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Measurement and Analysis of Indoor Vibration and Noise
Characteristics of Buildings near the Subway

ZHANG Tiangi, ZHOU Junzhao , XIONG Yongliang , LUO Yanyun

( Institute of Railway and Urban Rail Transit, Tongji University, Shanghai 201804, China )

Abstract : With the rapid development of urban rail transit, people pay more and more attention to the indoor vibration
and secondary structure noise of buildings near subways. Based on the field test of the first floor of a six-story residential
building near an urban rail transit line, the indoor vibration and secondary structure noise of sensitive buildings near the
subway line with different fasteners were tested and analyzed. The research shows that the peak frequencies of the indoor
vibration and noise at different measurement points of the buildings along the subway are basically the same. Under the
condition of fastener A, the peak frequency is about 63 Hz. After it is replaced by fastener B with lower stiffness, the peak
frequency is about 40 Hz - 50 Hz. The fastener with smaller rigidity is favorable to the reduction of indoor vibration and
secondary structure noise. Although the peak frequencies at different measurement points are the same, the vibration level
and sound pressure level are different. The vibration level and sound pressure level decrease with the increase of distance

away from metro line.

Key words : vibration and wave; along the subway; sensitive buildings; indoor vibration; secondary structure noise;

different fasteners
iy 3 1] 9k T L3 A2 308 7 DR A R S B 2 R
(R 2R R ) = N AR BN 5 IR g e 7 ] 410 52 2
IR . MR AEAAEISAT I i T RS BUE] BOAH LA
PRI 77 A B4R B 2 3 o BT S5 44, 497] 2n & 3 &35 4 A
ARG A AR S R A B A AR AR SRS 4 3R

Yr¥s H #A :2020-04-21
EE&TE : HEARFHES T H (51678446,51708422)
TEZ BT KR (1994-), 2, W F & UL TN, 18 5%
Az, EBRF T W N IE 2R B S S
E-mail: 906560886(@qq.com
BIEEE: DS 1960-), B, #u#%, T4, 28 AT
[ B 25
E-mail: yyluol5@163.com

PR 5 15 A R SRR R AR SR B0, BE AT —aR
GERMR o X FIR B A0 45 R I A S J B A
TARANAR B ARt 6 N AMR 2 2235 0 ittt
1T THEE, G2 T KREA AT ORGP
RMIE R T JE LSzl i) H R 3 B2 Ik 3h 52
M A K PR R e X 0 4 2 X3, BEAT B 1k, 3R AR
T T B AR X 3 10 3 T e 3 S IR B0 4 % L
T 5 TR R - S a0 B 7 S BCE ST K
R S e 7 (1 S IR B ) B A o A R A
IS5 gl 1t 2 210 2 51 10 S ST DAY Y R A g
BEAT T BRI O SO PR B R b, B T
IBAT AN 51 0 3 A R S I e R 5 R
A IR TCER A S T R TE -t 2 - ) = 4R A PR o



%23

BRI L ST A R33N S W 197

RIDL R 7S S A ST T B A Al SO,
BT T bk 1) 4 i ok i % 3 Bl AR 2 W IR B RE T
Metrikine!™ & jof 8 37 — 4EAR A 3 At 1 KR Bl 3 %
JE R S P s ) B FL A R A

ASCIHE TR R T P A @ N 2R 25 m 1 6
2R R ZE N L ARIRBN AN B s, i T
PR AR AN (3] D 2 4 00 2 A R BN I 6 A e
(R AIEARE P , R B A 2 P IR 0 R gt 7 2 A i
1 MK TR

N T I FEAS [FIAIR H A T Mk 2R i )
(1 25 N AR B 5 e A e v, A SO AT T BRSNS —
RS RN S . WA X R B2 B, 51 2 N B
B 6 i gm . MIXX B SR A, 5 X
NI B B 0 28 B, Fed 404 A NI 29 09 50 KN/
mm, $04F B Wi £ 35 kKN/mm, [R££ [7] — )32, [X
), 8 b 7 R0 AR T VRS R . BRUBRIS R R
PR IE il 2 /N EE N 25 m, @RI 1 6 2
J BB

I 50 2= N 4R 30 I8 K FH B&K 8340 J& FL R
I, BN 0.5 g, MRS Py IR g Ry e S I
K FF3 B&K4189 1/2 Hi~f H gl /= ds , LA
Y5 [~ 6.3 Hz 3 20 kHz, 21 &5 H M 14.5 dB £ 146
dB. Ik FE KA T A, R EFE N 2 ER, S HIK
o FOK B PRI o N LB Bl BTE A
bR B R AE S T, AT B E N 1R
XA AT — YR A 559 W 75 A 5 R 2 e, N s 3 A B 9
BEO0.5 m LAAR, 3T 1/3~1/2 F5 18] JLAA R~F LAY, 8 FF
BRI U o B . A, 255 25 FE E PN A EEE ,
T N AT B3 AR A A B 0l s 2 BAAR, 5
— AN A AT B A W 3 E TR RARE AT
PR, BRI ER = R SK BT, BRIl A B 38 1.2 me
e AN, 7 2 PN IR A I A B A 5 AT B — AN R B AT
V1.V2. V3, 055 N 2 o) I 2 54 BOR =
EIVEILE 1. B VILV2. V3 AIRBM A, S1.S2,
S3 AR R A5, VORI ST B 2R B Bt o« 37 Ak
W2 iR .

VSD%E

1A B s

(b) % A HREII A
2 B
2 ERIRIFGFEST
2.1 DIEBAIRE VL 5T

XoF Fr 45 6 e W I B A R 42 0 I P IR Bl
RO BEAS 5 i AT 05 7 A 49 2R S, HF AT Z ot
B, A 2 &I Ao e KR o e v B o sk
&R 1x10° m/s?, Z THBCR F CIGI/T 170 —2009) #E &
1) Z PR TR 7, iR 1 Frs . 196 X 20 41 55 Bk
PR N AR AT 3 IRBEE R NEK 2 s, 8 T HE
IEDILHE 73 BT R BN R 5 RIS F AR L 234, an 1]
3PN,

#£ 1 JGI/T 170—2009 # 7€ (1) Z YK BT HLH -F-/dB

HO R Hz 4 5 6.3 8 10 16
LA F/dB 0 0 0 0 0 -2
OB Mz 200 25 315 40 50 63
HRET/AdB -4 -6 % -10 -12 -14
AR /Hz - 80 100 125 160 200
HRET/AB -17 21 25 <30 -36

2R 2 ANEFOAE O N S 552 A RIRK VL o/ dB(Z)

(4 Hz~200 Hz)
EipGEyic] \l V2 V3
HEA 65.32 58.93 53.1
1EB 58.16 52.69 47.65
ZEH 7.16 6.24 5.45

M2 A 3 0] LLE 5 2k i), & w4
BN A o AR KR I AE 60 dB(Z) 2 47 5 B 4k
G %8 55 dB(Z) 247, BLAE B el o 14 2 80
VI1>V2>V3 R, X 2 i T B 2 28 5 1 s B iie 25
NV3>V2SVIL, BB 65 1,223 3R 3 Rt = BE &



198 Bom 5 Rk B Ha1E
2 1E 40 Hz DL [R50 B P 3 A 2 A . 7200 A
> 60 - E TR, SR BN A [ A 451 BOE 63 Hz Je A 5 o
%, 50 A ! SO B S % 1 /5 8 47 2 36 A #5726 40 Hz~
S w0 SO Hz 47 BP9 , S 43R 3T 5 4% T 5 46 12.5 Ha JHE
%30- IAEAE SRR . S BT W0 2 A

20 o )
= 0 3 BRTREHEREEMES T
= g : _Sll 3.1 EHEZAFR
Ll qu = 5 PR A R W7 R I 5
e 252 3o 0 AT SR 0 ) 600 1 068 7 3 5 AT A5

B3 AR TR 5 % B AU KRS VL e/ dB(Z)
(4 Hz~200 Hz)

5 2 B PR 1A 3 KM /N oAb, A 2 T DA
B B S SR BN R ) o A KR A
A R B /N, Y946 5 dB(Z) A 8 dB(Z)JE N . X ikt
B 35 40 R I B A R 04 B S 12 IX 1) 9 418 25 2L 1
58, T DAIR B A% 388 28 J A JG = ARSI BT BRI
2.2 SUSAFIES R

AR S R T oL S R iR R

PR N R ARSI S AE Z 1T N 1/3 6%
RS L
70
S 60 [ - VoA A
N V3-IHA / \
% 01 . /:”. 2 \‘\w
% 40 I . = 7 A
i ./V'*\./ \;
W 30 ew \
S 5" %
= 20 .
¥ 10 +
0 b
— on

HRL AT Hz
Kl 4 HRBhI A Z T F AR [ 3R 3 0 2 A AR B (R AD

70
—=— V1-#1{4B
< L —e—v2-mtB
N o0 V3-fftB "
m oo Ll
5 50 r ’./ o
=~ L \
@ 40 B e * ¢ ./,/ ’\
® 30 p° ./)-/k L |
= o T A\
=R 20 ‘\. .
¥ o0 | pe
0
6 —am A _FhvoSaes
%) b ————

HRL AT Hz
Bl 5 IRBI S Z VR [ AR S s B R A AR (P B)
M H T CUE W, & 04 S &I R T A R B

TEAY T, 15 21 25 16 75 ) 5 230 A S TR 2R Laeg 73 S N3
3HE 6.
3 AR T F 35 4 & A S R0E S A F 28 Lao/dB(A)

Lt S1 S2 S3

A 36.21 35.12 34.59

4B 30.74 29.34 28.93

ZH 5.47 5.78 5.66
40

< 35 =

g 90 ] 1%533@

< b

A B

kA B ZE
E{ifC=yit]

Bl 6 AS[EIAE 00T 2 P M I s S5 R A S TR ) Laey/dB(A)
(16 Hz~200 Hz)

M) L HAE 16 Hz %5200 Hz 76 Bl N, £ 41
A TBUR 2R I 558 A S 203545 35 dB(A)
oA, AW B S, 25 W75 I RS AL A T R
1£28 dB(A) ity , H5IRGAHIR] , B30 H I A5 1> 51
2> A3 AR . BRAh, A 6 BT LA H 485 40 5 5
T 55 PR A TR R S A N [ RE B RN L A S
dB(A)Z 6 dB(A)TE N o 33X 15 B 1% [X 18] 78 5% 1 M1 2
BR A FIE B 5 Uk AR OR300, 1 5 A 4R S R S 1
TIREE AR 2 B
3.2 STUSAFE DT

7 R 8 43 A N AN B 4 IS A R e —
0 7 0 A5 1) A TR 1/3 AR I . AT DA 22 )
B 0 A5 N N s 2 AR AL P AR A, B
WA AR IS A BTl A, 7 R BB AG . HLAR U
B0 )5, & M S AR 4 R U B A 2R



BRI L ST A R33N S W 199

552 3
35
|| —=—S1-fnfFA
30 o S2TEA . T\K
25 + S3-fifFA \ &
—_ g
< 20
@ 15}
= l0f
IS /
oSy /
o0}
5Ly
_10 L i | | L L | L L
O O VN N OO MO o n oo
— A AN " 0o SA 0O
o — e — O

i /Hz
B 7 Mg A TR ) 1/3 R SRR G AE AD

35
| —=—S1-inf4B

30 o S2-4N14B .

25 + S3-#ftB / \t\'i
220- F. . .*T/‘-
g 15 v
w00/

M 5t /
oot
-5-/
_10 ' ! L [ | L ! L ! { T
O OV NO O MO O WnoO O
S, —_——

i /Hz
P8 MR I s A TEASCS e 2 1/3 B RE B (R B
63 Hz /e 47722 9 50 Hz Je A, WA 75 I R B AIR 1 493
dB(A), H 555 R0ES: A 75 RAAAAR , W {5 453 b
R3PS T 2 S B A 100 A 2> 3 O . 2R
I s RS IIERS AE P R0, AE AR R 00K R
2115 FLHR S ) IR R W PR A AR AR — 5

4 25 3E
AR SCAE XA [F A L0 BRI 4R 6 J2 Ja ROk

1R = NHR BN 5 e A BEAT I8 8 A JE kL, AT

1 FEXT BEHEAT T LA AT , AR B B R 4548 -

(1D FER AR TN, % N AR 5 M g
AR LA — B, B AT 8 63 Hz /24, B4 4N
1B G, WA A4S 40 Hz~50 Hz i 45

(2) FEHE THAZRRIE LN, K FH NI N
IR G » 5= N IRBN S IR G5 R0 5 24045 BT P4

(3) = WA A A B I IR AT A IR AN TR
FEAA 5 HE T P A 8 BT P N A T A )
PR B 0I5 L 2 5 1 7 7 T Bk OR AR
S K-

[1] EZE. WP s N 25 Kk A8 @ S 75 Rk
LA JERTFED]. AL AL RTAEE K5, 2019,

[2] JHSAS 48 . R b ik 7 M L 55 0l R 3h 5 e S 40 W A
[D]. 5 - V5 g A2 K 2%, 2017.

[3] KM . MRS 4TI A R SR B S — I S T
FTFLD]. b5t - JER{AZIE K2, 2016.

[4] B MBI 418 AT 51 KRB 5 M 75 RN R B
Wi Ia W E[D]. )M SR K42, 2015.

[5] WRPBHIE . Hbgkis 17 X J& 12 ST 4R 3 e 75 52 i F 72 [J).
11 P47 ,2015,41(6): 130-132.

[6] HUE A, TRIRHR, BERAVE . Mk 51T O R SN
=SR] EARES S M B T2, 2013, 35(4):
133-138.

[7] BE¥. sk B @ A IRS) B — R 7 AR S 23 BT [D]. BE
H TH R AC IR, 2011.

[8] METRIKINE A V. Surface ground vibration due to a mov-
ing train in a tunnel: two-dimensional model[J]. Journal of
Sound and Vibration, 2000, 234(1): 43-46.

O@0SOSNSNS NSO NSNS NSCOSNSOSNSOSNSCOSNS0SCOS OSSOSO SO S COS00 00 @00 C0OS 0000 @000 @00 $ 00400 @004 00 S 00400400400 S00 00 S 00000

(E#E%E 16250

[5] AHMADI A, KERAMAT A. Investigation of fluid-struc-
ture interaction with various types of junction coupling[J]. Jour-
nal of Fluids and Structures, 2010, 26(1): 1123-1141.

[6] AXTEZS, 22T . A FRINIERS 75 58 o S A B T 7]
R 22,1990, 35(6): 74-76.

[7]1 BEVER, A, %5, % R RS ER S AR
JEAATI). MUAE T FE 2441, 1999, 17(11): 1352-1360.

[8] FHAE T, Bha, XIBPik . B B R GUR 2l 75 4 il 5 AR 50
PR R B2 [T]. IR R 2250, 2006,2:23-28.

[9] fa[¥, PhE 4, RS0, 5. K B R S Ik 75 L 2 F 90
[7]. MEAA 12%,2015,9: 1149-1158.

[10] 88T L, AT IR, BRI . A % 2R AR 75 i e S 3 2 %

WEFET]. LR HAR ,2017,39(10):92-96.

[11] ZEA5RI, FA 0, 2 5 . T RERUE R A Bk ol S e 7=
7 Ml [0, HUR S5 % 2011, 7:70-73.

[12] PhR3E, B, FHE 5 . AR % R SR o e 75 2 il b e
WEFLLI]. [ %541, 2013, 33(10): 266-269 .

[13] FFEH, IMVER . AN E R GRS Sk ) 52
AR TR, M 12,2013, 17(11): 1352-1360.

[14] TEE, WIS, ZE0ME | B 22 G el B 144 1 B
THEL VD). e SRS, 2014, 34(3): 30-33.

[15] LIU GONG MIN, LI YAN HUA. Vibration analysis of lig-
uid filled pipelines with elastic constraints[J]. Journal of
Sound and Vibration, 2011, 330(1): 3166-3181.



