Journal of the Korea Institute for Structural Maintenance and Inspection
Vol. 24, No. 6, December 2020, pp.92-101
https://doi.org/10.11112/jksmi.2020.24.6.92

PISSN 2234-6937
elSSN 2287-6979

Safety Evaluation of Concrete Bridges for Passage of Crane Vehicle Exceeding

Weight Limit

Sung-Jae Lee', Sang Seon Yu?, Younghwan Park’, Inyeol Paik™

Abstract: It is necessary to develop a rational method for evaluating the safety of bridges for the passage of inseparable crane vehicles exceeding the
limit weight. In this study, the same method applied to the development of the recently introduced reliability-based highway bridge design code -
limit state design method is applied to the calibration of the live load factor for the crane vehicle. Structural analysis was performed on the concrete
bridge and the required strengths of the previous design code, the current design code and AASHTO LRFD were compared. When comparing the
unfactored live load effect, the live load of the crane was greater than that of the current and previous design code. When comparing the required strength
by applying the calibrated live load factor, the previous design code demands the largest strength and the current design code and the crane live load
effect yields similar value. The results of safety evaluation of the actual bridges on the candidate route for the crane passage secured the same reliability
as the target reliability index required by the design code and the strength of the cross section of the actual bridge is calculated greater than the required
strength for the passage of the crane, which confirms the safety for the passage of the crane.
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Table 1 Load factor and impact factor

KHBDC AASHTO
-LSD(2015) KHBDC (2010) LRFD
Dead Load 1.25 130 1.25
Factor (*1.50) ’ (*1.50)
Live Load 1.80 2.15 1.75
Factor
15
Impact factor 25% L+40 33%
< (30%)
*Dead load factor for wearing surface
Table 2 Multiple presence factor
Number of KHBDC AASHTO
load -LSD KHBDC (2010) LRFD
1 1.00 1.00 1.20 (1.0)
2 0.90 1.00 1.00 (0.83)
3 0.80 0.90 0.85(0.71)
4 0.70 0.75 0.65 (0.54)
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Fig. 2 Crane vehicle with total weight of 60 tons
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Fig. 5 Live load moment for design load models
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Table 3 Resistance factor for flexure

AASHTO
KHBDC-LSD KHBDC LRFD
Resistance concrete 0.65 0.85 RC0.9
factor steel 0.90 ’ PSC 1.0

J. Korea Inst. Struct. Maint. Insp. 95



Table 4 Design strength of bridges for each design code (positive moment, kN-m)

Dead load Minimum Actual
Design Code M . section section Resistance
Type (by live load v le; fload Design Nominal Design Nominal factor
model) M M L strength strength strength strength ¢ = M,/ M,
DC DW
M, M, M, M,
KHBDC-LSD 118.7 12.92 171.3 476.1 547.2 726.0 834.5 0.87
RC slab br. KHBDC 131.6 199.2 599.3 705.1 709.3 834.5 0.85
LRFD 118.7 12.92 181.1 484.7 538.6 751.1 834.5 0.90
KHBDC-LSD 3,924 367 1,984 9,026 10,140 14,114 15,859 0.89
PSC beam br. KHBDC 4,291 - 1,709 9,251 10,880 13,480 15,859 0.85
LRFD 3,924 367 1,964 8,892 8,892 15,859 15,859 1
400 0.968l, LRFD= 712} 1.034l, 1.12819] HAAEE F31 9l
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Fig. 6 Design and nominal flexural strength for minimum required
strength (positive moment)
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Table 50l = 3he] A= =fAo) 288 AAMrE2 &
AE73 gk FEIskT o] o RC I PSCUF A=
TAEEL S 2 E, 2 g A AR, O
A 8L A o4 0] BASEE Aol AlgdoldE F

st T3k gho]th (Paik et al., 2009)
o] &l A DCE TRHA o} 1) T2 H2HEe] nAs)E,
DWE Z4H3} A E-0] 114350t} T12]al HA A 9X(bias

Table 5 Statistical properties of design variables

Nominal strength Dead load
Live load
RC slab PSC DC DW
beam
bias factor  1.227 1.056 1.04 1.00 1.00
C.0.V. 0.130 0.090 0.09 0.25 0.20
distribution log- log- normal normal extreme

normal  normal




Table 6 Design strength of bridges for crane load with different live load factors (positive moment, kN-m)

Dead load

Live load factor v,

Inner lane Design Nominal  Reliability
Outer lane Outer lane . .
. (design load) strength strength index
vehicle e Mo Mg Y Outer Inner )y, IY; 4
DC DW KL lane lane d n
KL-510 118.4 12.9 123.2 48.1 1.80 476.1 547.2 3.97
1.80 559.9 643.5 4.71
RC slab br. 1.60 525.9 604.5 4.35
CR w/KL 118.4 12.9 169.8 48.1 1.80
1.40 492.0 565.5 3.95
1.20 458.0 526.5 3.54
KL-510 3924 367 1368 616 1.8 9,026 10,142 3.91
1.80 9,481 10,653 4.42
P Scbbeam 1.60 9,157 10,289 413
r CR w/KL 3924 367 1,621 616 1.8
1.40 8,833 9,924 3.82
1.2 8,508 9,560 3.50
factor)= W] ks TAFOE Ui &, s 515A1 BA AR 4 (Sivakumar and Ghosn, 2011)S
Al9(coefficient of variation, c.0.v.)= EFHI}E HHFO 2 Auste] 83} o] IA| 37 2 A QA4S RIS
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&Y 3HA FORM(First Order Reliability Methods) (Nowak and
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Table 7 Dimensions of RC slab bridges on a candidate route for crane
vehicle passage (m)

Bridge Span Width Thicflzzss of
RCS 1 10+ 10 19.5 0.60
RCS 2 13+13 41.0 1.00
RCS 3 I1+15+11 38.5 0.66
RCS 4 12+18+12 19.5 0.50

Table 8 Dimensions of sample PSC beam bridges on a candidate route
for crane vehicle passage (m)

v O
PSC 1 25 19.5 2.2 1.75
PSC2 30 14.0 2.4 2.00
PSC 3 30 23.5 2.4 2.00
PSC 4 35 12.3 2.4 2.20
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