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It is important for spatial planning and urban transformation to determine and manage all the information
about the buildings damages after the earthquake. In this respect, the first damage assessments should be
made as quickly and practically as possible, especially immediately after the earthquake. Within the scope
of this study, the reinforced-concrete structure’s damage classification that given in the European Macro-
Seismic Scale (EMS) was used, taking into account five different earthquakes in Turkey. Sample buildings

were identified for five different degrees of damage foreseen in the EMS. In addition to the information

Keywords:
Damage level

RC structures
EMS-98
Earthquake
Seismic parameter

about these earthquakes, seismic parameters were obtained for these earthquake epicenters. The peak
ground acceleration values measured for all earthquakes considered in this study were compared with the
currently recommended peak ground acceleration values.

© 2022. Turkish Journal Park Academic. All rights reserved.

1. Introduction

Earthquakes occur in seismically active regions and different
levels of structural damage can occur as a result of destructive
earthquakes. It is important to detect structural damage as a
result of destructive earthquakes and to decide on repair and
strengthening or demolition depending on the damage
situation. Post-earthquake damage assessment is one of the
important steps of modern disaster management. In particular,
the first damage assessments to be made immediately after the
earthquake should be carried out quickly. The need for rapid
damage assessments is made both for the continuation of the
social life after the earthquake and for deciding whether the
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structures in the earthquake zone will be used immediately or
whether repair and strengthening are needed (Bilgin et al.,
2021; Hadzima-Nyarko et al.,, 2018; Tabrizikahou et al,, 2021;
Harirchian et al,, 2021; Arslan and Korkmaz, 2007). Due to the
large scale of the damage, the size of the affected area and the
lack of sufficient expert personnel, damage assessments are
not carried out quickly and practically. Insufficient public
resources and difficult terrain conditions also negatively affect
the damage assessment process (Isik et al, 2017; Dogan et al,,
2021). Itis necessary to act as fast as possible and to reach the
maximum building in the minimum time while the damage
assessment processes are being carried out (Isik et al., 2021).
In this respect, the information to be collected about the
damages should be as necessary. For all these reasons, the
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building data that will be the basis for the first damage
assessments after the earthquake should be selected correctly.
Damage assessment forms can be used to apply this
information in the field is an easy, fast and practical way. With
the help of these forms filled in the field, evaluations to be made
in a more comfortable environment, a final decision can be
made about the building. Damage assessments to be carried
out systematically will significantly affect the loss of life and
property in a possible second earthquake (Isik et al., 2021a).

In addition, the calculation of seismic ground motion
parameters (acceleration, velocity, displacement) required for
calculating the seismic loading conditions to which soil and
engineering structures will be exposed in the future can be
obtained by seismic hazard analysis (Moehle and Deirlein,
2004). Geographical location of the epicenter, earthquake
acceleration, earthquake magnitude or intensity and loss of life
and property are statistical data that are recorded after each
earthquake and can be used afterwards.

Within the scope of this study, five different destructive
earthquakes that occurred in Turkey were taken into account.
These are the 1999 Diizce, 2003 Bingo6l, 2011 Van, 2020 Sivrice
(Elazig) and 2020 izmir earthquakes. Peak ground acceleration
(PGA) and peak ground velocity (PGV) values for all
earthquake epicenters were obtained for the last two
earthquake hazard maps. These obtained values were

compared with the values measured after the earthquake. The
loss of life and property caused by the magnitude of these
earthquakes is stated. In the next part of the study, information
on why the damage assessment forms should be used is given.
By giving information about the European Macro-Seismic Scale
(EMS-98), which is used for damage grading of reinforced-
concrete (RC) structures, sample RC buildings were selected
for damage grading for five different earthquakes. The study
will contribute to this and similar studies in terms of obtaining
the seismic parameters of these earthquake epicenters, as well
as the use of EMS-98 for five different destructive earthquakes.

2. Considered Earthquakes

Seismicity is based on geological, tectonic and statistical data.
Macro seismic data about the earthquake's time, central and
supracentral location, source parameters and its effects are the
most important parameters in determining the earthquake
hazard of a region. The seismicity of a region is an indicator of
a future earthquake in that region (Kramer,1996; Morell et al.
2020; Ozmen and Can, 2016; Kutanis et al., 2018). Within the
scope of this study, five important earthquakes in recent years,
which caused significant losses for Turkey, were taken into
account. The representation of these earthquakes on the map
is given in Figure 1.

Figure 1. Earthquakes considered in the study.

The magnitude, location, and loss of life and property of these
considered earthquakes are shown in Table 1. The data are

Table 1. Characteristics of the considered earthquakes.

taken from the database of institutions that record important
earthquake data of Turkey, such as AFAD and KOERIL.

No Date Lat. Lon. Magnitude LOS.S of l\ll)l:;l;egregf Location
Mb  Ms  Mw e piiging
1 12.11.1999 40.81 31.19 6.2 7.2 763 35519 Diizce
2 01.05.2003 39.00 40.46 5.7 6.3 176 6000 Bingol
3 23.10.2011 38.76 43.36 7.2 644 17005 Van
4 24.01.2020 3848 39.12 6.8 41 1915 Sivrice (Elazig)
5 30.10.2020 37.90 26.74 6.0 117 259 Seferihisar (Izmir)
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In the earthquakes examined in this study, a total of 1741 lives
were lost and 60698 buildings were damaged. In each
earthquake, on average, 350 citizens lost their lives and 12150
buildings were damaged. This clearly demonstrates the
destructiveness of these earthquakes in Turkey.

While only one ground motion level was expressed in the
previous earthquake code (TSDC-2007), four different
earthquake ground motion levels were expressed in the
current seismic design code (Turkish Building Earthquake
Code/TBEC-2018). Within the scope of this study, four
different earthquake ground motion levels, 2%, 10%, 50% and
68%, were taken into account. The four different ground
motion levels considered are
earthquake code and are shown in Table 1.

included in the current

Table 2. Comparison of PGA and Sps values

Table 3. Earthquake ground motion levels (TBEC-2018)

Probability
Earthquake Repetlltlon of T
Period exceedance Description
level X
(year) (in 50
years)
DD-1 2475 0.02 Largest earthquake
ground motion
Standard design
DD-2 475 0.10 earthquake ground
motion
Frequent
DD-3 72 0.50 earthquake ground
motion
DD-4 43 0.68 Service earthquake
movement

The comparison of PGA and design spectral acceleration
coefficients (Sps) predicted for five earthquakes in the last two
seismic design code is given in Table 2.

TSDC-2007

. el TSDC-2007 TBEC-2018  PGA2007/
No Location S;losrrlnelc PGA (g) PGA (g) PGA2019 Sps 2007 Sps2018 Sps2007/Sps2018
1 Diizce 1 0.400 0.588 0.680 1.000 1291 0.775
2 Bingol 1 0.400 0.633 0.632 1.000 1.403 0.713
3 Van 2 0.300 0.399 0.752 0.750 0.844 0.889
4 Sivrice 1 0.400 0.542 0.738 1.000 1.184 0.845
(Elaz1g)
5 Seferihisar 1 0.400 0.449 0.891 1.000 0.983 1.017
(Izmir)

The currently used code and the PGA values predicted in the
map for the five earthquakes were higher than the previous
ones. In the design spectral acceleration coefficients, while the
current values for the four earthquake epicenters were higher,
they were lower for only the izmir earthquake.

'AFAD Turkey Acceleration Database and Analysis System'
(TADAS) is used to provide a better understanding of damaging

Table 3. Comparison of PGA values

earthquake characteristics. Measured values for earthquakes
were obtained using this system for all cases. These obtained
values were compared with the values predicted in the last two
seismic design codes and earthquake hazard maps. The
comparison of the measured values with the four different
ground motion levels stipulated in the current seismic design
code is also given in Table 3. The values for the current code
were obtained using the Turkey Earthquake Hazard Map
Interactive Web Earthquake Application (TEHMIWA).

Earthquke Date Measured Values PGA 2018 PGA 2007
No (;f/‘;z) (CF;(D’S) (P; ?nD) DD-1  DD-2 DD-3 DD-4 DD-2
1 30.10.2020 17931 2253 516 0825  0.449 0.175 0.126 0.400
2 24012020  292.80 4534 1099 0957 0542 0.201 0.152 0.400
3 23.10.2011 178.35 2611 555 0837 0399 0.109 0.073 0.300
4 01.05.2003 501.44 3721 1574 1121 0.633 0.256 0.175 0.400
5 12.11.1999  806.98 80.16  47.79  0.996  0.588 0.211 0.123 0.400
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The PGA values measured for the 2020 izmir, 2020 Sivrice
(Elaz1g), 2011 Van earthquakes were lower than the values
predicted in the last two maps for the design earthquake
ground motion level. The PGA value measured for the 2003
Bingo6l earthquake was higher than the predicted value in the
previous map, but lower than the predicted value in the current
map. The PGA value measured in the 1999 Diizce earthquake
was greater than the PGA values predicted for the standard
design earthquake ground motion level on both maps.
However, it was smaller than the predicted PGA value for DD-
1, which is the largest earthquake ground motion level for this
earthquake base. Therefore, only Diizce earthquake was
greater than the PGA value predicted for the design ground
motion level in the current map, and for the other four
earthquakes, it was below the predicted values for the design
earthquake ground motion level.

3. Damage Rating in RC Structures

The characteristics of earthquakes directly affect the loss of life
and property. In addition, the structural characteristics of the
existing building stock in the earthquake zone directly affect
the loss of life and property. Obtaining accurate and timely
information on structural damage will guide both the
reduction of casualties and the effective implementation of
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emergency rescue (Zhai and Zeng, 2017; Xian et al,, 2016). In
this respect, an important factor in fast and practical damage
analysis based on observations is to have a detailed and
accurate building inventory and comprehensive damage data
(Bessason and Bjarnason, 2016). Damage information of
buildings is rescue, humanitarian
reconstruction operations in the disaster area. Building
damages can be graded in the field using damage scales
(Sharma et al,, 2017).

essential for and

There are many different macro seismic scales to assess and
classify structural damage after an earthquake more quickly
(Zanini et al, 2019; Gomez Capera, 2007). The European
Macroseismic Scale (EMS-98) was developed by the European
Seismological Commission (ESC), taking into account the wider
damage levels, considering the security gaps in the (Mercalli-
Cancani-Sieberg (MM-31 ve MM-56) and Medvedey,
Sponheuer-Karnik (MSK-64 ve MSK-81) gauges (Zanini et al.,
2018; Grunthal, 1998; Griinthal and Levret, 2001). Within the
scope of this study, earthquake damages were determined for
different earthquakes by using five different damage ratings
for RC structures in the European Macro-Seismic Scale -98
(EMS-98). While determining earthquake damages, academic
studies on earthquakes were taken into account. Damage
grading of RC structures in EMS-98 is shown in Figure 2.



Classification of damage to buildings of RC

Grade1: Negligible to slight damage (no structural damage,
slight non-structural damage)

Fine cracks in plaster over frame members or in walls at the base,
Fine cracks in partitions and infills.

Grade 2: Moderate damage (slight structural
damage,
moderate non-structural damage) Cracks in columns and
beams of frames and in structural walls. Cracks in partition and
infill walls; fall of brittle cladding and plaster. Falling mortar
from the joints of wall panels.

Grade 3: Substantial to heavy damage (moderate
structural damage, heavy non-structural damage)
Cracks in columns and beam column joints of frames at the base

I KT 2 A Sind Zamon and at joints of coupled walls. Spalling of concrete cover, buckling
\ S S S it of reinforced rods. Large cracks in partition and infill walls, failure

HRIRNEAN FEHRRIR| | KRNI of individual infill panels.

Grade 4: Very heavy damage (heavy structural
s MG SR b damage,
B A~ P AT X T G ]
N[aw agly) v wlerie

very heavy non-structural damage) Large cracks in
structural elements with compression failure of concrete and

fracture of rebars; bond failure of beam reinforced bars; tilting
of columns.

LT LA e
mul”iEw 18 197 ]

Collapse of a few columns or of a single upper floor.
Grade 5: Destruction

(very heavy structural damage) Collapse of ground floor or
parts (e. g. wings) of buildings.

Figure 2. Damage grades in RC structures according to EMS-98

| | [T N ,,
The visuals used in the 1st degree damage grade for the [fgj % ‘_r,.[vu 2 X 14 y
considered earthquakes are shown in Figure 3. At ST | g
b o .wr o
o JE Y Ao R
E 2003 Bingol 2020 Sivrice (Elazig) 2003 Bingdl
B (Emre et al., 2003) (Sahin et al., 2020) (Dogangtin, 2004)
i Tl

Figure 4. Moderate damaged RC buildings

l

The substantial to heavy damaged (Grade 3) RC buildings for
selected earthquakes are shown in Figure 5.

2003 Bingol 2020 Sivrice(EIzug) 2011 Van

| (Dogangiin, 2004) | (sahinetal, 2020) | (Ozden etal., 2011)

Figure 3. Negligible to slight damage for different earthquakes (Grade
1

The moderate damage (Grade 2) for RC buildings for selected

o ' 2011 Van 2011 Van
earthquakes are shown in Figure 4. | (AFAD, 2021) \ (Aydin, 2012) | (Erdil, 2017) |

Figure 5. The substantial to heavy damaged (Grade 3) RC buildings

Very heavy damaged buildings for selected earthquakes are
shown in Figure 6.
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2020 izmir

1999 Diizce
(AFAD, 2021)

2011 Van
(inel et al., 2011)

(Yakut et al., 2021)

Figure 6. Very heavy damaged (Grade 4) RC buildings

Destruction of some RC buildings (Grade 5) for selected
earthquakes are shown in Figure 7.

2020 izmir
(IMO, 2021)

2020 Sivrice 2011 Van
(Dogan et al., 2021) (Isik, 2015)

Figure 7. Destruction of (Grade 5) RC buildings

Total collapse, soft story damage, cracks in structural system
elements, infill wall damages and damages in column-beam
junctions are the damages observed in the buildings studied.
The reasons for such damages are that the building does not
receive engineering service and that the earthquake-resistant
building design principles are not taken into account both in
the design and during the construction phase. In addition, poor
workmanship, lack of inspection, low material strength and
design errors are other factors that can increase the amount of
damage. Soft/weak floors, strong beams - weak columns, short
columns, irregularities in plan and vertical, which adversely
affect the behavior of buildings under earthquake effects,
increase the probability of damage to structures. Insufficient
lateral rigidity and insufficient use of RC shear walls can
negatively affect the behavior of structures under earthquake
effects and increase the amount of damage. In addition, factors
such as generally made similar mistakes in reinforcement
processing (insufficient wrapping, insufficient or incomplete
reinforcement arrangements,
clamping, etc.) affect the degree of damage.

insufficient or incorrect

4., Conclusions

Within the scope of this study, seismic parameters were
obtained for the last two earthquake hazard maps for five
different earthquake locations. The predicted PGA values on
these maps were compared with the PGA values measured
during the earthquake. The seismic parameter values
predicted on a regional basis in the previous map have been
replaced by site-specific seismic parameter values. The study
once again demonstrated the importance of site-specific
calculation of seismic parameters. Except for the 1999 Diizce
earthquake, for the other four earthquakes considered, the
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design in the current map was lower than the PGA values
predicted for ground motion. However, the value measured for
the 1999 Diizce earthquake was lower than the value
recommended for the largest ground earthquake (DD-1) for
that location. In this respect, it can be stated that the current
earthquake hazard map is sufficient to reveal the earthquake
hazard.

In addition, damage grading of RC buildings was carried out for
five different earthquakes considered in the study using EMS-
98. Quick and practical determination of damage after an
earthquake is a part of modern disaster management for the
continuation of social life. At this point, people who will make
earthquake damage assessment should first receive training on
how to do damage assessments. As a result of this process, field
studies will be faster and more reliable. Successful data
collection often heavily depends on this preparation.
Otherwise, field studies need to be renewed to collect data.

All kinds of data to be obtained as a result of any damage
assessment and rating to be made after the earthquake are
valuable data in terms of civil and earthquake engineering.
With the help of these data, the seismicity of the region and the
characteristics of the building stock, its strengths and
weaknesses can be revealed. In addition, it is possible to make
necessary arrangements in earthquake resistant building
design principles by using these data. One of the most obvious
examples that can be given to this is the concrete class.
Generally, damages in RC structures are associated with low
concrete strength. In this respect, while the lowest concrete
class envisaged in the 1975 earthquake code in Turkey was
C14, it was increased to C20 in the 2007 seismic design code
and to C25 in the current seismic design code.

Damage degrees in buildings under earthquake effects
generally depend on structural features. It is not possible to
predict earthquakes with today's technologies. Therefore, the
fact that the amount and degree of earthquake damage is much
lower is related to the use of earthquake resistant building
design principles both in the construction and design phases.
In this context, Turkey has demonstrated its sensitivity in this
regard by renewing and updating its earthquake resistant
building design principles many times. At this point, the
sensitivity of decision makers and practitioners in the building
sector will contribute to lower earthquake damage.
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