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Site-specific live load factor by reliability analysis

School of Ocean Science. Cheju National University.

This

Sang-Jin Kim and Hyun-Soo Park

Jeju-Do 690-756. Korea

study determines the site-specific live load factors using the reliability analysis and reviews the

appropriateness of the live load factor of the AASHTO LRFD bridge design specifications. The Rackwitz and
Fiessler method is used for the reliability analysis. The analysis is performed for the reinforced concrete T-girder

bridges. The spans. spacings. and depths of bridge girders are considered as main design variables of the

reinforced concrete T-girder bridges. Statistical characteristics of the resistance of the T-girder bridges and those

of the dead load are obtained from the literature survey.

The statistical characteristics of the site-specific live

loads are estimated from the data of the truck axle weights and axle spacings measured in Michigan. The

results of the site-specific live load factors were varied from 12 to 3.4

The decisive element for the

determination of the live load factors is found to be the bias factors of the live load. If the design provisions

are satisfied. the change of the spacing and depth of the girders has little influence on the reliability of the
bridges. The results show that the live load factors of the AASHTO LRFD bridge design specifications cannot

accommodate the live load variations for various sites.
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Fig. 1. Definition of reliability index.

Table 1. Reliability index(B). reliability. probability of failure

Rebility index Reliability Probility of failure
3 ( Py=1—Pp) Pe
2.0 0.9772 0.0228
25 0.99379 0.00621
3.0 0.99865 0.00135
35 (1999767 (.000233
4.0 {.9999683 0.0000317
45 (1.99999660 0.0000034
5.0 (.999999713 0.000000287
5.3 (1.9999999810 (.0000000190
6.0 {.99999999013 (.000000001987
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Fig. 2. Bridge model for Structural Analysis.
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Table 2. Statistics of design variables
Variable Bias ( A) C.OV Distribution
Concrete strength f 0.85 0.18 Normal
Steel strength f, 1.13 0.098 Log normal
Resistance Steel area A Nominal 0.03 Normal
Effect depth o Nominal 0.0152/dn Normal
Modeling B 1.01 0.046 Normal
Pavement Mpq 1.00 .25 Normal
Dead load .
Concrete My 1.05 .10 Normal
) Static live load M. - 0.11 Log normal
Live load - . .
Dynamic live load My, - .30 Normal
- Dynamic live load mean=75years maximum moment of a truckx0.15
- dn = Nominal value of effect depth
Table 3. Location of bridges. ADTT and number of surveyed trucks
Brevity Bridge location (On;\gl?tion) I\umbeirﬁikssurveyed
US23/HR US-32 northbound over the Huron River 2,000 910
US12/194 US-12 Eastbound to M-10 Northbound 300 165
DA/MI0 Davison Avenue over M-10 730 258
M36/M10 M-39 Southbound to M-10 1.500 637
194/175 [-94 Westbound to [-73 Southbound 1.500 295
M153/M39 I-153 over M-39 300 160
M50/GR M-50 over the Grand River 500 584
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Fig. 3. Maximum moment ratios from truck survey
and HL-93 for simple spans(24 m).

25 . -

I _ e
-~ US23HR  —e— 194075 |-

-+ - US12394  —m- MI53/M39 "

2 —o- - DAM10 = MS0GR |
& M39iM10 .

Rl SR

Truck Moment/ HL-93 Moment

1 Ay oo —
+ > g e S
0 — - —— [T G
9 12 15 18 21 24 27
Span (m)

Fig. 4. Maximum values of maximum moment ratios
from truck survey and HL-93 for simple spans.

AP AL 9m 2m 1om 18m. 2l m. 24 mell A9
A g 2HES s 281 AASHTO LRED

9 HL-93sh5ol osf dge RAEZ UFX o
gg g TAadch Fig 32 2 A99 s
ogt HHeHES HL-93 st5ol 2o HdrdEY]
FolA A 24mel st FFdEA A £AF A

)

ol Fig. 4& P9 zzte] @& mAEH S AH
g 7 oo Agd= Jebd AHeloh HL-93 44

_61_

siadofl olFt XAEY HotSH T

At KJEHQC‘ US237 HROﬂ
e MI153/M3G0l A 05101 53]

A AASHTO LRFD9 #3354
stoats A4 EY skEol 9¢ &2

ol

754 Z[|DHEH| FH

Ao wEZ o gaFAT
ulgfo Wi B8 A2 F glep o
RNEFS d2stn 72 2L B2 Hd LWEE
23 sl= wgozm Nowak(1993)0] #HAls
AASHTO LRFDS HAHo ALRFHRcTh A&
Edg i 71’&
OEHE}J—'— s
1HH0]

g 932

ok
o
fr

Ao

(o]
oy 20F

bt 4
oS

N
>
o e
rﬂ.dﬂmln
oo 1o & 2 K

El

T o o o ¥
ol
rlo

ng

Bl
MM ofm

rlo

4y m

E%%‘Oﬂ e
0 Colt}h o] HEF

&
!

|

5

2

L

2

A% g Z
Fell 4= 29)
BEeTn AHEEn
54tk Table 4= Z
LhE}
Eis

It

ol

(2]
[F%]
[IX]

XN
==

o fo df N m
o
ki
o
ol
g

i
N4
2 N

i
o
to rf

N

1

H
g tlo ¢
ol

P oo

of M ox

%“_01
&=

)

ajel erd

o

£

‘”’*1 FAol 2lste] Astd FZ 237
AHgstal @ AASHTO LRFD(1998)
2R AZA AF 3.7 350 wE
} SeEASE w0 BHog A An gHE)
< stgch a2im 7t w#Ee) x|zl distd M3
9] Hap7t Nowak(199319] gtEch 7] wFof £
AT AR BEAHY Aes A0 dst
o ZFste ANEA A5 okd Ha AR ATE
gt 2 dFoiy A AZEIdE TE A
fxe Poll U3 AN T A 1 Prh

7_1L



21 Ab K|
O e

-1
= =

ro

A
m

Table 4. Number of trucks(N) vs. time period and probability(Z)

Period - Bridge — =
US23/HR | US12/194 DA/MI10 M39/M10 194/175 M153/M39 | M50/GR

\day N 455 8;3 129 284 143 80 292

Z 2.849 2.2579 2.4232 2.696 2.4711 2.2462 2.7052
2days N 910 163 258 567 295 160 584

Z 3.0624 25107 2.664 2.9182 2.7086 2.4999 2.9273
T5years N 1245526 22584338 3331375 7760813 4037813 2190000 7796400

Z 5.24 49155 5.0024 5.152 5.0218 4.9095 5.1529
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Fig. 5. Extrapolation of maximum 75 years moment

ratio(194/175).
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