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Dynamic response analysis for multi-story structures with different
isolation stories under near-fault ground motions
HAN Miao ZHANG Wen-hui ZHU Ai-dong SUN Yidin LI Jin-bo

( School of Civil and Transportation Engineering Beijing University of Civil Engineering and Architecture Beijing 100044 China)

Abstract:  The dynamic responses of two 8-story RC frame structures with isolators under near-fault ground motions
were studied when the isolation layer was set on the base or each story. The natural rubber bearings ( NRB) or lead-rubber
bearings ( LRB) were taken as isolators. 172 nearHfault seismic wave records were input in structures respectively. The
effects of nearfault ground motions on multi-story structures with different isolation stories were analyzed. The results showed
that the input energy of an isolation structure is less than that of a non-isolation structure; the input energy of a LRB
isolation structure is less than that of a NRB isolation structure; the displacement of isolation bearing decreases and the
maximum acceleration of the top-story increases with lifting the isolation layer; the characteristic parameters of near-fault
ground motions are all correlated with the dynamic response parameters of isolation structures but the levels of correlation
are different; the isolated structures need to be designed in terms of the requirements for structure dynamic responses
meanwhile the position of isolation layer and the influence of seismic characteristic parameters should be considered.
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Tab. 1 Earthquake record information utilized in this study
Mazza °©  HDR Coyote Lake 2 5.74 1979
. Coalinga-05 2 5.77 1983
Morgan Hill 5 6.19 1984
Nahanni Canada 2 6.76 1985
Loma Prieta 14 6.93 1989
° San Fernando 1 6.61 1971
Imperial Valley-06 18 6.53 1979
Mammoth Lakes-01 2 6.06 1980
Chalfant Valley-02 2 6.19 1986
N. Palm Springs 3 6.06 1986
( LNR) (LRB) San Salvador 3 5.80 1986
8 172 Superstition Hills-02 5 6.54 1987
Whittier Narrows-01 12 5.99 1987
Cape Mendocino 2 7.01 1992
Erzican Turkey 2 6.93 1992
Landers 2 7.28 1992
o Northridge-01 22 6.69 1994
Kobe Japan 6.90 1995
1 Duzce-Turkey 7.14 1999
Chi-Chi Taiwan 58 7.62 1999
20 Kocaeli Turkey 3 7.51 1999
km 5.5 0.1¢g 20 172
172 ( 1)
2
SAP2000 8
( 1 2)
27.6 mx4.7 m 27.3 m 300 mm
600 mm 200 mm 450 mm 1 3-D ( . mm)
700 mm 00 mmo 1 Fig. 1 Plan and3 — D model of structure( unit: mm)
2, C30 HRB400.
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( LNR500) 20 2
( LRB500) 20
1 3 o
(
2) 300 mm.
T, =1.097 s T, =1.010 s T, =0. 901 s,
LNR500 LRB500 2 (Y-2 ) ( )
4, 4 Fig. 2 The parts ofdifferent story isolation structure

(Y = Z elevation view of structure)
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2
Tab. 2 The gravity load representative value of each floor
1 2 3 4 5 6 7 8
/kN 4918 4370 4370 4 370 4370 4370 4 370 4 008
3
Tab. 3 Parameters of the bearing
100%
/ / / ; ;
mm MPa (kN'mmil) . .
(kNem™) 1% (kNem™) kN
LRB500 500 0.392 1839 1459 26.5 807 62.6
LNR500 500 0.392 2445 1525 5 — —
4 (s)
Tab. 4 The natural vibration periods of isolation structure( s)
1 2 3 4 5 6 7
LRB500 2.650 2.486 2.381 2.249 2.087 1.897 1.674 1.417
LNR500 3.459 3.245 3.077 2.881 2.656 2.396 2.092 1.725
3 o
8 N
(PGA) . (PGV) .
( PGD) .
(PGV/PGA) . (90% ) .
(T,/T))
3.1
3
Fig. 3 The comparison of the input energy
7 of different story isolation structure
3.2
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Fig. 5 Absolute value of the correlation coefficient between characteristics of
near-fault ground motion parameters and seismic responses of the different isolation structure
PGV PGA T,/T\( >1) T,/T\( <1) PGD %
LNR500 0.895 0.740 0.161 0.484 0.318 0.399 0.419 0.274 0.027
0.976  0.816 0.591 0.579 0.586 0.469 0.830 0.695 0.279
0.914 0.741 0.326 0.505 0.322 0.385 0.418 0.273 0.022
0.971 0.831 0.598 0.581 0.610 0.456 0.782 0.606 0.178
LRB500 0.890 0.750 0.294 0.532 0.478 0.411 0.379 0.217 0.008
0.933 0.840 0.664 0.590 0.543 0.494 0.736  0.638 0.164
0.741 0.697 0.636 0.517 0.484 0.358 0.348 0.097 0.113
0.917 0.807 0.754 0.599 0.578 0.482 0.444 0.296 0.284
(3) LNR500 . PGD
N LNR500
LRB500 o LRB500
(4) T,/T, >1 T./T, °
N (6) PGV/PGA
' T./T, <1 T./T, N ;
o LNR500
(5) PGD LRB500
LNR500 o

LRB500 (7) .
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Fig.5 Comparison of the correlation coefficient between
characteristics of near-fault ground motion parameters

and seismic responses of the different isolation structure

o

5
PGD.PGV/PGA
PGA. LRB500 PGA
PGD.PGV/PGA.
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