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An Improved Evaluation Method of Load-Carrying-Capacity
for Highway Bridges Based on Field Test Data

Lee, Yeong Il

Department of Civil and Environmental Engineering

Graduate School of Korea Maritime University

Abstract

Until now, for evaluation of load-carrying-capacity for highway bridges, rating
factor has been calculated first depending on the load-carrying-capacity, and then
response modification factors have been reflected to take into consideration of an
actual behavior of a bridge through load test. However, in the current evaluation
method, the main response modification factors-response ratio and measured
impact factor-are determined by the subjective judgment of an evaluator. For the
reason, even in the bridges that have the same construction period or structure
type, load-carrying capacity had large deviation, or the evaluation result was
greatly different from condition rating often. In addition, because of field
conditions that make it difficult to conduct load test of a bridge, it is impossible to

evaluate load-carrying-capacity.

In order to improve the current evaluation method of load-carrying-capacity and
propose a more objective and consistent evaluation method, this study statistically
analyzed actually measured data of in-depth safety inspection and initial inspection

reports about around 970 bridges.



According to the analysis, more than 50% of the bridges had rank C in which
serviced time of a bridge is more than 15 years, and even bridges with rank D
began to be found. In addition, among bridges with rank C and lower, some were
found that their load-carrying-capacity fell short of their design based

load-carrying-capacity.

As an improvement plan for load-carrying-capacity evaluation method, it was
reasonable to take into account the effects of additional loads considered in the
design step, including creep and shrinkage, in order to evaluate the
load-carrying-capacity in the safety side in consideration of actual stress imposed
on a bridge. According to analysis model, it was judged that by applying static load
test results to improve actual behavior of a bridge sufficiently, it was possible to
prevent load-carrying-capacity from being over-or under-evaluated. It was judged
that it was reasonable to use measured values if measured impact factors
exceeded designed impact factor because of stiffness reduction, and otherwise, to
apply designed impact factor. In addition, it was judged that in order to analyze
the change in load-carrying-capacity with a rise in served time, it was reasonable
to correct weight of test vehicle on the basis of the recent diagnosis times in
calculating response modification factors, and to apply designed impact factor to
exclude diverse errors occurring in load test and obtain consistent evaluations

results.

This study compared the existing rating factor with the rating factor in
reliability-based load-carrying-capacity evaluation method which has the same
basic concept as Korean Highway Bridge Code : limit state design code, and
proposed a load-carrying-capacity evaluation method reflecting state rank in order
to evaluate load-carrying-capacity of a bridge hard to apply to load test because
of its field conditions. And this study applied the proposed method to sample
bridges which already performed actual precision safety diagnosis, and conducted a

comparison analysis with conventional load-carrying-capacity evaluation results.

_Xi_



It is judged that the improved evaluation method of load-carrying-capacity
proposed in this study will be used to evaluate load-carrying-capacity of a bridge
more objectively and to make preventive maintenance efficiently for bridge
reinforcement cycle, determination of a priority, and estimation of reasonable

served time.

KEY WORDS : Load-carrying-capacity W&}2], Highway bridges =27, Serviced life 3813,
Rating factor s}, Field data A&A5
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Table 1.1.1 Status of bridge quantity and length distribution for road type(2013)

T & T BUNL) < AHm) T/ B(%)
1ETE 8,490 1,113,388 29
Sl 7,043 714,058 24

SEFAAN = 1,138 293,684 4

A e 3,561 209,134 12

Als TR 7,744 418,893 27
/AL A = 1,214 102,365 4
& A 29,190 2,851,523 100




Table 2.1.2 Yearly quantity and length increasing trend of road bridges

7lEd = T L) A 7Hkm)
2000 12€ 71+ 18,117 1,189
20051 12€ 71+ 22,871 1,987
2010 12€ 71+ 27,381 2,618
2012\d 12€ 71+ 28,713 2,792
2013 12€ 71+ 29,190 2,852
=7+ A+t 852(4.7%) 128(10.8%)
(2013 71<®) AdoyH] 477(1.7%) 60(2.1%)
30,000 3,000
s Prefectural Road
mmNational Highway
25,000 1 EExpressway L 2,500

-i-Length(km)

20,000 -+ - 2,000

15,000 - 1,500

Length(km)

Quantity(EA)

10,000 |1 - 1,000

5,000 - r 500
o

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Construction Year

Fig. 2.1.1 Yearly quantity and length distribution of road bridge
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Fig. 2.1.2 Status of structural type

Total Number of Bridges : 29,190
{2013.12., Statistical Data)

150~200m
4.3%

100~150m
7.6%

Fig. 2.1.3 Status of length
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Fig. 2.1.4 Status of structural type for road type
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Fig. 2.1.5 Classification of total length for structural type
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Fig. 2.1.6 Classification of total length for structural type at expressway
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Fig. 2.1.7 Classification of total length for structural type at national highway
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Fig. 2.1.8 Classification of serviced time for structural type
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Fig. 2.1.9 Classification of serviced time for structural type at expressway
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Fig. 2.1.10 Classification of serviced time for structural type at national highway
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Fig. 2.1.11 Status of road type at class 1 and 2
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Fig. 2.1.12 Status of construction year at class 1 and 2
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Fig. 2.1.13 Status of design load at class 1 and 2
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Fig. 2.1.14 Status of structural type at class 1 and 2
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Fig. 2.1.15 Status of facility rank at class 1 and 2
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Fig. 2.1.16 Status of facility rank for serviced time at class 1 and 2
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Fig. 2.1.17 Status of used material at below C grade bridge
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Fig. 2.1.18 Status of structural type at below C grade bridge
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Fig. 2.1.19 Status of damaged member at below Rank C bridge
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“HChung-Ang University Institute of Constructional Industry & Technology, 2001
Vol AApE 2R, AR HAERACY 5o FiHoR AR G B
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Ade 4o = AASAT. Table 2.1.3 9 2.1.400] vtea33 AG e Byr7}; F

71574 WaE4 23S YeERfUTh

Table 2.1.3 Comparative analysis for repair/retrofitting cycle characteristic of deck

T 5 AQt B¢k Cet F71 | AR | HEF7]
Zpl _ 29 35 AC 35
L 40
e _ 28 34 AC 34
A 11 12 AC
23] 12 21
Rl 10 1 AC
somey | 58 - 12 12 C
A L
2 Gk - 12 12 C
AF:12
B 3312
SFHH:
e | 38 6 12 ABC
W
o s 7 12 ABC
o 1 19
2
Ty A 6 12 ABC
T | am 5 12 | ABC
ZhakR 7} 14-16 | 2223 | 15 15 AC
07} SPUSEREP! _ 24| 16 16 C 13
e EdFE7 - - 7 7 C
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Table 2.1.4 Comparative analysis for repair/retrofitting cycle characteristic of girder

TR At | BeF | CF | F7] | A | AEF
QEZ7A) 11 18 17 16 AB,C
= iR A 13 22 14 14 AC
BA | B 14
e - - 13 13 C
AR A=A 18 - 10 14 AB,C
E29A 21 - 8 15 AB,C
He 11
SGHE S - - 7 7 C
= gRagA |- | 181 10| 14 | ABC
al:::_ T i
7 AR DAL 23 = 9 16 AB,C 15
EHAN R = 22 8 15 AB,C
ShH, 14 "‘/’U AYelj5=718] - HLCOEA 7<l7§‘j‘(‘?l)(Ko1rea Expressway Corporation,
20042 71z 003 o +3d vEEE 21 Aol =711l HLCC) 4
AT degt 7129 dAARS} AR AEx /\P 58 3Hor HAES D
TAGEE, FAARZAEE F7IEAS A8t BAF71E v 22, 7
O 1890 AAStAth Eh 95| sz Wl i BAAF7]e] d3F
o teiAE HESAS 1 A, FLAGH SR oM E BT S0
REZ G vla] v 8%} -11%, Ate -8%<}t -12% A=o|H, EE Sy
o] & Ade BEAY Hl&| uigR 2 AY 25 -15% XéEO ZO08 BIE
of 2%, AT, AR 2 EZFTYPF Fo| BAFII AT Oﬂf’a‘ﬂé HX& A

o

o
= ¢ 7 3ok Table 2.1.59 viga3 AG e HERTY

o

Table 2.1.6 5 2.1.7¢ ni=tast Aol oF 32 W3l e
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Table 2.1.5 Repair/retrofitting cycle characteristic of deck and girder

EIR=gs A4
W g2
BE (ARS| B ARG By | ARSF | B ARG
PSC ¥ln 18d | 159 | 25 | 23d | 109 | o8d | 19d | 119

PSC ¥ Ar Ird 1449 | 23d | 20d | 10d | 849 | 206 | 12d

a2 AY 8 | 13d | 22d | o21d | 10d | 7d | 20 | 12d

IPC AHn 159 | 12d | 22d |20 |8 o209 | 11d

ZEd2qn 159 | 124 | 23d | 209 | 9 8d | 20d | 139

Double-T W 159 129 23 12pd” | 6 6 | 159 | 109

R.C 2pdll 166 | 12 | 200@ | 194 - - - -

Wide Flange PSC ¥laz| 159 | 1493 | 24d | 199 | 74 6 d | 20 | 104

RC €8 166 | 134 | 22d | 18d - - - -

¥ 16d | 1349 | 22d | 20 | 99 o) 18d | 129
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Table 2.1.6 Effect of deck retrofitting cycle for variation of environmental condition

T2 (H&®| T8 H&E| T (HE&ER| T H]E(%)
Awasae 2
sone | 80 | EEE | LA TEIET gy | ERRAF
R Y, N B T R S U ) B o '
g | 13
(-10.8)
EdEd 2
HEAS ’ HEAA ’ BEA i 0
) (0 0 HEAY
sopy | Y
-1.7
- = Ae |3 85y
qexe | o) \§ ST,
2D A< @D T A% 58 KK
S 59

) O v wAlF7] g3l i #e

Table 2.1.7 Effect of girder retrofitting cycle for variation of environmental condition

T & B E(%) T &7 H]E(%) T & H]-8(%) T & H]E(%)
L mo AGTEAY -4l EXES Tk
= o o _ T w _ — =70 g o _
FLAY 8.3 e 9.0 wroxa 14.8
kAY | -12.1
=2 =2 =24 EAEYT
HE5AY 0 HEA 4 0 HEA 4 0 BE A 0
Akt 3 -1.0
=z o EdHES)2E
geAd | 06 | T | -04 EagdF |
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M M

PR UeHE (RF) = ¢% 7 e 423
A7M, oM, - FHAFRAEFTFZ 1.0, RC/PSCTFZ 0.85)

M, : A% 143 RHE

M, AAZEF] oJF EHE

v o BEE AS2.15)

v, TABE ASL30)

i ERWAAZIESY A FEAAT
F-8&W3H&(SRF) = K, X RF 21(2.4)
&3t (P) = SRF X P, 21(2.5)

_ O Trige en 1ting
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L AlE = 7k ek s

o

7].1301—

hintd)

FxERgAlE NEE E2aHA7E AGE AR B 426)
2 QDY 22 A= 7Y ysty HU7pEHEs  AAISHATHExpressway &
Transportation Research Institute, 2013).

. Pa R — Yap1pD

718G eE&(F 21(2.6)
| LHO]'E‘( ) ’YAL’YLL (I)
A7NA, ¢, @ AEF7MAIS (Table 2.2.1 F=)
R, : A=
Yap ap) - TATE(REE) H7MASE (Table 22.2 3=
vp () + TABE(EEE) Al (Table 2.2.3 #x)
D : 143l5 I
L) : $4& 183 dsl5 4
FTEWEH(P)=F x P 212.7)
A7NA, P AAZS} S
Table 2.2.1 Strength evaluation factor
AP delss on
A B 1.00
C 0.95
D, E 0.85
Table 2.2.2 Load evaluation factor
IABE v4p 23kE ap
AAEH A AAA e 8|7 et
1.00 0.90 0.90 1.00
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Table 2.2.3 Load factor

Tpc Yow AARFSHE &7 s

1.25 1.50 1.80 1.40

F) qp | TERAG MTRH RAE By, TAI AN 1S

222 F& AAZ) Wty Y
7} o)z

AASHTO LRFROIME %3, e ¥ Auds 2o gudo] Aumon 2
gate 7+ @40k AR YehEe A8} B dwaos Brlan,
C — (vp)DC) —= (vpy) £ (vp)(P)

lﬂé}%(RF> = (’YL>(LL+IM> 21(2.8)

o7]4, AdHresistance)oll @shk= C = ¢, ¢, R, 13, ¢,
factor), ¢,= AlZElAIS(system factor), ¢ LRFDS] A=g4AlS, R & 34%
%oty AASHTO LRFROIA ZdejAl<= Table 2.3.4¢9F #Zo] AstaL ¢
224004 BEiATE FAS 724 A wEt AdEsta, FA 724 A
Table 2.2.59 & AbejA|4x(condition rating)oll whz} FRECTH =3+ Az
Table 2.2.63} o] F-2=™, H7iA7 Sty FeiATs B7F 9419 AEE 7T
ANE Wrgshks AT, B wEe] the BrA dEEEE astr] fg
AT2ZA ou7b Atk o3k /@S] vj7d2 NCHRP Report 292(Transportation
Research Board of the National Academies, 1987)oll ZA3aL UL
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Table 2.2.4 Condition factor

Structural Condition of Member o
Good or Satisfactory 1.00

Fair 0.95

Poor 0.85

Table 2.2.5 NBI condition rating and condition description

NBI Condition Rating Condition Description
6 or higher Good or Satisfactory

5 Fair

4 or lower Poor

Table 2.2.6 NBI condition rating

Condition Ratings : Deck, Superstructure, Substructure

Code Description

N Not Applicable

Excellent Condition

Very Good Condition

Good Condition

Satisfactory Condition

Fair Condition

Poor Condition

Serious Condition

Critical Condition

“Imminant” Failure Condition

O | = | DND| W | kx| OOy |

Failed Condition
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AzBAlFE age] FARE ASshy] Hu= 72AZE ASsER olE W
st7] gk Ao, Table 2.2.73 2o 43t St

Table 2.2.7 System factor

Superstructure Type O,

Welded Members in Two Girder/Truss/Arch Bridges 0.85
Riveted Members in Two Girder/Truss/Arch Bridges 0.90
Multiple Eyebar Members in Truss Bridges 0.90

Three Girder Bridges with Girder Spacing < 6ft 0.85

Four Girder Bridges with Girder Spacing < 4ft 0.95

All Other Girder Bridges and Slab Bridges 1.00
Floorbeams with Spacing > 12ft, and Non-Continuous Stringers 0.85
Redundant Stringer Subsystems Between Floorbeams 1.00
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fo=ta A
21(2.9
7, 2.9

P = A5} %

P'=PXxX K, XK, X K, XK, 21(2.10)

I
I
ofy
fﬁ
o

A71AM, K, : 71ek BAAAFCEH Y] 3§ 71
K+ xdabe BAA40.85~1.0)

K, : SHRAAT e [ey=)

K, . 83" BBATCK, X K,,)

K, : 3%We BLA10~2.2)

- WERAZFEE B A145(1.0~2.0)

2) B
zaslene] WaEe MRS A9 ASHH, A 5130 U@ e

21(2.1D

A7VA, r A E B At Yutx RS
£ Az g AL u

M, : Atle] sso] g APHEHE

- AAe] TAsE] te YuHE

- A E thE WEAE

g &

o Ayt
1) OHBDC(Ontario Highway Bridge Design Code)

_37_



=) 7]Zo]ub AASHTO LRFR H7bd 3= oA 7)2ugskee Mde
&1 NS 53 Ulsky HrhEagE Oz HEsiAd, siazl dHeREE o
< Bl ogoha ddshes A9 A ul

2 Fyste] 1 AFs wFo] HE3sth OHBDCOIA =
B, AHSAAHAGEN Ol el A A Wete BtE sk e

ol AA A5

gk &S o3t 2

AR | wd, Vs, e

PATE Ashen g
~ShARAAE © 51497 1Y 7
ALGABANE - A B ), 715,
WsHeE ARG mege
AES Be AT AT I 1
Ao Ave o
o weh A21D~ACI7A 27] TE Ag AgH,
R
-7
F= I,
P
S
F= I,
_ AEARAREHSE - greEed
F= EEEEEa
PO i Bk
BEEREET CEEE=
F= Ly

o]7|A], F : Scale-down factor
L, A@stgel o A stsay)

_38_

& 5%

SAAGH, A G

A7} Scale-down factor(PE FAH™ wFe] 7

21(2.12)

21(2.13)

21(2.14)

21(2.15)

21(2.16)



1>
S
[S—
S
rlo
rl
{u
AC)
(m
[
=
(z
El
ot
-3
>
oo
P,E
H
1>
S
=
rlo
1%
N
)
1>
<
I
rlr
El

=
A
oft
oo
B
1>
S
&
rlo
S
1o
w
N
N
D)
it
N
o
ok
r
El
ot
2
>
>
oo
ok
k)
t
%
2
pL

ety Wrke SAAVEEN,  ARSARAGER, ﬁé}%ﬁd(Mean Load
Method) & stz Fdst=s st ok o] wde =
g Hrhe AHgshH, Astr e Aae OHBDCS 593 el 421N< A}%é}
AR

U¢R — Y apD — Ya, A

— Al
F a, L(l—f—l) —|(217)

A71M, R Algrel AeHA 82 SFATTE

D A%gel AEHA e wHAFES

A F3E TS, A25E, LM 59 k8D 1 99
$&Bo| o7 SEEY

L ASgtel 4894 e BeEaT

I 3405

U AZFRAS

o - AYA%

0y FRHEAS

D et AT

A71F] FAZAE the H/HA JdE dsts 13shy] f& 3= A
“(Deterioration Uncertainty Factor) § = crU(C . d3tsn, AR glom 0.96)
5 Hoto AR AS FHE U} d3ESAAdAI47F AASHTO LRFR O] /)

_39_



Aol == fholth

A&7 =47 Al Resistance Adjustment Factor) Ue AUzl kS 7Pt =
& AAA vLe zHsH HERZ olgd HrIUT} vrdwE Bxe] dIAstR o)
w2 Aol n, Table 2283 Zo] A Atk

Table 2.2.8 Resistance adjustment factor

Reinforced Concrete

Bending Moment

p = 04p, 1.06

0.4p, < p < 0.7p, 0.99
Axial . Compression 111
Shear ( > min. stirrups) 0.94
Shear ( < min. stirrups) 0.82

Prestressed Concrete

Bending Moment
w, < 0.15 1.01

P

0.15 <w, < 0.30 0.94

AASHTO LRFRE] Alz=®IA g9 22 A7t 2(2.15)¢0= e, CHBDCAA =
TG HE BE Nl PR SEA B2A Sl 4190 s
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Table 2.2.9 Comparative analysis of foreign load-carrying-capacity evaluation basis

Limit AASHTO
T & CHBDC CHBDC | BD 44/9% H o1
State [RFR
B R
pARS b P78
g e ULS O X X X +B7 )
Evaluation At - WA
7 O O O X i
A W SLS A A PNERAREL S
- dalic:
Iz F4 ELS VAN VAN VAN
— D 7R
A% Hd Loacﬁrge A X X X 9o
PR, =X v Q A | A= AsAd=  As%
Design - gbel A R A |
Method | . Alg)% 7]4E AAH (AASHTO (AASHTO
S ARI IR ) )
| 4ey 97t AR
!
o &9 ds g
o 47 Code®] ASATEE
U = e
| A% =A%
‘ ER AFE A5 6 Evaluat ion?
]
| 3% A%
= *
® Response Analysis
o & 4 g3 wy
T
e 27 AR
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Fig. 2.2.1 Reliability-based load-carrying-capacity flow chart
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uFe JUEE, FEES L FRT2 F4) ne BRSk Fig 3110
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(a) classification by condition rating
Fig. 3.1.1 Status of target bridges (continue)
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36~40year
31~35year 1.2%

0~5year
7.2%

6~10year
.8%

6.6%

(b) classfication by serviced time

PF
1.8%

RCH
RCS 2.5%
SPG RCT 3.7%
2.7% 1.4%

(0 classification by structural type
Fig. 3.1.1 Status of target bridges
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321 F8 &3%3% ¥4
TZEY FZIHA, ARA, WA B 715 H9EFE A dAE B
ogoleka Ashed, AAR olg MESH A3, £4 9 dsjz PRU 47}
o thgk ]S Table 3.2.101 YERAATE
Table 3.2.1 Definition of defect, damage and deterioration
T 4 9
2 % A8, A B AFEANA Fxe= gE2A HIAGE R
(defect) A=) FAHH O Agshe BT 271 E
& A Zzo) oA T YWHeR Agste =g gl 9s)
(damage) EhdstAl = g
d 3} Ay 9 Q9A A B Fx2E0] ARto] Al wEt
(deterioration) g4, s5tdo g W Wysorke %
gHH, Table 3.2.200 Fdd4d 2 AEUPHAG M FAF S F2EAE &5/
of 7|xst] AT T AHUJMHITRIA ] FEH FAE &4& 4E, &
A, g3tz FEsty HNIE B 24 Fdo] F & HFE AT SAHE
gog btk
Table 3.2.2 Damage Matrix of target bridges
T & A g3} &
AxTETIE e e oAb FE o3k =
GHlFES T3 B ASoleR 3 R | = 9E
e =
HEE | TRl 93 Al sy
Tl 2 S 53
7 4 e
A7
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Table 3.2.2 Damage Matrix of target bridges (continue)

T8 A% 33} &4
AzsZo g FEA | ol2AEA 2 B85 50 o3 FE
2% A, FA e | Ao 7, T ok
goje |EEE AER AR swe 383150 o3 4
g | ARG bl Agelgyn v | ke Bkl 2%
A e A FR v

El
e
Y

izl 3)9)
T 2 RN BREE oF AT -REAe o W
A 7y s

ST e

R |ByE Aogel of AugEel o e ®

LR ade) o) a e e

o

B g Azl e A
w3

EE B ATAE HGDe] e E3AA &S olgste]l APyl
109 &4, 109 A3, 5 £ X Lo e B o1, S92
Mg 2 SRR AAAT T EPBA Ao WS sk A

2, EFAAHES AA £l i 54 &) viee otk

AN

o

ERPANE () = S < 100 AB3.D

_48_



7} 10t 419

EFAAN gl 7| xste] AT duge] 100 £4-78S Fig 3.2.1¢0 e
o} 100 43S A2FEFEA5.5%), 1E10.2%), WENT7.4%), T54.4%), A=
B(44%), FERAFDQ.9%), DREAFAQI%), WA 2.4%), BAAD R
212.2%), WTurE(2.2%) 22 YERtt

Drainage blockage

Corrosion(Steel Girder)

Corrosion(Bearing)

Crack(Pav)

Crack(Exp.joint)

Segregation

Type of Damage

Leakage

Efflorescence

Exfoliation

Crack(Sh) 15.5%

0.0% 5.0% 10.0% 15.0% 20.0% 25.0% 30.0%
Damage Possession Ratio

Fig. 3.2.1 10 kinds of damage type at target bridges
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Weld Defect
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Crack(Bearing)
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Efflorescence
Crack(Sh) 26.9%
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Damage Possession ratio
Fig. 3.2.2 10 kinds of defect type at target bridges
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Note) Exfoliation : Damage due to an external impact like a car crash

Fig. 3.2.3 5 kinds of damage type at target bridges
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Drainage blockage 7.2%

Leakage 7.4%

1]

Corrosion(Bearing) 1.7%

Type of Deterioration

Debris accumulation

Exfoliation 19.5%

Il

0.0% 5.0% 10.0% 15.0% 20.0% 25.0% 30.0%

Damage Possession Ratio

Note) Exfoliation : Deterioration due to freezing and thawing, shortage of cover thickness, corrosion of bar
Fig. 3.2.4 5 kinds of deterioration type at target bridges
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Fig. 3.3.3 Distribution status of condition rating at serviced time
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Fg. 3.3.4 Distribution of condition rating for structural member at serviced time(continue)
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Load Carrying Capacity(DB})

Load Carrying Capacity(DB)
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(b) design load DB-24 bridge
Fig. 3.3.5 Distribution Status of load carrying capacity at structural type
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Table 3.4.1 Quantity and average serviced time of main member for design load

S et | ZEled | AAAY | ) w7t
T 583 177 357 508 409
DB-24
Basgdsr 12 12 12 12 12
IuF 146 73 21 183 118
DB-18
Basgdsr 25 24 22 25 25
0.7
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0.6
< b4 b
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g ARV Y <
2 L e x
R w
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02 t- # s T TS
_____,—H é g g e g oo 4
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Defect Index
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Hg. 3.4.1 Regression analysis of defect index and serviced time for design load(continue)
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Fig. 3.4.1 Regression analysis of defect index and serviced time for design load

Table 3.4.2 Correlation coefficient of main member defect index for design load

PR
)
se | 2adedd | 2AAY ) @z
DB-24 0.20 0.21 0.01 0.14 0.09
DB-18 0.33 0.17 0.03 0.23 0.13

Table 3.4.3 Condition rating variation velocity of main member for design load

deE HIEE

7o
se | 2adedy | A ) a7

DB-24 0.0043 0.0047 0.0011 0.0036 0.0019

DB-18 0.0058 0.0029 0.0016 0.0037 0.0025
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Table 3.4.4 Status of condition rating for design load
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Table 3.4.5 Quantity and average serviced time of main member for structural type

T B upet A
i 9 83
PSCB
B e 13 12
e 80 9
PSCI
B geds 19 20
e 66 -
RA
B geas 23 -
T 348 322
STB
B geas 12 12
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Fig. 3.4.2 Regression analysis of defect index and serviced time for structural type
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Table 3.4.6 Correlation coefficient of main member defect index for structural type

N 48 %

v wleta At

PSCB 0.39 0.04

PSCI 0.62 0.40
RA 0.44 -

STB 0.19 0.07

Table 3.4.7 Condition rating variation velocity of main member for structural type
= » FHTE HIEE
LIR=iy Y
PSCB 0.0080 0.0011
PSCI 0.0106 0.0062
RA 0.0065 -
STB 0.0043 0.0015
Table 3.4.8 Status of condition rating for structural type
T PCSB PSCI RA STB
A 3 9 1 44
B 7 27 23 248
1A= C 18 37 40 54
D - 7 2 2
Al 98 80 66 348
A 2 8 - 4
54 51 - 260
Ad C 27 34 - 58
_ 5 _ _
Al 83 98 - 322
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Table 34.9 Correlation coefficient and variation velodity of load carrying capacity for design load
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Hg 34.4 Regression analysis of load carrying capacity and serviced time for structural type

Table 3410 Correlation coefficent and variation veloaty of load carrying capadty for structural type

Fow A A 5 S
RA 0.72 -2.6225
PSCI 0.06 -0.3050
SPG 0.15 -0.6789
STB 0.19 -1.0756
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Fig. 3.5.1 Correlation analysis of condition rating and load carrying capacity
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Table 4.2.1 General status of target bridges

T ' 73 Zt7-3(m) a Fm) | AAEES | AAEE | W 3

ST1 l@40 = 40 10.7 DB-24 20063
ST2 40+60+40 = 140 15.6 DB-24 20083
ST3 40+5@55+40 = 395 10.1 DB-24 2011

o ST4 2@30 = 100 79 DB-24 2011
STS 40+2@45+40 = 170 10.7 DB-24 20063
ST6 90+55+50 =155 14.2 DB-24 2009
PC1 4@30 = 120 114 DB-24 2013
pPC2 l@35 = 35 10.5 DB-24 2013
PC3 1@30 = 30 15.1 DB-24 2013
PC4 l@25 = 25 10.5 DB-24 2013

PSCI
PC5 J@35 = 105 11.2 DB-24 2014
PC6 6@30 = 180 12.6 DB-24 2009
PC7 4@30 = 120 12.6 DB-24 20093
PC8 2@35 = 70 12.6 DB-24 20093
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Fig. 4.2.1 Safety Ratio(f / f,) of STB
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Fig. 4.2.2 Safety RatioM, / ¢ M, of PSCI
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Fig. 4.2.3 Rating factor of STB for load combination
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Fig. 4.2.5 Rating factor of PSCI for load combination
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4.2.4 BAGA Y dAEH 7R ekE

Fig. 42.62 STBe} PSCIe] AAGA S| &85 (F =)ol that 2-8-8t52] vl

&3 71BWEES AT AorA, AE/EE Hlee & ¢ oF 075 AR E
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3.00

<

2.50

OB

2.00
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Fig. 4.2.6 Safety ratio(working / resistance) and rating factor of STB and PSCI

_83_



(D &4 STBS PSCl= B7HA =9 oF 5% w22 AASI glom, 7]

Hujsl&-2 STB7} 2.136, PSCI7F 1.758 BE%] A o= ZAEAH

(2) STBSH PSCI9] QHAS-L AR S0l 7| BUaHgolA Holg Hoj= ze
STB] 745 143} a7zl of 51%, BaFol of 23%, PSClE 1AEE
o] oF 43%, BaFEFo| °F 33% Axe| WL AXste] Fatzol vlgo] e

(@)

STBe| Wsk&o] =LA H7t

ofy
(]
— T
N
o
N
X

o
N

(3) STBell 283t A8 deie 1T dxdZe) st
Zo} Azl o3 e st JEdstes

Aoz Ahdr)

g e oAE 2
A

ok Aol dEHd

_84_



43 Y= Ao e hahe B4

431 7} &

El
ol
1o
e
)
r
)
2
>,
2
AN
0{(
9;
1
M,
offt
rlo
£
v
N
)
X
N
)
o
=2
=
f

T 74 alaaxﬂgo Astal BH% ATt ATl W tha WA B,
A ol2d BEE wFe AA AT wAE FeusEe Brks] 95
el Az tE | Eskgel AshAE AT 2T

Hgatk 2ot SHRAATE FL <

Al gl AEAE AYster] ol WA Fua Bee] ueh 2§57
o] A Y= A9E U] g, Wkl ek e sagske 99
7 itk ol @FERFA EEAFATALY BIME A& nioh 2 EA
HOE AT 9AE Fol] S5 AHEA L AL B3 A5 YUE B
st} wael FEUHYL Hrksh] AT P RBS AAAHe gete] el o

B ATe| e STBS} PSCIRASl BFe AERFoe Mgste] Tx3|4md
Aol WE Whe-S B3 Table 4313 Fig 4318 AZaze] d32 1

&
Table 4.3.1 General status of target bridges
T & TEEA W 7Hm) wE(m) A v
0001 STB 2@50=100 7.900 DB-24
YAVAVARTA PSCI 3@35=105 11.200 DB-24
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Fig. 4.3.1 General drawing of target bridge
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7HAk]
@ ZHpercent error), 27
A4 (correlation coefficient) 59 #4117
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Table 4.3.2 Equation of error function

&) @ xKscale error) %
Hol 2 o] &H=H, &

A9} s)4x] Afole]
O F 47}A, s

e =
2]

=~
2ol

7 A

H
o

ZHabsolute error)

Ao e

=1}

58 Q9 ZHpercent error)

H
T_T_‘

¥
_

Z m ax|gm clgage
Zmax“?m‘gage

2AY @ xHscale error)

AraA 4¥(correlation coefficient)
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Fig. 4.3.2 Improvement flow chart of analysis model
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Fig. 4.3.3 General status of static loading test(STB)

Table 4.3.3 Measured static displacement of STB

T & Disl Dis2 H] 1
LC1 -5.76 331 2273}

743k oral
Zopm LC2 -5.19 -4.41 o)Ay 5f
LC3 -3.87 5.52 o z=as)

2) s == AN
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Table 4.3.4 General status of analysis model(STB)

T8 Ao A M 1
B2 247 A% FRA AAY B STB
AHgQ 2 Ty das A, TIRE
A 210,000MPa A AAY, 712 R
1 7,850kg/m’ Z3A)
ol 0.3 A

N

=

s uy v

ARE TPV} FEF A0 mAEC] AMAFAN ASAL, TAATE
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Table 4.3.5 Parameter for analysis model improvement

S Hewa | w% | we 27| W W 1
2ZFAF Rl 2 gHE -~ -
SH2AEHE 77:2& 1?? A3 -15 ~ 15 -8
SEE PR 7?;; 1?? 48| 15-15 | Ae
A 7?;_ X A | 15~ 15 ;
(%;;ﬁ) Adl 1 Nz e Hg
A - 3127 = - -

5w 3] O daundel A48 Aisel 5%

JaloA

Fig. 4.3.59} Table 4.3.6 & 4.3.70] %71 & /|- =2 9] Percent ErrorE %3+ 3
A BAANES Jepgith 27] PRI R AFA A ES Bl 5T A

4, BRNE, THAES 52 Hastel AMmde] AY4e

ol
P
i O{N
—[o
=2
>
o
(@]
=
@)
@D
=
=
e
=
o
=
N
=
—
S
o\°
ﬂlﬂl
I\
k%)
ol
on

il
1,
1o
=)
rx
e
g
ko
r
>£

Al 2 245 old wet #EAL AR
o] dRZAEHE F=E38}] Percent Error7} Acceptance Level?l 10%°]3Hs
iy 2] BEMAE JPstgom, 1 A Percent Error7l 10% oWl 7
g5tk e 2 AAASARY 2E dteA-ol4l Percent
g}, FilE 2 IadsTrE AR sAE A et
=

=~
@ 4 Qi Szo] EUE Aoz wehd:

g
X
ol
L AN ofn

X

il
i)
tio



50
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10 ~

LC1 Lc2 Lc3
Load Case

Fig. 4.3.5 Percent error of initial and improved model(STB)

Table 4.3.6 Adequacy analysis of initial and improved model using percent error(STB)

A% o] &
27)24 e
T AR (gAY P2 A3 P
(mm) %)

A | PE AR | PE | AXE | PE | AR | PE
m | @ | B | % | @ | B | % | B

Gl | 576 | 6351 | -887 | 29.15 | 28.74 | 056 | 6.07 | 028 | 5854 | 061
IC1 | G2 | 331 | 3649 | 623 | 7782 | 41.26 | 170 | 430 | 887 | 4146 | L&
Total | -9.07 | 100 | -1510 | 4123 | 100 | 085 | -10.36 | 241 | 100 | 0.92
Gl | 519 | 5406 | -769 | 2320 | 53.70 | 0.00 | 521 | 0.00 | 53.82 | 0.00
LC2 | G2 | 441 | 4594 | 663 | 25.34 | 46.30 | 001 | 447 | 002 | 4618 | 0.00
Total | -9.60 | 100 | -1432 | 2410 | 100 | 001 | 969 | 001 | 100 | 0.00
Gl | -387 | 4121 | 640 | 4274 | 4780 | 255 | 457 | 328 | 4492 | 081
LC3 | G2 | 552 | 5879 | 699 | 709 | 5220 | 125 | -561 | 0.02 | 55.08 | 040
Total | -9.39 | 100 | -1339 | 1884 | 100 | 168 |-1018 | 110 | 100 | 0.53
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Table 4.3.7 Natural frequency of initial and improved model(STB)

o] £
45 (REA=! (PSA=R=)!
TR - 27|29 MR
(Ho)
i REt) PE(%) i REt) PE(%)
Nk 1.865 1.528 18.07 1.868 0.16

3 AR jde mE Weks 24

Table 4389 27 @ e FEYSHES Uepiglth 71Eshee A=

£ MRS ALy zrz|ndoe| H|§)]| ok 25% AT

o
rlo
-
N
[-'O
po
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fru
o
-l
A,
32
i)
o
W,
ot
r {
ox
rlo
olo
ofl
bz
ol
X
-
1o
24
o
2
>,
R
il
it}

2 e Bl TEWstEol A B AawrtEE A WAD < 9

Table 4.3.8 Service rating factor of initial and improved model(STB)

2-8-58(MPa)
TR e . Z[Edeke | SREAAS | S8diske
27 AEHE 93.082 43.642 2.679 207 3.502
=g FEHE 119.303 39.145 2.317 3.029
7 AEHE 93.916 44.353 2617 0I5 2.657
k) FEHE 119421 35.632 2.542 2.581
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Fig. 4.3.6 General status of static loading test(PSCI)

Table 4.3.9 Measured static displacement of PSCI

T & Disl Dis2 Dis3 H] a1
LC1 331 1.3 ~0.30 FESRED
743k
LC2 -1.23 -1.53 -0.80 Z A s}
Y
LC3 ~0.29 -1.02 ~2.52 P
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Fig. 4.3.7 Analysis model(PSCI) (continue)
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Fig. 4.3.83 Table 4.3.12 ¥ 4313 %7] & /WA 9] Percent Errorg &3t
AR EAAE ettt AAREL 234 A AE ARgste] Al E A7
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Fig. 4.3.8 Percent error of initial and improved model(PSCI)
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Table 4.3.12 Adequacy analysis of initial and improved model using percent error(STB)

/kE1

|\
o
fu

-
Mz

A g Ay CEEE 2k
) |0 FAn [ PR | A% PE | A% | PE | A% | PE
m | | )| | m | % | % %
Gl | -331] 66.73 | 442 | 11.25 | 7175 | 057 | 3.31 | 000 | 7165 | 0.4
G3 | -135| 2722 -173 | 792 | 2808 | 010 | -128 | 027 | 27.71 | 0.3
G5 | 030 | 605 | 001 | 9344 | 016 | 9470 | -0.03 | 8100 | 0.65 | 79.68
Total | -4.9 | 100 | -6.16 | 1135 100 | 116 | 462 | 060 | 100 | 102
Gl | -123| 3455 -158 | 810 | 2899 259 | -125 | 003 | 3181 | 063
G3 | -153 | 4298 | -221 | 1975 | 4055 032 | -160 | 021 | 40.71 | 0.8
G5 | -0.80 | 2247 | -166 |115.56| 3046 | 1263 | -L08 | 12.25 | 27.48 | 497
Total | 356 | 100 | -5.45 | 2047 | 100 | 284 | -3.93 | 186 | 100 | 106
Gl | -029| 757 0.00 | 100 | 000 | 100 | 005 | 6849 | 111 | 72.86
G3 | -102 | 2663 | -179 | 56.99 | 2810 | 0.30 | -120 | 311 | 2661 | 0.0
G5 | 252 | 6580 | 458 | 66.82 7190 | 086 | -326 | 862 | 7228 | 0.97
Total | -3.83 | 100 | 6.37 | 6583 | 100 | 190 | 451 | 853 | 100 | 165

oot
£
o

LC1

LC2

LC3

Table 4.3.13 Natural frequency of initial and improved model(STB)

o) £
. a4 = 27w (SReRe
:TL B Z7| 54 JHAEE
(Hz)
A5 PE(%) A5 PE(%)
A2 3.125 3.269 4.61 3.151 0.83
ey
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3 AR jde] mE Weks E4

rie

Table 43149} 43,1500 44, 27] 8 A=) FEsHE-L Vehhct 7]
Yetee A4TEE @ AR AW FFUHE AR FS
272 wla) oF 20% Ax We £ A0 HrEYT, olF WY ¢
BAASE Aolo A RH Ao, 2)ude SHRAATe Fa AR &
Hle] WA7E 2w sl ANERE SHHL HSrow S
BAGY e Soltk ol2RE HNEd ANE B Fguat

han S
aR7HEE e AT ¢ e AoR dddnh

Table 4.3.14 Service rating factor of initial and improved model(PSCI, WSD)

N amse | see | op | M BAAR | U
apy | 9T 1036 3067 | -12133 | 1619 -
v i i

WS | 8963 2883 | -12116 | - 2.2 -
. 9ZAY | 9253 3007 | -12133 | 2002 2631
27|
o 1.301
T uEAn | 9308 288 | -12116 | 2124 2.763

AZAH | 9062 2766 | -12133 | 2267 2.267
kS
=gz} ~ 1.000

uSAY | 8865 2403 | -12116 | 268 2.685
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Table 4.3.15 Service rating factor of initial and improved model(PSCI, USD)

2-4-82KN - m)
T8 Z1BEHe | $REAAS | Z8UEks
R
237 91274 8,035 2,817 1534 1534
(=Rl _ h
= USAT 6,681 2,656 1.941 1.941
2] =AY 6,831 2,762 1.828 2.379
. 1.301
- e 7,088 2,606 1.884 2.451
A 9127 6,846 2,541 1.983 1.983
1:!%1 - 1.000
ESE 6,680 2,214 2.329 2.3%9
434 2 A
ANERH U 1, 2% ¥ 5 7 =2 1SS A sk STBQ} PSCIg 2] o] n &

(D) ARAANES 53 A, stIEas D 1/ FF g AF=Hrt
(Percent Error < 10%)E F3std o] A4 AsS A3 AT & A=

Ao HHRDZ ANG & e Pk AASHC,

o
ol
=
2
>,
o
ol
=
1
td
e,
=
r>~
%

(2) STBet PSCI &212] AlEnlgol thet 2dpide

oz wepe] MA AFL AWH TEY + U FAUAsA
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Fig. 4.4.1 Status of measured impact factor for span length
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Fig. 4.4.2 Status of measured impact factor for serviced time
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Fig. 4.4.3 Damage Status of target bridge pavement

s HMEZZ 3l DAP-1(Dynamic Analysis Program)}& AH&-8t53 o
(Chang et al.(1994)), M 2D 43404 7|t vio} 22 WHo s A A
FAIHE ol 8at NG 3aHd Axmde ARSI

Fig. 4.4.4 Model of dynamic analysis
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Fig. 4.4.6 Measured and computed displacement time history curve at velocity 30km/h
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Fig. 4.4.7 Computed displacement time history curve for stiffness degradation of girder
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Table 4.5.2 Load combination and load factor for load carrying capacity evaluation
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Table 4.5.3 Condition factor
T ENA v 11
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Table 4.5.4 Multi-lane loading factor

(57;“/\]_ 1+’L‘7;“/\]_ €A 1+/L‘7;“}\].

A7|A, K, : SHEBAF, K, = — —, —— —

b K s SREAAT K Onz Lhigs’ ey 1+iys
i 0 ERAAAZIEY] AA SAA T
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AR 24 122 22} =2 3= 422 52t= o)A
X 2A) 51 5 1.00 0.85 0.75 0.70 0.65
2} W&
R — ~,D
ANegsere) = S~ WD A(4.4)
Ya YL (D
A7, ¢ AEAAIG(Table 4.5.3 F=)
R : A=
vy, () - ALABE(ZEE) Al (Table 45.2 F%)
Y4 SFERIIASC = 0.90)
Yy o TRAREAS A SHTable 4.54 #=)
D : 24sE 9%
LU) : #4¢ 13 235 9%
ol F-&UsHY
8H&(SRF) = K, X RF 21(4.5)
81 (P) = SRF < P, 2(4.6)
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Table 4.5.5 Comparative analysis between Existing RF and reliability-based RF(STB)

. 712 Wake A& 79k Waks
T GERE=E) A (] 2) A3 (] 2)
ST1 ArdE 2.248 3.080 (1.37) 4.935 (2.20)
ST AEHE 2.033 2.983 (1.47) 4.686 (2.30)
HudE 1.755 2.282 (1.30) 4.370 (2.49)
ST3 AEHE 2.392 3.245 (1.36) 4.637 (1.94)
HudE 1.465 1.646 1.12) 3.334 (2.28)
ST4 AEHE 2.129 3.783 (1.78) 5.389 (2.53)
HudE 1.658 3.217 (1.94) 5.141 (3.10)
STS AEHE 2.308 2.824 1.22) 4.505 (1.95)
HudE 1.940 2.296 (1.18) 4.477 2.3
ST6 AEHE 1.980 2.831 (1.43) 4.536 (2.29)
HudE 2.542 3.245 (1.28) 5.626 2.2
ARHE 2.182 3.124 (1.43) 4.781 (2.19
Y HudE 1.872 2.537 (1.36) 4.590 (2.45)
il A 2.041 2.857 (1.40) 4.694 (2.30)

Rating Factor
[¥%)

Original RF Strength Limit Service Limit
Evaluation Method

Fig. 4.5.3 Comparative analysis between Existing RF and reliability-based RF(STB)
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Table 4.5.6 Comparative analysis between Existing RF and reliability-based RF(PSCI)

] PERTETS A A e
TE s | ssedy | sewAeln | AswAes
PC1 2.416 2.722 3.911 (1.62) 2.973 (1.09)
PC1 1.589 1.698 2.570 (1.62) 1.669 0.99)
PC1 1.536 1.753 2.455 (1.60) 1.733 0.99
PC1 1.299 1.450 2.089 (1.6D) 1.444 (1.00)
PC1 1.533 1.689 2.462 (1.6D) 1.076 0.64)
PC1 1.927 1.673 3.124 (1.62) 1.438 (0.86)
PC1 1.920 1.642 3.113 (1.62) 1.388 0.85)
PC1 2.094 1.568 3.283 (1.57) 1.131 0.72)
B o 1.789 1.774 2.876 (1.61) 1.607 0.89

Rating Factor
W

Original RF{USD) Original RF(WSD) Strength Limit Service Limit
Evaluation Method

Fig. 4.5.4 Comparative analysis between Existing RF and reliability-based RF(PSCI)
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el A5+ ALsta, 2000

= ool 28] ol FaE FUIANGARE 57

skl EAsATE AT e Yt Table 4.7.13% 2t
Table 4.7.1 General status of target bridges
T & TEY~ FEH= A8k AdAE FAR
Cl RA 1987 DB24 03,08,14
C2 PSCB 1987 DB24 03,08,14
C3 RA 1993 DB24 03,08,14
FIYE
C4 PSCB 1993 DB24 03,08,14
C5 PSCB 1987 DB18 03,08,14
Cob AR 1988 DB24 03,08
C7 STB 1993 DB24 04,09
C8 STB 1985 DB24 03,08,13
9 STB 1985 DB24 97,03,13
Cl10 STB 1979 DB18 02,06
Cl1 STB 1979 DB18 02,06
Cl12 AR 1984 DB24 02,06,11 737
Cl13 SPG 1984 DB24 02,06,11
Cl4 STB 1986 DB24 02,05,10
Cl5 AR 1980 DB18 02,06,11
Cl6 STB 1980 DB18 02,06,11
Cl7 STB 1993 DB24 97,03,09
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 A7E B =28 Wiske HrPEY Aeke dEEE Aeshd Table

4.8.13} .

Table 4.8.1 Improved method of load carrying capacity evaluation

T 7R Aot H 11
1. AAGA L STBoA A-SHMefE w2k ekd=e] sty Hris| 424
FVels 1Es | HalMe AAGANAN 1HEE gz ARFS
7ok 9% s o 2 e
2. M Rd ML | AAASANES T3 53 AH, I RS, 1f| 434
B3 Jrpdt | &t sl =" Percent Error 10% ol 2 =8}
== 4 EdE i
3 AZ FAAS | AA FEAAS 2IAddE dUS BAst &L 4.44
g ek o13F A7 Qglold A= ZAASLE ALREHH,
Aoy =HgE Sl Qg vl dlold
AL, AA SEA S rEAle 25
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ln O-b‘l
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AEmFe] HRIAAGRIAS +2H et FARE A st Table
o= 712 SHEAAZS Table 48301 712 T4 UERRTH
B4747, 4o od SHu(AZ/A7)E STBsh PSCI 25 10 olakel Ao=
% ZAASE STBY AAXNE wEsa PO MANE 23
At} oldd FL STBE mee] 24 BAY} s AR &
Hloh A2 FAAGT) BE AMAE BHEw AADA) vad o mke) 24

dHH A BT ZolH, PSCle 45 F44

PSCIe} 1783 tiAl = AL 7] o= H7h= AT

Table 4.8.2 Computed result of existing response modification factor

] Z(mm) SAA T ge A
o H
TE AR ] Ag [ e | AE AR [FAAR] .
(@ (@) (@) @ (@ (a+21+D)
STB 5.52 6.99 0.790 0.130 0.167 1.033 1.307
PSCI 3.31 4.42 0.749 0.231 0.200 0.975 1.301
Table 4.8.3 Evaluation result of existing service rating factor
" 71EWskE SHEAAF FEWsE
T % H o
(RF) (Ks) (SRF)
210.0 - 119.3 WSD
STB = 2317 1.307 3.029 "
39.1 R ER
19,734 - 1.3%6,831 USD
PSCI = 1.828 1.301 2.379 ]
2.15%2,762 21574
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Table 4.8.49] -5@H]2} Table 4.8.52] 7| EUstEANA A4k AA A SN A=
ol gste] AT REL Agele] AET ATRA, AAT ZEAN B D 34
o 4370 £FHof Yk E, AZ FAAFE 4484 BAG whol

2ol S
= AA SAAF PAA AR O JAGA7MA dstE Vs 3L
3 4 2 F

A sAATE 2H8t=

ofy

lo
o,

2475, s mde] AHOE J1E eke B ush STBSE PSCl =%
BUshee thi ZAY SHEAATE FEEY AA A PEHEE
]:

]
Zaste] Fgulstgol STBE oF 15% A%, PSCIE o 17% A% gadhs oz

Uebsith metd, ANE Wk Bk Sa) wFe) A5 83 ws
A Fehe AR BrkAe)l 9 BeoR <8 Tl A
FA4aG7tE = AHE €Y T s Zo= Addn
Table 4.8.4 Computed result of improved response modification factor
] Z(mm) SAA T PRsp
T & . >
4% ALk S HH] 45 AR | FAATHE | A

@ @) ) (@ @ a+2n+o

STB 9.92 5.61 0.985 0.167 0.167 1.000 1.015

PSCI 3.31 3.31 1.000 0.200 0.200 1.000 1.000
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Table 4.8.5 Evaluation result of improved service rating factor

. Z1EUeh& SERAAF TS
T 5 B 1
(RF) (Ks) (SRF)
210.0 - 1194 WD
STB - o502 | 1015 2581
3.6 FEAESR
19.734 - 13%6,846 USD
PSCI = 1983 | 1000 1.983 .
215% 2,541 H5AH

Table 4.8.6 Comparison between existing and improved service rating factor

SHEAASF 7188k F8ushE
T 5
e A 7|E 7N 71E IR
STB 1.307 1.015 2.317 2.542 3.029 2.581
PSCI 1.301 1.000 1.828 1.983 2.379 1.983
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Table 4.8.7 Evaluation result of service rating factor using condition rank

T 7 FelsH | dEAS Fgushe H] 31
0.95%210.0 - 1194 WSD
STB Cs& 0.95 = 2581
35.6 HERER
0.95%19,734 - 1.3X6,846 USD
PSCI Cs& 0.95 = 1.662 -
2.15%2,541 EAY

Table 4.8.8 Comparison between existing and improved service rating factor

M FEsHE
F 8 e FHUHE
AsHAE A4 AFAG 149
STB 3.029 2.581 2.049
PSCI 2.379 1.983 1.662

VS|
<

ol AFE Z)EE e

A

4590M AR NH= 71 sk BPEEel ueh FEUse-S Boieha,
s\ W ATe HRaT. Table 4895 AZaate] A== 7% )
B8 RejFH, ojn] PSCIE RA4 B0 AAalel w2870 Be AASH
2 BEFOR HBAEHERT oA FAEIAF Zlolth

$4173), STBe] A 71w el SaaAARE1)7h AHols, 7= U]
sh&3h oHlstel of 6% A% A BAAETE T, PSCIE AHSRASE(1)7}
Aujzolw, 71E vekgnch o 17% A% A BAHY olg@ Fol: 7)E
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Table 4.8.9 Evaluation result of service rating factor by reliability-based method
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Table 4.8.10 Evaluation result of previous service rating factor after improvement
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Table 4.8.12 Comparison of rating factor according to improved method

A Ratg g | A s
71E -
=] =10
TE L Gae | Asg | Asad if R
3.057
STB 3.029 2.581 2.049 3.217/5.141 2.7137
(2.859)
2.571
PSCI 2.379 1.983 1.662 2.462/1.978 2.500
(2.090)

F) FolA AR Wekge] () /e 2de AHSsiEe 452l @4

& B4 QM 2ot AuFoln YBA
Jorol thek At NS B9 Thest

%S

fo rr
=
ofr
ol
I8
o
N
NS
oL
hintd)
o
2,
>
o
ol
2
o @
=
s
u‘.
i

D) AstAde st ¢

4 A

ekl thes A AR ol A FRE| g ifehES o2

BYS AAFOEN SHRAAFIN WY 0HE F9 Z) 7125
o W,

@ AFAGE ANFHA BT FAEFE LT B3] kol AIEL A

Af AR Tha A AEHo] dHE AESWH ARF oz By

ot

Q) A= 71 eke2 SAAGHAME BrEel S48 tE W7PE
als 7 =LA H7HE AL
o AA B7kE AT

- 148 -



) F8¥% F7h) BE W
Fest vlamstel vakgel Wl tha TcksAT A Fo o

-
=
= A

He 244 A Aol A3At Weke2 oAt Wi

=] O =
oh&2 A3

-

hid

]

0

o El

= peE,

ol

- 149 -



AS5HE A E

51 4+ A&

B ATl e @A) et fA%E B fARFAIE HAAA 2 B
Me Al BAste] A ek BobPEel BAES Adstn, Bt And
om YA Ut UEtE BPEAS ANIAAT ¥ ATE 5o =29 A%
aorste thew 2ok

it

_,d
Sh

D ASH ogmFel ALE Sl tid B4 FEEFTE 6~1040E B

Fol 7kt 1~15e0] W ASo] 25% vvte] HWA Bl Q7sE

Fol Z71ske FAE Holn, %6~30d0] HE| Txugo] DL DEFE

HAsts Aoz 2AME Y, 28Uyt 10do] AFsts A-AFEE od &
A @) S AAZ L FAES7F H83t Ao 2 A

@ AT gae £47E 2 %M% B4 A BN

Hir
flo
rr
o
rlo

() 2ASE D DFYAol ts) FEAFSH YIS L FEUsHEe 4By

ety olatel 497t WAdste Ao® ZAEHAH

@) & S7kl wWE Wt e FAE B8] AdiMe SEEAA



MRS oF 5% TFo 2 A glem, STB

3

=
| .

(5) A% STBF PSCI

ERES

SRS

9]

37}

E’_ﬂ'.u

st

SFA]

6) A=A

3] A

4
tpom, B4ds

S

o 2%

o
58

bl weke] A A

S

(Percent Error < 10%)E 433

JA5d 7

9]

A A]

ek

T
T

o
A

1Eaz ANY %

93]

#79]

]

Vaﬁ

|

T
|

o

]_

A skl 719

,m_.\v_wo

Nr
|
o>

—_
o

ZAANZHA E3bE s e A

o
=

B

Ao A A

=
=

7+

3l At

hgHE A A

el

T

fite)

]_

|

ox

P s

3

E’_ﬂ'.u

st

O]LH

- 151 -



52 % A

4

shd thet 2ok

g

=
=

e A7

2 Aysolol & Aoz B

Np

D A7

o

mH

7FE|17) o)

3

D

su5°l B, Cev2

AZAAA rigls d3E

of w&

2=
T

Tk

2=
T

AEAA 2

= =
- T

Q) & dFelMs &l o

olel i

<
T

o 7]

T
T

3

- wAel A Az)et FEE 24

<
T

bl H

S

2k

j=ile}
B AR Gk 2 5) ekt

oluf 5 mit} A E= A

Al
ol

=]

5

20009 = ©]

hid

3 ek Atk

of Tha HEshe] E7) BAe] Az o

=
T

7tol|

o
e

T

oo
Ho

B/

3 ARZA B AT} o]0l

al

X
4r

A

._OL

&5 olol o

- 152 -



i

A A4,

L=zl

o
|

2007. &=

L 459,

, NEES3S) =23, 41354 A1Z, pp.31-38.

S|
~

it
B

—_
o

3. T8, AlAIR], o<, 2001

w2383 A, A5d Al%, pp.169~175.

HHE.

|

4, ZETER 014 ZEIEEA

I, 2010, E2n A7) <E.

9]

6. 7&E

i, 2010, A4

9]

7. &

A SE2AR).

L

Ik, 2012, E20AA 7]

9]

8. 7&E

AT AHA,

3=, A9dE A 1-63,

pp.847~857.

]
—_

,m_.\v_wo

12. &4, 1998, L =Fusf

ol
or

&

or

o
ﬁo

st
oF

13. A9, 2011

Feoll A=

S

14. &4, 2007. RCu o] 3 ejA=7F Y

- 153 -



CAIARL BT, o)<, o|E, 2005. PSCHI: AW waFe] Faxiskel| ogh
g B A, dkERSts] g7]8t<) 3], pp.1053~1056.

A, 28, AEd, 1987, FRAFA T o3 =209 Wsky H7td
A3 AT, YIEESS =57 A7H A23, pp.107~120.

CAAE, 28, AEY, 1987, TAHA W o8 =2 we] WEkE Byl
A3t A, QPREESE =2 A7d A23, pp.107~120.

ko], 3k, A, 2003 wEke] Wske Byt 9 w2we] FAE,

s3], A7H AL, pp.239~249.

o

=
Fod, 2009. 271AFE e A=A e o83 wke] Wekd #rt, =

[e]
[¢]
¥817) %815, A109 #1835, pp.2032~2037.

- 154 -



FE5313], Vol.1996 No.1, pp.505~508.

hid

0

o A5, o

3], Al1¥ A1z, pp.53~64.

i
3
=

Il
=l

o
SHA

|

3], Al10¥ A123, pp.15~21.
A

i

kel
% @)

S

21, %, 2010. AT 758t

0

T

L=

Pz

i)

=]
T

1

7E HolHE o]&3
3] A8A 2%, pp.137~145.

=
=

, g, 2004 A

&

or

e

X

=,
el

9

A6AZ,

A294

Y 483 AT

3

HEE S},

hid

==
=

]_

0

S

o

hid

FEESI =T, #2978 6A

AL,

=

|

HE”, o
- 155 -

]_

i
S

=
=

o

!
Ak, 2009. 2~HEE W

°

o

il

9

3 471sr&0)

o] FA

A,

o 71z3 &8
A

1=
i

]_
pPp.597~605.

O~
ZI-ZL’ Z
5}

=S

|

=R JEE 2 ZA 27

pp.597~605.

o
k<
pi

3. o]FT, AT, AAE, 2009. 1EEE wWHFo
7.

36. olFZT, IAE, AAA, 2009. &=

33. o|AY, 1998. IE=E e o)

34. olF=, 2009.

3



38. A=A, 2012.

B/

~

._OL

,wﬂ

=3
o

7Y, wp

%

==
=

]_

S

wFe] Y

o 2]

J

o
=4

S

[

b

eSS =2, A8A ALE, pp.41-48.
A

9

le

40. ¥, 2011

Kl
;O_I
%]

N

a\g
HJ
oF
or

hid

FEEE] =23, A27d A1E, pp.79~89.

7 o

o

3

RYA

A A o) 3710 HLCO A

[0

Al Z1SAAR, 2003,

3
yl

44,

o

7} A

Al &

AS 2 A ).

1

k<
pi

A} 2012, =20 AA 723 S E)
- 156 -

AYEEF], 2010, F&5<U

2-ZAE 1996~2010.

FEEFA EERSATY, 2013 AFIE ) &2 wF b
=
=
=

A e
TEEFA EENFAT, 2018 A= 7R

=

=

b

AT
A 7.
AH

0|

0|

50. =2 EHI], 2014. =2 A <A F(
k<

48.
49.
52.



53.

54.

5.

56.

o7.

58.

59.

60.

61.

AASHTO, 2005. Manual for Condition Evaluation and Load and Resistance
Factor Rating(LRFR) of Highway Bridges.

AASHTO, 2011. The Manual for Bridge Evaluation.
FHWA, 2012. Steel Bridge Design Handbook : Load Rating of Steel Bridges.

Hwang, E. S. and Nowak, A. S., 1991. Simulation of Dynamic Load for Bridges,
Journal of Structural Engineering, ASCE, Vol.117 No.5, pp.1413~1434.

Hwang, E. S., Thi Hang Nguyen, Kim, D. Y., 2013. Live load factors for
reliability-based bridge evaluation

Lee, C. S. and Yoon, I S., 2002. Investigation and evaluation on performance
of durability for freeway concrete viaducts in seoul metropolitan area, Journal
of Korean Society of Hazard Mitigation, KOSHAM, Vol. 2 No. 1, pp.143~152.

NCHRP, 1987. Report 292 : Strength Evaluation of Existing Reinforced

Concrete Bridges

NCHRP, 2001. Manual for Condition Evaluation and Load Rating of Highway
Bridges Using Load and Resistance Factor Philosophy

Park Sierra Railroad Group, 2001. Load Test and Rating Report Puget Sound &
Pacific Railroad Bridge Steel Through = Truss Bridge - MP 1.7 Centralia, WA

- 157 -



H77HA obdgls BT wigle A= 5

3

| &

=
- ©

HJ

o
ui

]
—_
~NH

ol
G

1

HJ

3 Hn= vEstd

£3

Mo
ofp
alz

A=,

NE

!
&

bol ofele o] 9l wmirt o] Zo] FAL

[

_OH

=

=

bzl B
BE35 Snj

B}A)

ofj
il a

vhe W,

oLl AN el SAH AN GHEeR A7) AHY B

o

Fut

s
T E A

o A% 1u}

el
=

=

~H

]

PRt

151

S[=

—

20%

o

iy

7

2015

TR
of

—

el

o] 4

- 158 -



	List of Tables  ⅲ
	List of Figures  ⅵ
	Abstract  ⅹ
	1. 서 론
	1.1 연구배경 및 목적 
	1.2 연구동향 
	1.3 연구방법 및 범위 

	2. 도로교량의 유지관리현황과 내하력 평가방법
	2.1 도로교량의 유지관리현황 
	2.2 도로교량의 내하력 평가방법 
	2.3 소 결 

	3. 실측자료에 기초한 상태등급 및 내하력 분석
	3.1 개 요 
	3.2 주요 손상유형 및 손상발생특성 분석 
	3.3 상태등급 및 내하력 분포현황 분석 
	3.4 공용년수에 따른 상태등급 및 내하력 추세 분석 
	3.5 상태등급과 내하력의 상관성 분석 
	3.6 소 결 

	4. 내하력 평가방법 개선방안
	4.1 개 요 
	4.2 설계단계의 안전율과 기본내하율 분석 
	4.3 해석모델 개선에 따른 내하율 분석 
	4.4 실측 충격계수 적용방안에 대한 분석 
	4.5 신뢰도 기반 평가방법에 따른 내하율 분석 
	4.6 상태등급을 고려한 내하력 평가방안 분석 
	4.7 공용년수 증가를 고려한 내하력 평가방안 분석 
	4.8 사례분석을 통한 개선방안의 검증 및 고찰 

	5. 결 론
	5.1 연구 결론 
	5.2 향후 과제 

	참고문헌 
	감사의 글 


