23 |DL22.2
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6. A&

1) & =BdXE AT Y3l 98 714 Agne wstd 2 GAEE Frge] o) 7129 A4
HQ FrhhEAE g FRAIYL =48 v gElHoln M)A wge AL

2) ¥ =RdME AZE 7Y AFRY FEsied go) I 459 2 IS L W H9d Yot
AAE VAFHYANE FUSFHeE FHIAm2A ALFTY Aol FHEA 98 4 9)
£ 2i-g A

3) & =FIME ARy RAGAES B AAdFHon ReHoes Prlar] gatd ek ulA
Y, S8y ANHY A APYAFE FOSM He9) In-In 2do] HFAQLo2A Srhys
go) o2 e 4 BAUHYEL Yoig 5 A= WS Agsdd.

4) ¥ 470A AgE 2HAFd dg 48y SASULRN ALH APPAS SANYRE
B L &8 AR dE AAHY HeEgolel ue EEHOE AMEE 4 ATz A
2dh
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