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ABSTRACT:  This paper presents an ongoing research project that is conducted at Polytechnique Montreal, Canada, on the 

seismic response and design of moderately ductile (Type MD) reinforced concrete shear walls subjected to high frequency 

ground motions as expected content in eastern North America (ENA). The first phase of the project included shaking table tests 

performed on two 9 m tall models of 8-storey reinforced concrete shear walls designed in accordance with current Canadian 

code provisions.  In the second phase, constitutive shear wall models were developed using nonlinear reinforced concrete fibre 

elements implemented in the OpenSees (OS) computer program and finite elements using the Vector 2 (VT2) computer 

program. The models were calibrated against shake table test data. In the third phase, the models assumptions were used to 

investigate higher mode effects on the seismic response under ENA ground motions of twenty four Type MD prototype walls 

for 5- to 25-storey buildings with fundamental periods ranging from 0.4 s to 3.0 s. The walls had base flexural over-strength 

factor varying from 1.2 to 2.4.  From the results, a new base shear amplification factor is proposed to evaluate the seismic shear 

force demand more realistically for design purposes. 

KEY WORDS: Seismic; High frequency; Moderate ductility; Reinforced concrete walls; Higher mode effects; Shear 

amplification. 

1 INTRODUCTION 

Recent numerical studies [1-5] have investigated seismic 

responses of RC shear walls. These studies demonstrated that 

current code requirements may underestimate the seismic 

shear at the base and the flexural strength demands along the 

height, which may lead to shear failure at base of walls and 

unintended plastic hinge formation in the upper part of walls.  

The underestimation of the demand in codes is attributed to 

inaccuracies in considering higher mode effects (HMEs) when 

structural walls behave in the nonlinear range. Researchers [1-

5] have proposed methods to consider higher mode effects. 

However, most of the proposed methods were based on 

numerical studies using simple finite element structural 

analysis program with lumped plasticity beam elements or 

finite element models with assumptions that have not been 

validated using dynamic tests. Therefore, an investigation of 

HMEs using experimentally verified constitutive shear wall 

models was necessary. 

Because of low and moderate seismic demand in Eastern 

North America (ENA), moderately ductile (MD) RC shear 

wall designed with a ductility-related force modification Rd = 

2.0 is the typical design technique for the seismic force 

resisting system of mid-rise buildings from 5 to 25 storeys. 

This type of structure is expected to sustain reduced inelastic 

demand compared to the other, ductile RC shear wall category 

(Rd = 3.5), described in the National Building Code of Canada 

[6].The seismic responses of Type MD shear walls can be 

significantly different from that of ductile shear wall, 

especially when the walls are subjected to ground motions 

exhibiting high predominant frequencies (approximately 10 

Hz), typical in ENA. Consequently, there is a need to study 

this category of RC shear walls subjected to ENA 

earthquakes. 

A shear wall research project is being conducted on this 

topic at Polytechnique Montreal, Canada. In the first phase of 

the project, Ghorbanirenani et al. [7] performed shake table 

tests on two 9 m high scale specimens of slender 8-storey 

moderately ductile RC shear walls. The walls had been 

designed in accordance with the 2005 National Building Code 

of Canada (NBCC) [8] and the CSA A23.3-04 standard [9] 

and were subjected to ENA earthquake ground motions in the 

tests.   

In the second phase of the project, constitutive shear wall 

models were developed and validated using the tested wall 

data [10]. Both the finite element method using the computer 

program Vector 2 (VT2) [11] and the fibre element computer 

program OpenSees (OS) [12] were used. VT2 is based on 2D 

plane stress finite element theory and includes most of the 

phenomenological features present in RC members. OS is a 

multi-fibre beam element program based on the Euler-

Bernoulli theory. OS represents an attractive alternative to 

finite element modelling (VT2), because  it can reproduce the 

dominant inelastic flexural response anticipated in shear 

walls.  

In the third phase of the shear wall research project, the 

proposed OS and VT2 modelling procedures were used as 

representative constitutive shear wall models to investigate 

HMEs [13]. A parametric study involving nonlinear time 

history analyses (NLTHA) using OS and VT2 was performed 

to investigate the influence of design parameters on the higher 

mode amplification effects and related seismic force demand. 

This research focused on Type MD RC shear walls.  The 

results were used to propose a new capacity design method 
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considering higher mode amplification effects for Type MD 

RC shear wall located in ENA. The method determined 

capacity design envelops for flexural and shear strength 

demands to achieve a single plastic hinge response at the wall 

base. 

This paper presents results from the third phase of this shear 

wall research project. A literature review on higher mode 

effects on nonlinear behaviour of RC shear walls is first 

presented, followed by descriptions of past investigations on 

Type MD RC shear walls subjected to ENA earthquakes. The 

paper terminates with results of the parametric study 

conducted using NLTHA to quantify HMEs for a series of 

shear wall prototypes designed for Montreal, Quebec, Canada. 

A new simplified formula for a base shear force amplification 

factor is proposed. 

2 HIGHER MODE EFFECTS ON NONLINEAR 

BEHAVIOUR OF RC SHEAR WALL  

In current building codes [6, 19, 14], it is recommended to use 

modal response spectrum analysis (MRSA) for seismic 

design. This technique is based on the mode superposition 

method (Figure 1a) that reflects linear elastic dynamic 

response. However, RC shear wall design is based on capacity 

design principle: the wall is expected to respond in a nonlinear 

manner with base plastic hinging, and the flexural and shear 

stiffness are expected to vary during strong ground motions. 

To account for nonlinear behaviour in design, the computed 

force demand from an elastic analysis is simply reduced by 

applying an inelastic response modification coefficient Rd in 

NBCC 2010 (similar to the behaviour factor q in EC8 [14]) 

(Figure 1b). However, at the time of base plastic hinge 

formation, the shear wall responds like a pinned-base structure 

after base hinging (Figure 1c), with relatively greater 

importance of HMEs. The force distribution from base to the 

top of the structure is modified and the position of the 

resultant horizontal force is lowered as the structure becomes 

inelastic, hinel<hel in Figure 1c. The Rd factor in NBCC 2010, 

or q in EC8, does not account for this redistribution of forces. 

The behaviour as assumed in codes may cause inaccuracies in 

the prediction of the shear wall seismic response, especially 

an underestimation of base shear force prediction (Vinel>Vd) 

(Figure 1c). 

HMEs may be especially critical in ENA because the 

earthquake ground motions that are expected in that region are 

inherently rich in high frequencies that may coincide with the 

frequencies of the high vibration modes of mid-rise RC shear 

walls.  

EC 8 proposes a shear amplification factor for HMEs on 

base shear force demand. Two ductility classes are defined in 

EC 8 for reinforced concrete shear walls: ductility class high 

(DCH), with a behaviour (ductility) factor q = 4, and ductility 

class medium (DCM) with a ductility factor q = 3. A different 

seismic design approach is specified for each class. For DCH, 

the amplification factor depends on both the flexural over-

strength at the base and the contribution of higher modes on 

base shear: 
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          [1] 

where MEd and MRd are the design bending moment and design 

flexural resistance at the base of the wall, respectively, and γRd 

is the factor accounting for over-strength due to steel strain-

hardening. In the second term, which accounts for higher 

mode response, Se(Tc) is the ordinate of the constant spectral 

acceleration region of the spectrum in short periods, and 

Se(T1) is the ordinate of the elastic response spectrum at the 

fundamental period of vibration of the building, T1. In Eq. [1], 

the amplification factor  is limited to the behaviour factor, q, 

such that the demand does not exceed the elastic response. 

For DCM, the design shear forces are simply taken as 1.5 

times the shear forces obtained analytically. Thus, as opposed 

to DCH class walls, the flexural over-strength and HMEs need 

not be evaluated when determining design shears. 

In EC 8, no recommendation exists to avoid the formation 

of a second hinge along the height of DCM or DCH walls due 

to HMEs. 

In NBCC 2010, HMEs are explicitly considered when using 

the equivalent static force procedure (ESFP) by applying the 

factors Mv and J to the base shear and moment envelop 

distribution, respectively. These factors depend on the shape 

of the seismic design spectrum at the site and the structure 

fundamental period (T), as indicated in Table 1a. However, 

these factors have been derived using linear dynamic analysis 

and it is expected that these factors may be significantly 

modified when wall structures respond in the nonlinear range.  

In addition to NBCC 2010, the CSA A23.3-04 Design of 

Concrete Structures Standard [9] also contains specific 

seismic design provisions for reinforced concrete shear walls. 

For ductile shear walls, the factored shear resistance shall not 

be less than the shear corresponding to the development of the 

probable moment capacity, Mp, of the wall at its base. The 

moment Mp is calculated using 1.25 fy as the probable 

reinforcing steel yield strength. For Type MD shear walls, the 

shear corresponding to the nominal wall base moment 

capacity, Mn, is permitted to be used to determine the design 

shears. Thus, the design shears are obtained by multiplying 

the factored shear forces from analysis by the flexural over-

strength factor, w = Mn/Mf, where Mf is the factored bending 

moment at the base as obtained from the analysis. 

3 INVESTIGATION OF SLENDER RC SHEAR WALLS 

SUBJECTED TO HIGH FREQUENCY GROUND 

MOTIONS 

A shear wall research project is being conducted at 

Polytechnique Montreal, Canada, to investigate the seismic 

responses of Type MD shear walls subjected to high 

frequency content ground motions. The project focuses on 

HMEs. It consists of three main phases: 1) experimental study 

with shake table testing of type MD RC shear walls; 2) 

numerical study to develop experimentally validated 

constitutive shear wall models; and 3) numerical study of the 

earthquake response of prototype Type MD ductile shear 

walls.  

3.1 Experimental study-Shake table tests 

In the first phase of the shear wall project, two RC wall 

specimens (W1, W2) were fabricated to represent shear walls 

from a prototype 8-storey building located in Montréal, Canada.



Proceedings of the 9th International Conference on Structural Dynamics, EURODYN 2014 

453 

Mel

Vel

Vel

Mode 1 Mode 2 Mode 3

hel

Mode 1 Mode 3

hel hel

Vel

VelVd

Mn

Vd=
Vel

RdRo

Mode 2

Mel

Total reduced Total un-reduced

Vinel

Mode 1 Mode 2

Hinges formation at base

hinel

Total inelastic 

Mn

hel

Vinel Vd
Mn Mn

Vd=
Vel

RdRo

Total reduced

`

a)

b)

c)

Figure 1.Analysis considering higher mode effects on structural wall response: a) linear modal response spectrum analysis; b) 

linear modal response spectrum analysis considering nonlinearity; and c) observed (actual) nonlinear behaviour. 

 

The total height of the prototype building was 20.95 m and the 

specimens were scaled by a length factor lr = 0.429, which led 

to model walls 9.0 m high. The walls were designed according 

to NBCC 2005 [8] and CSA A23.3-04 [9] for the moderate 

ductility category (ductility-related force modification factor 

Rd = 2.0 with over-strength-related force modification factor 

Ro = 1.4) assuming a firm soil site class C. The test specimen 

is shown in Figure 2a and details of the test setup and 

experimental program are presented in Ghorbanirenani et al. 

[7] In Figure 2b, the cross-sectional area of the longitudinal 

reinforcement used along the height of the wall specimens 

varied from 639 to 426 mm2. The uniaxial seismic simulator 

at Polytechnique Montreal has a payload capacity of 15 tons 

and 3.4 m x 3.4 m plan dimensions. At every level, 60 kN 

floor seismic weights were installed on a multi-storey 

structures with hinged posts that was located beside the shake 

table. The inertia loads were transferred by instrumented rigid 

links that connected the wall specimen to the seismic weights. 

For the tests, a simulated ground motion time history for an M 

7.0 ENA earthquake at 70 km was selected and spectrally 

matched to the NBCC 2005 uniform hazard design spectrum 

(UHS) for Montreal. In the test program, the two walls were 

subjected to the ground motion with stepwise incremented 

amplitude. Wall specimen W1 was tested under 40% (elastic), 

100% and 120% of the NBCC ground motion design 

intensity. Wall W2 was tested under 100%, 120%, 150% and 

200% of the design earthquake ground motion intensity (EQ). 

In the tests, the ground motions were also scaled by a factor of 

ar = 2.65 and the time contracted by a factor of tr = 0.403 for 

similitude requirements with the prototype. 

In the 100% EQ and higher level tests, plastic hinges 

formed at the wall base, as expected by design, as well as in 

the upper storeys due to higher mode response. Moreover, 

there was an excessive shear demand with respect to the 

design shear force capacity prescribed in the current building 

codes. Additional test results can be found in Ghorbanirenani 

et al. [7]. 

3.2 Numerical modelling of RC shear walls 

In the second phase of the project, Luu et al. [10] developed 

constitutive shear wall models for the ENA region using 

nonlinear fibre elements with the OpenSees (OS) program 

[11] and finite element analysis with the Vector 2 (VT2) 
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program [12]. The authors used data from the shake table 

experiments performed in phase 1 of the shear wall project [7] 

to calibrate both models. The results indicated that the OS and 

VT2 numerical models could adequately reproduce the 

experimental data (Figure 3). In particular, Luu et al. [10] 

demonstrated that the models adequately predicted HMEs 
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Figure 2: Shake table test specimen: (a) model wall; and (b) cross-section of the model wall 

 

 
 

Figure 3. OS and VT2 predictions compared to the experimental data from shaking table test for Wall W2: (a) time history of 

top displacements; (b) shear force envelop; and (c) bending moment envelop. 

Table 1. Selected modelling parameters for the VT2 and OS models. 

 
Model parameters  

VT2 OS 

Concrete 

Compression pre-peak: Hogdnestad parabolic; 

compression post-peak: modified Kent-Park 
Modified Kent-Park 

Confined strength: Kupfer/Richart Confined strength: Increase 20% 

Hysteretic response: Palermo 2002 (with decay) Hysteretic response: Palermo 2002 (with decay) 

Steel Hysteretic response: Seckin (with Bauschinger effect) Giuffré-Menegotto-Pinto (with Baushinger effect) 

  ζ [C]ini
1; 1.5% modes 1 and 3 [C]ini

1; 2% for modes 1 and 2 

GA2 Nonlinear 5-30% at base and mid-height 

TSEs3 No No 
 1[C]ini = Initial stiffness proportional Rayleigh damping;2Shear stiffness; and 3TSEs = Tension stiffening effects
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that resulted in the amplification of the base shear, the 

formation of the second hinge in the upper wall region, the 

redistribution of the shear forces, and a time lag between 

maximum base shear and maximum bending moment. A 

summary of the OS and VT2 modelling assumptions is 

provided in Table 1. 

3.3 Earthquake response analysis of moderately ductile 

RC shear walls - Parametric study 

In the third phase of the shear wall research project, the OS 

and VT2 wall models developed in phase 2 were employed to 

investigate the seismic response of prototype Type MD RC 

shear walls. A parametric study was conducted using NLTHA 

to quantify HMEs for a series of prototype shear wall 

designed for Montreal. Different parameters were considered 

as described in Section 4 below. From the results, a new 

simplified design method was proposed for Type MD shear 

walls located in ENA, including a base shear force 

amplification factor. This is also described in Section 4. 

4 NONLINEAR TIME HISTORY ANALYSIS RESULTS- 

BASE SHEAR AMPLIFICATION FACTOR 

4.1 Studied walls 

Twenty four different shear walls were designed according to 

the NBCC 2010 [6] and CSA A23.3-04 [9] requirements. The 

number of storeys (n) varied from 5 to 25, the fundamental 

period (T) ranged from 0.5 s to 3.5 s, and the over-strength 

factor changed from 1.2 to 2.4. The studied walls are located 

in the Montreal region on site class D. The other design input 

parameters such as the wall length, the wall cross section, the 

axial load level, represented by the ratio of the axial load at 

the base to the product of the concrete compressive strength 

and base wall cross-section area (P/f’
cAw), and the wall cross 

section were selected considering construction conditions 

(Table 2). 

For the shear force, the wall were designed in accordance 

with CSA A23.3-04 [9] for moderately ductile shear wall by 

amplifying the calibrated base shear from MRSA and ESFP, 

Vd, by the flexural over-strength factor, w. Regarding the 

moment design envelope, Luu et al. [13] suggests using the 

requirements that are prescribed in CSA A23.3-04 for the 

upper parts of ductile shear walls to avoid nonlinear flexural 

behaviour in the upper part of Type MD walls. Therefore, the 

design moments above the base plastic hinge is determined by 

amplifying the bending moments from MRSA by the Mr/Mf 

ratio calculated at the top of the base plastic hinge region, as is 

currently prescribed for ductile shear walls in [9].  

4.2 Selected Ground Motions 

Twelve ground motions were selected and scaled according to 

the recommendations from Atkinson [15]. The mean 

acceleration response spectrum of the scaled ground motions 

is described in Figure 4. The mean spectrum is in good 

agreement with the design spectrum prescribed in NBCC 

2010. 

4.3 Constitutive shear wall models 

The developed OS and VT2 wall models in phase 2 of the 

project [10] were used in this study. Most of the analyses were 

conducted with the OS models because they require 

significantly less computational resources than the VT2 

models. For each building height, an OS model was developed 

based on the response obtained from the corresponding VT2 

model under one ground motion record.  The process was as 

follows: 

- Development of a VT2 model using the VT2 modelling 

assumptions validated from the experiments. 

- Analyses using the VT2 model to obtain the top 

displacement time history and shear envelop distribution.  

- Calibration of the damping properties in the 

corresponding OS model to best match the VT2 top 

displacement time history. 

- Calibration of the effective shear stiffness at the wall 

base and mid-height of the OS model to obtain the best 

match with the shear force envelope distribution from 

VT2. 

The calibrated damping and effective shear stiffness 

properties of the OS model were then applied to the models of 

all prototype walls having the same height. OS modelling 

assumption are given in Table 3 for n ≤ 15. For these walls, 

the calibrated OS model predictions show very good 

correlation with the VT2 model predictions (Figure 5). 

However, for n ≥ 20, the proposed procedure led to 

questionable (unrealistic) damping models as modes 1 and 20 

had to be selected to determine Rayleigh damping parameters 

in the calibrated OS damping models. This type of damping 

model may under-damp the higher mode response of walls 

and it is believed that such modelling assumptions were 

required because of the complexities of the shear and flexure 

responses of high-rise shear walls. In particular, the nonlinear 

behaviour could not be properly reproduced by using the 

effective isotropic shear stiffness in the OS models. 

Consequently, in this study, the analysis were performed 

using VT2 models for the cases n = 20 and 25. 

4.4 Nonlinear time history analysis results- base shear 

amplification factor 

The mean results for each ensemble of 12 ground motions, as 

obtained from the OS models for n ≤ 15 and VT2 models for n 

≥ 20, were used to evaluate the seismic demand of the walls. 

A base shear amplification factor, referred to as Ωv, was 

defined as the ratio of the base shear forces from NLTHA, 

VNL, to the base shear Vd considered in the design: 

 

                                       Ωv =VNL/Vd                                     [2] 

 

It is noted that Vd is the base shear force value obtained 

from MRSA with calibration with respect to ESFP results in 

[6]. It is different from the definition of other previous studies 

on the Canadian code [1, 3, 4] where dynamic amplification 

factor is defined by: 

 

                                   ωv = VNL/(γwVd)                               [3]                                                                        
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Shear amplification as defined in Eq. [3] assumes that the 

maximum base shear is directly proportional to the wall 

flexural resistance, implying that the peak base shear during a 

ground motion record occurs at the same time as the 

maximum bending moment develops in the base plastic hinge. 

However, experimental [7] and numerical [10] studies have 

shown that the maximum base moment is dominated by the 

first mode response whereas second and higher mode 

responses contribute the maximum base shear. Thus, 

maximum moments and shears may not directly correlate in 

time and determining design base shears using a base shear 

factor v  that directly reflects shear force amplification  as 

given by Eq. [2] is deemed to more closely represent reality 

compared to the approach in the current CSA A23.3 standard 

where design base shears depend on the wall flexural over-

strength, as is done in Eq. [3] for ωv. 

Figure 6 shows base shear amplification factors Ωv for 

twenty four studied walls with different design values of the 

fundamental period T and over-strength factor w. These 

results show that MRSA underestimates significantly base 

shear forces compared to NLTHA. The base shear 

amplification factor generally increases with the over-strength 

factor w and the maximum value Ωv = 2.8 is obtained for the 

case n = 25 and w = 2.4. 

Table 2. Parameters studied for the prototype shear walls. 

    

n 

Height 

(m) 

Tuncr 

(s) 

T 

(s) 

Ta 

(s) 

Wall 

cross-

section 

type 

Wall 

length 

(m) 

Site 

class 

Over-strength 

factor, w  
)fA/(P '

cg  

(%) 

Computer 

program 

5 

 

17.5 0.4 0.5 0.50 | 4 D 1.2,1.6,2.0 5 OS 

 0.7 1.0  0.86 | 4 D 1.2,1.6,2.0 12 OS and VT2 

10 

 

35.0 1.2 1.5 1.44 | 6 D 1.2,1.6,2.0 7 OS 

 1.6 2.0 1.44 | 6 D 1.2,1.6,2.0 12 OS and VT2 

15 

 

52.5 1.6 2.0 1.95 | 8 D 1.6,2.0 7 OS 

 2.0 2.5 1.95 | 8 D 1.6,2.0 13 OS and VT2 

20 

 

70.0 2.1 2.5 2.42  8 D 2.0,2.4 9 VT2 

 2.5 3.0 2.42  8 D 2.0,2.4 14 VT2 

25 

 

87.5 2.5 3.0 2.86  10 D 2.0,2.4 11 VT2 

 3.0 3.5 2.86  10 D 2.0,2.4 15 VT2 

 

 

Figure 4. Mean and mean±standard deviation of the acceleration response spectra of the selected ground motions versus NBCC 

2010 design spectra. 

 

Table 3:  Shear stiffness and damping assumptions for the OS models used for the 5-, 10-, and 15-storey prototype walls.  

Storey  Shear stiffness (% of un-cracked 

stiffness) 
Damping (%) 

n = 5; T = 0.5 s;w =1.2  19% at base; 5% at 3rd storey [C]ini
1; 2% for modes 1,2 

n = 10; T = 2.0 s;w =1.2 

 

 50% at base ; 20% at 5th, 6th and 7th 

storeys 
   [C]ini

1; 1.5% for modes 1,3 

n = 15; T = 2.5 s;w =1.6  18% at base; 20% at 7th and 8th storeys    [C]ini
1; 1.5% for modes 1,2 

1 [C]ini : Initial stiffness proportional Rayleigh damping 
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Figure 5. Shear force distribution predicted by OS and VT2 models for site class D: (a) 5 storeys, T = 1.0 s, w = 1.2; (b) 10 storeys, 

T = 2.0 s, w =1.2; and (c) 15 storeys, T = 2.5 s, w = 1.6.

Figure 6 also shows that the base shear factor increases with 

the fundamental period (T) for buildings with T up to 1.5 s. 

This is consistent with the proposal in [16] and [17]. 

However, the relationship between Ωv
 and T is inverted when 

T is longer than 1.5 s as Ωv decreases when T is increased. 

The base shear factor for DCM walls in EC8 is shown in 

Figure 6. In EC8, DCM shear walls are designed using a 

ductility force reduction factor of 3.0, which compares well 

with the product of the over-strength and ductility factors of 

2.8 for Type MD shear walls in the Canadian code. All of 

shear amplification factors from NLTHA are larger than the 

prediction of EC8. The underestimation of EC8 varies from 

16% (n = 5 and w = 1.2) to 90% (n = 25 and w = 2.4). 

 
Figure 6. Base shear amplification factor. 

 

Figure 6 shows that a simplified base shear amplification 

factor Ωv = 2.5 could be proposed for Type MD shear walls 

located in ENA. This value is found to provide excellent 

agreement for walls with a flexural over-strength w of 2.0. 

For all walls studied, the mean value and coefficient of 

variation of the ratio between Ωv = 2.5 and the values 

predicted by NLTHA are 1.1 and 15%, respectively. As 

shown in the figure, using Ωv = 2.5 gives conservative results 

for walls with low w values and it can be slightly unsafe for 

tall walls with high flexural over-strength. A more 

comprehensive study, presented in [13], resulted in an 

expression for Ωv that explicitly considers the effects of w 

and the fundamental period T on shear amplification.  

5 SUMMARY AND CONCLUSIONS  

In this paper, results from a shear wall research project being 

conducted at Polytechnique Montreal, Canada, are presented. 

The project focuses on investigating HMEs on Type MD RC 

shear walls subjected ENA earthquake ground motions that 

are characterized by high frequency content.  

In the first phase of the project, shaking table tests were 

performed on scaled 8-storey type MD ductile shear wall 

specimens. The results from the 100% EQ and higher level 

tests showed that plastic hinges form at the wall base, as 

expected by design, as well as in the upper storeys due to 

higher mode response. Moreover, the measured base shear 

force demand exceeded the design shear forces prescribed in 

current building codes.  

In the second phase of the project, constitutive shear wall 

models were developed using nonlinear fibre elements with 

the OpenSees (OS) program and finite elements with the 

Vector 2 (VT2) program. The models were validated against 

the data from shaking table tests. The results indicated that the 

OS and VT2 numerical models could adequately reproduce 

the experimental data. 

In the third phase of the project, the OS and VT2 wall 

models developed in phase 2 were employed to investigate the 

seismic response of Type MD RC shear walls. A parametric 

study was conducted using NLTHA to quantify HMEs for a 

series prototype shear walls designed for Montreal. 

Preliminary results from phase 3 of the project show that 

both Canadian and European current codes may underestimate 

base shear forces for RC shear walls. The required base shear 

amplification varies with the wall flexural over-strength and 

the structure period. However, for design purposes, a 

simplified base shear factor of Ωv = 2.5 is proposed for Type 

MD shear walls. This factor agrees generally well with the 

predictions from NLTHA. This proposed factor gives 

conservative results for walls with low flexural over-strength 

and slightly unsafe predictions for tall walls with high flexural 

over-strength. 

It is noted that the study in this paper is restricted to isolated 

regular shear walls under horizontal ground motions only. The 

behaviour of RC shear walls located in actual buildings with 

the presence of other structural elements such as beams, 

columns, slabs, and other shear walls subjected to three-
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dimensional earthquakes ground motion records could be 

different and is currently under investigation. 
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