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Nonlinear analysis of huge oblique crossing lattice
structure with concrete filled steel tube
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(1. Civil Engineering Department, School of Civil Engineering and Transportation, South China University of Technology, Guangzhou 510640, China;
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Abstract; In this paper, a huge oblique lattice structure with concrete filled steel tube is used as the outer tube of
tube-in-tube structure. It is urgent to research the seismic performance of this structure system, which has large lat-
eral stiffness. According to the performance-based seismic design method, the nonlinear analysis of a super high-
rise huge oblique lattice structure with concrete filled steel tube under severe earthquake is conducted by using fiber
model of PERFORM —-3D procedure. The structural responses under seismic actions with intensity VI VIl or IX are
compared with each other. Tt is shown that the structure system is feasible to be applied to highly fortified seismic
regions.
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Table 1  Selected earthquake ground motions
ETRe =Dl ETRES =3
H1 El Centro, Array 6, Huston RD at 140° H4 Century City-Lace North at 90°
El Centro, Array 6, Huston RD at 230° H5 Lexington Dam at 0°
H2 Oakland-Outer Harbor Wharf at 35° Lexington Dam at 90°
Oakland-Outer Harbor Wharf at 305° 16 Petrolia at 0°
H3 Hollister-South Street and Pine Drive at 0° Petrolia at 90°
Hollister-South Street and Pine Drive at 90° Newhall-La County Fire Station at 0°
H4 Century City-Lacc North at 0° H7 Newhall-La County Fire Station at 90°
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Table 2 Natural vibration periods of the first 6th modes and frequent earthquake with intensity VI
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Fig.3 Modified stress-strain relationship of the concrete C70
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Fig.4 Sketch of cross section meshing
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Table 4 Reinforcement of the pier fiber section for shear walls
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S3 (B 6) o B AER X IBUR 2 R B o 09 3 88 2 WL BTG AT A7 AUREALL Y ) B i B AT o e
SR JH SR B TTASALL, LA A 3 e P i A SCET AR AN, B U T R R 7E BT D18 b

YR R R SR FH 1 2 A T R4

Ll

T

100, 500 |.|. 100

5

4400

WHONCG0
WEONCED

BsS MmAHEEL S REE

Fig.5 Sketch of additional reinforcement fiber section meshing
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Table 5 Performance objects of structure and components
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s T
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Table 8 Natural vibration periods of the first 6th modes Table 9  Max inter-storey drift ratio under elastic
— T/ s spectrum load in region with seismic intensity VI
ol
ALL ETADS 7 REHLAE B AE PR KR
1 7.4092 7.434 —
2 7.4092 7.434 praps AR LoALse s
3 1.7668 1 6 ‘ = 7 [ 7
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Table 10 Maximum average D/C value of elements under seismic actions in the region with intensity VI, VIl or [X

SR WA RE L RIG 3 35 5% D/C g

= £k D/C D/C LB YRS Y NAE D/C
7 BENE 0.382 0.195 0.126 0.010 0.023 0.046
7 BRI 0.279 0.080 0.084 0.023 0.023 1.132
8 /N 0.570 0.341 0.141 0.019 0.036 0.652
8 B KE 0.599 0.175 0.116 0.047 0.034 2.521
9 BE/NE 0.920 0.618 0.162 0.035 0.050 3.272
9 KR 1.849 0.541 0.186 0.093 0.050 4.241
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Fig.7 Structural responses of nonlinear dynamic analysis under frequent earthquake in the region with seismic intensity VI
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Fig. 8 Structural responses of nonlinear dynamic analysis under frequent earthquake in the region with intensity VIl
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Fig. 10 Energy distribution of structure under HI severe earthquake ground motion in the regions with intensity VI, VIl or IX
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Table 11 Base shear and moment distribution of the structure under seismic load
WA L il Sy il
A N 5 A1 2NE)

7 JE/NE 54.02% 45.98% 69.13% 30.87%
7 ERE 54.58% 45.42% 70. 64% 29.36%
8 /R 53.87% 46.13% 69.14% 30.86%
8 FERE 55.22% 44.78% 77.50% 22.50%
9 JE/NE 54.43% 45.57% 69.82% 30.18%
9 JERE 55.35% 44.65% 80.16% 19.84%
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Table 12 Structural responses under the H1 earthquake ground motion in the regions with intensity VI, VIl or IX

sefi W 7 8 J& 9 9&‘#%573
N K INE KiE INRE KiE IR HU AR

iR B (N HE B/ (m/s?) — 35 220 70 400 140 620 771
5/ Ul — 1 6.29 1 5.71 1 4.43
fiF%/mm 445.5 79.8 494 161 931 318 1490

5K 1 0.18 1.11 0.36 2.09 0.71 3.34 18.67
H/NRIH — 1 6.19 1 5.78 1 4.69
% 1/623 1/1958 1/296 1/984 1/150 1/478 1/92

5 1 0.32 2.10 0.63 4.15 1.30 6.77 21.28
5/NEHAE — 1 6.61 1 6.56 1 5.20
3541/ (10°kN) 46.32 53.4 227 106 408 184 601

HRHE 1 1.15 4.90 2.29 8.81 3.97 12.97 11.25
5/NEHAE — 1 4.25 1 3.85 1 3.27
2556/ (kN - m) 12.34 3.56 13.5 6.81 26 9.96 42.5

5K 1 0.29 1.09 0.55 2.11 0.81 3.44 11.94
E/NEHAH — 1 3.79 1 3.82 1 4.27
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