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ABSTRACT : AASHTO LRFD and Korean Bridge Design Code (Limit State Design) specify to consider Truck and Lane load
simultaneously determined from reliability-based live load model, and impact shall be applied to the truck load while it shall

not be applied to the lane load. In this paper, vehicle-bridge interaction analysis under moving truck and lane loads were

performed to estimate impact factor of the cables and girders for the selected multi-cable-stayed composite bridges with

230m, 400m and 540m main span. A 6-d.o.f. vehicle was used for truck load and a series of single-axle vehicles was applied

to simulate equivalent lane load. The effect of damping ratio on the impact factor was estimated and then the essential

parameters to impact factor, i.e., road surface roughness and vehicle speed were considered. The road surface roughness was

randomly generated based on ISO 8608 and it was applied to the truck load only in the vehicle-bridge interaction analysis.

The impact factors evaluated from dynamic interaction analysis were also compared with those by the influence line method

that is currently used in design practice to estimate impact factor in cable-stayed bridge.

KEYWORDS : composite cable-stayed bridges, truck and lane load, impact factor, vehicle-bridge interaction analysis, road surface

roughness, influence line method
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Table 1. Road surface class

Road Pavement G,(£2,)[10"%m]
Class Quality Geometric mean
A Very good 1.0
B Good 4.0
C Medium 16.0
D Poor 64.0
E Very Poor 256.0

-
o

Road Surface Roughness(mm)
; é‘ n o o =

-
o,

10 20 30 40 50 60 70 80 90 100
Distance(m)

o

Fig. 1 Example of generated road surface (class B)
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Table 2. Characteristics of truck model (KL-5610)

Parameters Properties
i 1 | 2 | 3 | 4

M (10%kg) 34.24
I(10°%kg » m?) 351.56

M,; (10°kg) 0.45 1.26 1.26 1.80
k. (EN/m) 992.0 | 2,789.0 | 2,789.0 | 3,967.0
¢y (kN s/m) | 11.1 31.2 31.2 44.4
ky; (kN/m) 1,586.0 | 4,462.0 | 4.462.0 | 6,346.0
¢ (kN « s/m) 1.5 4.2 4.2 6.0
Q. (kN) 36.0 | 101.25 | 101.25 | 144.0

Table 3. Characteristics of single-axle vehicle

Parameters Properties
M (10%kg) 11.361
M, (10°kg) 1.59
k, (kN/m) 3498.0
¢, (kN « s/m) 44.5
k, (kN/m) 5842.0
¢, (kN + s/m) 5.3
Q (kN) 127.0
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Table 4. Material and section properties of members

Main Member £ Az 4 L
span (GPa) (m) (m*) (m*)
Cable | 900 | 0.00305~ - -
Steel | 5700 | 0.00763 0.0570 | 0.0018
230m| girder"” 50,0 0.1016 - -
RC deck | 5He'y 5.66 8.12~ | 25.67~
Pylon” Y 19.20~19.77 | 4769 | 66.39
Cable | 99 o | 0.004656~

Steel | 2000 | 0.012068 | 0.0775 | 0.0036
400m| girder 01 700073 - -
RC deck | 200 | 735 | 2043~ | 57.17~

Pylon? | 286 | 15.60~31.04| 127.51 | 210.25
Cable | o0 o | 000466~ - -
Steel | 5000 | 0.01135 | 0.3623 | 0.0303
540m| girder y 0.2342 - -
RC deck ggg 1033 | 28.95~ | 83.06~
Pylon? | 286 | 15.85°49.23| 564.25 | 597.73

Table 5. Natural period of the bridges

1) 1, and Zare moment of inertia of steel girder with

respect to the horizontal and vertical axis, respectively.
2) 1, and Z are moment of inertia of pylon with respect to

the longitudinal and transverse axis, respectively.
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Main span Vibration mode Period (sec)
Vertical mode 2.008
230m Longitudinal mode 1.637
Torsional mode 1.579
Vertical mode 3.623
400m Longitudinal mode 3.058
Torsional mode 2.525
Vertical mode 3.968
540m Longitudinal mode 3.333
Torsional mode 2.571
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Fig. 3 Configuration of the cable-stayed bridges and
selected points for evaluation of impact factor

Fig. 4 3-D Numerical model for 540m main span bridge



(c) Torsional mode

Fig. b First mode shapes (main span 540m)
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Calculate vehicle position and road surface roughness
at current time step

!

| Assume trial displacement of bridge, x.” |

Solve equation of vehicle motion
considering road surface roughness and bridge displacement

!

I Calculate contact force onto the bridge from the vehicle

!

Solve equation of bridge motion
and obtain new displacement of bridge, x|’

Update
bridge displacement

No l

Check tolerance
& <1.0¢10"

| Caleulate {x,}. {X,} of bridge at current time step |

| Go to next time step |

No End of time step

Fig. 6 Macro-flow of vehicle-bridge interaction analysis
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