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ABSTRACT 
 

RC coupled shear walls are known as one of the best and popular lateral load resisting 

structural systems. Most of the structural design codes have no seismic design 

considerations for base shear and fundamental vibration period. In current study finite 

element models were generated to provide a reliable data base to estimate the base shear and 

fundamental period. The differences between the behavior of in-plane and out-of-plane 

actions in these systems were investigated. In the final stage corrective coefficients will 

present according to analyses results. More accurate estimation of the demand makes more 

resistant structures against wind and earthquake loads. 

 

Keywords: RC coupled shear wall; base shear; fundamental vibrational period; non-linear 

finite element analysis. 

 

 

1. INTRODUCTION 
 

The reinforced concrete coupled shear wall are known as a popular structural systems for 

resisting lateral loads that consists of two or more RC shear walls connected by a short 

member in the same plan named as coupling beam. Later earthquake shows that the behavior 

of this system differs from isolated shear walls and varying due to geometry parameters. Fig. 

1 shows a schematic view of a coupled shear wall system. 
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Figure 1. Schematic view of a coupled shear wall 

 

It can be constructed in some different methods like simple traditional scaffolding, tunnel 

forms, insulating concrete forms, and Sliding or Curved Metal forms. Different shapes can 

be found for the plan of coupled shear walls like Core walls, C-Shape, T-shape, L-Shape and 

etc. as shown in Fig. 2. 

 

 
Figure 2. Different shapes of RC coupled shear walls 

 

The first experimental study on coupled shear walls was published in 1964 by Khan [1] 

that focused on the interactions between RC frames and shear walls to determine the failure 

mode and the share of the shear forces in both of them. They also tried to investigate a 

relation between structural geometry and the capacity share of shear forces and bending 

moments for all structural elements[2]. Pauly[2] defined new concept of horizontally 

connector link beam named as spandrel coupling beam and studied the behavior of deep 

coupling beams with different reinforcing layouts focusing on the effect of opening details 

and geometry. Some of the provisions of most seismic codes to design of coupling beams 

and coupled shear walls are based on the results of Paulay’s researches. In 1983 Saatcioglu 

et al.[3] focused on the hysteretic behavior and base shear of coupled shear walls systems 

too, he concluded that behavior of these structures are mostly affected by coupling beam 

axial force vs. moment interaction but no relation between maximum demand base shear at 

the yield point with target displacement (or drift) has proposed. RC shear wall structures 

with opening were also studied in 1988 by Lin et al.[4]. Some finite element 2D analyses 

and experimental study were conducted to investigate the effect of openings on the ultimate 
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shear strength of RC shear walls. All specimens had the same relative section area with 

different opening geometry and reinforcement layouts and details. According to the 

experimental results of Lin et al.[4], wall distortion and a series of formed cracks was 

concentrated in the critical shear and flexural regions due to the large deformation of 

coupling beams. In addition, cracking and failure modes are very affected by opening size 

and openings orientation. The failure zones were focused in the edge of openings, coupling 

beams and base nodes. Another research program was done in 1992 by Wallace & Moehle 

[5], on assessment of both Base shear and fundamental period. Using displacement capacity 

method some relations were evaluate upon to some important parameters like Wall relative 

area ratio, wall height-to-length ratio, Geometrical Confinement and material properties. 

(Fig. 3). 

 

 
Figure 3. Period VS. relative wall area ratio [5] 

 

Another set of dynamic equations was governed using the concepts of free vibration 

analysis and equivalent sandwich beam in 2012 by Bozdogan et al.[6] . Lumped mass 

assumption were generally used in modeling process. Balkaya et al.[7], [8], developed a 

finite element analysis on some modeled structures made by tunnel form technique, focusing 

on the concept of response modification factor i.e. behavior factor. The results indicated 

that, the behavior factor same as base shear is affected by geometry and height of the wall. 

The result of 2D and 3D pushover analysis for two models with different height are 

compared as Fig. 4. They believed that difference between both 2D and 3D behaviors of the 

system is due to the effects of some 3D actions like wall-wall and wall -slab interaction and 

torsion. 
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Figure 4. Pushover curves in 2D and 3D of 2 and 5 story models [7] 

 

Although vibrational characteristics of RC coupled shear walls have been studied since 

1970’s some code’s relations are based on some simplified assumptions and could have no 

adequate accuracy. Wang et al.[9], in 2007 governed the dynamic equation of vibration for 

coupled shear wall in order to determine natural period by geometrical parameters. They 

could formulate their results for 2D models and no 3D effects have been considered. 

 In 2011 Tavafoghi & Eshghi [10] tried to evaluate behavior factor (i.e. response 

modification factor R) by means of ATC63 methodology for tunnel form RC building and 

performed some numerical models to compare with analytical experimental results. The 

response modification factor was calculated in the range of 4 to 6.6. Tavafoghi & Eshghi[11] 

also provide a study and found that, the structural height is one of the main parameter in 

fundamental period. 

The seismic base shear is defined by most of the seismic codes depending on the limiting 

of the lateral top drift of building. For example, in chapter 12.8.1.1 of [12]the base shear is 

determined in term of equivalent static force V, as:  

 
The term C is made of some parameters as seismicity potential of region, important factor 

of structure and response modification factor (i.e. behavior factor). Response modification 

factor is a structural capacity parameter representing nonlinear behavior and energy 

dissipation. Experimental results show that R-factor is related to the type of structural 

system, structural geometry and ground motion. However, some structural code ([12], [13]) 

present an inadequate equation for base shear or R-factor of RC coupled shear walls and 

estimated parameters is in error that result overall conservative value of base shear and, 

hence, overdesign of structures. The main goal of current study is to estimate the base shear 

and fundamental vibrational period of coupled shear wall structures to evaluate the accuracy 

of code formulas. The research program was divided to two parts titled in below: 

1. 3D original plan models 

2. One-story shear wall case sensitivity models 

Some analytical study program were developed to estimate dominant modal shape and a 
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minimum bound for fundamental period of models and calculated periods were compared 

with code given empirical periods too. The last part of this study was investigation the 

effects some important parameters as opening ratio and relative shear wall area. 

 

 

2. MODELING METHODOLOGY & MATERIAL PROPERTIES 
 

As mentioned before an eight-node nonlinear layered shell element has been defined to 

simulate the behavior of reinforced concrete as a composite mixture. Six degrees of freedom 

were defined at each node of the element (three of them were translational and others were 

rotational). No shear stress could be defined at the top and bottom boundaries of the 

elements and inter-laminar shear forces defined at layers boundaries to simulate more 

realistic behavior. Lumped mass approach was used to define the mass matrix of the models 

and elements mass were assumed to be concentrated at the center of element. The thickness 

of each layer should not exceed of one-third of element thickness. Stress should change 

linearly in layer thickness. Reinforcement should be defined using smeared approach as one 

of the elements layers. Schematic shape of the defined element has been presented as Fig. 

5[14].The finite element analyses were developed by ANSYS™ mechanical APDL[14]. All 

element thickness for all models was 150mm (6 in). They were reinforced by two orthogonal 

reinforcement mesh defined as a representative steel plate. (2*Ф8@200mm) using the 

smeared reinforcement approach. 

 

 
Figure 5 Schematic shape of defined element [14] 

 

The element mesh has been developed using the concept of element failure energy and 

some case sensitivity analyses. The element mesh size was set to 200 mm (8 in) and it 

means that each node was 100 mm (4in) far from the others (according to one extra mid 

node at each element side shown in Fig. 5). The modeling procedure is basically a 

combination of both modal and pushover analyses. Non-linear static pushover analysis was a 

type of analyses that some increasing monotonic load or displacement applied incrementally 

on the model in the present of gravity loads to some load or displacement target. The 

material properties should be determined from the end of the previous analysis step. In the 
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most common methodology of a non-linear static pushover analysis lateral load or 

displacement could be applied as the pattern of dominant modal shape[15]. The compatible 

loads with the modal pattern should be applied until the displacement capacity or drift 

capacity of model named as maximum displacement capacity. Paulay[16], in 2002 found 

that coupled shear walls system could presents an extraordinary displacement and rotational 

capacity and this drift capacity depends on some parameters like degree of coupling (DC), 

coupling beam reinforcement layout and properties and etc. Considering appropriate bounds 

for structural displacement capacity could limit the effects of some destructive phenomena 

like P-Δ effect and failure of non-structural elements due to large deformations during the 

earthquake. Most of the code’s ([12], [13]) considered 0.005 of structural height as the limit 

for yield point of the structures they took approximately 0.025 of height for inelastic 

displacement capacity. So base shears developed by these codes should be defined at the 

point of 0.005 of structural drift. Definition of material properties are absolutely one of the 

most important parts of the modeling procedure and reinforced concrete is made of both 

steel and concrete. So to define the behavior of reinforced concrete, the behavior of both 

steel and concrete should be defined separately. Developing more accurate material models 

can improve our results accuracy. Former studies show that reinforced concrete has three 

separated phases of its behavior. (Uncracked elastic step, cracking propagation, Plastic 

hardening step)[17][18]. Most of former studies proved constitutive triaxial behavior of 

concrete is very affected by element confinement. A linear Von-mises material model were 

used here for elastic region of concrete then a constitutive triaxial model based upon 

William & Warnke, 1975[19] were generated. William and warnke developed a model to 

describe unconfined triaxial behavior of concrete according to three or five important 

parameters of a cracked element then the failure zone were developed due to a function 

plotted as Fig. 6. Some of the William & Warnke parameters were determined by 

developing some case study analyses. Some of William & Warnke parameters were defined 

as a function of uniaxial compressive strength. A C25 normal concrete were defined here.  

 

 
Figure 6. Concrete failure surface of William & Warnke, 1975[19] 

 

Stress-strain relationship of steel reinforcement are developed according to the concept of 

bilinear approach in two phase elastic region and plastic hardening region. A Von-mises 

linear and bilinear hardening material model where used to define steel material. Here by 
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definition the steel reinforcement yields at 400 mpa of tensile stress. A schematic stress-

strain curve of bilinear steel model is presented in Fig. 7. The material properties are 

presented as Table 1. 

 

 
Figure 7. Material stress-strain relation of Reinforcement Steel [17] 

 
Table 1: Material Model's Parameters 

Concrete Properties 

Value Unit Label Description No. 

25 Mpa fc Uniaxial Compressive Strength 1 

25000 Mpa Ec Modulus of Elasticity 2 

0.2 D.L
 

ν Poisson's Ratio 3 

0.4(0.3~0.45) D.L βt Shear transfer Coefficient for an open crack 4 

0.8 D.L βc Shear transfer Coefficient for an close crack 5 

3.5 Mpa ft Uniaxial tensile Cracking stress 6 

25 Mpa fc Uniaxial Crushing stress 7 

30 Mpa fcb Biaxial Crushing stress 8 

43.301 Mpa σa
h 

Ambient Hydrostatic Stress 9 

43.125 Mpa f1 

Uniaxial Crushing stress under Ambient 

Hydrostatic Pressure 
10 

36.25 Mpa f2 

Biaxial Crushing stress under Ambient 

Hydrostatic Pressure 
11 

0.6 D.L Tc Tensile Crack Factor 12 

2400 Kg/m
3 

d Density 13 

0.05 D.L ξ Viscous Damping Coefficient 14 

Steel Reinforcement Properties 

200000 Mpa ES Modulus of Elasticity 1 

0.3 D.L ν Poisson's Ratio 2 

400 Mpa fy Yield Stress 3 

1.035 Mpa Et Tangent Plasticity Modulus 4 

7850 Kg/m
3 

d Density 5 

0.02 D.L ξ Viscous Damping Coefficient 6 

*D.L means "Dimension-Less" 
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3. MODELING 
 

As described above this study program are consisting of two separated parts. 

1.3D original plan models 

2. Case sensitivity one –story models 

 

Part I- 3D full plan models 

The first part of research program was generating some 3D structure with a same plan in 

one, two and three stories. The loads act on all nodes at each floor level in both x (right-left 

horizontal axes) and y (top-bottom vertical axes) directions using dominant modal pattern. 

Floor plan of 3D original models was shown in Fig. 8. Floors were two way slabs and its 

weight was distributed due to its yield surfaces. Pushover load-displacement curve was 

plotted and scaled to base shear coefficient and structural drift. 

 

 
Figure 8. 3D full Models Floor Plan 

 

 One story 3D Original model 

Frist 3D original model was a One-story system with plan as shown in Fig. 8 with 3.50 

meters of height. Thirty-five centimeters of lateral target displacement was applied at the 

roof level in both orthogonal directions. By the pushover analysis base shear was plotted vs. 

top level displacement and scaled. Base shear was calculated by summation of shear forces 

at all base nodes for each time step. Pushover curve were plotted for each of wall-frames and 

3D overall plan in both direction. Weights and properties of model one-story have shown in 

Table 2. Scaled curves could be more useful to generate some important results for 
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designing different structures. The pushover analysis base shears of one-story 3D were done 

to 10% of lateral drift but base shear was determined due to 0.005 of the model height and 

results were shown in Table 3 One story 3d full model’s pushover curves are presented as 

one-story model curves in combined Fig. 9 and 10. 

 
Table 2: Model properties of One-Story 3D original Model 

Frame 
Tributary 

area (m
2
) 

Wall 

Area 

Wall 

Length 

LW(m) 

Height 

HW 

(m) 
 

Opening 

Area 

(m
2
) 

Opening 

Ratio % 

Effective 

Weight (N) 

1 36.505 55.875 19.80 3.5 5.70 13.95 24.97 376036.4 

2 73.01 48.125 19.80 3.5 5.70 21.70 45.10 523255.4 

3 36.505 60.525 19.80 3.5 5.70 9.30 15.37 392759.5 

A 12 35.525 9.80 3.5 2.80 0 0 185316.3 

B 24 24.7075 9.80 3.5 2.80 9.30 15.37 203969 

C 12 35.525 9.80 3.5 2.80 0 0 185316.3 

Total 194.02 260.2825 -------- 3.5 ------- ------ ------ 1866653 

 

Table 3: Model one-story 3D base shears and Coefficients 

Transverse 

Base shear 

Coefficient 

Transverse 

Base Sear 

(N) 

Longitudinal 

base shear 

Coefficient 

Longitudinal 

Base Shear 

(N) 

 

1.7097 642898 0.5453 205052 Frame 1 

0.90597 474048 0.4321 226099 Frame 2 

1.12283 441002 0.2720 106830 Frame 3 

0.76254 141311 4.9555 918334 Frame A 

0.74709 152383 1.8563 378628 Frame B 

1.02085 189180 3.8084 705758 Frame C 

0.34441 642894 0.1099 205145 Total 3D 

 

The comparison of base shear in both longitudinal and transverse base shears shows 

obvious differences. It sounds that one-story model shows an extra-ordinary rigidity in both 

directions but the differences in behavior depending on opening & geometrical properties 

are obviously recorded. 

 

 Two-story 3D Original model 

Another 3D two-story model was made due to same plan of Fig. 10 with seven meters of 

height. According to most common instructions of modal pushover analysis, Chopra & Goel 

in 2001 [20] to find an accurate target displacement pattern a modal analysis was performed 

and dominant modal combination including at least 90% of effective structural mass and 

four of most effective model’s modes in each direction and modal combination shape was 
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calculated on the basis of SRSS approach (square root of sum of squares) and normalized 

according to greatest value of dominant modal shape vector value. Model’s effective masses 

were calculated using yielding surface of slabs and wall weights like one-story model. 

Tributary slab & wall weights and overhead loads are also presented here in Table 4 and 

they have been considered in effective mass calculations. 

 
Table 4: Model properties of Two-Story Model 

Frame 

Tributar

y area 

(m2) 

Wall 

Area 

Wall 

Length 

LW (m) 

Heigh

t (m)  

Openin

g Area 

(m
2
) 

Opening 

Ratio % 

Effective 

Weight 

(N) 

Effective 

Weight 

(Tom) 

1 73.01 111.75 19.80 7.00 2.8286 27.90 24.966 752073 76.66 

2 146.02 96.25 19.80 7.00 2.8286 43.40 45.091 1046511 106.68 

3 73.01 121.05 19.80 7.00 2.8286 18.60 15.365 785519 80.08 

A 24 71.05 9.80 7.00 1.400 0 0 370633 37.78 

B 48 49.415 9.80 7.00 1.400 18.60 15.365 407938 41.58 

C 24 71.05 9.80 7.00 1.400 0 0 370633 37.78 

Total  388.04 520.565  7.00 ------ ------ ------ 3733306 380.56 

 

Modal displacements are presented corresponded to drift of 15% due to modal combined 

shape ratio as Table 5. Base shears of two-story 3D model were determined due to 0.5% of 

the drift and results were shown in Table 6. 

 
Table 5: Modal shapes vectors for two-story 3D original model 

Story 

No. 
Story height 

(m) 

X Normalized 

Modal shape 

X- Direction 

Displacement 

Y Normalized 

Modal shape 

Y- Direction 

Displacement 

Base ±0.00 0.00 0.00 0.00 0.00 

St. 1 +3.50 0.583 0.612 0.672 0.706 

St. 2 +7.00 1.00 1.05 1.00 1.05 

 
Table 6: Model two-story 3D base shears and coefficients 

Transverse 

Base shear 

Coefficient
2 

Transverse 

Base Shear 

(N) 

Longitudinal 

Base Shear 

Coefficient
1 

Longitudinal 

Base Shear 

(N) 

 

1.03315 777004 0.25464 191508 Frame 1 

0.69100 723139 0.21994 230170 Frame 2 

0.96788 760288 0.24748 194400 Frame 3 

0.55255 204793 2.51836 933387 Frame A 

0.58576 238954 1.35253 551748 Frame B 

0.65447 242568 1.65556 613604 Frame C 

0.20813 777013 0.0513 191507 Total 3D 

 

 Three-story 3D Original model 

Three-story model was developed by merging three one-story models with the plan 
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shown in Fig. 10. Like the procedure of two-story a modal analysis was done in order to find 

the target displacement pattern and target displacement pattern have calculated according to 

four of more effective modes including at least 90% of model’s mass and then normalized 

according to maximum value of modal displacement. Target displacements were calculated 

due to 2.5 and 5 percent of structural height at top level in X and Y direction respectively. 

Mass properties of the three-story model are presented here in Table 7.  

 
Table 7: Model properties of Three-Story Model 

Frame 
Tributary 

area (m2) 

Wall 

Area 

(m
2
) 

Height 

(m) 

Wall 

Length 

LW (m)  

Opening 

Area 

(m
2
) 

Opening 

Ratio % 

Effective 

Weight 

(N) 

Effective 

Weight 

(Tom) 

1 109.515 167.625 10.50 19.80 1.885 41.850 24.966 1128109 115 

2 219.03 144.375 10.50 19.80 1.885 65.100 45.091 1569766 160 

3 109.515 181.575 10.50 19.80 1.885 27.900 15.365 1178278 120 

A 36 106.575 10.50 9.80 0.933 0 0 555949 56.7 

B 72 74.123 10.50 9.80 0.933 27.900 15.365 611907 62.4 

C 36 106.575 10.50 9.80 0.933 0 0 555949 56.7 

Total 

(3d) 
582.06 780.85 10.50 ------- ---- ------- ------- 5599959 570.80 

Base shear have been determined according to the pushover analysis using the target 

displacement pattern presented as Table 8. 

 
Table 8: Modal Shapes vectors for three-story 3D original model 

Story No. 
Story 

Height 

(m) 

Normalized 

Dominant X 

modal shape 

X- Direction 

Displacement 

(m) 

Normalized 

Dominant Y 

modal shape 

Y- Direction 

Displacement 

(m) 

Base ±0.00 0.00 0.00 0.00 0.00 

St. 1 +3.50 0.7643 0.200 0.406 0.21315 

St. 2 +7.00 0.8273 0.217 0.708 0.3717 

St. 3 +10.50 1.00 0.2625 1.00 0.525 

 

Table 9: Base shear Values for three- story 3D original model 

Transverse 

Base Shear 

Coefficient 

Transverse 

base shear (N) 

Longitudinal 

Base Shear 

Coefficient 

Longitudinal 

Base shear (N) 
 

0.8031 905961 0.21463 242127 Frame 1 

0.5361 841546 0.18837 295697 Frame 2 

0.7521 886157 0.21220 250030 Frame 3 

0.4226 234920 2.15118 1195944 Frame A 

0.4527 277007 1.130 691332 Frame B 

0.5130 285223 1.416 787350 Frame C 

0.16176 905856 0.04324 242127 Total 3D 
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Pushover curves were plotted for these triple models as combined curves in Fig. 9 & 10. 

Decreasing in base shear coefficients were observed according to comparison on the results. 

This phenomenon could be occurred because of increasing in the structural ductility or 

decreasing models stiffness. Adding just one story to one story model, with a same geometry 

and opening ratio, made over 50% percent decrease in 3D overall base shear coefficient. 

 

Fundamental Periods Assessment for 3D original Models 

As mentioned earlier some modal analyses were evaluated in order to determine modal 

properties of the models. Results are presented here to compare with codes given empirical 

fundamental period values in order to estimate the accuracy level of code’s approximate 

relations of fundamental Period. Modal properties of fundamental mode of the models were 

presented here in Table 10. 

 
Table 10: Modal properties of fundamental mode of the models 

 Height Time Period (sec) Frequency (Hz) Mode Shape 

1-story 3.5 m 0.0828sec 35.461 X-Transfer 

2-story 7.0 m 0.0385 sec 25.974 Y-Transfer 

3-story 10.5m 0.0514 sec 19.455 Y-Transfer 

 

ost of seismic design codes like (ASCE 7-10) define fundamental period as a function of 

height. (Chopra & Goel, 2001) find it could be related with structural size ratios (ratio of 

structural dimensions in two orthogonal direction) and cross sectional related wall area in 

both horizontal directions. (ASCE7-10) and (UBC97) defined approximate fundamental 

period as shown in Eq. 2. 

 

For reinforced concrete shear wall systems Ct and X parameters were defined as 0.0488 

and 0.75 respectively due to ASCE7-10 (Table 12.8-2) [12]. The comparison of calculated 

and code’s value are presented in Table 11. 

 
Table 11: Approximate code period vs. analytical determined period  

 

Height 

(m) 

ASCE7-10 Approximate 

Period (sec) 

Analytical Determined 

Period (sec) 

1-Story 3.5 0.12487366 0.0282 

2-Story 7 0.21001163 0.0385 

3-Story 10.5 0.2846504 0.0514 

 

More models were needed in order to develop a more reliable statistical relation for 

approximate fundamental period of coupled shear wall systems. This study presents that 

code given approximate fundamental period relations may have no enough reliability for a 

safe design yet. 
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Figure 9. Combined Pushover Curves of all 3D original models (Displacement in Y-Directions) 
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Figure 10. Combined Pushover Curves of all 3D original models (Displacement in X-Directions) 

 

Part II- Case Sensitivity One –Story Models 

One of the most important and innovative parts of the study program base shear and 

fundamental period were studied according to opening area ratio. So some one-story isolated 

RC shear walls were evaluated not only to complete the database on the base shears and 

fundamental time period but also to determine the effects of wall openings on the both base 

shear and fundamental period. Wall thickness was set to 150 millimeters and wall area have 

been considered to be constant for all models as 3.50*5.00 meters and the ratio of wall’s 

length (LW) to wall’s height (HW) was defined as 1.429 . All material properties and assumed 

finite element were considered like 3D original models. The opening area ratio (aka opening 

ratio, O.R) of these models are varying and all results were compared to a non-opened 

reference model. (O.R=0.0). Fundamental modal properties were determined by a modal 

analysis too. Increasing monotonic loadings were applied and total base shear force were 

calculated and scaled. Openings were defined at the center of all models with relatively 

same height-width ratio due to ignoring its size effects. But some of the models have same 

opening ratio with different elongations. The difference ratio of both base shears and 

fundamental period were plotted versus the opening ratio. Case sensitivity models 

properties, weight and analyses results were presented in Table 12. Fig. 11 are a schematic 

view of these models as a guide for defined parameters of Table 12 [21]. All base shears and 

base shear coefficients presented in Table 12 were calculated for 0.5% of top drift. 

Comparative results of non-opened reference model were presented for case sensitivity 

analyses in Table 13. Three corrective coefficients are proposed for fundamental vibration 

period and both in plane and out of plane base shears by increasing of opening ratio (i.e. 

opening area) the base shears in two horizontal directions were reduced but a fundamental 

period were increased. 

Table’s parameters legend: 

1. O.R: Opening area ratio 

2. O.L: Opening Length 

3. O.W: Opening Width 

4. F.M.N: Fundamental Mode Number 

5. F.Period: Fundamental natural period 

6. F.Frequency: Fundamental natural Frequency 
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7. F.M.Shape : The shape of Fundamental vibration mode 

8. F.M.M.P.F: Fundamental modal mass Participation factor  

9. I.P.B.S.C: The coefficient of base shear due to in-plane displacement action 

10. O.O.P.B.S.C: The coefficient of base shear due to in-plane displacement action 

 
Table 12: Model Properties and Results of Case sensitivity Models 

 
 
*** In order to design RC coupled shear walls in an easier way base shear forces scaled to 

base shear coefficient due to effective weight of the models and base shear forces can easily 

determine by multiplying these coefficients to model’s weights. 

 

 
Figure 11. Schematic samples of Case sensitivity models 

 

The proposed corrective coefficients for both base shears and fundamental period are 

plotted due to Opening Ratio as Fig. 12. 
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Table 13: Variation of analyses results 

 
 

Table’s parameters legend:  

1. O.R: Opening area ratio 

2. Relative Difference Of F.VP: Relative Difference of Model’s Fundamental 

Vibration Time Period with Non-Opened reference model ( No Opening) 

3. P.C.F.P: Proposed Corrective Coefficient for Fundamental Time Period (The ratio of 

model’s fundamental time period to Non-opened reference model fundamental 

period) 

4. Relative Difference Of I.P.B.S: Relative Difference for In-Plane Base Shear of 

Mode with Non-Opened reference model ( No Opening) 

5. P.C.I.P.B.S: Proposed Corrective Coefficient for In-Plane Base shear (The ratio of 

model’s In-Plane Base Shear to Non-opened reference model In-Plane Base shear) 

6. Relative Difference Of O.O.P.B.S: Relative Difference for Out of Plane Base Shear 

of Mode with Non-Opened reference model ( No Opening) 

7. P.C.O.P.B.S: Proposed Corrective Coefficient for Out of Plane Base shear (The ratio 

of model’s Out of Plane Base Shear to Non-opened reference model Out of Plane 

Base shear) 
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Figure 12. Corrective Proposed Coefficient for Base shears (In-Plane and out of Plane actions) 

and Fundamental Period 

 

3. CONCLUSION 
 

In this study, an attempt was made in order to evaluate the base shear and fundamental 

period of RC coupled shear walls. The research program was separated into two different 

parts. At the first, some 3D original models with a same plan but different heights were 

analyzed and in the second phase, some one-story case sensitivity models were developed in 

order to find the effects of opening ratio on the base shear and fundamental period. The 

results were compared with code’s provided values. The following results could be resulted 

here.  

- The provisions of current seismic codes are obviously inadequate in determination of 

both base shear and fundamental period of reinforced concrete coupled shear walls and 

this may mislead designers to unsafe design of the structures.  

- The results confirmed that the base shear, fundamental period, ductility are affected from 

geometry characteristics. And it is better to use some other structural parameter like 

relative wall area, opening properties (Opening ratio) and size ratio of the structure to 

make more accurate empirical relations for design codes. 
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- The governed failure mode was occurred at the critical points (Wall-wall connections, 

wall-slabs connections & opening corners). So it is better to do some researches of the 

construction details of these critical regions for design or seismic codes.  

- Investigation of case sensitivity models and frames of 3D models in both in-plane and out 

of plane directions proved an obvious difference in the base shear coefficient and some 

provisions should be considered in design codes to provide effects of this behavioral 

difference on the overall structural performance. 

- The determined base shear are greater for in-plane action than out of plane actions but in 

overall 3D structure because of more homogenous distribution of both in-plane and out of 

plane actions results base shears became more acceptable.  

- To consider the effects of opening ratio on the base shear and fundamental period, some 

modify coefficients have proposed that multiplying these factors can be yielded to a more 

accurate and reliable design. 

- A decreasing phenomenon could be seen obviously for base shears in the in-plane and 

out of plane actions (about 85% and 50% of non-opened reference base shear value due 

to about 45% of opening ratio in both in-plane and out of plane actions respectively) In 

other words more level of ductility could be available by increasing opening ratio. 

- Increasing phenomenon could be recorded obviously in fundamental vibration period due 

to increasing opening ratio (about 20% of Non-opened reference model fundamental 

period for 45% of opening ratio) it means that increasing of opening ratio made the 

structure more ductile. 

- By developing more case sensitivity analyses more accurate relations can be calibrated 

for both fundamental period and base shear. 

The effects of some special details of construction and reinforcement made by special 

construction technique should be studied on the base shear and fundamental period of the 

structures made by those techniques. 
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