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SYSTEM RELIABILITY-BASED EVALUATION
OF BRIDGE SYSTEM REDUNDANCY AND STRENGTH
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ABSTRACT

The precise prediction of reserved carrying capacity of bridge as a system is extremely difficult
especially when the bridges are highly redundant and significantly deteriorated or damaged. This
paper is intended to propose a new approach for the evaluation of reserved system carrying
capacity of bridges in terms of equivalent system-strength, which may be defined as a bridge
system-strength corresponding to the system reliability of the bridge. This can be derived from an
inverse process based on the concept of FOSM form of system reliability index. It may be
emphasized that this approach is very useful for the evaluation of the deterministic system
redundancy and reserve strength which are measured in terms of either probabilistic system
redundancy factor and reserve factor or deterministic system redundancy factor and reserve factor.

The system reliability of bridges is formulated as a parallel-series model obtained from the
FMA(Failure Mode Approach) based on the major failure mechanisms. AFOSM and IST methods
are used for the reliability analysis of the proposed models. The proposed approach and method for
the system redundancy and reserve safety/strength are applied to the safety assessment of actual
RC and steel box—girder bridges. The results of the evaluation of reserved system safety or bridge
system-strength in terms of the system redundancy and the system safety/strength are significantly
different from those of element reliability—based or conventional methods.
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E e 4Agast 2L 149 444¢ e 2@ RHIAEE By ¥H e W)
A8 f-AAFEL2A AANAGASF N2 A2 Hrhhie Adsged, ol AANIA
A% FOSME) S8R #E8 S/N2FAYZE J7hPiess o AAH 2 FAAHA =
N2RFAGZE(Pu) ot B3HE(RF)E T3 AWl

2. Nad o944 ¥ BAAYEE

AAyasel go] male] AL A FRE YA, & e By 849 It AA
Tz2E FAE FAeE= Ao olUn wEtd FxE9 IFTHUEEL ditHeE Hx A9 B}
Z57% v at. NAgYEdLe ¥ 849 v A%, FEEC] FFAY AYY § Ae Al2d
BEAREZEZA A4 A (Indeterminancy)s) AE £ ohye /AE ¥AY FAAAF, FARE R
Z, RAGTAI0)) AETA, I FAY ANAAY FFo wi 4P 2HBER F2 L4 9T
Hoz o¥ @ Fx FEAY F&F EE AAHA fHq7t o)FolA HF, FREo A2Y AARA
o AR 4 A= FY, & A2de2A B4AS @ AYZEY FEE Uehis JERA
A9 ﬂﬂ}[Kﬁtzley/Mohmmnadi, 1992].

21 §E3 N2dd844 R B{AAE

2Fe] BAE 2/9AF AR FA43E AR FIFoH o271 AA qIFY n}alzaig %
) Yojdth. wEtA A2Y 4442 T 840 XV HAF F2E FFRA AYY £ AUE
BAYZERA ol9 §ElF Hri7l Bhel Hed £ aFAAE AANAY ANAHRE AHEEA 71
Az A2y 444 EE B{dALS 5oz gHIANY. &, A2Y 9444 = BLAGAE
& B¥IN 9 WA wgol W A7 E[Frangopol/Curley, 1989; Moses/Fu 1989151 9
zﬂge ¥ oy, & AFANE AAPAF g5tq A2{ G843 R{pLAEE O5F T F
LT A=

PSRF B :/Bl (la)
PSReF = B,/8. (1b)

o714, PSRF(Probabilistic System <84 Factor)=883 Al2d oL&A A4 PSReF
(Probabilistic System Reserve Factor)=84% A|2¥ 2{A3RE A% B.=JANAZAF; 8,

= 27|97 849 AANIZAF; B =22AHPA

22 §AH N29984 R BRARRE
FIN2RARZE Pus] Bo2 IFPN2AARZE FHAE FHF A2 948449 R RFA
YAEE et GEA PP IR qE3 2ol Fejd £ U

DSRF = Pru /Pnl (23)
o714, DSRF(Deterministic System o84 Factor) = 833 Alxd o84 A4

DSReF(Deterministic System Reserve Factor) = A Al2d BHAYAE A4 Pu = HAAXN
ARG AL FRFPAN2LAYAE ; Pu = KAAHAYA S0 F83te 229 FIAYH
E; Py = 2717228 ARAS FE3s 2NRHY IPIANGAE.

3. AAHA st Wby R 22 Jlxd WEE Bohihy

o) A Yty HAYHL =2 WSR(Working Stress Rating)3 LFR(Load Faotor Rating)
FEo) o Pstd Ak 2 o]F WHELS AU 2H AYRAxY dHEFe] BEHAAY, =
FEANY, ALHEY T AARLE WgA B vk B AT Moses[1989] % £ aF
ZxEd 9, 1989] 5 7142 g =FEA4YH, 23 48H € BEHUHE GAH22Z TFAT
o2 AR{UAee deRee g £ ds AHAAF ZxE WEE PAgyE Agd v

Y EEANHAAA S dg§3= LRFR $AFFL thS3 o] Fo]AHAng/Cho, 1989].
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¢ 'DgRn— 7 pCpDa
P = 7 3
ne S TCIK (3)
P,

RF = P,

(4)

A7\M, Pu = TAUWSNY; P, = BA AF8E ¢ ', r0, 7L = ZZ FYAY, AE € g5
Z A% K= $99 = K(1+i), o K, = 244E/AXLY, i = 2FA+.

4. AANHNYA 7128 SN IAYZE

¥ e AAYns ge aile Q84S iAE 23 BAdAEE B0 FE 22 Hriey)
A B-HtHELEA AANZFAAFA 71Ex¢ 428 BZAUEY FbPE & ALAT. &, o)
E AANHPAS9 FOSMY FHAA FEE F7H2AAYZE PYrhhgozA v AdAFox
#elHA FEA2GHERE(PL)F WEE(RF)E Fate F2¥y el

AANNYASE B, MFH L2 FOSM Hejd In-In 242 Ta3 e oz Y 4 Ak

In(R, / 0.)
.QR, + QQ,

714, R = BEN2RAY G = BFA2E 8FAH 2r Q20 = N2UAYH FFAI
dE WEAS 0, = FANLHS P, T YUY THFEAF ¢.2 FEIE A2y HFHFEH
(Qr= Pu) & VYERAE A(5)= T3} Zol AAME 4 Uth

Pu = —%’— EXP(- 8, Y 9% + 25)

= Zn EXP("B;.Q:) (6)

B,= (5)

A7A, Za& N2y FEFAH(R, /q), 2, N2 EZAFL AdFez 473 yEIn Y&
QR sl

ag 104 RE vish go] Pu F B,%9] BAYL A(6) 9 A4 YHE2Z WIS ¢
% ch WA gARSE Z., 2, & A3 FA BrEF] d$3E AANIPAFZ FPAE
N9 A (Pr, Ba), (Pr, B.2)E& A(6)d] ddstezA oA & ok waA 4(6)& o&
3} ol Y 7 A

Pri=Zn EXP(—Q:)ﬁ:l (73)

Pr=2Zn EXP(_'Q-')ﬂ:Z (7b)
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4 a3 7(b)& A6) WPste] B 48=84-B. F3 R o, dF Z, 2. d&H
Zo] £Yd€H.

_ Pg" vae

Z,,,—( PE" @
1 Pp

2.=—J7 (52 (9)

_31%’-‘1-‘13, AH@B)# 4(9)F H(6)o] ALY Fstd FINA2LAYEE Py & T2 Zo] R
LiRzh= %
P)éﬁl/ 48
Pu=—pam7 s (10)
Rl

A7|M, P, Pre = B33 AB1=Bu-Bwi 4B2=Ba-Bw, A7NN, Ba, Bu= 2% Pm, Px
o @& AMANAYAGF Bre; B = BEAHAAS

£ g7edA Adde AANAEA 712 SALLAREES] FhHEe, M2 MdezA,
FA9 B Ao U AANIZAFT F3A A AR FVAN2HAYZ=E P T4
WE&(SLR, B.1=3.0)% HAHA3FUHEE(MOR, Bwe= 25)] A 4(10) == 23 1& AHS
3} 44 78 + AE S 788 Pdeldn 4FEd

5. @AZH=EY

51 AYZEHA L
AQEgd i AYFARHTFE RE AY, 55 A sFaH3ea P2 o AY ¢ FFa5
9 o= g3 Aol XHY 4 Ut
gl:) = R-3S; (11)

AFEY AdaF RAAREQ RFF AT FRAAS AuHA FS SAZERYL OgFd T
o] 3 EHEY 4 At

g(+)=Mz-(Mp+M,) (12)

Aq71M, Mz = AAYRAE; Mp, M, = 424830 A SFAFHE Udgdled, Mz & F&S
A4 DrE =4 S 22 Yoz 2HY 4+ Uth

Mg=MNuDr (13)

A71M, M. = TARWME; Dr = 345 ; Ny = M, N, Dr 334 #3834 E44FL YEsies A
F(=MFPD); oW}, M=AEZE=HA BHAF ¥4, F=AZANT Bd EJAF ¥ P=34, 2dy
3 2943 d5E Yt B, A5 H a5 98 AF AT Mp, ML & T o] BY
¥+ Uk

Mp = mpD.Np (14a)
My = miL.KNL (14b)
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714, mp, my = A8F R BeF QGAS Da Ln = T AT R E33F5 Np, No = D,
L, 3] Y E944F £ AAEFH 4 ®E 2N A48 449 AR

5.2 Aj29 @444
AN AN RFA 2] BHAA T NEE B4 & 22 A2 WFUFY §A
Ae7t A+22 4 AHAng/Bennett, 19861

gi(-) = ;CﬁMkii—;[bDikSDik"'bubSb‘k] (19)

q714, Myt i8R RA71FAA e jiA FAgAM e AAYRAE, Spu, Sw £ WA FH7)F
o kA 28aFAF, Cybpn bae BAREE FY3s AFE YeUEd 974 AAJEUE
MriSt 218813 AT Spus A(13)3 4(14a), (14b)$} w3742 2d3 8 5= Aot

6. 2Fo] UAHEI A Y

6.1 2 UHHed

71 dnge] AAYHE W29 S 974 BE8AZ, A A4 € FAHY) g¥E 2
A 5oz A% wj$ o2 EA0)7] Wi S2sA e FAS nFo] WP JF ERHY A
g4 2dgL BP9 GAEE Frshy] A SAFHBRAE FEH WL AEFolof ¥
AANAG A/ 72¢ STANSAAYEES] B2z NA2Y B{EARAE R 484E& BrsicH
AojH AHAY AN gy o] AMEHE FRA & RAME 47 F49 2P
B AHYFILE ANA Bk AAFHer FeHY 2d R e AL Jt2E, B34, 3
¥ 223 AU S EYSE A 48498 HAE TFY FFTFRE o= WY 84 W FAS
sAEt stogs AA Nade] SAHE A9 I3 =EH, BN 2F A2 qATELS ¥
W3 24 AAGEFHE d2A Qo NATF ARTEY A2dgAE A2 @AZHEA Fod
F o, A2y £ AI2RAYL oot AAHA e |zt I RRY 5 U

o}

2 =EdAE A2Ygedle Fanar] 7o 71x¢ FMA(Failure Mode Approach)2 3g o]
e -4 2dzA FA4HA). &, ZFAAY e AANHAHHN Y B9, Z A AaY %
AR e A8 7t2ne ARE mIFAY zdA FS FHAH FLAGY FAFREA 71F
E # A o) FTWPdA £87HA 1AL QF4gHI)F FYdE gERAE, &g s|F
FHAAE AZEUEE 47 e SAEY JAS A/ TE FHEJTE Aot v IAR,
RCAAE AL A2y FAYHE YA E=9] ¢ 49 @ FYE A3E 233 A Y n2sA
2L AHdA FLAGY BIHAJTEA oAz, FadIRze] F¢ XNFFE vy A B9
AasAgezA Ao,

62 A54 4
FzARNYL BAGEA Y4 AYHeR YT £AFee BAY & AAY, AAFer:
Fzas} A2de) 4UHA BEAAEL AFYHAF Bol M A% ¥ KR ¢ Yk &,

B=-0""(Pr) )

A7|A, Pr = BAAYE 07 = EEATFEZTFY T+
2FY AAPHHE AHME dFg SAHNGPEE ALE 4 AL, B =Ed4c 22084
A9 34 AFOSM ¢3e E[Ellingwood, MacGregor and Cornell, 1980], MANFAG AN & &
AFAe] o) QMY IST(Importance Sampling Technique) ¢ &[Cho/Kim, 1991]& AM43l%

o}, BdE8[Melchers, 1989]914 ¢ 4 %o} IST €18 SL Interaction Typed o] FA T H]
NP & e BAZHFEF) WS 2&Ao2 ALE 5
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7. Hge] 9 23

71 AL F

AANE A 7128 Al2d G484, RAUde ¥ RHAREEA g 2d 9@ S AAEw
Fo] B HLH B AARFS AYdug HYIAR2AN AYRE I3 294 BE uiep Zo
4—cellg 713 3HY 4% AA(Y Ao mF YWARL F 13 Fow, dARE 27 2N
B vlsh o] 34T 944 RC AAFnU, £3] o) 2Fd daijyes H2 £ AFAd 23 AA
HQ @A, BAAAY R ol A% TIFE SFEAY, A-FTH AANEE TH By
% AAEY £3d v Jon, REH Y5F ZAdole € WY HREE E 1o A4
Ao

26.2 - 15.5m o
(5 25 44 25 44 25 &4 25 14 [; _40.25m__|
hoiy . . o = g T g S92 - :
L — 1] __1 0.3m 2 2m
==\ ==\ .
\ 10.2m _ 0.2m|
(a) AL (F3A4%) (b) ¥AR(RC ZA1¥ )
a9 2. HeuF
E 1L 2% v 2 e grita
AFY(AHYA) AL (A3Y) AAR(RCAAY)
Type 33 94 3ZAL A5 R
A A stF DB-24 DB-24
AY4 5.00 3.40
¥ &4A4, Dr 1.00 0.70
1+ 1.25 1.23
K, 0.69 0.77

72 SN A2HAYRE : .

HEWFe] 44T U ARZE FAZAAE F 200 Y. AHHQ WSRe] % sty
B a5 YASRAFH) A Ao WHAE RF/E 34924 AHAo) 712 LRFR (RF=2.53)
ol Aj#EY LFR Wi(RF=2.42)nt} tix Eow, AMAxey HLde RF7F -0492 LRFR
(RF=0.85) o]4 LFR 9 (RF=131)Rt 233 ¥& A5 Jehyz Uk

¥ 2.8 224F9 WEEyst

. A2 (FAE) AR Z(RCAAY)
C?dlﬁed ) Bending Bending Shear
Capacity Rating P o(?) RF P (1) RF P (?) RF

SLR 109.2 2.53 36.7 0.85 - ~0.10

LRFR o [ 1556 | 360 | 592 | 137 = =

WSR 150.8 3.49 - -0.49 - -
LFR IR* 104.7 2.42 56.6 131 406 0.94
(AASHTO)| OR™ 1745 4.04 942 218 678 157

* Inventory Rating

** Operating Rating
E 30AE SNNAEAYZE ¢ Wy HiAd HAES Aste olg 849 WIHYHLd
AL Sr/laA2AYRE ¥ LRFR W3ty #7183 b, AYsAet #eoA BE vl o], SLR
of dia} 4Yel A% LRFRY $/H84AYAE Brpdart zhzh RE7E 253, 2.21, =3 A2 A
4 Zz} RF7} 0.85, 0.6824 F Frhge] 2% 37t A fAES € 5 U ol& £ =F9

A AR FANERANGRES g WistE Hrhdye] sig FH Y& vEhdn
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E 3. Codified(LRFR) vs. 72 2AFE

. . A w2 (7FAAY) AR (RCAAE)
Codified/Equivalent Element Bending Bending Shoar
Strength Pr, Pu| RF |Pu, Pu| RF |Pp, Pu| RF
Codified SLR 109.2 2.53 36.7 0.85 - -0.10
(LRFR) MOR 155.6 3.60 59.2 1.37 - -
Equivalent Element] SLR 95.5 221 29.3 0.68 49 0.11
Strength MOR 142.2 3.29 41.1 0.97 9.5 0.22

E 49E 57t a/A29 ARRs PrARE vadty] 8o st AT, FAM BE
ups} zo], SLRe| di# AL e A4 57 La/A29 ARFE FrPgel &% AHst 24z RF7G
2.21, 3.26, 8 HAxe] A zHz RF7F 068, .00 24 F Hrybdgd @ dA7 493 &8s
¢ 4 e ol WARFIH Zo] 13l FEA4E A E FAYR R Fgoe A2dFEAA ¥
718 3% BERAYREI} LA5FA Hrtd RABoE 433 ZAolrt S-& dvste Aolth

o] ¥ vu AL FHA, A J44E JHAE BFo] dAME A2d o= Hrtd uF
o AYREI} f254FTAA Fr1a AdEe 93 dE2n g 8 =204 A2e] Agsn e
MANH G| 7Nz FEF SANLAARZE Hrge] /AR Fe AAHA Al2d 48497
BAUEge Hrid AFHez AL § A& S T PHEE ¢ F A

® 4 57t 8A/A2" AYRE

A AR (B3AH) ARARRCERAY)
27} 8 A/02¥ AYARE Bending Bending Shear
Ppe, Py RF P, P, RF P, P RF
Element SLR 95.5 221 29.3 0.68 49 0.11
reliability-based | MOR 142.2 3.29 41.1 0.97 9.5 0.22
System SLR 140.9 3.26 43.2 1.00 16.1 0.37
reliability—based | MOR 229.4 5.31 85.7 1.98 24.3 0.56

73 A29 484 2 ¥f ¢3S R RAAPEE

AANZHA 712 A2 484 2 2F R{HIAE € BHAYI=EY BoHERE E 59 A
gt S8 % FFY A9 4849 2 HGEAE R BAARREC 3N Fdn B¢
PSReF/PSRF, DSReF/DSRF7} z+2h 1.56/2.04, 1.61/2.1224 4did ez £& ARE vdedled, 43
29 AS$AE wpsIAZ 1.21~2989 WL HA) A etk )AL AR, Jt2R, FY 23
71 2ARA Fo) A2R 84 AP 7lQHn ASE £ RAFE FHon. 1= ¥
=E9 HEaPH go] e H4A4E /e 2P dEfiNe ARFIAE R WL Fohske
o gl AL A2 Phol BFHEE Yt Rolo.

E 5 A2d Bidad R RAAREE

A8 w(ZAAAE) A AR (RCHAY)
Redundancy Bending Bending Shear
PSRF 2.04 1.23 1.38
PSReF 1.56 1.21 1.34
DSRF 2.12 2.98 2.57
DSReF 1.61 2.09 2.56

8. A&

¥ =& AAYgns ZL 23 444E HAE Fe BAAAEE IR B A
o AANNAA42 FOSM gHAM FEG SHAAN2IARAES] oz FEE 2P 4 BHW

9 FhE& Adsidn
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Agd AANYYo) 712 AYZE FhPEe =FE4E NERFY By ° B, A%
1A HA9 BAPARE AFH7] AT WA HIAHPF PPz WS AEHOZ ALE F
AT Atz EH.
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