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Analysis of Live Load Factor for Bridge Evaluation Through Reliability Based Load
Factor Calibration

Min-Sun Yoo', Kyung-Hyun Kim? In-Yeol Paik®

Abstract: In this paper, the evaluation procedure applying the limit state design method is studied to be consistent with the newly issued bridge design
code in Korea. The live load factor for evaluation is proposed by calibrating for the target reliability index through reliability analysis. Using the actual
bridge information collected for the representative bridge types in Korea, the load effects of the design live loads for the previous and current design
codes are calculated and compared. The live load factor is calibrated through reliability analysis using the minimum required strength which equals
to the load effect obtained for the example bridge. Bridge evaluation is performed by applying the live load factors for the evaluation level as well
as design level. The load rating result is generally increased by applying the limit state design method compared to the previous design method and
applying the proposed load factor for lowered target reliability index further increased the rating result.
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Table 1 Load factor and reliability index by level in MBE

v
Level . — T Br
DC DW
Inventory 1.75 3.5
— 125 1.50
Operating 1.35 2.5

Table 2 Load factor and reliability index in CHBDC

Load Br
factor 250 275 3.00 325 350 375 4.00

Yo .10 112 114 116 118 120 1.22
Y 135 142 149 156 163 170 1.77

Table 3 Load factor and reliability index in KHBDC-LSD

Tp
DC DW
Design 1.25 1.50 1.80 3.7

YL Br
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Fig. 1 Live load models

Table 4 Impact factor in KHBDC and KHBDC-LSD

KHBDC KHBDC-LSD
I t fact 15 < 0.30 0.25
mpact factor I+ = .

Table 5 Multiple presence factor in KHBDC and KHBDC-LSD

& ARE 0]8-3} Table 60| YERHA RCS 971 1l &, PSC 11 Number of load KHBDC KHBDC-LSD
N 3, STB 1170 w0 2 5 31709) A ol A Al ! 1.00 1.00
sEaygs 2agt) wek §AW A7 FAL RCS 2 1.00 0.90
©] 739 Zth 8moll Al 21.6m, PSC &) 7-9-25moll A 35m, 3 0.90 0.80
STB R #2] 73-9- 40moll 4] 63mo]Tth. 4 0.75 0.70
Table 691 43 % 3179 ke A3k, &, A2 Ad =3 07 065
Table 6 Specification of example bridges
Type Overview Br.No. Rep. Br. Span (m) Width (m) Sl((g;’:;?;%le sng;:;ezm)
Br01 - 8 9.5 0
Br02 - 10 10.0 0
Br03 - 12 10.0 0
Br04 - 15 16.0 0
RCS Br05 R1 15+15+15 10.5 20 -
Br06 R2 11+15+11 18.3 0
Br07 R3 12.5+15+12.5 10.5 0
Br08 - 12+17.8+12.8 19.5 8
Br09 R4 12.24+21.6+12.2 18.3 0
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Table 6 (Continued)

Type Overview Br.No. Rep. Br. Span (m) Width (m) Slzz:;;a:;le spaGc;;ieEm)
Br10 - 25 19.5 10 2.2
Brll P1 25 19.5 2.2
Bri2 - 30 19.5 2.2
Brl3 - 30 19.5 20 2.2
Brl4 - 30 23.5 5 2.4

PSC Brl5 - 30 23.5 20 2.2
Brl6 - 30 19.8 0 22
Brl7 P2 30 28.0 0 24
Brl8 - 35 12.3 0 24
Br19 P3 35 10.8 0 2.8
Br20 P4 3@35 12.6 0 2.6
Br21 - 40 20.5 50 5.0
Br22 - 45+45 19.5 0 7.2
Br23 - 45+45+45 39.0 5.6
Br24 S1 45 19.5 0 7.2
Br25 - 45 19.5 10 72

STB Br26 S2 40+4*49+40 20.3 0 5.7
Br27 - 50 28.2 0 4.5
Br28 - 50 19.5 0 6.5
Br29 - 55 20.9 0 5.8
Br30 S3 45+50+56+50 38.1 0 5.6
Br31 S4 63+63 21.2 0 3.5

1.50 —
1 =Positive moment
1.25 A
-] |
S I K S g S e T (SR  —
- 1
~ 0.75 4
050 ] RCS | PSC | STB
2238 E5R82S 0NN IRS NSRS DARI LSRR
ol e W SR s o e o s < S Blc s Mo o Mo o s s B S <o e Mo B w s o s s Bt s M|
Bridge number
(a) Unfactored live load effect
1.50 —
| =Positive moment
1.25 4 =Shear
m o
2 1.0
- ,
~ 0.75 -
0.50

Bridge number

(b) Factored live load effect

Fig. 2 Comparison of design live load effect of KHBDC and KHBDC-LSD
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Table 7 Statistical parameters for resistance

Random variable A 1 Distribution
Moment 1.229 0.130
RCS
Shear 1.289 0.144
Moment 1.056 0.073
Resistance PSC Log normal
Shear 1.274 0.139
Moment 1.180 0.093
STB
Shear 1.224 0.115
Table 8 Statistical parameters for load effect
Random variable A 1) Distribution
RCS 1.05 0.10 Normal
DC PSC Normal
1.03 0.08
Load effect STB Normal
DW 1.00 0.25 Normal
LL 1.00 0.20 Gumbel
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Fig. 3 Calibration of live load factor for load effects

TUS e 2 HAQTAEE R, T 31 4] (49} 2

o] hEpaITY,

Rreq = ¢

Aq71NA, o= ABGATE

WA 7EANA A=A

o] Ak A A=} -:—7<171-§__/] H =
A2 88t aAsteAs

+ 1.005E 0.102)
SAFE NS = e AESE

< 283k, FelEAlT

SAE Tl Al

1
Y (WDGDC‘*' YonD W+ VLLL)

o). AATE

4

TE SRR, A »7;“/\2 283t
T8t 57| A%
2 Ypes Yow = 1.25, 1.50

Tt FrL ST ATE

42 7| &sEAS Fot

SHASEN 2 A 7 Rke] 7} el AE Alkstr] 915t
o, 31709 RFS o E AF = sl AlS A B
ol st T) 7} shaaatel tigl st A A B
oA A= Fig. 30 YEMNRATE Fig. 3(a), (b), (c)oll A<} 2

o] JERIE, F-ERIE,

AdsE v =

= =T

PSCa9] A1F] =X|4=7} 714 =31, RCS 1, STBIL

= nA .

=l3

271719 A2

gl

B 23 ATFS Kol
&0 F Ab

A=A Fig. 3(a) S AAZ AR E] T3 Az Holx
A}, A B3 s
S Al9+= RCSS] 7% 1.7, PSC19] 739 1.5, STBL 9]

739 1.8Z A H At o] ol wh2} 34 A

A

91378 HESE A4 T

_7E]:O] )\47;”"‘1_0/] ek

FAZEAF3.7S FRaL) el s i SsEAFT .
8E ULS 19| &3t5ATe} U #h o= AER AT AA
g ke A4 geke
Aol gk A= Table 90l YFERH AT Table 95 B9, &
R0 2 STBW = AAIT7E 1002 Aol vk <k

S5} BeEe) BRUAEATE

Zd&0] yo}, AF=A]

= RCSE) PSC O v LA

AT, ool wet W72 BIEAL =AGE TE}E

= 875 e HL g

+ STBIOA] 14002 714

Table 9 Minimum required live load factor after calibration

Minimum required live load factor

Moment

Bridge Shear
type Positive Negative
Brp=3703,=300,=373,=300,=375,=30
RCS 1.7 1.3 1.5 1.1 1.8 1.4
PSC 1.5 1.1 1.3 1.0 1.0 1.0
STB 1.8 1.4 1.7 1.3 1.8 1.4

A AT webA o] E=ZelA AR o' A A s
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1.400.2 Ak}
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SF)E ARgsH7| 2 gt 318-3-9 3 A= gk SFE 2] 2
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Table 10 Resistance factors for design codes

Desig Bridg Member resistance Material factors

factors
e type .
code Moment  Shear Concrete  Reinforcement
RCS
USD 0.85 0.80 -
PSC
RCS
- 0.65 0.90
LSD PSC
STB 1.00 -
Table 11 Load factors according to design code
v
Design code limit state S YL
DC DW
ASD - 1.00 1.00
USD - 1.30 2.15
SLS 2 (STB) 1.00 1.00 1.30
SLS 3 (PSC) 1.00 1.00 0.80
LSD ,
ULS 1- design 125 150 1.80

ULS 1- evaluation (proposal) 1.25 1.50 1.40
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Fig. 4 Safety evaluation for moment of RCS bridges
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Fig. 6 Safety evaluation for moment of STB bridges
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Fig. 7 Safety evaluation for shear of RCS, PSC and STB bridges
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