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 Masonry buildings in seismic active regions experienced severe damages and 
collapses during earthquakes. Many researches were published concerning the 
seismic assessment of masonry buildings. Almost, all previous studies focused 
on historical buildings located in different regions in the world. This paper 
evaluates the seismic performance of ordinary residential masonry buildings 
located in three different regions in Iraq with various seismic intensities. 
Masonry buildings included houses, public and commercial buildings are 
common construction practice in Iraq. A three dimensional finite element 
modeling was adopted for the investigations in which nonlinear static pushover 
analyses were conducted to derive capacity curves of the building models. The 
finite element model was verified against experimental results presented in the 
literature. Capacity curves were compared with seismic capacity demands 
derived for each building model in both perpendicular principle axes. Two house 
building models with semi-regular and irregular plan layouts were considered 
in the investigations. The influence of the strength of the local clay bricks and the 
quality of the mortar on the seismic performance of the buildings was 
considered. Investigations have demonstrated that the plan layout and the 
strength of bricks and mortar are significantly influencing the seismic 
performance of the considered masonry buildings. For the considered models, 
the base shear capacity of the semi-regular house and that for the irregular house 
model have increased up to 233 % and 100 %, respectively by increasing 
strength of clay bricks from 9 MPa to 18 MPa. Using cement sand mortar with a 
compressive strength of 15.2 MPa rather than lime mortar that have 
compressive strength equal to 3.1 MPa contributes in increasing building shear 
capacity up to 20 %.  Seismic vulnerability of masonry buildings in the 
considered cities with low to medium seismic intensities could be averted by 
using relatively high strength mortar and brick as well as adopting regular plans.  
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1. Introduction 

Past earthquakes that occurred in many parts in the world cause severe damages and 
collapses to masonry buildings. In the last few decades, many researches have been 
conducted to investigate the efficient measures to mitigate the risk of earthquakes on 
buildings. Regarding to masonry buildings, the attention was relatively low with prime 
focus on historical buildings [1–8]. Investigations showed that the building is susceptible 
to heavy damages and collapse when subjected to the specified moderate to high seismic 
intensities. The past investigations have revealed the noncompliance of the built masonry 
buildings with requirements of design codes and standards especially for the moderate to 
strong earthquakes. Most of the previous studies were focused on old and heritage 
buildings with thick walls and four to five floors and located in moderate to high intensity 
earthquake regions.  A great attention on seismic behavior of heritage and historical is 
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clear in recent studies. Among of these resent studies; Michele Betti et al. [9] used 
nonlinear static pushover analysis for the seismic assessment of basilica-type masonry 
church considering the Italian seismic guidelines. Also, Gianni Bartoli et al. [10] studied  
the seismic performance of historic masonry towers considering the Italian seismic 
guidelines. The Italian seismic guidelines specified three levels for seismic assessments.  
Gianni Bartoli et al. [10] reported and compared results of first and third specified levels 
of assessments and draw the conclusions based on the third level that involves nonlinear 
static pushover analysis. Francisco Brandão et al. [11] investigated the seismic resistance 
of the historical Nossa Senhora das Dores Church in Brazil using three dimensional finite 
element modeling. Linear time-history analyses were conducted considering two actual 
earthquake records. The results showed large displacements and high stresses in many 
parts of the church in which the potential damages were identified. These investigations 
provide the indications for the demanded retrofitting measures. Giulio Castori et al. [12] 
investigated the seismic vulnerabilities and defects of a multistory medieval building, 
located in Perugia, Italy. The investigations included simulating the building using three 
dimensional finite elements and the analysis were conducted by adopting nonlinear static 
pushover analysis. The analysis results showed poor seismic resistance compared to the 
demanded resistance. Motsa et al. [13] proposed a numerical investigation procedure for 
the seismic assessment of ancient monuments made of megalithic stones considering 
middle temple of the Mnajdra Megalithic structure. Demirlioglu et al. [14] studied the 
seismic behaviour of a historic brick masonry building using both linear and nonlinear 
pushover analyses considering equivalent frame method and finite element modeling. 
Bilgin and Ramadani [15] evaluated the structural behavior of historical Bajrakli Mosque 
located in western of Kosovo using static and dynamic analyses and considering both 
gravity and lateral seismic loads. Tomic´ et al. [16] suggested parametric investigations to 
assess the seismic behavior of historical masonry buildings that mainly affected by the 
uncertainty in material properties, construction details and modeling parameters. Usta 
[17] used three dimensional finite element modeling and fragility analysis to study the 
seismic performance of historical minarets in Antalya, Turkey. Hökelekli [18] conducted 
linear and nonlinear time history dynamic analysis considering actual earthquake records 
in Turkey to investigate the seismic performance of historical minaret in Turkey. Maras et 
al. [19] assessed the performance of historical Sütlü minaret mosque in Turkey using three 
dimensional finite element modeling and dynamic analysis. Six earthquake excitation 
records were applied to the model in which the performance was investigated. Further 
studies focused on public masonry buildings.  among these studies; Estêvão and Tomás 
[20] studied the seismic performance of masonry school buildings in the region of Algarve 
(Portugal) according to provisions of Eurocode 8 (EC8) and based on nonlinear pushover 
analysis.  

It is obvious that almost all the previous studies deal with seismic assessment of historical 
and heritage buildings in different regions in the world. In contrast; very little attention on 
investigating ordinary commercial or residential masonry buildings. In this paper, a focus 
is made on the seismic performance of ordinary masonry residential buildings in three 
different regions in Iraq. In Iraq, houses and some public and commercial buildings are 
limited to two stories and constructed using structural bearing wall systems. Bearing walls 
used for buildings in Iraq usually constructed using different types of clay brick units and 
concrete block units. Usually, the brick wall buildings in Iraq are constructed with slender 
walls of thickness equal to 0.25 m, height equal to 3 m and length up to 8 m and constructed 
without any consideration to the lateral loads. Iraq is located within a region of low to 
moderate seismic action [21]. During the last two decades, several low intensity 
earthquakes occurred in Iraq. Fortunately, the recorded intensity of the earthquakes was 
low and resulted in minor damages to some buildings [22]. Resent seismic events as well 
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as the new design requirements for buildings in Iraq demands the seismic evaluation of 
masonry buildings in Iraq. This paper presents a study on the seismic performance of 
ordinary masonry residential buildings (brick bearing wall type) considering the specified 
intensities of earthquakes in three different regions in Iraq. The investigations are focused 
on two storey residential houses constructed using clay brick units that represent the 
majority of masonry buildings in Iraq. The influence of different types of local clay bricks 
(Type A, Type B and Type C) and mortar strength on the seismic performance of the 
building models are also considered in this study. Nonlinear static pushover analysis 
method recommended by FEMA 356 [23] guidelines is adopted for the investigations. 
Macro model of the masonry walls is developed and adopted in this study by utilizing 
multi-purpose commercial finite element software ANSYS 11.0 [24]. Initially, the 
developed finite element model has been verified against experimental and numerical 
results published in the literature. Capacity curves that represent the varying drift at the 
top of the building with base shear are derived by conducting pushover analyses 
considering two principal directions. The pushover analysis approach was widely adopted 
in the previous studies [8,12,25–27]. Also, Capacity demands of the building model in 
different regions in Iraq are derived based on seismic intensity of each region, soil 
properties and the building model characteristics. Then the building models are assessed 
by comparing results of the capacity curves with the capacity demand of those considered 
building models. In the following sections, a model for masonry representation and 
verification of the developed model are presented. Also, analysis procedure, details of the 
considered models as well as the investigation results are presented and discussed. Finally, 
study considerations are highlighted and main conclusions points are drawn.       

2. Masonry Representation   

Masonry walls are modeled using equivalent homogeneous isotropic macro model that has 

properties accounting for the interaction effect of both bricks and mortar. The modeling is 

conducted by using the multi-purpose finite element software ANSYS 11.0 [24] in which 

the masonry walls are modeled using three dimensional solid elements (SOILD 65). The 

three dimensional brick (SOLID 65) elements with rectangular parallelepiped or cube 

shapes that have eight nodes at the corners is considered in this study. Each node has three 

translational degrees of freedom with capability of accounting cracking in tension and 

crushing in compression. In this study, the walls are discretized using the solid elements 

(SOLID 65) in which both linear elastic and nonlinear properties as well as failure criteria 

are defined for the elements. Elastic properties and nonlinear parameters for the solid 

elements represent the properties of masonry prism that accounting for the combined 

effect of brick units and mortar. Also, nonlinear stress strain curve is defined to model the 

nonlinear response of masonry walls that simulates the combined effect of bricks and 

mortar. This model was previously presented by Betti and Vignoli [2] and Betti and Galano 

[3] and Avossa and Malangone [28] to simulate masonry walls in which equivalent 

Drucker-Prager elastic perfectly plastic model along with William and Warnke [29] failure 

criteria were considered. In this study, macro model of masonry walls is developed 

considering stress-strain relation along with William and Warnke [29] failure criteria. The 

masonry walls are defined by the average stress strain relations of the constitutive 

materials involving bricks and mortar. The elastic modulus of masonry prism (Em) and the 

compressive strength of a masonry prism (𝑓′𝑚  ) in MPa are defined by the following 

relations [30]:  
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Em = 550 𝑓′𝑚   (1) 

𝑓′𝑚  = 0.63. 𝑓𝑏 0.49. 𝑓𝑗  0.32   (2) 

where 𝑓𝑏 = compressive strength of bricks in (MPa) and 𝑓𝑗  = compressive strength of 

mortar in (Mpa). 

A stress-strain curve of masonry prism is modeled using multi-linear relation for 

compression as depicted in Figure 1. The ascending part (first part) of the curve is defined 

by [30]:  

𝑓𝑚 = 𝑓′′𝑚 (2 (
𝜀𝑚

𝜀′
𝑚

) − (
𝜀𝑚

𝜀′
𝑚

)
2

)          for            𝜀𝑚 ≤ 𝜀′𝑚  (3) 

where: 𝑓′′𝑚 = 0.75 𝑓′𝑚 , 𝜀′𝑚= strain at the ultimate stress 𝑓′′𝑚, 𝜀𝑚= strain corresponding to 

stresses 𝑓𝑚  below ultimate value.   

In this study, a constant strength of masonry prism equal to 𝑓′′𝑚  is assumed after the 

ultimate strength (𝑓′′
𝑚

) for the second part of the stress-strain curve in which (see Figure 

1): 

𝑓𝑚 = 𝑓′′𝑚                         𝜀′𝑚 < 𝜀𝑚 ≤ 𝜀𝑚𝑢     (4) 

The tension part is modeled using linear brittle stress strain relation up to ultimate tension 

strength that equal to 0.1 𝑓′′𝑚 . The Poisson' s ratio for masonry is set equal to (0.18) [28]. 

 

 

 

 

 

 

 

 

Fig. 1 Idealized stress-strain relationship of masonry prism 

3. Verification of The Developed FEM Model of Wall Panels 

The developed model is verified via experimental results of masonry wall specimen 

presented in Avossa and Malangone [28]. The studied model consisted of plane wall with 

two vertical flanges at the two ends of the wall. The dimensions of the wall model were 3.6 

m length, 2.0 m height and 0.15 m thickness. The dimensions of the two flanges were 0.6 

m width and 0.15 m thickness. In addition; two concrete slabs were placed at the top and 

beneath the wall specimen. The dimensions of the top slab were 0.16 m x 1.4 m x 4.0 m; 

𝑓𝑚 = 𝑓′′𝑚 ቆ2 (
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while that of the bottom slab were 0.18 m x 0.9 m x 4.0 m. Material properties include 

modulus of elasticity of the masonry wall Em= 2460 MPa, compressive strength 𝑓𝑚
′  = 5.576 

MPa, Poisson’s ratio 𝑣 = 0.18, density of the masonry wall = 1.8 x 10−5 𝑁/𝑚𝑚3  and 

tensile strength of the masonry wall (𝑓𝑡) =0.194 MPa. The finite element of the considered 

masonry wall is shown in Figure 2. In this study a cube brick element is adopted with 

dimensions equal to 150 x 150 x 150 mm3. This model has been verified against 

experimental and numerical analysis and provide very good agreement. Several 

preliminary trials with other models were considered with different smaller size elements 

equal to 50 x 50 x 50 mm3 and 75 x 75 x 75 mm3 in which took much longer time with 

slightly different results that make the analysis very tedious. The lateral load was applied 

at the top slab in the direction parallel to the plane of the wall. The experimental and 

numerical results of the lateral load versus lateral displacement that presented by Avossa 

and Malangone [28] are illustrated in Figure 3. Also, the numerical results obtained by 

using the developed FEM model in this study are illustrated in Figure 3. It is obvious from 

Figure 3, that the predicted results of the load displacement curve have a good agreement 

with the previous experimental and numerical results.  

 

 

In addition, experimental test of a simple model of in- plane loaded masonry wall panel 

with central opening that presented by Akhaveissy [31] is considered for the verification 

of the developed model. The wall was made from clay brick units had dimensions equal to 

 

 

 

 

 

 

Fig. 2 Finite element modeling model of in-plane loaded masonry wall with end flanges 
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                                       (b) 

Fig. 3:  a) Load- displacement curve; b) deformation shape of the wall model 
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210 mm x 52 mm x 100 mm. The mortar thickness was 10 mm. The height/width ratio of 

wall was equal to about one in which the height and the width of the wall were equal to 

1000 mm and 990 mm, respectively. Two relatively stiff steel beam sections were installed 

for clamping the top and bottom boundaries of the wall for the laboratory test. The 

masonry have modulus of elasticity Em= 7635 MPa, compressive strength of masonry 

prism 𝑓𝑚
′ =10.5 MPa, Poisson’s ratio 𝑣 = 0.15 and tensile strength 𝑓𝑡=1.05 MPa. The finite 

element idealization and boundary conditions are shown in Figure 4. A vertical pressure 

of 0.3 MPa was applied at the top of the wall before applying the horizontal load. Pushover 

horizontal load was applied gradually (considering 10 kN each load step) at the top steel 

beam section in which the drift was recorded versus the load. Analysis results including 

deformed shape as well as the load – displacement curve are presented in Figure 5. Also, 

comparison with previous experimental and numerical results are given in Figure 5. An 

excellent agreement between the results obtained from the developed model with 

previous experimental and numerical model has demonstrated as shown in Figure 5.  

 

 

 
(a) (b) 

Fig. 4 Finite element modeling of in-plane loaded masonry wall with central opening 

 
Fig. 5   a) Load- displacement curve; b) deformation shape of the wall model 

4. Non-Linear Pushover Analysis 

This study is limited to nonlinear static push over approach for evaluating seismic 

performance of masonry buildings. The nonlinear static pushover approach was used to 

investigate the ultimate base shear. Then determined base shear was compared with 

demanded base shear to evaluate the seismic performance of the considered model. A non-

linear static pushover analysis is conducted to derive lateral load displacement capacity 
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curves of building models. The pushover capacity curves refer to the relation between base 

shear and horizontal displacement at the top of the building (the control point at the roof). 

The seismic performance of the building is evaluated by comparing the base shear capacity 

with the seismic base shear demand corresponding to the brittle behavior. However, the 

ultimate displacement is compared with displacement demand for the ductile behavior. 

The safe performance of the building is achieved by satisfying either the base shear 

demand for brittle response or the displacement demand for ductile response [32]. The 

seismic base shear demand is determined using the procedure specified in FEMA 356 [23]. 

This study focuses only on base shear demands in which masonry buildings exhibit brittle 

behavior that demonstrated by very small ultimate lateral displacements. In the non-linear 

static analysis, initially the gravity loads are placed and kept constant for a specific period 

of time, subsequently the lateral forces that represent seismic action are applied gradually 

considering load time steps. In this study, each load step equal to 0.1 of demanded base 

shear is considered in this study. The analysis is conducted by applying the lateral forces 

in two perpendicular directions, not acting simultaneously. Pushover analysis is conducted 

twice on each house buildings along two orthogonal directions. At the beginning, the 

pushover analysis is performed by applying lateral loads along transverse direction. Then 

the pushover analysis is performed by applying lateral loads along longitudinal direction. 

The lateral loads are distributed along the building height and applied at the floors level 

by adopting the lateral load distribution formula specified by FEMA 356 [23]. The seismic 

base shear demand is obtained using the following equation [33]: 

𝑉 = 𝐶𝑠  𝑊 (8) 

where; 𝐶𝑠 = seismic response coefficient and 𝑊  = effective seismic weight. Both seismic 

response coefficient and the effective seismic weight are computed using the procedure 

specified in ASCE 7-17 [33] based on the soil properties of the region and the earthquake 

spectral acceleration at the considered region.  

5. Building Models   

In this study, two house models each with two storeys are considered. Figure 6 illustrates 

two typical plans of considered house models including dimensions, locations of doors and 

windows. The first house represents simple typical semi regular house model, while the 

second house represents typical irregular house.   

The height of storey is 3 m, the dimensions of all the doors are 1 m width and 2.1 m height 

and the dimensions of the windows are 2 m width and 1.5 m height. In Iraq, it is common 

of practice casting continuous reinforced concrete lintel beam along the walls at the level 

above the openings (doors and windows). The lintel dimensions are 0.24 m width and 0.3 

m depth. The walls are constructed using clay brick units in either lime mortar or cement 

sand mortar. In this study, the influence of the strength of brick units and mortar on the 

seismic performance of masonry buildings in Iraq is considered. In Iraq, clay bricks are 

classified into three types according to the strength that include type A, type B and type C 

that have compressive strength of 18 MPa, 13 MPa and 9 MPa, respectively. Two types of 

mortars are considered including lime mortar has strength equal to 3.1 MPa denoted by 

mortar 1 and cement sand mortar with a compressive strength equal to 15.2 MPa and 

denoted by mortar 2.  
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Table 1 illustrates the properties of the materials corresponding to the considered models. 

The houses are subjected to both live loads (2 kN/m2) and dead loads (7.6 kN/m2 and 4.8 

kN/m2 for roof and floor; respectively, including self-weight). The houses are studied for 

seismic demand of three regions including Baghdad city, Kirkuk city and north of Amara 

city. Spectral response acceleration at short period (Ss) are 0.3, 0.6 and 1.0 for Baghdad 

city, Kirkuk city and north of Amara city, respectively [34]. Site class D for soil properties 

is adopted in this study as recommended by ASCE 7-17 [33] when the details of soil 

properties are unknown. The finite element models of the considered houses are shown in 

Figure 7. Masonry walls are modeled using the developed model in previous section. Slabs 

and the continuous lintel are modeled using linear elastic material considering properties 

of concrete. house.  

 

 

 

 

 

                                      

 

 

 

 

 

 

 

 

 

 

(a) House 1 

 

(b) House 2 

Fig. 6 The details and dimensions of the typical house models 

 

Table 1. Strength of mortar, brick and masonry prism 

Brick 

Type 
Mortar  

Compressive strength (MPa) 

Mortar fj brick 𝑓𝑏 Wall 𝑓′′𝑚 

 A 1 3.1 18 2.79 

 B 1 3.1 13 2.38 

 C 1 3.1 9 1.99 

 A 2 15.2 18 4.65 

 B 2 15.2 13 3.96 

 C 2 15.2 9 3.31 
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(a) House 1 

 

(b) House 2 

Fig. 7 Finite element modeling of the houses 

6.  Analysis Results 

Pushover analysis is conducted twice on each house buildings along two orthogonal 

directions. At the beginning, lateral loads were applied along transverse direction in which 

the analysis was conducted and the results were predicted. Another analysis was 

conducted separately by applying the lateral loads along the longitudinal direction. The 

load is applied gradually considering load time steps. In this study, each load step equal to 

0.1 of demanded base shear is considered in this study. Results of pushover analysis in 

terms of final deformations pattern are illustrated in Figures 8 and 9 for both house 

models. The capacity curves that represent base shear versus lateral displacement of the 

house models are illustrated in Figures 10 and 11. Tables 2 to 5 illustrate the comparison 

results of the ultimate base shear determined from pushover analysis with the seismic base 

shear demand. The seismic demand in Tables 2 to 5 are obtained based on the spectrum 

accelerations recommended by Iraqi seismic code. The capacity curves illustrated in 

Figures 10 and 11 show that both house models exhibit better seismic performance in 

longitudinal direction (z- direction) than in the transverse direction (x-direction). Also, it 

is obvious from Figures 10 and 11 and Tables 2-5 that the performance of the house models 

has significantly improved by using brick type A instead of using brick type B and brick 

type C due to the increase in compressive strength of the brick type A over those of brick 

types B and C. Also, Tables 2-5 show a significant increase in base shear capacity of the 

house models by using mortar 2 rather than mortar 1 due to increase in compressive 

strength. For instance, Table 2 shows that base shear capacity of the house 1 with mortar 

1 have increased up to 233.3 % and 225 % in the longitudinal and transversal directions, 

respectively by using brick type A over that of using brick type C. On the other hand, Table 

3 shows that base shear capacity of the house 1 with mortar 2 has increased up to 71.4 % 

and 50 % in the longitudinal and transversal directions, respectively by using brick type A 

over that of using brick type C. Also, Tables 2 and 3 show that using stronger cement sand 

mortar rather than the weak lime mortar results in increase in base shear capacity of the 

house 1 with brick type A by about 20 % and 15.4 % in the longitudinal and transversal 

directions, respectively.  Furthermore, Tables 2-5 illustrate the seismic performance of the 

adopted house models in terms of potential collapse.  



Alkenanee and Alrudaini / Research on Engineering Structures & Materials x(x) (xxxx) xx-xx 

 

10 

 

 

 

 

 

 

                  

                     

 

 

(a) Transverse action, brick Type C                

 

 

 

 

 

 

 

 

 

      (b)Longitudinal action, brick Type C 

Fig. 8 Deformation shapes of the house 1 

 

 

 

 

 

 

 

                                      

 

 

 

(a) Transverse action, brick Type C                

 

 

 

 

 

 

 

 

 

 

 (b)Longitudinal action, brick Type C 

Fig. 9 Deformation shapes of the house 2 

 

 

 

 

 

 

 

 

                                      

 

 

 

(b) Transverse action, brick Type C                

 

 

 

 

 

 

 

 

 

 

 

      (b)Longitudinal action, brick Type C 

Fig. 10 Capacity curves corresponding to house 1 
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Regarding the seismic performance of the house 1, Table 2 shows that the house 1 with 

brick type A has survived the collapse in which the base shear capacity is larger than the 

demanded base shear. However, the collapse of the house 1 with brick type C and lime 

mortar 1 in north of Amara city has demonstrated due to the higher demand base shear 

compared with the house base shear capacity. In contrast, Tables 4 and 5 show that the 

house 2 performs well along the longitudinal direction while the collapse has 

demonstrated in the perpendicular direction except for case with brick type A and cement 

sand mortar in Baghdad city in which has the lowest shear demand. The poor performance 

along the transversal direction compared to the longitudinal direction of the house 2 stems 

from its irregular plan that causing additional torsional stresses. 

 

 

 

 

 

 

 

 

                                      

 

 

       (a)Transverse action, brick Type C                

 

 

 

 

 

 

 

 

 

 

 

        (b)Longitudinal action, brick Type C 

Fig. 11 Capacity curves corresponding to house 2 

 

Table 2. Ultimate capacity of the house1versus seismic demands considering mortar 1 

 

 

Brick 

Type 

City 

 

Demand 

Base 

shear 

(kN) 

 

Base shear capacity (kN) 

 Result Short 

direction 

Long  

direction 

 

A 

Baghdad 732 3250 5000 Survived from collapse 

Kirkuk 1267 3250 5000 Survived from collapse 

North of Amara 1785 3250 5000 Survived from collapse 

 

B 

 

Baghdad 732 1667 3250 Survived from collapse 

Kirkuk 1267 1667 3250 Survived from collapse 

North of Amara 1785 1667 3250 Collapse along short 

direction 
 

C 

Baghdad 732 1000 1500 Survived from collapse 

Kirkuk 1267 1000 1500 Collapse along short 

direction North of Amara 1785 1000 1500 collapse 
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Table 3. Ultimate capacity of the house1versus seismic demands considering mortar 2  

 

Table 4. Ultimate capacity of the house 2 versus seismic demands considering mortar 1 

 

The presented investigation results in Tables 2-5 represent the global performance of 

masonry buildings considering nonlinear static analysis. Considering the global seismic 

performance of the buildings in this study is in line with several previous published studies 

[10,16,20]. In contrast, investigations presented in Francisco Brandão et al. [11], Hökelekli 

[18] and Maras et al. [19] considered local damages in buildings using stress analysis by 

adopting linear or/and nonlinear time history analyses. On the other hand, several 

previous investigations considered both local and global performance of buildings [9,17]. 

Investigation results have demonstrated various performance of masonry buildings due to 

various earthquake intensities as well as various building plans and structural 

characteristics of the buildings that stem from using various construction methods and 

materials. This study focused on modern ordinary masonry buildings located in three cities 

Brick 

Type 

City 

 

Demand 

Base 

shear 

(kN) 

 

Base shear capacity (kN) 

Result Short 

direction 

Long  

direction 

 

A 

Baghdad 732 3750 6000 Survived from collapse 

Kirkuk 1267 3750 6000 Survived from collapse 

North of Amara 1785 3750 6000 Survived from collapse 

 

B 

 

Baghdad 732 3000 4000 Survived from collapse 

Kirkuk 1267 3000 4000 Survived from collapse 

North of Amara 1785 3000 4000 Survived from collapse 

 

C 

Baghdad 732 2500 3500 Survived from collapse 

Kirkuk 1267 2500 3500 Survived from collapse 

North of Amara 1785 2500 3500 Survived from collapse 

Brick 

Type 

City 

 

Demand 

Base 

shear 

(kN) 

 

Base shear capacity (kN) 

(kN) Result Short 

direction 

Long  

direction 

 

A 

Baghdad 1021 1500 6000 Survived from collapse 

Kirkuk 1768 1500 6000 Collapse along short direction 

North of Amara 2490 1500 6000 Collapse along short direction 

 

B 

 

Baghdad 1021 1000 4000 Collapse along short direction 

Kirkuk 1768 1000 4000 Collapse along short direction 

North of Amara 2490 1000 4000 Collapse along short direction 

 

C 

Baghdad 1021 460 3000 Collapse along short direction 

Kirkuk 1768 460 3000 Collapse along short direction 

North of Amara 2490 460 3000 Collapse along short direction 
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in Iraq while almost all previous studies had focused on old and historical masonry 

buildings [9-20] located in different regions in the world. 

Table 5. Ultimate capacity of the house 2 versus seismic demands considering mortar 2 

      7. Conclusions 

Almost, the majority of building construction in Iraq were designed and constructed 

without adopting any seismic provisions especially residential masonry buildings.  During 

the last two decades, several earthquakes occurred in Iraq. Fortunately, the recorded 

intensity of the earthquakes was low and resulted in minor damages to some buildings. 

However, Iraq is located within low to moderate seismic action region. Therefore, the 

seismic design and assessment of buildings is demanded according to the new design 

requirements for buildings in Iraq. In this study, the seismic performance of unreinforced 

masonry building models in Iraq is investigated considering three regions with different 

seismic levels. In Iraq, houses and some public and commercial buildings are limited to two 

stories and constructed using structural bearing wall systems. Bearing walls used for 

buildings in Iraq usually constructed using different types of clay brick units and concrete 

block units. A three dimensional finite element simulation is adopted for the investigations 

using multi-purpose finite element software ANSYS. The finite element model is verified 

against experimental results of masonry wall models available in the literature. Two 

typical house models constructed using local clay brick unites represent an important 

percentage of masonry building stock in Iraq are considered in this study. Three types of 

local clay brick units including type A, type B and type C that classified in Iraqi Standards 

according to their strength are considered in the parametric investigations. Also, two 

typical mortar types including lime mortar and cement sand mortar with different 

compressive strengths are considered in the parametric investigations. The two house 

models involve two storey houses, one with semi regular plan and the other with irregular 

plan. Capacity curves representing base shear versus lateral displacement at the top of the 

building models are derived using pushover analysis conducted in two principal directions 

and compared with the seismic demands in different regions in Iraq.  

Based on the numerical analysis results, the following conclusions can be drawn:  

Brick 

Type 

City 

 

Demand 

Base 

shear 

(kN) 

 

Base shear capacity (kN) 

Result 
Short 

direction 

Long  

direction 

A 
Baghdad 1021 2003 6750 Survived from collapse 

Kirkuk 1768 2003 6750 Survived from collapse 

North of Amara 2490 2003 6750 Collapse along short direction 

 

B 

 

Baghdad 1021 1200 6000 Survived from collapse 

Kirkuk 1768 1200 6000 Collapse along short direction 

North of Amara 2490 1200 6000 Collapse along short direction 

 

C 

Baghdad 1021 600 5000 Collapse along short direction 

Kirkuk 1768 600 5000 Collapse along short direction 

North of Amara 2490 600 5000 Collapse along short direction 
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1. The verification analysis results show that homogenized three-dimensional model that 

developed in this study have been successfully predict the nonlinear behavior of the 

masonry walls under lateral loads.  

2. The base shear capacity of the brick wall buildings is very sensitive to the building layout 

as well as material properties and site location.  

3. For the considered models, the base shear capacity along the longitudinal direction of 

the semi-regular house 1 model have been increased up to 233 % by increasing 

strength of clay bricks from 9 MPa to 18 MPa that representing strength of clay brick 

types C and A, respectively. In contrast, the base shear capacity of the irregular house 

2 model has shown an increase of up to 100 % by increasing strength of clay bricks 

from 9 MPa to 18 MPa that representing strength of clay brick types C and A, 

respectively. 

4. Using cement sand mortar with a compressive strength of 15.2 MPa rather than lime 

mortar that have compressive strength equal to 3.1 MPa contributes in increasing 

building shear capacity up to 20 %.   

5. The seismic vulnerability has demonstrated along the short length of the building more 

than along the long direction regardless the total length of the walls along any direction. 

6. House model with semi regular plan perform better than that with irregular plan due to 

producing torsional response that increases the stresses especially along the short 

direction.     

7. Seismic vulnerability of masonry buildings in the considered cities with low to medium 

seismic intensities could be averted by using relatively high strength mortar and Type 

A brick as well as adopting regular plans. 

The above conclusions were drawn based on nonlinear static pushover analysis and 

limited to only two storey houses with typical plans. Further investigations are 

recommended for future study considering public buildings such as one and two storey 

masonry schools, health centers and two storey office buildings that are common 

practice masonry buildings in Iraq. Also, further investigations are required by 

adopting nonlinear time history analyses considering actual recorded earthquake 

excitations.     
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