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Abstract This study proposes a bridge evaluation system for indivisible permit vehicles such as hydraulic
cranes. The permit loads for the bridge evaluation are divided into three categories: routine permit
loads, special permit 1 loads, and special permit 2 loads. Routine permit and special permit 1 vehicles
are allowed to cross a bridge with normal traffic. For these two permits, the standard lane model in the
Korean Highway Bridge Design Code was adopted to consider normal traffic in the same lane. Special
permit 2 vehicles are assumed to cross a bridge without other traffic. Structural analyses of two
prestressed-beam bridges and two steel box girder bridges were conducted for the proposed permit
loads. The rating factors of the four bridges for all permit loads were calculated as sufficiently large
values for the moment and shear force so that crossing the bridges can be permitted. A reliability
assessment of the bridges was performed to identify the reliability levels for the permit vehicles. It was
confirmed that the reliability level of the minimum required strength obtained by the load-resistance
factors yields the target reliability index of the design code for the permit vehicles.
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Table 1. Classification of permit types, regulations
and examples of cranes

Regulation
Permit guatl - Example
. Loading :
type Period Frequency . of crane
condition
Mix with 2,3, 4
Routine |Less than 1 Unlimited 1w 3
ermit ear crossin, normal axle
P Y 8 traffic cranes
Mix with , 6
Special | 30 ~ 90 Less than oW >
ermit 1 days 100 crossing nor@al axle
P traffic cranes
Escorted
. . 7.8, 9
Special - Single trip onl with no axle
permit 2 g b only other
. cranes
vehicles
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Fig. 1. Axle loads and dimensions of the standard
truck load in Korean Highway Bridge Design
Code (Limit State Design)

Fig. 2. Dimensions of the 6 axle hydraulic crane
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Fig. 4. Permit load models: (a) Actual loading
condition, (b) Idealized loading condition
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) Type of live Bending Moment (kN-m) Shear force (kN)
Bridge load DC oW LLy | Loy DC ow | Ly | Ll
KL-510 6496.1 643.1 3557.3 - 586.9 59.6 407.7
) 4 axle crane 6496.1 643.1 1082.1 2898.4 586.9 59.6 69.7 372.4
e A |5 e crane | oi961 | 631 | 1021 | 3332 | 869 596 69.7 4203
6 axle crane 6496.1 643.1 1082.1 3651.4 586.9 59.6 69.7 456.6
7 axle crane 6496.1 643.1 - 3633.6 586.9 59.6 - 479.8
KL-510 6068.2 209.3 2034.1 560.2 249 325.7
Bridge B 4 axle crane 6068.2 209.3 617.5 17139 560.2 24.9 68.1 318.1
(Continuous 5 axle crane 6068.2 209.3 617.5 1948.4 560.2 24.9 68.1 357.2
Beam) 6 axle crane 6068.2 209.3 617.5 2101.6 560.2 24.9 68.1 377.0
7 axle crane 6068.2 209.3 - 2146.3 560.2 24.9 - 401.5

Table 3. Load effects in gir

ders of the steel box bridges

i Type of live Stress due to the bending moment (MPa) Shear force (kN)
Bridge load DC W LLy | Loy DC oW ILy, | Ll
KL-510 72.3 11.8 33.8 851.9 140.3 494.4
i 4 axle crane 72.3 11.8 17.8 20.2 851.9 140.3 222.3 371.8
B<r21§goex>c 5 axle crane | 723 118 1758 220 8519 1403 2223 411.0
6 axle crane 723 11.8 17.8 23.7 851.9 140.3 2223 451.2
7 axle crane 72.3 11.8 - 15.6 851.9 140.3 - 397.5
KL-510 95.5 14.4 67.4 1101.8 179.9 658.1
] 4 axle crane 95.5 14.4 453 36.3 1101.8 179.9 280.5 454.2
ey | 5ae crane | 955 144 453 44 | 1018 | 1799 | 2805 | 5074
6 axle crane 95.5 14.4 453 45.0 1101.8 179.9 280.5 551.2
7 axle crane 95.5 14.4 43.7 1101.8 179.9 - 4703

Table 4. Strengths, rating factors, and reliability indexes of the girders for the four bridges

Load effect Bridge Load type Nominal repeth Design RatmlgéFidCtOL Aiilj . indRez);quﬁired
I %ez%%ne 21309.1kN'm | 18970.7kN-m igé ggg %g%
i&;nnciierﬁ B G axlo crane 21331.4kN'm 18998.5kN'm 2:73 8:45 22§
/Stress - C %‘i:%%ne 292.0MPa 292.0MPa %%2 EE? i ;
D 6 axle crane 354.6MPa 354.6MPa 1:48 6:02 4:25
- A ¢ %{{%ﬂe 2870.0kN 2583.0kN g% 2;2 %%E
Shear B 6 axle crane 3126.5kN 2813.9kN 2:84 7:42 3:82
force N %ez%%ne 3080.0kN 3080.0kN 22% gég zzz
D 6 axle crane 4434.0N 4434.0N 2:18 6:73 3:75
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Table 5. Load and resistance factors in Korean Highway
Bridge Design Code (Limit State Design)

Load factor Resistance factor (¢,.)
Material factors Member resistance
factors for
for PSC
DC | DW | Ll | LLck steel structures
Concrete Reinforce Moment | Shear
ment

1.25 | 1.50 | 1.80 | 1.40 0.65 0.90 1.00 1.00
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Table 6. Statistical parameters of random variables

Bias Coefficient Distribution
Random variable a of Reference
factor . type
variation
DC 1.03 0.08 Normal ol
DW 1.00 0.25 Normal
Load effect| 77, | 1.00 020 |Lognormal| [10]
Iice | 100 | 020 |Lognormal| Tesem
study
Moment| 1.056 0.073 | Lognormal
PSC [11]
Member| Shear | 1.274 0.139 Lognormal
strengths |Moment | 1.180 0.093 |Lognormal | [12]
t
= Shear | 1.224 0.115 |Lognormal | [13]
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