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Stability analysis of the Shanghai Tower and research on

effective length of super column

LU Tiantian ZHAO Xin DING Jiemin CHAO Si
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HE Zhijun
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Abstract: Shanghai Tower is a high—ise building composed of mega frame-core-outrigger lateral resisting system. The

structural stability has been concerned widely. A modified method was used to check the rigidity-gravity ratio according

to the tower’ s shape and load distribution characteristics. The P-A effect of the structure under wind and seismic loads

had also been evaluated. Calculational results show that the rigidity-gravity ratio meets the code requirements and the

P-A effect can be controlled under a low level. The structural linear elastic buckling analysis has also been carried out

to prove the good stability of the structure. Super column is one of the key components of the structure. The definition

of the column’ s effective length will directly affect the rationality of structural design. Based on the compartmental

mega frame model the critical load of the super column was obtained by the linear elastic buckling analysis. Then

the effective length of the super column can be calculated according to Euler Formula.
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Fig.2  Composition of structural system
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Fig.1 Vertical zoning of the Shanghai Tower _
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Fig.3 Design value of floor gravity load
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Fig.4 Cantilever bar model
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Fig.5 Accumulated value of floor gravity load
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Fig.6 Typical floor plan
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Fig.7 Distribution of wind load ( 100 years period)
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Fig. 8 Distribution of earthquake action
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Table 1 Equivalent elastic lateral stiffness of structure
with inverse triangular distributed load

H/im ¢/kNem™" u/m EJ, /kN * m?
X 581.9 581.9 1. 802 3.394 x 10"
Y 581.9 581.9 1.775 3.446 x 10"

Table 2 Equivalent elastic lateral stiffness of structure
with wind and frequent earthquake load

PhIH

—Zi3-8) / EJy 1
> ¢ (3-8) u /m ) ! 7
kN * m’ Nem
X 2.573 x10"? 0.752  3.422 x10"
Y 2.533 x10" 0.730  3.470 x 10"
X 2.378 x 102 0.502  4.737 x10"
Y 2.378 x 102 0.495  4.975 x10'?
1.4
1.2 +1.4
( 3. .
4,
3
Table 3 Design value of total gravity load
/kN /kN /kN
6290244 1145094 9151424
1.4
4 ) 1.4 2.7 o
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Table 4 Check of rigidity-gravity ratio

EJy /kN * m? i
X 3.394 x 10" 1. 10 1.46
Y 3.446 x 10" 111 1.48
X 3.422 x 10" 1.10 1.47 - -
Y 3.470 x 10" 1.12 1.49 o 9
X 4.737 x 10" 1.53 2.04 .
Y 4.975 x 10" 1.61 2.14
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Table 5 P-A effect of structure

X 8. 40% 8.66%
(100 ) Y 5.68% 6.09%
X 6.60% 1.90%
Y 7.16% 4.61%
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Fig. 11 Second order buckling mode
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Fig. 12 Compartmental mega frame and buckling mode
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Table 6 Parameters of super columns
/m /m
8 1.9x2.4 — €50
7 2.3x3.3 — €50
6 2.5%x4.0 — C60
5 2.6x4.4 1.2 x4.5 €60
4 2.8x4.6 1.5x4.8 €60
3 3.0x4.8 1.8 x4.8 C70
2 3.4 x5.0 2.2x5.0 C70
1 3.7x5.3 2.4 x5.5 C70
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Table 7 Effective length of super columns
/ / /
m kN * m? /kN m

8 76.6 59261760 567871 32.09 0. 42
7 76.6 144543960 1411225  31.79 0.42
6 74.7 225000000 2511349  29.74 0. 40
5 74.7 278403840 2310687  34.48 0. 46
4 70.2 363525120 3042182  34.34 0. 49
3 70.2 466560000 4309456  32.69 0. 47
2 65.7 707472000 6878947  31.86 0.48
1 37.8 966459240 20442214  21.60 0.57
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