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Abstract: During the shaking table test, the acceleration
responses of the soil mass and underground structure model,
the strain responses of underground structure model were
obtained. The simulative effect of boundary was evaluated by
analyzing the seismic response acquired from accelerometers.
At the same time, the change in natural frequencies and
relative damping ratios of soil were also expatiated. And then
the rules of the earthquake responses of structure model were
concluded on the basis of the test result. The test results

show that, compared with the only horizontal acceleration
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excitation, vertical acceleration excitation’ s participation,
whose peak was about 2/3 of the peak of the horizontal
acceleration excitation, can increase the responses of the
structure, and the increment of strain responses are larger
than the acceleration responses. Shear deformation is a major
deformation pattern for the structure model cross-sections.
There was a big difference between the spectrum distribution
of acceleration response time-history and spectrum
distribution of strain response time-history. Vertical vibration
mode made a greater contribution to strain response than

horizontal vibration mode.

Key words: underground structure; shaking table model

test; dynamic interaction; earthquake response
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Fig.1 Dimension of structure model {(unit; mm)
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Tab.1 Typical values of G/ G and D-g4 curves for soil
ya/X107* 0,064 0.115 0.196 0.366 0.626 1.040 1,770 3.150 6.110 10.6 18.2 31.4 54. 8 99. 8
G/ Guax 0.993 0.987 0.974 0.949 0.906 0.835 0.740 0.619 0,474 0.331 0,208 0.124 0,077 0. 060
D/% 1.3 1.4 1.7 2.1 2.5 3.3 4.4 6.0 9.1 13.4 19.4 25.3 28.2 28.9

1.2 BRI TR ST AR (8 R T 12
AV bR T BB IE R R WS i Ay A T CRTFR b 3 A TI80). 50 I AR Bl B R 3
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MBI, 50 51BN AR AR B W& ey 5, wq1mm R AR WIERE0E 2 FK 3
m%&&i@ : fﬁﬁ?@i%ﬁﬁi};ﬁﬂgﬁ;’gﬂjﬁ, éé .
B &I # 3 m, il 5 mm J& 3 _
y BRI W T BT g 2 fis, Hop EL, TF
MBS ¢ mm RAAABIEL R 0 b Conteo MU L

[B]FE 60 mm.
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Fig.2 Time history diagram of exciting wave
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Fig.3 Fourier spectrum diagram of exciting wave
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Tab.2 Model test loading schedules
. A R B e/ . L 1PNy 165 =W
e TS S £ i) THAE S £
x [ 2 i) z [ 2 i)
1 WN-1 0.07 — 11 WN-4 0. 05 —
2 EL-1 0.15 — 12 EL4 0.15 0.10
3 TF-1 0.15 — 13 TF-4 0.15 0.10
4 SH-1 0.15 — 14 SH-4 0.15 0.10
5 WN-2 0. 05 — 15 WN-5 0. 05 —
6 EL-2 0.3 — 16 EL-5 0. 30 0. 20
7 TF-2 0.3 — 17 TF-5 0. 30 0. 20
8 SH-2 0.3 — 18 SH-5 0. 30 0. 20
9 WN-3 0,05 — 19 WN-6 0. 05 —
10 EL-3 — 0.10
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BCL120-10AA i PH W AF B, MK 5 5 mm X 2
mm, &R B RE RG-S STEXS, A5 96
AEIE.
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Fig.4 Sketch of the accelerometers arrangement (unit: mm)
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Fig.5 Location of observed section and sketch of strain gauge arrangement
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Fig.6 Acceleration time-history and Fourier of the different measuring points
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Fig.7 Transfer function diagrams of each measuring points
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Tab.3 Frequency and damping ratio of the model

T L

P 8a A2 1 A24 3K 50K S i) o JRE
IR LR A A ARER R B 2200, X R A
RIS AR K ST I R S 7 35 A T TR] 2. A2 3 A
HOIER BRI ME 3. 25 m » s %, WS R T &M b A24
U B R BT 3. 14 me 577 IXRNBRZR 53T
BRL14 ] BT A B 45 R — 2. A& 8b A1~

s TR+ Pl A8 TSRS A25
#i%/Hz KR H/ % Big/Hz  BEH/%
1 8. 20 15 8. 20 15
2 6. 05 12 6. 05 14
3 5. 20 10 5. 20 11
4 5. 20 11 5. 20 12
5 5.10 11 5. 10 12
6 5. 00 12 5. 00 12

2.3 WTEHSEEE T EmEERE
TN HH T A N R R SR ik IR 1,2 A 3 BT L T S & A
R RS X, B 8 R T 18 R T BEECRRE BAL IR B R R 9 B A5 0R -
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AR B R R AR L A2 A0 A24 BT
RO [ AT o3 A T BL A — B HE T4
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ZIAIBA KAV R ER SRR AR
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Fig.8 Comparison of horizontal acceleration time-history and Fourier Spectrum between two measuring points
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Tab.4 Amplification factors of the peak acceleration of underground structure under the

excitation of three test waves

T S SR AL I R SR R

R THES BARKEE /g R (A2D) FRECAZT) T (AZ5) WA (A26)

oW =F KTRE 5 KTWE g KTEE 5 BARE g

2 0.139 4 0 0.191 2 1. 37 0,216 6 1.55 0.222 3 1.59 0,046 5 —

6 0.309 0 0 0.267 7 0. 87 0.3131 1.01 0.319 6 1. 03 0.094 4 —
! 12 0.1395 0.117 3 0.162 7 1.17 0.194 8 1. 40 0.198 7 1. 42 0.132 2 1.13
16 0.298 1 0.266 9 0. 300 9 1.01 0.3253 1.09 0.330 2 1. 11 0.189 5 0.71

3 0. 1470 0 0. 1481 1.01 0. 1780 1.21 0. 1802 1.23 0. 0452

2 7 0. 3045 0 0. 2884 0. 95 0. 2803 0.92 0. 2849 0. 94 0.0922 -
13 0. 1484 0. 1002 0, 1495 1.01 0. 1554 1. 05 0. 1568 1. 06 0.1673 1. 67

4 0.169 0 0 0.190 6 1.13 0,218 4 1. 29 0.220 6 1. 31 0.044 0 —

0.342 3 0 0.318 3 0.93 0.350 2 1.02 0.354 4 1. 04 0.076 0 —
3 14 0.175 4 0.123 3 0. 200 0 1. 14 0.244 5 1. 39 0.2415 1. 38 0.1815 1. 47
18 0.3301 0.215 7 0.314 5 0. 95 0,340 3 1.03 0.3381 1.02 0,280 6 1. 30

SR E 0 AR RS B 4 %o A KA.

AFE 4 I 2,3 F1 4 R IKSF R B3R
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IKF- IR BE S REIBL/ N » G5 RA RIS 14. 6 %6, A L
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TRE BA S 3K; %F F T 6 16, FTANR IS 1 AR
i, FEX A AR B IR S 5 T4
a8 B K8 5 R ISR A0 16. 100, HAE
AN 7. 9% , ZEA TGN 7. 8 %6 s X L AL 3 1 13,
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LB 13, 2%, B THFR /N 13, 8%, AR 1 )
I R AR s X L T 4 55 14 #0185 18, A AR

B0 3 SRARINE, M AU KR B R A 2
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(A27 U A TR R BN T 22. 1%, TRE (A25
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Tab.5 Decrement of horizontal acceleration amplification factor of underground structure
BRF R KN g TR R BB/ NE/ Y
b s 4 ,
RS Lo z 2 EE (A24) e (A2T) T (AZ5)
12 0.139 5 0.117 3
1 13.7 22.1 21. 8
16 0.2981 0.266 9
14 0.175 4 0.123 3
3 16,7 25.9 26.1
18 0.3301 0.2157

BARN BN 5a. RIS RA K 5b B TR A R AR
RORE BT A BB, HA R AR B e 36 il 2
8

e A IRB , Lok E RsIRIE S5 48
JEFEBSL I ) e (B 7 — B2 51, 3% 6 5 T4
THXFIZRIEE, A2 6 BB LIE H, S P20l

T REAR ST R AR B, PR R B TR P 2 Ja)
0528 B2 W 52 R L A U 00 5 ) e LA BR 2R A5 4
IHEAR B 5 AT LAA A A48 TS A B K i) o 2 32 e
5 THLFR AP RIGEAR [F]. 8 R BN 6 Fis,
R 7THHH TR TLT, T 4HA A TR
F 67 72 J52 IO e 1B XL A 7 o7 A WA R, 71 4L My Js 2 78

A 22 BB/ 243 — 22 /N SR (4% T L P S 1
A AT He e Ao A5 AR (R 3R LAKE — R M0 AR R B

UEEAH.

F6 TREEEEMNMEEESTIHARKBINERSTRNAZERY
Tab.6 Peak acceleration of setting and measuring and adjustment coefficient of strain response
R 2 3 4 12 13 14 6 7 8
WEWHE/ g 0.15 0.15 0.15 0.15 0.15 0.15 0. 30 0. 30 0. 30
e SELPEE/ g 0.14 0.15 0.17 0.14 0.15 0.18 0.31 0. 30 0. 34
R 1. 07 1. 00 0. 88 1. 07 1. 00 0.83 0.97 1. 00 0. 88
e WEEE/ g - - — 0.10 0.10 0.10 — — —
STHE(E/ g — - - 0.12 0.10 0.12 — — -
7T SMNSRABEHNTIEE
Tab.7 Strain peak after adjustment of different measuring points
. TS 8 AR
B A/ g S
z z LIS 62 63WE 64 W 66U 67IA 68U 69 I 4,
2 1 0.15 . 32.2 47.9 87.0 101. 9 149.0 14.7 18.7 75.2
’ —18.5 —82.5 —127.9 —72.0 —97.6 —9.3 —25.6 —62.8
3 ) 0.15 _ 19.5 40,0 69.6 64.9 55.9 8.8 14.6 50,1
’ —15.5 —49,5 —81.4 —59.5 —63.3 —7.9 —16.1 —52.0
20. 6 46, 2 84.3 69. 6 57.4 9.9 17.1 52.1
4 3 0.15 —
—17.7 —53.5 —88.2 —70.8 —83.9 —10.1 —17.1 —62.9
22,5 47. 4 96.7 94.9 131. 8 13.4 21,2 65,6
12 1 0.15 0.12
—16.0 —68.4 —132.4 —83.2 —92.0 —10.8 —23.5 —69.6
13. 4 42. 9 76. 6 66. 6 51.2 9.6 17.5 45,1
13 2 0.15 0.10
—15.4 —46, 8 —89.5 —67.1 —75.7 —8&.5 —17.5 —54. 6
27,8 58,3 125.4 118.0 101.1 26,2 25,5 77.3
14 3 0.15 0.12
—21.2 —91.9 —162,5 —99.5 —169.9 —25.9 —32.4 —88. 6
6 1 0. 30 - 43.7 82.6 148. 7 139.0 73.7 31.6 33.3 95,1
' —31.3 —112.4 —183.2 —130.2 —126.9 —24.0 —33.2 —114.1
7 2 0. 30 . 35.9 83,2 153. 9 121.6 71.1 22,9 32,6 83,4
’ —31.1 —97.5 —163.1 —132.4 —114.1 —21.5 —29.1 —116.5
g 3 0. 30 - 36. 3 80.7 157.5 132.1 76.7 16. 2 32,4 85.3
' —30.7 —106,1 —184,3 —133.4 —111.1 —19.5 —35.0 —115,3
38,1 83.1 162. 6 141.2 148. 6 24,4 36,1 93.4
16 1 0. 30 0. 27
—31.2 —108.0 —198.5 —142.8 —151.4 —23.6 —34.2 —121. 4
34.7 83.2 171. 8 139.9 61. 6 19.1 34. 6 82.8
18 3 0. 30 0.22
—31.9 —113.7 —198.1 —145.7 —99.9 —22. 4 —38.9 —122.4

TOE 2~4 B/K PR mEAR, AR 7 BiX 34T SLRINAS RN B 7T LUE i, 56 1 VR St
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Fig.9 Time-history and Fourier Spectrum of exciting and strain response of different measuring points
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