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ABSTRACT 

Beam-column models are widely used in the nonlinear analysis of structures concerned 

with earthquake ground motions. Many researches have proposed their models for 

different members in engineering structures
 [1-7]

. The Member Endochronic Model 

(MEM) is a kind of new model. It is established on the combined idea of section 

endochronic description and the member model of finite element method 
[8]
. The section 

endochronic description has a similar idea with the Endochronic Theory of Plasticity 
[9]
, 

while it is based on the definition of section intrinsic time rather than on the definition 

of material point. MEM has been put into the use of simple frames and the results 

showed that it can be used in the simulation of the elastic-plastic procedure of the 

structure under horizontal forces
 [10]

.  

As the P-Δeffect is very significant for frames with multi-stories, the establishment of 

MEM should contain the geometric nonlinear effect. Three aspects should be taken into 

account in that works. The first one is the establishment procedure of MEM, so that 

some basic equations of the model are obtained. Secondly, the compound characteristic 

of the column sections under axial and bending condition should be given correctly. 

Then some numerical methods should be given so that the nonlinear analysis of the 

structure could under go effectively. This paper gives a detail of the establishment of 

MEM and then discusses the other two problems by some examples.    

According to the finite element method, the relationship between the nodal forces and 

section forces are obtained as{ } [ ] { } [ ]{ }ee

F

L Te KdxFBR δ∆∆∆ += ∫0  , where [ ]eFK  is called 

as the original force matrix and could reflect the P-Δeffect of the column. For the 

description based on the Section Endochronic Model (SEM), there are two forms to 

describe the section characteriscs: { } [ ]{ } { }pFeDF ∆∆∆ += , { } [ ]{ }eDF ∆∆ = . Putting 

these equations to the equation of { }eR∆ , we obtain:  
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All the matrices with subscript “0” relate to the linear part and the matrices with 

subscript “L” and “F”relate to the nonlinear part coming from the large deformation and 

the section-order effect of the member.   

Based on above equations, several numerical methods could be given to undergo the 

nonlinear analysis of the structure step by step, during which the nodel force { }R∆  is 

known and the nodel displacement { }δ∆  is the goal of calculation. The task of SEM is 

to establish the relationship between { }F∆  and { }e∆  so that one could be obtained when 

another is known in the procedure. For a definite structure, the relationship between 

{ }F∆  and { }e∆  could be obtain by the material character and geometry of the member 

section, where the definition of the section intrinsic time, dz , is the key point.  

For the plane frame examples in the paper, a reasonable method of the definition of dz  

is discussed and some of the results are given. Examples show that the MEM establised 

in  this paper could consider the P-Δeffect of the structure successfully and could be 

used to estimate the nonlinear behavior of frames under horizontal earthquakes.  

REFERENCES 

[1] R. W. Clough, K. L. Benuska, K. L. Wilson, “Inelastic earthquake response of tall 

building”, Proceedings of Third World Conference on Earthquake Engineering, 

Wellington, New Zealand, Vol. II, Section II, pp. 68 – 89, (1965). 

[2] S. S. Lai, G. T. Will, S. Otani, “Model for inelastic biaxial bending of concrete 

members”, J. Struct. Engng. Div. ASCE, Vol. 110, pp.  2563-2584, (1984).  

[3] H. Takizawa, H.Aoyama, “Biaxial effects in modeling earthquake response of R/C 

structures”, Earthquake Engineering and Structural Dynamics, Vol. 4, pp. 523-552, 

(1976).  

[4] C. A. Zeris, S. A. Mahin, “Behavior of reinforced concrete structures subjected to 

uniaxial excitation”, J. Struct. Engng. Div. ASCE, Vol.117, pp. 2640-2656, (1991).  

[5] C. A. Zeris, S. A. Mahin, “Behavior of reinforced concrete structures subjected to 

biaxial excitation”, J. Struct. Engng. Div. ASCE, Vol. 117, pp. 2657-2673, (1991).  

[6] A. Neuenhofer, F. C. Filippou, “Evaluation of nonlinear frame finite-element 

models”, J. Struct. Engng. Div. ASCE, Vol. 123, pp. 958-966, (1997). 

[7] E. Spacone, V. Ciampi, F. C. Filippou, “Mixed formulation of nonlinear beam 

finite element”, Computers & Structures, Vol. 58, pp. 71-83, (1996).  

[8] S. Y. Zhang, F. E. Han, S. L. Zou, “Research on Member Endochronic Model”, 

Journal of Xi’an Jiaotong University, Vol. 38, pp. 291−294, (2004). 

[9] K. C. Valanis, “Fundamental consequences of a new intrinsic time measure - 

plasticity as a limit of the endochronic theory”,  Archives of Mechanics, Vol. 32, pp. 

171-191, (1980). 

[10] S. Y. Zhang, “Inelastic Analysis of Steel Frame Structures with the Member 

Endonchronic Model”, Proceedings of ISCM 2007, Beijing,China, pp.265, (2007). 


