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Abstract - This article presents a study on the seismic 
performance of reinforced concrete shear wall buildings with 
focus on shear strength of walls that are designed using the 
seismic design provisions of the National Building Code of 
Canada. A set of buildings, four, six and eight storeys with a 
simple configuration and different heights have been 
considered here. While the static and linear dynamic analyses 
indicate the robustness in the design but dynamic time history 
analysis indicates deficiency in the shear capacity in the plastic 
hinge region. It is observed that a dynamic amplification factor 
for shear on flexural walls governs the shear demand. Here, a 
simple method has been proposed to estimate the amplified 
shear demand and to enhance shear resistance of a structural 
wall economically to avoid unintended shear failure. 
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1. Introduction 
Failure of structural walls in shear has been 

identified as one of the reasons that can diminish the 
expected level of performance and lead to the big 
financial loss. For instance, the amount of America’s 
financial losses in the 1990s’ is estimated to be twenty 
times bigger than that of three earlier decades all 

together [1]. This is despite the fact that all the 
structural walls are designed according to the building 
code requirements, but these structural walls have still 
been a challenge and are failing with different reason 
including inadequate shear capacity. They should have 
adequate displacement capacity to ensure the 
satisfactory level of performance of the wall [2-3]. 
Building codes in various jurisdictions including Canada 
have moved towards performance-based design 
approaches. The National Building Code of Canada 
(NBCC 2005); has been provided in an objective based 
code format which provides under the “Alternative 
Solution”; category that a structure can be designed not 
only to have adequate strength, but also for the 
performance attributes, such as deformability. 
Although, the current seismic design approach of 
ductile RC shear wall provided by the NBCC 2005 and 
CSA A23.3-04 is more rational than the earlier editions; 
yet, despite all improvements made to them they do not 
specially address the higher mode effects on the base 
shear demand in the shear walls [4]. It also should be 
noted that even such improvements provided under 
“alternative solutions” that gives way for PBSD 
(Performance based seismic design), can still result in a 
major brittle shear failure. For instance, an increase in 
participation of higher modes of vibration can result in 
decrease of building drifts, and in a sense, a more 
desirable level of performance. But, on the other hand, 
such increase can also cause considerable increase in 
shear force demand at the base of the shear walls, 
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particularly after formation of plastic hinge. If not taken 
into account, such magnification can result in a brittle 
shear failure, and turn the seeming desired level of 
performance into a major loss. Hence, it is very 
inevitable that still it requires a lot of study and 
research on this field to mitigate these problems. 

 
2. Literature review 

Higher modes of vibration play an important role 
for enhanced shear demand. Blakeley et al. [5], were the 
first pioneer the idea that higher modes of vibration not 
only magnifies the elastic shear demand at the base of 
shear walls, but also increases the demand more 
appreciably after the structure enters inelastic phase 
and plastic hinge forms. 

The recent work of Boivin and Paultre [6], shows 
that for the regular multi-storey ductile RC cantilever or 
coupled walls, the capacity design shear envelope 
determined from (CSA A23.3-04) to prevent shear 
failure can largely underestimate the shear force 
demand under design level ground motions, even when 
the wall response is slightly inelastic. This kind of 
underestimation results from a deficiency of the 
present codes to account for dynamic amplification 
effects, in the elastic and inelastic regimes, due to 
higher lateral modes. Boivin and Paultre [6], identified 
two sources of underestimation: (i) the 2005 NBCC 
spectral accelerations underestimate the elastic 
responses of higher lateral modes of the walls because 
their traditional 5% damping overestimate actual 
damping (about 2% on average) and that makes 
reducing the higher mode responses; and (ii) as per CSA 
standard A23.3-04, the capacity design method for 
shear strength design do not account for the dynamic 
amplification of shear forces due to inelastic effects of 
higher modes. 

Boivin and Paultre [4], also noted that the capacity 
design method prescribed by CSA standard A23.3-04 to 
prevent unintended plastic hinges above the base 
plastic hinging region is not free from such a problem 
because it is formulated based on amplified elastic 
forces which is tributary of the analysis method, static 
or dynamic, used to derive these forces. 

For New Zealand code and standard of the time, 
they recommended the shear force relative to the 
moment capacity (allowing for different sources of 
strength such as actual yield strength of steel greater 
than minimum specified) be calculated and then to be 
magnified based on their number of stories and class of 
importance.  Their work then became the basis for 

modifying structural wall’s base shear in many 
standards of the time. 

 Among many other countries, the earlier edition of 
Canadian Standard, CSA A23.3-94 (CSA 2001) also 
adapted New Zealand’s approach (NZS 1995) in which 
was recommended as: 

[1]     1   ≤    J /1.25 * (0.9+N/10)                      N ≤ 6 
[2]     1   ≤   J /1.25 * (1.3 +N/30) ≤ 1.8            N > 6 
In that J/1.25 is to adopt the original formulas into 

Canadian Standard; J is a reduction coefficient in NBCC 
that accounts for higher modes of vibration in the 
Equivalent static load method, and 1/1.25 is to account 
for the difference between probable and nominal values 
used in Canadian and New Zealand standard 
respectively.  However, the New Zealand approach is 
not recommended in the current standard of practice 
A23.3-04 anymore. 

Another approach that is compared with the results 
of this study are proposed by Filiatrault et al. [7], 
suggested that the shear demand to be calculated using 
the ESL method formula, V = U * Ve / R  (NBCC 1995), in 
which V is the design base shear, Ve is the equivalent 
lateral force at the base, U is a calibration factor equal to 
0.6, and R is the force modification factor. But they 
suggested that the R to be replaced by a factor Rv equal 
to 1.0 in seismic zones Za ≥ Zv and 1.5 when Za < Zv.  On 
the other hand, Ghosh and Markevicius [8], suggested 
that the base shear to be calculated using 0.25W×a + My 
/ (0.67hn) equation in which W is the seismic weight, a 
is the design peak ground acceleration, and My is the 
yield moment of the wall, and hn is the building total 
height. 

Currently, no method of analysis is capable of 
capturing the effect of higher modes of vibration but 
dynamic analysis.  Yet, an elastic dynamic analysis is not 
sufficient if plastic hinge forms in the shear wall. That is 
because vibrating in the elastic range constitutes only a 
small portion of the effect of higher modes and the 
major portion of base shear magnification takes place 
after formation of plastic hinge that an elastic analysis is 
not capable of capturing it. However, because of its 
complication, inelastic dynamic analysis of RC 
structures is not an approach of common practice. On 
the other hand, the initial approach for seismic design 
of RC shear walls used in most building codes is the 
equivalent lateral load method.  Beside the fact that the 
Canadian code and standard do not implicitly address 
deficiency of such effects, the existing recommendations 
suggested for inclusion of the effects of higher modes of 
vibration still either underestimate or well 
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overestimate the base shear demand in walls, or seems 
not to cover a large range of building heights. 

 
3. Objectives 

The objective of this research is to do a comparative 
study of different analyses methods like equivalent 
lateral force method, response spectrum analysis and 
dynamic time history analysis of reinforced concrete 
shear walls using Canadian National building Code and 
to check the design adequacy of reinforced concrete 
shear walls as per CSA A23.3-04, with seismic demand 
analyses from these Static, linear dynamic and dynamic 
time history analyses. And to propose any suitable 
solution, if any discrepancy arises between seismic 
demand and shear wall capacity as per Canadian design 
standards considering linear and time history dynamic 
analysis, which is usually not considered in standard 
practice.  

 

4. Methodology 
A set of buildings with a simple configurations 

and different heights have been modeled in ETABS. The 
seismic design parameters are considered for 
Vancouver locations. It has been utilized the real 
seismic database from PEER (Pacific Earthquake 
Research Institute). Fifteen ground motion records 
(GMR) have been used for this study, those are shown 
in table 1; These 15 records have ratios of peak 
acceleration (A) to peak velocity (V) close to 1 which 
represents the seismicity of Vancouver, [9]. A 
comparative study has been performed between, ELF 
method, Response Spectrum analysis and Dynamic 
Time History analysis. 

Three reinforced concrete RC office buildings 
with shear wall of 4, 8, and 16 storey heights and 3 bays 
by 3 bays in plan are modelled and performed analysis 
and design in ETABS. The buildings fall into the 
category of regular symmetric buildings according to 
NBCC 2015. The floors are designed as floor plates. The 
buildings are of heights equal to 15.8, 30.4, and 59.6 m, 
respectively covering limits of the applicability of the 
ESL methods as permitted by NBCC 2015. The range of 
heights considered here also cover both flexural and 
shear behaviour of walls. In low rise buildings the shear 
behaviour is dominant and in the high building the 
flexural behaviour is dominant. 

The periods obtained from modal analysis are 
found to be more than the corresponding values of Ta by 
empirical formula in all the buildings. Therefore, the 
fundamental periods of the buildings are revised to 

maximum 2Ta as recommended in NBCC 2015.The 
design live load is equal to 2.4 kN/m2 for all floors 
except for the first storey which is 4.8 kN/m2. The snow 
load is calculated to be 2.3 kN/m2. The dead load is 0.85 
kPa for exterior walls, 1.0 kPa for partitions on floors, 
0.5 kPa for ceiling and mechanical services for all floors 
and 0.5 kPa for roofing. It has been considered ductile 
shear walls, with Rd=3.5 and Ro=1.6 for the lateral force 
resisting system as stated in the code, where Ro and Rd 
are overstrength and ductility factors, respectively. 

Located in Vancouver, location of high seismic 
activity region in Canada, the buildings are assumed to 
be founded on class “C” soil. The initial stiffness of the 
members is estimated based on the CSA-A23.3-04 
provisions for seismic resisting buildings and is kept 
unchanged over every few floors. For instance, the eight 
storey walls are modelled with a flexural rigidity of 
0.68EIg for storey one to flour, and 0.64EIg for stories 
five to eight. 

The following two methods are used for scaling 
the 15 historical earthquake records (PEER database) 
to fit them into the response spectrum provided in the 
code. It has been used Seismosignal software to analyse 
these ground motion data. The scaling methods 
considered here are: (i) Partial Area Method (PAM) and 
(ii) Ordinate Methods (OM). For the ordinate method 
(OM), the accelerograms were scaled by a ratio of 
“design spectral ordinate’’, and “spectral ordinate of the 
accelerograms” both at the fundamental period T1; In 
the Partial Area Method (PAM), the accelerograms were 
scaled by a ratio of the area under the design spectrum 
of an accelerogram, both within the same period 
interval “T2’ to “1.2T1”; The typical spectra from the 15 
accelerograms and ETABS models are shown in below 
figure 1 and figure 2; It has been shown the response 
acceleration vs time period for GMR-1 in figure 2 and 
envelope scaled response spectrum vs design response 
spectrum (Vancouver) for 08 storey building in figure 3; 

 
Figure 1. ETABS Models (16, 8 and 4 Storey Building). 
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Table 1. Ground Motion Records used for Analysis (Ref. PEER 

database). 
Ground 
Motion 
Records 

Station Event Year Magnitude 
(R) 

GMR-1 APEEL 3E 
Hayward 
CSUH 

Livermore 1980 6.93 

GMR-2 APEEL 7 
Pulgas 

Loma 
Prieta 

1989 6.93 

GMR-3 APEEL 9- 
Crystal 
Spring 

Loma 
Spring 

1989 6.93 

GMR-4 APEEL 10 - 
Skyline 

Loma 
Prieta 

1989 6.93 

GMR-5 Amboy Landers 1992 7.28 
GMR-6 Bakersfield-

Harvey, Aud 
San 
Fernando 

1971 6.61 

GMR-7 Rio Dell 
Overpass 

Trinidad 1980 7.2 

GMR-8 Barstow Landers 1992 7.28 
GMR-9 Fort Irwin Landers 1992 7.28 
GMR-10 Pasadena-

CIT 
Athenaeum 

Kern 
County 

1952 7.36 

GMR-11 Puerta La 
Cruz 

N. Palm 
Spring 

1986 6.06 

GMR-12 Pasadena-
CIT 
Athenaeum 

Whittier 
Narrows 

1968 5.99 

GMR-13 Fort Irwin Hector 
Mine 

1999 7.13 

GMR-14 Taft Lincoln 
School 

Kern 
County 

1852 7.36 

GMR-15 SF- Diamond 
Heights 

Loma 
Prieta 

1989 6.93 

 

 
Figure 2. Response acceleration vs time period, Ground 

Motion Record (GMR-1). 

 

 
Figure 3. Envelope scaled response spectrum vs design 

response spectrum, Vancouver, 8 Storey building. 

 
5. Assessments of Results 

For comparison, the base shear demand and its 
distribution along the height of the critical wall for each 
building for different analysis methods are shown in 
below figure 4, 5, and 6; It has been observed that the 
base shear demand increases with the storey height 
with the same floor area. But this increase is not 
directly proportional to seismic weight of the buildings.  
Effect of time period and higher mode affect come into 
play in this scenario. In figure 7, it has been plotted the 
factored base shear demand to factored shear capacity 
in static analysis. And the D/C ratio is less than one. And 
in figure 8, it has been plotted the ratio of factored base 
shear demand to base shear capacity from detail time 
history analysis. And the D/C ratio is greater than one 
shows inadequacy in shear wall design that is usually 
not considered in standard practice. Moreover, it can be 
observed the increase of higher mode effect with 
building height from this diagram, figure 7 and 8; It can 
be seen also that the ratio of factored base shear 
demand to factored shear capacity increases with the 
increase of building height, but that increment is not 
proportional to the story height. This is because, with 
the increase of height the inelastic rotation requirement 
become the more dominant parameter in shear wall 
design. Therefore, it will be seen later in this paper that 
it seems more reasonable to dynamically amplify the 
shear capacity of the wall rather than using the common 
approach which is amplifying the factored or probable 
shear demand resulting from elastic analyses. 

It has been observed from figure 8, that the shear 
demand capacity ratio increases with increasing the 
height of the buildings and those are 1.22, 1.48 and 1.85 
(Partial Area Method) and 1.22, 1.57, and 1.73 
(Ordinate Method) for 04, 08 and 16 storey buildings 
respectively. It needs to be noted that in below figures, 
EMP-T, Revised-T, and DRS denote the base shear due 
to time period based on code empirical equation, code 
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limit and ETABS calculation considering design 
response spectrum respectively. 

It has been plotted the variation of dynamic 
amplification factors (β = VE/VR and 1.4*VE/VR) in 
different proposed method vs storey height in figure 10. 
It needs to be mentioned that in figure 9, the proposed 
multiplication factor is VE/VR for 04 storey building 
and 1.4*VE/VR for 08 and 16 storey buildings. Details 
comparison are shown in section 7.0 of this paper. The 
fundamental periods are increasing with increasing of 
storey height. In these calculations it has been 
considered minimum wall thickness as per Canadian 
standards. It has been observed that the interstorey 
drift ratio of 16 storey building figure 11, as per 
1.0DL+0.5LL+1.0Ex load combination is within the 
limit. (0.002*Rd*Ro)/IE=0.011˂0.025), but as per load 
combination from time history analysis the interstorey 
drift is not within the code limit 
(0.017*Rd*Ro)/IE=0.095; This is because of higher base 
shear demand. It has been shown detailed discussions 
and conclusions in section 8.0; 
 

                         
Figure 4. Storey shear distribution over the height, 04 storey 

building (Static analysis). 
 

 
Figure 5. Storey shear distribution over the height, 08storey 

building (Static analysis). 
 

 
Figure 6. Storey shear distribution over the height, 16 storey 

building (Static analysis). 

 

 
Figure 7. Ratio of probable base shear demand vs factored 

shear capacity (static analysis). 
 

 
Figure 8. Ratio of probable shear demand vs factored shear 

capacity (Dynamic time History analysis. 
 

 
Figure 9. Ratio of probable shear demand vs modified 

factored shear capacity (Dynamic time History analysis)-
Proposed. 

 

0

0.5

1

1.5

2

4 Story 8 Story 16 Story

D
/C

 R
at

io

Story

PAM OM



 21 

 
Figure 10. Variation of Dynamic amplification factor with 

Storey height. 

 

 
Figure 11. Interstorey drift ratio for 16 storey building Time 

History Analysis (scaling PAM vs ELF method) without 
multiplying RdRo. 

 

6. Summary of cost to increase shear strength 
at critical regions: [RS Mean data-2009] 

It has been designed the shear walls for all 
buildings in this study (4, 8 and 16 storey) as per 
Canadian standards and calculated additional 
reinforcement cost to provide additional shear capacity 
using the proposed approach mentioned in this study 
and summarized in below table (Table 2). It has not 
been shown the detail design calculation in this paper 
due to page limitations.  

It has been found that a very negligible effect on 
cost increase in this study, max (0.3%); 

 
 
 
 
 
 

Table 2. Modification factors for shear strength vs additional 
cost. 

Height 
and cost 

Modification 
Factors for 

Shear 
Strength in 
the critical 

Region 
[Proposed] 

Extra 
rebar to 
increase 
critical 
Region 
Shear 

Strength 
(ton) 

Extra 
Cost to 

increase 
critical 

Region’s 
Shear 

Strength 
(CDN $) 

Extra 
Cost 

relative 
to Total 

Cost 
(%) 

16 
Storey 

($14 m) 

VE/V
R 

1.58 5.0 16000 0.25 

1.4VE
/VR 

2.21 11.0 31000 0.3 

08 
Storey 

($5.5m) 

VE/V
R 

1.72 3.52 11000 0.20 

1.4VE
/VR 

2.42 5.72 18000 0.33 

04 
Storey 

($2.5m) 

VE/V
R 

1.52 1.1 3676 0.15 

1.4VE
/VR 

2.21 1.5 5000 0.2 

  
Table 3. D/C ratio due to Dynamic Time History Analysis. 

Storey Partial Area Method 
(PAM) 

Ordinate Method (OM) 

04 1.22 1.22 
08 1.48 1.57 
16 1.85 1.74 

 

7. Comparison of results 
It has been compared the result of this study 

(proposed VE/VR or 1.4* VE/VR as a multiplication 
factor) with previous New Zealand code and study of 
Filiatrault et. Al. [7], and summarized in below table 
(Table 4). It has been observed that, the original New 
Zealand approach (NZS 1995) and that of adapted CSA 
A23.3-94 (the original New Zealand approach 
multiplied by J/1.25) results in shear values those are 
also comparable with the values from inelastic analysis 
of this study. From below table 4, it can be observed 
that both of the New Zealand and that of adapted to 
standard CSA A23.3-94 give close estimation of shear 
demand, they are at the lower bound that can be viewed 
as an underestimation of shear demand. 

However, using VE/VR or 1.4*VE/VR ratio as an 
amplifying multiplier gives a better estimate of shear 
demand that are comparable to results from the New 
Zealand approach. Moreover, the proposed approach 
gives even a better result compared to those of New 
Zealand approach even in case of using probable shear 
demand Vp as the multiplicand. Here Vp, Vr and Vn 
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denote probable base shear demand, factored shear 
capacity and nominal shear capacity of wall 
respectively. 

 
 

 
Table 4. Variation of shear demand (Proposed) from Dynamic Time History Analysis (%).    

 Proposed New Zealand Filiatraul 

VE/VR 1.4VE/VR βv J/1.25 βv  

  Vr Vn Vp Vr Vn Vp Vr Vn Vp Vr Vn Vp  

16 

Storey 

OM 

(Mean) 

-9.36 1.09 10.74 26.89 41.53 55.04 5.02 17.14 28.32 -

24.38 

-

15.65 

-7.60 -93.77 

16 

Storey 

PAM 

(Mean) 

-

15.26 

-5.48 3.53 18.62 32.31 44.94 -1.81 9.51 19.96 -

29.30 

-

21.15 

-

13.62 

-96.32 

08 

Storey 

OM 

(Mean) 

9.64 21.82 6.85 53.49 70.55 49.54 -0.81 10.21 -3.33 -

28.58 

-

20.64 

-

30.39 

-93.24 

08 

Storey 

PAM 

(Mean) 

15.83 28.7 12.88 62.16 80.18 58.04 4.78 16.43 2.12 -

24.55 

-

16.16 

-

26.47 

-95.85 

04 

Storey 

OM 

(Mean) 

-

11.76 

38.23 -

25.30 

23.53 93.53 4.57 -

24.57 

18.17 -

36.15 

-

45.69 

-

14.91 

-

54.02 

-93.45 

04  

Storey 

PAM 

(Mean) 

-

11.58 

38.52 -

25.15 

23.78 93.92 4.78 -

24.41 

18.41 -

36.02 

-

45.58 

-

14.74 

-

53.93 

-95.68 

          
 

Table 5. Ratio of Engineering Demand Parameter with respect to time period due to empirical equation and code limit (Other 
building frame members). 

Building Methods 
(Time 

History 
analysis) 

From ETABS 
Time 

periods 
(sec) 

T 

EDPE/EDPR 
Bending Moment (M) Deflection 

(Δ) Column Beam 
Top level Mid 

level 
Bottom 

level 
Top level Mid level Bottom 

level 
 
 
 
 

16 Storey 

GMR-1 1.1/2.2 1.88 2.07 2.39 1.94 2.12 1.93  
GMR-2 1.1/2.2 1.93 2.40 1.86 1.95 2.10 1.94 2.05 
GMR-3 1.1/2.2 1.99 2.32 1.86 1.94 2.12 2.07 2.05 
GMR-5 1.1/2.2 1.98 2.43 1.85 1.93 2.12 1.92 2.04 
GMR-7 1.1/2.2 1.97 2.29 1.83    2.03 
GMR-8 1.1/2.2 1.94 2.04 1.83 1.89 2.31 1.90 2.00 

GMR-10 1.1/2.2 1.98 1.86 1.82 1.93 2.11 1.93 2.04 
GMR-11 1.1/2.2 1.99 1.86 1.85 1.93 2.11 1.88 2.04 

GMR-12 1.1/2.2 2.00 1.87 1.85 1.95 2.02 1.89 2.06 

 

8. Discussion 
The present study focuses on the evaluation of 

buildings based on National Building Code of Canada. 
Equivalent static load method, response spectrum 
analysis and dynamic time history analysis have been 
carried out in the design and evaluation process. The 
different findings from this study are summarized as 
follows: 

The static and response spectrum analyses 
indicate the robustness in the design that the shear 
demands on the shear walls are below the shear 
capacities (D/C˂1), while the dynamic time history 
analysis indicates deficiency in the shear capacity in the 

plastic hinge region. Based on the dynamic time history 
analysis, it has been found that the shear demand in the 
walls is well above the capacity (D/C˃1); It has been 
proposed dynamic amplification factors for 
modification of such deficiency. The ratio of probable 
base shear demand to factored shear capacity are 
shown in table 3; For calculation of probable base shear 
calculation, it has been calculated flexural overstrength 
as per CSA A23.4-04. 

It is determined that the shear capacity of a wall 
in the hinge region where the shear critical section is 
located, needs to be increased by a factor of VE/VR 
or1.4VE/VR in order to keep the shear demand lower 
than the capacity. Here, VE represents the base shear 
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due to time period from empirical equation and VR 
represents base shear due to revised time period as per 
Canadian code. The dynamic amplification factors for 4, 
8, 16 storeys are determined 1.52, 1.72, 1.57 
respectively for multiplication factor VE/VR and 2.12, 
2.41, 2.21 respectively for multiplication factor 
1.4*VE/VR. 

The dynamic amplification factor (β) with respect 
to different storey are plotted in figure 10. It is not a 
straight-line variation. Since dynamic amplification 
factor depends on frequency ratio and damping ratio. 
And the frequency depends on the stiffness and mass of 
the building. Here, β represents VE/VR or 1.4VE/VR. 

It has been found a good agreement ratio of the 
engineering design parameters, moment, shear and 
deflection with respect to empirical time period and 
revised time periods with this proposed multiplication 
factors, VE/VR and 1.4VE/VR. Details comparisons are 
shown in table 5; It has been observed also that the D/C 
ratio shown in table 3, (D/C>1), which is failing due to 
considering detail time history analysis base shear has a 
good agreement with this multiplication factors (VE/VR 
or 1.4VE/VR) as well as the dynamic amplification 
factors. 

The proposed factor has been proposed to apply 
to the shear capacity of the wall rather than shear 
demand from elastic analysis. And after applying these 
factors with shear capacity, it has been plotted D/C 
ratio in figure 9, which is less than one. 

It is shown in table 4, the variation of proposed 
shear demand from dynamic time history analysis in 
percentage and VE/VR and 1.4*VE/VR shows most of 
them are positive values. 

From table 4, it has been observed also that using 
these factors (VE/VR or 1.4VE/VR as an amplifying 
multiplier factor gives a better estimate of shear 
demand that are comparable to results from the New-
Zealand approach and Filiatraul et.al. [7]. 

It also can be observed from detail shear 
reinforcement calculation of these buildings as per CSA 
A23.4, that the proposed approach results in a better 
estimate of shear demand on wall in any case, whether 
magnifying the probable shear demand [(Mp/Mf) *Vf] 
obtained from elastic analysis or magnifying shear 
capacity of the wall from capacity design approach. It 
needs to mention that to increase the shear capacity, it 
has been used CSA A23.4, ductility approach to apply 
those proposed multiplication factors. The probable 
base shear demand has been calculated from CSA A23.4 
capacity design approach, that plotted in figure 8 and 

can be commented that the Canadian capacity design 
for shear wall design is adequate for linear static and 
response spectrum analysis but it is inadequate for the 
shear demand from dynamic time history analysis. For 
probable shear demand calculation, it has been used γw 
(overstrength factor) equal to 3.49; It can be noted that 
the value of γw equal to 4 approximates the theoretical 
overstrength limit before shear strength design of 
ductile walls is controlled by elastic shear force, [4]. The 
study performed by Boivin and Paultre indicates that 
for maximum shear amplification happens for concrete 
shear wall with lower value of γw (1.3) and minimum 
shear amplification happens with the value of γw (4.0) 
with time period, 4.0 sec [4]; 

It has been re-checked the ductility of the shear 
wall as per Canadian code (CSA A23.4), clause 21.5.7.2, 
after increased the shear capacity by adding additional 
reinforcements. It has been found rotational capacity is 
more that the rotational demand in all the possible load 
combinations. For calculation of rotational demand it 
has been considered concrete strain 0.0035, and γw 
from 1.3 to 4.0, just to make sure the lower and upper 
limit. Depth of compressive stress blocks are also re-
checked in different cases. The governing load 
combination for flexural reinforcement is found 
1.0DL+0.5LIVE+1.0Ex (time history); And the reinforcement 
ratio is shown in below table 6; 

 
Table 6. Flexural reinforcement ratio (ρ) with governing load 

combination. 
Load Combination Flexural reinforcement ratio (ρ) 

04 Storey 08 
Storey 

16 Storey 

1.0DL+0.5LIVE+1.0Ex 

(time history) 
0.0028 0.0065 0.0034 

 
It has been studied also the effect of wall 

thickness on base shear demand and interstorey drift 
ratio. It has been observed that by increasing wall 
thickness from 450 mm to 500mm on 08 storey 
building, there is not significant base shear changed. 
Whereas, the interstorey drift can be reduced by 22 
percent (not shown in this paper). It has been done 
detail cost analysis also due to increase of 
reinforcement for increasing section shear capacity 
considering ductile design and found that the shear 
strength of the walls can be modified at a relatively 
small expense; as compared with the whole buildings. It 
is estimated at 0.2, 0.33 and 0.3 percent of the building 
total cost for 4, 8 and 16 storeys building respectively; 
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the shear capacity in walls can be increased such that 
D/C ratio is lower than one. The results are tabulated in 
table 2;  

 

9. Conclusion 
Hence, it can be commented that using the 

proposed scheme for shear capacity modification of 
shear walls, a well-defined level of performance for 
buildings can be achieved and it can be related to the 
design shear forces estimated using the equivalent 
static load method provided in the building code. As this 
work is based on seismicity of Vancouver, and National 
Building Code of Canada, similar work can be 
performed considering different seismicity and other 
National Building codes. 

 In this study for analysis process 5% damping is 
considered for all buildings, the effect of other damping 
is not considered. It has been considered Newmark 
method for time-history analysis base shear calculation 
in ETABS modelling. Since the configuration of the 
buildings studied here is simple and symmetric, the 
effect of accidental torsion is found to be negligible. 
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