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Research on seismic responses of reticulated shells with base-isolated
substructure under near-fault ground motion
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Abstract: The near-fault velocity pulse-like earthquake ground motions usually cause more severe damage to
building structures. To analyze the seismic responses of the reticulated shells with seismically base-isolated
substructures subjected to near-fault velocity pulse-like earthquake ground motions, three sets of ground motions are
applied to a double-layer cylindrical steel reticulated shell supported by seismically base-isolated reinforced concrete
frame structure. The first group consists of 22 near-fault velocity pulse-like ground motions with a distance of
5~10 km and a pulse period of 0.7 ~3.2 seconds, the second group includes 22 corresponding ground motions
without velocity pulse, and the third group is based on the second group, considering the near field amplification
coefficients given in GB/T 51408—2021 Standard for seismic isolation design of building. Through incremental
dynamic analyses, the dynamic responses of the structure under the three groups of ground motions are compared.
The results show that the velocity pulse has a significant amplification effect on the isolation layer displacements,

the inter-story drifts, the axial forces, the base reaction forces of the reinforced concrete supporting structure, as
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well as the maximum nodal displacements and the member axial forces of the reticulated shell. Moreover, when only
adjusting the intensity of the ground motions, the near field amplification coefficient can not effectively account for
the influence of velocity pulse on the dynamic responses of the base-isolated reticulated shell with supporting
structure. The conclusions of this study can provide a basis for the seismic isolation design of the base-isolated
reticulated shell-supporting structure in high seismic intensity areas near fault zones.
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x1 REXZENFLERE
Table 1 Mechanical properties of isolation bearings
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I /mm /mm fii/MPa  WIE/(KN/mm) /(kN/mm) /(kN/mm) /(kN/mm) ELS
LRB400 400 73 0.392 1.04 8.79 0.68 1400 27
LNR300 300 56 0.392 0.49 — — 900 —
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Table 2 A set of 22 near-fault pulse-like ground motions used in this paper

e ARG R AT v SMEATR R WREE km BRPE /s PGA/ (em/s?) i)
GM1 1979 Coyote Lake Gilroy Array #2 G02140 5.7 9.0 1.4 251 I
GM2 1979 Coyote Lake Gilroy Array #3 G03140 5.7 7.4 1.2 251 |
GM3 1980 Irpinia_ Italy-01 Bagnoli Irpinio A-BAG270 6.9 8.2 1.7 186 I,
GM4 1983 Coalinga-05 Transmitter Hill D-TSM270 5.8 9.5 0.9 765 I
GM5 1984 Morgan Hill Gilroy Array #6 G06090 6.2 9.9 1.4 287 I,
GM6 1986 San Salvador Geotech Investig Center GIC090 5.8 6.3 0.8 691 |
GM7 1986 San Salvador Geotech Investig Center GIC180 5.8 6.3 1.4 413 I
GM8 1986 San Salvador National Geografical Inst NGI180 5.8 7.0 2.3 396 I
GM9 1986 San Salvador National Geografical Inst NGI270 5.8 7.0 0.9 524 |
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o 4G AR fvh SFEATR FREY WREE km BKP /s PGA/ (em/s?) i)
GM10 1994 Northridge-01 LA - Sepulveda VA Hospital SPV270 6.7 8.4 1.1 738 |
GMI1 1994 Northridge-01 Newhall-W Pico Canyon Rd. WPI316 6.7 5.5 2.0 350 I
GMI12 1994 Northridge-01 Pacoima Dam (upper left) PUL194 6.7 7.0 1.1 1261 I,
GM13 1994 Northridge-01 Pardee-SCE PAR-L 6.7 7.5 1.2 547 II
GM14 1994 Northridge-01 Rinaldi Receiving Sta RRS228 6.7 6.5 1.5 857 I
GM15 1994 Northridge-01 Sylmar-Converter Sta SCS052 6.7 5.3 3.2 611 ]|
GM16 1994 Northridge-01 Sylmar-Olive View Med FF SYL090 6.7 5.3 2.9 593 I
GM17 1999 Chi-Chi CHYO006 CHY006-W 7.6 9.8 2.9 348 |
GMI18 1999 Chi-Chi CHYO074 CHY074N 6.2 6.2 2.5 335 I,
GM19 2004 Parkfield-02 Parkfield-Fault Zone 14 714360 6.0 8.8 0.9 565 |
GM20 1979 Montenegro Bar-Skupstina Opstine BS0000 7.1 7.0 1.4 365 |
GM21 2009 L’ Aquila L’ Aquila-V. Aeron-Centro Valle GX066YLN 6.3 6.3 0.7 545 I
GM22 2008 Iwate IWTH26 IWTH26NS 6.9 6.0 3.1 888 I
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Fig.5 Velocity time history curves and acceleration response spectra of GM6 with and without velocity pulses
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Table 3 Values of peak ground acceleration em/s”
BB BB L Z iR W Hi= T = ESE N
7 B£(0.10 g) 35 100 220 320
8 J£(0.20 g) 70 200 400 600
9 [£(0.40 g) 140 400 620 1080
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Fig.7 Comparison of dynamic response time history curves of reinforced concrete frame
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Fig.9  Comparison of IDA results of RC frame structure
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Table 4  Average values of amplification coefficients of dynamic responses of RC frame structure

e AL TVEL N Ein 354l Z i BB 72 iR e 28 7
(= v N E 7(0.1g) 1.48 1.57 1.54 1.52
8 (0.2 g) 1.53 1.55 1.49 1.41
9 (0.4 g) 1.57 1.49 1.41 1.31
K2 M ff 7RE(0.1 g) 1.43 1.64 1.96 2.08
8 J#(0.2 g) 1.51 1.95 1.98 2.02
9 (0.4 g) 1.84 1.98 2.06 1.88
T KA 14 7RE(0.1 g) 1.43 1.44 1.57 1.55
8 BE(0.2 g) 1.42 1.57 1.56 1.44
9 (0.4 g) 1.49 1.56 1.44 1.28
RIS T 7E(0.1 g) 1.46 1.50 1.47 1.45
8 (0.2 g) 1.48 1.48 1.41 1.35
9 (0.4 g) 1.50 1.41 1.34 1.26
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Fig. 10  Plastic members of RC frame structure
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Fig. 11 IDA results of upper reticulated shell
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Table 5 Average values of the amplification coefficients of dynamic responses of reticulated shell
g5 ol IR B BB FLEE Z il E BB A= T e 2 38 4 7
YNV S BhE s 7 (0.1 g) 1.40 1.41 1.47 1.58
8 (0.2 g) 1.38 1.45 1.65 1.81
9 (0.4 g) 1.43 1.65 1.90 1.77
KA R A 7 (0.1 g) 1.32 1.36 1.47 1.62
8 (0.2 g) 1.34 1.46 1.52 1.48
9 (0.4 g) 1.34 1.52 1.52 1.37
S ONGRLR D] 7 (0.1 g) 1.29 1.31 1.51 1.95
8J¥(0.2 g) 1.31 1.53 2.04 1.80
9 J#(0.4 g) 1.31 2.04 1.80 1.44
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Fig. 12 Plastic members of reticulated shell
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Table 6 Recommended values of the structural dynamic response amplification coefficients

Eti) el DIVELN BRI Z iR BB = TR e 5% 8 7%
HREEH (B S SN TR 2 7 (0.1 g) 1.50 1.50 1.50 1.50
8 (0.2 g) 1.50 1.50 1.50 1.50
9 (0.4 g) 1.50 1.50 1.50 1.25
IS oIS 7 (0.1 g) 1.50 1.50 2.00 2.00
8 (0.2 g) 1.50 2.00 2.00 2.00
9 (0.4 g) 1.75 2.00 2.00 1.75
S KAl 7 (0.1 g) 1.50 1.50 1.50 1.50
8 J#(0.2 g) 1.50 1.50 1.50 1.50
9 (0.4 g) 1.50 1.50 1.50 1.25
5N W 7 (0.1 g) 1.50 1.50 1.50 1.50
8 (0.2 g) 1.50 1.50 1.50 1.25
9 (0.4 g) 1.50 1.50 1.25 1.25
) e 45 A KK 7R (0.1 g) 1.50 1.50 1.50 1.50
8 (0.2 g) 1.50 1.50 1.75 1.75
9 (0.4 g) 1.50 1.50 2.00 1.75
WA KE A 7 (0.1 g) 1.25 1.50 1.50 1.50
8 (0.2 g) 1.25 1.50 1.50 1.50
9 (0.4 g) 1.25 1.50 1.50 1.50
T K40 7 (0.1 g) 1.25 1.25 1.50 2.00
8 (0.2 g) 1.25 1.50 2.00 1.75
9 (0.4 g) 1.25 2.00 1.75 1.50
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Fig. 13 Comparison of IDA results of RC frame structure considering near-field amplification factors
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Fig. 14 Plastic members of RC frame structure considering near-field amplification factors
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Table 8 Average values of the amplification coefficients of dynamic responses of
reticulated shell considering near-field amplification factor
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Fig. 16 Plastic members of reticulated shell considering near-field amplification factors



152 WwoE L B 5 T ®B & 3 545 45

5 &5t

1) DS f1 o At B 7 O 7 — S AR ) SRy o0 M X6 4, 308 el ko H i A 55 A AR 5 Tk o i 4 | 2 ot Tk o
53 VA 75 S s G R R A 3 A W 2 MR B R RS 8 1 b, G P IR AT L 3 AR S E T 45
FR Bl JImR g, 25 S e B A0 0 2 R o o X e itk B 22 X 7 — SR R 14 B i 7 LA 3 T ROR BN E
Bl 3K ZR B DR b R By B S RS [R) 5 ST RR B BB AR 7 B 2 i8R 2 9 BEAR il b iR 2 [l %
Fagi 1 ) J3 iR R HE 1.25~2.00 Z [A],

2)GB/T 51408—2021 { EEFIM R B T FR 1) H 25 T 3T S 52 ma 34 R R 40, DU 5% 3 2 B0 A7 il R
W, A SO ATEE R B . S A MR S8 % g T K RO AN R bR S i 1 4y, I H2 3
JE VAT Sk i S, T 3R AS 4 50 g 7 AT N R ok v b R sh VR R 1 3 Ty 5 ELAR K | FE o A
TR AE 1.13~ 1595 Mk 2880

3) AT TR, A SCES T FEAS [R50 3 1 30 T 2 3 ok op R b R Sl AR T, At B 7 P e — S ik 2
A % T B M 7 48 A IR R B AR, DI A 30 T 2 1 B0 i 3 DX il o 22 P 52 254 ) B Rk &F 2T
5%,

SZH
(1] i, 8%, <ERI 3 WE A2 3z S RHIE X K A A M R i O RS2 e 0 B [0 ] BT I TR A4, 2007, 27(2) ; 133-140.
YANG Dixiong, ZHAO Yan, LI Gang. Influence analysis of motion characteristics of near-fault ground motions on seismic responses of long-period
structures| J |. Journal of Disaster Prevention and Mitigation Engineering, 2007, 27(2) ; 133-140. (in Chinese)
(2] REL, B, SR, 55 AR T M58 - SRS S 700 0 e85 ik b s RO e [ 7] i TS TRER 3, 2022, 42(3):
216-225.
WU Guoyan, ZHONG Jie, NIE Guibo, et al. Analyses of dynamic responses and amplification effects of velocity pulses of near-fault ground motions
for reticulated shell-supporting structures[ J ]. Earthquake Engineering and Engineering Dynamics, 2022, 42(3) : 216-225. (in Chinese)
[3] R, Bk Wz BUa KRR E ] TR g MR s ni [ ], Mo TR 5 T AR k3, 2022, 42(1) : 104-109.
WU Qiang, CHEN Shaolin. The seismic response of base-isolated structure under bi-directional earthquake action of near-fault ground motions[ J].
Earthquake Engineering and Engineering Dynamics, 2022, 42(1) : 104-109. (in Chinese)
(4] 5k, TRUGE). SR MR T RS ERSE H I iUy (1], #E TR 5 TARIRSN, 2020, 40(3) : 204-215.
ZHANG Ling, XU Lueqin. Damage pattern analysis of large-span CFST arch bridge under near-fault earthquakes[ J]. Earthquake Engineering and
Engineering Dynamics, 2020, 40(3) : 204-215. (in Chinese)
(5] Hh, WSS, SO Hume AN fa Huag i ko B M Re 3l LLAR RS [ 1] TR Jj%, 2016, 33(8) : 150-157.
QU Zhe, SHI Xiao. Comparative study on the pulse-like ground motions in the Wenchuan and the Ludian earthquakes[ J]. Engineering Mechanics,
2016, 33(8): 150-157. (in Chinese)
[6] TifRWE, AAETy, B, TR SRR B X TRRSE RS R FE Uk J [ T BRSRAS 43R, 2015, 36(1) : 1-12
JIA Junfeng, DU Xiuli, HAN Qiang. A state-of-the-art review of near-fault earthquake ground motion characteristics andeffects on engineering
structures| J |. Journal of Building Structures, 2015, 36(1); 1-12. (in Chinese)
(7] BT, £ART, P, 45 EWR MRS kiR (V] TR 1%, 2021, 38(8): 1-14, 54.
CHEN Xiaoyu, WANG Dongsheng, FU Jianyu, et al. State-of-the-art review on pulse characteristics of near-fault ground motions[ J]. Engineering
Mechanics, 2021, 38(8): 1-14, 54. (in Chinese)
[8] CHAMPION C, LIEL A. The effect of near-fault directivity on building seismic collapse risk[ J]. Earthquake Engineering & Structural Dynamics,
2012, 41(10) : 1391-1409.
[9] HALLJF, HEATON T H, HALLING M W, et al. Near-source ground motion and its effects on flexible buildings[ J]. Earthquake Spectra, 1995,
11(4) . 569-605.
[10] MAKRIS N, CHANG S P. Effect of viscous, viscoplastic and friction damping on the response of seismic isolated structures[ J]. Earthquake
Engineering & Structural Dynamics, 2000, 29(1) : 85-107.
(11] kR, Ribbe, 2558, S5 T2 kbR e IR R Ee R sl i [ J] . ARIRESEOR, 2019, 41(12) : 102-105, 123.
DU Xiaolei, WU Jinbiao, LI Zhi, et al. Research on seismic response of base isolation system under near-fault impulse earthquake[J]. Low
Temperature Architecture Technology, 2019, 41(12); 102-105, 123. (in Chinese)
[12] ok, VFiF, ARZOBL, 45 EWZ R TR IR R N i [ 1], B RO 2R (A ABISERL) , 2019, 34(4) : 42-49.
HAN Miao, XU Hu, DU Hongkai, et al. Research on floor response spectrum of storey seismic isolation structure sunder near-fault earthquake

[J]. Journal of Hunan University of Science & Technology ( Natural Science Edition) , 2019, 34(4) ; 42-49. (in Chinese)



4] AU A5 T E HBRE Bl T BRI A RE I 5¢ - SRS A8 B4 R i RIS 153

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

EEH, R, EWNUEIK B T R RS TR LR BT ST [ C] /D E A R TR R B RO TR
oo (TR ) B 2—47 29 JR B A TR AR VGRS (47 ) . AR 2 AR TR S Jy2z22 . i :2020:257

—-264.

WANG Yuxiang, YE Kun. Study on seismic performance of base isolated structure under near-fault pulse-like earthquake [ C] // Structural

Engineering Professional Committee of Chinese Society of Theoretical and Applied Mechanics, Wuhan University of Technology, Editorial Board of

Engineering Mechanics (sponsored by Chinese Society of Theoretical and Applied Mechanics ) Proceedings of the 29th National Structural
Engineering Academic Conference ( Volume II'). School of Civil Engineering and Mechanics, Huazhong University of Science and Technology.
Wuhan: 2020 257-264. (in Chinese)

W, XKkEE, RAERT, 55, W2 kb B 52 Sl SERi R RR 25 K P 1 R R B BT [T ). ESRAs =4, 2023, 44(1) ; 33-42.
PAN Yi, LIU Yongxin, SONG Jiayu, et al. Study on horizontal seismic reduction factor of base-isolated structure subjected to near-fault pulse-like
ground motions[ J . Journal of Building Structures, 2023, 44(1); 33-42. (in Chinese)

BHANDARI M, BHARTI S D, SHRIMALI M K, et al. The numerical study of base-isolated buildings under near-field and far-field earthquakes[J].
Journal of Earthquake Engineering, 2018, 22(6) : 989-1007.

RN, BiER, A3, 5. KAMIMERSE R T )2 RS i R TR [ 1] JR3h TR, 2017, 30(5) : 806-816.

WU Yingxiong, YAN Guiyun, SHI Wenlong, et al. Experimental study on the seismic-reduction performance of high-rise isolated structure under
long-period ground motions[ J]. Journal of Vibration Engineering, 2017, 30(5) : 806-816. (in Chinese)

KLl TR, HAk, T2 MRSV B - R S M T R A M i s i A [ 7], CARPUR SN E M, 2022, 44(6)
45-50.

DU Hongkai, WANG Yansen, HAN Miao, et al. Dynamic response analysis of isolated structures under translation-swing coupling of near-fault
ground motion[ J]. Earthquake Resistant Engineering and Retrofitting, 2022, 44(6) : 45-50. (in Chinese)

W, BHEAN, WARNE, AR TR Kb MR Sl BRI R SR A OOV AL T [T ] . AR TCRRAEAR, 2018, 51(11) ; 8-16.

PAN Yi, SHI Shengjie, CHANG Zhiwang, et al. Quantitative study on amplification effect of base-isolated structures subjected to near-fault pulse-
like ground motions[ J]. China Civil Engineering Journal, 2018, 51(11): 8-16. (in Chinese)

FIEE, SRitbR, 2, & EWURIK bR T AR R R R s i ()] RIS AR, 2019, 41(12) : 102-105, 123.

DU Xiaolei, WU Jinbiao, LI Zhi, et al. Research on seismic response of base isolation system under near-fault impulse earthquake[ J]. Low
Temperature Architecture Technology, 2019, 41(12) . 102-105, 123. (in Chinese)

THEL, BRI, AT, S5 JEWZ Kb BUMbEZ SN SER R AR AE A IR N[ 1] MhRR TR S TARRHR S, 2014, 34(HET 1) : 836-840.
YE Kun, CHEN Yaohui, HU Xuan, et al.Seismic response of base-isolated structures under near-fault pulse-like ground motions considering
potential pounding[ J]. Earthquake Engineering and Engineering Dynamics, 2014, 34(Sup. 1) : 836-840. (in Chinese)

HFEIR, K. KA MR S A T T Skl bR e 25 M pU B e I SE[ 1], AR F 4, 2023, 32(4) : 170-180.

ZHANG Liangquan, XIA Tian. Study on the overturning resistance of base-isolated structure under the action of long-period ground motion[ J].
Journal of Natural Disasters, 2023, 32(4): 170-180. (in Chinese)

GB/T 51408—2021 AEHFRRBTAREL ST, dbat: PETHIHRAL, 2021.

GB/T 51408—2021 Standard for seismic isolation design of building[ S]. Beijing: China Planning Press, 2021. (in Chinese)

JGT 118—2018 HFRARMIZIES]. Jbat. hEbREL ittt 2018.

JGT 118—2018 Rubber isolation bearings for building[ S]. Beijing: China Architecture & Building Press, 2018. (in Chinese)

BAKER J W. Quantitative classification of near-fault ground motions using wavelet analysis[ J]. Bulletin of the Seismological Society of America,
2007, 97(5) . 1486-1501.

FbREL, 2R, thEPURRITTHIE EE MR S SHUNXT L PRI [ 1], mE gl R, 2015, 2(3) : 122-126.

TAO Linhui, LI Jie. Comparative study on the main parameters of ground motions in seismic design codes in China and America[ J]. Southern
Energy Construction, 2015, 2(3): 122-126. (in Chinese)

GB 18306—2015 H M Sh ZHIXIE[S]. dbat. HERES AL, 2015,

GB 18306—2015 Seismic ground motion parameters zonation map of China[ S]. Beijing: Standards Press of China, 2015. (in Chinese)



