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Fig. 1

Finite element model established by using software SAP2000

(a) the whole structure system; (b) main tower; (c¢) cable; (d) side tower
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Fig. 2 ABAQUS finite element model generateded by using program SAP2ABAQUS

(a) the whole structure system; (b) main tower; (c) cable; (d) side tower
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Fig. 3 Finite element modal analysis results by using software SAP
(a) second order modal; (b) forteen order modal; (c) sixty-first order modal; (d) 451st order modal
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Fig 4 Finite element modal analysis results by using software ABAQUS
(a) second order modal; (b) forteen order modal; (c) sixty-first order modal; (d) 451st order modal
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Fig. 5 Establishment of different finite element model and their modal

(a) single tower; (b) the tower with two over lines; (c) two towers with one over Line; (d) four towers with three over lines
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Tab. 1 Comparision of modal analysis results for different finite element model
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Fig. 6 Comparison of Mises stress (a) and vertical deformation nephogram (b)
(a-1), (a-2) whole model; (b-1), (b-2) partial enlarged detail
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Elasto-plasticity and Collapse Analysis for Large-span
and High Structure (III)
——Elasto-plastic and Collapse Analysis of Transmission-lines
System under Multi-point Seismic Motions

LIU Guo-huan"?, LIAN Ji-jian"?>, SUN Xue-yan’, GUO Wei*
(1. School of Civil Engineering, Tianjin University, Tianjin 300072, China)
(2. State Key Laboratory Hydraulic Engineering Simulation and Safety, Tiangjin University, Tianjin 300072, China)
(3. Beijing Civil Software Technology Co. , Ltd, Beijing 100048, China)
(4. School of Civil Engineering and Architecture, Central South University, Changsha 410075, Hunan, China)

Abstract

Firstly, the 3D finite element model of a large-span transmission tower lines system with main tower height
of 375m and main span of 2 756m is established using software SAP2000, and is transformed to ABAQUS finite
element model by the developed interface program SAP2ABAQUS. Then, the approach for achieving the load-
ing process of static effect under the gravity action is given explicitly by using long-period explicit dynamic load-
ing method. By the approach, the shape finding of cable and its initial stiffness are finished under the gravity ac-
tion, which further realized that gravity analysis could be performed subsequently with dynamic loading excited
by the subsequent earthquake. Besides, the dynamic characters of four types of model with different boundary
conditions are analyzed and compared, and from the comparison of model component before and after the trans-
formation and their corresponding modal analysis results, the transformation accuracy through program
SAP2ABAQUS is verified. Further, the program MEMS_ b V2012. 5 is updated to MEMS_ b V2013.5 and
the multi-point earthquake motions of target field are simulated. At last, considering geometric large deformation
and differential input, the developed subroutine given by ABAQUS main program is used to analyze the elasto-
plastic and collapse of tower-lines system. The actual engineering analysis results show that; (1) The devel-
oped interface program SAP2ABAQUS is further verified to have reliable accuracy and high efficiency transfor-
mation from the aspect of actual engineering. (2) The developed subroutine is feasible and reliable for analy-
zing actual engineering. (3) The static gravity loading process realized by the long-period dynamic loading
method which is reasonable in theory and feasible in real, and overcome the difficulty that implicit static gravity
mode loading cannot be performed subsequently with explicit dynamic analysis. (4) From modal and theory a-
nalysis, it shows that the necessity and reliability of selecting the system of four towers with three lines as analy-
sis object. (5) The consistency of multi-point earthquake motion and differential input have the significant influ-
ence on occurrence and developing distribution of plastic hinges. So, it is very necessary to consider the multi-
point earthquake motions as input while analyzing the elasto-plastic responses of the similar structural system.

Key words: transmission-tower lines system; finite element model; multi-point earthquake motion; elas-

to-plasticity ; collapse





