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Abstract

On 6 February 2023, two significant seismic events occurred in the southeastern region of
Tiirkiye. The seismic activity, which was perceptible in numerous countries beyond Tiir-
kiye, resulted in a considerable number of fatalities. A considerable number of individuals
lost their lives and were rendered homeless as a result of the disaster. Two of the most sig-
nificant factors contributing to the occurrence of these tragedies are the magnitude of the
earthquake and structural deficiencies. The present study is concerned with a detailed anal-
ysis of these two factors. This study initially considers the seismicity of the region where
the earthquakes that occurred on 6 February 2023 took place, as well as the seismic char-
acteristics of these earthquakes. Subsequently, the findings of the field studies conducted in
Hatay, Adiyaman, Kahramanmarag and Malatya, the cities where the earthquakes caused
the most destruction, are presented. The objective of the field study is to ascertain the col-
lapse patterns, structural damages and the factors influencing these damages in reinforced
concrete structures in the region. The primary causes of damage to structures can be attrib-
uted to several factors, including the presence of a strong beam-weak column mechanism,
the soft story-weak story mechanism, the pounding effect, the short column damage, the
long cantilever and overhangs, the short beam damage, the buckling damage, the torsion
effect, the quality of the materials, the insufficient transverse reinforcement, the compres-
sive failure due to over-reinforcement, the corrosion effect, the damage to reinforced con-
crete shear walls, the infill wall damage, and the damage caused by the soil and foundation
system. These causes have been evaluated and recommendations have been formulated to
prevent structural damage.
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Natural Hazards

1 Introduction

Natural disasters have been a great threat to societies in the past. The most devastating
of these threats is earthquakes. Earthquakes occur naturally due to plate movements but
also occur artificially. Earthquakes cause serious loss of life and property in regions with
negative conditions such as weak soil conditions, weak building stock, and improper work-
manship. The loss of life and property following earthquakes causes great losses in the
country’s economy and social trauma. States and societies need to be constantly prepared
for this earthquake danger. These preparations are carried out in many ways. Some of these
include preventing construction in areas with risky soil class and close to faults, or ensur-
ing that construction is carried out by taking important precautions and strengthening or
reconstructing risky building stock. In addition, the design and construction of new build-
ings are carried out by the current earthquake regulations.

After the earthquake, it was observed that many buildings survived the earthquake with
good performance thanks to the designs made by the earthquake regulations. Therefore,
it is very important to design structures appropriately. However, correct design is only
possible by understanding what kind of damage the earthquake causes to the structures.
Heavy experiences of the past contribute to the development of earthquake-resistant build-
ing designs and, accordingly, cause earthquake regulations to be constantly updated. Thus,
codes for the design principles of more durable structures are determined.

Field studies after earthquakes provide valuable data in many aspects. Some of these
are to determine and analyse the type/size of damage, to determine the intensity and dis-
tribution of damage, to assess regional and local structural risks, to provide planning and
emergency planning for possible new earthquakes, to understand what type of retrofitting
methods are needed in which types of buildings, to develop suggestions for the construc-
tion of new structures with high earthquake performance, and to develop new recommen-
dations/updates for earthquake codes. Conducting a field study after earthquakes is like
evaluating the results of a large experimental study carried out in an earthquake laboratory.
It is a very difficult and costly process to learn the earthquake behaviour of real structures
in a laboratory. However, for earthquakes occurring on the earth, determining and evaluat-
ing the performance of structures does not require researchers to do this difficulty and cost.
Therefore, it is very valuable. The most important thing that researchers should do is to
evaluate the earthquakes occurring in the earth laboratory with their knowledge and expe-
rience and to determine their effects on the performance of the structures. Many studies
present the results of field studies carried out to determine the performance of structures
after earthquakes and the solution proposals developed in light of these results. Here, some
of the studies on a field study conducted by researchers will be mentioned.

Yon et al. (2013) conducted a field study after the earthquake that occurred in the Simav
district of Kiitahya on 19 May 2011 and evaluated the damage causes and collapse mecha-
nisms of reinforced concrete and masonry buildings.

After the 23 October 2011 and 9 November 2011 Van (Tiirkiye) earthquakes, many
researchers conducted field studies. Yon et al. (2015) identified the main reasons for heavy
damages as low quality of structural materials, lack of engineering services, inappropri-
ate design and construction with insufficient detailing of the structural elements. Bayraktar
et al. (2013) found that 26% of the damaged building stock did not have a building license,
36% did not have a static project, 57% had an inadequate static project and the majority of
the buildings (85%) did not have any soil report. Celebi et al. (2013) stated that the earth-
quake spectra calculated with the records taken from the near-site station are well below the

@ Springer



Natural Hazards

design spectra given in the national code and that the damages in the structures are there-
fore caused by the designers not taking into account the design code or the constructers not
constructing the structures as designed. Tagkin et al. (2013) stated that extensive liquefac-
tion triggered lateral spread, landslide, and slope failures occur in non-residential areas and
that one of the main reasons for heavy damages in Ercis was soil amplification. Yon et al.
(2019) found that many infill and partition walls of reinforced concrete buildings were not
designed according to engineering requirements. Ates et al. (2013) found that aftershocks
also caused progressive damage to the buildings within 17 days after the earthquakes.

After the 24 January 2020 Elazig (Tiirkiye) earthquake, many researchers conducted
field studies and obtained valuable findings. Atmaca et al. (2020) determined that a sig-
nificant part of collapsed and damaged mosques and minarets did not receive adequate
engineering services and/or were constructed without following national guidelines. Caglar
et al. (2023) and Sayn et al. (2021) stated that many structural insufficiencies and errors
such as non-seismic reinforcement detailing, non-conforming earthquake-resistant con-
struction techniques, poor quality of concrete, and poor workmanship in buildings cause
damage. Dedeoglu et al. (2022, 2023) identified the causes of damage to reinforced con-
crete structures and the types of damage in masonry buildings discussed the causes of
these damages. They presented some retrofitting methods to improve the performance of
masonry buildings with poor seismic performance against future earthquakes. Yetkin et al.
(2020) identified the sections of damage to minarets in Elazig province and assessed the
causes of this damage. At the end of the study, they made some recommendations for the
repair and strengthening of existing damaged minarets and the construction of new mina-
rets. Dogangiin et al. (2021) presented damage evaluation and identification for the dam-
ages observed in the earthquakes in the eastern region of Tiirkiye and suggested possible
solutions.

After the 6 February 2023 earthquakes, one of the largest earthquakes of the twenty-
first century, many researchers conducted field studies. Altunsu et al. (2024) encountered
various problems in their research for reinforced concrete buildings and steel structures.
Some of these problems are insufficient shear reinforcement, neglect of corrosion, utilizing
low-quality concrete, insufficient development length in flexural reinforcement, and strong
beam-weak column failure. Altunigik et al. (2023) emphasized the importance of comply-
ing with the regulations, conducting the performance evaluations and controls of the build-
ings according to the renewed earthquake regulations, and if necessary, repairing-strength-
ening works as a result of their field observations. Atmaca et al. (2023, 2024) presented
a field investigation of engineering structures and found that many of the errors deter-
mined by professionals from previous earthquakes still exist today in the areas affected
by earthquakes. Avcil et al. (2024) observationally evaluated the effects of earthquakes
on soil, reinforced concrete, masonry, prefabricated, and other structural systems. As a
result of geotechnical and structural investigations conducted in various provinces, Demir
et al. (2024) determined that reinforced concrete structures were damaged due to common
reasons such as poor material quality, poor workmanship, unsuitability of reinforcement
detailing, and inadequate earthquake-resistant construction techniques, and prefabricated
concrete and masonry structures were damaged due to common reasons such as inadequate
engineering service, poor materials, deficiencies during construction. Erkek and Yetkin
(2023), and Coggun (2023) investigated the performance of historical structures after the
6 February 2023 earthquakes. Haciefendioglu et al. (2024) focused on the identification
of collapsed buildings through deep learning-based image segmentation models using sat-
ellite images from a region covering the eleven provinces in the south and southeast of
Tiirkiye that were most affected by the Mw 7.7 Pazarcik (Kahramanmaras) and Mw 7.6
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Elbistan (Kahramanmaras) earthquakes. Hussain et al. (2023), in their preliminary assess-
ment for earthquakes, state that we can mitigate the risk of a future tragedy by addressing
the issues of exposure, corruption, and poverty through strong governance mechanisms,
and by ensuring universal access to good quality homes built to regulations that are tailored
to the local seismic hazards. Ince (2024) stated that the earthquake codes were overlooked
in the reinforcement details of reinforced concrete buildings in Adiyaman province and that
the damages caused by the design errors made by the designers were very common. Igik
et al. (2023; 2023) identified the collapse and failure mechanisms of existing unreinforced
masonry buildings and 27 masonry and reinforced concrete mosques and minarets in rural
Adiyaman province and the causes of structural damage. Isik (2023) determined the main
causes of failure and collapse mechanisms of adobe structures and presented some sug-
gestions for the prevention of structural damage in the adobe structures in the earthquake
region. Kahya et al. (2024) pointed out the possible reasons for damage to masonry build-
ings and performed numerical simulations of a historical building in Hatay. At the end of
the study, they presented some retrofitting proposals to assist the authorities in charge of
the reconstruction and rehabilitation programs to better the interpretation and understand-
ing of the seismic performance of masonry buildings. Kocaman (2023) determined that
dome collapses and carrier wall damages in the historical mosques, and damages in the
transition sections and spire parts of the minarets in the region, were concentrated. Mer-
cimek (2023) and Onat (2024) presented the damage observed in masonry structures and
made some suggestions for strengthening methods that can be used in masonry structures.
Nemutlu et al. (2023) aimed to evaluate the actual losses by using the methodology used
in the loss assessment study, which can predict losses due to earthquakes. Nemutlu et al.
(2021), investigated structural damage conditions in reinforced concrete and masonry
structures and expressed that they observed many structural deficiencies and mistakes such
as non-ductile details, poor concrete quality, short columns, strong beams-weak columns
mechanism, large and heavy overhangs, masonry building damages and inadequate rein-
forcement arrangements. Ozkula et al. (2023) conducted a general field study of residential
structures, bridges, schools, hospitals, and places of worship, building foundations, earth
dams, harbours, lifelines, ports, deep excavations, and retaining structures, and presented
the damage they observed in these structures. Oztiirk et al. (2023a) stated that the effects
of design and application mistakes are quite high in the heavy destruction caused by earth-
quakes and that the earthquake code design criteria and requirements are insufficient in
some regions. Oztiirk et al. (2023b) investigated the damage types in various public-school
buildings and discussed the causes of this damage. Oztiirk et al. (2024) presented the
results of their comprehensive assessments for various categories of structures, including
liquid storage tanks, silos designed for the storage of grain-like materials, prefabricated
reinforced concrete structures, and low-rise steel industrial buildings. Pujolet al. (2024)
investigated 250 damaged reinforced concrete buildings, the majority of which were con-
structed in the last 10 years. Qu et al. (2023) presented the results of an assessment of the
damage they observed in five base-isolated and seven fixed-base hospital buildings. Wang
et al. (2023) stated that although a large number of buildings (in Hatay) were severely dam-
aged to collapse, the majority of buildings in areas of extreme shaking were lightly or mod-
erately damaged, which implies that well-designed and constructed buildings were able to
survive and protect human lives even in over-design earthquakes. Vuran et al. (2024) pre-
sented a carefully selected set of examples comparing the pre-2000 and post-2000 building
damages and collapses, and also made a detailed comparison of the code developments in
Tiirkiye.

@ Springer



Natural Hazards

This paper presents the results of a comprehensive field study conducted by various
researchers in the most affected provinces immediately after the 6 February 2023 earth-
quakes. Firstly, the tectonics of the region and the seismic characteristics of the 6 Febru-
ary 2023 earthquakes are introduced. Then, the damages observed in reinforced concrete
structures during the field studies are presented and an assessment is made for these dam-
ages. At the end of the study, intervention strategies and retrofitting recommendations for
existing damage are provided, as well as information on how to prevent similar damage in
possible earthquakes.

2 Tectonics and seismicity of the region

Tiirkiye is in the Mediterranean earthquake zone, comprising the African, Arabian, Anato-
lian, and Eurasian plates. The colliding of African and Eurasian plates has caused complex
deformations that can be seen in the form of both horizontal and vertical thrust faults. The
North Anatolian Fault Zone (NAFZ), the East Anatolian Fault Zone (EAFZ), and the West
Anatolian Stress Structure are the three main formations that govern seismic activity and
hazards in Tiirkiye within this tectonic plate configuration (Fig. 1) (Bozkurt 2001). These
formations have produced numerous earthquakes at their boundaries throughout history.
Figure 2 illustrates the seismic activity that has occurred on these boundaries over the past
century.
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Fig.1 Simplified tectonic map of Tiirkiye and Global Seismic Hazard Map (adapted from (Bozkurt 2001)
and (Global Earthquake Model Foundation Accessed:13.03.2024))
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Fig.2 Earthquakes in Anatolia, 1900-2023 (Active fault taken (Mineral Research and Exploration General
Directorate 2019) and Earthquake data taken from (US Geological Survey, Earthquake Lists, Maps, and
Statistics Accessed: 13.03.2024))

The EAFZ represents a left-lateral strike-slip fault zone, measuring approximately
30 km in width and 580 km in length, situated between the eastern Turkish Arabian and
Anatolian plates (Kiircer 2023; Parlak et al. 2023). The EAFZ zone is located between
Karliova (Bingdl) in the northeast and Karatag (Adana), Samandag (Hatay) in the south-
west (Fig. 3). According to Duman and Emre (2013), the EAFZ is represented by a simple
fault trace between Karliova and Celikhan and splits into two branches, the northern and
southern branches, south of Celikhan. On the southern branch, which is the main line of
the EAFZ, seven segments, namely Karliova, Ilica, Palu, Piitiirge, Erkenek, Pazarcik, and
Amanos, were identified (Fig. 3). The Amanos Segment was ruptured during the 6 Febru-
ary 2023 Pazarcik (Kahramanmarag) Earthquake (Mw =7.7) (Kiirger 2023). The northern
branch extending between Celikhan and Karatas, districts and expressed by Siirgii, Cardak,
Goksun, Savrun, Cokak, Toprakkale, Yumurtalik, Karatag, and Diizi¢i-Osmaniye segments
is called the Siirgii-Misis fault system. It is approximately 380 km long (Fig. 3). On 6 Feb-
ruary 2023 Elbistan (Kahramanmaras) earthquake (Mw =7.6) occurred on the Cardak fault
(Parlak et al. 2023).
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Fig.3 Segments of EAFZ and Kahramanmaras earthquakes (adapted from (Duman and Emre 2013))
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3 Seismic characteristics of the earthquakes

The earthquakes that occurred on 6 February 2023 have been identified as the most tragic
and distinctive seismic events of the past century. This assessment is based on several fac-
tors, including the geographic extent of the quakes, their magnitude, the absence of any
consecutive earthquakes of this magnitude in recorded history, and the extensive damage
they caused. The characteristics of these destructive earthquakes, as identified by various
international organizations, are presented in Table 1. The magnitude of the first earthquake
was 7.7-7.8, and the magnitude of the second earthquake was 7.5-7.6. The magnitudes of
the earthquakes were found to be quite close to each other. Nevertheless, this proximity
could not be attained due to the magnitude of the seismic event, which ranged between 5
and 20 kms in depth.

The seismic activity, which included a series of powerful earthquakes and their subse-
quent aftershocks, had a direct impact on 11 provinces in the southeastern region of Tiir-
kiye. These provinces include Adana, Gaziantep, Kilis, Osmaniye, Hatay, Kahramanmaras,
Adiyaman, Malatya, Elazig, Diyarbakir, and Sanlwurfa. It is estimated that approximately
15 million people reside in these affected areas (Fig. 4). A considerable number of lives
were lost, and there was extensive structural damage. Furthermore, the severe earthquakes
and their aftershocks resulted in the irreparable loss of infrastructure and natural resources.

The time histories of the acceleration record components recorded in the horizontal and
vertical directions at station 4614 (Pazarcik) for the Pazarcik (Kahramanmarag) earthquake
and at station 4612 (Goksun) for the Elbistan (Kahramanmaras) earthquake are presented
in Fig. 5. The velocity and displacement records derived from the aforementioned accelera-
tion records are presented in Figs. 6 and 7.

In the case of the Pazarcik (Kahramanmaras) earthquake, the maximum values recorded
for acceleration, velocity, and displacement in the horizontal direction were 2.006 g,
81.95 cm/s, and 23.23 cm, respectively. The aforementioned values were recorded as
0.6406 g, 170.78 cm/s, and 23.23 cm for the Elbistan (Kahramanmaras) earthquake. Con-
versely, the maximum acceleration in the vertical direction was calculated as 1.379 g,
the maximum velocity as 32.87 cm/s, and the maximum displacement as 17.32 cm. The
aforementioned values were measured as 0.439 g, 55.95 cm/s, and 35.73 cm for the sec-
ond earthquake. It is noteworthy that the maximum vertical acceleration of the initial

Table 1 The characteristics of earthquakes according to various institutions

Stations First earthquake Second earthquake

Mag- Depth (km) Longitudinal Latitude Mag- Depth (km) Longitudinal Latitude

nitude nitude

M) M,)
DEMA 7.7 8.6 37.06 37.24 7.6 7.0 38.09 37.24
KOERI 7.7 5 37.12 37.11 7.6 5.5 37.21 38.07
USGS 7.8 10 37.02 37.22 7.5 15.0 37.21 38.02
GFZ 7.7 10 37.05 37.23 7.6 15 37.23 38.11
EMSC 7.8 20 37.08 37.17 7.5 10 37.24 38.11

KOERI, Kandilli Observatory and Earthquake Research Institute; DEMA, Turkish Ministry of Interior Dis-
aster and Emergency Management Agency; USGS, United States Geological Survey; EMSC, European-
Mediterranean Seismological Centre; GFZ, German Research Centre for Geosciences
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Fig.4 6 February 2023 earthquakes epicentres and their aftershocks (Earthquake data taken from (DEMA,
Accessed: 13.03.2024) and seismic hazard map (Disaster and Emergency Management Authority 2018)
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Fig.5 Acceleration records of the Kahramanmaras earthquakes (Disaster and Emergency Management
Authority 2023)

seismic event exceeded the acceleration of gravity by 37.9%. The aforementioned mag-
nitudes indicate that the earthquakes were effective in both the horizontal and vertical
planes. A comparison of the two earthquakes, whose moment magnitudes are similar,
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Fig.7 Displacement records of the Kahramanmaras earthquakes (Disaster and Emergency Management
Authority 2023)

reveals that the acceleration values of the Pazarcik earthquake are significantly greater
than those of the Elbistan earthquake. Nevertheless, it is not possible to conclude that a
comparable situation pertains to velocities and displacements. The velocity and displace-
ment values of the Elbistan earthquake are greater than those of the Pazarcik earthquake.
There were earthquake acceleration recording stations in many regions of Tiirkiye that
captured the Kahramanmarag earthquakes. The acceleration values of the first and second
shock, measured at some earthquake recording stations located in some of the primarily
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affected provinces, are given in Tables 2 and 3, respectively. The acceleration records
of the Pazarcik (Kahramanmaras) earthquake, as documented in the central region of
Kahramanmaras, the Nurdagi and Islahiye districts of Gaziantep province, the Adiyaman
provincial centre, and Hatay province in general, indicate that the maximum acceleration
values measured in both the horizontal and vertical directions are notably elevated. Simi-
larly, it is observed that the maximum acceleration values measured in the horizontal and
vertical directions are notably high in the acceleration records recorded in the Nurhak and
Goksun districts of Kahramanmarag and the Akgadag district of Malatya province for the
Elbistan (Kahramanmarag) earthquake. It is seen that the maximum acceleration values
recorded in the horizontal direction at these stations exceed the maximum acceleration
values determined for that region in the 1996 (Ministry of Public Works and Settlement
1996) and 2018 (TBEC 2018) Tiirkiye earthquake maps (for an earthquake with a proba-
bility of exceedance of 10% in 50 years, recurrence period 475 years). A comparison of the
two earthquake maps, evaluated together according to the maximum acceleration values,
reveals that the most recent map is safer than the previous one in terms of earthquake haz-
ard. Nevertheless, it is irrefutable that the recorded maximum acceleration values exceed
the values indicated in the two maps. Furthermore, seismic activity is also highly effective
in the vertical direction.

In the design of structures, earthquake forces are typically calculated using the accelera-
tion design spectra outlined in the relevant codes, with consideration given to the period
of the structure and the soil characteristics of the region in question. It is therefore impor-
tant to evaluate the acceleration spectra obtained from the acceleration records of earth-
quakes. Figures 8, 9, 10, and 11 illustrate the acceleration response spectra of the Pazarcik
(Kahramanmarag) earthquake, while Figs. 12 and 13 depict the acceleration response
spectra of the Elbistan earthquake. These figures have been obtained from the acceleration
records recorded in various provinces, and they are presented alongside the design accel-
eration spectra determined in the last two codes for that region.

The response spectra ordinates obtained from the horizontal and vertical accelera-
tion records recorded at station 4614 (Pazarcik), which is close to the epicentre of the
Pazarcik (Kahramanmarag) earthquake, exceed the acceleration spectrum ordinates pro-
vided for DD1 (severe earthquake) in TBEC-2018 (2018), particularly within the short-
period region. The graphs demonstrate the considerable acceleration and response of the
earthquake. Nevertheless, the response spectra of the acceleration records recorded at Nar
(Narl), 4616 (Tiirkoglu), and 4621 (Merkez/Kahramanmaras) stations of the earthquake
generally approached the design spectrum, and in some periods, exceeded it.

Upon examination of the acceleration response spectra of the acceleration records
obtained from earthquake monitoring stations situated within Gaziantep province, where
the Pazarcik earthquake had a notable impact and resulted in extensive structural dam-
age, it was observed that the acceleration responses of the earthquake recorded at the 2712
(Nurdagi) and 2718 (Islahiye) district stations typically align with or exceed the design
acceleration spectrum specified for this region in the TEC-2007 (2007) guidelines. Upon
evaluation according to the TBEC-2018 design spectrum, the acceleration responses of the
earthquake in question were found to align with the design spectrum.

An examination of the acceleration response spectra of the acceleration records made at
some earthquake recording stations in Hatay province, where the Pazarcik earthquake had
a significant impact and caused considerable damage to buildings, reveals that the accelera-
tion responses of the earthquake recorded at Hassa and Kirikhan stations are typically at
or above the design acceleration spectrum specified for this region in TBEC-2018. Con-
versely, the response spectra from the acceleration records in the Iskenderun and Defne
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Fig.8 Response spectra of the Pazarcik earthquake obtained from acceleration records recorded at earth-
quake acceleration recording stations in the Kahramanmaras province and design spectra given for the sta-
tion area in the last two earthquake codes (Damping ratio 5%) (adapted from Disaster and Emergency Man-
agement Authority (2023)

districts of Hatay province were found to exceed the spectra prescribed for DD1 (severe
earthquake) and DD2 (design earthquake) in TBEC-2018 and TEC-2007 for this region.
The acceleration ordinates exhibited approximately twofold values. It is evident from the
graphs of the two station records that the vertical response of the earthquake may also be
an important factor.

When the acceleration response spectra of the acceleration record components
recorded in Adiyaman, another region affected by the Pazarcik earthquake, were ana-
lysed, it was found that they exceeded (TBEC-2018) and approached (TEC-2007) the
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Fig.9 Response spectra of the Pazarcik earthquake obtained from acceleration records recorded at earth-
quake acceleration recording stations in the Nurhak and Islahiye districts of Gaziantep province and design
spectra given for the station area in the last two earthquake codes (Damping ratio 5%) (adapted from Disas-
ter and Emergency Management Authority (2023)

ordinates of the design acceleration spectra given in the last two earthquake codes,
especially in short periods.

When the acceleration response spectra obtained from the acceleration record of the
Elbistan earthquake recorded at station 4612 (Goksun) are considered, it is observed
that the acceleration responses of the earthquake are close to the ordinates of TBEC-
2018 and TEC-2007 design spectra in short periods but exceed the spectra in medium
and long periods. It even exceeded the coordinates of the TBEC-2018 DD1 accelera-
tion spectrum in some period regions. When the responses of the acceleration records
recorded at station 4631 (Nurhak), located near the epicentre are evaluated, they are
generally parallel to the ordinates of the TBEC-2018 and TEC-2007 design accelera-
tion spectra in medium and long periods.

Upon analysis of the acceleration response spectra of the acceleration record
components recorded in the Akcadag, another region affected by the Elbistan
(Kahramanmarag) earthquake, it was determined that they exceeded the coordinates
of the design acceleration spectra outlined in the most recent two codes during short
periods.

4 Field studies

This section presents the findings of the field studies carried out to determine the
structural damage in reinforced concrete buildings in the cities of Hatay, Adiyaman,
Kahramanmaras, and Malatya. These damages are analysed under different subhead-
ings with solutions proposed.

@ Springer



Natural Hazards

¢ TBEC 2018 (Local Site Class: ZC) DD1 3
33 TBEC 2018 (Local Site Cl; Z7C)DD2 25
3 TEC 2007 (Local Site Class: Z3)
25 E-W
N-S

Geometric Average

Response Acceleration (g)
Response Acceleration (g)

2 0.5
Period (s)

Station ID:3144 (Hassa /Hatay Vs3o: 485 m/s Repi77.04 km

TBEC 2018 (Local Site Class: ZC) DDI
TBEC 2018 (Local Site Class: ZC) DD2

u-b

15
Period (s)

TBEC 2018 (Local Site Class: ZC) DD1

TBEC 2018 (Local Site Class: ZC) DDI
TBEC 2018 (Local Site Class: ZC) DD2
u-b

15
Period (s)

TBEC 2018 (Local Site Class: ZC) DD2 @25
TEC 2007 (Local Site Class: Z3) H
£ E-W E
i N-S E
; 1.5 Geometric Average ‘3
] £
: ! :
k4 -
25 | H

0
0 0.5 1 2 5 3 35 4 0 0.5 1
Period (s)
Station 1D:3142 (Kirikhan/Hatay) Vs3o: 539 m/s Repi: 106.49 km

3.5 <

TBEC 2018 (Local Site Class: ZC) DD1 25

@ 3 TBEC 2018 (Local Site Class: ZC) DD2 2

£2s TEC 2007 (Local Site Class: Z3) -
ERR E-W H
s 1S Geometric Average <
g £
& &
g g
& 05 &

TBEC 2018 (Local Site Class: ZC) DDI
TBEC 2018 (Local Site Class: ZC) DD2
U-D

25

2
Period (s)

Station ID:3135 (iskenderun/Hatay) Vsao: 539 m/s Repi: 106.49 km

1.5
Period (s)

TBEC 2018 (Local Site Class:
TBEC 2018 (Local Site Class: ZC
TEC 2007 (Local Site Class: Z3)

TBEC 2018 (Local Site Class: ZC) DDI
TBEC 2018 (Local Site Class: ZC) DD2
u-D

-E-W
N-S

Geometric Average

Response Acceleration (g)
Response Acceleration (g)

15
Period (s)

Station 1D:3129 (Defne/Hatay) Vsso: 447 m/s Repi: 146.39 km

Fig. 10 Response spectra of the Pazarcik earthquake obtained from acceleration records recorded at earth-
quake acceleration recording stations in the Hatay province and design spectra given for the station area
in the last two earthquake codes (Damping ratio 5%) (adapted from Disaster and Emergency Management
Authority (2023)

4.1 Strong beam-weak column

In order to satisfy architectural requirements, designs are created by reducing the dimen-
sions of columns and reinforced concrete shear walls within the buildings. This was done
to prevent the columns or shear walls from protruding into the rooms. However, due to the
preference for wider spaces in modern construction, long spans are often crossed with deep
beams. In the event of an earthquake, these structures begin to behave elastically, carrying
loads initially. However, as the load increases, the structure undergoes a brittle fracture and
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earthquake acceleration recording station in Adiyaman province and design spectra given for the station
area in the last two earthquake codes (Damping ratio 5%) (adapted from Disaster and Emergency Manage-
ment Authority (2018)
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collapses, failing to demonstrate any inelastic behaviour. Axial load represents a significant
factor influencing ductility. The axial load on beams is significantly less than that on col-
umns. Consequently, it is more straightforward to guarantee ductility in beams than in col-
umns. It is therefore recommended that columns be constructed with greater strength than
beams and that plastic joints be formed in beams rather than columns. By the TEC-2007
and TBEC-2018, the bearing capacity of columns joining at a node must be a minimum of
20% greater than the bearing strength of beams joining at the same node. However, it was
observed that this design was not implemented in earthquake-prone zones, resulting in the
collapse of numerous structures. Figure 14 illustrates the phenomenon of a strong beam-
weak column in earthquake areas.

4.2 Soft story-weak story mechanism

The soft-story mechanism is a type of brittle failure that often occurs after earthquakes.
In these buildings, where the ground floor is designed as a commercial space, the height
of this floor is higher than the other floors. In addition, the use of insufficient reinforced
concrete shear walls or thick columns on this floor to ensure that the front facade of the
commercial space remains open, and the lack of infill walls, are other factors that reduce
the stiffness of this floor. Due to this incorrect design, the stiffness of this floor is quite low
compared to other floors. In the serviceability limit state assumed for the slab and beam
in the design, cracks may occur in the relevant elements. However, the low-stiffness verti-
cal members on this floor may collapse without cracking in the same limit state. A second

36.57064, 36.15823 (Hatay) 36.42404, 35.90599 (Hatay)

Fig. 14 Strong beam-weak column mechanism in the earthquake area
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error in the design of these structures is the consideration of peak displacements. It would
be more accurate to consider the drift of the floors relative to each other rather than the
peak displacement in the design. Figure 15 illustrates the soft-story mechanism in earth-
quake areas.

Another type of damage observed in seismic regions is that of a weak floor mecha-
nism. This type of damage, which causes brittle fracture, is primarily caused by the abrupt
reduction in the size of columns and reinforced concrete shear walls between floors, or
the removal of these structural elements. However, the omission or subsequent removal
of infill walls to create large spaces between floors represents another significant cause of
damage. Such errors result in a reduction in the effective shear areas of the structural mem-
bers on the floor in question. Consequently, the floor, which has been weakened by the
earthquake, enters a state of collapse. Figure 16 illustrates the mechanism of weak-story
failure in seismic zones.

4.3 Pounding effect

In order to make more efficient use of the limited urban space available in city centres in
Tiirkiye, multi-story buildings are constructed without allowing sufficient space between
them. Since the floor heights of these buildings are different when they are constructed,
the floor of one building may coincide with the column of another building. These build-
ings with different periods are subject to collision because they oscillate differently during

36.58506, 36.16724 (Hatay)

Fig. 15 Soft-story mechanism in earthquake areas
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Weak Story—

36.59322, 36.17098 (Hatay)

Fig. 16 Weak-story failure mechanism in the earthquake areas

the earthquake. Due to this pounding effect, buildings with weak rigidity can be severely
damaged or go into collapse mode. TBEC-2018 (2018) offers two approaches to the mini-
mum amount of space that should be left between adjacent buildings to prevent a collision,
and the amount of space is determined according to the unfavourable one of these two
approaches. In the first approach, the minimum size of gaps should be 30 mm up to 6 m
in height, and from thereon, a minimum of 10 mm should be added for each 3 m height
increment. In the second approach, the amount of gap is determined depending on the a
parameter. If the floor slabs of neighbouring buildings are at the same level on all floors,
a = 0.25(R/I) should be taken, and if the floors of neighbouring buildings are at different
levels, a = 0.50(R/I) should be taken for the whole building. In these equations, the factor
of the structural behavior and building important coefficient is shown by R and /, respec-
tively. During the field study, it was observed that there was insufficient space between the
buildings, which resulted in significant damage to the structures (Fig. 17).

4.4 Short column damage

Short columns that are not taken into account by engineers during the design process are an
important mistake that causes severe damage to structures affected by earthquakes. How-
ever, short columns can also be constructed later by users while the building is in service.
Strip windows made for lighting purposes, especially in buildings such as schools, hospi-
tals, dormitories, or basements of buildings, cause this damage. Earthquake force affects
columns in proportion to their lateral stiffness. If it is remembered that the lateral stiffness
of a column with two ends fixed is k = 12EI /I, the shear force on the column is inversely
proportional to the third power of the column length. Accordingly, an undesigned column
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Fig. 17 Pounding effect

may be seriously damaged in an earthquake. Turkish earthquake code requires a separate
condition for the shear force to be used in transverse reinforcement calculation for situa-
tions where the formation of short columns is not prevented. According to this,

v oo Mt M, v,
©T 1, T | 0.854,/fx

n

where M, and M, are the end moments obtained by multiplying the bearing capacity
moment at the lower and upper ends of the short column by the coefficient of 1.4 [, is the
length of the short column, V, is the shear strength of the column cross-section, A,, is the
effective body area of the column cross-section, and f,, is the characteristic compressive
strength of the concrete. During the field study, no special stirrup details were found to
meet the earthquake shear force of short columns. For this reason, these structures were
severely damaged (Fig. 18).

4.5 Long cantilever and overhangs
Buildings with long cantilever balconies and heavy closed overhangs are greatly affected
by the vertical acceleration of the earthquake. With the vertical movement of the earth-

quake, large moments occur in the built-in support of the console. Long consoles that
are not detailed according to this effect go into collapse mode. In closed cantilevered
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manmaras) 37.18159, 36.74473 (Gaziantep)

37.58374, 36.91191 (K ,38.27105 (Adiyaman)

Fig. 18 Short column damages

structures, external infill walls may be damaged in-plane or out-of-plane as a result of ver-
tical movement. Considering the effect of the vertical component of the earthquake in the
design of structures and representing this effect with the vertical elastic design spectrum
has become possible with TBEC-2018 (2018). Unfortunately, before this date, buildings
were designed only for the horizontal earthquake effect, without taking into account its
vertical component effect. Despite this, serious damage was observed in buildings with
cantilever balconies and closed exits that are new or under construction in the earthquake
region (Fig. 19). TBEC-2018 has made it mandatory to use the vertical elastic design spec-
trum in the design of the structures given below (2018):

a) Buildings containing beams with horizontal projection of spans of 20 m or more,

b) Buildings containing consoles with the horizontal projection of openings of 5 m or more,
c) Buildings containing columns resting on beams,

d) Buildings whose columns are inclined relative to the vertical.

However, the authors recommend that vertical acceleration should be taken into account
in all building designs.

4.6 Short beam damage

It may be necessary to create openings in reinforced concrete shear walls for reasons
such as doors, windows, etc. Consequently, hollow shear wall systems are formed. While
a shear wall without openings shows bending behaviour, due to the openings opened in
the wall, this behaviour exhibits shear behaviour depending on the opening ratio. In hol-
low shear wall systems, column stiffnesses will be considerably higher than beam stift-
nesses. Since hollow shear elements are very rigid under earthquake forces, they do not
create double curvature. Double curvature deformation occurs in the beams. Thus, the tie
beams are under the influence of both bending and shearing. This causes serious damage
to the short beams. This type of damage has been observed in the region affected by the
earthquake. Figure 20 illustrates the damage sustained by the short beam damages. Rein-
forcement detailing of these beams should not be done as in classical beam design. Special
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Fig.20 Short beam damages
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Fig.22 Buckling damage

reinforcement detailing be employed to prevent damage to these beams. Figure 21 illus-
trates the specific reinforcement detailing of the tie beams.

4.7 Buckling damage

The buckling of reinforced concrete columns is influenced by many factors. The aforemen-
tioned factors include the dimensions of the column cross-section, the length of the col-
umn, the support conditions at both ends of the column, the single and double curvature
of the column in systems where slip is prevented, and the quality and wrapping effect of
the material. The behaviour of thick columns and slender columns is quite different from
each other. In thick columns, fracture occurs in the form of buckling of reinforcement and
crushing of concrete, while in slender columns, it occurs in the form of stability fracture
(buckling along the column). In slender columns, vertical load also becomes important due
to increased lateral translation due to horizontal forces, and the columns break under the
effect of second-order moments. In observations made in earthquake regions, columns sub-
jected to buckling damage were found. These damages are presented in Fig. 22. When this
figure is examined, it is seen that in addition to the Moment (M), the column is subjected to

@ Springer



Natural Hazards

an additional second-order moment of the normal force (V) X e. As a result of this effect,
the columns were severely damaged.

4.8 Torsion effect

Torsion represents a significant source of stress on buildings during seismic events. As
reinforced concrete walls are not placed in a regular pattern, the centre of mass and the
centre of rigidity of the structure move away from each other. The centre of stiffness dis-
places the area in which the reinforced concrete walls are concentrated. Depending on the
distance between the two centres, additional torsional moments occur in the structure.
These moments, which are not taken into account in cross-section calculations, force the
columns to rotate and cause brittle fractures. During the examination carried out in the
earthquake area, the structures damaged due to torsion are noteworthy. Figure 23 shows the
damage caused by the torsion effect. To be protected from additional torsional moments in
buildings, great attention should be paid to the placement of reinforced concrete walls and
columns. These elements should be placed considering their rigidity. However, the posi-
tions of columns and shear walls should not be changed randomly during the construction
phase of the building. Changes that will increase or decrease the rigidity of columns and
walls should be avoided.

4.9 Material quality

One of the most fundamental factors that determine the earthquake performance of rein-
forced concrete structures is material quality. In Tiirkiye, it became mandatory to use
concrete prepared in concrete batching plants and to use ribbed steel with 420 MPa yield

Torsion/Moment

(Kahramanmaras) (Kahramanmaras) (Kahramanmaras)

Fig.23 Torsion damage
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strength instead of smooth surface reinforcement with 220 MPa yield strength in build-
ings constructed after the 1999 Kocaeli earthquake. However, while the minimum con-
crete compressive strength was stated to be 20 MPa in the TEC-2007, the earthquake
code renewed in TBEC-2018 required the minimum concrete compressive strength to be
25 MPa. Observations made in the earthquake area showed that the concrete strength of
most of the heavily damaged old buildings was between 6-10 MPa and their reinforce-
ments had flat surfaces. Due to this feature of the reinforcement used, it was determined
that there was no adherence between the reinforcement and the concrete, and the rein-
forcement was stripped from the concrete (Fig. 24). It has been observed that the concrete
strength in new buildings is relatively higher than in old buildings, but remains below
the concrete strength specified in the codes. It was determined that the placement of the
concrete was not particularly taken into consideration and there were gaps in the concrete
(Fig. 25). It has been determined that there are segregations in structural elements caused
by concrete pouring. As a result of our observations, it was concluded that the supervi-
sion in newly constructed buildings is still inadequate, additional water is used to settle the
concrete between the reinforcement, the concrete is placed without using a vibrator, and no
curing process after concrete pouring.

4.10 Insufficient transverse reinforcement

Transverse reinforcement fulfils some crucial functions, including enhancing the strength of
the concrete by exerting lateral pressure, conferring ductility upon the structural element, pre-
venting the buckling of longitudinal reinforcement, and satisfying the shear forces induced by
seismic activity (TBEC 2018). Despite the crucial role of transverse reinforcement in struc-
tural integrity, non-compliance with established guidelines persists, even in newly constructed

37.93041, 37.94855 (Malatya)

Fig. 24 Material quality of old buildings
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37.58327,36.90706 (Kahramanmaras) k 36.58392, 36.17273 (Hatay)

Fig. 25 Material quality of new buildings

buildings. This can be attributed to various factors, including inadequate inspection proce-
dures, design errors, and negligence on the part of construction workers. In the field studies
carried out in the earthquake zone, it was observed that plastic joints occurred and appropriate
stirrup tightening was not made in the column end areas that required special detailing. In
addition, as a result of using flat-surface transverse reinforcement and not bending the ends of
the stirrups, serious shear damage occurred in the structural elements. In field studies, it was
determined that the stirrup spacing, which was expected to be between 5-10 cm in the column
end regions, was between 2040 cm. Additionally, it was observed that in large columns, a
single stirrup was made surrounding the reinforcement. For this reason, the longitudinal rein-
forcements were buckled and serious shear damage occurred in the core concrete. Turkish
Earthquake Codes (1997 (TEC 1997, Onat 2022), 2007, and 2018) require that special seis-
mic cross ties and hooks should be bent 135° in all seismic zones. Figure 26 illustrates the
structural elements that failed due to inadequate transverse reinforcement, improper hooks,
and smooth bars.

4.11 Compressive failure due to over reinforcement

The Turkish Earthquake Codes impose minimum and maximum limitations on the use of
reinforcement to ensure ductility in beam and column designs. The maximum limit is for the
element to exhibit ductile fracture behaviour without undergoing compression failure. When
the reinforcement ratio in the elements is higher than the balanced reinforcement, the concrete
is crushed without the reinforcement flowing during the fracture. This situation causes com-
pression fracture, which is a brittle fracture. In the field studies made after the earthquake, it
was determined that the reinforcement did not flow in the elements where the reinforcement
ratio was too high, whereas the core concrete was crushed and broken. Figure 27 illustrates the
phenomenon of compression fracture.
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Fig. 26 Inadequate transverse reinforcement, improper hooks, and smooth bars

4.12 Corrosion effect

Basements and ground floors of buildings are more affected by groundwater and rainwa-
ter. Especially the reinforcement of structural elements with poor external insulation and
inadequate concrete cover are subject to corrosion for various reasons. As a result of cor-
rosion, reinforcement loses its properties and begins to flake over time. This results in a
loss of functionality for the reinforcement and a reduction in the bearing capacity of the
structural elements. Many structural elements with corroded reinforcement were found in
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Fig. 27 Compression failure in columns due to excessive reinforcement

the earthquake zone (Fig. 28). Maintenance and repair processes must be continued after
the construction of reinforced concrete buildings to eliminate factors that cause damage,
such as corrosion.

4.13 Reinforced concrete shear wall damages

Reinforced concrete shear elements provide significant horizontal rigidity to structures by
restricting their horizontal displacements. For this reason, they are structural elements of
great importance in earthquake-resistant building design. Shear walls are exposed to more
bending moments and shear forces than columns. The effects caused by the earthquake

T

36.39399, 35.91097 (Hatay)

36.39520, 35.91149 (Hatay)

Fig. 28 Corroded reinforcement
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force especially stress the end areas of the walls and the areas close to the foundation. For
this reason, when detailing wall element reinforcement, attention should be paid to the end
zones and critical height. Examinations carried out in the earthquake area showed that the
damaged shear walls were exposed to large shear forces. It was determined that the shear
wall end zone was not made in the damaged shear wall elements and there was no appro-
priate reinforcement detailing. it was also observed that the buildings with fewer shear
walls than required were insufficient to resist the earthquake forces. Shear wall damages for
these types of buildings are presented in Fig. 29.

4.14 Infill wall damages

While designing reinforced concrete structures, the contribution of infill walls to the earth-
quake performance of the structure is neglected. In reality, infill walls increase the lateral
rigidity of structures in the direction of their planes. Infilled walls are exposed to shear
forces in the direction of their planes, showing a behaviour similar to that of reinforced
concrete shear walls. The thickness of the wall and the strength of the plaster used are
important factors affecting the shear strength of the walls. In newly constructed build-
ings, wall thicknesses are thinned and only gypsum plaster is applied to the wall surface
instead of cement mortar plaster. This application reduces the shear strength of the wall
and causes large cracks to form. These cracks increase with the cyclic earthquake force and
form X-shaped shear cracks. As the crack width increases, the wall loses its stability and
partially or completely topples out of the plane. Figure 30 illustrates the in-plane damage
observed in infill walls.

Infill wall damage may also manifest as out-of-plane wall damage. The exterior walls
of some buildings in Tiirkiye are constructed with two layers to provide heat and sound
insulation. In this application, which is done by placing insulation material between two
walls, the outermost wall layer falls out of its plane due to the earthquake effect, due to
the lack of connection elements between the walls and insufficient mortar. In addition,
increasing space widths for architectural reasons leads to the construction of higher and
wider walls. These weak walls, which have low thickness, do not have beams between

«\\ ﬂ“ — ‘-'v'

Shear Cracks

38.20124, 37.20012 (Kahramanmaras)  36.22369, 36.16129(Hatay) 36.22122,36.16308 (Hatay)

Fig.29 Shear wall damages
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Fig. 30 In-plane damage to infill walls

the walls and are anchored to the frames only with mortar, easily toppling out of their
planes. Figure 31 demonstrates the out-of-plane damages in infill walls.

4.15 Damages arose from soil and foundation system

In the examinations carried out in the earthquake area, it was observed that the soils of
the earthquake-affected areas had a high probability of liquefaction and their bearing
capacity was weak. It has been determined that the foundation systems of structures
built on agricultural lands are generally not chosen to suit the ground. When Fig. 32a is
examined, the building was exposed to a wholesale collapse due to the lack of a base-
ment and the effect of liquefaction on the ground. Figure 32b illustrates that the foun-
dation made in the form of individual footing does not have the appropriate depth and
foundation size, thus rotation of the foundation occurred and caused severe damage at

Fig.31 Out-of-plane damages to infill walls
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Fig. 32 Damages arose from the Soil and Foundation system

the upper end of the column. Figure 32¢ shows a situation in which the foundation was
not selected appropriately for the ground with insufficient bearing capacity, resulting in
the building sinking into the ground.

5 Recommendations to prevent damages
The previous sections provide a detailed description of structural faults detected through
observation in earthquake zones. In this part of the study, the detected structural damage types

are presented and strategies to prevent them are suggested. This information is tabulated in
Table 4.
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Table 4 The causes of damage and the recommendations to be made to prevent these damages

Damage type

Recommendation/Solution

Strong beam-weak column

Soft story-weak story mechanism

Pounding effect

Short column damage

Long cantilever and overhangs

Short beam damages

Buckling damage

Torsion effect

Material quality

Insufficient transverse reinforcement

Compressive failure due to over reinforcement

Corrosion effect

Reinforced concrete shear wall damages

Infill wall damages

The bearing capacity of columns joining at a node
be at least 20% greater than the bearing strength of
beams joining at the same node

It would be to consider the drift of the floors relative
to each other rather than the peak displacement in
the design. To increase the stiffness of this floor,
reinforced concrete shear walls should be used
or column sizes should be increased. In addition,
applications such as mezzanine floors should be
avoided

The minimum space should be left between adjacent
buildings according to the peak displacements
obtained as a result of analyses given in the earth-
quake codes

Short columns should be avoided in buildings as
much as possible. Where it is necessary to construct
short columns, closely spaced stirrups should be
used to increase the shear safety of these columns.
The sides of the columns should be walled or crush-
able material should be placed

The vertical elastic design spectrum should be con-
sidered in the design of structures and cantilevers
should be detailed in this effect

Reinforcement detailing of these beams should not be
done as in classical beam design. Special reinforce-
ment detailing must be done to prevent damage to
these beams

The buckling effect should be considered in the
design by the designer

To protect against additional torsional moments in
buildings, great care should be taken in the place-
ment of reinforced concrete walls and columns

Buildings must be constructed to the minimum con-
crete strength required by earthquake codes. Control
should be ensured at every stage of the building’s
construction

Special seismic cross ties and hooks should be bent
135° in all seismic zones

The limits on the use of reinforcement required by
TBEC-2018 to ensure ductility in beam and column
designs must be complied with

Maintenance and repair processes must continue after
the construction

Shear walls should be used as much as necessary;
attention should be paid to the end zones and criti-
cal height when detailing the reinforcement of the
shear wall element

The thickness of the walls should not be reduced,
cement mortar plaster should be preferred on the
surface of the walls, and connecting elements
should be made between the walls built in two
layers
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Table 4 (continued)

Damage type Recommendation/Solution

Damages arose from the soil and foundation system On soils with a high probability of liquefaction, con-
struction should not be carried out or the soil water
should be removed, on soils with a low bearing
capacity, the building should be constructed accord-
ingly, a basement should be built, foundation depths
and dimensions should be designed according to the
bearing capacity of the soil

6 Conclusions and final remarks

On 6 February 2023, earthquakes of Mw=7.7 and Mw=7.6 on the Eastern Anatolia
Fault zone killed more than 50 thousand people in 10 cities of Tiirkiye and caused bil-
lions of dollars of damage. The fact that these shocks, which occurred on the same day,
were shallow earthquakes according to their depths and occurred on the same fault zone
significantly affected the destruction caused by the earthquakes.

When the seismic characteristics of the earthquakes are analysed, the destructive
effects of the earthquakes are seen. While the maximum acceleration value in the hori-
zontal direction is 2.006 g for the first shock, this value is 0.641 g for the second shock.
On the other hand, the maximum acceleration value in the vertical direction is 1.379 g
for the first shock while the acceleration amplitude for the second shock is 0.439 g.
These acceleration values show how strong the earthquakes were both horizontally and
vertically. When the response acceleration spectra are compared with the design spec-
tra used in the design process of the structures, it is determined that the values of the
response spectra are above those of the design spectrum for the DD2 earthquake level
given in TBEC-2018 in the short-medium-long period regions. It was even observed
that the ordinates of the response spectra exceeded those of the design spectrum for
DD1 earthquake level in some period regions. These destructive effects of the earth-
quake also revealed the weaknesses in the structures. In this study, the causes of damage
to reinforced concrete buildings in the cities of Hatay, Adiyaman, Kahramanmaras, and
Malatya, which were the most affected cities by the earthquake, were analysed in detail.

Consequently, the destruction caused by the February 6, 2023 earthquake showed
that no lessons were learned from past earthquakes. The damages experienced once
again demonstrated that academic knowledge and experience are not reflected in prac-
tice. To prevent destruction and loss of life; Settlement selection should be made very
carefully, and more training should be given to increase earthquake awareness among
those working in the construction sector, from engineers to workers. Great importance
should be given to the quality of materials and workmanship. Absolute control must be
ensured by competent civil engineers in the construction of buildings and every stage of
production must be followed meticulously.
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