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Environmental Vibration and Propagation Laws of Brick-Concrete
Structures Induced by Subways

WANG Zhengang
(China Railway Siyuan Survey and Design Group Co., Ltd., Wuhan 430063)

Abstract: This study addresses the environmental vibration issues of adjacent brick-concrete structures induced by subway
operations, focusing on a 7-story brick-concrete building as the primary investigation subject. Vibrations were measured at the
tunnel, outdoor ground level, and various structural floors to analyze the propagation characteristics along the “tunnel-ground-
structure” path. The study aims to identify reasons for vibration levels exceeding standards. Key factors contributing to the
issue include the shallow depth of tunnel burial, the proximity of buildings to the tunnel, and their shared soil layer, resulting
in inadequate vibration attenuation through the soil. Additionally, resonance effects within specific floor slabs of the structure
contribute to vibration responses surpassing evaluation standards outdoors and on the first indoor floor. A finite element model
of the brick-concrete structure was constructed using measured vertical accelerations at column bases as loads. The model’s
accuracy was validated against measured floor responses, confirming amplification effects on middle and upper floors. Parametric
analysis explored the impacts of floor count, story height, slab thickness, and wall thickness on the spatial distribution of vibration
responses. The findings from this study provide valuable insights for evaluating environmental vibrations in similar structures,
offering guidance for mitigating effects and ensuring compliance with vibration standards.
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Figure 1 The exterior view of the 7-story

brick-concrete structure
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of floor (V1F-1) under environmental excitation
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Table 1 Evaluation results of indoor and outdoor vibrations
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Figure 10 Maximum Z-vibration level of each floor
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Figure 12 Vibration responses of typical floors with

different numbers of stories

342 #ESE

FR 2 et EE T 5 g Wi 2 PR M AL B 5 4 SR AR ) 5%
Mg AEABL, - 3E730 3 A A ) B T AR, AT S

PR B N )25 T8 40T o AR TS Z = R
REFHASHAA, K8 )72 E0h 2.8, 3.04 3.2, 3.4,
3.6m, RIS

P 13 Ay ML RORE R I 2 e S 1 v 88 4 A i 2 v A
oo HHEITP AT LAE H, 2 w8 AR R 2 e 3 B g 2 (1)
AR FERAGE MR /] AF £ 250 v ] J2 TBOK DX (1 14 0L
JE R, TRORRN R o

23

70 A
——28m

6t % —«30m
/ ——32m

3 —=— 34m

3.6m

66 68 0 12 74 76 7
ZYR%%/dB

P13 A [ J22 e I i A e )y W 2 3 e 2 A1

Figure 13 Height distribution of vibration responses

of typical floors with different floor heights

343 HREE

R (154 0 ] B v ST R 88, (HL 2 B AR
BRI R s o AT TR R (Y e kA, PR LAt
SR, LA Sy 1004 1204 140+ 160+ 180 mm,
THR AR I Wi Y. o

Pl 14 kg SRR e 50 W I8 P v S A B RS S (1 4%
o BRI LAE H B AR A0 B 3 i [ Bt v 2 1)
AL EAE IR/, AH LS B 5 O R AR R R 2 e
K, ARSI, AR BT YK

7.
—e— 100 mm
6l —<— 120 mm
—4A— 140 mm
51 —=— 160 mm
180 mm
I
2 4
3..
2.

66 68 70 72 74 76 78 80
ZY4/dB

B 14 AN[D A I i R i ) Wi 12 £ vt P2 A1
Figure 14 Height distribution of floor vibration response
with different plate thicknesses

URBAN RAPID RAIL TRANSIT = 85



ETHIREIZE - F 375 F4H 2024 F8 H

344 EBKEE

R TR 45 ) PR Kl A T 1) 8 ) R EE A . B TR
AL s SR I TR WIRE 2 AT, AN 538 25 4 (1)
B ) AR . AR IURE R R A, R RFIAD
SRR, LARES 54 200. 220- 240 260 280 mm,
TR PR B i Y.

Pl 15 Ay S TRORA AR 5Ty e (1) v 0T e J2 ) A
oo BB AT LAE Y, 55 AR AR HR B g 3 i 1 52 1)
Ak R AL AL, AR RS AR RO TR S TR X
(R R A A 2l S 5 I B A, 358 SO, IR 2 i

7
—o— 200 mm
6l —<4— 220 mm
—4— 240 mm
51 =— 260 mm
280 mm
il
2 4
3 b
2 L
1 . . R —————————
66 68 70 72 74 76 78

ZHR4%/dB

P 1S N[ g5 5% g SRR AR e 50 A N 14 v P 2 AT
Figure 15 Height distribution of floor vibration response
with different wall thicknesses

4 e

EEXTRE 7 ERGIR G, AN SCIE i I S AN A
B 5T T Mk S B GRS i A, I
B THAREN, WIS IR.

1) Bk 4R B0y A B T B A 38 2 B ) B ) % N
ANTR G5 [RVIN 1/3 R SURE S 70 AN [ AT BE P9 A 38 LA A
FIASI], s i e S it FE , 5~63 Hz BRI
BN, 75 5dB LR Hiife 2@ BIN, 1~25Hz
B N IR 4 S ek IS s B R 2 T e T K

2) HhEkiZ G L SR YA ISR, AT
JRRAN R . BRI R AR P P 2t HoAb 1R
A R AT AR ) 1 S SO A s BTk
BRI R LR, AT 2 B ASRUR AE 8
KIIBN IR o

3) HETH PP = MR 0.5 m Ab/E R VEANAT
S B B 3 W 2 W B = b b T 3R 3 VAN 45 SRR
b, SERRZH AT REERRR . BN RE L MRS R
P EAE RPN A

86  URBAN RAPID RAIL TRANSIT

4) TS K (0 4 SR B i N BAT A5 18] 7 Al 22 5%
H T2 BRI PR AT R 1 LA S5 A B A S AR
BRSPS, IR KA E A A T
FURJZ, AR R 2 BUITURATAE TR o X JZ
Hewm, S BUR S BEE 4 A58 SR b R B
AR S B o o [t v SR AR AL AT W RS, P T
SRS W ) HE BT s R R AR S ORI R J=
(RIS KT AR 2 BRSO P AR J2= R 8 g i 1z
R

S5 3k

[1] EA. sUBIHRBEHKES) TAE[M]. b7 A5 HiRA, 2010.
XIA He. Traffic induced environmental vibrations and con-
trols[M]. Beijing: Science Press, 2010.

2] A AR, FEYRENRA S T A
HJ 453—2018[S]. b7 F BRI HRAE, 2018.
Technical guidelines for environmental impact assessment-
Urban rail transit: HJ 453—2018[S]. Beijing: China Environ-
mental Science Press, 2018.

[3] Fe@a, #HH-F, Mk, kIR s & 50 S w ik 2
JL e B [)]. EALLE M SR, 2023, 44(3): 122-129
HUA Yumeng, XIE Weiping, CHEN Bin. Research on
influence of metro vibration on vertical floor response of
buildings[J]. Journal of building structures, 2023, 44(3):
122-129.

[4] ZOU Chao, MOORE J A, SANAYEI M, et al. Impedance
model for estimating train-induced building vibrations[J].
Engineering structures, 2018, 172: 739-750.

[5] LOPEZ-MENDOZA D, ROMERO A, CONNOLLY D P,
et al. Scoping assessment of building vibration induced by
railway traffic[J]. Soil dynamics and earthquake engineering,
2017, 93: 147-161.

[6] XIA H, ZHANG N, CAO Y M. Experimental study of
train-induced vibrations of environments and buildings[J].
Journal of sound and vibration, 2005, 280(3/4/5): 1017-
1029.

[7] LOPES P, COSTA P A, FERRAZ M, et al. Numerical mo-
deling of vibrations induced by railway traffic in tunnels:
from the source to the nearby buildings[J]. Soil dynamics
and earthquake engineering, 2014, 61: 269-285.

[8] XIA Qian, QU Wenjun. Experimental and numerical studies
of metro train-induced vibrations on adjacent masonry buil-
dings[J]. International journal of structural stability and
dynamics, 2016, 16(10): 1550067.

[9] 3%, M. Bl sl Pk 3h AR UL S 0 % el B



(10]

[12]

W F L AIFE LA IR R (B ET T

O[] WE AL TAEF, 2011, 31(4): 77-83.
PEI Qiang, TAO Xiaxin. Effect of vibration from rail traffic
on nearby buildings and its assessment[J]. Journal of earth-
quake engineering and engineering vibration, 2011, 31(4):
77-83.
FE, Rk, FE. UGB R 5| R T XA RS
F1ERA R4 HTI]. #3h 5 A &, 2021, 40(15): 263-270.
LI Zheng, JIN Hao, ZHENG Jun. Analysis of local amplifi-
cation of masonry structure vibration caused by rail transit[J].
Journal of vibration and shock, 2021, 40(15): 263-270.
HE T LA | A A RS F ol B BRI
AT £ 55,2020, 41(8): 2756-2764.
YUE Jianyong. In situ measurement and numerical simu-
lation for the environmental vibration induced by urban
subway transit[J]. Rock and soil mechanics, 2020, 41(8):
2756-2764.
MAE, F2, AFTIL AHCEERE AR S
B e A AT R[)]. s LA SR, 2023, 36(1):
147-158.

[13]

YANG Weiguo, LI Hao, XI Jingkai. Vibration analysis of
a modern building caused by metro and research on vibra-
tion reduction measures[J]. Journal of vibration engineering,
2023, 36(1): 147-158.

FIRBLARAP By, 38T RIRIRFL RN A7 GB 10070—
1988[S]. Ab7: F EARE AL, 1989.

State Bureau of Environmental Protection of the People’s
Republic of China. STANDARD of environmental vibration
in urban area: GB 10070—1988[S]. Beijing: Standards
Press of China, 1989.

TR, #iAh-F. SR T 4R IRt o) K958 F 35 4 As
AR A R[], £ R TAR SR, 2014, 47(1): 13-23.
HE Wei, XIE Weiping. Study on sophisticated calculation
model of large-span railway station structures based on
vibration serviceability evaluation[J]. China civil engineering
journal, 2014, 47(1): 13-23.

(%% FiKR=E)

(EBE 71 7)

(3]

(8]

KAWASHIMA K, KANAI S, DATE H. As-built modeling
of piping system from terrestrial laser-scanned point clouds
using normal-based region growing[J]. Journal of compu-
tational design and engineering, 2014, 1(1): 13-26.

LU Qiuchen, LEE S. Image-based technologies for cons-
tructing As-is building information models for existing
buildings[J]. Journal of computing in civil engineering,
2017,31(4): .

FR, ks, ABRE, F ZEF W A BRI
HIAZ R 2016, 23(2): 55-61.

HUANG Ming, ZHANG Yanyan, SHENG Guojun, et al.
Study on the automatic modeling of 3D pipe network[J].
Geomatics world, 2016, 23(2): 55-61.

FEG, O, EFE FREFEBER TS
A A G 235, 2010, 12(1): 119-121.

YIN Baochang, BAI Ju, CUI Yujia. Study on 3D modeling
and visualization of pipeline[J]. Technology & economy in
areas of communications, 2010, 12(1): 119-121.

ZHAO Yunfan, DENG Xueyuan, LAI Huahui. Reconstru-
cting BIM from 2D structural drawings for existing buil-
dings[J]. Automation in construction, 2021, 128: 103750.
XIE Yuan, LI Siyi, LIU Tianrui, et al. As-built BIM recon-
struction of piping systems using PipeNet[J]. Automation
in construction, 2023, 147.

HAAR, RETR, TR, F. AT BIM #93%F #Lid 538
B YA SATATAET]. AR T RALIE, 2015, 28(3): 78-83.

(10]

[11]

[13]

LAI Huahui, DENG Xueyuan, CHEN Hong, et al. Research
on delivery standard of maintenance model for urban rail
transit based on building information modelling[J]. Urban
rapid rail transit, 2015, 28(3): 78-83.
FiEE. FETHEERMKALEARI]. RAAS
Hih, 2018, 36(2): 129-132.
LI Hairun. The status quo & development trend of smart
pipeline technology[J]. Natural gas and oil, 2018, 36(2):
129-132.
fkTk. B IAE G R FAHR RS R
AR B A AAE, 2023, 36(4): 35-39.
SHI Yongfei. Digital transformation in Xiamen rail transit

.

construction: practices and reflections[J]. Urban rapid rail
transit, 2023, 36(4): 35-39.

IR, MAE, WA ATHEADRA A XY
BIM 2 MR & ax r iR AR R0 [)]. AR TARZ B3
K, 2022, 14(3): 80-88.

WANG Qingqing, YANG Xiuzhi, LIN Yupu. Research on
automatic generation of BIM model from structural CAD
drawings[J]. Journal of information technology in civil
engineering and architecture, 2022, 14(3): 80-88.

YANG Lin, LI Qiming, PAN Wei. A domain model for
geometric modeling in support of the automated BIM
modeling[J]. Engineering, construction and architectural
management, 2023.

(%% Fik=E)

URBAN RAPID RAIL TRANSIT ~ 87



