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Dynamic Responses Characteristics of Steel Box Railway Bridges Subjected to Train Loading
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ABSTRACT

By rising the interests of the railroad, It has been required the research about railroad structure. And since 2000, the
study about railway bridges caused by steel box railway bridges has been only 0.2%. So I was hard to find out about
steel box railway bridges. In this study, I evaluate and analyze 4 types(KTX, Saemaeul, Mugunghwa, Freight) of dynamic
caused by train loading, natural frequency and damping ratio, verticality deflection and verticality acceleration, end slope
deflection, impact factor for dynamic characteristics analysis. natural frequency was measured 2.45Hz~3.34Hz and damping
ratio revealed for 1.26~2.84%. Maximum verticality deflection(4.86mm) was sufficiently satisfied the design
criteria(30.1mm), but in the case of verticality acceleration's respond, design criteria BRDM(Bridge Design Manual) &
CTRL presentation derive rail limit value 0.35g be more than value 6 time recorded, maximum was measured 0.49g in 3
kinds of train(KTX, Saemaeul, Mugunghwa), except for Freight. Survey impact factor of Experiment bridge was 0.20
which is measured when the KTX(15:04) was driving. impact factor is enough contended with design criteria 0.29 which

is presented in domestic railway design criteria and thoroughly guarantee the dynamic stability.
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Table 1 Vertical deflection criteria in the domestic

Classification Criteria

Span Length

. 0<L<50m L >50m
Velocity(km/h =

Verticality

deflection V=120 L/800 L/700

(Gnar) 120 <V <150 L/1100 L/900

150 <V <200 L/1600

< 18m L > 18m

Impact Factor(i) 244240/
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Fig. 5 Monitoring sensors set up and measurement
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Table 2 Deflection and acceleration on train loading

s 00 T Velocity | Deflection Acceleration(g)
R I= i P kmm) [DT 1[DT 2| Up line | Down line
2. el Ea W S(D) 56 | 2.94 | 3.06 0.09 0.49
: i K(U) 107 | 3.44 | 3.01 0.12 0.11
0o 0 4 8 12 16 20 24 0 0 4 8 12 16 20 24 K(D) 74 2-99 3-49 0-07 0-17
Time(sec) Time(sce) M(D) 58 2.60 | 3.02 0.12 0.49
(a) Acc 1 (b) Acc 2 M(U) | 101 | 483 | 446 | 04l 0.14
s s K(D) 139 3.63 | 4.28 0.12 0.46
2 . 2 > K(U) | 144 |437]377] 031 0.20
£ oy Al K —— i, Fi M(U) | 82 | 486 | 447 | 049 0.25
z2 i z: u / MU) | 113 [298 [ 253 | 039 0.20
:20 4 '8 12 16 20 24 ::0 4 8 12 16 20 24 M(D) 84 3.42 4.12 0.10 0.26
Time(sec) Time(sec) F(U) 67 - - 0.07 0.05
(c) DT 1 (d) DT 2 Criteria 035 Maximum 0.49 Ratio | 0.35/0.49
L " (France) value (%) | =1.4(N.G)
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Table 3 Natural frequency and damping ratio on train

classification

Pass Natural Damping ratio(%)
Train . frequency

time

Acc 1 | Acc 2| Up line | Down line

S(D) 12:55 | 2.62 | 2.78 1.75 1.71
K(U) 13:05 - -
K(D) 13:13 | 2.65 | 2.77 2.66 2.13
M(D) 13:14 | 3.02 | 2.81 1.84 1.53
M(U) 14:03 | 2.65 | 245 2.08 2.35
K(D) 14:40 | 2.63 | 2.93 1.46 1.39
K(U) 15:04 | 2.79 | 2.84 1.27 1.26
M(U) 15:20 | 2.60 | 3.34 1.34 1.35
M(U) 15:45 | 2.80 | 2.97 2.84 2.75
M(D) 16:19 | 2.92 | 2.73 242 243
F(U) 16:20 | 2.85 | 2.92 2.14 2.05
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Fig. 10 KTX Train Natural Frequency : 2.84Hz

8.0x107 v

- T
_ T

7.0x107 }

somogj

4.0x107
3.0x10”
20x10°
1.0x10°

00 ,M\"\

o

6.0x10°

Power

|
s
‘ !
2

1

1y N

3

Ly
H

5
Frequency (Hz)

Fig. 11 Saemaeul train natural frequency : 2.78Hz
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Fig. 12 Mugunghwa train natural frequency : 2.60Hz
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Table 4 End slope deflection on train classification

. Pass |End Slope deflection

Train . Reference
time (radx10 =)
S(D) 12:55 0.47
K(U) 13:05 - Criteria
K(D) | 13:13 0.51 (France)
M(D) | 13:14 0.61 6.5x10°
M(U) | 14:03 0.42 Maximum
K(D) 14:40 0.42 value
K(U) 15:04 0.63 0.78x10°
M(U) | 15:20 0.56 .
- Ratio(%)
M(U) | 15:45 0.43 0.78/6.5=
M(D) | 16:19 0.43 8.3
F(U) 16:20 0.78
2
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Fig. 14 Displacement of DT 3 and DT 4
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Table 5 Impact factor(i)

. Pass Impact Factor(i) .
Train i DT 1 DT 2 criteria
S(D) 12:55 0.06 0.07
K(U) 13:05 0.14 0.10
K(D) 13:13 0.07 0.16
M(D) 13:14 0.07 0.09
M(U) 14:03 0.11 0.09 0.29
K(D) 14:40 0.12 0.15 '
K(U) 15:04 0.20 0.16
M(U) 15:20 0.08 0.06
M(U) 15:45 0.10 0.06
M(D) 16:19 0.08 0.09
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