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ABSTRACT

Purpose: In this study, numerical analysis was conducted to verify the vibration reduction effect of
installing vibration barriers under various installation conditions to mitigate train-induced vibrations
from the GTX. Method: To identify the factors influencing vibration reduction among the installation
conditions, the stiffness ratio of the filling material and the installation depth of the barrier were varied.
Result: The study results indicated that using ductile filling materials provided superior vibration
reduction compared to hard filling materials. The vibration reduction effect was found to be more
significant when the stiffness ratio between the ground and the filling material was closer to zero.
Additionally, the deeper the installation depth of the barrier, the better the vibration reduction effect.
Conversely, if the barrier was installed too shallowly, vibration at the measurement point was amplified.
Conclusion: The optimal installation condition for vibration reduction was found to be a stiffness ratio
of 0.08 and an installation depth of 15 meters, resulting in a vibration reduction rate of 60.34% at a
measurement point 10 meters away from the vibration source.
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Fig. 1. Train vibration speed and FFT result
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Table 1. Input data in numerical analysis

. Stiffness ratio, G ~ c o)
Material SPT,N 3 (MPa) v (KN/r) (kPa) ©
Sand 40 1 10.50 0.35 17.0 0 25°

- 4.12 43.30 0.15 22.0 - -

Con’c

- 50 525.0 0.15 22.0 - -

EPS - 0.42 4.41 0.12 0.18 - -

Rubber - 0.08 0.80 0.24 5.29 - -
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Table 2. Conditions of numerical analysis

Influence factor Variable

Stiffness ratio, 4 0.08,0.42,4.12, 50
Lateral distance between the vibration source and the measurement point, 2 (m) 5,10, 20
Depth of the vibration barrier, / (m) 5,10, 15
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Table 3. Maximum ground acceleration results at measurement point

Lateral distance between the vibration source and the measurement point, D (m) Acceleration, a (m/s?)
0 1.23
5 4.12x10”
10 2.29x10
20 1.09%10

g0 L TI=H|

Rk A2]61) ohe PAME el BARIE 0] MASHE 7o) RlEA g ] 2|Rte] ARpRIE0] WA
Sl= 492 vlwsly] Slaf WgArth o] Az mat 42]s142 s, 1% A5kl AheAs gelel
& o AL AIE Blelsy] 18] Ak MAAEES 10mE DALY A eAe] AAduIE Pelste] S5 et
Fom] Fig. 62 AHeA 7/dule] b2 Hdix5714% 2aks 29l Aolth. Fig. 7. Fig. 69] 212 m3tslo] 7t Ao) Al
AIE 4.1789] YANPETE e 1E0)E Sl ASAGEIE BiQIgt Aotk A 49 158 31d 4 £}
NA Rk 1qm 2] 30740 AE7 st Al AL 8helat 4= glom] A AteAle] 49 152wt 2l g4}

556

KOSDI



Young-Min Kim et al. | Study on Vibration Reduction Rates of Barrier Walls under Load Transmission of High-Speed Trains at 180 km/h

ACCELERATION
TOTALT, msec2

12384000
o
4726800
43476001

o
240001
o

sccmanion
TOTALT , mjea

e
00%
+7.28-001
o5
+359e-001

o5
2180001
oo

41 2400m 30001

H——— ] —
=] +5,256-002 I—. +4.T4e-002
[ ——— |
[ R—— [ ——

o ——49.968.00

+8.69¢-003
44580003 026003

41676003 1506003

(a) Result of 5=0.08 (b) Result of 5=0.42

ACCELERATION
TOTALT, mjsec~2

H7eb000
I 47530001
43846001

H— 22300

+0.006+000

ACCELERATION
TOTALT, misec~2

+1,23+000
™
47870001
44060001

H——+2e001
oo%
H——+1.300001
%
- +ssre00

——+L3te001
7180002

B 4000002 .

Bz 280002 M 2aeo
™ La%
H 5002

B 1ase0z

745000

43550003
I +1.410-003
+0.006+000

(c) Result of /=4.12 (d) Result of 5=50

47620003

-
-

s
10001000

Fig. 6. Maximum vibration acceleration contour according to stiffness ratio, 7=10m

2 2 2
‘ -e- Stiffness ratio 0.08 ‘ -~ Stiffness ratio 0.08 | -&- Stiffness ratio 0.08
E -m- Stiffness ratio 0.42 Fl —&- Stiffness ratio 042 F -m- Stiffness ratio 0.42
-o- Stiffness ratio 4.12 -©- Stiffness ratio 4.12 -o- Stiffness ratio 4.12
16 LI - Stiffness ratio 50 1.6 L -8 Stiffness ratio 50 16 Ll = Stiffness ratio 50
& &
g g
812 % 12
[} / @
T T
2 2
= 0.8 = 0.8
£ £
<< <
04 i 0.4
LI L
‘ | 1 | | ! 1 | 1 |
Q 0 ! ! 0
0 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20
Lateral distance, D(m) Lateral distance, D(m) Lateral distance, D(m)
(a) Depth 5m of the vibration barrier (b) Depth 10m of the vibration barrier (c) Depth 15m of the vibration barrier

Fig. 7. Amplitude ratio according to stiffness ratio

of ¥ bR U m o] S0 A7 M/ AR 218 SHe1g 4 gk, QAR A A4S A0 R A DA
5] A2 917Jol A 21BH]7H & Zoh 248 Selg 4 Sl ol ARG AE Q15 WAL, 1A A7) s A
AR 5Es10] A 202 AR ol @A ZARI7H0ol FPhetE o A Wik B A Ale) 7
9 20| AEA RS FHSFAM AFal7} T Faick, G FAHE4S AT Mz g 20
Uehon] 2EAzEEo] 7V Zhe AN(5=4.12)2} ZEARE0] 7 2 BAI(9=0.08)] FEALE

5,
I
12

KOSDI 557



Journal of the Society of Disaster Information | Vol. 20, No. 3, September 2024
48%<1 A 0 2 LelTh

XHH X =0f| 2 TI=H|

AFAR ] A T2 AEAULIE Sheloh] $I) e AANES Sefstol SAlalae UAIson
A

Receive point Receive point
f D=20m ' D=20m
~ ACCELERATION 3
TOTALT, migec~2 y ACCEERATION
+1.174000 +1.17e4000
0%
+7.100000 +7.460901
oo% e
+3 440001 +a77eon
oon
215000 s211e001
oo o
] H—srzieom
oo 0%
e H—sezie00
o 0%
Bl s iseme B o
o =
B saise00z B e
L% 20%
H 1. 760-002 — +1.330-002
+3.480003 H—er.ste00
0%

(a) Result of A=5m, 3=0.08 (b) Result of A=5m, =50

Receive point Receive point
¢ D=20m ' D=20m
" sccmemanion - e sccemanon
TOTALT , mfsec™2 TOTALT , misec”2
‘Ha7evo0 it a7sst00
oo% oo%
4701000 +7.60m001
0.0% oo
+3.300001 +3530001
0.0% oo
H—seomom 225001
0.0% oow
- +1.34e001
o oo
— +8.370-002 +7.166-000
0% ™
. +386e 002
o %
= +3.11e-002 +2.166-000
Lew
B +1.300002
B ssemon 220000
o o
+asz0s +252000
+16000 ]
400024000 +0.00e-+000
(c) Result of A=10m, 5=0.08 (d) Result of A=10m, 5=50
Receive point Receive point
f D=20m D=20m
sccaueaTion AcCEIERATION
TOTALT ez TR T 2
‘Leroo 11704000
. o
+6.5000m1 +7.520001
0.0 o
+22me0m +358-001
0.0 .
ez sazme0m
(s o
H—stzem - rameom

H - +rote0m B +7.08000

B vsm5e002 B——sas7e00
M szerecoz ]

H——+1ese00z - +rassom

27% 1%
= T

4. 23003
24.0%

460003

+0.000+000

(e) Result of #=15m, 5=0.08 (f) Result of A=15m, =50

- ss.sse0m

+3.130:00
I 1230003
+0.0084000

Fig. 8. Maximum vibration acceleration contour according to depth of the vibration barrier

558 KOSDI



Young-Min Kim et al. | Study on Vibration Reduction Rates of Barrier Walls under Load Transmission of High-Speed Trains at 180 km/h

74tz AT Ll Zlolet, 2484 2700 BAYle] A7} 2ol 84S Fig.

AFI M ek 2

of] FAIRE20m oA 471 k=
A a7 A YT Fig. 9+ Fig. 8
1A AR Uke ZEHE Fofl AEAATE SR1gH Zlolt. Fig. 9(c),

1
()2 H=5m, ZASAE AHERE ARl AE A HES o -5-H 27 12m EolRl AT IZA|7} 12 2ifehe

o
s
rO
ek
-+
30
ui
A|m
ol
jutal
g
S
5
”
(]
>
e
oM.
o
)
off o

1o
i
~|
i
i1
et
olt
2
N
o
>
i
iy
~|
i
S

2 2
1.6 1.6
o o
g g
E 1.2 E 1.2
[ TR [
T T
| 2 |
ol 0.8 e 0.8 |
£ £ L
< < |
04 04|
L
| | | | | | | | | |
0 | 0 | 1 1 1
0 4 8 12 16 20 0 4 8 12 16 20
Lateral distance, D(m) Lateral distance, D(m)
(a) Stiffness ratio is 0.08 (b) Stiffness ratio is 0.42
2 2
- H=5m -9- H=5m
Fo = H=10m - ‘ = H=10m
- H=15m & H=15m
16~ 161
e || < |
9 | g \
© ©
(] Q
T -
2 e
g T
€ €
< <
ol | | |
0 4 8 12 16 20 0 4 8 12 16 20
Lateral distance, D(m) Lateral distance, D(m)
(c) Stiffness ratio is 4.12 (d) Stiffness ratio is 50

Fig. 9. Amplitude ratio according to depth of the vibration barrier at stiffness ratio is 0.08 to 50
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Table 4. Vibration reduction rate according to numerical analysis result

In-filled material  Stiffiess ratio, Depth of the vibration ~ Vibration reduction ~ Vibration reduction ~ Vibration reduction

barrier, A (m) rate at D=Sm (%)  rate at D=10m (%) rate at D=20m (%)
5 43.96 33.81 36.31
0.08 10 59.89 56.84 50.51
- 15 56.4 60.34 59.26
Ductility
5 22.73 19.45 17.21
0.42 10 20.27 21.36 18.76
15 18.69 18.82 19.56
5 3.69 0.94 -5.63
4.12 10 11.54 7.45 2.4
15 13.71 9.74 4.54
Hardness
5 7.97 1.92 -8.1
50 10 25.75 16.03 9.04
15 41.17 29.46 22.23
=
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