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Amplification Effect Analysis of Substructure on Seismic Response of
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Abstract: The large-span spatial hub structure is an important urban lifeline project. Once damaged in
earthquakes, it would cause huge social impact. Differing from the traditional large-span spatial struc-
ture, the large-span spatial hub structure has a lower structure with high stiffness besides the upper
roof structure, and the overall structure form is complex. Therefore, aiming at the characteristics of
large-span spatial hub structure, the typical large-span spatial grid hub structure and pipe truss hub
structure are selected as studied objects. The influence law and mechanism of substructure on seismic
response of large-span spatial hub structure are analyzed by using the finite element software

ABAQUS. The results show that the natural frequencies of long-span spatial hub structure with sub-
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structure are significantly lower than those with roof structure only, and the maximum difference of

the first ten natural frequencies is about 20.2%. In addition, considering the substructure will signifi-

cantly increase the dynamic response of the roof of the long-span spatial hub structure, the three-di-

mensional acceleration response of the roof node increases by 15.8%~248.6% , the three-dimensional

relative displacement response of the node increases by 3.8%~453.1%, and the member stress in-

creases by 0.1%~125.1%. Therefore, it is necessary to calculate and analyze the overall structure of

long-span spatial hub structure in design.

Keywords: the large-span spatial hub structure; spatial grid structure; spatial pipe truss structure; sub-

structure; amplification effect
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Fig.1 Finite element calculation model of large-span spatial

hub structure
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Table 1 Selection of seismic wave records for large—span

spatial grid hub structure
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Table 2 Selection of seismic wave records for large-span

spatial pipe truss hub structure
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Fig.2 Seismic acceleration response spectrum of large-span

spatial hub structure
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Table 3  Natural frequencies of large-span spatial grid

hub structure considering only roof structure

and substructure

A Hz
BSKEL NF BR B R T REH 8/%
1 1.07 0.88 —17.6
2 1.54 1.23 —20.2
3 1.55 1.28 —174
4 2.09 1.68 —19.7
5 2.12 2.00 —5.7
6 2.19 2.04 —6.9
7 2.34 2.18 —6.7
8 2.37 2.22 —6.2
9 2.38 2.24 —5.8
10 2.46 2.33 —5.3
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Table 4 Natural frequencies of large-span spatial pipe
truss hub structure considering only roof struc-

ture and substructure

7 :Hz
BAKE (U RS R LS o/%
1 1.80 1.48 —17.9
2 1.81 1.71 —5.5
3 1.85 1.76 —5.0
4 2.00 1.80 —9.7
5 2.12 1.83 —13.8
6 2.13 1.85 —13.0
7 2.27 1.87 —17.8
8 2.32 1.89 —18.4
9 2.35 1.95 —17.3
10 2.50 2.00 —20.1
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Fig.3 Schematic diagram of mid span node on roof of large-

span spatialgrid hub structure
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Table 5 Peak acceleration response of mid span node on roof of large—span spatialgrid hub structure

HAT m/s
150 gal 310 gal

Ferndale El Centro ANT 1 Ferndale El Centro ANT ¥ 1
T 1 2.0 2.6 3.2 4.2 6.3 6.2
X 1] L2 4.2 5.7 6.4 8.0 9.6 12.1
a/% 107.8 123.8 104.3 92.9 51.4 95.4
TH1 1.8 2.7 2.3 3.8 4.2 4.5
Y I TH2 3.5 4.9 3.9 7.4 11.3 8.4
a/% 89.0 83.5 73.0 97.6 171.1 86.9
TH1 3.5 2.2 4.1 7.8 6.6 9.7
VALl TH2 6.0 5.3 9.5 15.1 12.0 16.2
a/% 71.4 141.9 130.1 93.9 82.7 66.6
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Fig.4 Acceleration time history curve of the middle node of roof span under the action of 310 gal Ferndale wave
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Table 6 Peak relative displacement response of the node in the span of the roof of the large—span spatialgrid hub structure

BV .mm
150 gal 310 gal

Ferndale El Centro AT Ferndale El Centro AT 1
T 1 5.7 7.4 11.1 10.9 14.5 21.9
X [f] 2 15.2 17.9 23.1 30.4 47.3 60.0
a/% 169.4 143.5 108.6 178.2 227.3 174.2
T 6.2 6.2 6.5 12.5 12.9 13.9
Y [l T2 12.7 16.5 15.5 25.7 36.7 21.0
a/% 106.0 165.9 137.5 105.5 183.7 52.0
TH1 10.9 5.0 13.6 24.8 13.2 27.3
Z 1 T4 2 20.3 15.0 29.0 44.4 30.0 61.2
a/% 86.7 199.7 113.9 78.8 126.5 123.9
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Fig.5 Relative displacement time history curve of roof mid span node under 310 gal Ferndale wave
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Fig.6  Schematic diagram of roof members of large-span spatial grid hub structure
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Table 7 Peak stress response of roof members of large-span spatial pipe hub structure

A :MPa
150 gal 310 gal
Ferndale El Centro NTH1 Ferndale El Centro ANT 1
T 1 113.0 90.4 106.0 174.7 153.2 157.5
3 TH2 140.6 133.5 236.5 313.5 251.4 341.9
a/% 24.5 47.7 123.1 79.4 64.1 117.1
Tl 127.9 113.1 129.3 187.1 164.0 198.7
5 [ 2 174.0 157.2 275.2 345.2 305.0 349.8
a/% 36.1 38.9 112.8 84.5 86.0 76.1
T 1 120.6 122.2 173.6 197.1 1714 281.3
27 TH2 182.7 193.4 245.8 342.6 333.7 347.1
a/% 51.6 58.2 41.6 73.8 94.7 234
T4 1 96.0 98.9 137.5 164.0 140.5 226.6
29 TH2 145.0 155.1 205.5 312.3 295.4 338.0
a/% 51.0 56.7 49.4 90.4 110.2 49.1
TM 1 164.4 148.6 153.4 249.3 210.1 215.1
33 TH2 213.4 199.5 345.3 346.2 345.0 347.4
a/% 29.8 34.3 125.1 38.9 64.2 61.5
Tl 170.7 170.1 188.1 219.2 224.6 253.1
39 [ 2 191.4 211.6 263.0 294.8 335.5 335.3
a/% 12.1 24.4 39.9 34.5 49.4 32.5
T 1 171.8 166.8 195.1 222.1 224.8 282.6
52 TH2 217.8 220.2 249.9 335.1 335.5 336.6
a/% 26.8 32.0 28.1 50.9 49.2 19.1
T 1 139.2 143.9 195.7 215.5 210.6 306.6
58 TH2 239.7 221.9 279.2 345.5 345.4 345.9
a/% 72.2 54.3 42.7 60.3 64.0 12.8
T4 1 161.5 175.2 177.4 244.9 236.7 249.7
62 TH2 209.1 231.0 345.4 346.8 345.3 347.8
a/% 29.5 31.8 94.8 41.6 45.9 39.3
TH 1 141.5 146.4 160.2 216.1 227.9 219.7
73 TH2 192.1 219.2 226.4 297.1 335.3 335.3
al/% 35.8 49.7 41.4 37.5 47.1 52.7
Tl 140.5 152.1 164.7 199.9 216.6 239.7
100 TH2 200.7 215.3 248.1 284.4 335.9 335.1
a/% 42.8 41.6 50.6 42.3 55.1 39.8
TM 1 132.7 143.4 170.5 200.7 228.0 268.3
111 T2 235.2 208.9 278.0 345.5 336.6 345.4
a/% 77.2 45.6 63.0 72.1 47.6 28.7
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Fig.8 Schematic diagram of mid span node on roof of large-

span spatial pipe truss hub structure
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Fig.9 Acceleration time history curve of roof mid span node under 400 gal calexco wave

RS KEZHEEHMRIRALHE 5 P m N 5E B0 A7 1E (E

Table 8 Peak acceleration response of the node in the roof span of the large—span spatial pipe truss hub structure
AL :m/s
200 gal 400 gal
Calexico LA-Baldin ANT2 Calexico L A-Baldin ANTJE2
T 1 3.2 3.8 4.3 7.4 8.5 9.9
X[ T8 2 7.0 6.1 9.1 14.5 14.4 21.8
a/% 116.4 61.0 113.6 96.4 70.0 120.5
T 1 6.7 8.9 10.7 10.7 17.6 17.2
Y1) TH2 11.5 15.0 16.9 16.5 20.4 29.9
a/% 72.5 69.0 57.6 53.9 15.8 73.8
TH1 4.4 5.2 5.6 8.2 12.0 12.1
Z1n] T2 13.7 13.8 19.4 23.0 29.0 33.8
a/% 210.5 164.6 248.6 179.3 142.4 179.7

831



R XBEZEEMEBEALEESE P58 3T 00 R 1E1E

Table 9 Peak value of relative displacement response of mid span joints in roof of large-span spatial pipe truss hub structure

Elifﬁmm
200 gal 400 gal
Calexico LA-Baldin ANT 2 Calexico LA-Baldin ATk 2
TH 1 2.3 2.3 2.5 5.0 4.5 5.8
X [A] 2 2.5 3.4 4.0 5.2 5.3 10.1
al/% 9.7 48.7 64.2 3.8 17.4 73.3
T 1 38.3 50.2 59.5 69.6 103.1 105.8
Y [4] T2 72.5 128.0 116.1 104 .4 168.9 162.5
al/% 89.1 155.0 95.2 50.0 63.9 53.5
TH1 11.3 25.7 21.7 22.0 52.7 44.2
Z A T8 2 62.2 62.9 94.4 104.1 197.6 244.2
al/% 450.1 144.9 334.6 372.7 274.6 453.1
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Fig.10 Relative displacement time history curve of roof mid span node under 400 gal calexco wave
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Fig.11 Schematic diagram of roof members of large-span spatial pipe truss hub structure
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Fig.12 Peak stress time history of main truss members of roof under 400 gal Calexco wave
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Table 10 Peak stress response of roof members of large-span spatial pipe truss hub structure

A MPa
200 gal 400 gal
Calexico LA-Baldin ANTJ2 Calexico LA-Baldin ANT2
T8 1 188.5 188.1 240.7 330.2 298.5 345.0
3 T 2 320.4 326.1 323.8 345.5 345.0 345.5
a/% 70.0 73.4 34.5 4.6 15.6 0.1
TH1 177.8 175.3 224.0 312.8 286.3 344.3
4 T2 299.8 307.0 307.6 345.2 337.7 345.1
al% 68.7 75.1 37.3 10.4 18.0 0.2
TH1 142.1 140.5 181.5 254.8 225.9 296.0
19 T4 2 233.0 243.9 255.5 301.6 270.9 298.1
al% 63.9 73.6 40.8 18.4 19.9 0.7
T8 1 155.2 155.0 193.0 266.8 239.8 311.4
20 T2 274.2 264 .4 270.2 306.8 310.4 333.0
al% 76.6 70.5 40.0 15.0 29.4 6.9
TH1 101.3 122.9 122.0 193.1 227.9 202.4
39 TH2 222.0 190.7 193.6 345.5 308.1 345.9
al% 119.2 55.2 58.6 78.9 35.2 70.9
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Fig.13 Variation curve of node acceleration amplification fac-
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tor of grid hub structure
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Fig.15 Acceleration time history curve of white noise
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Fig.17 Acceleration transfer rate function curve of each floor

node of pipe truss hub structure
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