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Assessment of System Reliability and Capacity-Rating
of Concrete Box-Girder Highway Bridges
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Abstract

This paper develops practical and realistic rehability models and methods for the evaluation of
system reliability and system reliability-based rating of R.C box-girder bridge superstructures,

The precise prediction of reserved carrying capacity of bridge as a system 13 extrermely diffi-
cult especially when the bridges are highly redundant and significantly deteriorated or damaged.
This paper proposes a new approach for the evaluation of reserved system carrying capacity of
bridges in terms of equivalent system-strength, which may bhe 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(First Order Second Moment) form of system
reliability index.

The strength limit state models for R.C box-girder bridges suggested in the paper are based on
the basic bending and shear strength. And the system reliability problem of box-grider super
structure is formulated as parallel-series models obtained from the FMA(Failure Mode Ap-
proach) based on major failure mechanisms or critical failure states of each girder. AFOSM(Ad
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vanced First Order Second Moment) and IST(Importance Sampling Technique) simulation al-

gorithm are used for the reliability analysis of the proposed models.

Keywords : interactive limit state function, system reliability, equivalent system-strength
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Table 1 Statistical uncertainties
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e ; Distribution
e nominal | Cov.
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Resistance Moment 1.12 0.16 lognormal
est Shear 1.09 0.17 lognormal
Load D§ad 1.05 0. ll? lognormal
Live : 1.24 0.25 lognormal
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Table 2 Rating data of sumjin bridge
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Table 3 Reliability of Sumjin bridge
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Table 4 Capacity rating at element level

Tabie 6 Equivalent element/ system strength

Codified Bending Shear
Capacity Rating P(t) | RF | P.(1) RF
SLR | 36.7 0.85 ~0.10
LRER MOR | 59.2 1.37
WSR ~0.49 |
LFR IR* | 56.6 131 | 406 | 0.94
_(AASHTO) | OR™ | 94.2 218 | 67.8 1.57

* Inventory Rating
ok Operating Rating

SLRell whsl LRFR®} $7te4x&7te7t 24z}
RF7} 0.85, 0.685A 5 g7bbpiof o/ Axr}
Ao FAgHE & F e o) B RN A
AT SRR Hrpgwel W el Hel g
e = Hoju
Table 6otz 57} 84 /A9 Mz Hr}
AotE A Alskdeh Tableol A Bz wpeb o],
SLRel wieh $7F 84 /A48 Agds F7by
woll 2)gk Axt7p zhzk RE7} 0.68, 1,002 4] —‘%
Hrbgyel old dabvh 48l vES ¢ F
el ol th ikt o] aabe] o A& 7hR
= RC b7 e o] A g-olliz Al 282 ol A

7hel alskel RFA AT @ bl 4t
# Bk 4] apelvt AdEE evlske Aol
ch

oleigh blul q#E FaA], oAk oBAE
7P v wigke] djsiAl e Al 2E] B o)
wide] xEREsL QagEds] Hrly A
s vpEu aepa] 2okl A] Aol Alekst
ab s A AN P xEe] FRgh § kAl
gl &7k w v o] ) mere] 4l A %
Rl abE o] #ute A
(o}
o

el el NS o 9

I S

-8
o
oX,
&
134

Table 5 Codified(LRFR) vs. Equivalent element strength

e , | Bending Shear
Codified /Equivalent  i—

1 ts th t P RF Pre. RF
element streng i P, P,
Codified | SLR | 36.7 | 0.85 —0.10
(LLRFR) MOR | 59.2 | 1.37

Equivalent SLR | 29.3 | 0.68 4.9 0.11
element strength | " MOR | 41.1

0.97 | 95 | 022

it

X 73 3% 1995.6.

) Sunmjin Brg.(R.C. box)
Equivalent - - -
Bending Shear
element /system P 5
resistance "™ 1 RF " | RF
Ih)ns Pns
Element SLR | 20.3 | 0.68 4.9 | 0.11
reliabilitybased | MOR | 41.1 | 0.97 9.5 | 0.22
System { SLR | 432 [ 1.00 | 16.1 | 037
_reliabilitybased | MOR | 85.7 | 1.98 | 24.3 | 0.56
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Table 7 System redundancy & reserve safety/ strength

System redundancy /

!
Definition | Bending i Shear
reserve safety /strength !

PSRF B,/ B, 123 L
PSReF B/B | L2l L3
DSRF Po/Pu | 257
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Fig. 6 Sasu 2" bridge

Table 8 Rating data of Sasu 2" bridge

Simple R.C. Box girder+
Type Continuous P.C, Box girder
with 3 span+Simple R.C. Box girder
(35m+3@53.+35m)
Design load DB-24
Ok 270kg /cm?
E. 246475kg /cm?
o, 3600kg /cm?
E, 2040000kg /cm?
Grest / Ocal 0.95
moment 0.82
k shear 1.0
) measure 0.305
! code 0.30
moment 0.74
De shear 0.8
Abp2 8] A 7] L Hel didtd e A
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Table 9 Results of reliability analysis & safety

assessment

Safety bending shear
assessment| Reserve | Required | Reserve | Required
reliabllity | 4 13 3.0 175 35
index §

nominal

safety 1.82 1.75 1.67 2.2
factor n’
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Table 10 Traditional capacity rating

Bending Shear
Method -
ethoc RF P, (t) RF P.(t)
WSR 0.89 38.4 0.48 18.1
LRFR 0.72 311 0.53 22.9
Table 11 Advanced capacity rating
: Advanced
Method Bending Shear
RF P.(t) RF P.(t)
WSR 0.3 12.96 0.08 3.5
LRFR 1.0 43.2 0.39 168
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