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3D analysis of active vibration isolation with wave impeding block in layered
ground under vertical loading

GAO Guang-yun', FENG Shi-jin', LI Wei’, ZHENG Jian-guo’
(1. Department of Geotechnical Engineering, Tongji University, Shanghai 200092, China; 2. Shanghai Shenyuan Geotechnical Engineering
Co., Ltd., Shanghai 200011, China; 3. China United Engineering Corporation, Hangzhou 310022, China)

Abstract: Thin-layered method (TLM) is very efficient to study the wave propagation in layered ground, and boundary element
method (BEM) is very precise to solve infinite domain problems. Combining the advantages of the above two methods, 3D
semi-analytical BEM model based on TLM was presented with the Green function as fundamental solution of stratified
half-space. The effectiveness of active vibration isolation with 3D wave impeding block (WIB) in the upper stiff-layer and
lower soft-layer was analyzed in detail. It was shown that the increase of thickness and modulus of WIB could increase
effectiveness of isolation of ground vibration. It was found that the properties and thickness of layered soils significantly
affected the screening effectiveness of ground vibration in radial and vertical directions.

Key words: thin-layered method; boundary element method; 3D layered ground; wave impeding block; ground vibration
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Table 1 Physical and mechanical parameters of ground soil

1)z A B C

W (kg + m?) 1800 2000 1522
B P /MPa 53.0 120.0 20.5
EE/N A 0.33 0.49 0.44
FhupLE 0.05 0.05 0.05
R/ (m + s ) 160 233 110
R B /m 10.0 14.6 6.9

3.1 EHmTEERFE=E WIB E£1EIRS
Kl 4 FIE 5 b EECREEESR S

SAE T, 4

H =10, W=10, H=0.05, M=12 J% WIB [{J)1—
PRJERE T AR, M A% 1) 57 8 88 o) (57 4% 40 10 32 0
R A "0 CHIVRRARROCR) BEE 25 A M2k . &
AN, BEAF WIB JEJERI N, Hoqs i 4% A% i {r
PR M 8 vk R KO Aok, 9 2 1) AR A
9%, 7E_ 3R RE ERR 5 8] R WIB ] LAEA (1)
e R - 24 WIB (1AL RE T < 0.2 I, B4 WIB
JERER I, FERR 4R ORI s 4 WIB RN
JEEET > 0215, BfidF WIB JEEERE N, WIB [l ik
F B R AR BRI AE SR 5, (ELRE o 11 ) T
N TR ML, W9 WIB J5 SR i WIB bRdi
BRI AT AR 2 — .

167

—_— U=
= = =050

5

LR R
o
%

e
B

SR LEEMfm
4 [E WIB EERHH (—) ZEABIRESENRERERE
BTk
Fig. 4 Variation of radial Ay along distance for various T (case 1)

— I's002s

121

e
m

% o R B A
=
=

0.0

mm*-mmrm
Bl 5 7R WIB BERZt (—) BEIBIREFERRBHEE
BE L
Fig. 5 Variation of vertical 4 along distance for various 7T"(case 1)
K6 R 7 g BN RELAR S A
T=0.1, W=10, H=005, M=12 Jt %7+ L%
PSS, MR AT 1) (37 A0 % [ 57 91 W e 9l 2R Bt 25
MR e o e PRI, O T 42 1) A7 A% e i 2o 0k 2R 5
L RIEIE N T 15 m I, ANFERE LR i
WIB Pl ROR FER 80 MR E KT 15 m Y,
AR 2 A R EE g A [ R RS R i S R AT
MZES, AARZE. X TR BIRIEER AR,
FERE B RIAE 7 ONT 5 m), AFRZRJE LI



o541 i)

Vig, A YR GUIR IR B i SR BB B B I 20 A 475

1373 WIB B4R 200 Lh e — 80, fER i Z 4k, 3
AR IR 22 T, IX R W R L () Z 50061 WIB (1B
PRBCRAT BRI, B A A1

_ BB WIBJ B X A R4 [ 8 i i

4 - z iy — @ 8
R TCWIBIR B X A 47 ) 1 % Ji) 5 s ©
1.6
1.2
:
% 0.8
&
=
& 0.4
0.0
10 20
BEALRE BB B fm
B 6 AEEERLEERIGH (—) FEEBIREER REREE

EE

Fig. 6 Variation of radial Ay along distance for various H, (case 1)

08

206
B
1
b
E
0.4
1
— -1 =25
02 =30 .
0 10 20 30
EAERN L HE R/

1 FEFRRELEERIFH (—) EEBIRIER R R EBEIE
ik

Fig. 7 Variation of vertical A, along distance for various H; (case 1)
3.2 LW THREWKFEZE WIB EsRIRS T
B8 FIE 9 & bhl R R At rp, 4
H =10, T=0.1, W=10, H=0.05} WIB [/
MBI DI M AR, A% ) 07 AT RE [l 437 5 P
e o R E bt o 2 AR A it 2. i B e, Bl WIB
BY DDA R0, Hb A28 vl 457 8 0 B o) 457 A% 41 18 2 Dk
FRECEHIR AN, P R AR g . X B
i N3, SR WIB B, o AEE 7 BAL ) Bo 3 2
Ko 2 WIB G EMNBI VIR M <241, BfidF WIB
ﬁwm%mwm LR R B R s 2 WIB G
WU M > 24 I, BEAT WIB By )G 5,
%mm%*m&m‘um¢aﬁTEﬁm&,ﬁm
WIB B PR 4 i WIB B 3 R AT 2t it 2 — .
B 10 FE 11 A BAE R RERR A A, Y
T=01, W=1.0, H=0.05, M=12 J %2 L5

ww,mﬁﬁmﬁﬁm%mﬁ@ﬁWﬁmﬁﬁMW%
AR Hh 2k . B har WL, MR 0 AN R
H, =05, A% )07 88 R i) 47 5 41 1 2 0 22 55t
RN XTI eI, PRI R R
M teiin . S5E 6 FE 7 Lk, A NER
e ) b R RO B E R AR DR MR A, R
B A S At WIB BE TR AT K 5
M o

-
(8]

TSR A,
2

=
Y

0oL
10
Bl LR
E 8 F[F WIB &Rt (=) FEAIBIRIERRRLMERE

BT

Fig. 8 Variation of radial A along distance for various M (case 2)

e~ »
W .
& 0all 1 R
& rals
. - —M=6
02 \{ - M=12
M=24
— - M =48
0.0 | I |
0 10 30
E£H¢LEMM

E 9 F[E WIB {8/t (=) BREAEIRETEHRLREE
BTLHE
Fig. 9 Variation of vertical Ay along distance for various M (case 2)

16

PR R Y AR
=] —
e i

2
=

002

10 20
RESEas LB R m

B 10 RRRELEEMT (=) 2EBIRIETH RN
R T

Fig. 10 Variation of radial 4y along distance for various H, (case 2)



476 o+

T

B¥ 2007 4

081

S
=)

e ¥ TEWE 2 B A
=
=

02

10 20
FEALRH LB

B 11 TRRELEERIGH (Z) BEABIRIEFRE R
BT Lk
Fig. 11 Variation of vertical Ay along distance for various H,

(case 2)

4 4 H

1) $& 0 = i ORI 2 1L AR 2, R
JEEAE MR B R TIA SR G, i = e 2R
P L 5 5B A AR . 76 SR =4 2R
205 ) Jb 3 v 3 A 9 ) RIS, I AR b R A
BT B, WTRHRMERZ 2 Lk, SRS iR
A BRICIEALE, AT RURKER B v SRR, ikt STt
1] .

(2 5% 188 [ AR 1) = 4 J2 R 28 ) M B AR R, R
F WIB 3= 30 B dh f4 8 v SR AG AR B dhe 250 R, 3949 ik
BELRR (1) J2 S8 A B RS e ] DA S 35 4 5 WIB (R B e 2L
7,

(3) LEZHERARLAT WIB (R RHCORA %
SEm, R 2 1 o B RO i s ok, A%
A2y, (B R T 520 I Y b 3 S L E Ak R
H LR 4T

Sk
[1] SCHMID G, CHOUW N, LE R. Shielding of structures from
soil vibrations[C]//Proceedings of Soil Dynamics and

Earthquake Engineering: V. Computational Mechanics Publi-

cations, USA, 1992, 651 - 662.

[2] TAKEMIYA H, FUIIWARA A. Wave propagation/impediment
in a stratum and wave impeding block (WIB) measured for
SSI response reduction[J]. Soil Dynamics and Earthquake
Engineering, 1994, 13(1): 49 - 61.

[3] KAYNIA M A, MADSHUS C, ZACKRISSON P. Ground
vibration  from  high-speed trains: prediction and
countermeasure[J]. Journal of Geotechnical and Geoenviron-
mental Engineering, 2000, 126(6): 531 - 537.

[4] PEPLOW A T, JONES C J C, PETYT M. Surface vibration
propagation over a layered elastic half-space with an
inclusion[J]. Applied Acoustics, 1999, 56(4): 283 - 296.

(5] wh) iz, A fh. AR D PR AR A BT (D). HeRE TR
5 TRHRESD, 2005, 25(2):130 - 135. (GAO Guang-yun, LI
Wei. 2-D analysis of ground vibration isolation using wave
impeding block([J]. Earthquake Engineering and Engineering
Vibration, 2005, 25(2): 130 - 135. (in Chinese))

[6] KAUSEL E, SEAL S H. Static loads in layered halfspaces[J].
Journal of Applied Mechanics, 1987, 54(2): 403 - 408.

(7] B, RO, FEEIG. AL ok i RO R (M.

iy [l e kAL, 1997, (JI Xing, ZANG Yue-long,
CHENG Yu-min. Progress and general program of boundary
element method[M]. Shanghai: Tongji University Press, 1997.
(in Chinese))

[8] LAMB H. On the propagation of tremors over the surface of an
elastic solid[J]. Phil Trans R Soc London (Ser A), 1904, 203:
1-42.

(91 5. M s 7 Hr 2 T D). IR, 1982,

4(2): 56 - 67. (WANG Yi-sun. Some issues about analysis of

ground surface wave-motion[J]. Journal of Building
Structures, 1982, 4(2): 56 - 67. (in Chinese))

[10]WOODS R D, BARNET N E, SANGESSER R H. A new tool
for soil dynamics[J]. Journal of Geotechnical Engineering,

1974, 100(11): 1231 - 1247.





