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Abstract - Recently rapid-transit railway systems have been constructed in many developing countries due to its advantages in
congestions and environmental problems. Railway bridges show many different aspects compared to road bridges and passenger
comfort and traffic safety are one of them. In particular, deflection and acceleration due to repeated vibration characteristics have
a structural weakness that can cause undesirable response. Especially steel railway bridges have been known to have weaknesses
due to its relatively light weights compared to concrete bridges. The purpose of this study is to analyze the dynamic response of
steel box girder bridges due to passing trains then propose the appropriate method to mitigate the level of vibration in terms of
accelerations. Three steel railway bridges are tested and the numerical model to analyze the dynamic response of the bridge by
passing train are developed. For the verification of the model, the natural frequency extracted using the acceleration data
measured in the bridge is compared with the natural frequency of the numerical model. To mitigate the acceleration level of the
bridge, parametric studies are performed to find the effectiveness of the method. Based on the analysis, the appropriate method
is proposed for decreasing the acceleration of the bridge for passenger comfort and traffic safety.

Keywords - Dynamic response, Steel box girder railway bridge, Vibration mitigation
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Table 1. Measured bridges and test overview

Bridge Line Period and Events Span
length
A Junean 160924 14:00 ~ 161103 12:00 35m
B8 1 (41 days 720 times)
B Junean 161110 13:00 ~ 161222 13:00 25m
B8 (43 days 890 times)
160412 12:00 ~ 160602 13:00
K . 40
c yungbu (52 days 2,635 times) m
ACC2DT2
e
< Driving Direction
Lr’\ inl ul inl ul inl Iul inl L o -1 ul Iul inl ul ul Iul inl Iul inl
Al ! ;!_ r1
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Fig. 1. Sensor location of A bridge
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Fig. 2. Deflection and acceleration by wheel load and velocity (A bridge)
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Table 2. Measurement results Table 3. Comparison with design criteria
A B C A B C
Min. 23.6 14.3 46.8 Measurements | 5.247 | 3.056 | 8.392
Velocity
(k/h) Ave. 98.7 79.0 108.7 DT % 9.00 7.33 12.59
(mm) i
Max. 148.0 112.0 137.0 Traffic Design values 5833 | 4167 | 66.67
Min. 127.5 117.9 933 safety £/600
Axle load Ave. 254.1 257.2 184.1 ACC Measurements | 0.446 0.607 0.307
(kN) Max. 455.9 528.9 570.9 (2) % 12743 | 173.33 | 87.71
COV 0.159 0.170 0.190 Design values| 0.35 0.35 0.35
Min, | 454 0811 1334 Measurements| 5.247 | 3.056 | 8.392
Passenger| DT % 2624 | 18.34 | 39.87
DT Ave. 3.615 2.199 4.450 comfort | (mm) e 1 2000 | 1667 | 21.05
(mm) Max. 5.247 3.056 8.392 csigh values = /1750 | = L/1500 | = Z/1900
C.0.vV 0.234 0.207 0.244
Min. 0.016 0.007 0.022 3. 3| 29 = 9l H|W
ACC Ave. 0.067 0.105 0.052
(® Max. 0.446 0.607 0.307 3.1 914 o
(OXOAY 0.523 0.892 0.354
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Fig. 3. Modeling of bridges
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Table 4. Secondary dead load

Rail
. 1.5 kN/i
(Including fasteners) /m
For general railway 4.1 kN/m
Sleeper - -
For high-speed railway 5.0 kN/m
Ballast 19 kN/m?
Sub-ballast 16 kN/m?
Concrete slab 24.5 EN/m?
Concrete sub-slab 24.5 EN/m?
250
200
=z
)
=150
5 100
=
50
0
0 05 1 15 2 25 3 35 4 45 5 535
Time(sec)

Fig. 4. Generated train load (28 axles)
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Fig. 5. Time history analysis procedure

Table 5. Natural frequency of bridges

Bridge Measurement (Hz)| Analysis (Hz)
A 4.229 4.379
B 6.150 5.440
C 3.845 3.472

>
S
o
1%
:?L_f’
>
=
B
@D
s
0
@
@]
=
b
>
B
o,
<
@,
<y
oL, [‘[0
-
BN
Gl
=2,
of
2

2]

|
= Fig. 59 2ot A=k o8 ¥ilofl= 3717k =t +
259 AL Structure Mass@, A=A, A&
Load to Mass 7|'5& ARSI, RESHHS AR
bl A gAs Ao 7]2stER, REEA] JF-4]6)
Soagaof O, Bl A olgeo] 7

—0
o mgAE4e 13 ATk Table 59} 2},
s
[e)

ol2la| o] Azt skl Hetwo] A
42 )3 wdoln], ARRIA S| A7l TR0 1A
=0 7], s1%0] 7)o WHF BAS 2er), A
o 7k AN AHAIZI] ALk Al FAsEL
el 2712 A7) ol g}, Hea
= HuAmE 7719 1/10 ofate] A7
it B Ao AE 0,001%9] AZIZHAL ALE S

T A9 HRH R 2 H7o] Uehtl A0 R s
¥ LI S 712 WENE AOE Bl
SHAEE 14 =] A9 AOA 86% A7t Bk
wjol: 28%, 32% 7L Fakshe Z 9ok vl ) 2
M55 gho] ZAElo] 0B sk BAS] $ste] &
M QY EE BARAS Bl Blsignt, 54 o
2 5ol S0 W QR LASE 0 Ac) QY 2 7
S8 BAsto] Felslgich, AW BA A 325 A F}

Al 10km/h & A% 2o} 74557} 3, 416g2 e 2
2 8191 B 4= QStk(Fig. 6). BiLe] 4] A3} 2827} 863

490 FI=AF2ss] =3 A29d A6z (Ed AlISIE) 20179 124



A7} A Al SALE AA S Holk AL Telsielrt
(Fig, ), C31%| 49245 &3} 53 A A 94k

21 280km/hofA 7 1,012g, A7 7.935mm=E 2|
R LIS A ] 218 2] T )
27hSHe A B8 4 UodrhFig. ). AASEE 4
()& o g3t} TR o714, w, & mFe] 3 WA I
DEAES 0|3, 5, FEEATACR AL, 5

Table 6. Comparison of the measured and analytic value
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Fig. 7. Comparison of measured and analytical values (B bridge,
86-axles train)

Measured value Analytic value
DT ACC DT ACC
(mm) (€9) (mm) (2
28 3.097 0.0580 4.294 1.138
A 32 3.036 0.0611 4.813 0.290
86 4.481 0.0788 7.355 0.468
28 1.868 0.0820 3.744 0.569
B 32 1.874 0.2071 7.809 1.358
86 2.604 0.0766 5.545 0.270
24 2334 0.0331 5.291 0.098
C 38 4.901 0.0536 8.747 0.100
54 5.198 0.0531 8.532 0.093
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Fig. 6. Comparison of measured and analytical values (A
bridge, 32-axles train)
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Fig. 8. Comparison of measured and analytical values (C bridge,
24-axles train)
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Table 7. Deflection and acceleration by slab thickness variation

220 Aol GFS FA) gt B ATolME
1skzv/m394 o) $E 717 2ALUES Hlehe Ut 5
A Aejol 2715k A3k A Bolg Fehs Weke
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3 smell I eHlshe Were ARsdtt. 15
kN/m*9] 32| EE 100mmz0] 2 Bl A 285 515
2 ANe} BiE 8 1kN/m, Cil= 9.0kN/molH 200mm

Table 8. Natural frequency of bridge after concrete filling (Hz)

Height A B C
(mm) Hz % Hz % Hz %
0 4379 | 0 |5440| 0 |3472| 0

100 4259 | 2.74 | 5.226 | 3.93 | 3.394 | 2.25
200 4.140 | 546 | 4.888 | 10.15 | 3.321 | 4.35

Table 9. Comparison of deflection and acceleration after concrete
filling (A bridge)

Additional amount| DT Increase | ACC | Decrease
(mm) (mm) (%) () (%)
0 4.232 0 1.622 0

100 (whole span)| 4.238 0.14 1.112 31.44
200 (whole span)| 4.225 0.17 0.541 66.65
100 (5m) 4.326 -2.22 1.187 26.82
200 (5m) 4.120 2.65 1.093 32.61

Table 10. Comparison of deflection and acceleration for after
concrete filling (B bridge)

Additional amount DT Increase | ACC | Decrease
(mm) (mm) (%) (2) (%)
0 3.900 0 0.234 0

100 (whole span) | 3.885 0.38 0.220 5.98
200 (whole span) | 3.904 -0.10 0.128 45.30
100 (5m) 3.934 -0.87 0.223 4.70
200 (5m) 3.926 -0.67 0.192 17.95

Table 11. Comparison of deflection and acceleration for after
concrete filling (C bridge)

A B C
(mm) DT ACC DT ACC DT ACC Additional amount| DT Increase | ACC | Decrease
(mm) | (g) | (mm) | (g) | (mm) | (g) (mm) (mm) (%) (g) (%)
250 4.619 | 2.529 | 4475 | 0.488 | 5.683 0.156 0 5.289 0 0.191 0

275 | 4414 | 1.724 | 4.201 | 0.304 | 5.518 | 0.144

100 (whole span)| 5277 | 023 | 0.160 | 1623

300 | 4223 | 1.650 | 4.046 | 0.222 | 5.366 | 0.132

200 (whole span)| 5.326 -0.70 0.103 46.07

325 | 4.089 | 1.480 | 3.920 | 0.206 | 5.202 | 0.126

100 (5m) 5.345 -1.06 0.129 32.46

350 | 3.953 | 1.591 | 3.803 | 0.184 | 5.052 | 0.103

200 (5m) 5.352 -1.19 0.118 38.22
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Table 12. Deflection and acceleration by damping ratio (A

bridge)
Damping DT Decrease ACC Decrease
ratio (%) | (mm) (%) © (%)
1 4232 0 1.622 0
2 4.230 0.05 1.551 438
3 4212 0.47 1.555 4.13

Table 13. Deflection and acceleration by damping ratio (B

bridge)
Damping DT Decrease ACC Decrease
ratio (%) | (mm) (%) ©® (%)
1 3.900 0 0.234 0
2 3.894 0.15 0.216 7.69
3.889 0.28 0.209 10.68

Table 14. Deflection and acceleration by damping ratio (C

bridge)
Damping DT Decrease ACC Decrease
ratio (%) | (mm) (%) (€9) (%)
1 5.343 0 0.191 0
2 5.303 0.75 0.121 22.93
5.287 1.05 0.102 35.03
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