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Fig. 1 Flow chart of prediction method
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Fig.2 Locations of architecture and metro
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Tab.1 Soil dynamics parameters

) e
s e w nk D0 gy, N
B 3 et/ Wefis/
m  MPa (g-em %) ~. kPa 3
(m+s ) (@)
e+ 2,10 95 1.75 0.18 120 22.6 12.3
Wi+ 12.75 228 1.97 0.29 211 25.7 18.3
i+ 12.00 362 1.95 0.31 240 19.2 23.3
Upf 12.00 641 2.20 0.22 260 0 37.1
b= 9.00 471 1.98 0.17 420 38.9 20.7
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Fig.3 Three-dimensional model of finite element
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Tab.2 Tangential and normal correction factors
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Fig.4 Dynamics model of train-track system
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Tab.3 Dynamics parameters of track
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Tab.4 Parameters of track
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Fig. 6 Field measurement of vibration source
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Fig.7 Measured acceleration time history of tunnel wall
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Fig. 8 Comparison of acceleration spectrum of tunnel wall
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Tab.5 Vibration levels comparison of tunnel wall
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Tab. 6 Field measurement and finite element calculation

results

. kgt SEmnEm g et 1] 41 Sy o
ﬂj L&EE/ fH/(mes) "‘y FE 4 /dB
m Sl R
GO 0 0.075 0.081 80 781 787
Gl 10 0.063 0.068 7.9 763 76.9
G2 20 0.050 0.054 80 745 75.1
G3 30 0.032 0034 63 705 709
G4 40 0.021 0023 95 684 69.1
G5 50 0.019 0020 52 665 667
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Tab.7 Standard for vibration control of buildings
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Tab.8 Vibration response of different track types

38 3 R HPE R AL A B R AR
Mri vL,, PGA/ VL, PGA/ VL, PGA/
dB (mm-+s?) dB (mm-s? dB (mm-s?)

Z1 764 68.3 66.2 8.4 58.1 0.83
72 75.2 46.8 63.7 6.8 56 0.72
zZ3 719 49.2 61.1 8.2 55.2 0.65
Z4 698 274 60.9 3.7 54.2 0.58

&9 Ry R[] A0 2 AU 4 45 0 s 1 7K P ) e
Wi o7 DA P 3 3k X Ll AT 2, 2 OR FH e K B I 5
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0.45 mm/s. 4 R FH 5 5055 VR AR A8 IR 1), 7K OF- 1]
IR /N2 0.48~0.50 mm/s. M LA _E 43 AT AL, R
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JEE WA AL X5 A A 5 U Bl 455 o B v, SR FH A 550 5 0
i 08 e S R B N S s AR A B T
BB SR — A R DRI 1 i

RO B K F I B NG R I {E
Tab.9 The peak horizontal velocity of each point
R MR N W {E /(mms )

e X1 X2 X3
e 3 1 R 0.61 0.62 0.61
AL 0.17 0.18 0.18
R 30 T R 0.11 0.12 0.13
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Fig. 13 Location of vibration isolation wall
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Tab. 10 The calculation condition of vibration isolation

wall
T JEEE/m P /m ok
0 - - To b i
1 0.8 17.7 €30
2 0.8 23.9 €30
3 0.8 26.8 €30
4 0.4 23.9 €30
5 1.2 23.9 €30
6 0.8 23.9 K
7 0.8 23.9 EPE i1 7

4.2 BIKRERWSHT

TEHUE o 0.8 m 19 C30 R Bk 1 b IR 5% , %t AR
IF) R 1) R A5 R R AT 4 B, DA T (T 1~4)
X N P B I 35 TR BE 4 A 0,17.7,23.9,26.8 m. #%
J2 SR T R AR A0 1 14 BT AR 0 S R 0 R DL e Z
PRHNPE 15 FiR o

ok X bRl R, Y R AR B O 177 moi
Z1~7Z4 i B4R 9% N 73.3~66.9 dB. %152 R
/N 1.4~1.8 dB, #i 2l i 3 J3E 0 {8 98 /N 29 0.008~
0.018 m/s"; 4 b IR 5% 7% K 26.8 m B, 45 4% )2 4k 9
/N 6.4~7.2 dB, & 2 hn @R 0 fH 9 /N 0.021~
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Tab. 11 Material parameters of vibration isolation wall

MRZER  HE/(kgem ) BPESIR/MPa AR

C307R %+ 2360 30000 0.2
IR 1224 57 0.3
EPE i % 46 12.9 0.38
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Fig. 18 Frequency division vibration response of Z1 layer
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Fig. 20 The peak horizontal velocity under different cases
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Tab. 12 Vibration reduction of diaphragm wall

P A WE K W IER EIR
AR /m 17.7 23.9 26.8
R /m 0.8 0.8 0.8
Ul PR i /dB 2.75 6.70 8.80
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Vibration analysis of a modern building caused by metro and

research on vibration reduction measures

YANG Wei-guo, LI Hao, XI Jing-kai
(School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract: The vibration caused by subway will adversely affect the adjacent buildings. Based on the background of a modern histor-
ical protection building along the newly-built subway line, a fine three-dimensional finite element model of "tunnel-soil-protection
building" is established based on relevant parameters and measured data, and the vibration response of the building during subway
operation is analyzed. The damping effect is quantitatively analyzed and the parameters are optimized from two aspects of vibration
source damping and process damping. The results show that the vibration of the building exceeds the limit when no vibration reduc-
tion and isolation measures are taken. The vibration reduction effect of the optimized track type is the most remarkable. When the
elastic long sleeper track is used, the Z vibration level of the structure can be reduced by 8.2 dB and 11.2 dB, and the Z vibration
level can be reduced by 14.9~18.9 dB by using steel spring floating plate track. Among the vibration isolation measures in the pro-
cess, the performance of the vibration isolation wall is the most sensitive to the characteristics of the wall material, followed by the
depth and thickness. The properties of the wall material have a great influence on the vibration isolation performance, among which
the EPE foam wall has the best vibration isolation effect, which can reduce the Z vibration level of the structure by 10.6 to 11.5
dB, and the peak horizontal velocity is about 75%. Increasing the thickness of the wall can improve the vibration isolation perfor-
mance to a certain extent, but the vibration isolation effect is not significant. Finally, a fast prediction method for calculating the iso-
lation effect of diaphragm wall is proposed, which can provide a reference for the vibration analysis of similar projects and the de-

sign of vibration reduction measures.

Key words: vibration analysis; vibration source damping ; process vibration isolation ;diaphragm wall ; vibration isolation effect
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