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Abstract

Turkey is located on a seismically active region. The active fault zones, primarily the North Anatolian Fault and East Anatolian Fault,

constitute a center to the movements. On 24 January 2020 at local time 20:55, an earthquake of M, = 6.8 struck Sivrice, Elazig located

in eastern part of Turkey. After this main shock, 1185 aftershocks were recorded until February 8, 2020. The main event resulted in

41 human casualties and 1632 injured. Also, 45 people were salvaged from the debris. The earthquake mostly affected to Elazig and

Malatya provinces. 633 buildings were demolished, 10492 buildings were severely damaged, 2161 buildings were moderately damaged,

and 16046 buildings were slightly damaged in the affected region. This paper focus on evaluating the damages and failures of masonry,

adobe, and historical structures in the affected areas around Elazig and Malatya provinces.
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1 Introduction

Turkey is located in the zone of convergence between
the Arabian, African and the Eurasian plates. The west-
ward motion of the Anatolian plate is accommodated by
the North and East Anatolian faults [1]. The North and
East Anatolian faults connect at Karliova in the Eastern
Anatolia, and they make the Karliova triple junction.
The North Anatolian Fault (NAF) is an almost East-West
(E-W) trending right-lateral strike-slip fault for a length of
about 1200 km. The NAF forms the transform boundary
between the Eurasia and Anatolian plates [2]. The NAF
represents the most seismically active fault in Turkey by
hosting more than 10 devastating earthquakes in the past
100 years. The East Anatolian Fault (EAF) is an NW-SE
trending left- lateral strike-slip fault for a length of about
550 km long [3, 4]. A recent study suggests that a strike-
slip tectonic has been effective since late Pliocene [5].
A recent study by [3] divides the EAF into three main
sections with several subsegments: the main (southern)
branch, the northern strand (Siirgii-Misis fault) and the
Karasu trough (Fig. 1(b)). The southern (main) strand
includes the Karliova, Ilica, Palu, Piitiirge, Erkenek,
Pazarcik and Amanos segments.
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Fig. 1 (a) Simplified main tectonic features of Turkey and westward

motion of Anatolian plate (b) Tectonic map of Eastern Anatolia, and
historical and instrumental seismicity along the EAF [7]
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On Friday, January 24, 2020, a strong earthquake struck
Sivrice district of Elazig at 20:55 (17:55 GMT) local time.
This earthquake caused 41 deaths and hundreds of injured
people. The earthquake occurred on Piitiirge segment on
the EAF, which is the most prominent fault in the area
(Fig. 1). Many large earthquakes occurred on the EAF in
the historical and instrumental periods [3—5]. 8 March
2010 M_ = 6.1 at Okgular (Elaz1g), 1 May 2003 M = 6.4 at
Bingol, 27 June 1998 M = 6.2 at Adana and 5 May 1986
M_ = 6.0 at Malatya earthquakes are damaging earth-
quakes occurred on the EAF in the last century. The his-
torical earthquake catalog summarized by Soysal et al. [6]
includes several major earthquakes with uncertain mag-
nitude but with estimated maximum Mercalli intensities
as follows: 995 Palu-Elazig (VI), 1114 Ceyhan-Antakya,
(IX), 1268 Kozan-Ceyhan (I1X), 1737 Antakya (VII), 1855
Ceyhan-Adana (VI), 1872 Samandag-Antakya (IX), 1874
Maden- Elazig, (VIII), 1875 Sivrice-Elazig (VIII) [6].

After the Sivrice earthquake, based on on-ground field
studies: (1) primary surface rupture was not produced by
Sivrice earthquake; (2) the Sivrice earthquake produced
about 30 landslides; (3) the Sivrice earthquake triggered
extensive lateral spreading in Holocene age riverbanks [7].
Turkish Prime Ministry-Disaster and Emergency Manage-
ment Presidency (DEMA) announced the magnitude of the
Elazig-Sivrice earthquake as M_ = 6.8. Also, the coordina-
tes of epicenter were 38.3593 N and 39.0630 E with a focal
depth 8.06 km. The effective duration of the earthquake
was reported as 20.4 s.

The epicenter was approximately 37 km to the south of
the Elazig city center and 64 km to the east of the Malatya
city center [8]. Various institutions explained the magni-
tude and source characteristics of the earthquake as given
in Table 1.

The peak value of ground acceleration was obtained as
0.294 ¢ at the Elazig-Sivrice station (g is the gravitational
acceleration). This value is smaller than the design acceler-
ation value given in Turkish Seismic Code [9] (0.3-0.4 g)
and Turkish Building Earthquake Code [10] (0.6—0.7 g).
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Table 1 Characteristics of 24.01.2020 Sivrice-Elazig earthquake

Data Time Latitude Longitude hhypo Magnitude
Source (GMT) (N) (E) (km) (Mw)
AFAD? 17:55:11  38.3593 39.0630 8.06 6.8
KOERI®  17:55:14  38.3775 39.1042 4.8 6.5
USGS¢ 17:55:14  38.390 39.081 11.9 6.7
EMSC! 17:55:14 38.37 39.22 15 6.8

a) Turkish Prime Ministry-Disaster and Emergency Management
Agency, DEMA; b) Kandilli Observatory and Earthquake Research
Institute; ¢) United States Geological Survey; d) European-Mediterranean
Seismological Centre

Table 2 shows the characteristics of the strong motion accel-
erations of Sivrice-Elaz1g earthquake. In this table, PGA is
the peak ground acceleration and Repi is the epicentral dis-
tance from the station. The maximum acceleration records
of the Sivrice earthquake obtained at Sivrice Station which
located approximately 23.8 km to the epicenter. The peak
acceleration values of this record are 235.8, 292.8, and
178.6 cm/s? for North—South (N-S), East-West (E-W), and
Vertical (U-D) components, respectively (Fig. 2).

The earthquake was felt over a very large area including
20 towns in Turkey. It was determined that 633 buildings
collapsed, 10492 buildings were severely damaged, 2161
buildings were moderately damaged, and 16046 buildings
were slightly damaged in Elazig and Malatya provinces.
After the earthquake, the predicted intensity map pre-
pared automatically shows that the intensity value in the
center of the earthquake is I, = VII (Fig. 3) [11].

After the mainshock until February 8, 2020, 34 earth-
quakes between the magnitude 4.0 and 4.9, one earthquake
with a magnitude of 5.1 occurred according to the Kandilli
Observatory and Earthquake Research Institute (KOERI)
(Fig. 4). 1185 aftershocks occurred in the first 16 days
(Fig. 5). According to the seismic zone map of Turkey
(made by ministry of Public Works and Settlement in 1996
(see DEMA [8] and Fig. 6), Turkey is divided into the
five seismic zones. Elaz1g is located on the zone 1 and 2
(first- and second-degree earthquake zones). Zone 1 (red-
color) represents the highest seismic hazard whereas zone 5

Table 2 Characteristics of the strong motion records of M| = 6.8 Sivrice-Elazig Earthquake at nearest stations

Station information Rep, (km) PGA (cm/s?)

Name Latitude (N) Longitude (E) N-S E-W U-D
2308-Elazig-Sivrice 38.45 39.31 23.81 235.790 292.803 178.577
4404-Malatya-Piitiirge 38.20 38.87 24.55 193.600 228.446 110.623
2301-Elazig-Merkez 38.67 39.19 36.39 118.144 137.780 65.894
0204-Adiyaman- Gerger 38.03 39.03 36.81 94.312 110.116 59.203
4401-Malatya-Merkez 38.35 38.34 63.04 73.233 87.631 37.353
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Fig. 2 January 24, 2020 Sivrice-(Elazig) earthquake acceleration
records obtained from the Elazig-Sivrice station; a) N-S component,

b) E-W component, ¢) U-D component
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Fig. 3 Intensity map of Elazig-Sivrice earthquake on 24 Jan 2020 [11]

Fig. 4 Sivrice-Elazig earthquake and aftershocks (4.0 <M < 5.1) until
8 February 2020 [11]
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Fig. 6 Seismic zone map of Turkey [8]

(white color) represents no seismic hazard zone. In this map,
the first- and second-degree zones require a peak ground
acceleration of 0.4 g and 0.3 g for buildings, respectively.

The new earthquake hazard map of Turkey came into
force simultaneously with the TBEC- 2018 (Fig. 7). In the
new map, earthquake zone concept was removed, and
the highest ground acceleration values were described.
According to this map, the peak ground acceleration (PGA)
values obtained from the 475-year period of the Sivrice-
Piitiirge segment are 0.6—0.7 g.
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Fig. 7 New earthquake hazard map of Turkey [8]

Several studies had been done relate to structural dam-
ages of buildings (adobe, masonry, and reinforced con-
crete) and field observations after the past earthquakes
in various regions. Naseer et al. [12] carried out a field
investigation on the seismic behavior of reinforced con-
crete and masonry buildings in Northern Pakistan during
the 2005 Kashmir Earthquake. Also, they presented an
overview about 1937 Quetta building code and the 1986
and 2007 building codes of Pakistan. Ural et al. [13] eval-
uated the seismic response of masonry buildings after
the Bala earthquake in 2007. Taucer et al. [14] focused
on the seismic response of non-engineered structures
(i.e., adobe buildings) during the 2007 Peru earthquake.
Zhao et al. [15] investigated building performance during
and after the 2008 Wenchuan earthquake in China. They
evaluated reinforced concrete frame, reinforced concrete
confined masonry, unreinforced and unconfined masonry,
industrial, local vernacular, and historical buildings.
Augenti and Parisi [16] carried out a study about con-
struction failures of L'Aquila earthquake in Italy. They
evaluated significant observed damages with theoretical
failure modes for both reinforced concrete and unrein-
forced masonry buildings. Adanur [17] assessed the seis-
mic performance of unreinforced structures in particu-
larly masonry structures during the 20 and 27 December
2007 Bala-Ankara earthquakes. Celep et al. [18] carried
out studies about structural damages of reinforced con-
crete and masonry buildings after the 2010 Kovancilar and
Palu (Elazig) earthquakes in Turkey.

Kam and Pampanin [19] evaluated the performance of
reinforced concrete buildings after the February 22, 2011
Christchurch earthquake in New Zealand. Sorrentino
et al. [20] assessed the vernacular buildings which showed
very poor seismic performance in the 2012 Emilia earth-
quakes in Italy. Penna et al. [21] investigated the seismic
performance of modern masonry buildings in comparison
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to older ones in 2012 in Emilia (Italy) earthquake. Calayir
et al. [22] assessed the damages of various structures (rein-
forced concrete, masonry, adobe and himis) during the
March 8, 2010 Elazig-Kovancilar earthquake in Turkey.
Ates et al. [23] and Bayraktar et al. [24] carried out a field
investigation and investigated the damages of reinforced
concrete structures during the 2011 Van earthquakes.
Sayin et al. [25] assessed the cause of damages and failures
of adobe and masonry structures during the 2011 Maden-
Elazig (M, = 5.4) earthquake in the rural area. Also, they
suggested some proposals to improve the earthquake per-
formance of vernacular buildings. The largest of the dam-
ages to adobe buildings occurred at the archaeological site
of Bam, Iran due to the 2003 Bam earthquake [26]. Indirli
et al. [27] analyzed the technical features of unreinforced
masonry (URM) buildings and investigated the seis-
mic behavior of these buildings after the Abruzzo 2009
earthquake in Italy. Piroglu and Ozakgul [28] carried out
a site investigation about masonry buildings after the 2011
Van earthquakes in Turkey. Sharma et al. [29] assessed
field investigation on the performance of building struc-
tures during the 2015 Gorkha earthquake in Nepal. They
discussed case histories of damaged buildings, the pat-
terns, and the failure mechanisms. Ahmadizadeh and
Shakib [30] discussed and evaluated the structural behav-
ior of buildings and lifeline systems in Bam region after
2003 Bam earthquake. Also, some recommendations were
given in order to prevent the occurrence of such damages.
Atmaca et al. [31] investigated the performance of mina-
rets and mosques in the two affected areas around Elazig
and Malatya provinces after the 2020 FElazig-Sivrice
earthquake. Goger [32] carried out a study about structural
evaluation of masonry buildings in the Tepekdy settlement
connected to Gokceada after the April 24, 2014 Gokceada
earthquake in the Aegean Sea. For this purpose, thirty
rural houses which built in the 1960's with traditional
materials were evaluated. Temiir et al. [33] evaluated geo-
technical and structural damages during the 2020 Elazig-
Sivrice earthquake in Turkey. Also, they suggested some
suggestions for the preparation of the region in question on
active faults for possible earthquakes.

Nemutlu et al. [34] assessed reinforced buildings during
the 2020 Elazig earthquake. Giinaydin et al. [35] pro-
vides an evolution of seismological characteristics of the
earthquake, including recorded accelerograms and accel-
eration response spectra after the 2020 Elazig-Sivrice
earthquake. Also, the damage and collapse mechanisms
observed in masonry building in the earthquake area were
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investigated. Sisti et al. [36] investigated the response of
buildings in Campi Alto which was strengthened in the
past 30 years after the 2016 Central Italy seismic sequence.
According to the visual inspections carried out after the
2016 seismic sequence, they obtained that he behavior of
buildings in Campi Alto was not satisfactory. Tarque and
Pancca-Calsin [37] conducted a survey for investigate the
construction defects and typologies of house type struc-
tures in San Miguel. Additionally, 24 piles and 24 small
structural walls were constructed and tested for character-
ize and examine the physical-mechanical properties of the
masonry walls in San Miguel.

In the present paper, the damages and failures of
masonry, adobe and historical structures were assessed in
the affected areas.

2 Evaluation of structural damages

2.1 Adobe and masonry buildings

In the rural areas, many people still live in adobe and
masonry buildings in the various parts of the world. Adobe
is one of the oldest building materials. It has been used as
a construction material for hundreds of years. This type
of construction is used mainly low-income rural popula-
tions. Adobe bricks are produced from mixing clay, sand,
straw, and water. These mixtures are shaped into bricks
and left to dry under the sun. Adobe is very weak against
water and mechanical affects. Horizontal wooden ties can
be used to increase the bearing capacity of adobe walls.
In Turkey, adobe has been widely used in Anatolia since
prehistoric times [38]. The foundations of abode buildings
are commonly constituted with stones. Due to advantages
of local availability of raw materials, simple construction
techniques and insulation properties, adobe and masonry
buildings are generally preferred in the rural parts of
Turkey. In these buildings, wall thickness varies between
300 mm to 700 mm. Also, lime plaster which is approxi-
mately 5 cm was used the interior and exterior surfaces of
the adobe and masonry walls. In the area affected by the
Sivrice- Elaz1g earthquake, the majority of the buildings
are adobe in the rural area of Malatya and Elazig towns
which is the most effective regions in the earthquake.
Most of the adobe buildings in the earthquake area had
been damaged. Also, latest earthquakes demonstrated that
adobe and masonry buildings are the vulnerable system to
earthquake motions [18, 22, 30]. Also, masonry buildings
(stone and brick) generally exist in the earthquake area.
These buildings can be classified into two different types
in terms of using construction material in the earthquake

region. These are stone and brick masonry buildings.
Stone, brick, and adobe materials which are used in
masonry and adobe structures have high compressive
strength according to tension strength. These structures
are constructed in small towns and generally designed
for vertical loads according to traditional rules without
any engineering services [18, 25]. In Turkey and the area
affected by the Sivrice-Elazig earthquake, construction of
unreinforced masonry buildings is common and limited
amount of confined masonry buildings co-exists. Stone
masonry buildings were constructed with rubble stones
gathered from surrounding places. Mud mortars were
mostly used instead of cement mortar as binder both stone
and brick masonry buildings because of economic rea-
sons [18, 24]. Considerable damages occurred in masonry
buildings for different reasons such as poor workmanship
and inappropriate construction material. Experience shows
that masonry buildings, such as adobe buildings, demon-
strated low seismic performance in Turkey even at mod-
erate level earthquakes [13, 24, 28]. Seismic vulnerability
assessment is generally focused on structures character-
ized by the existence of rigid diaphragms whose global
response is ruled by in-plane mechanisms. The behavior of
masonry structures characterized by a flexible diaphragm
is controlled by in-plane and out-of-plane failure mecha-
nisms [39]. This type of diaphragm does not adequately
increase the lateral stiffness of the structure [40]. In these
buildings, load bearing walls straightly transferred verti-
cal loads to the foundations from the roof and the floors.
However, these walls are subjected to in- and out-of-plane
bending effects and in-plane shear effects under hori-
zontal forces during the earthquake. Tensile strength of
the adobe and masonry material can be easily exceeded
during an earthquake, and cracks are suddenly occurred,
and they collapse many times. Also, heavy walls and roofs
of adobe and masonry buildings are attracted large inertia
forces during the earthquake. Nevertheless, adobe walls
are thicker than clay brick walls. These heavier walls are
attracted larger inertia forces during an earthquake [41].
These forces often result in large cracks or collapse at the
adobe and masonry buildings.

The extent of damage to an adobe and masonry build-
ing subjected to an earthquake is generally depends on the
severity of the ground motion, the geometry of the structure
(the configuration of the bearing walls, roof, openings etc.),
and the condition of the building. In the earthquake region,
one- and two-story adobe and masonry buildings are com-
mon. These buildings were built according to traditional



rules by masons or homeowners using local materials with
non-engineered services. Because of low strength con-
struction material, adobe buildings have mostly thick, mas-
sive and load bearing walls. Therefore, these structures are
also termed as non-engineered structures. The most sig-
nificant weakness of adobe and masonry buildings is that
they are made of a material that is weak in terms of both
tension and shear.

As the earthquake damage observations and subsequent
experiments show that, masonry walls fail in three differ-
ent failure modes (sliding shear failure, diagonal crack-
ing mode and flexural failure) when subjected to in-plane
loads (Fig. 8). Additionally, these various types of fail-
ures may occur simultaneously. The failure mechanisms
depend on the geometry of the wall (height/width ratio)
and quality of materials, but also on boundary restraints
and loads acting on the wall [42, 43]. Also, masonry walls
show a weak response in perpendicular direction during
the earthquake. For this reason, out-of-plane mechanism
can generally occur.

In-plane mechanism was observed in most of these
buildings that are affected by shear cracking in the earth-
quake area. Figs. 9 and 10 show in-plane wall failure (diag-
onal cracking) due to the in-plane load. In the area struck
by the Elazig-Sivrice earthquake, most of the masonry
buildings did not have sufficient and proper bond beams
to enhance the lateral strength of the walls. The stiffness

190

Flexural

Sliding shear

Fig. 8 Typical failure modes of masonry walls, subjected to in-plane

seismic load [42]
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of the walls has been decreased by large openings on the
walls. Also, these openings increased the shear effects.
The requirements of the solid walls and openings of
load-bearing walls are presented in Fig. 11 [10]. Turkish
Seismic Code (TSC) requires the reinforced concrete bond
beams to limit this type of failure. Fig. 12 illustrates vertical
bond beam which increase the earthquake performance of
masonry buildings. Also, Figs. 13(a) and (b) show the hor-
izontal bond beam at the intersection and at the corner of
the walls, respectively [9]. A horizontal bond beam above
the wall can provide an effective mechanism to transfer the

Fig. 10 Diagonal cracking in masonry buildings

Fig. 9 Diagonal cracking in adobe buildings
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load between the roof and wall [13]. Load bearing walls
are subjected to in-plane and out-of-plane bending effect
and in-plane shear effects under lateral earthquake forces.
Due to the low shear and flexural strengths, these walls
have brittle behavior [28, 33, 44]. Because of the poor con-
nections among the walls and the roofs, lack of horizon-
tal wooden ties, and unsupported wall lengths, each wall
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when subjected to earthquake loads. These wooden ties are
used frequently in the stone masonry structures. The out-
of-plane performance of unreinforced masonry (URM)
walls is weaker than in-plane performance of these walls
owing to inherent weakness of masonry in tension. For this
reason, even a moderate earthquake causes wall cracking,
and the wall undergoes inelastic out-of-plane wall defor-
mations. During earthquakes, load-bearing walls are
prone to separation from transverse walls and floors. When
there is not adequate continuity in the masonry of orthog-
onal sets of walls or floors structures are not sufficiently
anchored to them, dramatic collapses of both facades and
floors are observed [20]. Poor connections among inter-
secting walls or wall-to-floor connections, using lack-
ing vertical and horizontal bond beams and the length of
unsupported walls can be cause out-of-plane mechanism.
During the earthquake, significant portion or whole of the
wall can overturn and cause damage. The separation can
occur either vertically or diagonally. Fig. 14 shows some of
the common out-of-plane mechanism [45].

]
&

250 mim

(b)

Fig. 13 Details of the horizontal bond beams; (a) intersection of the walls, b) corner of the walls
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Fig. 14 Damages patterns associated with out-of-plane mechanism [45]

Wooden logs are mostly used as roof beams in Turkey.
These logs are placed on two parallel load-bearing walls.
Thus, the perpendicular walls which are not restrained at
the roof level may easily overturn. Figs. 15 and 16 illus-
trate out-of-plane movement of the fagade wall in an adobe
and masonry building, respectively.

Fig. 17 shows overturning of the facades perpendicu-
lar to each other. Also, vertical cracks can see in Fig. 17.
To prevent these behaviors in masonry buildings, the
Seismic Code requires that the maximum unsupported
length of a wall should not exceed 5.5 m in the Seismic
Design Category (SDC) 1, 1a, 2 and 2a and 7.5 m SDC 3,
3a, 4 and 4a in the plan (Fig. 18(a)). Every 4 m long vertical
bond beams should be used in the plan. Also, the unsup-
ported wall length should not exceed 16 m (Fig. 18(b)) [10].
However, most of the masonry structures in the earth-
quake region did not meet these specifications. Fig. 16 Out-of-plane wall failure of fagade wall in masonry buildings

Fig. 17 Out-of-plane wall failure of fagade wall in masonry buildings
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Fig. 18 Maximum unsupported wall length and span between vertical bond beams [10]; a) with reinforced concrete vertical beams,
b) without reinforced concrete vertical beams

Also, out-of-plane failure of gable walls were observed
in the earthquake region. These components are very vul-
nerable to out-of-plane lateral loads because they have
large unsupported infill walls. They are not well connected
to the floor and roof of the structure. Fig. 19 shows the
damage of a gable wall.

If the gable walls exceed 2 m in height, Seismic Code
requires using vertical and inclined reinforced concrete
bond beams to prevent gable wall damages as shown in
Fig. 20. Owing to the lack of connection between loadbear-
ing walls and the absence of bond beams, corner damages
occur at wall to wall and wall to roof connections when
subjected to out-of-plane behavior. Corners connections
have high stress concentrations during the earthquake. Due

Fig. 19 Gable wall damages

to cantilever-like behavior, top corners of the buildings are
more vulnerable. TSC requires reinforced concrete vertical
bond beams to limit corner damage (Fig. 18). These beams
increase the seismic performance and lateral stiffness of
masonry buildings. Corner damage was a common dam-
age type in the earthquake region. Fig. 21 presents corner
damage to masonry and adobe buildings.

Also, disintegration of masonry walls was observed in
stone masonry buildings in the earthquake region. Stone
masonry buildings which are located on the earthquake
area were constructed with multi-leaf walls. Large coarse
stones were adopted to arrange the external leaves of the
bearing walls, and they covered an internal filling made of
with small size stones and mud mortar. Insufficient con-
nections were observed between the exterior and interior
layers of the wall. Therefore, layers of these walls behaved
independently and separated from each other very easily
during the earthquake. Delamination as generally local-
ized in the upper part of the masonry walls. The thickness
of these stone walls was approximately 50—60 cm (Fig. 22).

Reinforced
Concrete
T T 1
e o ) Bond Beam
P LT I~
T T - 11 I
32 e v P Y S | [ V. N P R P

Fig. 20 Reinforced concrete bond beam using gable wall
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In the earthquake region, heavy earthen roofs were
constructed over wooden logs especially in adobe build-
ings to provide water and thermal insulation. The roofs
were generally constituted of dried mud whose thick-
ness ranged between 30 and 100 cm [43, 46]. Because of
weather conditions, these roofs lose their effectiveness in
winter and the residents made a new earthen layer on top
of the existing roof. Therefore, the thickness and weight
of the earthen roof increased in time. This type of heavy
earthen roofs increased the mass of the buildings and
caused large inertial forces during the earthquake motion.
Fig. 23 shows the heavy earthen roof and damaged stone

masonry building in the earthquake region.

Fig. 22 Disintegration of stone masonry walls (insufficient connection

between layers)
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Fig. 21 Corner damages to adobe and masonry building; a) Adobe building, b) Masonry building

Also, the interior or exterior plaster of adobe and stone
masonry walls was partially or totally spalled (Fig. 24).
Due to the effects of the strong future aftershocks, these
walls can be collapse.

There are also certain masonry buildings built with var-
ious materials, such as brick-adobe, stone-brick, and stone-
adobe units, which were used either within the same wall

Fig. 23 Heavy earthen roof and damaged stone masonry building

Fig. 24 Plaster spalling of the masonry and adobe walls
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or different parts of the buildings located in the earthquake
region (Fig. 25). Turkish Seismic Code does not allow
these type buildings. Different materials caused stiffness
and strength concentration in some portions of a wall or in
some parts of a building. Under the earthquake loads, this
different configuration caused load redistribution prob-
lems. Also, additional torsional moments could occur.

2.2 Cultural heritage structures

In the earthquake region, there are some historical struc-
tures in Battalgazi town of Malatya (Fig. 26). These cul-
tural heritage structures can be classified as mosques, car-
avanserais, and mansions. Caravanserais are important and
magnificent structures with thick and tall walls. The word
caravanserai derives from the Farsi word karban (caravan)

and saray (palace). They are nonprofit institutions that have
been built on the main roads between cities for accom-
modation of caravans and passengers. Cultural heritage
structures are vulnerable to earthquakes and many exter-
nal effects (flood, fire, war, wind etc.) and even moderate
earthquakes can cause significant damage to these struc-
tures [47, 48]. In the region, these heritage structures were
constructed with stone, brick, and traditional mortar.
Stones collected from local region were generally used
in these structures. The type of stones is based on vol-
canic tuff. Some of these structures were restored in the
past years. Also, volcanic tuff was used for the restoration
of these structures. Volcanic stones were obtained from
quarry to the west of the Malatya province [49]. Historical

mosques can be seen in Fig. 26.

@

(b)

Fig. 25 Masonry buildings having different material; a) Brick and adobe, b) Brick and stone

Fig. 26 Historical structures in Battalgazi town of Malatya
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(@) (b)

©

Fig. 27 Undamaged historical structures after the earthquake; a) Karahan mosque, b) Toptas mosque, ¢) Akminare mosque

These historical structures had no damage. Karahan
and Toptas mosques are the oldest mosques in the region
(Fig. 27(a)—(b)). Karahan and Toptas mosques were built
in 1582 and 1588, respectively. Also, these mosques do
not have a dome. Akminare mosque was constructed in
1792 (Fig. 27(c)). Horizontal tie beams were used in these
mosques. Openings which increased the shear effects
during the earthquake were not close to the corner and
each other and these openings were not large.

Also, some thin cracks with limited length were
observed at the Silahtar Pasa Caravanserai after the earth-
quake (Fig. 28). The Silahtar Pasa Caravanserai located in
Battalgazi was constructed in 1637 (Fig. 29).

Another historical building is the Yeni Mosque in
Malatya. Yeni Mosque was destroyed during the earth-
quake in 1895. The mosque was rebuilt using cut stones in
1912 with a square plan of 28.5 m. It has five domes, one
main dome and four small domes. It was damaged again on
June 14, 1964, Adiyaman-Sincik earthquake. The mosque
was again repaired after the earthquake. The main dome
of the mosque was damaged during the Sivrice-Elazig
earthquake. Some diagonal stepped cracks observed on the
wall under the main dome and fagade wall of the mosque

Fig. 28 Damage to Silahtar Pasa caravanserai

(Fig. 30). Also, some minor cracks were observed in var-
ious parts of the walls. It was closed to worship after the
earthquake for repairing (Fig. 31).

3 Conclusions

In this paper, the damages and failures of masonry, adobe
and historical structures affected by the 24 January 2020
Sivrice-Elazig earthquake is presented. In the earthquake,
41 people lost their lives and 1632 injured. Also, exten-
sive seismic damage occurred under such a moderate

Fig. 29 General view of the Silahtar Pasa Caravanserai
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Fig. 30 Damages to Yeni Mosque

earthquake. The achieved value of the peak ground acceler-
ation was 0.294 g. This value is lower than the design accel-
eration value defined in the Turkish Seismic Code 2007 and
2018. This situation confirmed that the seismic load capac-
ity of unreinforced masonry and adobe buildings is very
low. After the earthquake, building construction was started
at a total of 67 points in 14 central neighborhoods and 6 dis-
tricts with an investment cost of 500 million dollars.

After the reconnaissance observations, some of the
most common damage causes are given below during the
earthquake.

* Multi-story adobe buildings

» Lack and discontinuous of the tie beams

* Heavy earthen roof

* Poor workmanship

» Low strength and quality of the material

* Use of different materials in the same wall

* Multi-leaf walls

* Mud mortar binder

» Insufficient distance between two openings

* High gable walls with non-suitable tie beams

* OQOut-of-plane failure
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