
Abstract—Where there are no possibilities of using common 

shear wall due to the economic or structural and architectural issues, 

thin shear walls instead of column and common shear walls are used 

throughout the structure of the building. In this paper the various 

effects of axial load ratios on ductility and lateral displacements of 

every axial load on thin concrete shear walls have been investigated. 

ABAQUS finite element software for modeling and analyzing has 

been used. Also the results of analyzing compared with the results of 

existing experimental data, which shows the results are all correct. In 

addition, the results show that increasing the amount of axial load 

ratio more than 37.5% can cause bad effect on vibration behavior of 

shear walls and destroy it in little displacements.

Keywords—thin shear wall‚ Concrete, artificial earthquake, 

ABAQUS, Back and forth loading, nonlinear dynamic analysis. 

I. INTRODUCTION 

HEAR walls are known as a lateral resistance system, and 

is responsible for Reinforced concrete building structures 

for resistance against lateral forces such as earthquakes and 

wind. In Iran shear walls can be used with or without columns, 

but according to the other countries code, thin shear walls with 

high axial load capacity are considered as lateral bracing 

systems. According to the ABA and ACI codes for concrete 

structures and reinforced concrete shear walls, proportion of 

height to length should be between 0.5 and 2.5, more or less 

are not allowed [1 & 2]. Most of the walls with their long 

length also have a large width. According to the concrete 

structures codes countries like England, China, Hong honk 

and some other countries height to length ratio of the shear 

walls is high. So their width can also be shorter. This 

definition shows difference between thin and common 

reinforced Concrete shear walls. In high structure buildings as 

an architectural point of view thick columns and shear walls 

create issues. In addition to its relatively high cost of 

construction of thick and big reinforced concrete shear walls

cause to lead engineers into other structural systems. Using 

thin wall as a lateral bracing systems with high axial load ratio 

with no more costs and eliminating most of the columns can 

be substituted for other systems. According to the results of 

previous experiments, it demonstrates that axial load ratio 

have more effect on nonlinear response of reinforced concrete

structural members. Unfortunately, most of the researches 

have not been paid attention to this factor. In order to estimate 

the axial load ratio it is needed to understand the behavior of 

the reinforced concrete members under seismic forces. This 

paper provides to overview the seismic behavior of the 

members effectiveness for different axial loads, and then the 

suitable axial loads for a thin shear wall are given. 

II. PREVIOUS EXPERIMENTS 

Researchers have been studied about shear walls. Lfas and 

and et al. [3] studied about Shear wall specimens with low 

shear span ratio and with low or without axial load ratio. Also 

in these specimens the percentage of longitudinal and cross 

bars are used quite a lot. Because of this, all samples have 

been faced with a mechanism failure. Gupta and et al. [4] 

investigated about Shear wall specimens with low shear span 

ratio and with low or without axial load ratio. But due to the 

large dimension and a low percentage of longitudinal and 

cross bars the wall looks like to fail in diagonal. Salonikios, 

T.N. [5] examined shear wall specimens with low shear span 

ratio and with low or without axial load ratio. Comparison

between the examined specimens shows that axial load causes 

the shear failure of a cross-sectional model turn into 

mechanisms and deformation failure. Then the minimum axial 

load is necessary and it can modify the movements and 

behavior of the walls. Tasnimi, A.A. [6] studied about Shear 

wall specimens with high shear span ratio, in this study the 

axial load is not applied. It is noted that all samples have been 

adversely affected by cross sectional failure. According to the 

previous experiments if the axial load ratio was low the 

samples would broke flexibility. Zhang, Y.H. [7] used 

experimental samples with a constant cross shear span ratio 

and a percentage of steel, and good comparison between the 

axial load ratio of 0.24 and 0.35 is done. It illustrates that 

increasing of this ratio up to certain limits looks good, but 

more than those ratios cause to destroy the structure. In the 

field of software OAP-BD institute modeled 17 buildings in 

Hong Honk with ETABS in 2004 [8]. Table 1 shows the 

number of floors and structural systems used in these 

buildings which SW and CW indicate shear wall system and 

central core, respectively. Figure 1 shows two examples of 

these models. This result is summarized that loads ratios of 

building with Shear wall and central core can be as large as 

0.3, but when used load factor it changes to 0.2. Of course 

each value is less than the same values obtained in the column. 

The most important experiment of wong and su shows the 

accurate of the results found by analyzing [9]. The experiment 

forms in figure 2 shows that a model which looks like a real 

wall in a residential building in Hong Kong. Dimensions are 

400mm x 80mm x 1640mm and the shear span ratio is about

4. Longitudinal and transverse reinforcement ratio is 0.02 and 

0.005, respectively. Figure 3 shows the details of reinforced 

concrete wall. And also specifications and displacements are 

shown in table 2. 
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Fig. 1. Model in ETABS [8] 

Fig. 2. The form of analysis [9]
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Fig. 3. Details of a reinforced concrete in an experimental sample [9] 

TABLE 1 

DEFINITION OF THE INVESTUGATE  BUILDINGS

Public Residential Building 

No. Name of the Block Structure Type storey 

1 Wa Fu Estate-Wa Kin House SW 18 

2 Wong Chuck Hang Estate Block 10 SW 19 

Private Residential Building 

No. Name of the Block Structure Type storey 

3 Beacon Heights Phase 4 Walls 15 

4 World-Wide Gardens Pine Court SW+Columns 15 

5 Heng Fa Chuen-Block 1 Walls 16 

6 Whampoa Garden CW+SW+Columns 16 

7 Peinsula Village Blossom Court CW+SW 18 

8 Komhill Block J CW+SW+Columns 19 

9 Beverley Heights Block 4 Walls 20 

10 Man Lai Court CW+Columns 20 

11 New Town Mnasion Block A  CW+Columns 22 

12 Walton Estate CW+Columns 23 

13 Greenwood Garden CW+Columns 24 

14 City One Shatin – Block 13 SW 27 

15 Uptown Plaza – Block 1 CW+SW 29 

16 Academic Terrace – Block 3 CW+SW 31 

17 Sun Hing Garden – Block 1  CW+SW+Columns 32 

TABLE 2 

SPECIFICATIONS AND THE RESULTS OF EXPERIMENTAL ANALYSIS

Sample 2 Sample 1

Axial Load Ratio 0.5 0.25

Axial Load (KN) 803 401

Max Displacement (mm) 18.87 30.55
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III. NUMERICAL MODELING AND COMPARISION WITH

EXPERIMENTAL RESULTS 

For Modeling, design and analysis ABAQUS finite element 

program is used. Capabilities of this program are for it’s 

explicitly and implicitly of layers, and also have variety of 

different materials which allows to create models with complex 

geometry. So in the past few years the attention of many 

researchers and industrial applications has been attracted [10]. 

Deformation type of Wall elements and beam and flange 

elements are defined rigid due to the high stiffness of the wall. 

So, steel and concrete materials are used. The amounts of elastic 

and plastic material are shown in table 3, 4 and 5 and Properties 

of concrete are illustrated in table 6.  Nonlinear dynamic analysis 

which shows non-elastic response of structures caused by 

earthquake is used. The step of analyzing increased automatically 

in order to provide sufficient accuracy in calculation. In this 

calculation boundary conditions are defined for the samples at 

supports. Also degrees of freedom of beams are constrained. The 

loads are applied to the samples are illustrated in figure 4. The 

shape of the wall elements is a kind of a sixteen digit system and 

a technique of solving the structural elements. The shape of the 

beam elements is a kind of a four digits and also tried to optimize 

the type and the number of the elements. Elements are all linear 

and defined as a three-dimensional stress. The shape of the 

Kinematic sample cracks, based on the average strain, is 

presented and property control of hourglass based on the setting 

of the stiffness control. Scale factor is defined one. When the 

elements are rigid like beam and flange, they are defined as 

linear, three-dimensional and rigid. The model is divided into 

3554 meshes which are 480 meshes for wall, 480 meshes for the 

longitudinal bars, 572 meshes for transverse bars, 1752 meshes 

for beam and 270 meshes for flange. Investigation is done with 

control of rotation and results are illustrated in figures 5 and 6, 

the figures show the displacements in the ratio of 0.25 and 0.5, 

respectively. Table 7 shows comparisons between the results 

obtained by experimental and program analyzing. The percentage 

of error can be found by formula 1, as follows: 

S= [�E - A�×100] ÷E                                                                    (1) 

Where A is the output results of ABAQUS, E is the result of 

experimental data and S shows the percentage of error. As it is 

clear in figure 7, linear diagram of experimental data and output 

results of ABQUS are illustrated, it shows that the graphs are 

almost overlapping on each other, so from the comparison it can 

be concluded that the analysis is correct. At the following the 

parameters of the wall changed and the results only studied by 

ABAQUS. 

TABLE 3 

ELASTIC PROPERTIES OF THE BARS

Steel Profile Longitudinal Bars Transverse bars

Modulus of elasticity 210 Gpa 205 Gpa

Yield strength 412 Mpa 262 Mpa

Final Resistance 540 Mpa 336 Mpa

Poisson’s Ratio 0.3 0.3 

Shear Elasticity Coefficient 80.8 Gpa 78.8 Gpa 

Mass density 7800 kg/m3 

TABLE 4 

STRAIN-STRESS PLASTIC FOR LONGITUDINAL BARS

Yield stress (Mpa) Strain Plastic

412 0.0

422 0.02

540 0.3

TABLE 5 

STRAIN-STRESS PLASTIC FOR TRANSVERSE BARS

Yield stress (Mpa) Strain Plastic

262 0.0

270 0.02

363 0.3

TABLE 6 

CONCRETE PROPERTIES

Modulus of elasticity 32.7 Gpa

Poisson’s Ratio 0.17

strength of cubic Specimens 50.2 Mpa

strength of Cylindrical Specimens 58.8 Mpa

Mass density 2400 kg/m3

�
�
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Fig. 4. Loads applied to the sample 

�
�
�

�
Fig. 5. Lateral deformation of the wall with the axial load ratio of 25% 

TABLE 7 

COMPARISON THE RESULTS OBTAINED FROM EXPERIMENTAL AND ABAQUS

Axial Load Ratio 25% 50%

Maximum Displacement From Experimental results 30.55 18.87

Maximum Displacement From ABAQUS 30.41 19.32

Percentage of Err 0.46% 2.27%
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Fig. 6. Lateral deformation of the wall with the axial load ratio of 50% 
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Fig. 7. Experimental and Analysis results 

IV. THE EFFECT OF CHANGES IN AXIAL LOAD OF WALL 

The previous section discussed about the content and parameters 

that had been allocated to the experiments. In addition, studying had 

been extended to the properties and reactions of these systems. Also 

experiments conducted in only 25% and 50% axial load ratio. The 

effect of other axial loads ratio like 67.5 %, 37.5 % and 12.5 % 

examined and the functions are discussed in the following. Also the 

wall examined under the axial tensile load with the ratio of 10 % 

and 20 %. The wall examined for the case without axial load, too. 

Equation (2) is used to find the amount of axial load with the ratio 

mentioned above, table (8). The figures 8-13 illustrate the results 

for each ratio.  

bafALRP C ×××=                                                            (2   

P  is the amount of axial load;  ALR  is the axial load ratio;  Cf

is the standard compressive strength of concrete cube;  a  is the 

length of the wall; and b  is the width of the wall. 

TABLE 8 

AXIAL LOAD APPLIED WITH THE RATIO GIVEN 

62.5%50%37.5%25%12.5%0%-10%-20%ALR

10048036034012000-160-320P(MPa)
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�
Fig. 8. Lateral deformation of the wall with the axial load ratio of 62.5% 

�
Fig. 9. Lateral deformation of the wall with the axial load ratio of 37.5% 
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�
Fig. 10. Lateral deformation of the wall with the axial load ratio of 12.5% 

�
Fig. 11. Lateral deformation of the wall with the axial load ratio of -10% 
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�
Fig. 12. Lateral deformation of the wall with the axial load ratio of -20% 

�
Fig.  13. Lateral deformation of the wall with the axial load ratio of 0% 

V. ANALYSIS OF THE SAMPLES 

Table 9 and figure 14 illustrate the displacement of the 

example wall under the multiple axial load ratios according to 

the figures 8-13. It can be defined that the maximum 

displacement occurred when 10% tensile axial load happen. 

Also for 20% of tensile axial load and without axial load the 

maximum displacement occurred, respectively. Unlike tensile 

axial load, compressive axial load shows the results for 

different loads ratio vice versa. When there is no any axial 

load applied to the sample makes the wall to move free and act 

as to be ductility. Of course this situation is ideal which in 

reality it is impossible to happen. Because there are live and 

dead load applied to the wall which makes the wall to be 

always under the gravitational load. To complete the 

comparison with other states, this model was also performed. In the 

case of low pressure axial loads like 12.5%, although the amount of 

displacement is decreased, it doesn’t make any difference with the 

time without axial load. As a result of low pressure axial loads ratio 

doesn’t make any difference in structural behavior. Where in the 

case of 25% and 37.5% of pressure axial load the amount of 

displacement significantly decreased and the results show that the 

pressure axial load limited the freedom of the structure. However, 

the ductility of the wall is taken away, according to the 

displacement it can be claimed that it still has suitable behavior and 

its failure is in the category of soft failure.  At last for the case of 

50% and 62.5% of pressure axial load which are in the category of 

high pressure axial load, it is clear that the curve suddenly changed 

a lot and displacement decreased sharply. Especially in the case of 

62.5% of axial load the behavior of the structure under the high 

International Journal of Civil and Environmental Engineering 6 2012

80



pressure of the axial load has been disrupted (figure 14). The 

low maximum rate of displacement is not because of the high 

resistance of the wall, but also it is because of its low ductility. 

Despite the fact that the shear walls usually are under the 

pressure, according to the researches, they can also be under 

the ratio of the tensile axial load [9]. Regards to the special 

behavior of the concrete and its low resistance under the 

tensile load it was only just studied under the 10% and 20% of 

tensile axial load. Figure 14 illustrates that the changes in the slope 

of the lateral displacement of the sample is low. And it is not due to 

the lack effect of tensile axial load but also all displacements 

vertically happen. However, the analysis compared with other 

samples, the lateral displacement has been shown. 

Fig.  14. Lateral deformation of the wall for different axial load ratio  

VI. CONCLUSION 

First with the modeling and the problem precise definition and 

comparison with the results of previous experiments assured us 

with analyzing. Then the ratio of the axial loads applied to the 

thin shear wall under experimental conditions in order to 

compare the results.  

Thin shear walls are used in a place where there are no 

possibilities of using common shear wall due to the economic or 

structural and architectural issues. 

The wall under rotation, increasing the compressive axial load 

makes it to decrease the lateral displacements, in contrast with no 

compressive axial load which was applied shows that 

displacements are increased. 

About the reasons of decreasing displacement when the 

compressive axial load increased it can be concluded that in a 

low axial load ratio decreasing happened because of good 

ductility of the wall, but with increasing the ratio of the axial 

load over 37.5% lateral displacements of the wall decreased and 

as it goes further displacements of the wall will not be tolerated.  

The wall under rotation, using the ratio of the axial load over 

37.5%, is not recommended due to the brittle and rapid failure 

under a very low displacement. 
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