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A B S T R A C T 

In parallel with the development of technology, the increase in the number of devices emitting 

electromagnetic wave also increases the rate of electromagnetic pollution surrounding our environment. 

Determination of electromagnetic pollution level is of great importance for human health. In the present 

study, it was aimed to measure the electric field values of Bitlis Eren University main campus and 

vocational school campus in Turkey. Spectran HF60105 was used to perform the measurements at 

different 20 regions in different times. Based on the electric field values, the magnetic field and power 

density values were calculated for each location. Although, it is found that the electric field values are 

below the limits which are determined by international standards, those are generally higher for five 

regions correspond to institute, student hostel, stadium, guesthouse and engineering faculty. It can be 

also noted that the highest electric field value is measured as 0.201 V/m in guesthouse region on 

weekdays-July for UMTS. Additionally, the higher electromagnetic pollution is determined mostly in 

the stadium and in July measurements. The measured electric field values are generally low (<0.050 

V/m) in vocational school campus. 

© 2020. Turkish Journal Park Academic. All rights reserved.  

 

1. Introduction  

Depending on the development of industrialization and 
technology in the world, electric devices used in daily life are 
increasing day after day. Thus, all the electric devices produce 
electromagnetic waves based on the amount of voltage and 
current. Electromagnetic pollution (EMP) occurs as a result of 
electromagnetic waves emitted from both natural and man-
made sources located around us and can be arrayed as 
electric current-carrying cables, radio and television 
transmitters and receivers, mobile phones, base stations, high 
voltage lines, transformers, all electrically powered devices, 
atmospheric discharges and sun. 

The detection of EMP, whose negative effects on human 
health are widely discussed and researched, has been the 
subject of many scientific studies in Turkey as well as in the 

world. High frequency EMA for a region in Italy was measured 
by statistical methods and measurement protocols of sources 
generating EMF such as power lines were determined 
(Paolino et al., 2001). In a study conducted in Australia, radio 
frequency electromagnetic energy levels emitted by base 
stations attracted attention (Henderson and Bangay, 2005). 
Benjamin and Galaucio (2001) mounted broadband 
measuring devices on a vehicle and made measurements 
between streets in order to determine the electric field 
strength in Brazil. Cansız and Kurt (2012) measured the EMF 
level in the 100 kHz-3 GHz frequency band in Diyarbakır city 
center with the Drive Test Method and the results were 
shown on the digital map. Again, environmental EMP 
measurements were made in the areas where the population 
is crowded in Ankara city center, and also in Dikmen Çaldağı 
and Yenimahalle Şentepe regions, where radio-television 
transmitters and base stations are concentrated. In these 
regions, electric field strength measurement was carried out 

mailto:zeynepyarbasi@hotmail.com
http://www.dergipark.gov.tr/beuscitech
https://orcid.org/0000-0002-2979-0283
https://orcid.org/0000-0002-4276-3511
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with the SRM 3000 device and isotropic probe in the 
frequency spectrum of 75 MHz-3 GHz (Genç, 2010). Seker et 
al. (1998) conducted studies on the measurement of EMP, 
which is constantly exposed to in the residential, workplace 
and hospital environment in Turkey, and compared the values 
obtained as a result of the measurement with the ICNIRP limit 
values. Ince (2007) made measurements with the EMR 300 
device in the 100 kHz–3 GHz frequency region in the city 
center of Ankara. In this study, the total electric field strength 
value in the environment was measured in some regions. In 
the thesis study of Dilek (2014), the EMP in the Central 
Campus of Recep Tayyip Erdoğan University was examined. In 
this study, EMP measurements were made with a compact 
spectrum analyzer, SRM 3006, operating in the 400 MHz-6 
GHz band at 21 different points in different time zones of the 
day. Similarly, EMF measurements were made at the Konya 
Selçuk University campus (Yaldız et al. 2015). The 
measurement results were compared with the standard 
values announced by ICNIRP and BTK. Karadağ et al. (2014) 
made an EMP analysis on campus of Inönü Unv. and evaluated 
the results. Keysan (2015) conducted a pollution analysis in 
Balıkesir city center and University campus in his thesis 
study. Etem and Abbasov (2016) studied EMP of the city 
center of Muş. 

There are international standards and limits on the effects of 
electromagnetic radiation on human health. The International 
Commission for Non-Ionizing Radiation Protection (ICNIRP) 
is one of the organizations that set limit values for 
electromagnetic fields. The limit values given by this 
organization have been accepted by the world's leading 
organizations such as the World Health Organization (WHO) 
and the International Labor Organization (ILO).  Each country 
has specified its own limits and for Turkey the limits are 
determined by ICNIRP and Republic of Turkey Information 
Technologies and Communication Authority (BTK).  

In this study, our aim is to investigate the electromagnetic 
pollution, which can cause health problems like stress, 
headaches, insomnia, and fatigue in the short term and 
discomforts on the immune system or cell structure in the 
long term in Bitlis Eren Unv. central campus and vocational 
school campus. For this purpose, measurements have been 
taken at different regions and different times to see the 
dependence of pollution on population and time effect. 

2. Illustrations 

The measurements were performed by Spectran HF60105 in 
the range of 1MHz-9,4GHz frequency (Figure 1). It can be used 
effectively for the measurements of nonionizing radiation by 
its isotropic antenna. In the measurements made with 
isotropic antenna, the results can be taken in mW/cm2, 
W/m2, V/m, A/m units both average and maximum or 
minimum values. The electric field strength E (V/m), is the 
sum of values taken from all directions. The same 
measurements can also be done for magnetic field or power 
density. In the study, we performed our measurements in 
V/m unit, and the magnetic field and power density values for 
each E were calculated.  

 
                            Figure 1.  Spectran HF60105 

The relation between electric field and magnetic field is given 
in Eq. (2.1),  

E/H=377                                                                                             (2.1)  

Power density which is also known as Poynting vector is 
given in Eq. (2.2), where 377 is the value of space resistance, 

S=E.H=E2/377                                                                   (2.2) 

With the EMP meter used in the measurements, results can be 
obtained in ten different frequency ranges. 

1. Tetra (380 – 400 MHz) 

 2. ISM434 (433 – 434.8 MHz)  

 3. LTE800 (4G) (780 – 862 MHz)  

 4. ISM868 (868 – 870 MHz)  

 5. GSM900 (921.2 – 959.6 MHz )  

 6. GSM18k (1800 – 1880 MHz )  

 7. UMTS (3G) (2110 – 2170 MHz)  

 8. WLan (2400 – 2490 MHz )  

 9. LTE2.6 (4G) (2500 – 2690 MHz) 

 0. DECT (1880 – 1900 MHz)  

 

Figure 2. Bitlis Eren University measurement regions a) central 
campus and b) Vocational School campus 
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Before starting the measurements, 20 points were 
determined at regular intervals to surround the two 
campuses. The measurement points are shown in Figure 2. 
Measurements were made on weekdays and weekends, where 
the population density may be different, as well as in the 
summer period (July-2020) and the education-training period 
(October-2021). The recorded E values were taken by five 
measurements for each location and the average values were 
calculated. 

3. Results and Discussion 
 

The E limit values determined by ICNIRP and BTK for 
Turkey is given in Table 1 and 2. In our measurements, 
no values were recorded for the frequency ranges Tetra 
(380 – 400 MHz), ISM434 (433 – 434.8 MHz), ISM868 
(868 – 870 MHz).  

 
Table 1. The E limit values determined by ICNIRP and BTK. 

Frequency (MHz)       Electric Field Strength (V/m) 

                                                   ICNIRP                BTK  
0.010-0.15                                  87                     65.25 

0.15-1                                           87                    65.25  

1-10                                              87/f½          65.25/f½  
10-400                                           28                      21  
400-2000                                 1.375f½          1.03f½ 

2000-60000                                61                    45.75 

   
Table 2. The limit values determined for GSM 900 and GSM 1800.  
      Frequency  900 MHz 1800 MHz 

Electric field    
strenght 

41.25 V/m 58.33 V/m 

Magnetic field 
strenght 

0.111 A/m 0.157 A/m 

Power density 4.5 W/m2 9.0 W/m2 

 

Figure 3. Average electric field values measured for LTE800 in all 
regions during the weekdays and weekends in July-2020 and 
October-2021. 

 

According to the measurements taken on weekdays 
and weekends in July-2020 and October-2021 periods, 
it has been observed that the electric field values 

measured in all regions are less than the upper limits 
determined by ICNIRP and BTK. The measured E values 
for each frequency range are clearly seen in Figs. 3-9. 
The general results are also shown in Figs. 10-12. 

Figure 4. Average electric field values measured for GSM900 in all 
regions during the weekdays and weekends in July-2020 and 
October-2021. 

 

Figure 5. Average electric field values measured for GSM1800 in all 
regions during the weekdays and weekends in July-2020 and 
October-2021. 

Figure 6. Average electric field values measured for UMTS in all 
regions during the weekdays and weekends in July-2020 and 
October-2021. 
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Figure 7. Average electric field values measured for Wlan in all 
regions during the weekdays and weekends in July-2020 and 

October-2021. 
 
 

Figure 8. Average electric field values measured for LTE2.6 in all 
regions during the weekdays and weekends in July-2020 and 
October-2021. 
 

Figure 9. Average electric field values measured for Dect in all 
regions during the weekdays and weekends in July-2020 and 
October-2021. 

 
  
 
 
 
 
 
 

Figure 10. General average electric field values measured in all 
regions for all frequencies during the weekdays and weekends in July-
2020 and October-2021. 
 
 
 

Figure 11. General average magnetic field values measured in all 
regions for all frequencies during the weekdays and weekends in July-
2020 and October-2021. 
 

Figure 12. General average power density values measured in all 
regions for all frequencies during the weekdays and weekends in July-
2020 and October-2021. 

 
As seen from the figures, electric field values are 
generally higher for 5,11,12,13 and 17 regions 
(correspond to institute, student hostel, stadium, 
guesthouse and engineering faculty, respectively) than 
those for other regions. In weekend-July measurements, 
the highest E value was obtained in the 12th region for 
LTE800, GSM900, GSM1800 and UMTS. Location 5 had 
the highest E value for Wlan and location 17 had that 
for LTE2.6. 
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In weekdays-July measurements, the highest E value 
was obtained in the 12th region for LTE800, GSM900, 
GSM1800. Region 13 had the highest E value for UMTS, 
LTE2.6 and DECT, while region 5 had that for Wlan. 
 
In weekend-October measurements, the highest E value 
was determined in the 12th region for LTE800, GSM900 
(also region 13), GSM1800, UMTS and DECT. Region 17 
had the highest E value for LTE2.6, while region 5 had 
that for Wlan. 
 
In weekdays-October measurements, the highest E 
value was determined in the 12th region for LTE800, 
GSM1800, UMTS, LTE2.6 and DECT. Region 13 had the 
highest E value for GSM900, while region 5 had that for 
Wlan. 
 
The highest E value for LTE800 measurements was 
determined in the 12th region on weekdays-July. For 
GSM900 measurements, the highest E value was 
determined on weekend-July in the 12th region. For 
GSM1800 measurements, the highest E value was 
determined on weekend-July in the 12th region. The 
highest E value for UMTS measurements was measured 
on weekdays-July in the 13th region. For Wlan 
measurements, the highest E value was determined on 
weekdays-July in the 5th region. The highest E value for 
LTE2.6 measurements was obtained on weekend-July 
in the 17th region. For DECT measurements, the highest 
E value was determined on weekdays-October in the 
12th region. 
 
An important point need to note is that higher values 
were obtained in 2020 measurements compared to the 
results in 2021 measurements. Since 2020 is a period 
when the pandemic is experienced intensely, making 
video calls, watching videos, transferring and sharing 
data, and using more electric devices on campus were 
intense during this period. It can be the reason 
obtaining this kind of result. 

 

4. Conclusions 

According to the results, it can be concluded that no 
region exceeded the limits set by both BTK and 
international organizations. Therefore, it can be said 
that the measurement results are safe in terms of 
limitations. It can be seen that the highest E value was 
measured as 0.201 V/m in the 13th region on weekdays-
July for UMTS. Among the regions, the higher EMP 
values were observed mostly in the 12th region. The 
higher EMP values were determined mostly in July 
measurements. The measured E values are generally 
low in vocational school campus. Although the obtained 

EMP values are under the limit values, we can take 
simple precautions for our health in the long term. 
Electric devices must not be plugged in even if they are 
switched off. Electric devices should be kept as far away 
as possible, and we should keep short contact with 
devices we use constantly, such as mobile phones, 
computers, hair dryers, microwave ovens etc. 
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A B S T R A C T 

The aim of the study was to synthesize 4- (p-tollyl) -5- (thiophene-2-yl) -2,4-dihydro-3H-1,2,4-triazole-

3-thione and detect its experimental and the quantum chemical properties. 4-(p-tollil)-5-(tiyofen-2-il)-2,4-

dihidro-3H-1,2,4-triazole-3-tiyon was synthesized using by the nucleophilic sübstitüsyon reaction. The 

synthesized title compound has been characterized both experimentally and theoretically using quantum 

chemical calculations and spectral techniques. The molecular geometry, vibrational frequencies, and 1H 

and 13C NMR chemical shifts of the title compound in the ground state were calculated using the density 

functional method (B3LYP) with the 6–311G(d, p) basis set. It was seen that the calculated infrared and 

nuclear magnetic resonance values were compatible with the experimental values. To determine 

conformational flexibility, the molecular energy profile of 4- (p-tollyl) -5- (thiophene-2-yl) -2,4-dihydro-

3H-1,2,4-triazole-3-thione was obtained by DFT calculations with respect to the selected torsion angle, 

which was varied from 180°to +180°in steps of 20°. In addition, the HOMO- LUMO energies of this 

conformational structure were calculated. 

 

© 2020. Turkish Journal Park Academic. All rights reserved.  

 

1. Introduction  

Triazoles are one of the most of important class of heterocyclic 

compounds that exhibit a broad spectrum of pharmacological 

activities. They have two isomer groups based on the different 

position of the nitrogen atoms: As 1,2,3 triazoles and 1,2,4 

triazoles have a wide range of drugs as essential heterocyclic 

structural components anticonvulsants [1], antimalarial [2], 

antiproliferative [3], anticancer [4] immune-nostimulants [5] 

and antidiabetic [6] are biologically very important. These 

diverse properties of the triazole core have led researchers to 

develop new triazole derivatives with promising biological 
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activities. Biological research of 1,2,4-triazoles has been 

instrumental in demonstrating various pharmacological 

properties such as anticancer, antituberculosis. Various drugs 

have the triazole moiety, which highlights its importance, and  

recent advances by various researchers have delineated the 

importance of the triazole nucleus. To give a few examples of 

these; Beutle's study showed that various nucleoside-based 

triazole derivatives such as cladribine and gemcitabine, which 

natural nucleosides, can be used as anticancer agents [7]. 

Chandrasheka et al. showed that 4-isopropyl thiazole-4-

phenyl-1,2,4-triazole derivative compounds exhibited strong 

antituberculosis activity compared to standard drugs [8]. The 

http://www.dergipark.gov.tr/beuscitech
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fact that triazoles and their derivatives have such important 

properties causes the study of triazoles. The aim of this study 

is to synthesize 4-(p-tollyl)-5-(thiophen-2-yl)-2,4-dihydro-3H-

1,2,4-triazole-3-thione, which is thought to be useful in at least 

one of these areas. It is aimed to examine experimentally and 

theoretically. 

2. Materials and Methods 

2.1. Experimental 

 

50 ml of absolute ethyl alcohol and 10 mmol of thiophene-2-
carbohydrazide were added to a 100 ml glass flask. After the 
reaction started, 10 mmol p-tollyl isothiocyanate was added. 
After about 3 hours, solid thiosemicarbazide began to form. 15 
mmol potassium hydroxide was added to the solid formed and 
dissolution started. The reaction was stopped after six hours 
and the pH was brought to 3-4 with hydrochloric acid. The 
resulting solid was crystallized from a water-alcohol mixture. 
The structure of the obtained product was elucidated by 
spectral techniques. The reaction of the obtained compound is 
shown in Figure 1. Yield 68% 

 

 

 

 

Figure 1. The reaction for the synthesis of 4-(p-tollyl)-5-(thiophen-2-
yl)-2,4-dihydro-3H-1,2,4-triazole-3-thione. 

 

2.2. Computational methods 

Gaussian 09W package program and Density Functional 
Theory (DFT) method were used in the theoretical calculations 
of this study [10-11]. Energy values were obtained by using the 
6-311G(d,p) basis set in the calculations. The boundary 
orbitals of the molecule, geometric optimization and infrared 
spectra were obtained by the Density Functional Theory (DFT) 
method. The GIAO (Gauge-Independent Atomic Orbital) [12-
14] method was used to determine the NMR chemical shift 
values of the synthesized compound. The optimized form of 

synthesized 4-(p-tollyl)-5-(thiophen-2-yl)-2,4-dihydro-3H-
1,2,4-triazole-3-thione is given in Figure 2. 

 

 

 

Figure 2. (a) Experimental form of 4-(p-tollyl)-5-(thiophen-2-yl)-2,4-
dihydro-3H-1,2,4-triazole-3-thion (b) Theoretical form of 4-(p-tollyl)-
5-(thiophen-2-yl)-2,4-dihydro-3H-1,2,4-triazole-3-thione. 

 

3. Results and Discussion 

3.1. Conformation Isomer 

 

Conformation analysis is a widely used method for 
determining the stability of conformations resulting from 
possible rotations in organic compounds, investigating the 
stability reasons of stable conformations, and examining 
intramolecular interactions [15]. In the 4-(p-tollyl)-5-
(thiophen-2-yl)-2,4-dihydro-3H-1,2,4-triazole-3-thione 
structure, the bond between the thiophene ring and the 
triazole ring has free rotation. Therefore, in order to observe 
this bond energy change by rotation, a conformation analysis 
at the B3LYP/6-311G(d,p) level was calculated to obtain the 
most stable optimized structure by rotating it around itself at 
20 degree angles at each step.In Figure 3, the energy profile 
obtained for the molecule is given. Structures with minimum 
(stable) and maximum (unstable) energy were shown in the 
dihedral angle-energy plot. Looking at the graph, although the 
most unstable structures were formed at angles of 
approximately -80 º and +72 º, the most stable structures were 
obtained at -179 º and +178 º angles. 

 



Bitlis Eren University Journal of Science and Technology 12 (1) (2022) 7-13 

 

 

 

 

9 

 

 

Figure 3. Conformation of 4-(p-tollyl)-5-(thiophen-2-yl)-2,4-dihydro-
3H-1,2,4-triazole-3-thione. 

 

3.2. Infrared Spectroscopy (IR) 

The vibrational frequencies of 4-(p-tollyl)-5-(thiophen-2-yl)-
2,4-dihydro-3H-1,2,4-triazole-3-thion were calculated 
theoretically and the obtained values were compared with the 
experimental values. When the spectra of the synthesized 4-(p-
tollyl)-5-(thiophen-2-yl)-2,4-dihydro-3H-1,2,4-triazole-3-
thion compound are examined, it is observed that the 
carboxylic acid hydrazide derivatives between 1650 and 1690 
cm-1. It was observed that the C=O tension vibration 
disappeared. In addition, in 4-(p-tollyl)-5-(thiophen-2-yl)-2,4-
dihydro-3H-1,2,4-triazole-3-thion compound, CH3 stretch 
(symmetric and antisymmetric), out-of-plane There are CH 
bending, in-plane CH bending and aromatic CH stretching 
vibrations. Aromatic CH vibrational stresses are observed in 
the frequency range 3000-3100 cm-1 (in the form of multiple 
bands). In-plane CH bending vibrations appear as sharp peaks 
in the 1100-1500 cm-1 region. Out-of-plane bending vibrations 
are observed in the 860-1000 cm-1region [16-17]. The 
theoretically calculated CH stretching vibrations in the 
aromatic and thiophene ring of the compound were observed 
in the range of 3186-3080 cm-1, and experimentally in the 
frequency range of 3228-3063 cm-1. CH in-plane bending 
vibrations were observed at 1071 and 1288 cm-1 

experimentally at 1050 and 1250, out-of-plane bending 
vibrations were observed theoretically at 825 and 863 cm-1and 
experimentally at 725 and 846 cm-1. Other vibration values of 
the synthesized structure are shown in Table 1 and infrared 
spectrum in Figure 4. 

 

 

Figure 4. FT-IR spectrum of 4-(p-tollyl)-5-(thiophen-2-yl)-2,4-
dihydro-3H-1,2,4-triazole-3-thione.
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Table 1. Comparison of experimental and calculated vibrational frequencies of 4-(p-tollyl)-5-(thiophen-2-yl)-2,4-dihydro-3H-1,2,4-triazole-
3-thione.  

Symbols Experimentally Calculated 

 with FT-IR (cm-1)  B3LYP/6-311,G(d,p) 

ʋ  CH, Tyf                                                                 3186  3228,3210,3208 

ʋs CH, Ar        3100 

 

3063,3086,3083,3063 

ʋas CH, Ar        3080        3062,3083 

ʋas CH3        2970 

 

3045,3024 

ʋ  SH 

 

2610        2583 

ʋ C=C, Ar        1620 

 

1656,1613,1228 

ʋ C=C, Tyf 

 

1520 

 

1548,1639, 

ʋ C=N, Trz 

 

1570 

 

1565,1580,1393,1492 

δ CH3 

 

1445        1484,1417 

δ CH3        1425 

 

1482 

 δ CH, Ar 

 

1050       1071,1089 

 δ CH, Tyf        1250 

 

1288 

 α (Ar + CH3)        885 

 

963 

 α CH3 

 

890 

 

943 

 α CH, Tyf        846 

 

863,810 

 α CH, Ar        725 

 

825,844 

  ʋ, strain; δ, in-plane bending; α, out-of-plane bending; s, symmetrical; ace, asymmetrical; Ar, aromatic, Tyf, Thiophene;                   Trz,Triazole 
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3.3. Nuclear Magnetic Resonance Spectroscopy (NMR) 

The most characteristic peak of the synthesized 4-(p-tollyl)-5-
(thiophen-2-yl)-2,4-dihydro-3H-1,2,4-triazole-3-thion 
compound was theoretically at 14.06 ppm experimentally. It is 
the SH/NH peak seen as singlet at 14.00 ppm. The presence of 
this peak is an important parameter for the formation of the 
compound. Next to this characteristic peak of SH/NH, 
hydrogens in the p-tollyl group attached to the 1,2,4-triazole 
ring -ortho-positions resonate theoretically at 7.20 and 
7.25ppm, experimentally at around 7.29ppm, while protons in 
the -meta position resonate as a doublet. theoretically 6.60 and 
6.63 ppm, and experimentally 6.73 and 6.97 ppm, it gave a 
doublet signal. In addition, the protons of the methyl group 
attached to the p-tollyl group theoretically gave a singlet signal 
at 1.80, 1.95 and 2.00 ppm, experimentally at 2.39 ppm. Finally, 
the protons in the thiophene ring can be evaluated as follows; 
The proton adjacent to the sulfur atom resonated in low field 
due to the electron negativity of the sulfur atom compared to 
the other protons in the ring, giving an experimental signal at 
7.64 ppm theoretically at 7.41 ppm, while other protons gave 
an experimental signal at 7.36 ppm and theoretically at 6.90 
ppm. The experimental and theoretically calculated 1H and 13C-
NMR spectrum values of the compound are given in Table 2. In 
addition, the 1H-NMR and 13C-NMR spectra of the compound 
are shown in Figure 5 and Figure 6.  

Table 2. Theoretical and experimental 1H and13C isotropic chemical 

shifts (with respect to TMS, all values in ppm) for the title compound. 

 

 

Figure 5. 1H-NMR spectrum of 4-(p-tollyl)-5-(thiophen-2-yl)-2,4-
dihydro-3H-1,2,4-triazole-3-thione. 

 

 

 

Figure 6. 13C-NMR spectrum of 4-(p-tollyl)-5-(thiophen-2-yl)-2,4-
dihydro-3H-1,2,4-triazole-3-thione. 

 

3.4. Frontier Molecular Orbitals (FMOs) 

Boundary orbitals, the highest energy filled molecular orbital 
(HOMO) and the lowest energy vacant molecular orbital 
(LUMO), have an important place in the explanation of 
chemical reactions. Since most of the chemical reactions occur 
by gaining or losing electrons, HOMO and LUMO are effective 
in the chemical interactions in the structure of the molecule. 
Since the received electron will be placed in the LUMO orbital, 
the smaller the energy of this orbital, the easier it will be to take 
the electron. Since the given electron will be in the HOMO orbit, 
the higher the energy of this orbit, the greater the tendency to 
donate electrons. Electrons in HOMO are the first to be 
separated during ionization [18]. The HOMO-LUMO graph of 
the compound is given in Figure 7. When calculating the HOMO 
and LUMO energy values of the molecule, the energy difference 
between the ground and first excited levels is -4.626 eV. If the 
HOMO-LUMO of the same molecule is re-excited, the calculated 
energy difference is -5.837 eV. In excited and ionic molecules, 
the dispersion of electron density, that is, activation, will make 
the molecule weaker and therefore the interaction between the 
molecules will also weaken. This is the reason for the decrease 
in the energy difference between HOMO-LUMO when the 
molecule is excited to higher levels [19]. 

 

Atom 
Teoretical (B3LYP) 

6-311G(d,p) 
Experimental(ppm) 

(DMSO-d6) 

C1 139.2 132.9 

C2 127.5 127.3 

C3 129.4 128.1 

C4 135.3 130.6 

C5 149.0 146.5 

C6 165.6 169.2 

C7 134.4 130.3 

C8 131.9 128.8 

C9 132.5 129.2 

C10 144.2 140.3 

C11 132.7 129.2 

C12 131.2 128.8 

C13 18.3 21.3 

3H(thiophene) 6.90, 6.90 and 7.41 7.36, 7.36 and7.64 

3H(CH3) 1.80, 1.95 and 2.00 2.39 

4H(Ar-H) 
6.60, 6.63,7.20 and 7.25 

6.73, 6.97, 7.29 and 
7.29 

1H(SH) 14.00 14.06 



Bitlis Eren University Journal of Science and Technology 12 (1) (2022) 7-13 

 

 

 

 

12 

 

 

Figure 7. By method B3LYP/6-311G(d,p) of 4-(p-tollyl)-5-(thiophen-
2-yl)-2,4-dihydro-3H-1,2,4-triazole-3-thione calculated HOMO and 
LUMO energies. 

 

4. Conclusions 

In this work, 4-(p-tollyl)-5-(thiophen-2-yl)-2,4-dihydro-3H-
1,2,4-triazole-3-thion synthesized by reaction of thiophene-2-
carbohydrazide and p-tollyl isothiocyanate. Its compound 
structure was elucidated by characterizing it by spectroscopic 
methods such as FT ‒ IR, 1H-NMR and 13C-NMR. In addition, 
quantum mechanical methods were used to obtain information 
about its electronic structure, and the obtained data were 
found to be compatible when compared with experimental 
methods. By calculating the conformation analysis of the 
compound, it was observed that the most unstable state was 
formed at angles of approximately -80 º and +72 º, and the 
most stable state was obtained at angles of -179 º and +178 º. 
By calculating the HOMO and LUMO energy values of the 
obtained structure, the energy difference between the ground 
state and first excited levels of the molecule is -4.626 Ev, If the 
HOMO-LUMO of the same molecule is re-excited, the calculated 
energy difference was calculated as -5.837 eV, and the high 

energy gaps in both cases showed that the molecule had a 
stable structure. 
 

References 
 
[1]   Guan, L. P., Jin, Q. H., Tian, G. R., Chai, K. Y., Quan, Z.S.2007. Synthesis                       
        of some quinoline-2 (1H)-one and 1, 2, 4-triazolo [4, 3-a] quinolin 
        derivatives as potent anticonvulsants. J Pharm Pharm Sci, 10 (3):   
        254-62. 
 
[2] Gujjar, R., Marwaha, A., El Mazouni, F., White, J., White, K.L., Creason, 

S., Phillips, M. A. 2009. Identification of a metabolically         Stable 
triazolopyrimidine-based dihydroorotate dehydrogenase        
inhibitor with antimalarial activity in mice. Journal of medicinal         
chemistry, 52(7): 1864-1872. 

 
[3] Mohammad, Y., Fazili, K. M., Bhat, K. A., Ara, T. 2017. Synthesis and 
       biological evaluation of novel 3-O-tethered triazoles of diosgenin as    
       potent antiproliferative agents. Steroids, 118, 1-8. 
 
[4] Huang, M., Deng, Z., Tian, J., Liu, T. 2017. Synthesis and biological        

evaluation of salinomycin triazole analogues as anticancer        
agents. European journal of medicinal chemistry, 127, 900-908. 

 
[5] Lee, T., Cho, M., Ko, S.Y., Youn, H. J., Baek, D. J., Cho, W. J., Kim, S.2007. 
       Synthesis and evaluation of 1, 2, 3-triazole containing analogues of 
       the immunostimulant α-GalCer. Journal of medicinal chemistry, 

50(3): 585-589. 
 

[6] Wang, G., Peng, Z., Wang, J., Li, X., Li, J. 2017. Synthesis, in vitro        

evaluation and molecular docking studies of novel triazine-triazole        

derivatives as potential α-glucosidase inhibitors. European journal           

        of medicinal chemistry, 125, 423-429. 

 
[7] Beutler, E. 1992. Cladribine (2-chlorodeoxyadenosine). The        

Lancet, 340 (8825): 952-956. 
 

[8]   Kumar, G.S., Prasad, Y.R., Chandrashekar, S.M. 2013. Synthesis and  

         pharmacological evaluation of novel 4-isopropylthiazole-4-        

phenyl-1, 2, 4-triazole derivatives as potential antimicrobial and        

antitubercular agents. Medicinal Chemistry Research, 22(2): 938-         

948. 

 

[9] Tanak, H. 2011. DFT computational modeling studies on 4-(2, 3-        

Dihydroxybenzylideneamino)-3-methyl-1H-1, 2, 4-triazol-5 (4H)-

one. Computational And Theoretical Chemistry, 967(1): 93-101.  

 

[10] Becke, AD. 1988. Density-functional exchange-energy        

approximation with correct asymptotic behavior. Physical review 

A, 38(6): 3098-3100. 

 

[11] Beck, A. D. 1993. Density-functional thermochemistry. III. Therole 

          of exact exchange. J. Chem. Phys, 98(7), 5648-5660. 

 



Bitlis Eren University Journal of Science and Technology 12 (1) (2022) 7-13 

 

 

 

 

13 

 

[12] Lee, C., Yang, W., & Parr, R. G. 1988. Development of the Colle          

Salvetti correlation-energy formula into a functional of the          

electron density. Physical review B, 37(2): 785-790. 

 

[13] Merrick, J. P., Moran, D., Radom, L. 2007. An evaluation of           

harmonic vibrational frequency scale factors. The Journal of           

Physical Chemistry A, 111(45):11683-11700. 

[14] Dodds, J. L., McWeeny, R., & Sadlej, A. J. 1977. Self-consistent            

perturbation theory: Generalization for perturbation-dependent 

non orthogonal basis set. Molecular Physics, 34(6): 1779-1791. 

 
[15] Öztürk, E., Irak, Z. T., Gümüş, S. 2019. (E)-2-((Fenilimino) metil)           

Fenol Molekülünün Teorik Olarak İncelenmesi. Journal of the 
Institute of Science and Technology, 9(1): 407-414. 

 

[16] Bellamy, L. J. 1980. Associated XH Frequencies, The Hydrogen            

Bond. In The Infrared Spectra of Complex Molecules. Springer, 

Dordrecht.  240-292.  

 
[17]Shahhosseini, L., Nateghi, M. R., SheikhSivandi, S. 2016.         

Electrochemical synthesis of polymer based on 4-(2-thienyl) 
benzenamine in aqueous solutions: Electrochemical properties,  

         characterization and application. Synthetic Metals, 211, 66-74. 
 
[18] McNaught, A. D. 1997. Compendium of chemical terminology 
         Oxford: Blackwell Science. 1669-1971. 
 
[19] Sakarya, H. 2015. Experimental and theoretical studies of FT-IR,        

FT-Raman and NMR calculations of 2, 2-ethylenedianiline        
molecule with the help of density function theory. Master    Thesis 
Ahi Evran University, Institute of Science and        Technology. 
Kırşehir.1-115 

 

 



 

14 

 

 

 BITLIS EREN UNIVERSITY  JOURNAL OF SCIENCE AND TECHNOLOGY 12 (1) (2022) 14–20             
 

  

 

 

 

 

 

Available online at www.dergipark.gov.tr/beuscitech 

 

Journal of Science and Technology 
 

 E-ISSN 2146-7706   

 

 

A study on the determination of damage levels in reinforced 
concrete structures for different earthquakes  
 

Ercan IŞIK*  , Ali Emre ULU , Şakir TUNÇ  , Ali KESKINER   

Bitlis Eren University, Department of Civil Engineering, TR-13000, Bitlis, Türkiye 

 

A R T I C L E  I N F O 

Article history:  

Received 31 January 2022 

Received in revised form 31 May 2022 

Accepted 31 May 2022 

 

Keywords: 

Damage level 
RC structures 
EMS-98 
Earthquake  
Seismic parameter 

 

A B S T R A C T 

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 

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. 
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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 (Işık et al., 2017; Doğan et al., 

2021). It is 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 (Işık 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 (Işık 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 Düzce, 2003 Bingöl, 2011 Van, 2020 Sivrice 

(Elazığ) and 2020 İzmir 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; Özmen 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 

taken from the database of institutions that record important 

earthquake data of Turkey, such as AFAD and KOERI. 

Table 1. Characteristics of the considered earthquakes. 

No Date Lat. Lon. 
Magnitude Loss of 

Life 

Number of 
Damaged 
Buildings 

Location 
Mb Ms Mw 

1 12.11.1999 40.81 31.19 6.2 7.2  763 35519 Düzce 

2 01.05.2003 39.00 40.46 5.7 6.3  176 6000 Bingöl 

3 23.10.2011 38.76 43.36   7.2 644 17005 Van 

4 24.01.2020 38.48 39.12   6.8 41 1915 Sivrice (Elazığ) 

5 30.10.2020 37.90 26.74   6.0 117 259 Seferihisar (İzmir) 
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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 included in the current 

earthquake code and are shown in Table 1. 

 

 

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

Earthquake 
level 

Repetition 
Period 
(year) 

Probability 
of 

exceedance 
(in 50 
years) 

Description 

DD-1 2475 0.02 
Largest earthquake 

ground motion 

DD-2 475 0.10 
Standard design 

earthquake ground 
motion 

DD-3 72 0.50 
Frequent 

earthquake ground 
motion 

DD-4 43 0.68 
Service earthquake 

movement 

The comparison of PGA and design spectral acceleration 

coefficients (SDS) predicted for five earthquakes in the last two 

seismic design code is given in Table 2. 

           Table 2. Comparison of PGA and SDS values 

No Location 
TSDC-2007 

Seismic 
Zone 

TSDC-2007 
PGA (g) 

TBEC-2018 
PGA (g) 

PGA2007/        
PGA2019 

SDS 2007 SDS 2018 SDS2007/SDS2018 

1 Düzce 1 0.400 0.588 0.680 1.000 1.291 0.775 

2 Bingöl 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 
(Elazığ) 

1 0.400 0.542 0.738 1.000 1.184 0.845 

5 
Seferihisar 

(İzmir) 
1 0.400 0.449 0.891 1.000 0.983 1.017 

 

 

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 İzmir earthquake.  

'AFAD Turkey Acceleration Database and Analysis System' 

(TADAS) is used to provide a better understanding of damaging  

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). 

 

 

Table 3. Comparison of PGA values 

Earthquke 
No 

Date 
Measured Values PGA 2018 PGA 2007 

PGA 
(cm/s2) 

PGV 
(cm/s) 

PGD 
(cm) 

DD-1 DD-2 DD-3 DD-4 DD-2 

1 30.10.2020 179.31 22.53 5.16 0.825 0.449 0.175 0.126 0.400 

2 24.01.2020 292.80 45.34 10.99 0.957 0.542 0.201 0.152 0.400 

3 23.10.2011 178.35 26.11 5.55 0.837 0.399 0.109 0.073 0.300 

4 01.05.2003 501.44 37.21 15.74 1.121 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 İzmir, 2020 Sivrice 

(Elazığ), 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 

Bingöl 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 Düzce 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 Düzce 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 

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 essential for rescue, humanitarian and 

reconstruction operations in the disaster area.  Building 

damages can be graded in the field using damage scales 

(Sharma et al., 2017).  

There are many different macro seismic scales to assess and 

classify structural damage after an earthquake more quickly 

(Zanini et al., 2019; Gómez 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 Medvedev, 

Sponheuer-Karnik (MSK-64 ve MSK-81) gauges (Zanini et al., 

2018; Grunthal, 1998; Grünthal 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. 
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Figure 2. Damage grades in RC structures according to EMS-98 

 

The visuals used in the 1st degree damage grade for the 

considered earthquakes are shown in Figure 3. 

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

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

earthquakes are shown in Figure 4. 

 
Figure 4. Moderate damaged RC buildings 

The substantial to heavy damaged (Grade 3) RC buildings for 

selected earthquakes are shown in Figure 5. 

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

Very heavy damaged buildings for selected earthquakes are 

shown in Figure 6. 

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 

and at joints of coupled walls. Spalling of concrete cover, buckling 

of reinforced rods. Large cracks in partition and infill walls, failure 

of individual infill panels. 

 

Grade 4: Very heavy damage (heavy structural 

damage, 

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. 

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

Destruction of some RC buildings (Grade 5) for selected 

earthquakes are shown in Figure 7. 

 

 
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, insufficient or incorrect 

clamping, etc.) affect the degree of damage. 

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 Düzce 
earthquake, for the other four earthquakes considered, the 

design in the current map was lower than the PGA values 
predicted for ground motion. However, the value measured for 
the 1999 Düzce 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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A B S T R A C T 

In seismic design codes it is obligatory to use special earthquake reinforcement ties in reinforced-concrete 

structural columns. Lack of special earthquake reinforcement ties or any deficiency in arrangement or 

amount of these reinforcements can cause different levels of damage to the reinforced-concrete structural 

elements after the earthquake. Within the scope of this study, a total of eight different structural models 
were created in order to determine the effect of the reinforcement-ties on the shear capacity of reinforced-

concrete columns, considering four different reinforcement-tie models and two different reinforcement 

materials. The period, seismic capacity and target displacement values were obtained for each structural 

model. In addition, demand, limit and capacity values for shear force were obtained and compared. 

Significant contribution to the seismic behaviour of the structure with use of reinforcement ties was 

observed. Material strength and the amount of reinforcement ties used significantly contributing to the 

seismic behaviour of the structure. 

 
 

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

 

1. Introduction  

Earthquakes cause different levels of destructive damages in 
engineering structures. The magnitude of the earthquake and 
structural characteristics of the building stock affect the 
amount of damage. In this context, determining the existing 
building stock characteristics before a possible earthquake is a 
part of modern disaster management (Shendkar et al., 2021; 
Işık et al., 2018; Harirchian et al., 2020; Arslan, 2010). In 
addition, collapsed and heavily damaged structures after the 
earthquake reveal the importance of earthquake resistant 
structure design.  (Tabrizikahou et al., 2021; Bilgin et al., 2021; 
Harirchian et al., 2021). Particularly, the damages that occur in 
reinforced-concrete (RC) structures, which constitute a large 
part of the existing building stock, add a special importance to 
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the studies on the earthquake performance of such structures 
(Doğan et al., 2021; Büyüksaraç et al., 2021 Hadzima-Nyarko 
and Šipoš, 2017).  

Reinforced-concrete structural system that constitutes a large 
part of the existing building stock is preferred due to its 
properties. RC is a composite building material formed by the 
combination of two different materials namely reinforcement 
and concrete. In RC structures, insufficient reinforcement and 
concrete properties significantly affect the behavior of the 
structure under the influence of earthquakes (İnel et al. ,2008; 

Işık et al., 2021; Arslan ve Korkmaz, 2007). The deficiencies 

of the transverse and longitudinal reinforcements are one of 
the causes of structural damage in RC structures as a result of 
destructive earthquakes. Reinforcement defects can increase 
the degree of damage in structures especially in vertical load-
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bearing elements such as columns and shear walls. Choosing 
the placement and numbers of the transverse and longitudinal 
reinforcements to be used in the columns in accordance with 
the relevant regulations and standards and placing them as in 
the project during the construction phase are important in 
fulfilling the functions expected from the reinforcements. 
Reinforcement arrangement details in columns, shear walls, 
beams, slabs and foundation elements that make up RC frames 
directly affect the strength, ductility and rigidity of RC 
structure (Stepinac et al., 2021; Yakut et al., 2021; Işık, 2014; 
Doğangün, 2004; Çelebi et al., 2013; Işık et al, 2020; Erdil, 2017; 
Tapan et al., 2013; Pekgokgoz and Avcil, 2021). Many studies 
have been carried out to determine the effect of transverse and 
longitudinal reinforcements on structural properties of RC 
columns.   

Çolakoğlu (2020) investigated the effect of transverse 
reinforcement spacing change, which is an important effect 
that determines the earthquake performance of RC column, on 
its trans linear behavior. Taşkın and Okay (2019) investigated 
the effect of transverse reinforcement type on column behavior 
in their study. Merter and Uçar (2015) investigated the effects 
of longitudinal reinforcement ratio, transverse reinforcement 
pitch spacing and axial load on the energy consumption and 
cross-section energy consumption of reinforced concrete 
sections under monotonic loading in nonlinear behavior. İnel 
et al., (2007) investigated the seismic performance of mid-
height RC buildings with different story numbers, as well as the 
transverse reinforcement spacing, as well as different 
parameters. On the other hand, Meral (2018) investigated the 
effects of parameters such as axial load, concrete compressive 
strength, longitudinal reinforcement ratio, longitudinal 
reinforcement yield strength, transverse reinforcement 
spacing, transverse reinforcement diameter, transverse 
reinforcement yield strength and volumetric ratio of 
transverse reinforcement on the curvature ductility of column 
sections. İnel et al., (2008), while determining the behavior of 
fourteen RC buildings under earthquake effects, also took into 
account the variation of transverse reinforcement spacing, 
along with other variables. Foroughi et al., (2020) investigated 
the effect of material model, axial load and transverse 
reinforcement ratio on the behavior of RC columns in their 
study. Aydemir et al., (2009) derived analytical relations for 
realistic and practical calculation of Mp in rectangular 
reinforced concrete columns. Hasgül et al., (2016) tested four 
RC cantilever column elements with low concrete strength and 
insufficient transverse reinforcement in their study. 

One or more of the effects such as bending, shear, torsion may 
cause damage to the columns at the same time. If there is not 
enough transverse reinforcement at the joints and in the 
column enclosing area, the core concrete is easily crushed and 
fractured, the longitudinal column reinforcements are buckled. 
One of the reinforcements used in the columns is the 
reinforcement ties that keep the opposing reinforcements or 
rows of reinforcements at the same distance by connecting 
them to each other. These ties are used in RC shear walls and 
columns, which are vertical load-bearing elements. In addition 
to ensuring that both longitudinal and transverse 
reinforcements work together by clamping each other, it also 
works as a distance protector between the reinforcements. 
Especially in seismic design codes, it is called special 

earthquake reinforcement tie and its use is important. The 
crossties can clamp the reinforcements together and prevent 
the reinforcements from moving under the effect of concrete 
casting and earthquake. It can prevent the buckling of the 
transverse reinforcements as well as helping to the transverse 
reinforcements that meet the shear force in the vertical 
structural elements. Reinforcement ties can be seen as a type 
of transverse reinforcement and can contribute to the 
fulfillment of the functions of these reinforcements. These ties 
can also be used to maintain the cover spacing. When all these 
features are taken into consideration, the reinforcement ties 
used properly will increase the strength and ductility of the 
columns. The diameter and spacing of special earthquake 
reinforcement ties are the same as the diameter and spacing of 
stirrups. The reinforcement ties must be applied separately at 
both ends so as to wrap the longitudinal reinforcements and 
outer stirrups. Stirrups and reinforcement ties are applied by 
being firmly attached to the longitudinal reinforcements so 
that they do not slip from their places while concrete is poured. 

Although the contribution of reinforcement ties to the 
earthquake behavior of the building is known, there is limited 
number of experimental and analytical studies that 
investigated the effect of reinforcement ties on seismic 
behaviour of RC structural elements. Within the scope of this 
study, the contribution of different reinforcement ties 
arrangements to the seismic behavior of the structure was 
analytically determined using eigenvalue and pushover 
analysis. In this context, a total of eight different structural 
models were created. For each model, limit values for shear 
force, demand, capacity and limit values, as well as period, 
seismic capacity, target displacement values were obtained.  

2. Structural Analysis  

A 7-storey RC building was chosen as an example in order to 
demonstrate the cross-ties effect. The floor plan of the selected 
RC building is shown in Figure 1. Analyzes were performed 
using Seismostruct software (Seismosoft, 2022). 

 



Bitlis Eren University Journal of Science and Technology 12 (1) (2022) 21–26 

 

23 

 

 

 

Figure 1. Floor plan of the RC building selected as an example 

The 2 and 3 dimensional structural models of the RC building 
chosen as an example and the representation of the applied 
loads are given in Figure 2. 
 

 

 

Figure 2. 2 and 3 dimensional structural models and applied loads of 

the RC structure analyzed 

 

The material and dimensional properties of the structure as 

well as the parameters used in the series of the analysis are 

shown in Table 1. 

 
Table 1. Analysis input values considered for the sample RC structure 

Parameter Value 

Concrete grade C25 

Reinforcement grade S220 and S420 

Beams 250*600mm 

Height of floor 120 mm 

Cover thickness 25 mm 

Columns 400*500mm 

Longitudinal 
Reinforcement  

Corners 4Φ20 

Top bottom side 4Φ16 

Left right side 4Φ16 

Transverse reinforcement  Φ10/100 

Steel material Model Menegotto-Pinto  

Concrete material model Mander et al. nonlinear  

Constraint type Rigid diaphragm 

Incremental load 2,38 kN 

Permanent Load 5 kN/m 

Target Displacement 0.42m 

PGA 0.654g 

Ground Type C 

Importance Class II 

Damping  5% 

 

Structural models used to consider the effect of reinforcement 

ties are shown in Table 2. While creating the models, two 

different types of reinforcement (S220 and S420), were taken 

into account. In addition, four different types of cross-ties were 

chosen as the other variable as shown in Table 2.  

 
Table 2. Considered cross-sections and their description 

Model No Section Material Description 

Model I 

 

 
 

S220 

 
 

Double 

Model II 

 

 
 

S420 

 
 

Double 

Model III 

 

 
 

S220 

 
 

Single 

Model IV 

 

 
 

S420 

 
 

Single 

Model V 

 

 
 

S220 

 
 

None 

Model VI 

 

 
 

S420 

 
 

None 

Model VII 

 

 
 

S220 

 
 

Diamond 
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Model VIII 

 

 
 

S420 

 
 

Diamond 

 

In the structural analysis, the limit states given in Eurocode-8 

(Part 3) and used worldwide were taken into consideration for 

damage estimation. Three performance limit states, namely 

Near Collapse (NC), Significant Damage (SD) and Damage 

Limitation (DL) were obtained for all structural models 

respectively. The period, base shear capacity and performance 

limit states values obtained as a result of the structural analysis 

are given in Table 3 for S220; and in Table 4 for S420 

reinforcement. 

 

Table 3. Comparison of the analysis results for S220 

Model No 
Period 

(s) 
Base Shear 

(kN) 
DL 
(m) 

SD 
(m) 

NC 
(m) 

Model I 0.699 6758. 33 0.222 0.284 0.492 

Model III 0.699 6752.07 0.221 0.283 0.491 

Model V 0.699 6733.28 0.220 0.283 0.49 

Model VII 0.699 6767.02 0.222 0.284 0.493 
 

Table 4. Comparison of the analysis results for S420 

Model No 
Period 

(s) 
Base Shear 

(kN) 
DL 
(m) 

SD 
(m) 

NC 
(m) 

Model I 0.699 9550.29 0.238 0.305 0.529 

Model III 0.699 9508.26 0.237 0.304 0.527 

Model V 0.699 9437. 49 0.236 0.303 0.525 

Model VII 0.699 9593.55 0.238 0.305 0.529 

 

The load factor continued until the 51st step in all models, 

except for Model 5 (S220 without reinforcement ties). In Model 

5, after 29th load step, the phase was terminated and the entire 

load could not be applied. There was no change in the natural 

vibration period of the structure due to the presence and 

different arrangements of reinforcement-ties. With the 

increase of reinforcement ties in cross-section, there was an 

increase, in seismic capacity for both S220 and S420. The 

reinforcement ties were found to be more effective in Model VII 

and Model VIII. The least effect was obtained for Model V and 

Model VI, which are models with no reinforcement ties. The 

grade of the reinforcement ties has caused significant changes 

in the performance of the columns and structure. The change 

in the transverse and longitudinal reinforcement materials 

grades used in all columns caused very significant changes in 

the seismic capacity. From this point of view, use of S420 and 

equivalent reinforcements contributed approximately 50% in 

the base shear. The target displacement values decreased with 

the decrease in the amount of reinforcement ties for both 

reinforcement grades.  
 
The main purpose of performance-based engineering, is is to 
determine the performance of structure at different limit 
states. This can be accomplished efficiently in SeismoStruct 
software through the definition of Performance Criteria. The 

comparison of the demand and limit values obtained for 
Column 111 and Column 163 located on the ground story as a 
result of the structural analysis is given as an example in Table 
5. PR means performance ratio.  

 

Table 5. The comparison of demand and limit shear values 

Model 

Col 111 Col 163 

Demand Limit PR Demand Limit PR 

Model 
I 

174.01 381.3 0.456 221.02 449.47 0.492 

Model 
II 

217.51 558.2 0.390 321.92 690.51 0.466 

Model 
III 

165.91 317.5 0.522 202.14 379.50 0.533 

Model 
IV 

220.45 444.38 0.496 304.92 565.94 0.539 

Model 
V 

150.93 245.43 0.615 176.59 306.15 0.577 

Model 
VI 

237.48 354.71 0.670 257.58 430.36 0.599 

Model 
VII 

168.42 497.06 0.339 236.10 579.54 0.407 

Model 
VIII 

214.48 791.72 0.271 342.58 940.41 0.364 

 

Shear capacity of the columns were determined using code-
based check in the software used was used. The main 
difference between the Code-based Checks and the 
Performance Criteria is that the latter are checks against the 
'expected' values of the response quantities, whereas the 
former follow the conservative assessment methodologies as 
defined by the corresponding Codes and Standards (Antoniou 
and Pinto, 2003).  The shear capacity of the Sections module 
was calculated using the expression of EC8-Part 3. The 
comparison of demand and capacity shear values is given in 
Table 6.  

 

Table 6. The comparison of demand and capacity shear values 

Model 

Col 111 Col 163  

Demand Capacity PR Demand Capacity PR 

Model 
I 

174.01 255.07 0.682 221.05 313.67 0.705 

Model 
II 

217.51 361.38 0.602 321.86 475.71 0.677 

Model 
III 

165.91 211.33 0.785 202.14 265.92 0.760 

Model 
IV 

220.45 287.31 0.767 304.93 392.31 0.777 

Model 
V 

150.93 162.75 0.927 176.59 215.29 0.820 

Model 
VI 

237.48 233.91 1.015 257.58 299.36 0.860 

Model 
VII 

168.42 329.56 0.511 236.10 400.59 0.589 

Model 
VIII 

214.48 514.46 0.417 342.58 642.98 0.533 

 

In Model 6, shear capacity has been exceeded in a total of four 

columns. On the other hand, in Model 5, since the analysis could 

not be completed shear capacity values were not obtained. For 

all other structural models, no shear force capacity is exceeded. 
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The shear capacity of each column increased significantly with 

increasing number of reinforcement ties in the cross section.  

The lowest shear capacities were obtained for Model V and 

Model VI, in which no reinforcement ties were used, while the 

highest values were obtained for Model VII and Model VIII, in 

which diamond type reinforcement ties were used. 

The nonlinear behavior of the structures is assessed based on 

the material strains implemented in the SeismoStruct (2022). 

For this, purpose strains were respectively taken as–0.0035, –

0.008, and +0.10, for spalling of cover concrete (crush_unc), 

crushing of core concrete (crush_conf), and fracture of steel 

(fracture). The number of elements exceeding these strain limit 

states for the 36 columns on the ground floor in all structural 

models are given in Table 7. Only one column fracture was 

observed in Model 5, in which is no reinforcement ties were 

used. With increasing the usage of reinforcement ties, the 

number of damaged elements were decreased. 

Table 7. The comparison of material strain   

Model No 
Number of columns is ground story 

Crush-conf Fracture  Crush-unc 

Model I 36/36 0/36 36/36 

Model II 30/36 0/36 36/36 

Model III 36/36 0/36 36/36 

Model IV 30/36 0/36 36/36 

Model V 36/36 1/36 36/36 

Model VI 36/36 0/36 36/36 

Model VII 30/36 0/36 36/36 

Model VIII 30/36 0/36 36/36 

 

5. Results and Conclusions 

It is possible to ensure that the structure exhibits ductile 
behavior in order to minimize the level of damage of the 
structures in possible earthquakes, if the structural elements 
have sufficient and necessary strength at the same time. Use of 
reinforcement ties in reinforced concrete columns provides 
important contributions to the ductility and strength 
properties of RC structural elements. The transverse and 
longitudinal reinforcements used in RC columns directly affect 
the seismic behavior of the structures. The amount of 
reinforcement ties to be used provides significant positive 
contributions. However, providing this contribution in practice 
will only be possible if it is made in accordance with the 
reinforcement arrangement and placement rules. 

In the current seismic design codes used in Turkey, stirrups are 
used in all earthquake zones, in columns of all RC systems with 
normal ductility level, column-beam junction areas, shear end 
zones and beam wrapping zones are 'special earthquake 
stirrups', and reinforcement ties are 'special earthquake 
reinforcement tie'. will be arranged. The diameter and spacing 
of special earthquake reinforcement ties will be the same as the 
diameter and spacing of stirrups. The reinforcement ties will 
definitely wrap the longitudinal reinforcements at both ends. 
The operations to be carried out in accordance with this and 

similar equipment regulation rules are important for the 
fulfillment of the functions expected from the equipment. 
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A B S T R A C T 

While disasters are situations in which people cannot cope with their own capacities, it is impossible for 

risk groups that need the care of others not to be affected by it. Our country is frequently exposed to 

disasters due to its geopolitical position, irregular population growth, being a developing country, 

increased industrialization, insufficient infrastructure, and many other reasons. It is very important that 

disadvantaged community members who need help are easily accessible and identifiable at the time of 

disaster. The main purpose of this study is to provide the fastest, most accurate and reliable information 

to the elderly living alone, to children who lost their parents during the event, to women, to those who 

cannot do the work they need to do on their own in their personal or social life due to any deficiencies, to 

those who have their own disease and who have been harmed by disasters. In this study, the risk groups 

that will be affected by disasters were determined and the data of the people created as an example were 

transferred to the data matrix system. First of all, individuals in risk groups (disabled, chronic patients, 

elderly, children and women) were determined and then a data matrix was created on the website. 

© 2018. Turkish Journal Park Academic. All rights reserved.  

 

 

1. Introduction 

Undoubtedly, disasters have been one of the biggest problems 
faced by mankind throughout history (Ekinci et al., 2020). 
Throughout history, the definition of disaster has varied in 
research due to different perceptions (Başeğmez, 2017). A 
disaster is defined as a situation that causes damage, 
destruction, human losses after an event, and requires external 
assistance to a large extent by exceeding the capacity to cope 
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with their own means according to the World Health 
Organization (WHO) (Öztaş, 2019). 

Disaster and Emergency Management Presidency (AFAD-
DEMP) has defined disaster as a crisis situation that causes loss 
of life and property by stopping or interrupting normal life 
activities and requiring urgent intervention (Karabulut and 
Bekler, 2019). According to the International Federation of Red 
Cross and Red Crescent Societies (IFRC), disasters are 
catastrophic that seriously disrupt the functioning of society 
and cause material, economic and irreversible vital losses that 
the society cannot overcome by using its own resources 
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(Özkazanç, 2015). Many definitions of disaster can be found in 
the literature review apart from the definitions given. The 
common feature of all these definitions is that they exceed the 
coping capacity and cause great loss of life and property. The 
magnitude of the disaster experienced is determined by the 
injury and loss of life, that is, it is associated with the result 
rather than the type of disaster experienced (Altun, 2018). 

It has been determined as the main goal to provide early 
intervention to disadvantaged groups, to reach losses and to 
prevent post-disaster abuses, by combining personal 
information with the data matrix application, to provide ease 
of access to this information in extraordinary situations in this 
study. 

1.1. Vulnerability 

It is defined as needing the help of another person to fulfill their 
vital functions, being in a situation that prevents bilateral 
communication, being unable to protect oneself from attacks, 
bad behavior and abuses (Taştan and Aydınoğlu, 2015). While 
the capacity of individuals to cope with the dangers and risks 
of disasters is different from each other, this situation becomes 
more complicated for individuals with age, gender, physical 
and mental disabilities. Babies and children, women, the 
elderly and people with disabilities are more vulnerable than 
other individuals. This leads to a decrease in the survivability 
capacity in emergencies and disasters (Sheikhbardsiri et al., 
2017). Some characteristics of individuals cause them to be 
exposed to abuses more easily and to wear out. Age, gender, 
physical and mental status are some of them. The elderly and 
children are more easily abused and abused because they need 
the help of others. Considering that the elderly and children do 
not have the ability to make decisions causes the autonomy of 
these people to be ignored. Being a woman causes the person 
to be harmed, abused and hurt more easily. Especially women 
in pregnancy are more affected by disasters. People with a 
health status, physical or mental disability, and terminal illness 
are more likely to be affected by disasters than normal 
individuals (URL-1). 

Within the scope of the Sendai Framework, it was stated that 
the states that are members of the United Nations should take 
measures in accordance with the universal values for the 
reduction of disaster risks, but that would meet the national 
and local needs, and suggestions were made to carry out 
studies to reduce the disaster risks. People with private health 
care needs have the highest morbidity and mortality rates 
during disasters. To give an example, after the Great East Japan 
earthquake of 2011, it has been proven because of the research 
that the disaster-related death rate of disabled people is 4 
times higher when compared to other members of the society. 
After the tsunami that occurred due to the 2004 Indian Ocean 
earthquake, it was determined that 700 people with physical 
disabilities lost their lives in the Andomon Islands because they 
could not evacuate to high and safe areas (Tün et al., 2019). In 
a study conducted by Buluş Kırıkkaya and Gerdan (2018), the 
problems faced by the disabled people were examined, and 
while the participants of 30 people stated that they were 

prepared for disaster and had an idea under normal conditions, 
they showed that they did not have a clear idea when they were 
disabled or have a disabled relative. 

2. Materials and Method 
 

In this study, a data matrix identification system was designed 

to be integrated into risk groups in order to provide early 

intervention in case of a disaster, to reach losses and to prevent 

post-disaster abuses. First of all, a group definition was made 

in five different categories that were targeted for the 

application. Infant-children, women, chronic patients, the 

disabled and the elderly are considered as risk groups within 

the scope of the study. 

2.1. Infant-Child 

A baby is a creature that starts with birth and lives within the 

next 24 months. Child covers the period from 3 years to 11 

years (URL-2). Studies on the location of disaster victims in our 

country are very new. According to unofficial figures after the 

17 August 1999 earthquake, it is said that more than 300 

people disappeared and these losses may have fallen into the 

hands of organs, prostitution and drug mafia or illegal traders 

(URL-3). After the Varto earthquake that took place on August 

19, 1966, 40 children were left orphaned, and they waited for 

an intervention and a helping hand with the wounds they 

received from various parts (Büyüksaraç and Bektaş, 2017). 

After the civil war in Syria, 28266 children died and 4469 
children were arrested. It is not known what happened to the 
arrested children. It is stated that the number of children who 
lost their lives due to torture is 176. As a result of the 2004 
Indian Ocean tsunami, nearly 4400 children lost both their 
mother and father. Due to the drought in Africa, thousands of 
children have been orphaned and death rates have increased. 
It is stated that 42% of Palestinian children living under Israeli 
siege are exposed to more than one disability. Due to the civil 
war in Syria, living in an unhealthy camp environment and 
being fed with water and food, children have faced the risk of 
many diseases. A significant increase has been observed in the 
number of children with disabilities, especially with the use of 
chemical weapons in wars. To give an example, while there 
were 300,000 disabled children in Afghanistan before the long 
war, this number increased to 867,100 between 2005 and 
2006 due to the war and landmines (Kutluoğlu and Karayel, 
2019). Security is one of the most common problems in war 
zones. The lack of security of life as a result of conflicts and 
bombardments, living in constant fear of death, causes 
individuals to migrate to different countries. Most of the 
refugees who try to immigrate to different countries become 
targets of malicious people such as human trafficking, organ 
mafia. Women and children are most affected by this condition. 
When the research is examined, approximately 1.2 million 
children are subject to human trafficking every year (Kutluoğlu 
and Karayel, 2019). 
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Nearly 500,000 children living under siege in Syria do not have 
access to regular humanitarian aid and basic services. In 2013, 
thousands of people died as a result of the civil war in South 
Sudan, 60 children and adults were stuffed into containers and 
strangled. Many deaths and destructions have occurred as a 
result of Hurricane Matthew, and 90 thousand children under 
the age of 5 are still waiting for humanitarian aid in need (URL-
4). 

Children are disproportionately affected by all types of 
disasters compared to adults. The fragile, needy and weak 
structures of children increase the rate of being affected by 
disasters as disaster victims. Limoncu and Atmaca (2018), who 
showed that children are more affected by disasters than 
adults, according to their study, 48% of school-age children are 
affected by disasters on average, while 52% are severely or 
very seriously affected. In 2011, approximately 66 million 
children are affected by disasters in the world every year 
(Mudavanhu et al., 2015). After the hurricane caused by 
monsoon rains in India, 300 children/adolescents were 
affected by the disaster, and it was determined that 200 
children/adolescents had at least one psychosocial problem 
related to the disaster. Based on these results, it was stated in 
the published report that 66.7% of children/adolescents were 
affected by the disaster after the Uttarakhand disaster and this 
value was quite high (Anaelraj et al., 2016). Between 2002 and 
2012, 31,012 babies died in Japan and 1450 in Tohoku. The 
Great East Japan Earthquake and Tsunami (GEJET) appears to 
have a greater impact on post neonatal deaths than neonatal 
deaths (Toshiro et al., 2019). Toshiro et al. (2018) examined 
the deaths of children under the age of 10 years after 2008-
2014 and after the 2011 great earthquake in Japan, and it was 
found that the mortality rate among children younger than 10 
years old was 6.4 times higher than the rate before and after 
2011 during the 2011 disaster period. According to the data 
obtained from UNICEF, within 10 years, 2 million children died, 
6 million children were injured, 12 million children were 
displaced from their homes, and nearly 10 million children 
were exposed to post-traumatic stress disorder (Gözübüyük et 
al., 2015). 

2.2. Women 

Female individuals who have completed their development 

and completed the age of 18 are called women (URL-5). 

Disasters do not affect people equally, the impact of disasters 

on women's lives is different from other groups of a 

community. After disasters, women's fundamental rights to 

health and safety are violated. After the 2010 Haiti earthquake, 

sexual assault victimization of 660 women was investigated 

and it was determined that 31.06% of them were exposed to 

sexual assault (Cenat et al., 2019). In a study conducted by 

researchers from the London School of Economics and Essex 

universities, 21 years of disaster data from 141 countries were 

evaluated, and as a result, it was determined that women died 

more than men in disasters (URL-6). The gender gap has also 

emerged in a number of disasters, including the tsunami in 

Asia. The victimization of men and women after disasters such 

as Hurricane Mitch, Hurricane Katrina and other types of 

storms in the Americas, European heat waves and cyclones in 

South Asia was compared. It has been observed that women 

are more at risk than men (Asghari, 2018). It has been reported 

that 644 people lost their lives in the earthquakes that took 

place in Van on October 23 and November 9, 2011, and the 

majority of those who lost their lives were women who were 

caught while doing work at home during the earthquake. On 

the other hand, after the Van earthquake, female suicide rates 

were found to be high in and around Van (TTB, 2012). It has 

been reported that after the earthquake, women in tent cities 

experienced situations that limited their freedom of life and 

movement (going to toilets and showers due to fear of being 

abused) (URL-7). After the 2004 Indian Ocean tsunami, the 

death rate of women was found to be four times higher than 

that of men. It was determined that male death rate of female 

deaths after flood and cyclone in Bangladesh Gorky in 1991 

was 14:1, while female deaths were 55% in the earthquake that 

occurred in Nepal in 2015, the death rate of other citizens was 

45% (Hemachandra et al., 2018). 

 

Disasters affect girls and boys, women, the elderly, and the 

disabled in different ways and in severity. Therefore, their 

responses to disasters differ from other individuals. Women 

are more affected by disasters than men due to the role of 

motherhood, poverty, low level of education, and gender roles 

imposed on them. Women have been exposed to various 

difficulties because of their gender. The problems arising from 

the gender inequality of women and their examples are given 

below. 

 

Behaviours of women arising from their upbringing, acquired 

skills, being affected by gender role, for example, women's lack 

of swimming or climbing skills, protecting their children and 

households due to the responsibilities imposed on them, taking 

active attitudes depending on their decision to move them to 

another place in case of disaster, situations such as the 

difficulties experienced by the clothes caused the victimization 

of women to be more in disasters. 

 

In crisis and disaster situations, there are difficulties due to the 

difficult and limited access to reproductive health services. 

Obstetrics, pregnancy, and puerperal care are needed for many 

reasons, for which we can increase their access to 

gynecological and reproductive health services. After a 

disaster, the number of women who give birth prematurely, 

those whose birth is approaching, and women who need birth 

control services are increasing due to the fear of the disaster. 

 

Post-disaster nutrition, infections and infectious diseases are 

increasing. The fact that toilets and bathrooms are outside the 
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camp after the disaster creates difficulties in use (Dündar et al., 

2018). The use of dirty water due to insufficient water has led 

to an increase in diseases and loss of life (Coşkun, 2018). 

Trafficking in women increases after disasters and wars. In 

Turkey, 99% of human trafficking for sexual exploitation is 

women. Different forms of human trafficking are also 

encountered, such as forced marriage, burdening the entire 

household, begging, and adoption (Boz and Şengün, 2017). 

According to the latest estimates, the number of women traded 

in earthquake regions has been close to 20,000 (Coşkun, 2018). 

2.3. Chronic patients 

Insidious and progressive deviation in physiological functions 

is defined as health problems that do not improve throughout 

life, have a complex course, and affect the lives of individuals 

who require constant care (Akpınar and Ceran, 2019). The 

number of chronic diseases in our country is constantly 

increasing. There is no definitive treatment for these diseases. 

Only symptomatic or reliever treatments are applied. Diabetes, 

asthma, cancer, AIDS, blood pressure, migraine, COPD, 

allergies, ulcers, heart diseases, anemia are the most common 

types of chronic diseases (Dülger, 2003). The first four causes 

of death in 1980 in Turkey were heart diseases, perinatal, 

pneumonia, and cancer (URL-8). The reason why chronic 

patients are handled in disasters is the increase in the 

victimization rate due to the increase in problems in accessing 

this type of treatment or the need for medication and special 

medical equipment after a possible earthquake (Uğur et al., 

2014). 

2.4. Elderly 

In the definition accepted by the World Health Organization, it 

covers individuals who are chronologically 65 years and older 

(Beğer and Yavuzer, 2012). It turned out that 70% of those who 

died after Hurricane Katrina in New Orleans were elderly. After 

the Mis hurricane, 200 elderly people were abandoned by their 

caregivers, and after this disaster, the chronic disease picture 

worsened due to the inability of more than 200,000 elderly to 

use the drugs for diseases such as diabetes and asthma. The 

majority of the 465 people who died during the Chicago heat 

wave in 1995 were over the age of 75 (Gibson and Hayunga, 

2006). Labra et al. (2018), examined the factors that cause an 

increased risk of death during a heat wave for people aged 65 

and over, pointing out that there are factors such as living 

alone, social isolation, inadequate air conditioning systems, 

living in the upper floors of apartments, and other housing 

features. In order to evaluate the post-disaster situation of the 

elderly, HelpAge International interviewed 300 elderly women 

and men, some of the elderly stated that they were indifferent 

to them and their opinions were not taken into account in case 

of disasters and emergencies, and some reported that they did 

not receive adequate humanitarian aid. Half of the interviewed 

elderly reported feeling anxious and hopeless (Labra et al., 

2018). A nationwide telephone interview survey was 

conducted with 1648 elderly people in the USA in 2005 by 

AARP and Harris Interactive, approximately 13% of elderly 

people aged 50 and over stated that they would not be able to 

evacuate from their homes in case of natural disasters without 

help, 46% stated that they needed help from outsiders, 67% 

stated that they needed help from outside. of them stated that 

they could evacuate on their own (Figure 1). It is also seen in 

the graph in Figure 1 that these rates are higher for the elderly 

over 75 years old, except for evacuation without needing the 

help of someone else, especially when they need help from 

outsiders (URL-9). 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Telephone interview survey of 1,648 seniors 

nationwide in the USA by AARP and Harris Interactive (URL-9). 

 

Advancing age is a very strong risk factor for having more than 

one chronic disease. About 80% of older people have at least 

one chronic condition, such as heart disease, diabetes, or 

stroke. All disasters disproportionately affect older adults, 

especially those who are chronically disease. Among the 

reasons for being particularly vulnerable during and after 

disasters are physical disabilities, decreased sensory 

awareness, adaptation problems, chronic health conditions, 

and economic constraints that prevent adequate preparation 

and adaptability in social disasters. In the survey conducted by 

Harris Interactive survey in 2005, it was concluded that half of 

the 13 million elderly people aged 50 and over in the United 

States would seek help from someone other than themselves 

after a disaster (URL-10). 

2.5. Disabled people 

In the most general terms of the United Nations, it has been 

defined as the inability of normal individuals to fulfil their vital 

functions as a result of genetic or later deficiencies in their 

personal or social lives (Koca, 2010). The definition made by 

the United Nations General Assembly for the disabled is the 

inability of healthy individuals to do the things that they need 

to do in their personal or social life without the need for the 

help of another person, because of any congenital or acquired 

deficiencies (Koca, 2010). 
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According to the results of the 2002 disability research 

conducted by the Turkish Statistical Institute and the 

Administration for the Disabled, 12.29% of the total population 

has at least one disability (Sarı and Aktar, 2017). Out of a total 

of 8 million 431 thousand 937 disabled citizens, 9.7% consists 

of chronic diseases, 1.25% orthopedic, 0.38% language and 

speech, 0.48% mental, 0.37% hearing, 0.6% visually impaired 

citizens (URL-11). The most common types of disability. 

 

Visually impaired: They are individuals with complete or 

partial vision loss or impairment in one or both eyes (Pascolina 

and Mariotti, 2012). As a result of the survey conducted in 39 

countries, it was revealed that there are 285 million visually 

impaired people, 39 million of whom are blind (URL-12). 

Hearing impairment: They are people who have completely 

or partially lost their hearing (URL-13). The inability of a 

person with language and speech disabilities to pronounce the 

sounds they make properly and fluently, and those with 

impaired speech speed and voice. 

Orthopedic disability: They are people who have lost their 

physical abilities to varying degrees due to disorders in the 

skeletal, muscular and nervous systems for any reason, and 

who have difficulty in performing their daily life activities and 

therefore need the help of another person (Yumuşak, 2014). 

Mental disability: They are individuals who differ by about 

two standard deviations in mental function and need special 

and supportive training (URL-13). 

Chronic illness: They are diseases that have long-lasting and 

continuous treatments in any part of the body (URL-13). 

2.6. Quick Response (QR) Code 

A type of matrix barcode, or two-dimensional bar, was 

originally designed for the automotive industry in Japan. 

Recently, the QR Code system has become popular. It has more 

storage capacity than standard UPC barcodes due to its fast 

readability. The code consists of a black module (square dots) 

arranged on a square grid on a white background (Masalha and 

Hirzallah, 2014). QR code were used in many different fields 

(Işık et al., 2019; Işık et al. 2018). It was first used in the 

pharmaceutical industry in Turkey (URL-3). The features that 

make the QR code widely used can be listed as follows. 

• 360° readability, 

• High speed feature, 

• Expanded data capacity (depending on symbol size and 

information type) 

• Support of different types of information (binary, numeric, 

alpha-numeric, Kanji / Kana) 

• Resistance to non-linear appearance (eg due to uneven 

surfaces) 

• High level of standardization (eg AIM, JIS, JAMA, ISO and IEC) 

• Error checking and correction algorithm (Reed-Solomon) 

(Canadi et al., 2010), 

• It has the ability to store large amounts of data in a small area 

without accessing the database to support information 

distribution and detection (Warasart and Kuacharoen, 2012). 

QR codes are widely used for processing patient data in the 

Asia-Pacific regions. Various hospital supports were developed 

in Brenmoor, United Kingdom, and QR codes were placed on 

blood bag labels. Data matrix is used in accordance with the 

patient safety policy at Adden brooke hospital in Cambridge. 

Thanks to the QR code integrated into the wristband, personal  

information, blood transfusion tracking and blood group 

information will be accessed quickly. In the study of Taiwanese 

researchers, the transfer of prescription information between 

hospitals and pharmacies to a computerized environment was 

provided to identify patients with data matrix (Uzun and Bilgin, 

2016; Işık et al., 2018; Işık et al., 2020). 

 

In order to apply QR code within the scope of the study, 

parametric information for the risk group members consisting 

of 42 people selected from the province of Bitlis was 

transferred to the database in the electronic environment, and 

a data matrix application was carried out to be used on smart 

phones and tablets in order to evaluate and monitor this 

transferred information. This system provided data matrix-

based medical identification and identification of disaster 

victim identification information. A unique medical system 

data matrix tag is assigned to each selected member. Thus, easy 

access to information such as personal information, disease 

history, regularly used drugs, and disability will be ensured. 

The QR code can be integrated into portable items such as the 

collar tag of the shirt, the tag with the washing instructions of 

the clothes, the necklace or the ID card.  

 

The age, gender, diagnosis of the disease, drugs used, blood 

type, disability status, surgery information and allergic 

reaction information of the risk groups in question are shown 

in Table 1. Some information on the table, such as the drugs 

she/he used, allergies and disabilities, were hidden due to the 

privacy policy and were only given as Yes/No.
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            Table 1. Sample parametric data of individuals in the risk group for which QR code will be applied. 

Risk 

Group 

Sample 

No 

Gender 

(F/M) 

Age Disease Drugs Used 

(Yes/No) 

Blood 

Type 

Disability/ 

Allergy 

(Yes/No) 

Surgery 

undergone 

 

 

 

Elderly 

1 F 71 diabetes 
mellitus 

Yes A Rh(+) No Yes 

2 F 68 atherosclerosis 
eye pressure 

Yes 0 Rh(+) Yes No 

3 M 66 KOAH Yes AB Rh(-) Yes No 

4 M 65 Primary 
hypertension, 
diabetes 

Yes B Rh(+) No No 

5 F 90 Myalgia, 
hypertension 

Yes A Rh(-) No Yes 

 

Infant-

Child 

1 F 4 Asthma Yes A Rh(+) Yes Yes 

2 M 6 type-2 diabetes Yes A Rh(+) No Yes 

3 F 5 Epilepsy Yes 0 Rh (+) No No 

4 F 5 dystonia Yes 0 Rh (+) No No 

5 M 6 Epilepsy Yes A Rh (+) Yes No 

 

 

Females 

1 F 34 Ankylosing 
spondylitis 

Yes AB Rh (+) Yes No 

2 F 41 Antivertigo Yes A Rh (-) No No 

3 F 33 Granilamatös 
mastit 

Yes A Rh (+) Yes Yes 

4 F 48 infertility Yes AB Rh (+) Yes No 

5 F 52 Hepatite-B Yes 0 Rh (+) Yes No 

 

 

Cronic 

Patients 

1 M 49 Cardiac 
insuffiency 

Yes AB Rh(-) Yes Yes 

2 F 29 Gastritis Yes A Rh(+) Yes Yes 

3 F 31 Hemophilia Yes 0 Rh(-) Yes No 

4 M 29 Hypertension Yes AB Rh(+)  No 

5 F 52 chronic anemia Yes B Rh(+)  No 

 

Disabled 

1 F 35 multiple 
sclerosis 

Yes A Rh(+) Yes No 

2 M 12 Down 
Syndrome 

Yes AB Rh(-) No No 

3. Results 
 

In this study, it was determined as the main goal to provide 

easy access to this information in extraordinary situations by 

combining personal information with the data matrix 

application, which will provide early intervention to 

disadvantaged groups, reach losses and prevent post-disaster 

abuses. First of all, risk group members were defined. The 

members of this group were examined under 5 categories: 

infant-child, female, chronically ill, disabled and elderly. A total 

of 42 people were interviewed, 10 people from the elderly, 

women, children and chronic patient categories, and 2 people 

from the disabled group. A small sample group was created by 

selecting 2 people from each category among the 42 people 

interviewed and integrating them with the data matrix on a 

website where parametric information of 10 people in total 

was created. As in the image in Figure 2, information such as 

age, gender, disease information, medications used, allergy 

status, blood group, etc., which will enable early intervention, 

is provided to this created web area. Thus, an individual data 

matrix identity was created. The QR codes on these IDs were 

read by mobile phones and access to the information of 

individuals was provided. DataMatrix necklace, shirt collar tag, 

top clothes can also be integrated into the places where the 

washing instructions are located. The places where the QR 

Code label will be integrated have been chosen to ensure easy 

access for the user, and to prevent it from being used by other 

people in order to eliminate abuse. 
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Figure 2. (a) QR ID web application, (b) QR code generated, (c) 

Person identification and (d) Contact information 

 

4. Conclusions 

Disasters cause permanent damage and destruction in the 
region where they occurred throughout history. Today, the 
number of people affected by extraordinary situations is 
increasing day by day. For this reason, various studies are 
carried out to reduce the loss of life, to reach the losses early 
and to reduce the vulnerability. The degree of victimization 
experienced in disaster situations is not equal for all people. 
Risk group members are more affected by this condition than 
normal people. With the application of the QR code 
identification system developed due to these grievances, it will 
be easier to identify risk groups in disasters and if necessary, 
treatments will be made on time. This will save more human 
lives. 

The database created by this method will be stored in a 

specified web area and can be kept as a very important and 

necessary source of information in terms of providing easy 

access to the information of the segments of the society, which 

is defined as a risk group for a region or community. However, 

this system, which was applied to a small group in the province 

of Bitlis, can be used throughout the country, providing the 

opportunity to help more people. DataMatrix created based on 

the database can be carried by people in different ways. For 

this purpose, different applications are included in the study, 

and it is suggested by us that it can be used as embroidered on 

the collar tag on the clothes or necklace/tag, etc., in the 

application to be made for Bitlis. 
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A B S T R A C T 

Most concrete structures undergo severe durability issues throughout their service of life. The transition 

and movement of water through concrete structures is one of the main issues in the aspect of durability. 

The main aim of this study is to investigate the effect of cement replacement in various ratios with eggshell 

powder on the sorptivity (capillarity water absorption) capacity of concrete. Eggshell is a bio-waste 

material obtained from bakers, restaurants, and patisseries. Disposing of this waste material in landfills 

results in health hazards and causes environmental pollution. The use of eggshell powder in concrete, 

which is the most used and essential building material after water all over the world, is a beneficial way 
both minimize the detrimental effects of this waste on living health and the environment and also ensure 

the sustainability of the materials in concrete. In this paper, five different eggshell powder substitutions 

as 0%, 5%, 10%, 15%, 20% were employed in experimental analyses. The sorptivity index of concretes 

was measured at the end of each 5, 10, 15, 30, 45, and 60 minutes. The test results indicated that the 

sorptivity namely capillary water absorption decreased with up to a level of 5% replacement and increased 

with the other replacement ratios including 10%, 15%, and 20% when compared with the control 

concrete’s result. This is attributed to the ESP may act as a better inert filler when replaced with cement 
up to a level of 5% to reduce the capillary pore, increase the compactness of concrete microstructure, 

impermeability and restrain the transition of water in the concrete structure.  

 

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

1. Introduction  

Concrete is the most used and essential construction material 

after water all over the world (Güneyisi et al., 2014; Umar et al., 

2021; Mermerdaş et al., 2021). Most concrete structures 

undergo a variety of durability problems within their service of 

life (Yücel et al., 2020; Kurtoğlu et al., 2018). One of the most 

important parameters of concrete in the aspect of durability is 

permeability. The higher impermeable microstructure means 

higher strength and durable concrete. It is expected to be 

relatively impervious of concretes when durable concrete is 

targeted. The impermeable property of concrete is very 

important for structures including dams, water storage, 

concrete pipes, and highways (Sümer, 1994). One of the most 

important factors that affect the durability of concrete is the 
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transfer of liquids within the concrete structure. The water 

transferability of concrete determines its durability and 

strength throughout its service of life. As we know today, 

concrete with low water permeability shows better strength 

and durability properties and has a higher resistance to 

chemical attack. (Ramezanianpour et al., 2011). In concrete 

structures, the penetration and accumulation of water may 

cause some undesirable physical and chemical problems. 

These problems generally are resulted from freezing-thawing 

cycles of water causing disruptive pressure and cracking, 

harmful chemical ions (Chloride, Sulphate) diffusions into the 

structure of concrete by water resulting in the corrosion of 

reinforcing steel, high humidity by water accumulation 

affecting the thermal comfort, etc. If the penetration and 

transition of water into the concrete structure is not prevented, 

the concrete structure will likely be damaged and its useful life 

http://www.dergipark.gov.tr/beuscitech
mailto:mtanyildizi@beu.edu.tr
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will be shortened (Lu et al., 2020; Hong et al., 2020; Karasin et 

al., 2022).  

In projects where long service life is desired, the concrete void 

structure should be kept under control as the durability of 

concrete is highly related to its void structure (Türk and 

Demirhan, 2017). The interaction of potentially detrimental 

substances with concrete could be a trigger for its 

deterioration process. The permeability properties of concrete 

depend on both the void ratio and whether the spaces are 

interconnected or not. And, as the void ratio and the 

interconnection of them with each other increase, the 

penetration and transfer of detrimental substances and water 

into the concrete structure get easier. Therefore, the concrete 

gets damaged easier and its durability decreases (Tokyay and 

Erdoğdu, 2011). For the reasons mentioned above, the water 

permeability of concretes should be examined and it becomes 

more of an issue to get necessary precautions in the design 

phase of concrete.  

Three main procedures command the water transition in 

cementitious structures. These are capillary absorption, 

diffusion, and penetration. Penetration can occur only in the 

condition that the material is in a fully saturated environment. 

Almost most materials are in a partially saturated 

environment, and the water transport is generally generated 

by diffusion and capillary absorption. Diffusion is the 

movement of ions because of a concentration gradient while, 

sorptivity occurs with the transfer and movement of water 

through capillary action in short-term exposure to in partially 

dry concrete (Castro et al., 2011). In extended words, sorptivity 

is the absorption of water by tiny pores in cement-based 

composites with surface interaction and provides a measure of 

permeability, microstructure, and durability. In very tiny 

pores, the water rise by the effect of capillarity. The low 

capillary water absorption means impermeable and durable 

concrete (Al-Goody, et al., 2015). 

In the literature review, some studies have been encountered 

to evaluate the sorptivity of concrete mixtures. Al-Goody et al. 

(2015) conducted a study to investigate the effect of nano-

silica and fly ash utilization on the sorptivity index of self-

compacting concrete. In their study, four different self- 

compacted concrete were designed and in all concrete series, 

the nano-silica was incorporated into concrete with 

replacement levels of 0, 2, 4 and 6%. Firstly, self-compacted 

concrete mixtures were cast without fly-ash, whereas the other 

second, third and fourth concrete mixtures were produced at 

substitution levels of fly ash in 25, 50, and 75%, respectively. 

The sorptivity coefficients were measured for each series at the 

end of 28 and 90 days. They concluded that the increase in the 

nano-silica content resulted in a systematic decrease in the 

sorptivity index. However, the increase in fly ash content until 

the 50% replacement level decreased the sorptivity index. 

Bozkurt and Yazıcıoğlu (2010) performed an experimental 

study to look into the effect of incorporation of pozzolanic 

materials and curing regimes on the capillary water absorption 

properties of light-weight concrete. Three different concrete 

mixtures were designed in experimental program: one was 

control concrete mixture including no pozzolanic material, the 

last one was including 20% of fly ash (FA) and the last one is 

including 10% of silica fume (SF) as a replacement for the 

cement by weight. Both mixtures include pumice as lightweight 

aggregate. The specimens were cured in three different 

conditions: standard 20 °C water, sealed and air-cured for 28 

days. The test results indicated that the silica fume introduced 

concrete gave lower sorptivity coefficient values regardless of 

curing conditions and concrete age when compared with 

control and concrete including fly ash. Liu et al. (2022) 

investigated the effect of fly ash, limestone, calcined clay, and 

curing age on the resistance to water penetration of seawater 

and sea-sand concrete. They reported that the low water to 

binder ratio with increasing curing age improved the water 

resistance. Also, they gave the information that increasing the 

water-resistance of concretes with fly ash, limestone and 

calcined clay content. Tanyıldızı (2022) performed a study to 

investigate the effect of cement replacement with waste 

ceramic powder on the capillary water absorption capacity of 

concrete mixtures. In this regard, cement was replaced with 

waste ceramic powder in proportions of 0%, 10%, 20% and 

30%, and it was concluded from the study that the capillary 

water absorption namely permeability decreased with a 

replacement ratio of 10%. However, after 10% substitution 

rate, capillary water absorption increased with 20% and 30% 

substitution rates. Tosun and Şahin (2015) searched the 

capillary water absorption of concrete containing recycled 

coarse aggregate which was obtained from structural waste. In 

the experiment, the coarse aggregate was replaced with 

recycled aggregate in levels of 0%, 15%, 30%, 45%, and 60%. 

The capillary water absorption test was performed in the 

period of 1, 4, 9, 16, 25, 36, 49, and 60 minutes. They concluded 

that the capillary water absorption decreased with the 

increasing the recycled aggregate replacement level.   

This study focuses on investigations of the effect of replacing 

cement with eggshell powder which is a bio-waste material 

obtained from bakeries, restaurants, poultry farms, and 

patisseries (Hamada et al., 2020) on the sorptivity index 

(capillary water absorption) of concrete. Utilization of these 

types of wastes in concrete as cement substitute material has 

been used for years and seems a beneficial way both reducing 

carbon dioxide emissions to the ecosystem in the production of 

cement and minimizing the cost of concrete. Also, the possible 

threat of waste to the environment and living health may be 

impeded by recycling way. At this juncture in this study, the 

cement was substituted with eggshell powder at replacement 

levels of 0%, 5%, 10%, 15%, and 20%. In total, 15 cubic 

specimens with 50 mm cubic size including the control 

concrete mixture were cast (three specimens for each 

replacement level) at constant water-to-binder ratio of 0.30. 

Concrete test specimens were cured in the water as fully 

immersed for 28 days and dried in an oven at 100±5 ˚C till they 

reached the constant mass after completing the water curing 

process. Then, specimens were put in sorptivity test 
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mechanism and removed at the end of the time of 5, 10, 15, 30, 

45, and 60 minutes to calculate absorbed water quantity by 

weighing at the accuracy of 0.01 g. The sorptivity index of each 

concrete specimen was determined and the test results were 

evaluated for each replacement level. Also, the relationship 

between water absorption and sorptivity for all periods was 

investigated by regression analysis.  It was noticed that the 

sorptivity coefficient decreased with the 5% replacement ratio 

with eggshell powder and increased with the other 

replacement ratios compared with control concrete. Also, a 

strong relationship between water absorption by mass and 

sorptivity of concrete was revealed by regression analysis. The 

results showed that the usage of eggshell powder up to a level 

of 5% as a cement substitute can improve the impermeability 

of namely the durability of concrete mixtures.  

 

2. Experimental Program 

2.1. Materials 

In this study, Portland cement of CEM I 42.5 R was supplied 
from the cement factory of Yurtçim from Muş (Yurtçim, 2021). 
The eggshell was obtained from the bakers, restaurants, and 
patisseries as bio-waste. The cleaning process of eggshells was 
applied before drying by an electrical oven at 120 ˚C for 24 
hours to dry the surface and make grinding easier. After the 
cleaning and drying process, the eggshell was ground in 
cement particle size approx. 90 µ by grinder machine as seen 
in Fig. 1.  

 

Figure 1. Eggshell powder. 

The chemical and physical properties of cement and eggshell 
powder are presented in Table 1. The aggregate used in this 
study is crushed limestone with a specific gravity is 2.61 g/cm3. 
The material used as a superplasticizer is polycarboxylic ether-
based and named Master Glenium 128 supplied from BASF 
Chemistry Industry with a density of 1.061–1.101 kg/lt to 
obtain fluidity and decrease the cement content in the concrete 
mixture (Basf, 2021). 

Table 1 Physical properties and chemical compositions of Portland 
cement and eggshell powder 

Analysis Report  Cement Eggshell Powder 

SiO2 (%) 24.18 0.59 

Al2O3 (%) 6.57 0.15 

Fe2O3 (%) 4,.5 0.04 

CaO (%) 56.05 51.40 

MgO (%) 1.33 0.54 

SO3 (%) 2.80 0.81 

K2O (%) 1.22 0.09 

Na2O (%) 0.34 0.44 

Cl (%) 0.0071 0.09 

Ignition Loss (%) 4.50 45.85 

Specific gravity (g/cm3) 2.95 2.77 

Specific surface (cm2/g) 4600 2950 

2.2. Mixture Design 

All mixtures were cast in constant binder amount with a 0.30 
water to binder ratio. The cement was substituted with 
eggshell powder (ESP) at levels of 0%, 5%, 10%, 15%, and 20% 
by weight. The mold size of the sorptivity test was 50 mm cubic. 
Table 2 summarizes the concrete mixture ratios employed in 
this study. The abbreviations used for concrete mixtures 
containing ESP at levels of 0%, 5%, 10%, 15% and 30% are CC, 
E5, E10, E15 and E20. 

Table 2 Mixture composition of concrete mixtures (kg/m3) 

Materials CC E5 E10 E15 E20 

Cement 450 427.5 400 382.5 360 

ESP - 22.5 50 67.5 90 

Water 135 135 135 135 135 

Superplasticizer 4.50 4.50 4.50 4.50 4.50 

0-4 mm Aggregate 836 836 836 836 836 

4-8 mm Aggregate 409 409 409 409 409 

8-16 mm Aggregate 534 534 534 534 534 

 

2.2. Test Procedure 

Sorptivity (Capillary water absorption) 

The sorptivity is the absorption of water by way of tiny pores 
in cement-based composites with surface interaction and 
provides a measure of microstructure and durability. In very 
tiny pores, the water rises by the effect of capillarity.  A 
capillary water absorption test was performed to determine 
the sorptivity coefficient of concrete specimens based on the 
standard of TS EN 13057 and ASTM C1585-04. However, some 
technical points such as test durations are deviated from the 
standards. The test was conducted on a total of 15 cubes (three 
specimens for each concrete mixture) with 50 mm sides after 
28 days of water curing. The test specimens were dried in an 
oven at 100±5 ˚C till they reached the constant mass after 
completing the curing process. The sides of the cubes are 
covered with paraffin to obstruct water suction of them from 
the sides of the cubes. Then, specimens were removed at the 
end of the time of 5, 10, 15, 30, 45, and 60 minutes from the test 
mechanism and weighed at the accuracy of 0,01 g. The 
sorptivity index or coefficient of each concrete specimen was 
calculated following Eq. (1) and the test results were evaluated 
for each replacement level.  

𝑆 = (𝑄/𝐴)/ √𝑡                                                                                     (1) 

where; 

S is the sorptivity (𝑐𝑚/𝑠1/2)                    

Q is the volume of the water absorbed (𝑐𝑚3) 
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A is the surface area in contact with water (𝑐𝑚2) 

t is the time (𝑠) .     

Then, the square root of the elapsed time versus Q/A was 
plotted and the sorptivity index (capillary water absorption 
coefficient) was determined from the slope of the linear 
relationship of the best fit line. Fig. 2 shows how to interact the 
surface of concrete specimens with water during the capillary 
water absorption test.   

 

Figure 2. Detail of sorptivity test. 

3. Results and Discussion 

The sorptivity index was measured at a defined time for each 
concrete mixture at the end of the capillary water absorption 
test. Fig. 3 presents the sorptivity test results of the concrete 
mixtures at the end of the 5 minutes. The sorptivity index 
values vary between 2.05 and 2.71 kg/(m2.h0.5) measured at 
the end of 5 min. The results indicated that the sorptivity index 
values decreased with incorporating 5% eggshell powder but 
increased by the contents of 10, 15, and 20% eggshell powder 
compared to control concrete mixture. Replacing cement with 
eggshell powder at a level of 5% decreased the sorptivity index 
for the 5 min-interval by about 5.5%. However, in substitution 
levels of 10, 15, and 20%, the sorptivity index increased about 
6.45, 12.0, and 24.9% compared to control concrete 
respectively (as seen in Fig. 3). 

 

Figure 3. Sorptivity coefficients of concretes at 5 minutes. 

At the end of the time of 10 min. the high and low sorptivity 
index value was measured as 1,52 and 2,35 kg/(m2.h0.5) for 
mixtures of again E5 and E10 respectively. For the time interval 
of 10 min., the sorptivity index decreased by 14.6% but 
increased by 5.6, 18.0, and 32.0% for the E10, E15, and E20 
mix. respectively as given in Fig. 4.  

     

Figure 4. Sorptivity coefficients of concretes at 10 minutes. 

After 15-min. water exposure interaction, the sorptivity index 
values were determined as 1.47, 1.23, 1.57, 1.87, and 2.02 
kg/(m2.h0.5) for CC, E5, E10, E15, and E20 respectively. The 
sorptivity index decreased by 16.3% for the E5 mixture, but 
increased by 6.8, 27.2, and 37,4% for E10, E15, and E20 
mixtures respectively presented as in Fig. 5. After 30 min. 
water exposure, the sorptivity index values were determined 
as 1.04, 0.88, 1.18, 1.51 and 1.73 kg/(m2.h0.5) for mixtures CC, 
E5, E10, E15 and E20 respectively. The sorptivity index 
decreased by 15.4% for the E5 mixture, but increased 13.5, 
45.2 and 66,4% for the E10, E15, and E20 mixtures 
respectively respectively (as seen in Fig. 6). 

 

Figure 5. Sorptivity coefficients of concretes at 15 minutes. 

 

Figure 6. Sorptivity coefficients of concretes at 30 minutes. 

The sorptivity index were determined as 0.93, 0.71, 1.09, 1.37 
and 1.51 kg/(m2.h0.5) at the end of 45 min. for the CC, E5, E10, 
E15, and E20 mixtures respectively. The sorptivity index 
decreased by 23.7% for the E5 mixture but increased 17.2, 47.3 
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and 62,4% for the E10, E15, and E20 mixtures respectively as 
demonstrated in Fig. 7. 

 

Figure 7. Sorptivity coefficients of concretes at 45 minutes. 

After 60-min water exposure, the sorptivity index shaped as 
0.82, 0.64, 1.01, 1.22 and 1,43 kg/(m2.h0.5) for CC, E5, E10, E15 
and E20 mixtures, respectively. For the 5% content of eggshell 
powder, the sorptivity decreased by 22%. The sorptivity 
increased at the other replacement levels by 23.2%, 48,8%, and 
74,4% for E10, E15, and E20 mixtures respectively when 
compared with the control concrete (CC) mixture as given in 
Fig. 8.  

 

Figure 8. Sorptivity coefficients of concretes at 60 minutes. 

When analyzing all sorptivity index results, it can be concluded 
that the replacement of cement with eggshell powder at a level 
of 5% increased the compactness of concrete, resulting in 
increased resistance against the transfer and absorption of 
water through the concrete microstructure. However, after a 
substitution ratio of 5% including 10%, 15%, and %20, it is 
observed that the sorptivity index enhanced, resulting in an 
increase in water absorption by capillary suction. All sorptivity 
index results for each concrete mixture are summarized in Fig. 
10 for all time intervals. It is clearly seen from Fig. 10 that 
capillary water absorption decreases with 5% eggshell powder 
content but after that substitution ratio with 10%, 15% and 
20%, capillary water absorption increases systematically for 
all time exposure. 

 

 

 

 

Figure 9. Summarization of Sorptivity coefficients of concretes for all 
time intervals. 

A regression analysis was performed to correlate the water 
absorption by mass of concrete specimens totally immersed in 
water for 28 days and sorptivity index for all time intervals 
conducted in the study. The analyses results were presented in 
Fig. 10. The coefficient of determination (R2) indicates the 
reliability of the relationship, which is the highest value when 
this reliability level is equal to 1. When all regression analyzes 
were examined for each time period, it was seen that there was 
a strong relationship between the mixture's water absorption 
and sorptivity index. The highest determination coefficient was 
measured as 0,9942 for 5 min. sorptivity test and quadratic 
polynomial regression equation of it was given in Eq. (2): 

𝑆 = 0,0829𝑤2 − 1,7017𝑤 + 10,792                                             (2) 

where; 

S= Sorptivity 

W= Water absorption by mass (%) as immersed in water 

The 28-days water absorption can be determined by 5 min 
sorptivity test with a reliability of 99,42% using this 
polynomial regression equation.  

4. Conclusions 

The sorptivity of concrete mixtures was affected by the 
eggshell powder content. Incorporating eggshell powder 
content at a level of 5% in concrete resulted in a decrease in 
the sorptivity index of concrete which was attributed to the 
improvement in compactness of the microstructure of concrete 
and reduction in pore sizes or volume of voids. Apart from 5%, 
replacement levels of 10%, 15%, and 20% were also analyzed 
in this study, it could be concluded that the increase in 
sorptivity index namely an increase in capillary water 
absorption capacity were observed at these replacement 
levels. This is likely due to occurrence of weak microstructure 
after the 5% replacement ratio, resulting in more water 
absorption and transfer of water through the microstructure of 
concrete. From the overall test results, it could be concluded 
that a 5% eggshell powder substitution rate could act as a 
better filler to increase the compactness and impermeability of 
the concrete structure, reduce the capillary void and inhibit 
water transfer from the concrete microstructure. Utilization of 
eggshell powder to improve the durability of concrete by 
limiting water absorption through surface interactions is a 
good way to minimize the harmful impact of such wastes on the  
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and also to minimize cement production, which is responsible 
for the majority of greenhouse gas emissions. In further 
researches, it should be taken into account that other waste 
materials such as rusk husk ash, corncob ash, waste slate dust 
should be included in the process and evaluated scientifically, 
as well as waste eggshell powder. 

 

 

 

 

                    Figure 10. The relationship between water absorption by mass and sorptivity for all period 
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A B S T R A C T 

Rockfall is one of the important natural disasters that can result in death, although it does not occur very 

often. Bitlis province in Turkey is frequently exposed to serious rockfall events due to its rugged-

mountainous structure and harsh climatic conditions. Rockfall risk rely on many hazard factors such as 

slope, lithology, soil, elevation, precipitation, vulnerability factors i.e., land use and population. The 

Analytical Hierarchy process (AHP) is a highly skilled approach for risk assessment studies involving 

multiple decision-making criteria.  In this study, the rockfall risk assessment of the province of Bitlis, 

which was chosen as the study area, was performed using AHP, and discussed. Geographic Information 

System (GIS) were used to visualize the results maps. The study concluded that the rockfall risks were 

mostly concentrated in the mountainous and rugged southwest and partially southeast areas, including the 

city and district centers. Except for the foothills of the volcanic mountains, the northern parts of the study 

area were generally considered as risk-free. The risk zones obtained from the study are relatively 

consistent with the results of a previous limited study. 

© 2020. Turkish Journal Park Academic. All rights reserved.  

 

1. Introduction  

Rockfall is an important natural disaster that occurs in 

sensitive and steep rocky areas on earth and can result in 

death. While the rockfall mechanism is generally studied with 

theoretical deterministic approaches, the risk assessment is 

performed with spatial and statistical methods. One of the most 

effective methods of multi-parameter decision-making 

processes is Analytical Hierarchy Process (AHP). Combining 

AHP with GIS techniques capable of spatial analysis offers a 

powerful hybrid approach to risk assessment. Some 

remarkable studies in the literature on rockfalls are 

summarized as follows. 

In the literature many different methods were used for 

assessments of the landslide and rockfall hazard. Deparis et al. 
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(2007) performed a case study to assess the rock fall using 

ground radar measurements, because the stability of a 

potentially unstable rock mass is highly sensitive to the 

continuity of the joints cutting it. Guzzetti et al. (2002) 

developed a three-dimensional simulation program that 

generates simple maps useful to assess rockfall hazard, using 

GIS technology to manipulate existing thematic information 

available in digital format. The raster maps obtained from the 

program have some features such as the number of rockfall 

trajectories calculated in each grid cell, maximum velocity and 

maximum height. Marzorati et al. (2002) presented a statistical 

approach to analyze landslides and rockfalls induced by the 

1997 earthquake in the Umbria and Marche region of Italy. All 

the data collected in the study were digitized and located with 

the aid of Geographic Information System. After that they 

performed a multiple regression analysis to determine the 
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relationships between seismic factors and rock fall data. Ali et 

al. (2021) focused on the Besham-Chilas region of Pakistan, 

where rockfalls and debris flow frequently triggered by heavy 

rains. They used remote sensing-based techniques to identify 

potential hazardous sites and rated potential rockfall by using 

modified Pierson’s rockfall hazard rating system (RHRS). One 

of the areas at risk of rockfalls is busy highways. Steep cutting 

slopes in natural ground created during road construction are 

the main cause of rockfall hazard. In the lawsuit filed over the 

fatal rockfall incident on the British Columbia highway in 1982, 

the Supreme Court of Canada decided that the authorities could 

easily foresee the risks that may occur and the accident could 

be prevented. This event demonstrated the importance of risk 

assessment on highways (Bunce et al. 1997). In another study, 

Budetta et al. (2016) applied a quantitative risk analysis to a 

busy road in southern Italy using the rockfall risk management 

method. Giani et al. (2004) proposed a methodology for the 

evaluation of the features of the motion of blocks detaching 

from a steep rock wall and traveling down the slope below, 

using real scale rockfall tests with two slopes having different 

morphology and lithology. The effect of the evaluated 

parameters on the prediction of the rockfall trajectory was 

investigated using dimensional numerical models.  Katz et al. 

(2011) assessed the rockfall hazard along a rail corridor in 

Israel, using an inventory of historical information on past 

rockfall events, field surveys supported by interpretation of 

aerial photographs, and digital rockfall modeling. Li and Lan 

(2015) presented a short review on the probabilistic 

approaches widely used for modeling of rockfall trajectories. 

Based on a probabilistic approach, Canal and Akın (2016) 

investigated slope stability of high and steep sedimentary rock 

cut slope along highway in Adicevaz-Bitlis (Turkey) where 

possible rockfall events occur. Avtia (2016) carried out a 

rockfall assessment using the GIS-based AHP, taking into 

account some physical characteristics of the rock criteria. The 

author integrated the GIS hazard maps and AHP to categorize 

the rockfall risk. Shirzadi et al. (2017) analyzed the rockfall 

susceptibility of a region in Iran using three different methods 

together with the AHP. Some criteria affecting on the rock falls 

including slope angle, aspect, curvature, elevation, distance to 

road, distance to fault, lithology and land use were considered 

in their study.  

The literature review presents many reasons and approaches 

to investigate the rockfall hazard assessment. Many criteria are 

considered to be sensitive to rockfall hazard in multivariate 

decision-making processes such as earthquake, precipitation, 

slope, lithology, land use. In this study, rockfall risk assessment 

was carried out within the borders of Bitlis province in Turkey 

using GIS-based AHP. 

2. Study Area 

The concept of landslide is defined as the downward movement of 

rock, rubble and soil materials or their mixtures with the effect of 

gravity (AFAD, 2020). Considering the landslide/rockfall data in 

Turkey, it is seen that most of them are rockfalls, slides and flows. 

Black Sea, Eastern Anatolia and Central Anatolia regions are the 

areas where landslides are frequently seen in Turkey due to the 

mountainous/rough and eroded surface of the earth. Bitlis province, 

which has a rugged and mountainous structure, is located in the 

Eastern Anatolia Region of Turkey. As seen on the map in Fig. 1, 

412 landslide/rockfall events were reported in the study area 

(Bitlis) between 1950 and 2019. This rate is above the national 

average. Approximately 90% of the study area is mountainous, 

while the remaining 10% consists of plateaus and plains. The 

height of the important mountain, known as Nemrut Mountain, 

which is also a volcano in Bitlis, exceeds 3,000 m. There were 2956 

rockfall events in Turkey in 2008, corresponding to 10% of the 

disasters that occurred in the country. Rockfalls account for 7% of 

the total number of people affected by disasters (Gökçe et al. 2008). 

Bitlis is one of the riskiest provinces in Turkey in terms of 

rockfalls. There were 67 rockfall events in Bitlis province between 

1965 and 2010 (Ekinci et al. 2020). Bitlis province is exposed to 

significant rockfall events due to its unfavorable geological and 

morphological features. The mountainous and steeply sloping 

nature of the study area increases the hazard and risk of rockfall. In 

addition, especially in mountainous areas such as the Bitlis-

Diyarbakır highway along the Bitlis stream, the cut slopes for 

highways are another important cause of rockfall events. Another 

important factor in rockfall is seismic movements. According to 

Isik et al. (2012), the study area is in an active seismic region and 

earthquake risks for this region continue. Excessive precipitation 

and freeze-thaw events in the cold winter months are also factors 

that trigger rockfalls. The region is an area with microclimatic 

features that receives the most snowfall in Turkey (Aydin et al. 

2015). 

 
Fig. 1. Location of study area and rockfall/landslide events in Turkey between 1950 and 2019 (AFAD, 2019) 
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3. Results and Discussion 

3.1. Rockfall Risk Assessment 

The Analytical Hierarchy Process (AHP) used in this study is 
the most widely used and tested method among the Multi-
Criteria Decision-Making Methods (MCDM). Saaty (1980), 
inspired by Myers and Alpert (1968), developed this method. 
AHP is a flexible mathematical model that considers the 
priorities of events and evaluates both quantitative and 
qualitative criteria in decision-making problems (Dağdeviren 
et al. 2004). The method consists of decision stages where 
values are assigned and alternative values are determined 
according to the criteria chosen to manage the decision-
making process. As the first step in AHP, hierarchical structure 
and comparison matrix are described. After that, the 
comparison matrix is converted into a priorities vector and the 
compliance rate is determined based on the random index 
values (Can, 2019). In Fig. 2, Wang et al. (2008) shows the 
schema of the three-level hierarchical structure for a MCDM 
problem. In this schema, while the top level represents the 
decision goal, the lower level the criteria, and the lower levels, 
if any, represent the lower alternatives. The lowest level 
contains decision options. For the consistency of pairwise 
comparison, the number of criteria and each criterion should 
be defined correctly. AHP can be used with many criteria 
according to their common characteristics. Once the 
hierarchical structure is established, the importance levels of 
the criteria are determined mutually. In the pairwise 
comparison between the criteria, the importance intensity of 
the criteria is scored between 1 and 9 in consultation with the 
decision makers, as in Table 1 (Wang et al. 2008). 

 

Fig. 2. Schema of three-level hierarchical structure for a MCDM 
problem (Wang et al. 2008) 

Table 1. Importance intensities for pairwise comparison in AHP 
(Wang et al. 2008; Saaty, 1990) 

 

The normalized matrix is obtained by dividing each element of 
the comparison matrix by the sum of the columns. The average 
of each row of the normalized matrix yields the weight vector. 
The product of the comparison matrix and the weight vector 
gives the following priorities matrix. 

[𝐴𝑊𝑖] = [𝐴][𝑊𝑖]     (1) 

The maximum eigenvalue (λmax) is obtained by the following 
equation: 

𝜆𝑚𝑎𝑥 =
1

𝑛
∑

𝐴𝑊𝑖

𝑊𝑖

𝑛

𝑖=1

 (2) 

where, n is criteria number, A is the pairwise comparison 
matrix, W is the weight vector. This method for determining 
the weight vector is called the principal right eigenvector 
method (EM) (Saaty, 1980). It is recommended that the 
pairwise comparison matrix A have an acceptable consistency 
that can be checked by the following consistency ratio (CR) 
(Wang et al. 2008): 

𝐶𝐼 =
(𝜆𝑚𝑎𝑥 − 𝑛) 

(𝑛 − 1)
 (3) 

 𝐶𝑅 =
𝐶𝐼

𝑅𝐼
 

(4) 

In which, the CI is the consistency index, RI is the random 
inconsistency index taken from Table 2.   

Table 2. RI values according to numbers of criteria (n = 1 – 10) (Saaty, 
1990) 

n 1 2 3 4 5 6 7 8 9 10 

R
I 

0.0
0 

0.0
0 

0.5
8 

0.9
0 

1.1
2 

1.2
4 

1.3
2 

1.4
1 

1.4
5 

1.4
9 

For CR<0.10, the comparison matrix has acceptable 
consistency; otherwise, the decision-making process is 
repeated until consistency is achieved.  CR = 0.00 means the 
best value for consistency (Saaty, 1990; Subramanian and 
Ramanathan, 2012). 

Based on the expert’s opinion according to the scaling in Table 
1, the pairwise comparison matrix in Table 3 was obtained. 
After obtaining the normalization matrix in Table 4 by dividing 
the scores in Table 3 by the sum of the related column, the 
weights vector of the criteria were determined by taking the 
average of the rows. The parameters of AHP were calculated as 
λmax = 9.702, RI = 1.45 from Table 2, CI = 0.088 and CR = 0.06. 
The consistency ratio CR = 6% < 10% which indicates 
consistency of the comparison matrix. As a result, the weights 
were determined as 29% slope, 22% lithology, 16% the soil, 
%10 precipitation, 5% distance to stream, 6% elevation, 7% 
aspect, 3% land use and 2% population.  

 

 

Importance 
intensity 
(Scores) 

Definition 

1 Equal importance 

3 Moderate importance of one over 
another 

5 Strong importance of one over another 

7 Very strong importance of one over 
another 

9 Extreme importance of one over another 

2, 4, 6, 8  Intermediate values 

Reciprocals Reciprocals for inverse comparison 

 1 
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Fig. 3. Flow-chart of the GIS-based AHP for rockfall risk assessment 

 

Table 3. The pairwise comparison matrix for flood risk of the region 

Matrix A Slope  Lithology Soil  Precipitation  
Dist. to 
stream 

Elevation  Aspect 
Land 
use 

Population 

Slope  1 2 3 3 4 5 7 7 9 

Lithology 1/2 1 3 3 4 5 3 7 9 

Soil  1/3 1/3 1 4 5 3 3 4 8 

Precipitation  1/3 1/3 1/4 1 5 2 2 3 5 

Distance to 
stream 

1/4 1/4 1/5 1/5 1 1/2 1/3 2 5 

Elevation 1/5 1/5 1/3 1/2 2 1 1/2 3 3 

Aspect 1/7 1/3 1/3 1/2 3 2 1 3 2 

Land use 1/7 1/7 1/4 1/3 1/2 1/3 1/3 1 2 

Population 1/9 1/9 1/8 1/5 1/5 1/3 1/2 1/2 1 

TOTAL 3.01 4.70 8.49 12.73 24.70 19.17 17.67 30.50 44.00 
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Table 4. Determination of weight vector from the normalization matrix 

Matrix A Slope Lith. Soil Precip. 
Distance 
to stream 

Elevation Aspect 
Land 
use 

Popul. Wi 

Slope 0.332 0.425 0.353 0.236 0.162 0.261 0.396 0.230 0.205 0.289 

Lithology 0.166 0.213 0.353 0.236 0.162 0.261 0.170 0.230 0.205 0.222 

Soil 0.111 0.071 0.118 0.314 0.202 0.157 0.170 0.131 0.182 0.162 

Precipitation 0.111 0.071 0.029 0.079 0.202 0.104 0.113 0.098 0.114 0.102 
Distance to 
stream 

0.083 0.053 0.024 0.016 0.040 0.026 0.019 0.066 0.114 0.049 

Elevation 0.066 0.043 0.039 0.039 0.081 0.052 0.028 0.098 0.068 0.057 

Aspect 0.047 0.071 0.039 0.039 0.121 0.104 0.057 0.098 0.045 0.069 

Land use 0.047 0.030 0.029 0.026 0.020 0.017 0.019 0.033 0.045 0.030 

Population 0.037 0.024 0.015 0.016 0.008 0.017 0.028 0.016 0.023 0.020 

 

3.2. Spatial Analysis 

Using the obtained scoring and weights, raster maps of each 
criterion were obtained with the ArcGIS program as in Fig. 4. 
The projection system of all criteria was transformed into a 
common projection system through Arctoolbox - Projections 
and Transformations - Raster Protect. After, the raster data 
was reclassified by means of Arctoolbox -3D Analst Tools - 
Raster – Reclass, the data was converted into vector data via 
Conversion Tools – From Raster – Raster to Polygon. Then, 
vector data was integrated with Data Management Tools – 
Generalization – Dissolve. Scoring inputs was defined in the 
attribute table of each criterion through Data Management 
Tools- Fields - Add Field toll. 

In Fig. 4, scoring maps of nine criterion in Fig. 3 are given by 
taking the expert opinions or decision makers. In the lithology 
map in Fig. 3, the geological structures sensitive to the rockfall 
were scored low, while loose structures sensitive to rockfall 
such as alluvial, conglomerate, sandstone, serpentine were 
scored high. On the slope map, higher slopes are more 
susceptible to rockfall and lower slopes are scored low. In the 
elevation map, considering that rockfall will not pose a hazard 
in high elevation sections and rocks falling from high areas will 
pose a hazard at lower elevations; high areas were scored low, 
and low-elevation sections were scored high.  Since the effect 
of slope versus elevation is dominant in the pairwise 
comparison matrix, the risk of rockfall is reduced on low plains. 
The sections exposed to more freeze-thaw events in the aspect 
map were considered more sensitive to rockfall events than the 
south facades. On the soil map, loose soil structures that can be 
susceptible to rockfalls, especially in rough terrain, were highly 
scored on the map. Since the steep slopes close to the rivers are 
always risky areas in terms of rockfalls due to the erosion effect 
of the river, the regions close to the stream are rated with high 
scores on the distance to stream map. Areas with high 
precipitation were selected as more dangerous in terms of 
rockfall due to the erosive and freeze-thaw effect of 
precipitation, as seen precipitation map. Also, land use and 

population maps were scored according to their vulnerability 
to rockfall. 

Based on the raster maps in Fig. 4 and the criteria of weights 
obtained from the AHP, the final map for the rockfall presented 
in Fig. 5 was obtained using the GIS technique. According to 
this map, especially the steep slopes of the rugged southwest 
regions are high risk for rockfall. The effect of steeply sloping 
river valleys in the region is clearly seen in the risk assessment. 
It can be said that another reason for the high risk in these 
areas is the concentration of precipitation in these areas. In 
addition, the southeast region is partially under the influence 
of medium-high risk. Except for the foothills of Mount Nemrut 
and Suphan, the northern parts of the study area are generally 
considered as risk-free. Göksu and Leventeli (2008) also 
investigated potential rockfall hazard of the Bitlis province 
using remote sensing. For this, first digital elevation model of 
the area was created by using GIS, then potential rockfall risks 
was mapped considering only the slope and digital elevation 
model (DEM) as in Fig. 6. The high-risk regions in Figs. 5 and 6 
match each other; however, the risk map in this study (Fig. 5) 
provides much more detail thanks to AHP with multiple 
decision criteria. 

In the southern part of Bitlis, which is located on the thrust 
zone, the rocks lose their primitive position and contain many 
discontinuities as seen in Fig. 7. The rockfalls hazard is high 
due to the cracks especially in formations dominated by 
limestones with a large amount of discontinuity at high slopes 
and by the deformation and disintegration of the schist, calcite 
and volcano-sedimentary rocks below. In addition, filled 
discontinuities in ophiolite and serpentinite masses in this 
region can trigger rockfalls (Göksu and Leventeli, 2008). Filling 
of the discontinuities and cracks in rock masses with 
precipitation waters and freeze-thaw events are other 
important factors inducing rockfalls. Dissolution of basalt 
columns and prismatic ignimbrites that form steep slopes in 
the study area also poses significant risks in terms of rockfalls 
(see right photos in Fig. 7a-d). 
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Fig. 4. Raster maps of the criteria 

 

 

Fig. 5. Rockfall risk map of the study area in this study based on AHP 
 

Fig. 6. Rockfall sensitivity map based on slopes and DEM (Goksu, 2017) 
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Fig. 7. Some photos of different lithological structures at risk of rockfall in the study area (a) and (b) cracked and decomposed ignimbrites, (c) 
Basalt columns, (d) prismatic ignimbrites 

 

4. Conclusions 

As a result of the rockfall risk assessment of the province of 
Bitlis; it was observed that the risk is high in areas with steep 
slopes, lithologically affected by meteorological events such as 
precipitation and freeze-thaw, where land use is intense or 
sparse and with loose soil characteristics, with high population 
density and with heavy precipitation is high. Rockfall risks 
were mostly concentrated in the mountainous and rugged 
southwest and partially southeast areas, including the city and 
district centers such as Bitlis center, Mutki and Hizan. Except 
for the foothills of Nemrut and Suphan mounts, the northern 
parts of the study area were generally considered as risk-free. 
The risk zones obtained from the study are relatively 
consistent with a limited study done before. In general, regions 
with mountainous steep slopes and discontinuous rock 
structures were considered as areas susceptible to high 
rockfalls. Heavy precipitation, river valleys with steep slopes 
are other important factors affecting rockfall. In this study, it 
has also been shown that GIS-based AHP is a very successful 
approach in risk assessments involving multiple decision 
variables such as rockfalls problems. The results of this study 
showed that a more consistent risk definition could be made 
with a holistic and multi-parameter assessment in a large 
settlement. 
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A B S T R A C T 

We have worked on (2+1)-dimensional dissipative long wave system (DLWS) and (2+1)-dimensional 

Date-Jimbo-Kashiwara-Miwa (DJKM) equation. We have applied GKM, which has been obtained by 
generalizing the Kudryashov method, to the (2+1)- dimensional DLWS and (2+1)-dimensional DJKM 

equation. Thus, we have got some new soliton solutions of handled system and equation. We have plotted 

2D and 3D surfaces of these acquired results by using Wolfram Mathematica 12. Then, we have shown 

the validity of the acquired solutions.  
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1. Introduction  

Nonlinear evolution equations (NLEEs) have very significant 
applications in areas such as mathematical physics, biology, 
economy, mathematical chemistry, hydrodynamics, fluid 
dynamics, geochemistry, control theory, meteorology, optics, 
mechanics, chemical kinematics, biophysics, biogenetics, and 
so on. Particularly nonlinear partial differential equations, 
researching chemical reactions occurring in various scientific 
environments, changes in living populations, heat dissipation 
on metals, determination of charge and current in electrical 
circuits, plate and wire vibrations; It is widely used in the study 
and interpretation of important physical phenomena such as 
sea, lake, stream and tidal waves, decay of a radioactive object. 
Various studies are carried out by many scientists to find the 
solutions of equations, which have such extremely important 
and widespread areas of use (Ali et al., 2021; Yokus et al., 2020; 

Gao et al., 2020; Cinar et al., 2021; Rani et al., 2021; Manafian 
et al., 2020; Yaslan and Girgin, 2019; Ghanbari and Inc, 2018; 
Dusunceli et al., 2021; Kumar and Kaplan, 2018; Mirzazadeh et 
al., 2021).  (2+1)-dimensional DLWS is a famous system of 
equations used in physical applications, nonlinear science and 
nonlinear wave theory (Chang et al., 2020).  (2+1)-dimensional 
DLWS is given as (Yang and Feng, 2021):  

2 2 0,

2 2 2 0.

t xx x x

t y xxy xx x y xy

u u u v uv

v v u v v vv

− − − =

+ − − − =
                                         (1) 

Chang et al. used Lie symmetry analysis and dynamical system 

method for system (Chang et al., 2020). Yang and Feng 

obtained the solutions of this system by applying the variable 

separation method and exp ( ( ))− -expansion method 

(Yang and Feng, 2021).  

(2+1)-dimensional DJKM equation is given as (Yuan et al., 
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2017; Pu and Hu, 2019; Ismael et al., 2020): 

4 2 6 2 0,xxxxy xxy x xxx y xy xx yyy xxtu u u u u u u u u+ + + + − =  

                                                                                                                                 (2) 

Pu and Hu examined solitary wave solutions of the equation 

with the sine-Gordon expansion method (Pu and Hu, 2019). 

Ismael et al. applied Hirota bilinear method to the equation 

(Ismael et al., 2020). Yuan et al. obtained solutions of the 

equation with Hirota method and auxiliary variable (Yuan et 

al., 2017). Adem et al. performed extended transformed 

rational function algorithm to the equation (Adem et al., 2019). 

Singh and Gupta applied the Pickering’s algorithm to the 

equation (Singh and Gupta, 2018). Guo and Lin used the direct 

ansatz method for the equation (Guo and Lin, 2019). 

In this study, GKM, which is one of the solution methods of 

NLEEs, is discussed (Tuluce Demiray, 2020; Tuluce Demiray 

and Bayrakci, 2021; Pandır and Eren, 2021; Kaplan and 

Akbulut, 2021; Gurefe, 2020; Islam et al. 2019). Firstly, the 

structure of the method is introduced. Afterwards, some 

soliton solutions of (2+1)-dimensional DJKM and (2+1)-

dimensional DLWS were obtained by applying GKM. 

2. Structure of GKM  

We take into account a general nonlinear partial differential 
equation (NLPDE) for a function v  of three different variables 

in the following form: 

( ), , , , ,... 0.t y x xxR v v v v v =                                                         (3) 

Step1: Firstly, we regard the travelling wave transform as 
following form;  

( ) ( ), , , .v x y t v x y mt = = + −                                            (4) 

Eq.  (3) is turned into ordinary differential equation by Eq. (4):  

( ), , , , ', '',... 0,L t y x v v v =                                                          (5) 

where superscripts demonstrate ordinary derivatives 
according  .  

Step2: Suppose that we consider the solutions of Eq. (5) as: 

( )
( )

( )

( )

( )
0

0

,

k
i

i
i

l
j

j
j

a Q P Q
v

S Qb Q

 




=

=

 
  

 
  


= =



                                                (6) 

where Q  is 
1

1 e
. We should point out that Q  is the solution to the 

following equation. 

2 .Q Q Q = −                                                                                     (7) 

Step3: The solution of the nonlinear ordinary differential 
equation given by Eq. (5) is sought according to the GKM as 
follows:  

( )
2

0 1 2

2

0 1 2

.
k

k

l

l

a a Q a Q a Q
v

b bQ b Q bQ


+ + + +
=

+ + + +
                                 (8) 

If we can ascertain values of k and l  in Eq. (6) through the 

homogeneous balance principle. Therefore we balance 
between the highest order derivative and highest order 
nonlinear term in Eq. (5).  

Step4: We embed Eq. (6) into Eq. (5). Thus we get a polynomial

( )R Q  of Q . Thereafter equalizing all coefficients of ( )R Q to 

zero, we find an algebraic equation system. By solving obtained 
system, we determine c  and coefficients of 

0 1 2 0 1 2, , , , , , , , ,k la a a a b b b b . Finally, we can obtain the 

soliton solutions of Eq. (5). 

3. Application of GKM to the equations 

Example 1: 

For the find the soliton solutions of system (1) we consider the 

following transformation: 

( , , ) ( ), ( , , ) ( ), .u x y t u v x y t v x y mt  = = = + −  (9) 

Putting the Eq. (9) into the system (1), we get the equation 
2

( , , ) .
2 2 2

v mv v
u x y t


= − −  By performing the necessary 

mathematical operations, system (1) is converted to the 
following ordinary differential equation. Replace Eq. (9) into 
system (1) and we get the following equation, 

2 2 33 2 0.m v v mv v− − + + =                                                       (10) 

By using balance principle in Eq. (9), we obtain, 

1,k l= +                                                                                             (11) 

If we give 1l =  then 2k =  we find, 

( )
2

0 1 2

0 1

,
a a Q a Q

u
b bQ


+ +

=
+

                                                       (12) 

( ) ( )

( )( ) ( )
( )

2

2

1 2 0 1 1 0 1 2

2

0 1

2
,

u Q Q

a a Q b b Q b a a Q a Q

b b Q

 = − 

 + + − + +
 

+  

   (13) 
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( )
( )

( )

( )( ) ( )

( )
( )

( ) ( )( )

( )

2

2

0 1

2

1 2 0 1 1 0 1 2

2
2

3

0 1

2

2 0 1 1 1 2 0 1

2 2

1 0 1 2

2 1

2
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Q Q
u Q

b b Q

a a Q b b Q b a a Q a Q

Q Q

b b Q

a b b Q b a a Q b b Q

b a a Q a Q


−

 = − 
+

 + + − + +
 

−
+ 

+

 + − + +
 
 + + +
 

  (14) 

We obtain the soliton solutions of system (1) in the following 
different cases;  

Case1: 

0 1 0 2 10, , , 1.a a b a b m= = − = − =                                                  (15) 

Substituting the above values in Eq. (12), we acquire the dark 
soliton solutions of system (1).  

1

1
( , , ) 1 tanh

4 2

tanh ,
2

x y t
u x y t

x y t
m

 + −  
= − − +  

  

 + −  
 +  

  

                    (16) 

1

1
( , , ) 1 tanh .

2 2

x y t
v x y t

 + −  
= − −  

  
                    (17)  

Figure 1. 3D of solution (16) for 2, 25 25y x= −    values with 

2 2t−    range and 2D plot of solution for 1t = with these values.  
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Figure 2. 3D of solution (17) for 2, 20 20y x= −    values with 

2 2t−    range and 2D plot of solution for 1t = with these values. 

Case2: 

1
0 1 1 1 2 1 0, 2 , , , 2.

2

b
a b a b a b b m= = − = = − =                  (18) 

Substituting the above values in Eq. (12), we acquire the dark-
bright and dark soliton solutions of system (1).  

( )

( )

2

1
( , , ) 1 coth[ 2 ]

4

4 4coth[ 2 ] csch[ 2 ] ,

u x y t x y t

x y t x y t

= + + − 

+ + − + + −

               (19) 

2

2

1 2
( , , ) 1 coth

2 2

2
tanh .

2

x y t
v x y t

x y t

 + −  
= − +   

  

+ − 
 
 

                (20) 

 

Figure 3. 3D of solution (19) for 2, 30 30y x= −    values with 

5 5t−    range and 2D plot of solution for 4t = with these values.  
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Figure 4. 3D of solution (20) for 0.5, 35 35y x= −    values 

with 3 3t−    range and 2D plot of solution for 2t = with these 

values.  

Case3: 

1
0 1 1

1
2 1 0

, 1 ,
2 2 2

, , 2.
2

ib i
a a b

b
a b b m i

 
= = − 

 

= − = − =

                                                  (21) 

Substituting the above values in Eq. (12), we acquire the bright 
soliton solutions of system (1).  

3

1
( , , ) csc[ 2 ]

4 2

2
tanh ,

2

i
u x y t ix iy t

x y i t

−
= + + + 

 + −
 
 

                        (22) 

3( , , ) csc[ 2 ].
2

i
v x y t i ix iy t= − − + +                             (23) 

 

Figure 5. 3D of solution (22) for 5, 15 15y x= −    values with 

2 2t−    range and 2D plot of solution for 1t = with these values.   

 

Figure 6. 3D of solution (23) for 0.2, 20 20y x= −    values 

with 5 5t−    range and 2D plot of solution for 3t = with these 

values. 
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Example 2: 

For the find the soliton solutions of Eq. (2) we consider 

following equalities: 

( )( , , ) ( ), .u x y t u n x ay ht = = + −                                (24) 

Replace Eq. (24) into Eq. (2) and we get the following equation, 

( ) ( )
22 33 2 0.an u an u a h u  + + + =                                   (25) 

By making the ,u g =  transformation in Eq. (25), we find the 

following equation, 

( )2 2 33 2 0.an g ang a h g + + + =                                              (26) 

By using balance principle in Eq. (26), we obtain 

2.k l= +                                                                                              (27)  

If we give 1l =  then 3k =  we find the following equations, 

 

( )
2 3

0 1 2 3

0 1

,
a a Q a Q a Q

u
b bQ


+ + +

=
+

                                               (28) 

( ) ( )

( )( )

( )
( )

2

2

1 2 3 0 1

2 3

1 0 1 2 3

2

0 1

2 3

,

u Q Q

a a Q a Q b b Q

b a a Q a Q a Q

b b Q

 = − 

 + + +
 
 − + + +
 

+ 
 
  

                                (29) 

( )
( )

( )

( )( )

( )

( )
( )

( ) ( )

( )( )

( )

2

2

0 1

2

1 2 3 0 1

2 3

1 0 1 2 3

2

2 0 1 2 32

2

1 0 1 1 2 33

0 1
2 2 3

1 0 1 2 3

2 1

2 3

2 6

2 2 3 .

2

Q Q
u Q

b b Q

a a Q a Q b b Q

b a a Q a Q a Q

b b Q a a Q
Q Q

b b b Q a a Q a Q
b b Q

b a a Q a Q a Q


−

 = − 
+

 + + +
  +
 − + + +
 

 + + −
 −
 + + +
 +
 + + + +
 

 

                                                                                                                (30) 

We get soliton solutions of Eq. (2) in the following different 
cases;   

 

 

Case1: 

( )
( )

0 1
0 1 0

2 0 1 3 1

2/3
1/3 2 2 6

1/3
2/3 2 6

, ,
6 6

( ), ,

3 9 81 3
.

3 9 81 3

nb nb
a a nb

a n b b a nb

n h h n
a

h h n

= − = −

= − + = −

+ − + −
=

− + −

                                  (31) 

Substituting the above values in Eq. (28), we acquire dark 
soliton solution of Eq. (2). 

( )

( )

2

1( , , )
6

tanh ,
2 2

n
u x y t x ay ht

n x ay htn

−
= + −

+ − 
+  

 

                                                 (32) 

where 
( )

( )

2/3
1/3 2 2 6

1/3
2/3 2 6

3 9 81 3
.

3 9 81 3

n h h n
a

h h n

+ − + −
=

− + −
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Figure 7. 3D of solution (32) for 0.2755, 4, 0.5,n a y= = =  

1, 25 25k x= − −   values with 5 5t−    range and 2D plot 

of solution for 0.5t = with these values. 

Case2: 

( )

( )

33
0 10

0 1

3

0 1

2

3 3

1
3

2 62
, ,

6 6

2
,

2 2
, .

a h b ba hb
a a

a a

a h b b
a

a

a hb a h
a n

a a

+ − ++
= =

+ −
=

+ +
= = −

        (33) 

Substituting the above values in Eq. (28), we acquire dark 
soliton solution of Eq. (2). 

( )

( )

3

2

3

2
( , , )

6

2
tanh ,

22

a h
u x y t nx nay nht

a

nx nay nhta h

a

+
= + −

+ − +
−  

 

                        (34) 

where 

3 2
.

a h
n

a

+
= −  

 

Figure 8. 3D of solution (34) for 3, 1, 5,n a y= − = =  

1, 20 20k x= −   values with 4 4t−    range and 2D plot of 

solution for 2t = with these values. 

Case3: 

3

1
0 1 2

3 3

1
3 0

2
0, 0, ,

2 2
, 0, .

i a hb
a a a

a

i a hb i a h
a b n

a a

+
= = = −

+ +
= = = −

                (35) 
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Substituting the above values in Eq. (28), we acquire 
trigonometric function solution of Eq. (2). 

( )

3

3

3

2
( , , )

2

2
tan ,

2

a h
u x y t

a

a h x ay ht

a

+
= − 

 + + −
 
  

                                              (36) 

where 

3 2
.

i a h
n

a

+
= −  

 

Figure 9. 3D of solution (36) for 4, 2, 0.5,a k y= = =  

25 25x−   values with 3 3t−    range and 2D plot of solution 

for 1t = with these values. 

 

 

 

 

Case4: 

3 3

0 0
0 3 2

3

0
1 2

3

2
1 0

3

2 2
, ,

6

5 21
,

6

2
, .

2

a hb a hb
a a a

a a

a hb
a a

a

aa a h
b b n

aa h

+ +
= − = − −

 +
= − + 

 
 

+
= + =

+

            (37) 

Substituting the above values in Eq. (28), we acquire dark 
soliton solution of Eq. (2). 

3

4

3

17 2 ( )
( , , )

6

17 2 ( )
tanh ,

2 2

i a h x ay ht
u x y t

a

i a h x ay ht

a

+ + −
=

 + + −
−  

  

                        (38) 

 

Figure 10. 3D of solution (38) for 2, 1, 1,a k y= = =  

20 20x−   values with 5 5t−    range and 2D plot of solution 

for 2t = with these values. 
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4. Conclusion 

In this made study, we discussed GKM, which is one of the 
NLEEs solution methods. We applied this discussed method to 
the (2+1)-dimensional DJKM equation and the (2+1)-
dimensional DLWS and so we got some soliton solutions of 
equation and system being studied. At the same time, we drew 
the drawings of the 2D and 3D graphics of the found soliton 
solutions by giving certain values. Thus, it has been seen that 
GKM is a reliable and exact solution method in obtaining NLEEs 
solutions. In future studies, GKM can be used in research of 
other NLEEs. 
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