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A Case Study on Impact Factor of Bridge in Tunnels Subjected to Moving Vehicle

Load

Jae-Min Kim, Jung-Geon Lee, lk-Hyo Lee and Du-Hwa Lee

ABSTRACT This paper presents results of dynamic analysis for a bridge in intersection part of two tunnels subjected
to moving vehicle load. Since such a bridge system is very unusual due to the fact that it is located in tunnel, the dynamic
characteristics of the structure can not be assumed as conventional one. The  structure investigated in this study is a
reinforced concrete bridge in the intersection part of Namsan Tunnel-1 and Tunnel-2 in Seoul. It is supported by
temporary steel structure which shall be constructed during the period of replacing lining in Tunnel-2. Dynamic analysis
was carried out for the system using a finite element model constructed by general purpose FE program SAP2000. For
this purpose, the structure, lining of tunnels, and surrounding rock were represented by finite elements, while the rock
region is truncated and on its outer boundary viscous dampers were placed to simulate radiation of elastic waves generated
tunnels. Several types of vehicle with various driving velocities were considered in this analysis. The FE model including
vehicle loadings was verified by comparing calculated peak particle velocity with the measured one. From the analysis,
the impact factor for the bridge was estimated as 0.21, which indicates that the use of upper bound for the impact factor
in design code is reasonable for this kind of bridge system.

Key words : bridge, impact factor, moving vehicle load, soil-structure interaction
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Fig. 1. Configuration of intersection part of Namsan Tu -
nnel-1 and Tunnel-2 (Before Repairing)
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Fig. 2. Configuration of temporary steel structure under
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Table 1. Material properties of structures and rock region
used in FE analysis

Regions Mass Density | Young's Modulus*| Poisson's
& (kg/m’) (kgflem®) Ratio (v)
Rock 2,600 1.988% 10° 0.25
Lining of 2300 | 2225X10° (220)| 0.18
Tunnel-1
T-Beam 2,300 2324 10° (240) 0.18
Slab 2,300 2.013X 10° (180) 0.18
Steel Member 7.827 2.100X 10° 0.30

* Value in parenthesis is compressive strength of concrete
in kgffem’.
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Table 2. Properties of temporary steel structure used in FE analysis

Second moment of Inertia (m*)

Structural Cross-sectional

Members Area (m) I, I,
H-Shape Beam 2.29% 107 1.08%10° 1.95%10°
H-Shape Column 2.49% 107 2.35%10* 1.13X 107
2C-Shape (strong axis) 1.06X 107 117X 10" 3.26X10"
2L-Shape (strong axis) 595X 10 9.60X10° 9.10X 10"
2L-Shape (weak axis) 595%10° 9.60% 10° 3.44%10*
L-Shape X-Bracing 2.98%10° 4.80% 10° 4.80%10°
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Fig. 6. Viscous dampers on outer boundaries of FE
model
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Table 3. Maximum member forces in temporary steel structure subjected to continuous single-lane DB-24 Truck load

along centerline of Namsan Tunnel-1

. . Dynamic Analysis*
Member Force Static Analysis
v =30km/h U =60 km/h v=100km/h | v=150km/h
Axial Force (kN) -54.76 -55.52 (0.01) -59.71 (0.09) -58.87 (0.08) -62.19 (0.14)
Bending Moment (Weak axis, kN-m) 1.27 1.28 (0.01) 1.37 (0.08) 1.35 (0.06) 1.45(0.14)
Bending Moment (Strong axis, kN-m) 2.31 2.57(0.11) 2.80(0.21) 2.60(0.13) 2.78 (0.20)
* Values in parentheses are impact factors.
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Fig. 13. Time histories of member forces in temporary
steel structure due to continuous DB-24 Truck
load applied along centerline of Tunnel-1
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