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Analysis of the effect of pulse characteristics of near-fault
ground motions on the response of equipment-structure
coupled isolation system

Han Miao Jiang Jinwei Du Hongkai® Zhao Minghe

(Beijing Advanced Innovation Center for Future Urban Design, Beijing University of
Civil Engineering and Architecture, Beijing 100044, China)

Abstract: Based on the model of equipment-structure coupled isolation system, 50 near-fault
pulse-like seismic waves were selected and the effect of period ratio Tp/7T (the ratio of the pulse
period to the basic period of the structure) and pulse energy on the structural response was
analysed using 7p/7T=1 as the dividing line; and the relationship between the displacement ra-
tio of isolation layer and the period ratio and pulse energy was fitted while the zero-crossing
times <5. The analysis shows that the influence of pulse characteristics on the structure is
mainly related to the period ratio7p/7 and the pulse energy, while the influence of the zero-
crossing times of the acceleration curve corresponding to the velocity pulse needs to be con-
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sidered. Furthermore, the equipment response is directly related to the top floor acceleration,
but there is no significant direct correlation with the pulse characteristics of near-fault ground
motions.

Key words: near-fault ground motions; pulse characteristics; period ratio; pulse energy;

isolation system
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Marek, 2004; Shahi, Baker, 2014) . [R 1T ¥ )2 # 52 5l 9 bk vh BA K 301 B9 RRAE 7 B 22 5 R
A SR S50 11 4R R A R a5, 0T 2 2 A 0T O R 2 ik v R b 7R S 4 T 1Y B AR 4 4 T
BEAT T KRB (eSS, 20055 Z5/N7E45, 20185 HE35F, 2018) .

Bifi 5 A 23 9 R RN AT IR A 3 IR B T oK 0 4 g, 25 b IR i A ML AR B T 2, 7
AR BT Ty o B I s I ARG AL S N AR B A S R S A A 1 R R A B 4
M, YA TR ALK, W A BAE R R Z s . X R ERH R, R E R AR K
B SRR G R R 0 Bl g o OB 5 OIS — 8 OR (2578 5%, 20035 s#figk, F o8, 2005; [E#,
I, 20085 Oropeza et al, 2010) . X 3T W )2 My fRAE IR, B0 A 45 14 R 5 B 7= 1A 2 2l g i 17
A 58 3 /0, J0 I OG T 30 W7 )23 i 7 3l Kk e A P XoF 38 B — 45 R A 5 I R A 3R 3 g e 7 S i) )
FATFRA .

R, AR SR A BR TCER A ST B A A AR PR R AR R A AL, TR G R R A R R
i 37 5 30 T )23 b 7R B0 104 AT RE IOk v ORI s RE b e r ek 0 0GR 4043 B Ik o ) A0 R K e RE
Xof 45 A6y M) SO P S T L S v ] S0 R 2 A BEAS JE S A L R A RE O A R bk ke g o s R
L FF U FE I, 7] R U 5 — 45 A R B8 R X R TE S (] 30 7 )23 ok o 28 b 52 1 T ) i i
26 SRS BT 5 1] 5 e Ah, IR BIESE T B A e R 5 K e AR RS T BN AR AR OGP, DU Sy 3
J2 ik o A b 2 A T R R 2 A AR 1 15 £ ) iy T 2 1 2 7%

1 BT

B NAELR R, WP FIEE VI, b2 028, Wit R rdi s —4l, ERE S
3.6m, Y. BEMI R 68, B 7.2m. NIF RIS G, h T2k G GRS R
Tl A S B 5 A8 17 1 S LT P55 5t A 46 ) O A i OB AR Ry 2% 52 0 3 300 S I, SR
N T 8 JUIARRL L 174, SRPR SRR ARRL LGS 1/1, s BEARRL I O 1/1, 32 & A RL 1L
116, HESHHM LS T£ 1. 2 HBRH NS, B R4 70 mm X 70 mm X
6 mm Al 100 mm X 100 mm X 5 mm, 4044 K F Q355 8. AR A 10 mm B4, 1—4 EHECE N



54 B RS T BT R AR Sl K iR o A A R 5 R R A AR W ) 52 R 3 AT 893
G IR R BIOC &R
Table 1  Similarity relation of single-span model and prototype structure
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Fig. 1 Finite element calculation model

Table 2 The first 3 natural vibration periods of
prototype structure and single-span model

o EERELEN
i)
Sty 2B 3B
XL i) B 5 Jir 7R 0.86 0.86 0.49
i RS 0.44 0.44 0.24

P B AE 150 mm, ZKFWIEE S 0.25 kKN/mm. 7 45
FBEHY T2 #8 A — A B AR BE 400 mm f) [ 44 3%
B &, AR & -5 A PR AR IR R RN ]
250 mm, EAE 12 mm, B 5 &N 200 kg, HIE
JE R 0.25 s. F FH Abaqus 47 BR 70 B AF PEFT 22
ZEHESRH B32 B2 H 0T, BEAR L S4R5 52 HLIG,
B R 0GB A R A T 1 ok 0.85s.

2 HhE K EEL

MK 1 = T #2855 P .0 (Pacific Earthquake
Engineering Research Center, 4i 5 &y PEER) %}
Tk 2 3 M 50 2% LA Ik ol ARk 1 30 BT S M R U, 4%
Jok o JEL A9 P HES B T 3L S ERE 4R

1) # 48 E N A K 2 B 98 2 35 AN I W)=
by 52 2l W 2 B S, R MO 2 BE AE 20 km LA A (7 4

2) g I T 2 R B S T O 3 b R B 1 o
FEFRAE, B My A/NT 5.5 B Hb AR % .

3) A 5 I 2 M RR Bl Y 5 M T S B R

98 $F W {8 N 7 & (peak ground acceleration, 45 i PGA) KT 0. 10g 1Y #1523k ;
4) MR A 5T K LR Ik ) A £ (E AR B PEER 04 1 8 2 ( Baker, 2007) .
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Table 3 The 50 near-fault pulse-like seismic waves selected for study
A=) PEERIC R4 Vin:s i PR R My Jik e A9/

1 1050 FN Northridge-01 1994 6.69 0.50

2 615 FN Whittier Narrows-01 1987 5.99 0.79

3 496 FP Nahanni, Canada 1985 6.76 0.81

4 568 FN San Salvador 1986 5.80 0.86

5 1051 FN Northridge-01 1994 6.69 0.90

6 828 FP Cape Mendocino 1992 7.01 0.90

7 1602 FP Duzce, Turkey 1999 7.14 0.91

8 569 FP San Salvador 1986 5.80 1.00

9 451 FP Morgan Hill 1984 6.19 1.10
10 459 FN Morgan Hill 1984 6.19 1.20
11 150 FN Coyote Lake 1979 5.74 1.20
12 765 FN Loma Prieta 1989 6.93 1.20
13 1202 FN Chi-Chi, Taiwan, China 1999 7.62 1.40
14 529 FN N. Palm Springs 1986 6.06 1.40
15 1119 FN Kobe, Japan 1995 6.90 1.40
16 77 FN San Fernando 1971 6.61 1.60
17 1120 FN Kobe, Japan 1995 6.90 1.60
18 766 FN Loma Prieta 1989 6.93 1.70
19 1013 FN Northridge-01 1994 6.69 1.70
20 763 FN Loma Prieta 1989 6.93 1.80
21 568 FP San Salvador 1986 5.80 1.80
22 803 FN Loma Prieta 1989 6.93 1.90
23 173 FP Imperial Valley-06 1979 6.53 2.00
24 722 FP Superstition Hills-02 1987 6.54 2.10
25 821 FP Erzican, Turkey 1992 6.93 2.20
26 1045 FP Northridge-01 1994 6.69 2.20
27 1044 FN Northridge-01 1994 6.69 2.20
28 159 FN Imperial Valley-06 1979 6.53 2.30
29 723 FN Superstition Hills-02 1987 6.54 2.30
30 158 FN Imperial Valley-06 1979 6.53 2.40
31 721 FN Superstition Hills-02 1987 6.54 2.40
32 1045 FN Northridge-01 1994 6.69 2.40
33 1182 FN Chi-Chi, Taiwan, China 1999 7.62 2.60
34 821 FN Erzican, Turkey 1992 6.93 2.70
35 1013 FP Northridge-01 1994 6.69 2.80
36 767 FP Loma Prieta 1989 6.93 3.00
37 1063 FP Northridge-01 1994 6.69 3.00
38 178 FP Imperial Valley-06 1979 6.53 3.10
39 983 FN Northridge-01 1994 6.69 3.50
40 1529 FP Chi-Chi, Taiwan, China 1999 7.62 3.80
41 161 FN Imperial Valley-06 1979 6.53 4.00
42 180 FN Imperial Valley-06 1979 6.53 4.00
43 182 FN Imperial Valley-06 1979 6.53 4.20
44 182 FP Imperial Valley-06 1979 6.53 4.50
45 802 FN Loma Prieta 1989 6.93 4.50
46 170 FN Imperial Valley-06 1979 6.53 4.50
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233
a5 PEERIC %45 gy HhE AR R My, Jok e JE # /s
47 1176 FP Kocaeli, Turkey 1999 7.51 4.60
48 179 FN Imperial Valley-06 1979 6.53 4.60
49 185 FN Imperial Valley-06 1979 6.53 4.80
50 825 FP Cape Mendocino 1992 7.01 4.90

e FNRIE R, “FP” R PATWE S0, MR b LAkl T3 HES
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Fig. 2 Comparison of maximum displacement of isolation layer under near-fault ground motions with different PGA

(a) Near-fault pulse-like ground motions; (b) Near-fault non-pulse-like ground motions
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Table 4 Comparison of displacement of isolation layer
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Jiknfizgd 0.20 49.88 17.48 PGA=0.20g il i J= A B 19 H:‘ﬁ‘ T
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e 0-20 19-88 7 0.20g 5 PGA=0.07g, PGA=0.40g 5
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Fig. 3 Maximum interlayer displacements under near-
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Fig. 4 Comparison of maximum equipment displacement under near-fault

pulse-like ground motions with different PGA
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Fig. 5 Comparison of maximum top floor acceleration under near-fault pulse-like ground motions with different PGA
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Fig. 6 Three correspondences between the maximum displacement of isolation layer and the velocity pulse

(a) No velocity pulse correspond to the maximum displacement (seismic wave 32); (b) Maximum velocity pulse do not correspond to

the maximum displacement (seismic wave 28); (¢) Maximum velocity pulse correspond

to the maximum displacement (seismic wave 10)
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Fig. 7 Maximum displacement of isolation layer versus

acceleration pulse (seismic wave 32)
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