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FEM-based study on distribution characteristics of

noise field in highway tunnel

ZHANG Xue-feng, WEI Qing-chao, ZHAO Ze-peng. TIAN Qi, NI Yong-jun
(School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract: In this paper, a full scaled model of a highway tunnel was established based on the Finite Ele-
ment Method (FEM). The tunnel wall and the pavement were set as total reflection boundary conditions
and point acoutic source was used as the basic sound source. The model was analyzed based on FEM by
using the software LMS Virtual Lab. And the sound propagation characteristic in air, which is the prop-
agation medium in tunnel, was calculated. The sound pressure distribution of the tunnel and the influ-
ence of sound source frequency and location on the sound pressure distribution were analyzed under the
condition of point source. The research results show that the sound distribution is mainly divided into
two large areas in the highway tunnels, the sound field disorder region which is close to the interface and
presenting obvious regularity of sound pressure superposition and reduction, and the sound field stable
region which is far away from the interface of sound field. When the frequency of the sound source
increases from 250 Hz to 1 000 Hz, the range of the disordered region decreases from 2. 3 m in
the vicinity of the tunnel walls to 0. 7 m. Changing of the sound source location can only affect

the sound field within the range of 5 m away from the sound source, but the global sound field in-
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side the tunnel is essentially unchanged. The analysis of the parameters show that the sound field

in the tunnel is mainly divided into two areas, the disorder area and the stable area. Sound source

frequency can affect the distribution of the two areas. The sound source position can only influ-

ence the range close to the sound source, but have slight influence on the sound field of the whole

tunnel. 16 figs, 21 refs.

Key words: tunnel engineering; highway; tunnel; noise; FEM; distribution of the sound field;

noise reduction
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Fig.1 Flow of modeling calculation
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modeling calculation
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Fig. 8 Sound absorption properties of two sides of tunnel

WA mAETE VL B o LA BT 0 S 400K
E SCH W 3 . 2 {3 50 EL 70 78R ) W 7 R 0
— AR 25 YR L Z, = pe=416. 5 kg/m?
I Ja T A i B PR A B R B RO AR
191 v B 3 DA AR AR A T i AR Y S I R A AT XU
MR LR E PR P 4 S UL 7= A g M 7 R —
f g 180~355 Hz AR AR W 75 7 T 0 — B AN il id
80 dB. T ELIF i KUHLER L 22 6 Wi I e 111 7 o Tl
S0 S B i N B B T YA K BB LB R A A
AT M A B D 2 94 dBL IR WA P AE 500 He
1800 Hz X 2 AN 45 i A 591 B » e N BR 1) 5 W 32 12
TR o PRI A SO B v o RUBIL IR 7 R A
H & AR B 00, TR AR rh R PR AR
PE A 100~1 000 Hz, KK 50 Hz,

3 FEBITEERSN

Ry T T U b UL 5 % T P S R 1 1Y) 43 A B
o AR SO AL T B3 B0 75 U5 Ry B A UGB
THAAR BN — Wi RS N R & A A
R VAR T AR B E NS TR 4 A O 7R A BR TR R
DA AT A A A L TRIBE R 5 m, 3 5 DA ) 43 4
JE 5 R — S0 WK 3 s A A R A

BB (B 9~ & 11) ] LLF Y, 7 P54 R

BRI+ BR 3 A7 TR 03 A1 AN B 2t BURE A B 3l Y
WP 8 PR P g 8 5 | A P s 39 A k19 X I 5
MABLR . BEAA P IR G T e 31— 7 i 5 () CRD
AR IK BIX — i FE A2 PR B o W 114 73 A B
AN [R5 44 i 5B AS F TR) L AR 1] P 29 2 200 Hz,
25 8 ) Jod Ik [ ] ER A3 R 7 o AT 3 5 e S L AR h
AR SCHE A A = B ——F ) L BEGE N 75 39 0 A
B 2 B DXl R I 2R AL X RO R E X, HERELIX
41 2 7 T R

110
100
90

80
N 70

(a) F% & BE 7 JE ot

50

40

30

20

Mfr: dB

(b) BE 38 B 75 R

9 [ RE K B RS R S 2 B (250 Hz)
Fig. 9 Cloud image of sound pressure level (SPL) in

tunnel sidewalls and sections (250 Hz)
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