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Highlights

The present analysis was conducted within the time-history.

e The dimensions of the structural elements are sufficient.

e The irregularities in the structure have had a negative impact on its integrity.

e ETABS model was created using structural data obtained through visual techniques.

e The findings were then compared with actual post-earthquake observations.
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ABSTRACT: It is an established fact that a considerable number of natural disasters occur on a global
scale. The occurrence of natural disasters is subject to variation according to the geological location of the
respective countries. Turkey is a country that is surrounded by fault lines. Therefore, the occurrence of
earthquakes is frequent. A substantial corpus of research has been conducted to minimise the adverse
consequences of seismic events. The objective of this study is to evaluate a building damaged during the
2023 Kahramanmaras earthquake in accordance with the Turkish Building Earthquake Code. For this
purpose, the building model was created using visual data and subsequently analysed using time-history
methods. The results of the analyses were evaluated in terms of structural irregularities. Analytical
findings identified a critical Soft Story Irregularity (Type B2) in the second story, with a stiffness coefficient
of 2.06 under Elbistan earthquake loading, exceeding the limit of 2.0. Additionally, a comparative analysis
was conducted on the post-earthquake scene and the structural analysis results. Consequently, the results
revealed that the second story exhibited significant stiffness irregularity consistent with the observed field
damage, highlighting the importance of time-history analysis in evaluating post-earthquake performance.

Keywords: Concrete Buildings, Etabs, Irregularities, Kahramanmaras Earthquake, Time History Analysis,
1. INTRODUCTION

Turkey is situated across a number of significant fault lines, including the North Anatolian Fault, the
East Anatolian Fault, the North-East Anatolian Fault and the West Anatolian Fault, as shown in Figure 1
[1]. An earthquake with a magnitude of 7.8 occurred in the Kahramanmaras region. Nine hours later,
another earthquake with a magnitude of 7.6 on the Richter scale was measured in the same region [2], [3].
In the 40 days following the earthquakes, approximately 15,000 aftershocks occurred, including several
with magnitudes above 6 [4]. The seismic activity resulted in both financial and intangible losses. The
disaster resulted in approximately 50 000 fatalities in Turkey and caused economic losses amounting to
9% of the country's national income in 2023 [5], [6].
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Figure 1. Seismic map of the 6 February earthquake [2]

The seismic events in question were effective in a wide geographical area, affecting the provinces of
Gaziantep, Kahramanmaras, Hatay, Malatya, Adiyaman, Adana, Sanliurfa, Osmaniye, Kilis, Elazig and
Diyarbakir. The studies indicate that the damage characteristics and patterns observed for buildings
constructed before 2000 are similar to those experienced in previous earthquakes in Turkey. According to

the findings of the research, the earthquake-related building damage is presented in Table 1 [7].

Table 1. Damage assessment results (number of units) [7]

City Collapse/urgent Moderate Light Damage Total
demolish/severe Damage
damage
Adana 2 952 (3.4%) 11 768 (13.7%) 71072 (82.8%) 85 792
Adiyaman 56 256 (38.1%) 18 715 (12.7%) 72729 (49.2%) 147 700
Diyarbakir 8 602 (6.5%) 11 209 (8.4%) 113 223 (85.1%) 133 034
Elaz1g 10 156 (23.7%) 1522 (3.6%) 31 151 (72.7%) 42 829
Gaziantep 29 155 (10.2%) 20 251 (7.1%) 236 497 (82.7%) 285903
Kahramanmaras 99 326 (35.7%) 17 887 (6.4%) 161 137 (57.9%) 278 350
Malatya 71519 (37.2%) 12 801 (6.7%) 107 765 (56.1%) 192 085
Hatay 215 255 (50.0%) 25 957 (6.0%) 189 317 (44.0%) 430 529
Kilis 2514 (7.9%) 1303 (4.1%) 27 969 (88.0%) 31786
Osmaniye 16 111 (18.0%) 4122 (4.6%) 69 466 (77.4%) 89 699
Sanliurfa 6163 (2.9%) 6 041 (2.9%) 199 401 (94.2%) 211 605
Total 518 009 (26.8%) 131 576 (6.8%) 1279 727 (66.3%) 1929 312

Buildings may sustain damage during their lifespans due to environmental factors or unexpected
seismic events, such as earthquakes. A significant number of academic studies in this field have focused
on damage mechanisms and strengthening methods. The findings of the research demonstrate that
structural design processes which are based on scientific data can reduce the destructive effects of
earthquakes [8], [9]. Nevertheless, it is possible to prevent the destructive consequences of such events if
the design of buildings is based on scientific data. The findings of these studies indicate that it is feasible
to prevent the catastrophic consequences of such events if the design of buildings is based on scientific
data [10]. Vuran et al. [11]. conducted an analysis of the existing building stock in the region, as well as a
comprehensive assessment of the damages sustained by these structures in the aftermath of the seismic
event. In their study, the researchers emphasised that the buildings constructed after 2000, which were
not expected to be damaged, were in fact damaged. Demir et al. [12], investigated the main causes of
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severe damage or collapse in reinforced concrete buildings in their studies. They determined that this
situation was caused by poor material quality, soft-story effect, strong column-weak beam behavior, large
and heavy overhangs, insufficient beam-column joints, and unconfined infill and gable walls. Ivanov and
Chow [13], conducted a case study on the province of Adiyaman, with the data of international
organisations following the Kahramanmaras earthquake being taken into account in their studies. Wang
et al. [14], studied the buildings damaged by the first earthquake (Mw 7.8). The study highlighted the
significance of wall-type columns in resisting seismic damage, as evidenced by the observation of
structures that remained intact despite being situated within the extreme shaking zone.

The purpose of this study is to examine the impact of plan and vertical irregularities on the seismic
performance of a particular RC building that was damaged during the 2023 Kahramanmaras earthquake.
For this purpose, a methodology has been developed to estimate the actual dimensions of a building
damaged in the Kahramanmaras earthquake using image processing techniques and photographs. Etabs
software has been demonstrated to deliver successful results in construction engineering and is frequently
employed in this field [15]. Therefore, the data obtained was used to generate a structural model using
ETABS software, and this model was then analysed according to the principles of TBEC 2018 [16], [17]. A
comparative analysis was conducted of the damage predicted following the analysis and the damage that
occurred in the structure after the earthquake. The study will contribute to the existing literature by
comparing the irregularity definitions in the existing regulations with the actual situation in the field and
by demonstrating the benefits in terms of speed and practicality by using visual techniques.

2. MATERIAL AND METHODS
2.1. Numerical Model

The objective of this study is to investigate the post-earthquake damage and the damage predicted
after a comparative analysis, and to evaluate them in terms of irregularity. For the purpose of this study,
the initial step was to ascertain the dimensions of the structural elements that constitute the building
shown in Figure 4. This was achieved by employing visual techniques. The configuration of the building,
as created with the information obtained, is shown in Figure 3. The dimensions of the columns were
determined to be 60x70, 100x30, 50x40 and 30x90 cm. In addition, the concrete material class was assumed
to be C16. Additionally, the three-dimensional version of the modelled structure is also demonstrated in
Figure 2.
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Figure 2. 3D view of the modelled in ETABS Figﬁre 3. The plan of the building
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Figuré 4. View of the damaged building [8]

Once the building dimensions were determined, the loads were defined according to TBEC 2018. A
thorough examination of the building shows that the first two floors are used for commercial purposes.
Accordingly, the live load was specified as 5 kN/m? and the dead load as 2 kN/m? on the first two floors,
and the live load as 1.5 kN/m? and the dead load as 5 kN/m? on the top floor.

2.2. Definitions in Seismic Analysis

A number of methods are used to determine the behaviour of structures in the case of earthquakes. In
this study, the seismic behaviour of the structure was determined by using time history analysis. The
investigation used earthquake records.

The building examined in this study is located in Gaziantep. The region in which the building is
located is taken into account when calculating the seismic parameters. In order to determine the target
spectrum, firstly, short-period design spectral acceleration coefficient (Sds) and design spectral
acceleration coefficient at a 1.0-second period (Sd1) values were obtained from the official website of
AFAD [19]. Records are the earthquake to which the structure is directly exposed. These earthquake
records were obtained using the earthquakes acceleration database and analysis system (TADAS) [20]. In
order to conduct a time history analysis, a total of two earthquake records were selected from the database.
In the analyses, a total of three acceleration components, two horizontal and one vertical component, were
used for each earthquake. The damping ratio has been set at 5% in the analyses. During the scaling process,
the target spectrum was selected as the design spectrum, which was obtained by selecting the ground
motion level and soil class for the existing building location through the Turkey Earthquake Hazard Map
Interactive Web Application. Information of the earthquakes acceleration applied to the building are
shown in Table 2. Additionally, the soil type is assumed to be ZC when seismic parameters are obtained.

Table 2. Information of earthquake records

Earthquake Name Date Magnitude  Epicentral Distance Station PGA Fault Type
(km) Elevation (cm/sn?)
(m)
Kahramanmaras Pazarcik 2023 7.7 13.83 581 583.65 Strike slip
Turkey
Kahramanmaras Elbistan 2023 7.6 21.43 1421 337.39 Strike slip

Turkey
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3. ANALYSIS
3.1. Column Analysis under Axial Load

In the initial phase of the design process, a preliminary dimensioning is performed. Following this,
the load-bearing system of the building must be investigated for adequacy. Accordingly, in accordance
with TBEC 2018, loads are applied to the structure and the forces on the columns under the influence of
these loads are determined. The control was conducted according to Equation 1, taking into account
Turkish Standards 500 [21]. The calculation was conducted with consideration for increased loads
(1.4G+1.6Q), in the Equation 1. Following consideration of the dimensional parameters of the column, four
types were identified.

Na<0.9fcdAc 1)

At this stage of the investigation, the initial step entailed the selection of columns with dimensions of
100x30, 60x70, 50x40 and 30x90, respectively. The results of the analysis are presented in Figure 5, Figure
6, Figure 7 and Figure 8, respectively. It is evident that the maximum value of the axial load effect will
occur on the ground floor; consequently, the figures are limited to information pertaining to that particular
floor. Subsequently, the values were examined in accordance with Equation 2. The control in question is
presented in table 3.

Table 3. Results of column analysis

Column Type  Dimension  Value under Axial Load 0.9fcdAc Check
kN kN
Type1l 100x30 2556.674 2880.900 v
Type 2 60x70 2981.343 4033.260 v
Type 3 50x40 1908.452 1920.600 v
Type 4 30x90 2018.249 2592.810 v

A | ¥ | 1 y |

Figure 5. Axial force diagram of a type 1 (100x30) Figure 6. Axial force diagram of a type 2 (60x70)
column (kN) column (kN)
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Figure 7. Axial force diagram of a type 3 (50x40) Figure 8. Axial force diagram of a type 4 (30x90)
column (kN) column (kN)

When the figures and table 3 are examined through the context of equation 1, it is determined that
there is no necessity to modify the dimensions of the columns. This indicates that the column dimensions
are adequate to withstand the effects of axial load.

3.2. Modal Analysis

The determination of the free vibration periods and mode shapes of the structure can be conducted
using the modal analysis method. Therefore, a modal analysis was conducted for the structure examined.
The period values and mode shapes obtained as a result of the analysis are displayed in Figure 9.

Mode 2 Mode 3
T=1.422 T=1.358
Figure 9. First three mode shapes and period values (sec)

The period value obtained in the analysis result was compared with the value given in equation 2 of TBEC.
The load-bearing system is taken to be Ct = 0.1 for structures consisting entirely of reinforced concrete
frames.

Tra= C: Hn34 2)

According to this equation 2, the period has been calculated as 1.233 sec. The model's mass and stiffness
distribution has been verified, and it has been considered suitable for subsequent analysis.
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3.3. Investigation of Structural Irregularities

Structures may be exposed to damage caused by seismic activity, wind loading, and other external
forces. It has been demonstrated that a number of these damages are the result of structural irregularities.
The parameters for the evaluation of structural irregularities to be considered in building design are
determined in TBEC 2018. Irregularities classified as A relate to plan irregularities, while those classified
as B relate to vertical irregularities. In the absence of slab discontinuity and protrusion in the plan of the
building under investigation, analyses of classes A2 and A3 were unnecessary. Additionally, given that
the effective section stiffness of the building remained constant between storeys, there was not a
requirement to control the weak storey irregularity of class B1.

3.3.1. A1 - Torsional Irregularity

The occurrence of this condition is indicated by an nbi value that exceeds 1.2, with nbi value defined
as the ratio of the maximum relative storey drift at any given storey to the average relative drift in the
same direction at that storey. The detailed situation is presented in equation 3. The modelled structure
was subjected to time history analysis. The values obtained as a result of the seismic effects on the structure
are shown in Figures 10 and 11. These figures represent the values obtained following the seismic event
known as Pazarcik. The values obtained subsequent to the seismic event known as Elbistan presented in
Figures 12 and 13.
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Figure 10. Torsional irregularity coefficients (nbi) Figure 11. Torsional irregularity coefficients (nbi)
for X direction for Y direction
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Following a thorough examination of the graphs contained within the figures, while the earthquake
named Pazarcik did not exhibit any Al type irregularity, it was determined that Al type irregularity
occurred in the effect of the earthquake named Elbistan.

3.3.2. B2 - Soft Storey Irregularity

The stiffness irregularity coefficient, nki, is defined as the average relative storey drift ratio at any
storey divided by the average relative storey drift ratio at the top or bottom storey. In cases where this
value exceeds 2, soft story irregularities are observed. The calculations undertaken utilising Equation 4
under the effects of the earthquake named Pazarcik is demonstrated in table 4. Furthermore, the
consequences of the earthquake named Elbistan are presented in table 5.

(Ai/Hi)avg

j= e o 4
T (Aiil/Hiil)avg ( )

Table 4. Soft storey irregularity for X-Y direction

X Direction Y Direction
Story Hi (Aiavg (Ai/Hi)avg (Ai/Hi)avg (Ad)avg (Ai/Hi)avg (Ai/Hi)avg
(m) (m) (Ai+1/Hi+1)avg (Ai—l/Hi—l)avg (m) (Ai+1/Hi+1)avg (Ai—l/Hi—l)avg

1 45 0.071 0.639 - 0.046 0.645 -

2 45 0.111 1.318 1.566 0.072 1.243 1.551
3 3 0.056 1.151 0.759 0.038 1.121 0.804
4 3 0.049 1.122 0.869 0.034 1.128 0.892
5 3 0.044 1.127 0.892 0.030 1.167 0.887
6 3 0.039 1.205 0.887 0.026 1.247 0.857
7 3 0.032 1.385 0.830 0.021 1.440 0.802
8 2.5 0.019 1.417 0.722 0.012 1.482 0.694
9 2 0.011 - 0.706 0.007 - 0.675

Table 5. Soft storey irregularity for X-Y direction
X Direction Y Direction
StOI‘y H; (Ai)avg (Ai/Hi)avg (Ai/Hi)avg (Ai)avg (Ai/Hi)avg (Ai/Hi)avg
(1‘1‘1) (1‘1‘1) (Ai+1/Hi+1)avg (Ai—l/Hi—l)avg (m) (Ai+1/Hi+1)avg (Ai—l/Hi—l)avg

1 45 0.025 0.636 - 0.040 0.654 -

2 45 0.039 2.062 1.573 0.061 2.018 1.530
3 3 0.019 1.100 0.485 0.030 1.148 0.496
4 3 0.017 1.038 0.909 0.027 1.118 0.871
5 3 0.017 1.073 0.963 0.024 1.146 0.894
6 3 0.016 1.194 0.932 0.021 1.235 0.873
7 3 0.013 1.633 0.837 0.017 1.732 0.810
8 2.5 0.008 1.779 0.613 0.010 1.847 0.577
9 2 0.004 - 0.562 0.005 - 0.541

Following a thorough examination of the values presented in Table 4, it has been determined that the
TBEC limit values have been retained. Although the findings presented in Table 5 demonstrate that the
limit values specified in the TBEC have been exceeded. Additionally, the damage observed, despite the
calculated irregularity coefficient being in close proximity to the TBEC limit value, emphasises the critical
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role of soft irregularity in seismic performance. A review of past major earthquakes in Turkey, including
those in Golciik and Van, reveals that similar damage was frequently observed, and that soft-story
irregularities have been shown to be a contributing factor to the exacerbation of damage [22].

4. CONCLUSION AND DISCUSSION

Turkey is a country that is frequently affected by seismic activity. The Kahramanmaras earthquake is
a salient example of a seismic event with devastating consequences and loss of thousands of lives. A
significant number of studies are conducted with the objective of preventing loss of life and property as a
result of seismic activities. In this study, a damaged structure is analysed by employing visual processing
techniques in the ETABS program and examined according to TBEC 2018. A comparative analysis was
conducted between the visual observations and the analytical results.

The relative story drift values obtained from the programme outputs provided insights into the
displacements occurring within the structure. In consideration of the data, it has been determined that the
limit values were exceeded in the Elbistan earthquake. Specifically, the irregularity coefficient reached
2.06 in the X direction and 2.02 in the Y direction on the second floor, thus exceeding the TBEC 2018 limit
value of 2.0. This is likely to result in the collapse of non-bearing walls, as illustrated in the provided
image. The findings of this study demonstrate that the irregularity values may potentially induce more
significant complications in the context of earthquakes of low magnitude. Additionally, the emergence of
this situation highlights the significance of time history analysis.

Although the irregularity limits specified in accordance with TBEC were not exceeded in the Pazarcik
earthquake effect, significant differences between the floors indicate the potential for damage. This study
emphasises the importance of detailed analysis, even in the absence of any evident issues with the
program outputs that are commonly utilised in the present day. The study also provides evidence
demonstrating the effectiveness of the methodology in rapidly modelling structures in the post-
earthquake phase for damage assessment purposes.

In the course of the modelling process, a variety of factors that have the potential to cause impairment
to the structure were identified. The absence of a moment frame constitutes a salient reason. In subsequent
studies, a model with the moment frame can be constructed and examined comparatively. Furthermore,
conducting research on the reinforcement of existing structures in such circumstances could enhance the
extant literature.
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