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Research on key joints design of mega frame of
the Shanghai Tower

DING Jiemin' LI Jiupeng® HE Zhijun'
(1. Architectural Design & Research Institute of Tongji University ( Group) Co. Ltd Shanghai 200092 China;
2. Building Engineering Department Tongji University Shanghai 200092 China)

Abstract: The Shanghai Tower adopts the lateral resisting system of mega frame-core-outrigger structure. Joints design
is the key phase during design procedure of the mega frame. Firstly the principles of the performance-based design of
joints were introduced briefly. Secondly the design of two typical joint of the mega frame the joint of outrigger to
super-column and the long bolt joint of the belt truss were checked. The joint of outrigger to super-eolumn bears
bending moment and axial force the stress state of which was very complicated. The reasonableness of simplified
formula was verified by using finite element analysis. The results show that the simplified formula meets the project
requirements and can be accepted as a check formula in the preliminary design. The long bolt joint of the belt truss
which has a superdong length includes a large quantity of bolts thick splice plates and thick member sections.
According to finite element analysis the performance and mechanical behavior of the joint are revealed and its
reliability is verified too. The results show that the bolt joint has enough capacity under specific performance
requirements. Terminal bolts transfer more force and intermediate bolts transfer little. With the increasing of loads the
nonhomogeneity of transfer force of bolts reduces. The mechanical property of members will be changed as the bolt joint
has large length.
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Fig. 1  Structural layout plan of mega frame »
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Table 1 Performance goals of members of mega frame
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Fig.2  Joint of outrigger to super column
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Fig.3 FEA model boundary and loading conditions
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Fig.4 Stress contour of joint of outrigger to

super column when outrigger yields
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Fig.7 Bolt joint of belt truss
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Fig. 10 Boundary loading conditions and bolt
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Fig. 11  Stress contour under axial force
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Table 2 Comparison of transfer force of bolts

N, /N N, /N N, o/ N,

v max v min v max v ave

0.3F, 36. 56 4.68 0.90
0.7F, 13.26 2.24 1.07
1.OF, 7.46 1.79 1.05
1.3F, 3.53 1.48 1.43
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Fig. 13 Stress contour under bending moment
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Fig. 14 Stress contour under design load combination
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Fig. 15 Stiffness curves of members
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