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/] ABSTRACT /

Resonance occurrence conditions are explored by performing dynamic interaction analysis of arch bridge and KTX trains. The target
bridge is a 3D tied-arch bridge having span length of 120m. KTX trains consist of two power carriages, two power and passenger carriages
and sixteen passenger carriages. When KTX trains run on the target bridge with the uniform speed of 100 to 500km/h, the dynamic
responses of the bridge induced by moving trains are obtained from railway arch bridge-train interaction analysis. Two resonance
conditions are presented and whether the resonance phenomena occur or not at the suspicious resonance velocities is rigorously
investigated through bridge deflections and accelerations and their FFT analysis.
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Fig. 1. KTX train power carriage
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Table 1. KTX train properties (mm)

Motorized Passenger

Power car trailer car
Mass of car body (kg) 54960 42758 26750
Mass of bogie (kg) 2420 2446 3043
Mass of wheel-set (kg) 2050 2048 2003

Moment of inertia for

59.4, 1132.8, 55.5,1641.5, | 33.94, 971.8,
car body oy loy, lcz

ton.m?) 1112.9 1694.9 971.8
Moment of inertia for | 1.645, 2.593, 2.03, 3.20,
bogie /by, lby, lbz(ton.mz) 3.068 207,326, 3.86 3.79

Moment of inertia for
wheel-set /ax, lay, laz 1.03,0, 1.03 1.03, 0, 1.03 1.03, 0, 1.03

(ton.m?)
Primary suspension 40000(10), 40000(10), 55000(6),
Koo Cobx), Keby{ Ceby), Keo 9000(10), 9000(10), 11000(6),
ACobz),KebA Cebo) 1250(10), 1250(10) , 800(6) ,
[kN/m, kN.s/m] 3800(4230) 3800(4230) 3800(240)
Secondary
suspension 303(100), 100(30) 100(20),
Kbax( Chax), Kpay/ Chay), Kb 303(100), 150(30) 37(’) 20) 170(20),
a2 Chaz) 1270(20) ’ 303(20)

[kN/m, kN.s/m]
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Input train and bridge data

!

Eigenvalue analysis for bridge

|

Calculate initial value at t =0

!

Construct matices for train and bridge

t=t+At
Calculate the position of train

Assume train and bridge responses for iteration step k+1

using the responses at the last iteration step

Calculate interaction force F, & solve the equation of motion for train
to find train responses for k+1 iteration step

Calculate interaction force Fy, using the assumed bridge responses for k
iteration step and calculated train responses for k+1 iteration step

Solve the equation of motion for bridge to find bridge responses for
k+1 iteration step

Compare the assumed responses for k iteration step and calculated
responses for k+1 iteration step

No

Tolerance < 0.1%

No lYes

t +At > Total time
J, Yes
End

Fig. 2. Flow chart of the iterative method
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Fig. 4. Tied arch bridge

Table 2. Section properties (mm)

Main girder Box 2500x1900x30x32
Arch rib Box 2500x1900x30x32
Transverse beam Box 1500x1200x30x30
Bracing H 300x300x10x15
Arch transverse beam Pipe 1400x33
Hanger H 500x400x20x25
Longitudinal beam H 95x890x18x30

o1 g-5t0] WS BT, TEE AF E4el B 1HAZ 7] A 7F

R PP BE LR

Table 3. Natural frequency

In—plane mode | cycle/sec Out—r::)—d;:;lane cycle/sec
1 1.534 1 0.619
2 2.223 2 1.025
3 3.062 3 4.681
4 4.005 4 7.361
5 4.299 5 7.551
6 4.402 6 10.04

(a) 1st mode shape (b) 2nd mode shape

(c) 3rd mode shape (d) 4th mode shape

2
)

4 .;;{/‘(‘/W“ = 1 sl e

(e) 5th mode shape (f) 6th mode shape

Fig. 5. In-plane mode shapes (Vertical and axial directions)

(a) 1st mode shape (b) 2nd mode shape

(c) 3rd mode shape (d) 4th mode shape
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At
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(e) 5th mode shape (f) 6th mode shape

Fig. 6. Out-of-plane mode shapes (Direction perpendicular to
bridge)
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Fig. 11. Comparison between dynamic and static displacements
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Table 4. 3, by the increasing train speed

Velocity 8, Velocity 8,
(km/h) (km/h)
100 0.150845 310 0.467619
110 0.165929 320 0.482703
120 0.181014 330 0.497788
130 0.196098 340 0.512872
140 0.211183 350 0.527957
150 0.226267 360 0.543041
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180 0.271521 390 0.588295
190 0.286605 400 0.603379
200 0.30169 410 0.618464
210 0.316774 420 0.633548
220 0.331859 430 0.648633
230 0.346943 440 0.663717
240 0.362028 450 0.678802
250 0.377112 460 0.693886
260 0.392197 470 0.708971
270 0.407281 480 0.724055
280 0.422365 490 0.73914
290 0.43745 500 0.754224
300 0.452534
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Fig. 16. Comparison between dynamic and static displacements
at the quarter point of the bridge length (450km/h)
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