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Tab.1 Model number and parameters

BRI S PRRARRISH || RG-S PRSI

1 REERBEEREAR GZKIF1  B/W=1:1 | KzKJ1  B/W=1:1
GZKIJ1.5 B/W=15:1| KZKJ'1.5 B/W=15:1

1.1 RELHEER GZKJ-2 B/W=2:1 KZKJ-2 B/W=2:1
GZKI2.5 B/W=25:1| KZKJ2.5 B/W=25:1

FUR, e oINS B B R SR 2 2 GZKJ3  B/W=3:1 | KZKJ3  B/W=3:1
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U - HE 20 3L Rilt B 75 405 4 L 500y B A% ), o T Al
FELE BT S P I REHE T TR A, S A
B TR bR SO 25 AT 0 5%

B E LA R A M - DU 2R A ST A LA
SR 15.90 mUKJZE 4.20 m, HAAEZ 3.90 m) ,
LY B RE K 0.5 kN/m?, 2 5k 11 2,
PUR B FURE R 8 B, BT 3 A in 3 o 0.20g, B
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Fig.1 Frame column network and seismic isolation bearing layout (Unit: mm)
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Tab.2 Seismic isolation bearing parameters

eyl T./mm K.,/(kN-mm™') K,/(kN-m™") a/% Q./kN K.0/(KN-m™") S, S,
LRB600 118.90 2445 11391 7.69 90.20 1459 31.30 5.80
LRB500 98.60 1839 9880 7.69 62.60 1297 26.80 5.70
LNR600 118.90 2097 — — — 917 29.70 5.80
LNR500 98.60 1525 — — — 767 24.50 5.70

T T, 29 B ARBE 2 BV IR E 5 K, 2 S 1) W E 5 K g Jes A T W2 5 2 i G
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Tab.3 The first three order cycles of the structure(Unit:s)

SRS B/ W %15 %28 %30
1:1 2.445 2.304 1.982
1.5:1 2.450 2.313 1.990
2:1 2.464 2.319 2.008
2.5:1 2.476 2.329 2.027
3:1 2.484 2.331 2.041
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Fig.2 Seismic wave response spectrum
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Tab.4 Information about the first three order modes of the structure
ABREE g mwrs AW LSS Sk N L% 9
B/W X )5 Y 18] % [m) 41 5
1 0.859 64.51(64.51) 0.70(0.70) 1.71(1.71)
KZKIJ-1 2 0.839 2.09(66.60) 37.57(46.27) 28.40(30.11) 0.94
) 3 0.807 0.50(67.10) 28.62(66.89) 37.11(67.22)
b 1 2.445 13.70(13.70) 69.54(69.54) 15.73(15.73)
GZKIJ-1 2 2.304 81.94(95.64) 17.24(86.78) 0.18(15.91) 0.81
3 1.982 3.51(99.15) 12.50(99.28) 83.16(99.07)
1 0.861 61.87(61.87) 1.08(1.08) 4.02(4.02)
KZKIJ-1.5 2 0.836 3.90(65.77) 43.82(44.90) 20.38(24.40) 0.93
15 3 0.801 1.48(67.25) 22.17(67.07) 44.10(68.51)
1 2.450 16.52(16.52) 68.38(67.38) 14.56(14.56)
GZKIJ-1.5 2 2.313 75.55(91.07) 22.50(82.88) 1.32(15.88) 0.81
3 1.990 7.23(99.30) 8.53(99.41) 83.62(99.50)
1 0.869 57.55(57.55) 2.51(2.51) 7.46(7.46)
KZKIJ-2 2 0.838 6.70(64.25) 45.43(47.94) 16.62(24.08) 0.92
0:1 3 0.805 2.76(67.01) 20.93(66.36) 46.05(70.13)
1 2.464 21.07(21.07) 66.74(48.21) 10.21(28.21)
GZKJ-2 2 2.319 73.12(92.52) 24.22(75.96) 2.51(30.22) 0.81
3 2.008 4.94(99.13) 8.22(99.18) 86.40(99.12)
1 0.883 54.95(54.95) 1.85(1.85) 12.36(12.36)
KZKJ-2.5 2 0.845 10.58(65.53) 44.60(46.45) 15.92(28.27) 0.92
P 3 0.814 4.47(69.99) 24.43(70.88) 39.25(67.53)
1 2.476 25.93(25.93) 64.22(66.22) 9.34(9.34)
GZKIJ-2.5 2 2.329 66.98(92.91) 28.02(92.24) 4.17(13.51) 0.82
3 2.027 6.45(99.36) 7.45(99.69) 85.78(99.29)
1 0.889 49.24(49.24) 2.78(2.78) 14.81(14.81)
KZKIJ-3 2 0.845 13.79(63.03) 41.30(44.08) 15.83(30.64) 0.92
) 3 0.817 5.61(68.64) 27.44(71.52) 36.80(67.44)
. 1 2.484 28.04(28.04) 63.73(63.73) 7.70(7.70)
GZKJ-3 2 2.331 64.23(92.27) 30.35(90.08) 5.16(12.86) 0.82
3 2.041 7.06(99.33) 5.69(99.77) 86.40(99.26)
MRS _E I I s = v 1
s -
(a) S 1B PRI (b) H2r R (c) 5B 3B IRE
(a)lst order mode (b) 2nd order mode (c) 3rd order mode
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Fig.3 The first three order modes of seismic isolation structure
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Tab.5 Shear ratio at the bottom of the seismic isolation structure
B i L X 1m] SR 5 7 Y I KB 5T 71
B/W B 7E /KN b 7 / kN AL e 7% /KN b 7 /KN A
1:1 10198.03 3773.27 0.37 10173.25 3865.74 0.38
1.5:1 11256.79 4282.22 0.38 11423.87 4226.91 0.37
2:1 11934.20 4534.91 0.38 12329.66 4439.71 0.36
2.5:1 12299.51 4796.61 0.39 13038.24 4824.14 0.37
3:1 12877.33 5150.83 0.40 13840.23 5249.28 0.38
s e LU AE Ay B AR/ A B A
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Fig. 7 Displacement of the seismic isolation layer support (X-direction)
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Tab. 6 Seismic isolation layer parameters

T LRB NI B /5 Lt 0> 3/ %%

al/% X [1] Y [1)
Al 32.14 2.003 2.281
A2 52.07 2.119 2.063
A3 63.77 2.198 2.359
Ad 71.37 1.957 2.239
A5 81.23 2.057 2.154
A6 94.21 1.927 2.318
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Fig.9 Seismic isolation bearings layout diagram (six schemes)
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Tab.7 Bottom shear ratio of structure

LRB W RIE i b X [m] R 5 77 Y In] K &R 5T 1
al 6 JEbRE /KN I 7% /KN b A A b A% /kN W 72 /KN HE A
32.14 3693.93 0.36 3513.64 0.34
52.07 3821.33 0.37 3593.58 0.35
63.77 3855.73 0.38 3716.09 0.36
71.37 10196.03 4062.07 0.40 10175.25 3775.29 0.37
81.23 4158.64 0.41 4022.04 0.40
94.21 4402.95 0.43 4100.54 0.40
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Fig. 10 Inter-story displacement ratio of the superstructure in the Y direction
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Fig. 11 Inter-story torsion angle of the superstructure
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Fig. 12 Inter-story torsion angle of the seismic isolation layers
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Fig. 13 The impact of LRB stiffness ratio a
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Tab.8 Eccentricity of the seismic isolation layer under different arrangement schemes

75 In] R T 2 AR/ m o Bl ARRR/m R EE/m WA /m RO FR/ %
Ji B = 254 (GZKT-1) 137.62 +0.73 21.544 +3.37
X I Bl 138.35 137.83 +0.51 21.836 +2.34
B2 139.00 —0.65 22.219 —2.94
DB FE 45 4 (GZKI-1) 33.49 +0.32 21.544 +1.50
Y Ji] Bl 33.81 33.52 +0.29 21.836 +1.31
B2 33.51 +0.31 22.219 +1.39
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Fig. 14 Layout diagram of seismic isolation bearings( three schemes)
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Tab.9 Bottom shear ratio
I X[ S A8 85 g Y [ IS AR5

JEFE R /KN P 7% /kN e AE A b /kN B 7 /KN HefE
Ji B A 7Y 4172.50 0.41 4023.71 0.40
B1 10198.03 4080.01 0.40 10173.25 4008.84 0.39
B2 4084.45 0.40 4019.68 0.40
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Fig. 15 Inter-story displacement ratio of the superstructure in the Y-direction
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Fig. 16 Inter-story torsion angle of the superstructure
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Fig. 17 Inter-story torsion angle of the seismic isolation layers
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Torsion effect and control of foundation seismic isolation structure

of plane irregular multi-layer frame structure

PAN Qin-feng', LIN Huan-zhou’, XU Li-ying’, LU Li-xing*, WU Ying-ziong"®, CAO Lin-kun’

(1. School of Civil Engineering, Fujian University of Technology, Fuzhou 350118, China; 2. China Construction Fourth
Engineering Division Corp., Ltd., Guangzhou 510630, China; 3. School of Civil Engineering and Architecture,
Southwest University of Science and Technology,Mianyang 621010, China; 4. College of Civil Engineering, Fuzhou University,
Fuzhou 350108, China; 5. Fujian Provincial Key Laboratory on Multi-Disasters Prevention and Mitigation in Civil Engineering,

Fuzhou 350108, Chinaj; 6. Xiamen Kunneng Engineering Construction Co.,Ltd., Xiamen 361001, China)

Abstract: Plane irregular buildings are prone to torsion and cause serious damage to the structure. The analysis and control of struc-
tural torsion effect is the key to this kind of structural design. In this regard, the simulation calculation of the planar irregular multi-
story frame model in the 8-degree fortification zone was carried out, and the planar L-type four-story frame isolation model of five
typical class B buildings was established. The ratios of the length B and width W of the protruding limbs of the structure were set to
be1:1,1.5:1,2:1,2.5:1 and 3:1, respectively. The dynamic characteristics and seismic response of different structures were ana-
lyzed. The influence of the LRB stiffness ratio and the rigid center position of the isolation layer on the structural torsion was dis-
cussed, and the effective control method of structural torsion was proposed. The results show that with the increase of the length-
width ratio B/ W of the protruding limb, the X-direction torsion of the structure increases gradually, and the Y-direction torsion de-
creases gradually. Increasing the proportion of LRB stiffness can reduce the torsional effect of the structure. By comprehensively
controlling the structural torsion and structural damping coefficient, a reasonable proportion of LRB stiffness can be obtained. The
proportion of LRB stiffness of the isolation layer under the condition of 8 degrees earthquake is proposed. At the same time, the rig-
id center of the isolation layer and the rigid center of the superstructure are arranged on both sides of the mass center of the super-

structure to suppress the torsion of the superstructure of the plane irregular structure.

Key words: reinforced concrete frame structure ;base seismic isolation ;irregular plane ; torsional control; simulation calculations
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