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Abstract

With the widespread application of long-span cable-stayed bridges, their dynamic response under
vehicle loads has attracted increasing attention. To investigate the effects of vehicle speed and road
surface roughness on the vehicle-bridge coupling vibration response and impact coefficient, a double-
tower double-cable-plane semi-floating cable-stayed bridge is taken as the engineering background.
A 3D finite element model is established using ANSYS, and a 13-DOF two-axle four-wheel van model
is developed based on force-displacement coordination conditions. The Newmark-f method is used
for time-domain solution under various speeds (30~90 km/h) and road grades (Class A to Class E).
Results show that the vertical displacement and acceleration at mid-span exhibit a “first increasing,
then decreasing, and then increasing again” trend with increasing speed. At 90 km/h, the impact
coefficient reaches its maximum of 0.1672, which is 234.4% higher than the code value, indicating
a significant resonance effect. As the road grade deteriorates (Class A to Class E), the maximum displace-
ment increases from 7.563 mm to 26.553 mm (3.51 times), and the impact coefficient increases from
0.0295 to 2.6146 non-linearly. This study reveals the dynamic response characteristics and key in-
fluencing factors of the impact coefficient for long-span cable-stayed bridges under vehicle loads,
providing a reference for the dynamic design and operation maintenance of similar bridges.
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Figure 1. Schematic diagram of the two-axle four-wheel vehicle dynamic model
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Table 1. Main dynamic parameters of the two-axle four-wheel box-type truck model
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Table 2. Material and element parameters of main bridge components
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Figure 2. Finite element analysis model of the full cable-stayed bridge
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Figure 3. Elevation layout of the main bridge structure
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Table 3. Dynamic characteristic parameters of the completed bridge state structure
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Figure 4. Road surface irregularity of each grade
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Figure 5. Mid-span time-history response of the bridge at a speed of 30 km/h
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Figure 6. Mid-span time-history response of the bridge at a speed of 45 km/h
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Figure 7. Mid-span time-history response of the bridge at a speed of 60 km/h
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Figure 8. Mid-span time-history response of the bridge at a speed of 75 km/h
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Table 4. Dynamic response and impact coefficient at mid-span under various driving speed conditions
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90 8.580 0.088 0.167 234.4%
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Figure 10. Dynamic response of mid-span nodes different vehicle speeds
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Figure 11. Impact coefficient at mid-span under different vehicle speeds
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Figure 12. Mid-span vibration response of bridge under Grade A road irregularity
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Figure 13. Mid-span vibration response of bridge under Grade B road irregularity
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Figure 14. Mid-span vibration response of bridge under Grade C road irregularity
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Figure 15. Mid-span vibration response of bridge under Grade D road irregularity
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Figure 16. Mid-span vibration response of bridge under Grade E road irregularity

& 16. E REE A FEE THRE PRI

B 12~16 734 Y T & BTS20 R B8 3T s B e eI AR N 2, M TR R R, A BR 1
H1 A SUBJCBAE B %, BN EMA 2R E MY G, A RTHT, WRIRSPIL-TH,
PRe TE HRTOLN, ALFE T HE0E L R, s B ) iR S sh R BRI n, SX R I AR AR 25
AR T Z GERIR A BR324 M58 1 HF R ) B O REBEIRRAIRAE /1, AT VT RE DN T3 55 453 115 AR
2, EEAMRIR RS 2 artag, Bk, WIRESCEME TR, Rk REEsg, s ial
PRSI N, A7 T HE AT B A6 JTER

Table 5. Comparison of dynamic responses at bridge mid-span under different road grades
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