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Abstract

Approximately 30% of Turkey's population lives in rural areas and they are seated in structures, which called unreinforced masonry
building (URM). These types of buildings consist of mudbrick structures with wooden carcasses, masonry-adobe structures with
wooden supports, and brick and briquette masonry structures supported by reinforced concrete lintels. The construction of masonry
structures is easy and low cost because of the easy availability of building materials such as brick and masonry, so it is frequently
preferred.

However, these buildings, especially poorly constructed masonry buildings in many respects, have performed very badly in recent
earthquakes, causing loss of life and property.

For this reason, it was once again seen that the demand for the improvement or strengthening of these structures is very important in
terms of saving life and property, and that seismic research and evaluation are necessary for this purpose. In this study, the earthquake
behavior of the brick masonry structure with a flexible diaphragm is evaluated using SAP2000 Finite element program. Two types of
masonry buildings were modelled which are plain and bond beams. Displacement, Base shear, and Stress data The analysis results are
obtained and compared for two models.

Keywords: Earthquake, Brick masonry building, Seismic evaluation.

Kirsal Alanda URM Binasinin Deprem Davranis1 Degerlendirmesi
Oz
Tirkiye niifusunun yaklagik %30'u kirsal kesimde yasiyor ve donatisiz/betonarme olmayan yigma bina (URM) olarak adlandirilan
yapilarda yasamaktadirlar. Bu tip binalar, ahsap karkasli kerpi¢ yapilar, ahsap destekli yigma-kerpi¢ yapilar ve betonarme lentolarla
desteklenen tugla ve briket yigma yapilardan olugsmaktadir. Yigma yapilarin yapimi, tugla ve yigma gibi yap1 malzemelerinin kolay
bulunabilirligi nedeniyle kolay ve diisiik maliyetli oldugundan yaygin olarak rastlanmaktadir.
Ancak bu binalar, 6zellikle pek ¢ok agidan kotii insa edilmis yigma binalar, son depremlerde ¢ok kotii performans gostermis, can ve
mal kaybina neden olmustur.
Bu nedenle bu yapilarin iyilestirilmesi veya giiglendirilmesi talebinin can ve mal kurtarilmast agisindan ¢ok énemli oldugu ve bu
amagcla sismik aragtirma ve degerlendirmenin gerekli oldugu bir kez daha goriilmiistiir. Bu ¢alismada esnek diyaframli tugla yigma
yapinin deprem davranigt SAP2000 Sonlu eleman programi kullanilarak degerlendirilmistir. Diiz ve hatil olmak iizere iki tip yigma
bina modellenmistir. Yer degistirme, Taban kesme ve Gerilme verileri Analiz sonuglari elde edilmis ve iki model igin
karsilastirilmistir.

Anahtar Kelimeler: Deprem, Tuglali Yigma Yapi, Sismik analiz.
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1. Introduction

Masonry is the most common building types adopted
throughout the world for the construction of low-medium rise
buildings due to thermal insulation, culture and cost-
effectiveness (Chourasia et al., 2019)

According to research 23.20 % of Turkey's population is
living in rural areas (towns and villages), shown in (Table 1).
The majority of people living in these regions prefer the
masonry structure. In addition, many of the traditional and
historical buildings were built as masonry. Masonry structures
are preferred because they can be easily made from local
materials and are economical (Goker & Karasahin, 2015).

The causes of damage in masonry structures are mostly due
to the fact that the load-bearing wall is placed on top of each
other, the wall element units are not connected to each other with
a strong mortar, and the creation of door and window gaps that
will disrupt the integrity of the wall. In addition, the reasons
such as not forming concrete or wooden continuous beams that
are formed along the outer walls and placed on the inner walls,
not making the crossing with smooth cut stones at the junction
of the two walls formed perpendicularly, making the structure
heavier with the soil covered roof flooring and not using a single
type of material on the walls of the building are also important.
(Sorgug 2000; Goker and Karasin, 2015).

Table 1. Village and Urban Population of Turkey in 2011 and
2017 (Ceylan & Somuncu, 2018)

Village City Total
Year Population % Population %
2011 17.338.563 23,20 57.385.706 76,80 74.724.269
2017 6.049.393 7,48 74.761.132 92,52 80.810.525

Turkey is located in the seismic region and the rural housing
stock is quite more, that is a fact that can not be ignored.
Earthquake damages of rural houses cause great loss of life and
property. In order to minimize these losses, emphasis should be
placed on strengthening existing rural housing (Korkmaz, 2007).

Today, such structures are widely used in rural areas because
they are economical and accommodate themselves according to
the current environmental conditions(Sharma & Khare, 2016;
Usta et al., 2017).

Masonry building can withstand the gravity load satisfactorily;
however, unreinforced masonry building (URM) has the
tendency to collapse in a brittle manner when subjected to
earthquake load (Banerjee et al., 2020; Dutta et al., 2015).

The Confined masonry has always gained vital importance in
construction applications, as it performs much better than
unreinforced masonry and non-ductile reinforced concrete infill
structures during seismic loads. The CM buildings are mostly
known for the low-rise residences of South America, Central.

America, Asian countries and European countries. Past research

has demonstrated satisfactory performance (Gupta & Singhal,
2020)
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Traditional URM buildings are still one of the most
representativesample in the building stock of developing
countries, even though their low seismic capacity is well known
(Furtado et al., 2015; Gautam & Chaulagain, 2016; Pinar et al.,
2018, Losanno et al., 2021)

Unreinforced masonry structures were badly damaged in various
earthquakes. Many of these types of structures lived through
even large earthquakes. They continue to pose a large seismic
risk, not only in a rural areas but also in many parts of the world.
In order to reduce casualties and property loss due to damage in
masonry buildings in earthquakes, it is necessary to understand
the true behavior and response of these buildings in lateral loads
which is possible through research and study in this field.
Unreinforced masonry structures show highly inelastic behavior.
The nonlinear behavior of unreinforced masonry can be
determined by conducting either various experiments or
structural analysis. The linear static analysis methods are
inadequate and inaccurate as they cannot incorporate the non-
linear characteristics of unreinforced masonry. Therefore non-
linear analysis of masonry buildings is preferable for both
academics and practicing engineers (Chikanbanjar et al, 2019).

Most importantly, the presence of the vertical and horizontal
reinforced concrete element plays an important role in
preventing untimely fracture of the masonry and therefore helps
in preventing the collapse of a single (or group) masonry panel.
In fact, the behavior of a framed masonry wall has slightly
greater strength and much greater ductility (ie, the capacity to
dissipate energy in the plastic region) than an unconstrained
masonry wall. In addition, the reinforced concrete members
form a very good connection between in-plane and orthogonal
masonry panels so that first mode collapse of walls (i.e. out of
plane collapse) is entreated (Nucera et al., 2012) In terms of
seismic vulnerability, the collapse of non-engineered and semi-
engineered constructions had resulted in major losses as a conse-
guence of the seismic event (Losanno et al., 2021).

During the last decades, masonry wall buildings were
theoretically analyzed by means of finite element method both
linearly and non linearly(Capozucca et al., 2018) In this paper
the main objectives is to validate the model of a three-story
masonry building with and without beam in SAP2000 software,
to perform earthquake analysis by nonlinear time history
analysis.

2. Material and Method

Two unreinforced masonry buildings of one, two, three-storey
brick masonry building are taken for this study. T flexible types
of floors are considered. One consists of a brick masonry wall
with a bond beam while the other is a brick masonry wall
without a bond beam. Each building is analysed separately. The
architectural plan of all the buildings is the same as shown in
Figure 1 (a). 3D Finite element model of masonry brick building
is modelled using SAP2000 V22, shown in Figure 1 (b).

The first model is without bond beam, with a flexible diaphragm
an opening indoor and window with a flexible diaphragm. The
other is with bond beams at diaphragm level, lintel level and sill
level with flexible diaphragm an opening indoor and window
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with a flexible diaphragm. In addition, reinforcements are
provided along the edges and at the door opening.

Three-story brick masonry houses with wall were shaped by
SAP 2000 version 21. Both models have the same type 250 mm
masonry thick wall and flexible roof diaphragm. The rectangle
shell element was considered for the model of the wall. The shell
element can be modelled homogeneous and shell layered, in our
study, the layered shell area element is considered in order to
obtain full shell behavior.

In the model, the lateral load carry by the shear walls. The
Modelling of the Masonry building without and with the bond
beam shown in Figure 2. The masonry building was modelled in
shell and area, the material of building was chosen brick
material, the material properties given in Table 2.
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Figure 1. The 3-D model of 3-story Brick Masonry Building

Figure 2. Masonry buildings models with and without a beam

For the reinforcement three-story masonry building, It was used
at concrete beam diaphragm, lintel and Sill levels with a size of

250x 150 mm, and Beam Masonry pier was used for Edge and
door opening with a size of 250x 250 mm. the Concrete Beam
has 12mm # 2nos reinforcement detail at the top and bottom and,
while the Beam Masonry pier has 10mm#4 nos. Reinforcement
detail (Brijpuriya R. & Sharma, 2019)

Table 2. Material properties of the masonry (Brijpuriya &
Sharma, 2019)

Type Compressi  Modulus Modulus Density  Poisson

material  Strength of of of of
Elasticity Rigidity masonry  Ratio

Isotropc 2.5 MPa 1375 MPa 592.67MPa 20 kN/m® 0.16

Nonlinear time history analysis is conducted for the assessment
of buildings behavior against earthquake loads. For this purpose
eleven earthquake data selected from the PEER database. To get
an actual response and selecting the ground motion record, the
TSC 2018, DD2 target response spectrum was used. Seismic
hazard was defined assuming a seismic zone V (highest
seismicity level) for a normal building (importance factor | =1)
on a medium soil, with a peak ground acceleration (PGA) of
0.4g. Acceleration response spectra corresponding to 5%
equivalent damping. The earthquakes are data shown in Figure 3
and the Characteristic of selected ground motions is shown in
Table 3.
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"Northridge-01"
"Parkfield"

"5an Fernando”

Figure 3. Selected Earthquake data

Table 3. Characteristic of selected ground motions

Earthquake Name Year Station Name Magnitude Mechanism
"Darfield_ New Zealand" 2010 "SPFS" 7 Strike slip
""Duzce_ Turkey" 1999 "Lamont 1061" 7.14 Strike slip
"Imperial Valley-06" 1979 "Cerro Prieto" 6.53 Strike slip
"Irpinia_ Italy-02" 1980 "Rionero In Vulture" 6.2 Normal
""Kocaeli_ Turkey" 1999 "Arcelik" 7.51 Strike slip
""Loma Prieta" 1989 "Coyote Lake Dam- Southwest 6.93 Reverse
Abutment" Oblique
"Manjil_ Iran" 1990 "Abbar" 7.37 Strike slip
""Northridge-01" 1994 "Sunland- Mt Gleason Ave" 6.69 Reverse
""Parkfield" 1966 "Cholame - Shandon Array #12" 6.19 Strike slip
"'San Fernando™ 1971 "Santa Felita Dam (Outlet)" 6.61 Reverse
e-1SSN: 2148-2683 609
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3. Result of Time History Analysis

It is concluded that the brick masonry building with bond beam
may have significant effects on the seismic response of the
masonry structures, therefore, this type of buildings need to be
considered during the design and analysis of the building
Nonlinear time history analysis was applied to evaluate the
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seismic performance of the Brick masonry houses with and
without bond beam. The eleven earthquake data were used
during the analysis and the results are compared and shown in
the form of graphs. The Periods of the Brick Masonry Model is
shown in Figure 4.

® With Beam

@ Without Beam

Figure 4. Periods of Brick Masonry Model

For the model without beam, The first period is approximately
0.167 and the period is 1.161 sec. For the model with beam, The
first period is approximately 0.161 seconds which is very close
to the second mode 0.157 sec due to the almost symmetric plan
those corresponds to a bending mode shape on both orthogonal
horizontal planes. Mode 3 involves shear and torsional
movements. Mode 1 and mode 2 are predominant translation

modes that exhibit a high relative modal mass in both orthogonal
direction and little or near zero in rotation (Saygili, 2020) Figure
5 and Figure 6 shows the maximum principal stresses in the
structure walls The stresses were determined from an SAP 2000
analysis with earthquake loads. The contour of S11, S22 and S12
stress the first three modes shapes of both models.

S11
Stress

S22
Stress
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S12
Stress

Mode 1 Mode 2

Mode 3

S11
Stress

Figure 5. Stress values For the without Beam Model

S22
Stress

S12
Stress

Mode 1 Mode 2

Mode 3

Figure 6. Stress values For the with Beam Model

The considered loads, in this case, is the building self-weights.
In Figure 5 and Figure 6; the S11, S22 and S12 stresses reached
at one of the surfaces of the shell elements are reported; it should
be noted that the maximum value of stress, localized at the lower
level. High concentrations of stress can also be found at the
corners, windows or openings. It is worth underlining that the

e-ISSN: 2148-2683

color map in Figure 4 has been drawn taking different limits as
MPa, that is the design value of the compressive masonry
strength obtained using a confidence factor (FC) equal to 2.5
Mpa as the highest absolute value in the color scale. As seen
from Figure 5 and Figure 6, most part of the structure remains
under compression within permissible limits. Herefore the wall
that is around the openings and lower levels should not crack in
diagonal tension. There are regions of very high stress located at
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the corners of the piers. These stresses are much greater than the
tensile strength of the masonry, therefore the model is likely to
crack in these regions. These types of cracks are consistent with
the rocking of the structure. The majority of the masonry wall
has stresses lower. Across the around the openings there is high
stress which means it does not each the diagonal tension strength
of the masonry.
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Figure 7. Story Displacements in without Beam model
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Figure 8. Story Displacements in with Beam model
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Figure 7 and Figure 8 shows the relationship between
displacements versus storey level. The difference between
displacements of bottom and top storey of Brick Masonry model
in X and Y direction. The maximum story displacement
occurred "Manjil Iran" and "Darfield New Zealand" earthquake,
respectively. The earthquakes that give the maximum
displacement value in the two models and two directions are the
same. When the displacement values obtained from the beamed
and non-beam masonry models are compared, there is a decrease
in the floor displacements when beams are added to the masonry
model. Story displacement is more in the model without bond
beam as compared to the model with the bond beam. Also,
Story drift is maximum for the first model which is without a
beam as compared to the model with the bond beam. Based on
the story displacement observed in both models, we can say that
the model with a bond beam has less displacement than the
model without a bond beam.

X- Direction
GO000
0000
0000
77
-3
2 30000
5
I
T oo
10000
*arfield_ “buace_ *mpedal "Irpinia_ "Kocaeli "Loma "Manil_ | *Northridge- | 'Parkfield *san
New Turkey" Valley-05" Inaly-02" Prista" Iran" o Temando”
Zealand
WGithout Brsan | 27941854 7384593 16476209 7980581 1716515 17542.68% SATIATIG 5411795 5153968 7494115

withBeam | 4639501 | B18LI5 | 1582191 | JMSEAD | 171%133 | 156052 | 53098618 | 5536055 | 502286 | 1001799

Figure 9. X- Direction Base Shear Values Comparison of the
data obtained from both models
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Figure 10. Y- Direction Base Shear Values Comparison of the
data obtained from both models

From Figure 9 and Figure, 10 linear decreases of the maximum
base shear observed. In the case of a building without beams led
to higher base shear. Masonry walls with Beams led to a
decrease in maximum base shear. The decrease is 2% when
beams are used, rather than without beam. Similar trends are
observed while comparing the drops in shear capacities of
models with beam and without beam models. Base shear is
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maximum for the “Manjil Iran” in both the cases with and
without bond beam.

X- Direction

10000

Figure 11. X- Direction Overturning Moment Values
Comparison of the data obtained from both models

Y- Direction

Figure 12Y-- Direction Overturning Moment Values Comparison
of the data obtained from both models

The overturning moment has been compared in Figure 11
and Figure 12 below. The figures demonstrate the max
influence of the overturning moment of the structure
occurred in “manjillran” for each model and the minimum
values were in the Northridge earthquake.

4. Conclusions and Recommendations

Two typical types of stone masonry houses are modelled by
using SAP version 21. The response of the brick masonry houses
to different earthquake time histories is found in terms of top
displacement, base shear, and shell stress. The maximum wall
stresses under seismic design load were less than the wall
strength. The maximum stress was observed at the corner of the
opening that justify the importance of the bond beam to confine
and strengthen the wall. Also, the maximum drift ratio of the
with bond beam was 0.02% much smaller than the without
beam. This means that the adoption of limited wall technology in
single house construction, especially in rural areas, can lead to
safer buildings with lower construction costs compared to
alternative options.

For the rural areas in countries, masonry building with beam can
be a real contribution to life protection of the inhabitants, in
mitigation of seismic risk, but also as a reconstruction solution
after the disaster, because it uses local materials and the
construction method is easy to be applied even for non-
engineered persons
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