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Vibration Isolation of Wave Barriers Constructed Near a Shallow Tunnel
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Sin-Chu Yang

Abstract This paper presents an assessment method of the ground vibration level with a combination of measured data
and an analytic method. The basic concept of the method is similar to that in FRA(Federal Railway Administration) manual
for detailed vibration analyses. However, going into detail, the assessment method was modified for a feasible evaluation of
the vibration reduction effects of diverse types of wave barriers. The force density was evaluated in a vehicle-track interac-
tion analysis and the transfer mobility of vibration was analyzed through a 2-D ground vibration analysis. The calculated 2-
D transfer mobility was corrected to incorporate transfer characteristics of actual ground vibration by comparing the previ-
ously measured data and analysis results. Nine types of vibration reduction effects of wave barriers were analyzed on a shal-
low tunnel section of an urban railway where numerous civil complaints had actually been filed.

Keywords : Ground vibration, Shallow tunnel, Wave barrier, Force density, Transfer mobility
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Fig. 1. Block diagram of ground-borne vibration and the noise model[10].
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Fig. 2. Correction level considering 3-D wavepropagation.

Calculation of force density,Lf(vp) (the analysis of train-track interaction)
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Calculation 2-D transfer mobility, TMjine-2p
(the analysis of tunnel-ground interaction)
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Calculation of the corrected transfer mobility, TMjine-corrected.
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Calculation of vibration level
L’U = Lf(Up) + TMine-Corrested.

Fig. 3. Procedure of the assessment of the vibration level.
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Ar=mde Aesurt gdnpee] ZFas Aos 7Pgsto] HY, AT (fastenen)ite = FAH Aoz 7Hg3it). 5SS
T35k HlY-e E]AlE ¢4 H (Timoshenko continuous beam)= UERNRIT) 3159 A A4 W W= A& A (linear spring)
9 5 (dampen)= YEPZITE =] A Al W S/dX]= Table 13} 2t AFA} 1552 XA (Car body)2} 2702] tixH(bogie),
19)ar 4719] fS(wheelset) 02 FHJEH, o5 247 A2 Sk A= 7HYsto] A (lumped mass)o 2 REFFIC 2}
Aot ths AZsh= 22} #47E* (secondary suspension)@} thA}e} 358 AASk= 12 @442 (primary suspension)y= 3L
T} 744 (damping) 8.4 (element)=2 A CE x2S WU (in-plane) 55t sh= Ao 2 7PAsIe] 10719] ARG A|2El(degree

Table 1. Basic parameters of the track.

Parameter Value
Rail mass per meter 60.3x10ton/m
Rail cross-section area 7.75x107m?
Elastic modulus of rail 2.10x10%N/m’
Poisson’s ratio of rail 0.3
Rail second moment of area 3.090x10m*
Rail profile radius on top 0.3m
Timoshenko shear coefficient 0.34
Fastener damping(SFC) 45.0x10°kN/m
Fastener stiffness(SFC) 230.0kN/(m/sec)

Table 2. Basic parameters of the train.

Train type
TC M M’ T
Mass of car body (ton) 25.96 22.65 28.02 18.55
Inertia moment of car body (ton.m?) 830.33 724.47 896.05 593.15
Mass of bogie (ton) (except unsprung mass) 2.0 3.67 3.67 1.89
Inertia moment of bogie(Y-Y) (ton.m?) 1.20 2.00 2.00 1.50
Unsprung mass (ton) 337 341 341 3.37
Primary vertical spring stiffness (MN/m) 1.60 1.80 1.78 1.64
Primary vertical dashpot (MN/(m/sec)) - - - -
Secondary vertical spring stiffness (MN/m) 0.37 0.32 0.37 0.28
Secondary vertical dashpot (MN/(m/sec)) 0.04 0.04 0.04 0.04
Distance between centerlines of
successive bogies (mm) 13,800 13,800 13,800 13,800
Distance between successive axles (mm) 2100 2100 2100 2100
Length of car body (mm) 19,500 19,500 19,500 19,500
Radius of wheel (mm) 430 430 430 430

Car body

: o 7,
@ \@ ‘:@] ¢ K“: Hertzian Spring
‘$¢¢,$¢¢¢¢a & & & Groed

) Rail

Fig. 4. Analysis model of train-track interaction.
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Table 3. Far-field wave functions.

Rayleigh wave Shear wave Compressional wave
Horizontal ~(-BR,+id R
o o CHRMARI 93 - -
infinite element
Radiational —(-BR,*idR)E . 1 —ikR,& 1 —ikR,E
. . e i=1lor2 —_ —_
infinite element 1+& 1+&

714 Né(w)y= FAIE: gdoln, p= @49 Wizo]1, |Ji= 38| A8 4] (Jacobian Determinant)o]th. EAAHHL the

3
3} ol TAHT & ek

1
K= [ B°(0) DB (0)Udédn ©)

o714 BY(wy= WAL YRS e Aoln, D Seiv Wy Evte] BAS ekl Wolct.
SARGaL0 W W ARl Fukio] Bael WAR Fueddelold NS swsks ol Helsich xshE
(Harmonic Excitation)o] tisto] Z: Jelol o] S5 41e thaat o] thebdl 4 gick.
[- 0" M(0)+io C(0) + K(0)]U(0) = P(0) (10)

714 M(w), C(w) 223l K(o)ys 2H2 JAAALE Aoy, 4] 9 ZHddolil, Pe)x= SHER P12 F]oHet

Fig. 8. Modelling of tunnel and soil for the calculation of transfer mobility.

Table 4. Main parameters of tunnel and soil.

Density Poisson’s ratio Elastic modulus Thickness

(ton/m?) (KN/m?) (m)

Burried layer 1.7 0.33 1.1E5 1.93

Alluvial layer 1.8 0.30 1.1ES 5.13

Weathering soil 1.8 0.30 3.8E5 6.67

Weathered rock 2.0 0.30 1.5E6 2.00

Soft rock 2.1 0.27 4.8E6 1.00

Sound rock 24 0.27 1.4E7 0

Vibration-proof wall (styrofoam board) 0.1 - 1.0E0
Vibration-proof wall (concrete wall) 2.1 0.17 2.8E7
Tunnel 2.3 0.17 2.9E7
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(Fourier Transform)o|™, U(wy= A|AE]9] Ful=go|t}.

A5 (Transfer mobility)& £l ) A=A D110 thet 41 HoINS] Fla-grhe Fohomn Ak, 2

SR EE
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Table 5. Wave barrier types.
Type 2: 10 cm thick styrofoam panel and 80 cm thick concrete wall

Type 1: 10 cm thick styrofoam panel and 40 cm thick concrete wall
from the top corner of tunnel to ground surface

from the top corner of tunnel to ground surface
0.40.1

- H

|~ Styrofoam

-_Styrofoam

Concrete —!

||

Type 4: 35 cm thick concrete wall from the bottom corner of tunnel to

Type 3: 10 cm thick styrofoam panel on the side wall of tunnel
ground surface

ez
0.1 =
S 2
Styrofoam [
~ X
Concrete —

Type 6: 10 cm thick styrofoam panel and 40 cm thick concrete wall

Type 5: 75 cm thick concrete wall from the bottom corner of tunnel
to ground surface from the bottom corner of tunnel to ground surface
0.75
= il
= f - Styrofoam
Concrete— |-

021

9.66

SO 1

Type 8: 10 cm thick styrofoam panel and 40 cm thick concrete wall on

Type 7: 10 cm thick styrofoam panel and 80 cm thick concrete wall
from the bottom corner of tunnel to ground surface the side wall of tunnel

0.80.1

= 0.4 0.1

-l styrofoam e

Concrete —_{: - T

L] [l }—Styrofoam
| ol B
Concrete—___*
.

Type 9: 10 cm thick styrofoam panel and 80 cm thick concrete wall

021

on the side wall of tunnel

0.1
"“D

Concrete —
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