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Abstract

Masonry buildings are ordinarily complex construction systems and there is a lack of knowledge and
information concerning the behavior of their seismic response. Due to the life safety of masonry buildings
under seismic effects are very essential, numerical modeling and analysis of the buildings are an important
issue. Because of the insufficient seismic resistance on structural members such as jack arch slabs and
masonry walls, numerical studies have become necessary to determine the level of the structural strength of
the structures. The tensile strength of load-bearing walls in the buildings is lower whereas, the compressive
strength is higher. In this way, tensile cracks occur at structural members due to insufficient tensile resistance.
Therefore, the tensile stress locations in the structure are critical. The study focuses on the assessment of
historical masonry buildings from the point of seismic resistance. The entire process is performed using a
case study from a historical masonry building. In this study conducted in this respect, the existing situation
of a historical building using numerical analyses were presented with the cross-disciplinary study of civil
engineering and architecture. The linear elastic analysis is selected as an analysis method. The seismic
parameters are determined based on the Turkish Earthquake Code (TBEC 2018). Consequently, the study is
performed to determine the seismic-resistant of historical buildings within the scope of numerical analyses.
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1. Introduction

The land of our country is home to many
civilizations and is rich in architectural works. A
very large part of the historical buildings was built
with the masonry building technique. This
technique has been used throughout the history of
mankind and is still used today. The masonry
structures are horizontal and vertical load-bearing
structures with the walls formed by an artificial or
natural brick/stone bonding mortar. The structures
are preferred because they can be constructed easily
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and cost-effectively with natural materials in the
region. functions. The walls forming the space
volumes also protect the structure from external
factors. On the other hand, masonry structures lack
ductile behavior. While it is expected that the
possible damage to the earthquake is to a minimum,
it is very complicated and difficult to provide this
necessity. On the other hand, providing ductile
behavior may disrupt the original character of
historic buildings. The behavior characteristics of
masonry structures under the effect of dynamic


https://doi.org/10.31462/jseam.2020.04289294
http://www.goldenlightpublish.com/
mailto:barsayin@istanbul.edu.tr
https://orcid.org/0000-0002-4044-1092
https://orcid.org/0000-0003-2330-2733
https://orcid.org/0000-0002-2437-1709

A case study on numerical simulation of a historical masonry building 290

loads are different from the properties of concrete
and steel. Besides, the analysis of seismic behavior
is complicated by the fact that the load-bearing
elements are composed of local materials with
different characteristics. The parameters used in the
analysis and the determination of the characteristics
of the materials are important for the correct
determination of the structural behavior. The most
important detail that should be considered in the
repair and strengthening of the masonry structures
with insufficient seismic resistance is the fact that
the structure is not disturbed and the intervention is
kept to a minimum. In addition to ensuring the
security of the structure, the historical authenticity
of the building must be preserved.

Strengthening is the intervention to increase the
load-bearing capacity, rigidity, ductility, and
performance level of a structure above the existing
structural strength level or to bring the carrier
elements of a damaged structure to a level that is
better than the pre-damage situation. If the masonry
structures damaged by the earthquake are only
repaired, they are likely to be damaged again in an
earthquake that may be exposed during their service
life. Furthermore, it is not essential the structure
must be damaged for strengthening. The load-
carrying capacity of the structure may not meet the
requirements of the specification without damaging
the structure. In such cases, strengthening is
mandatory and various methods and techniques are
preferred. This study includes modeling of the
basement, ground, and two normal stories by using
the SAP2000 software [1] model and a time history
analysis using the architecture plan (Fig. 1). Design
parameters are obtained as a reference from TBDY
2018 [2]. Within the scope of the study, after the
analysis of the structure has been performed,
strengthening proposals are also presented.

2. Numerical modeling

The structure, having 19 m height and a 244 m2
residing area, was built as a basement, ground, two
normal, and the roof stories. Numerical analysis of
the masonry structure was done by linear elastic
approach.
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Fig. 1. The facade view of the building (istanbul
Universitesi, Eski Devlet Arsivleri, Blok B)

The basic and ground floor plans of the said
structure are shown in Fig. 2. In the numerical
model prepared with SAP2000 software, the
interior walls are considered as 43 cm, the facade
walls are 56 cm and the floorings are 35 cm thick.
All the parameters of the design are taken from
TBDY 2018 and the material properties are given
in Table 1 and the design parameters are given in
Table 2. As a modeling method, macro modeling
was preferred by the finite element method. In
macro modeling, the unit and mortar are considered
as a composite material instead of being modeled
separately [3]. However, in the analysis using the
finite element method; it can be modeled using
detailed micro modeling, simplified micro
modeling, or macro modeling techniques (TBEC
2018). The shell element is used for the finite
element modeling. Thin plate theory (Kirchhoff’s
Theory) and Reissner - Mindlin Plate theory are
used in the shell element formulation. There are
studies in the literature using different solution
methods based on Reissner and Mindlin's theories
[4-8]. A thick plate formulation was chosen in this
study. As the walls are perpendicular to the plane
and the doorway and window openings are critical
in terms of strength, in these parts, in-plane and out-
of-plane shear stresses are important. In the
analyzes, earthquake loads were applied in x and y
directions. Spectral acceleration graphs are
obtained based on the parameters in Table 4 and
then time history analysis is performed. Nine load
combinations were prepared for analysis and the
most unfavorable loadings were taken into account
(Table 3).
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(a) Foundation plan
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(b) Ground story plan

Fig. 2. The basic and ground floor plans of the structure

Table 1. Material properties

Member Density (KN/m?3) Elasticity modulus (MPa) Poission ratio

Wall 20 2400 0.2

Slab 20 2500 0.2

Foundation 25 30000 0.2
Table 2. Analysis parameters

Parameter Value

Effective ground acceleration coefficient (Ao) 0.40

Building importance factor (1) 14

Seismic load reduction factor (Rx / Ry) 2

Spectrum coefficient, St 25
Table 3. Loading combinations

Combination Value

COMB 1 1.0G+1.0Q

COMB 2 1.0G+1.0Q +1.0EX+0.3EY

COMB 3 1.0G+1.0Q +1.0 EX-0.3EY

COMB 4 1.0G+1.0Q 1.0 EX+0.3EY

COMB 5 1.0G+1.0Q -1.0 EX+0.3EY

COMB 6 1.0G+1.0Q -1.0 EX+0.3EY

COMB 7 1.0G+1.0Q+1.0 EY+0.3EX

3. Analysis results

The 3D numerical model prepared for analysis is
shown in Fig. 3. The period values obtained in the
time history analysis are given in Table 4. Fig. 4
shows the stress density around the doorway and
window openings. Fig. 5 shows the stresses on the
facades. Especially in the first and second-floor

windows on the facades, the force and displacement
values have higher values. In general, structures are
deformed after the earthquake. Earthquake motion
on the ground, trying to pull the building towards
one side, the structure with the weight of this
movement against the movement of the structure to
be reinstated.
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Fig. 3. 3D numerical model of the building

Table 4. Period and acceleration values obtained in time history analysis

Output case | Step number | Period (Sec) | UlAcc (m/sec?) | U2Acc (m/sec?) | ULAmp (m) | U2Amp (m)
EX 1 1.15 0.30 0 -0.038 0
EX 2 0.90 0.36 0 -0.28 0
EX 3 0.59 0.50 0 0.005 0
EX 4 0.39 0.7 0 0.003 0
EX 5 0.33 0.7 0 0.019 0
EX 6 0.31 0.7 0 0.019 0
EX 7 0.29 0.7 0 0.0003 0
EX 8 0.28 0.7 0 0.003 0
EX 9 0.27 0.7 0 -0.001 0
EX 10 0.26 0.7 0 -0.004 0
EX 11 0.26 0.7 0 0.003 0
EX 12 0.26 0.7 0 0.003 0
EY 1 1.15 0 0.30 0 -0.39
EY 2 0.90 0 0.36 0 0.029
EY 3 0.59 0 0.50 0 0.006
EY 4 0.39 0 0.7 0 0.04
EY 5 0.33 0 0.7 0 -0.006
EY 6 0.31 0 0.7 0 0.003
EY 7 0.29 0 0.7 0 0.0008
EY 8 0.28 0 0.7 0 -0.001
EY 9 0.27 0 0.7 0 0.0004
EY 10 0.26 0 0.7 0 0.004
EY 11 0.26 0 0.7 0 0.002
EY 12 0.26 0 0.7 0 0.0004
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Fig. 4. (a) Maximum force distribution, F12, (b) Maximum stress distribution, S12, (c) Minimum stress distribution,
S12, (d) Maximum force distribution, V23

Fig. 5. Stresses provided in the facades

200.
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In this case, the structure shows the behavior of
moving left and right. The structural elements are
not damaged in the regions with sufficient
resistance between the elements that make up the
structure. However, damage or cracks may occur
due to high stress and load deformations in
unresolved areas.

4. Conclusions

It is necessary to determine possible structural
damages that may occur in the masonry structures
and to take structural preventions in this way. Even
if it is not damaged, it is necessary to strengthen the
masonry structures which do not have sufficient
strength and seismic safety according to the current
codes. In this scope, different strengthening
techniques are used in masonry structures.
Numerical analysis of the masonry structure was
carried out.

As a result of the analyzes performed, high
stresses and internal forces were obtained on the
first and second-floor facade walls, various
doorway and window openings, and on the attic
walls. Rehabilitation works should be performed on
these regions due to the prediction of deformations
as well as in-plane and out-of-plane cracks. The
strengthening applications may be (i) slab
strengthening, (ii) mesh rebar, spraying concrete,
carbon FRP in inner walls, (iii) carbon fiber plate
and wrap in horizontal x-form along with the floor
level due to the stress density around window
opening in the facade, and (iv) placing a steel plate
on the edge surfaces of the doorway and window
opening, which are the tensile density in the
structure.
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