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Reliability Analysis of Concrete Road Bridge

Designed with Different Resistance Factor Format
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ABSTRACT

As a background study to apply the reliability-based resistance factors to the domestic concrete bridge design code, a comparative study is
conducted for the design results and the reliability indexes obtained by adopting different resistance factor formats to yield the design strength of
concrete structures. The design results which are calculated by applying the section resistance factors of the current domestic design code and the
material resistance factors of Eurocode are compared for the concrete beam bridge. The reliability index is calculated by considering the
uncertainties involved in material, dimension and strength equation during the design procedure to get the strength of concrete structure. Also, the
sensitivity analysis is performed to figure out which design variables have great impact on the reliability index. The resistance factors of the current
domestic bridge design code, AASHTO LRFD and Eurocode are applied to the bridge design for flexure and shear strength and the results show that
the resistance factors of the domestic code give the largest reliability indexes. It is observed that the probabilistic distribution of the live load makes
difference for the reliability index and the yield strength of reinforcing steel and the live load have great impact on the reliability of both flexural and
shear strength of concrete beam through the sensitivity analysis.
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A4S FA 0 dlo] 9m, 12m, 15m,

18me] 47HA =
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A 90%, 4342 o) ek Al Thzelth. BHlel BEAAE
4G F99F U T Aaiel, 2PRFS B o
F2g) ol HE FAAYD, olul Mg HEA
S o] 4 (13 o] 28eE Dol thatel 13, B3
% Lol sk 2.15% 414314

U=1.3D+2.15L (1)

A
A=A Ao PEEA Ao PALE AR,
E % 5

FAYE T Hludl =2w4A715(2010)¢] e, st
T, BREATE AL9E W 7B et FAEE
Zy gl 2 A%t MIDASE o] &35t Fxal4 S &
g, ol D& Azl g @i geln, p, = 7|E F
7Vetsol o gt Trageltt [ & ol ot dHEe|t
stsATE A&l Algste dE e ALksat
ZAZE T Hue] PRRES} At S JAstH £ 2 ¢
F 33 2t
H 2 AL RHES| X
(Tt :kN-m)
X[ZHm] M), M, M, My
9 218.89 87.49 384.43 1,224.82
12 419.78 154.92 620.85 2,081.94
15 630.17 217.06 824,84 2,874.81
18 850.09 278.15 1,226.56 | 4,103.82
H 3. AQ Fctzo] 2y
(21 kN)
X|ZHm] Vi Vo 14 Vy
9 112.48 57.28 269.48 800.07
12 158.75 76.94 309.70 972.25
15 207.13 94.94 337.01 1,117.26
18 257.63 .72 446,00 1,439.06
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(3)7 o] stzAlTe AdA G 23 wet staaet A
PRI} LM HER H3 ghEs 2 gt}
Y, M, +Y, M, =0M, (3)
stsAlre ERuAAVIEY fs ARESH, e s
dAAJAT 9,5 £ 49 g2 AHIT
H 4. 8ol thst SHHMEAS, ¢,
A= 7l & RBHAA
EERMAIIE P 0.85
AASHTO LRFD [ 0.90
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# 5. MEXA, ¥

A7 &= M= PSS
232E, ¥, 1.5
Eurocode -
22, 7, 1.15
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0.85(f./7,)b
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o5} 2o HAE AR AGAFAALR AAR 3 B2
WS # 63 2},

H 6. Ml AAE A 22

(2 mm)
X|ZHm) $,=0.85 $,=0.90 %=1, =145
9 4,464 (1.0) 4,212 (0.94) 4,383 (0.98)
12 7,212 (1.0) 6,802 (0.94) 7,099 (0.98)
15 9,474 (1.0) 8,932 (0.94) 9,343 (0.99)
18 12,945 (1.0) 12,198 (0.94) 12,804 (0.99)
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M,= A, fy(d—;) (9)
H 7 NEAS MAE SR
(421 :kN-m)
X|ZHm) ¢,,=0.85 $,,=0.90 %.=15, 7,=1.15

9 1,440.98 1,360.91 1,415.34
12 2,449.34 2,313.26 2,412.05
15 3,382.12 3,194.23 3,336.90
18 4,828.02 4,559.80 4,777.36
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H 8. TChofl et HEXMEAS, 9,

A= 7l = P B
SERUMAIIE D 0.80
AASHTO LRFD Do 0.85

1 A, f,d

o714, 5 & ek 712tk

2.4.2. MEXSHTH A 2 MEH A
Eurocodei AdA A AddZ WAL 2AFSE 2
@ 2e7Es duEd ARAPAFE FE AALE

" %s} A she A2TS ot AA A,
YoV +V,V, =V, (13)
21 (13)ellA AA A= v, & +& o AMEE A5iE
FAAF v F A Aee i sl & 59 #t=

g,

Eurocodeo| &= Z3BEV} H& =
& 2 (14)¢} 2ol FalH, o] glo] v HT} & A= A
S AABHA &=

011
ol
rir
2
ey
o

V,.=C,.K(100p,f,)"b,d > (0.035Kf{*)b,d  (14)

VA A, AwERe gud sE A

& =1, « L
Ao 4, =094, f, = ASEI] FHTE,
2
c0t9—w+\w 4 —cot0+tan9—09b{;dvf6d olth
wol A A ve FTAYEY FEFEZATE

v=0.6(1—f“"), fi=Leerm 4 (5)) A

2.4.3. MBS MEHZ U MERso| Hlm
olg e P AR AGPAGAANE A7

Ak A
= 7€ ol & 9% 2},
E 9. NMASHMAE MEHEZ 2t s
(Tt mm)
X|ZHm) ¢,,=0.80 ¢,,=0.85 % =15, v.=1.15
9 236 (1.0) 265 (1.12) 319 (1.35)
12 187 (1.0) 207 (1.11) 278 (1.49)
15 164 (1.0) 180 (1.10) 256 (1.56)
18 122 (1.0) 133 (1.10) 210 (1.72)

XS Ofo] RAH=

ATAAE QAP Ao} YoBE, AVAZ 1
Aw Aol weeh dAA e TRAYAFAAL
Wl Zoz AAge] A2l F& A

=
Vo RboR Sl2le] o3 287 EE VESA Reby e 10, HEATAAE sEtEes
AL A 52 2EHd Wate] 2 (15)9 V, & 4 (R
AZE v 2 e X|ZHm) ¢,,=0.80 9,,=0.85 ¥=15, =115
9 1,000.09 9,41.26 919.50
i 12 1,215.32 1,143.83 1,117.38
V,=V, = A f,,coto (15)
" s 15 1,396.58 1,314.43 1,284.04
18 1,798.82 1,693.01 1,653.87
o714, 0 ZABE 45 2EZH FAFED Alol9]
Ao 2 1< cotf <2.52] ot} 21 (172} o] AsAYATE A&t 73 £ 109 &
EurocodedlAl= 334 Aebds #4sta ot 2 AAGAEE & 39 AlFstsel W B s7hHA g
(16)ll oJ3ll g+ T ekl A3k Vi o & 2 (15) 22 AT ¢,,=0.87& 2A A},
S gk vl wate] A2 ghE AdYste] 255 gt
e bw < Vfd |4
max ' ‘ (16) =" 17
¢ cotO +tan6 0uq v, a7
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a9 49 FAAGEE 2P T A & 5 l%e] THAR
AFAARSG A5AJATAAZ Bt AAH oz A=
A$S ¢ % U

2000
__ 1800 |
=z
=
£ 1600 A
[=)]
)
2
] 1400 -
E
£ 12001
20 —H— CtEA = | $=0.80

1000 A —&— CHEH = | $=085

—— M AT, ye=1.5,75=1 15
800 T . T T :
8 10 12 14 16 18 20
span [m]

dZ A% 371 91814 Monte-Carlo Al
0007H9] TS Age & o]59] 7
% A A}, 7t 9 & AAE] 9t
EE 113 2 Ase] $A4 442
o
%

Ul A A5E St A A7 (W1E 5, 2011)
£ Agatdon x4 A= P AAE d ol YA
she B8448 nelshy] A8 B4 542 sl TdAR
(Ellingwood et al., 1980; Nowak et al., 1994; Nowak
and Szerszen, 2003)2] S A &3t
B 1. 7|2 Hao S &dF
=25 7| Ha HEAL A | HEASL V
FIZEURLE, f, 1.18 0.06
M= -
I AMAUE 1.20 0.10
. BI B A, A, 1.00 0.015
s 2% 201, 4(mm) 1,00 17.78 /d
2= 1.02 0.06
sl Ad
ML= 1.075 0.10
o714, HSA S (bias factor) A 9 M FA = (coefficient of
variation) V& T 2] (18)2 (19)¢F 2ol 242} vehdtt,
_ M
A= X (18)
o
v=2C
1 (19)

7|4, X, & AW
A& UEhd.

Ay < A& (material) e HFAFolH A=
(fabrication)ol| tgt AZA|Golt}. o] & shtel A%
0 A 3 A5 SAEHS 2 AFATS HE
F Ay v, = E@TTE 270 3 kol g Al
g2lel £ 119] 7] fe] SA E*é% A -gato] A=
A= 2.3V, S 27t 38 5 ek 97 & 11
o a Ao 3t A5 (professional factor)‘ﬂ A, V, 5 A&
s, HEAQ A A A= HEATA, S HE

£ obgl 2] (20), (21)E ol&3to 7 4 it

) _ e
To| FAG, U= B, o= EFH

A= Apnt Ap (20)
= (V) + () 1)

A EGolAE & uf A5 Ao gt ExPr e
AFEER 7Pelenh. AAFAAE R A ]
7FE 12 2 & 139 29k et

B 12, MEASHMAE 22z SAX g2

¢,=0.85 O, = Y,=15,7=1.15
7 Ve A Vi A Ve

9 1.229 0.129 1.227 0.131 1.228 0.129

12 1230 | 0.128 | 1.230 | 0.129 | 1.228 0.130

15 1.231 0.128 | 1.230 0.128 | 1.229 0.129

18 1.231 0.127 1.231 0.127 1.231 0.128

da 1.230 | 0.128 | 1230 | 0.129 | 1.229 0.129

_’E:aoﬂ tHf;} 574]}4 /\ 19] u
BAYAFAAL A BF A, =

TS AR A FA A A
1.23, v, =0.129% 4t

==
E 13, MeATHMAE M=o SHN
6, =0.80 $,,=0.85 y=157y=115
X[ZHm)
Z’R VR AR VR AR VR

9 1.291 0.143 | 1292 | 0.144 | 1.289 0.144

12 1.290 | 0.143 | 1290 | 0.143 | 1.289 | 0.144

15 1289 | 0.143 | 1.289 | 0.144 | 1.289 | 0.144

18 1.289 | 0.143 | 1290 | 0.143 1.291 0.143

g 1.290 | 0.143 | 1.290 | 0.144 | 1.290 0.144

Akl tigh A2 e Fdae $LaHA 4,=1.29,
V, =0.144% AZ=90ch,
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4. M= BN

e |

o] g-3te] 4lF &= 1]"?% Tk, o] =il = 4 (22)9] g
AZde WY AE 712 AR EAFE ok WY Sl 1
2k A2 = 7181 (first order reliability method, FORM)
Rackwitz-Fiessler®] W o & A EAFE &8t
(Nowak and Collins, 2000; Melchers, 1999).

4.1, 8 g0l yaEni

12014 78k 8 Zeol] tat B4 AZ3 F 149 e
O]‘?S‘—/] A AAE A gdto] N EAFE 3T o] A
oA stz tig BA 42 ASHTO LRFD 71& 2%
(Nowak, 1999)¢l /‘}9“?1 #e Fu= ;L/db—}oar/} 243
= D S 2 3t} &3}

Fo 'E‘i‘c 754%%_"51_9} FAEE ] °§’51 (Gumbel £¥)0.2
71 gt 73 ol tiste] AxE vl wskdth
14, 51500 8t £ A%

22 | & | BEAe A | wWsAe v | Emay
D, 1.05 0.10 HA2x
0 D, 1.00 0.25 e
(5t8) HqH2E
L 1.00 0.18 il

T A EA = B =5.3901, FAEE A¢E
BHAeR B =4580% Fexd 457t o 18% A=
A Yebst

B 15, HRIREAS g, = 0858 B8 2P| HRITAS
B B
Alekm) M- H7em M- 3x2E

9 5.38 452

12 5.38 458

15 5.36 4,61

18 5.45 4.61
Hd 5.39 458

o

AASHTO LRFDS$} o] SaA &A% ¢, =090 44
3 7A9-0) AEASE E 163 2T}, Bo5o] JHEEY
u BE AHEAS g =5.000%, FAREY At

=4 312, A2 A7t <F 16% A= A YeRgT).

g, SHA AT ¢,k 0.85°14 ¢, =0.902.& 0.05%
F 7 AR EA = <F 0.27~0.39%F Zidle 7
gkS Holt}
16, SRIKEAS g, = 0.908 XBE Z20| MEEXS
B B
AiZm) M- e M- FARE
9 4.96 4.25
12 5.00 4.32
15 4.98 4.34
18 5.06 4.34
7 5.00 4.31
Eurocode®} o] AEAYASF v.=1.5, ¥, =1.155 &
g4 A9 A EASE E 173} eu} ﬂo}—m 2R
Eo v B AARAFE B =52003, FALL B

=4.48% %=, HrEEQ] 457F oF 18/ A% =AY
Epgon], BAAgASE ¢, =0.85% 288 Als} vl
e Bl

17, MRS ¥ = 15, 7= 1158 H83 A9 Malexls
B B
Zk
A M,- BR2E M- 3xigm

9 5.29 443

12 5.24 4.48

15 5.27 4.51

18 5.36 4.51

o 5.29 4.48
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¥ 1
51 @ 2 —0
= bbb el F =t
x 4 4
@
=
k=
2 —B— $-085(F 7)
g —6— =090 (& =)
% 2 —a— =1 5.“{'S=1'15(§ )
o> — 8- $=085(2 7))
1] —9— $=0.90 (2 =)
— 84— y:=15,7¢=115(= 7)
0 . : : : .
8 10 12 14 16 18
span [m]
gl 5, & d=9| ME=X|%
4.2, FEHYZO| MR|ZX|G
nel Aewe] tistel E 13} o] 78 A we] o)
St A 44T £ 149 35 BA As A&t AlF =
AFE Fet
TE2uAA7IEY] At tigt DHA A ¢, =0.80
& 8% A5 NHAEAFE E 183 2t BelFo| 4
TEXY o Hit A=A FE f =5.650]3, FAEES
BEe B =4822, FEE] A5 &% 17% F= A
et}
18, HEHMEAS ¢ = 0.802 HES FR2| M=K+
X|ZKm) . 4
V- Eien - dARz
9 5.69 479
12 5.65 481
15 5.63 4.86
18 5.64 4.83
=l 5.65 482

P

19, HHXEAS ¢ = 0.855 MB35t ARl M|=X|4
X|ZKm) \/L—ﬁ’g-ﬁ‘%i VL_[;;;'L_E_E
9 5.32 4.51
12 5.30 456
15 524 4,58
18 5.27 4,57
oo 5.28 4.56

o Al gk FHaAZAT 9,,=0.809014 ¢,,=0.85
2 0.05%H S7kebd AR =AFE oF 0.26~0.28%F 3t
o

=
o
=
o
o
o
[oN
@D
oo
L
S
2
2
o
%
_1
\<
,_.
O‘l
\<
Il
—
}_A
33
i
)

Els

Q) B A EAS B :5.11om, SARE 199 4%
= p=4.45%, AFEE A7 ok 15% A= 2A e}
sonl, o $re duAYASE 4eRe wue 2
< 23 Bl

B 20, MRS ¥ = 15, ¥ = 1158 B3 #29| MeExe
ki) M,- ’gﬁ%&? M,- ’gﬁ%i
9 515 4.40
12 5.12 4.44
15 5.09 448
18 5.09 4.48
7 5.11 4.45

ool Aatg vlmstel =AY 17 63 ok BAE
ANt go| Btz LI TR 9]
Agu 4HEAF 2 hen, ARAGATE A8
A7k VY Re AR EASE HYE 2 5 Ak,

6
e = =] £1
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