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Shaking table test study on geotechnical isolation system of rural buildings
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Abstract: The geotechnical isolation system based on glass beads and sand cushion (referred to as GSI-GBSC) has
exhibited good seismic isolation performance on a one-story masonry building, but its effectiveness for two-story or
higher rural buildings remains not determined. This study carried out a shake table test on a 1/4-scale model of a
two-story masonry building. The first model was a two-story brick masonry structure without seismic isolation ( the
non-isolated model) , and the second model was a two-story brick masonry structure equipped with the GSI-GBSC
seismic isolation system ( the isolated model). The acceleration and displacement responses of the two models were

evaluated and compared, and compared with the results of the one-story rural building test conducted in previous

fs H#7:2024-06-30; 1&[EIHH1:2024-09-12

EETA . W4 8RR EEGTH (2024117299) ; B ITRHE K= 51 3R B AA RIS 31 54 T H (HKDQDJ202426 ) 5 [ % H A B2
AT H (52308500)

{EE' N PMNEE(1981—) 8 EmR TR, 1+, FENF A R TR S TREMPUEVIS . E-mail; sunhaifeng3639@163.com

BEEE FEF(1993—) B PN, 4 FEMNFE LR RS TREWPUEDFSE . E-mail ; iemyzy@163.com



%5 AN, 45 R FTEE S0 WA R 8RR B 209

studies. The results indicate that the glass-bead-sand-pad layer in the GSI-GBSC seismic isolation system tends to
slip and slide, resulting in relative slippage between the foundation soil and upper structure of the isolated model.
This ultimately reduces the seismic response of the upper structure. Under different peak acceleration input
conditions, the upper structure of the isolated model was observed to move predominantly in a horizontal direction.
In contrast, the displacement response of the non-isolated model increases as peak acceleration input values
increase, leading to an increasing gap between horizontal displacement peaks in each layer. Furthermore, it was
found that inter-story deformation in the isolation model is significantly reduced. Specifically, when peak
acceleration input values are 0.2 g and 0.4 g respectively, it was observed that acceleration responses at top
structures were 28% and 36% lower in comparison to those from non-isolated models. In summary, it can be
concluded that while GSI-GBSC isolation system demonstrates good effects on one-story and two-story rural masonry
structures, however, increasing weight and height-to-width ratio will reduce its effectiveness.
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Fig.1 GSI-GBSC isolation system
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Table 1  Similarity ratio of structural model

it LBy FAIE R AALLE i L7/EL iy ARRLC R ARALLE
IRGE= K S 0.250 LIREE JR 725 S.=8,/S 1.000
fif% S =S, 0.250 B S, 2.000

T S, =S} 0.063 EIRIE 3¢ | Sp=8,(8,/5;)" 0.350

S S. =S} 0.016 AR Si=(8y/5,)%/S, 2.828

MRS A Sy 1.000 o S,= 58,8 0.031
IV 71 Sy =S 1.000 i S,=8:/(55,) 2.000




%5 AN, 45 R FTEE S0 WA R 8RR B N

1.2.3 AR}

SERRRURTRL B S e GICRLIRBE T PSRN AT AL He AR ERE DI FIIE M, RST A 56 mm x
26 mm X 21 mm, @PHJEEEN 3~5 mm, BEARCRIRE GG TRBE 108 B 9k C20 , EMR IR AR FXUZ 4 mm B 5
B2 [BIFE R 55 mm, MR T AARURDRL B4 S BB R R T FNED b HODRM BT UL SCHR[ 21
1.2.4 AR

MRS R L 3, A FXT L, B R AR AR TE R A A ) L RS M AR — B, B, Hil1E200 mm
P SERE L AR FLAA AN, R, TEIERE R DDA 1| )2 0ERS 4540 1| 2RI SRR, SRS,
e 1 2R ISR 2 20 8, 9041 2 R B RN OF SR De AR, B, Mot 2 2R, FR 4 il F1 K

TR R ) 3l 1A D 1000 mm JRERAR 4 | B s Y At Bk + AERITE 1000 mm JEE AR AR 1 Sl -
TFFZIF R —A 400 mm JERPHZH— N2, 158, FEIRsh & LBehr 481 I A 2 R Se i )y
Pl 1000 mm JE B KSR - 3L, A2 R B 200 mm, RATREAREE +)2 LA —8, Hk, &
1000 mm 3L A= ] T2 IR EE SN 600 mm WYY | 2 )5 72 5EAE N 2 ) B 15 400 mm JE AP + 31957 52
e FER TR T — RSB T I EARPCR SR BRI S i AR 1 JE iUE Bk - b R 1 3 2 T i
B 48 h, HRERRISE UG KA AR T R B M L AR I B AR SRR RS P )+

BtR
T3
%4@\ FLfbge
[m] 35 - i
o - DR - :
H | Wt O _ H
B = ISR - -
EE H g : - S -
L = ] H S u
N = : I S s :
AHRHO . ERIER g -
- L BT mm O =l
(a) JChREREHY (b) PR

B3 #EGHETEE
Fig.3 Schematic diagram of model making
1.3 ZESFEMEAFR
R o Bl AR BT PR A T R A A I B i, IR T T 2 ARG 4R
JICHR ML+ ZERYSERE AR, o3 TR A FSA R, IR 4, BRI RS TIHE Y O AR B AR AR B AN [
o AL FNAS F AL BE R RIS , A BE D R0

SA3 SA3 D5
o DT e e : o I PR S
o PG IEES o (RSALIRER
SA WSA2 D4
0 400 O O O
O | 0 0
RIS T B : = .
O A9 S D2 O N D2
g A8 © 0 O =i 0
O = m O =4 0
g s 2 | O k 0
g AS Tlers A4 g5 B g S m
llk}m JA3 JA2 T.J‘)ll A‘I‘Ar = ‘l.l‘)‘l
- R
Pshirm P Thl BAL: mm
(a) LIREHR (b) [
4 IRBIMEREETRIE
Fig.4 Layout of test sensors
1.4 mMHFEAE

PEHX El Centro HiRZ % i ma At /- fVE A AU ) g A MO RR 305, A A\ B 20 P o sk 8 i 8 B SR ARfy L 435 D,
K5, i AL ShIE(H (peak input acceleration, PIA) JEREIM 0.1~0.4 g, f056 MR 7E N AT 5 Rl T.00
AN TH I 2,



212 o T B 5 T B #& 3 5 45 4

1.0 = 0.04
2 05 003
= =
B0 & 002
=
= -+
-0.5 = 0.01
B
-1.0 2 o
0 2 4 6 8 10 12 14 0 5 10 15 20 25 30 35 40
Al /s A%z
(a) El Centrolf s B i 42 (b) El Centroif i B i

B 5 H\ME BN R R AR R E A B

Fig.5 Input ground motion acceleration time history and its Fourier spectrum
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Fig. 6 Typical failure phenomenon of the upper tructure of the non-isolated model
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Fig.7 Backfill failure phenomenon of isolation model
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Fig. 11  Peak acceleration of each floor of the upper structure
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