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Abstract; A large number of seismic investigations have shown that the damage caused by nonstructural
components could not be ignored, and with the increasing maturity of the response spectrum method, it has become
an important method for the seismic response analysis of nonstructural components. However, the current method of
generating response spectrum was mostly used for multi-story structures, and the method of generating response
spectrum for large-span structures was still not clear. Therefore, this article establishes nine types of single-layer
cylindrical reticulated shell structural models on the basis of ABAQUS and Python. Through numerical analysis, the
representative nodes of the single-layer cylindrical reticulated shell were identified by comparison, and the spectral
characteristics of the three-way acceleration response spectrum were investigated and analyzed, and the fitting form
of the node response spectrum was established, and the fitting formula of the three-way acceleration response
spectrum of the single-layer cylindrical reticulated shell nodes was proposed. In addition, this article further
determined the calculation formula of each characteristic parameter through the fitting analysis, and investigated the

relationship between the peak acceleration amplification factor, the peak spectral acceleration amplification factor
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and the effective distance of the nodes, the structural rise-to-span ratio and the roof mass based on the
representative nodes. The research results in this article could be used to approximate the seismic response of the
single-layer cylindrical reticulated shell non-structural components, and could provide a valuable reference for the
generation of response spectrum for other large-span structures.

Key words: single-layer cylindrical reticulated shell; nodal acceleration response spectrum; seismic effects;

numerical simulation; fit analysis

0 35|§

BB AR B 2 I UK A R T A B AL FARTE b= b & AR P IR R L 8D T AR S5 A R4 1 ( non-
structural components , NSCs ) B VR AIr S 8089 52 FE 5 e A T 4R g = a7 R T NSCs Uz RE O BF
Ao EE , WFFE NSCs HURPERE RS — 2L 200 2 SMR AN i S A | BRGS0 34 e o0 8 A0 25 4 2 g
B ST o S NSCs AN A N2 SUR AU A 1 (E T SEAE R 2 5 (T T A AT 58 22 45 vh T i i 3k 88 S
i (floor response spectrum , FRS) ,ﬁ%@ﬁﬁ%m o

VUKOBRATOVICAF"™ B 5¢ T MR g2 1 S5 AEME AR K 2000 FRS 1 8200 , 45 5 3 W1 25 1y Sk Pofly 1 35 e
fIX FRS WUTEAEL, [R5 e 7 — 3 el B S i R B S 235 4 s i i 1 Ay 12, R 7 4%
S5K SARSE I A B F R R S SR TS DUAEE R 22 . BRI, VUKOBRATOVIC S 8 3o X6 1
A EMZ A SRR EUE A it — 5838 1 BT Bk . ARS8 J5 Y 5 1208 R % 18 FE
SRR ARG, [RISOO SR 25 A AT 1A SRSk, X T AR SR A A 45 1 T IR 5, BT
SR L REH TR B T B, RS, VUKOBRATOVIC 261" At 52 38 J5 5 4R H T AT RIS 2 2% 1 i
AT, HRZ 7V PG 9 e AR S R4 i

ASGARIAN ZE 5 BIRET 07 REARTR 4544 M) PR35 4% 31 2 (ambient vibration measurements, AVM ) 04 | %
H T — T — G K PE V3 (uniform hazard spectra, UHS) Az BUME TN 5 3T [ 3% (floor design spectra,
FDS) M)k, 3B Y 3T 2 MR BR R S T R - RS S ARG 2 Rl S A TR ] e
FRAFATEEAR I T RS A 30 A RS T 194 00 3 2 T8OR R B (B 1 T A i WF 98 19 FRS, B 5 X L4 Br 1 R RE
SER B JIREE b R A A B AE R R XS FRS W52, & 90> B A ok T e R 2 T B 190 I 1 > % i —
IR AN, LA B R S5 A RS R0 7 Wb 2K 0 4 SR ) FRS I SE. S, 37 S5 AR AR R R A 4 -1
BRG R R FRS MRS ARAE , RS AT 40 B 1A 45 31 7 — i FH T S5 il o 722 235 4 P LU 7R A8 T i T
RS Bl G A, B LG AR AW b, FIHTE SS90k, 43 B e il e 1 2% B ith 2k

FAESEL, ARG X4 B iR AR IE S BGH A ThR 2, NI 45 T 45 Bk i 42 i BRI A A S, 230 ™ X i
JEBRTED ) FE 254819 A5 = ) I B R B 3 A T 93 5 2 BRI I 204 th 7 3 1 B 2 BT X S 45 4 1 15
RS A TR A,

SHANG %" 5 1o X HESREEH HEA THU0E 43 AT , AR BT B S5 46 44 4 1) 3 71 180K % 810 ( dynamic amplification
factors, DAFs) , 25t T 3 TR R A 43 BOHE A2 A T FRS, T8 T 2 A MHE AR 25 f PR 2 /5 150
BRI 0 FRS Az iU AT IR, SR MHZ T A HEZR S5 44 A 85 R R AT T SRk

SR AE" 8 i B 2 S5 PR 3h R B AT ST AT, RIT T g v SR | 2 SR B R R
T HPORR T K 224X (floor acceleration amplification , FAA) A5

G RN T A RIF S8 0T A 45 ¥ R e g oA BT EE AR S SR R [ N A AT FRS RS &
BT 205 )2 A TR T 0 25 () 4548 SOy 1% A T B IR T b o (]I B A Sl SRR 27 1 R R AR
PRI RE T K W ARk, I 23 () S5 AR e SN, T )2 8 2 O 2 0 [ G SRR R R S R K- 1Y
8 T & 2 rve <t 0 (N g L8 o il T 5 s W W AL A1 O 4 o W R e il AR 0 S

ST BRI A SCHE G 2 B0k WUR T B (60,120,180 kg/m®) KR BS T (172,173 .1/5) ,
ABAQUS 5 Python Y22 A Fhit- 17 U2 = 1) o s LB 2 A 1 P S 8 A AR - MUKV i TR
B T B T BT R I 21 4% SN M A= Sl B AT e AR R A el o N SR TS, B
Ja 25 A TR E AL v R R S AR D A BT AR T AR R S i R B R NS LA TR UG



128 WwoE L B 5 T ®B & 3 545 45

DK LIFFES R I G T E SRS A A, J TSR 5, WFFEHRIS 1 0 a2 J32 06
R ZR A T P AR 28 K05 0 A AR B O 5 L S SR T B ) DG R . AR SCHFSE IR vl T B = A T
P FE L F AR S AR P ) MR O T AR, AT D A R 5 2 TRV 44 S 17 i A B A I 2%

1 EIEEEEAN

1.1 EFhEE

SR T A B AR 3B A B0 8 A e o R e A i g LA A e R — e, I S R — R 1 M R S
B, TEARRIFFE T 2F A X AS 5] A 1) S35 B A 7 s i i — AN ], 28 S V8 FE ko B0 2 3R i W 5%
SEFAT R =10 SN RS SR T 7 SRR Sl AR M) T St A T A5 A = 1) o R I AR N, E VTS AR
IFGE AL T 55 BRE DX 118 R 155 2 (i) PO B 235 g 1) b e 07 R AE B SR T 3 4% R SR i 72 )y -3 o 8 i DA X6 r e A
RIPEAT IR , 1 R FEBFSE R 30 S0 AR 45 R X B2 A 1 R 58 45 M LR I BE B RE MR R R B T 2 46 KR
oz o) A A )] AT R AR TR R A T B AR AT

GB/T 50011—2010¢ HAHURR BT AR ifEY > dHL a2, B AR 40 M I A LA B 7 4% Bsh 7 il 28, O BiCH S 1
1B ; AR SO PEER B8 % | 78 283, MR o4 oM 36 1 iR sl b 26 B0 T 3 N AR Sh s (PGA
35,100,200 ecm/s*) , BEAIRAESS 7 SIS, 30t 21 bR o E N A . Tt B AR 3hic sk A 56 15 B
22 1, X7 B Tk B i i DL 1,

1 WEHEE

Table 1  Ground motion information

HEBIIRIE (em/s?) MRS S HuHE A BRI [A] 0SB 44 PR W2/ km R
35 70 San Fernando( 1971 4F) Lake Hughes #1 22.23 6.61
740 Loma Prieta( 1989 4F) Anderson Dam (L Abut) 19.90 6.93
4844 Chuetsu-oki (2007 4F) Tokamachi Matsunoyama 23.01 6.80
5776 Twate (2008 4F-) Kami_ Miyagi Miyazaki City 25.15 6.90
3757 Landers (1992 4F) North Palm Springs Fire Sta #36 26.95 7.28
286 Irpinia( 1980 %) Bisaccia 21.26 6.90
4013 San Simeon (2003 4F) San Antonio Dam-Toe 19.01 6.52
100 28 Parkfield ( 1966 4F) Cholame-Shandon Array #12 17.64 6.19
38 San Fernando (1971 4F) Santa Felita Dam ( Outlet) 24.69 6.61
1614 Duzce (1999 4F) Lamont 1061 11.46 7.14
302 Irpinia( 1980 4F) Rionero In Vulture 22.68 6.20
2490 Chi-Chi( 1999 4%) CHY074 27.84 6.20
3757 Landers( 1992 4F-) North Palm Springs Fire Sta #36 26.95 7.28
6875 Joshua Tree (1992 4F-) Morongo Valley Fire Station 21.73 6.10
200 38 San Fernando (1971 4F) Santa Felita Dam ( Outlet) 24.69 6.61
164 Imperial Valley (1979 4F) Cerro Prieto 15.19 6.53
827 Cape Mendocino( 1992 4F) Fortuna-Fortuna Blvd 15.97 7.01
1083 Northridge ( 1994 ) Sunland-Mt Gleason Ave 12.38 6.69
1208 Chi-Chi (1999 4F) CHYO046 24.10 7.62
3472 Chi-Chi( 1999 4F) TCUO76 13.53 7.62
4843 Chuetsu-oki ( 2007 4F) Matsushiro Tokamachi 18.16 6.80
1.2 1.0 1.0
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Fig. 1 Acceleration response spectra for each component of earthquake motion input at the support node
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VLB, IEAH] ABAQUS HEAT T HFUCKAZ , £ TR R SR A AP RO BRI ER 2,
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Table 2 Information of the members of single-layer cylindrical reticulated shell structure

REAY 5 $iJE B/m Ktk JR i i/ (kg/m?) Ryi HFF AT/ (mmxmm) A/ (mmxmm)
C2018062 20 1.8 60 172 $121x6 $140x8
C2018063 1/3 $102x4 $114x4
C2018065 1/5 $95%4 $108x4
C2018122 120 172 $140x8 $152x10
C2018123 1/3 $114x4 $127%x5
C2018125 1/5 $108x4 $121x5
C2018182 180 172 $146x8 $159%x10
2018183 1/3 H133x5 b146x6
C2018185 1/5 $121x4 $133%x5

22 BHRTEE

AR ABAQUS 5 Python 38 1. 58 BB 2 HE T8I I 5T 25 44 1 S B AR, ABAQUS 11 B31 P HLITRENS
ARAf i 5 SRR A BT I AETEAR L, by (i 45 A IR T s 5 S B T AR 0, DRI L5 40 B0 T 5 P02 25 R i Bpoe 2k
R, B A FFEEEIRTE 2035 R D pipe , R B REARFTCRAE R 43 A0 B30 404 3 A~ B C LIS HIRF PR AE = S 72 1
HF R 23z 1A Fia shiE i, S5AFTFEERRER B Q2358 4%, TR AS MBI SR F 2% 58 B30 03 ) B 41 A
PR 1127 RS SRR R I kA AR R 206 GPa, JE IR 4 235 MPa, #4831 4 7850 kg/m* , 73T
LT 3 Fh O L3RI 9 Fh E AR ST A s ot RS L 1/3 IR BRICEE A DL 4,

AR SCHEA BRTC A AR v 22 T 0Tt S AR 0 R fr B A T AL B, BRI T A S AR Y s B R
T 5 42 S A5 T AR T, TR R 2 I B R ORI . e IR A i s A PR FH
BRI R 3h S 3 M, 80 F1 20 B S 582 HE R T Rayleigh BHLE , BB 2 B4 53155 4544
Rayleigh BHJE R %L, 2 HHABAIET 5 B A L3R 3,

£3 STEEEE S HEREHS

Table 3  First 5 orders of natural vibration

periods of each calculation model

oA
: ga? B E LB 2B 3B 4B Sk
%’g C2018062 2.65 0.87 0.83 0.44 0.43
"% C2018063 2.42 0.92 0.85 0.49 0.48
7 \" % C2018065 1.70 0.73 0.67 0.42 0.39
X"t. Y "‘ C2018122 2.85 0.93 0.87 0.47 0.47
C2018123 2.55 0.97 0.90 0.52 0.51
4 BEFENTEEHERTER €2018125 1.78 0.76 0.70 0.45 0.41
Fig.4 Finite element model of single-layer C2018182 3.13 1.02 0.96 0.52 0.51
cylindrical reticulated shell structure 2018183 231 0.88 0.81 0.47 0.46
C2018185 1.85 0.79 0.73 0.48 0.43
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REEWE S, EH ., N Node i(i = 1.,2.3.4.5.6) B4R T2 ; D, A Node i FF 53T 52 J8 5 5 (1)
AR, D, =0,D,=D,, . BEITHEAXINA (1) PR,

D,=./D; +D; +D;,
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mid,z



Ham EEE 2 S ) e AL E D L R DY) B9 A 2O 131

it R B S A AL A2 AL, by nT UL I BF S 149 B2 A0 TR ) 5 235 A Sk Wi 7 e R 14 0
TR RS LT R AL

5 200 cm/s’7KET C2018062 RF[MTH R BEREE
Fig.5 Schematic diagram of representative node locations of 2018062 under the horizontal acceleration of 200 cm/s>
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Fig.6 Three-way acceleration response spectrum of representative node C2018062

under the horizontal acceleration of 200 ¢cm/s*( {=0.03)
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Fig.7 Amplification factor of peak three-way acceleration at representative nodes
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Table 4  Fitting coefficients for peak acceleration amplification factors in three ways

max max

T ) M BNIFE (cm/s?) A B C D E F R?
X [ 35 0.271 0.143 3.373 -4.774 0.574 -0.093 0.882
100 -0.017 0.124 4.893 -6.862 1.302 -0.465 0.909
200 0.079 0.218 3.317 -4.386 1.230 -0.524 0.930
Y [ 35 -1.134 0.079 2.257 -3.321 0 0 0.907
100 -1.209 0.144 2.670 -4.875 0 0 0.917
200 -1.028 0.102 1.991 -3.603 0 0 0.929
AL 35 3.789 0.273 -6.189 -0.912 10.309 0 0.899
100 4.000 0.429 -6.701 -0.943 10.636 0 0.852
200 4.229 0.271 -6.734 -1.120 9.690 0 0.779
2 ; DA 3 TS 5.4 4 TS A T 5.6 14 T A oA
= €2018062: Mit55 ——ill & C2018063: @141 — 14 = C2018062: W i $E——1l14 C2018063: @ 4% — il C2018062: WiI4% —— il & C2018063: @ 4% —— 4114
o C2018065: AjH5 ——ill& C2018122: VI ——illG [ % C2018065: A J155——40l4 C2018122: ¥ 145 — il = C2018065: A {5 — fll4& C2018122: Vi55 — A
W 2.4 Lcooisisaits —ing coisios bits —ig| W& 45 feao1s12s i E—iia c2018125 b itE —aia| RN 4.8Fcoo1s123: 4 — 4 C2018125 BT — A
K C2018182: @145 ——itl# C2018183: % 14 — & _K C2018182: @ 45— 4Ll4 C2018183: % 141 — il W C2018182: 9 3145L — U4 C2018183: % 4% — &
= C2018185: @15 —ill& ¢ 3.6 C2018185: @ i —1ll% K 4.0} c2018185: @35 — 4
m 20f s & ol 2l g
& {8 * & 2.7¢ 2% 3.2 N
%;( | n %( 1.8} o 24t °
A
=12 =09 é 1.6}

0.8 L " " " n 0 1 1 L L L 0.8 n n n n n
0.15 0.30 045 0.60 0.75 0.90 1.05 0.15 0.30 045 0.60 0.75 090 1.05 0.15 030 0.45 0.60 0.75 0.90 1.05
TR R s v RS I 7 ST AR S s T S A S TR R s T RS I
(a) X (b) YIH (e) ZIn

B8 200 cm/s’KFTRFMT R =EINEEIEEHRXREBATILE
Fig.8 Comparison of fitted amplification factors of peak three-way acceleration for

representative nodes under the horizontal acceleration of 200 cm/s’
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Fig.9 Amplification factors of peak three-way spectral acceleration for representative nodes
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Table 5  Fitting coefficients for the amplification factors of peak acceleration in the three-way spectrum

JNEREET M HUESNEIE (em/s?) A B C D E F R?
X fi] 35 1.600 0.500 -0.344 1.000 1.772 0 0.851
100 1.600 0.500 -0.281 0.300 2.390 0 0.681
200 1.600 0.500 -0.392 0.300 3.247 0 0.726
Y i 35 0.626 0.085 0.790 0.510 -0.900 0.850 0.643
100 0.724 0.100 0.770 0.400 0.663 0.860 0.434
200 0.709 0.100 0.539 0.320 -0.440 1.510 0.521
Z Jil 35 -2.590 0.110 2.120 3.659 1.100 -1.721 0.691
100 -50.580 0.350 15.050 42.281 0.160 -5.886 0.608

200 -61.000 0.490 15.530 52.368 0.125 -5.752 0.534
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Fig. 10  Comparison of the fitted amplification coefficients of peak three-way spectral acceleration for

representative nodes under a horizontal acceleration of 200 cm/s’
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Table 6  Y-way the second platform amplification factors and fitting coefficients of characteristic parameters of wave valley section

FIESHL 1A% B RAE (em/s?) A B C D E F R?
AFqy 35 2.370 -0.120 17.740 2.887 -20.304 0.605 0.935
100 2.880 0.128 17.190 3.513 -21.218 0.529 0.918
200 5.600 -0.080 17.500 4.863 -24.760 0.410 0.900
a 35 -5.560 -0.070 0.160 7.146 0.350 1.026 0.816
100 1.120 -0.060 0.250 0.691 0.295 0.260 0.765
200 4.450 -0.300 0.700 2.430 0.267 0.200 0.912
10 e T =T 9.0 - T 9.0 \ : . .
= C2018062: W |55 ——jll4 C2018063: @ i[5 —illf C2018062: W [55 —=ill5 C2018063: ® i[5 —il% €2018062: M {5 =il 4 C2018063: @ {151 —ll &
oA C2018065: A P[4 —itid C2018122:y 15 —inia| B C2018065: A 5% — A C2018122: 'V 5L —illé = C2018065: A & —ll 4 C2018122: v 4 — &
W& g | coonsiosia 5 —na coo1s12s: b i —la| W 7.5 Fcaoisios: 4 i5 —i c20i8i25: b 1 i | W& TS| 01123 4§18 —IA C201815: b i1 —HiLA
_K C2018182: @ 5% —ill& C2018183: & {15 —UA ) C2018182: @ 155 —iil& C2018183: & {14 —Uf ‘K C2018182: @ 15 —il4 C2018183: % i —il&
= 6 C2018185: @ 157 —illér 5 6.0 [C2018185: @ 157 —ill& = 6.0 F c2018185: @ 55—l
AR L = AR
@ i 4o 4.5 * do 45t
;'\‘ ) )il_ 3.0} a 30}
E . ® §
g 2t = 15} e
>~ 0 < >~ 0 B~ 0 L 1 A. 1
0.15 030 045 060 075 090 1.05 0.15 0.30 045 0.60 0.75 0.90 1.05 0.2 0.4 0.6 0.8 1.0
N A S  HTS R A R N A RSO S A TS A R A OE S  TY A R
(a) HIFZSNIFIE3S cm/s? (b) HEEBHIE(E 100 cm/s? (¢) HESIMR{E200 cm/s?

B11 KERMETRAYESE2 FEBMARYBIETEE

Fig. 11  Fitting comparison of the amplification factors of the second platform in the Y direction of representative nodes
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Table 7  Fitting coefficients of characteristic parameters of three-way attenuation section

Jon i T ) M BNIEA (cm/s?) A B C D E F R?
X 35 0.460 0.060 0.168 0.356 -0.290 0.950 0.800
100 0.860 0.160 0.125 0.480 -2.100 5.400 0.881
200 0.800 0.400 0.176 0.300 0 0 0.890
Y 35 1.700 -0.010 1.330 -0.833 -2.663 1.078 0.745
100 1.943 0.324 0.690 -1.230 2.865 1.477 0.834
200 2.092 -0.010 4.560 1.000 -7.220 0.500 0.924
Z 35 2.900 0.110 -1.350 -3.824 0.157 0.410 0.891
100 3.630 0.074 -1.330 -3.729 0.155 0.390 0.917
200 2.911 0.334 -0.153 -3.988 0.174 0.390 0.923
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Fig. 13 Comparison of fitted three-way attenuation parameters for representative

nodes under the horizontal acceleration of 200 cm/s’
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