Eark g1 £ BEoH E Vol.41,NO.1
2021 403 H SOUTH CHINA JOURNAL OF SEISMOLOGY Mar., 2021

TR, WRAE, Fin, % KESESNINES RIS, fem I ,2021,41 (1):123-131. [JIA Xiaxia, SHEN Chaoyong, HUANG
Xiangyun, et al. Study on Roof Isolation Design of Long Span Space Grid Structure[J]. South China journal of seismology,2021,41(1):123-131]

KEEEAMREHREEREEIHR

TR, DL 2, RS 2, R
(1 R TRAUREIS L, 70 5104055 2. ) /REHIE TR R FAROREASLES, 1 510405)

X

L]
il
Tl

TEE. KRB RNEEE SRS R R, RARE RSP s TR iss, o
PrfEbe . WIEEEL | BB EmbeE st 0 #m, DIFRET i A R NIfe s B iS22,
RN A RTIEDR WHHTERRERT, 0 SRR MEE S RS, G5 R,
EEIEESNE TIREE B EERES S, B REY N BB DR BEb BT ), Bk
REEMERS, (AW ERNEARE MESNES I E RS, T eSS, BERSEEEE
BERAEZL I Z NI B R /D, (BR B EAERIRE E VAR BRI E RN s E Rk, Rkt
IR, RAEM DB,

XK, EERE,; RELOTUE; KB

FESES . TU3S2.12 XHERFRERD: A XEHS: 1001-8662(2021)01-00123-09
DOI:10.13512/j.hndz.2021.01.17

Study on Roof Isolation Design of Long Span Space
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Abstract: Aiming at the response of the roof isolated structure with large —span space grid, the simplified
particle mechanics model is adopted to analyze the influence of mass ratio, stiffness ratio and damping ratio on
seismic response of this structure, and the optimal parameters of the isolation layer are determined based on the
principle of minimum base shear. The corresponding three —dimensional finite element model is established to
design the roof isolated structure, which is compared with the response of the base isolated structure and the
non—isolated structure respectively. The results show that the axial force and the shear force at the support of the
upper grid structure can be significantly reduced due to the isolation layer is directly located at the support of the
roof, and the base shear force of the structure and the flexural span ratio of roof are also reduced. For the lower

frame structure, the story drift ratio is reduced in part of the frame near the isolation layer, but increased
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slightly in the other part that not directly connected with the isolation layer, which can not be ignored in the

structural design and should be strengthened appropriately.

Keywords: Roof isolation; Optimization of isolation design; Seismic response
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Fig.3 Particle system model of roof isolation structure
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Table 1 Comparison of model results
. o A RO e REE/(%)
PERZ ENIEL/ (KN -m™) — — P,
BRI/ (KN) FLEBTH/(KN) (S5 4)
8010 15096.68 12223.17
8250 14906.18 12237.26 17.9
12500 14309.06 12270.09 14.2
13036 14254.78 14253.90 14.1
19500 13519.66 12283.40 9.1
19580 13520.87 12268.44 9.3
25144 14813.68 12194.32 17.7
31200 15288.72 12301.98 19.5
46440 15487.10 13234.53 14.5
74400 15584.78 14468.88 7.2
81000 15565.65 14456.32 7.1
95000 15595.30 13911.73 10.8
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Fig.4 Influence of mass ratio on substructure forces
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Fig.6 Influence of damping ratio on shear force of foundation
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Fig.5 Influence of stiffness ratio on shear force of foundation
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Table 2 The shear ratio of roof isolation bearing layer in

three—dimensional model
Wiz Hu (8 (BER=/ NI/ e (B (PR
(kN+-m™) TRPERE) (kN+m™) FEPEE)
8010 0.067 25144 0.054
8250 0.066 31200 0.067
12500 0.052 46440 0.112
13036 0.050 74400 0.155
19500 0.054 81000 0.158
19580 0.054 95000 0.177
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Fig.7 Layout of roof isolation bearings
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Table 3 Main mechanical properties of inter story

isolation bearings

M= G4.0 LRB600 LRB1000
RS
2667 5197
(kN+-mm™)
SRR/
1834 -
(kN-m™)
SSPHER (%) 26.5 26.5
JERRFE R/
1014 1696
(kN-m™)
JERR JI/KN 90.2 202.9
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5+0.00m WHEZREE YRR, FRRE SRR R 2 1>
LRB700, 2 I~ LRB600, 42 “{~ LRB500, 2 >
LNR1000, 2 /> LNR900, 4 /> LNR800, 5
LNR700, 10 /> LNR600, 26 1> LNR500, F@iE 7

R E N 8 A, FEEPRE S HUNE 4,

8 JEAibEE

JEA

Fig.8 Layout of base isolation bearings
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Table 4 Main mechanical properties of base isolation
bearings

S G4.0 LRB500 LRB600 LRB700
BARIE/(kN-mm™) 1688 2667 3259
ACENIEE/(KN-m™) 1401 1834 1961
EHPRIEER/( %) 26.5 26.5 26.5
JEARENIE/(KN/m) 775 1014 1084
JEA 3N 62.6 90.2 122.7
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Table 5 Comparison of X—direction base shear of structures under earthquake fortification

FEPRELE 1 B 5 . EhtbeEas B B
HWZE T — — PhfE (FERE AR = — H (8 (PR AR =
FLRFTI/(KN) BELEFTH I/ (KN) FLRBTI/(kN)
AIVW090 30977.00 28755.82 0.928 7958.76 0.257
CHY027E 19257.71 18336.22 0.952 12891.51 0.669
GBZ000 31742.09 30358.86 0.956 14579.53 0.459
HBS090 31874.79 27346.26 0.858 10166.12 0.319
HVP090 27929.93 2677243 0.959 7642.03 0.274
H-CAL225 21599.07 20409.70 0.945 8200.82 0.380
H-E05140 21331.14 21204.38 0.994 9346.91 0.438
H-NIL360 27974.28 23561.94 0.842 10797.59 0.386
RH2TG040 22741.51 22228.07 0.977 11875.15 0.522
TCU042-E 24181.51 21749.11 0.899 13252.69 0.548
TCUO76-E 24489.73 20615.56 0.842 13478.46 0.550
TCU145W 31488.69 29482.13 0.936 9960.71 0.316
Respon 24703.64 23307.73 0.943 10869.34 0.440
SFHE 0.926 0.428
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Table 6 Comparison of X—direction shear force of roof support layer under earthquake fortification

EbEELs ERRIEEA . _ FARRE LS . -
WRETH — — Ho A8 (P /AR RS — H (8 (PR /A ERE RS
BI73/(kN) BY/(kN) BI9/(kN)
AIVW090 58090.29 724.88 0.012 6457.66 0.111
CHYO027E 48353.39 659.35 0.014 7922.98 0.164
GBZ000 54996.52 858.35 0.016 8881.47 0.161
HBS090 51511.98 961.84 0.019 11633.38 0.226
HVP090 49763.76 811.35 0.016 10097.57 0.203
H-CAL225 48621.31 629.06 0.013 6908.92 0.142
H-E05140 51203.76 839.22 0.016 11154.33 0.218
H-NIL360 54952.18 867.39 0.016 6461.22 0.118
RH2TG040 58510.94 963.87 0.016 8217.49 0.140
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(B 6)
] PR EERRE B B FERPERE LS 8 8
HWZE T — — P fE (PR /AR ) — (B (M= /AR )
HI3/(kN) HIJ3/(kN) HI3/(kN)
TCU042-E 46273.96 707.84 0.015 10079.82 0.218
TCUO76-E 58897.18 866.92 0.015 8978.88 0.152
TCU145W 61764.29 919.48 0.015 11477.19 0.186
] 53578.3 817.46 0.015 9022.58 0.168
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Table 7 Comparison of deflection span ratio of structures under earthquake fortification

W T (PR L Phfl (PR /AR ) AR E (8 (PR ERE RS )
7 in Bstt 7 Ein

AIVW090 1/439 1/441 0.995 1/444 0.989
CHYO027E 1/487 1/493 0.988 1/489 0.996
GBZ000 1/304 1/309 0.984 1/321 0.947
HBS090 11264 11267 0.989 11263 1.004
HVP090 1/445 1/451 0.987 1/454 0.980
H-CAL225 1/409 1/414 0.988 1/417 0.981
H-E05140 1/529 1/536 0.987 1/544 0.972
H-NIL360 1/586 1/592 0.990 1/595 0.985
RH2TG040 1/340 1/347 0.980 1361 0.942
TCU042-E 1/285 1/283 1.007 1/289 0.986
TCUO76-E 1/460 1/458 1.004 1/460 1.000
TCU145W 1/365 1/365 1.000 1/367 0.995
L] 1/386 1/390 0.990 1/394 0.980
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Table 8 Comparison of axial forces of roof bars under earthquake fortification

, F B/ (KN)
S AHFE T — — — — — — S —
FEPEE EEEE EREE REARI AAEE EMEE BERK
A-IVW090 962.99 728.26 0.756 849.39 0.882
770 H-CAL225 899.49 696.42 0.774 808.50 0.899
A-IVW090 276.23 24.95 0.090 42.87 0.155
270 H-CAL225 12435 23.50 0.189 43.89 0.353
A-IVW090 458.15 236.17 0.515 287.32 0.627
B H-CAL225 398.67 219.57 0.551 274.42 0.688
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Table 9 Comparison of inter story displacement angles of structures under earthquake fortification

N 1FhsE B . S o
FRE(m) W AL TR AL
(] (e e
21.925 1/1132 1/1324 0.855 1/5482 0.206
18.225 1/413 1/380 1.087 1/785 0.526
15.125 1/175 1/156 1.122 1/1154 0.152
11.525 1/353 1/445 0.793 1/518 0.681
7.9 1/363 1/379 0.958 1/440 0.825
4.3 1/725 1/844 0.859 1/806 0.900
5 LhE CERIBUEIERBET T LT, EEESIT,

AR ST A PB4 ) D 4 2 6 o A 45 Wi iz
O] 1 = R =T S TP WA 2 - CiU B O K5
Hists, Hi#lT T EERERET, ERMEELS
KBl SERRE LS i . REES ittt
PR =FheERafobiErERE, BRILITEL.

(1) i SR 5 PR T — 4 ik Bt
EA—5, HIRERBEE 20%, R2EFRKEEE
T RESERE RS AR, BXESES
L ERBREE R ZERE | MATLAB PR o A 2 A 154
GEREHSEN, DR DE/NAEN, &t
NIFEEETE 0.025~0.05 2 7], PHEHXS EREB H K
SEMES /)N MR R 0 I FE b e A i 2 (R P At
(s an

QX EEPEES SRR, JEatiEE

bR S PR R A AR )

FEESEIE R 0.926, T EEBINZRLEE R RIHE
B, BERRESWSIRESESILILEN
SPIIE 0.990, EFEREREL I RIRBERE R A &5
=, (EXS R BB AN b S I SR A I s
Fel A = ACR . B PRRE A M T PR S
B X A3 R A ECHSE R 0015, EkfRES
sl R EE Al SIENDNS W S VNS R il
R, ERRREDTREREEREE LTE
w5 NEEZR R, RERIRIU N RS A
PIZREE RO AT PR D RIERECL RBT ) . ST D
MEZRGE 1y, BERESIRE B EHENERNERETN
FERIEI GRS A Phib, (HREEEEREEN
H o RELR Y 2 [RIOIRS RIS A HE R, (ESE Rt
RERA, Bk 258,



£ 13 PIRRRER S A  A W ARS B R TS 131
523k [7] Mokha A.S, Peter L. Lee, X Wang, P Yu. Seismic
[1] BRzZsss HRTE TR KE LERE B RETE isolation design of the new international terminal at San.

#i{1). TREHUE ShNESGE , 2016 38(04) 87-93
2] lfFﬁv , BB, XU R FEARTE, PR, ﬁ(ﬁ"ﬁﬁ*éi;ﬁ

IE A HBER A R O PR B 5 1 56 IF 9 (0], S AE R AR
2020,41(04).19-31.
(3] PIELR, oS4, BRI, 150U A e I ARt M S 1=

Fb K bR = M BE 0 T[], B A (A ARREERR)
2020,19(03).73-82.

[4] LuY, Hao G, Han Q, et al. Steel tubular friction damper
and vibration reduction effects of double-layer reticulated
shells [J]. Journal of Constructional Steel Research, 2020,
169: 106019.

[5] Yang Y, Spencer Jr B F, Li Y, et al. Seismic perfor—
mance of double —layer spherical reticulated shell with
replaceable bar—type dampers|]J]. International Journal of
Space Structures, 2011, 26(1). 31-44.

[6] Chen Z, Ding Y, Shi Y, et al. A vertical isolation device
with variable stiffness for long—span spatial structures|[J].
Soil Dynamics and Earthquake Engineering, 2019, 123;

543-558.

[8]

(%]

[10]

[11]

[12]

Francisco international airport. Proc. Structures Congress,
1999 95~98
FTE%EI”P g A S W = 2 ) A DL £ NG D
FFIZS Y, 2005(04) :49-51.

%BW?JB,&HS%% TUKE  SRINTF. KIBRERENITS
= N2 A BT HORE AR S TREIRS,2014,34(S1)
849-852.

Zhang C, Nie G, Dai J, et al. Experimental studies of
the seismic behavior of double —layer lattice space
experimental verification [J]. Engineering
Failure Analysis, 2016, 64. 85-96.

MRS, ARG THESRPEEIRID]. B, R
R, 2007.

FEFAEMDTESTHTE . 6B 50011—2010[S]. 2016 F
fie. Aust, EEHR Tk, 2016.

structures 1.



