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Abstract 

Both engineering applications and theoretical analysis of the transfer-storey structures are generally limited in elastic stage under 

frequent earthquakes; the structural behavior after yielding under serious earthquake need to be studied by elastic-plastic analysis. 

And there is no specific method which confirms that transfer structures can “resist serious earthquake without collapse”. In this 

research, the doctrine of capacity design is show the design of transfer-storey structures and a method of practical design for 

transfer structures under serious earthquake. By push-over analysis, many limit states of coupled shear walls are disclosed. 

Parameters that possess significantly the structure behavior such as integer coefficient of coupled shear walls, height-width ratio 

of shear walls and reinforcement ratio of coupling beams are highlighted. The shear overstrength of the coupling beams under limit 

state is decrease with the reduction of K coefficient. Overstrength of shear walls is born by ultimate state analysis, which considers 

the axial forces increment of shear walls caused by overstrength of coupling beams. On this condition, capacity based seismic 

design method of transfer storey under serious earthquake are analyzed by elastic-plastic analysis. The simplified formulas and the 

detail procedure for capacity design of transfer structures are described in brief. 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

In this research, the design of transfer-storey structures introduced the doctrine of capacity design. Analysis of pushover is entire 

to calculate the reduction of K coefficient for the strength of coupling beams. Overstrength of shear walls is born by ultimate state 

analysis, which mentioned the increment of shear walls by axial forces caused by shear overstrength of coupling beams. On this 

condition, capacity based seismic design method of transfer storey under serious earthquake are studied by elastic-plastic analysis. 

A series of nonlinear dynamic time analysis has been completed, which mentioned the possess of varied parameters including the 

stiffness and mass of transfer structures, seismic protected intensity and the position of transfer storey. Moreover, the simplified 

formulas and the detail for capacity design of transfer structures describe in brief. 

II. PRELIMINARIES 

In this section, we describe the design principle based on doctrine of capacity design, push over analysis and the shear strength of 

coupling beam in brief: 

 Design Principle Based on Doctrine of Capacity Design 

The design doctrine based on capacity design was projected by professor R. Park and professor T. Paulay [1], the key idea of which 

is that the ideal locations of plastic hinges are selected and suitably detailed to confirm the ductility capacity of seismic-resistant 

structure, and other adverse plastic hinges (brittle failures) should be avoided by providing sufficient reserve strength capacity  

According to the doctrine of capacity design, the first option is designing a ductile earthquake-resistant structure successfully is 

to select a reasonable plastic mechanism. For instance, a plastic mechanism select for a transfer-storey structure is given in Fig.1 

[2, 3], which is on the basis of the strong transfer and weak upper structure theory. 

The potential plastic hinges of the structure shown in Fig.1 D may be formed at the ends of frame beams, F represent the ends of 

upper coupling beams G represent the bottom of upper shear walls which can provide ductility to the whole structure, but other 

structural elements are still in elastic stage throughout seismic excitation. Therefore, the ideal energy-dissipating mechanisms of 

structures should be that all the coupling beams and frame beams reach their ultimate plastic states, and plastic hinges show at the 

bottom of upper shear walls, while other structural elements are still in elastic stage. Under this ideal state, by calculating ultimate 

bearing capacity of the shear walls [2-4] and considering the overstrength factors of upper coupling beams and upper shear walls, 

we calculate the reactions of upper structures at ultimate limit state, which are then acted on the transfer structure. Consequently, 
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the key members in capacity design, such as ground shear walls, supporting columns, transfer girders and cantilever transfer beams 

are obtained for bearing capacity at the elastic state. 

 
Fig. 1: Plastic Mechanism According to Strong Transfer and Weak Upper Structure Theory [2]. 

 
Fig. 2: Shear overstrength of the coupling beams VEO  [3] 

 The Shear Overstrength of Coupling Beam 

We assume that the upper structure, under ideal ultimate state is real when it is designed based on ‘weak coupling beams and strong 

walls’ which shows the capacity design method. But in practical, it’s designed based on domestic design codes. Since detail 

requirements and human factors will cause to overstrength factors, the ultimate limit state assumption may be false [5-6]. 

The size and number of openings of coupled shear walls affect mechanic properties, distribution of stress and failure modes of the 

structure. It means that shear overstrength of coupling beams has great effect on coupled shear walls. Obviously, it is conservatively 

if, 

 
where VEO, i is shear overstrength of each beam (Fig. 2). Ref. [5] highlighted that plastic hinges will not be formed all together, 

so the VEO should be decrease as following: 
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where n is number of coupling beams, (if n>20, then n=20). Although the height-width ratio of upper shear walls or the number 

of upper coupling beams was applied in this equation, it is different with practical condition. Here in after, many ultimate states of 

coupled shear walls will be disclosed through pushover analysis. Reduction of K coefficient is introduced into decreasing at 

ultimate limit state of overstrength of coupling beams [7]. 

 Push- Over Analysis 

By the using of IDARD-2D6.0 non-linear analysis of coupled shear walls have been performed [8], which is a two dimensional 

analysis program derived by Buffalo University in New York, U.S.A. According to assumptions of IDARC-2D, the computing 

models are derived as shown in Fig. 3. The number of stories n is 10, 15 and 20 respectively which height is 3m. The linear stiffness 

of wall limbs is larger than 5 times of the linear stiffness of coupling beams [9]. The integer coefficient A [10] of coupled shear 

walls is no more than 10, that is A <10. The value of A is changing with the coupling section of beams and storey n number. The 

dimension of the section of wall limbs is 200mm x 2000mm and 200mm x 3000mm and 200mm x 4000mm respectively. The 

section of coupling beams b ρ is changing from 200mm x 200mm to 200mm x 800mm. On this condition, reinforcement ratios of 

coupling beams and wall limbs are applied. The reinforcement ratio of beams is 0.2, 0.3, 0.4 and 0.5 respectively. The 

reinforcement ratio of wall limbs is separated into two types.  

 Type 1: Reinforcement ratio of boundary columns is1.0 and reinforcement ratio of wall panels is 0.25.  

 Type 2: Reinforcement ratio of boundary columns is 1.1 and 0.4 is reinforcement ratio of wall panels. C30 is the concrete 

strength grade is and the type of reinforcement is HRB400. 

 Nonlinear static analysis of coupled shear walls is finished considering another lateral force patterns, and the average strength 

value of material is used. Chinese codes limit the 0.5 is the axial compression ratio in case of the 1st seismic fortification grade 

and 0.6 in case of the 2nd seismic fortification grade [10]. Under gravity load the axial force of shear walls in this model is reduced 

by the axial compression ratio. Then each joint mass is reduced. 

The shear wall computing models in IDARC-2D neglect that the moment-curvature curve effected by axial force variation. 

While shear forces of coupling beams will change axial forces of wall limbs, and then posses the moment-curvature curve. Here 

are two ways to decrease the effects of shear wall models on analysis results.  

Firstly, calculate the shear overstrength of coupling beams follow equation 3.1; then add a part of the shear overstrength of 

coupling beams to initial axial forces, making the rest of the shear overstrength changing axial forces within 20%. The computing 

parameters of 10-storey models are given in table 3.3. 

 
(a) Actual Model                            (b) Computing Model 

Fig. 3 Actual model and computing model [5] 

 

 

 

…………………… (3.1) 
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Table - 3.3 

Computing parameters of 10-storey models [8] 

 

III. METHODOLOGY 

 Strength Reduction of K Coefficient of Coupling Beams 

The integer coefficient of the reinforcement ratio of coupling beams bρ and the number of stories n possess the ultimate failure 

states of coupled shear walls and the plastic deformation of coupling beams. So they possess the variation of axial force of wall 

limbs [11]. A reduction coefficient is introduced to reduce the shear overstrength of coupling beams, named as strength reduction 

of K coefficient of coupling beams. Through inductive analysis, the formulation of reduction coupling beams is induced: 

 
For checking the correctness of this formulation, again calculate the reduction coefficients K of models using the above 

formulation. Comparing the analysis with the nonlinear analysis, it is observed that they are similar in Table 3.4. So it can be 

ensured that the induced formulation is correct. In addition, the failure state of coupled shear walls can be obtained by this 

formulation in Table 3.5. 
Table 3.4 

Reduction factor of the Comparison and Failure type 

 
Table - 3.5 

Failure types under ultimate state obtained by K coefficient [7] 
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IV. ANALYSIS AND RESULTS 

By push-over analysis, it is computed that failures of coupled shear walls always don’t develop according to ideal ultimate failures. 

Failure states can be divided into 3 types: 

1) Coupling beams failed, and wall limbs took on all of the lateral force. 

2) Coupling beams yielded, and then wall limbs failed in flexure and lost bearing capacity. This type again divided into two 

types, 

 plastic hinges developed fully and  

 plastic hinges did not develop fully  

3) Coupling beams did not yield, and wall limbs failed in flexure and then lost bearing capacity. 

V. CONCLUSIONS 

This research provided a practical capacity design method for transfer storey structures under serious earthquake. The main 

conclusions of this research are as following: 

1) Many limit states of coupled shear walls are disclosed through push-over analysis. 

2) The reduction of K coefficient is induced by analysis of parameters including coupled shear walls of integer coefficient, 

reinforcement ratio of coupling beams and height-width ratio of shear walls. 

3) Overstrength of shear walls is derived by ultimate state analysis, which considers the axial forces caused by shear overstrength 

of coupling beams. 

4) The simplified formulas and the detail procedure for capacity design of transfer structures are described. 
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