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Abstract. Seismic movements have varying effects on structures based on characteristics of local site. During an earthquake,
weak soils are susceptible to damage due to amplified wave amplitudes. Soil-structure interaction issue has garnered increased
attention in Tirkiye, after devastating earthquakes in Kocaeli Golciik (1999), Izmir (2020), Kahramanmarag Pazarcik and
Elbistan (2023). Consequently, liquefaction potential has been investigated in detail for different regions of Tiirkiye, mainly
with available field test results. Cankiri, a city located close to North Anatolian Fault, is mainly built on alluvium, which is prone
to liquefaction. However, no study on liquefaction hazard has been conducted thus far. In this study, groundwater level map, SPT
map, and liquefaction risk map have been generated using Geographical Information System (GIS) for the Bugday Pazar
District of Cankir1 province. Site investigations studies previously performed for 47 parcels (76 boreholes) were used within the
scope of this study. The liquefaction assessment was conducted using Seed and Idriss's (1971) simplified method and the
visualization of areas susceptible to liquefaction risk has been accomplished. The results of this study have been compared with
the City Council’s precautionary map which is currently in use. As a result of this study, it is recommended that minimum depth
of boreholes in the region should be at least 30m and adequate number of laboratory tests particularly in liquefiable areas should
be performed. Another important recommendation for the region is that detailed investigation should be performed by local
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authorities since findings of this study differ from currently used precautionary map.
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1. Introduction

All engineering structures interact with the ground in a
way that some structures are built entirely within the
ground, while others interact with it. For this reason, the
interaction between the building and the underlying soil
must be handled sensitively. The concentration of
earthquake effects in specific areas has highlighted the
explicit importance of soil characteristics. The varying
ground conditions in regions located close to each other
may result in significant differences in the recorded
accelerations during an earthquake. Thus, the dynamic
behavior of soils plays a crucial role in determining the
effect on transmitted motion (Afacan and Giler 2019).
Local site characteristics, including soil classification, play
a critical role in identifying weak soil areas that are prone to
geotechnical problems, such as bearing capacity, settlement,
swelling, and collapse. Additionally, liquefaction is another
significant problem that may occur under dynamic loads.

Liquefaction is the process where soil particles change
from solid to liquid state due to increased pore water
pressure and a decrease in effective stress. This is caused by
the tendency of granular materials to compact when
subjected to cyclic shear stresses, which increases the pore
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water pressure and decreases intergranular effective stress
(Sen 2009, Terzaghi et al. 1996). Earthquake-induced soil
liquefaction is considered one of the most destructive
natural hazards. Placing the piles in liquefiable soil that
might become unstable under seismic loads is one of the
major reasons for the failure of structures and infrastructure,
such as bridges on pile foundations (Ebadi-Jamkhaneh et al.
2021). Moreover, although there have been many
advancements in seismic codes, structures on shallow
foundations resting on saturated sandy soil have still
experience excessive settlement, rotation, or even tilting
due to liquefaction during major seismic events (Kassas et
al. 2022). Consequently, liquefaction remains a significant
topic in the literature, and is still being studied in various
ways.

Although the liquefaction of alluvial soil layers and its
role in damages have been known for a long time, it has
gained increased attention in Tirkiye after the Kocaeli
Golcik earthquake in 1999, and the more recent
earthquakes in Izmir in 2020 and Kahramanmaras Pazarcik
and Elbistan in 2023. During these earthquakes, structures
built on alluvial deposits suffered severe damage due to
liquefaction. Total collapse or tilting of structures and large
amount of ground settlements were observed after all these
earthquakes due to ground conditions. The most recent
earthquakes occurred in Pazarcik and Elbistan resulted in
major geotechnical problems such as foundation failures,
lateral spreading, rock falls, landslides, and surface
manifestations of liquefaction in alluvial regions. Similarly,
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the study area (Bugday Pazari settlement) which rests on
quaternary alluvial deposits formed by Aci and Tatli streams
(Akylirek et al. 1980, Hakyemez et al. 1986) and is
characterized by sandy-gravelly-silty-clayey units and
shallow ground water levels, is particularly vulnerable.
Large-magnitude earthquakes in the region with shallow
ground water levels and sandy-non-plastic silty units can
significantly increase the risk of liquefaction in this area.
This issue is the subject of ongoing research.

The field tests are commonly used for liquefaction
potential assessment in geotechnical engineering studies.
The standard penetration test (SPT), the cone penetration
test (CPT), and measurement of shear wave velocity (Vs)
are the most common methods to estimate the liquefaction
potential of soil (Youd et al. 2001). SPT is generally
preferred over others to evaluate the liquefaction in most of
the studies (Tunusluoglu and Karaca 2018). There are many
liquefaction hazard assessment studies executed throughout
Tiirkiye (Esin and Ceryan 2015, Isik et al. 2016, Dipova
and Cangir 2017, Tunusluoglu and Karaca 2018, Akin 2019,
Silahtar et al. 2020, Sengiil and Karabas 2021, Giines and
Ekmen 2022, Acar and Kaya 2023, Silahtar et al. 2023). In
these studies, liquefaction potential has been investigated in
detailed for different regions of Tiirkiye as well as Seed and
Idriss (1971), Iwasaki et al. (1982), Youd et al. (2001),
Yilmaz and Cetin (2004), Sonmez and Gokceoglu (2005),
Kayen et al. (2013) methods have been used.

According to the author’s knowledge, there has been no
such study processed in Cankiri province yet and it is a
critical deficiency in disaster planning of the city. The main
objective of this study is to address this gap by creating a
risk map using a GIS program to identify weak soil areas
where liquefaction problems may occur based on the
ground survey results obtained in the past. In the study, the
liquefaction assessment was conducted using Seed and
Idriss's (1971) "simplified method". In this context,
previously performed site studies (boreholes and
geophysical studies in 47 parcels (76 boreholes) in Bugday
Pazar1 Neighborhood) and laboratory experiments related to
these site studies were examined in detail within the scope
of this study. The results of the study were visualized in the
GIS environment. It is expected that the resulting
recommendations will influence city planning decisions.

2. Study area

Cankirt province is located between the Central
Kizilirmak Section of the Central Anatolian Region and the
western section of the Black Sea region as shown in Fig. 1.

The city has a surface area of 7490 km?. The province of
Cankirt is adjacent to the provinces of Kastamonu,
Karabiik, Kirikkale, Corum, Bolu and Ankara. The province
is situated in the geographic coordinates of 41° 04' north to
40° 16' south latitude and 34° 08' east to 32° 34' west
longitude. The province of Cankir1 has a north-south length
of approximately 90 km and an east-west length of about
126 km (Ates et al. 2008). The study area is Bugday Pazari
Neighborhood, which is the most densely populated
residential area of the central district in terms of population
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Fig. 1 Location map of the study area

Table 1 Population of districts (TUIK 2022)

Neighborhood Population
Bugday Pazari 26968
Abdulhalik Renda 19087
Aksu 9209
Fatih 8535
Yeni 8279
Kirkevler 7618
Others 11687

according to the 2022 census data from TUIK shown in
Table 1.

3. Geological and hydrogeological features

A compressional tectonic regime caused by the strike-
slip faults formed from the Pliocene to the present day,
played an important role in the formation of the region. The
Cankir1 basin is located among the Eldivan Mountain in the
west, the Ilgaz Mountain-Yaprakli Mountain in the north,
and the K&se Mountain in the east. The Cankir1 basin is
qualified as the intermountain basin (Tuysuz and Dellaloglu
1992).

In the Middle Eocene (45 million years ago), the Neo-
Tethys Ocean closed because of the collision of the Sakarya
and Kirsehir microcontinents. During the Middle-Late
Eocene, shallow marine sediments were deposited, and
volcanism was active. The collision of continents and
thickening rock units formed mountain belts. Due to the
orogenic collapse caused by the extensional tectonic regime
from Oligo-Miocene to Pliocene, Oligo-Miocene aged the
Incik formation, which represents the clastic rocks of the
fluvial environment as terrestrial sediments of the Cankir1
basin, is observed onto the remnant slices of the oceanic
lithosphere. The Upper Miocene aged the Baymdir
Formation consists of gypsum, mudstone and sandstone
succession and indicates a closed lake basin environment.
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Fig. 2 Geological map of Cankir1 (modified from Ates et
al. 2008)

The Kizilirmak Formation, which consists of red
colored mudstone, sandstone, and conglomerate, is
transitional between the Bayindir formation and the
overlying the Bozkir formation. The Upper Miocene-Lower
Pliocene Bozkir formation was deposited in a lacustrine
evaporitic environment and mainly includes gypsum,
mudstone, and sandstone levels. The Upper Pliocene aged
the Degim Formation consists of burgundy, brown colored
conglomerate, mudstone, and a small amount of sandstone.
The youngest units of the basin are the Quaternary
alluviums formed by Act and Tatli streams (Akyiirek et al.
1980, Hakyemez et al. 1986). The majority of the
settlement area is covered with liquefiable Quaternary
alluvial sediments. The geological map of the region is
shown in Fig. 2.

It is commonly known that the geological
characteristics at the building's site affect the earthquake
shaking (Jakka et al. 2015). Besides, the spatial distribution
of the groundwater level in the region, which may cause
favorable conditions for liquefaction potential, is of great
importance. Several works have shown the shallow ground
water level and the presence of alluvial soils raise the
liquefaction potential (Johnston and Schweig 1996, Kayen
and Mitchell 1997, Frankel et al. 2002, Duman et al. 2014).
Groundwater level data in the study area is visualized in
Fig. 3. It is seen that the groundwater level varies between
0.7 m and 6 m in most of the study area, though it reaches
up to 10 m depth at north-west points.

4. Tectonic features
The Anatolian microplate shifts westward at an average

rate of 24 mm/year along conjugate intra-continental strike-
slip faults of the right-lateral North Anatolian Fault Zone
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Fig. 3 Groundwater level map

(NAFZ) and the left-lateral East Anatolian Fault Zone
(EAFZ). The study area shown in Fig. 4 is located just
south of the North Anatolian Fault (NAF) (Ketin 1976).

Cankir1 province, which is very close to the North
Anatolian Fault Zone, was greatly affected by the Ladik-
Tosya earthquake that occurred on November 26, 1943,
with a magnitude of Mg =7.2 (Alsan ef al. 1976). Orta Fault
is a north-south trending, west dipping reverse component
left lateral strike-slip fault located in the western part of
Orta district. An earthquake of magnitude M,, =6.0 struck
on June 6, 2000. The Cankirt Fault, which is one of the
most important faults in Cankir1 province, borders the
Cankir1 Basin from the west and east, in a north-northeast-
southwest direction, dipping to the west-northwest. This
fault, which is an active unit today, has a total length of 73
km and has the potential to produce an earthquake with a
magnitude of M,, =7.27 (AFAD 2021).

Large earthquakes are historically known and expected
in the area because it is known to be seismically active. The
figure of the quake (1940-2023) epicenters in Cankir1 and
its vicinity is shown in Fig. 5.

5. Materials and methods

Site investigations studies previously performed for 47
parcels located within the borders of Bugday Pazar
Neighborhood were obtained from Cankiri Municipality
Directorate of Reconstruction and Urbanization and were
employed within the scope of the study (Fig. 6). There is no
available information in the industrial parcels located at the
northeastern end of the neighborhood.

To evaluate the liquefaction susceptibility, the widely
used methodology was proposed by Seed and Idriss (1971)
called “simplified procedure” Eq. (1). This method was then
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Fig. 5 Cankir1 and its vicinity, quakes of Mw=5.5 and above (modified from AFAD 2023)

modified by Seed et al. (1985) and Youd et al. (2001). The

method utilizes the calculation of the ratio between cyclic

resistance ratio (CRR) Eq. (2) and the cyclic stress ratio

(CSR) Eq. (4), to determine the safety factor (FS) against

liquefaction. This method is employed based on SPT-N data
The CRR is computed by the following equation

CRR
FS = —— 1
CSR M
_ 1 Ni60cs 50 .
CRR = 34-N10cs s [10Ny gocs+45]12 200 )

Certain corrections are applied to the raw SPT values
(N) obtained from the research data.N; g4 is the corrected
penetration resistance (N, s0=N*Cy*Cr*Cs*Cp*Cg) depends
on the overburden pressure factor (Cx), the hammer energy
ratio (Cg), the borehole diameter (Cg), the rod length (Cg),
and the correction for samplers with or without liners (Cs)
(see Table 2). Finally, the equivalent clean sand value,

Nj 60cs» 1s obtained by applying a fine content correction
using the equation Eq. (3) suggested by Youd and Idriss
(1997) as detailed in Table 3. The corrected SPT-N values
are visualized in Fig. 7. The SPT-N values in the study area
range from 7 to 30. However, the analysis reveals that most
of the SPT-N values in the study area are below 15.

Ny 60cs= o+ B(Nigo) 3)

Consequently, these weak soil areas are susceptible to
not only liquefaction but also various geotechnical issues
including bearing capacity problems, settlement, swelling
and collapse.

The CSR is the seismic demand and computed by the
following equation

CSR = 0.65('1’"%) (%9) 1,

9v0

“

where g, and o,, are the total vertical stress and the
effective vertical stress at depth z, a,., 1s the peak
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Table 2 SPT correction factors (Adopted from Skempton 1986)

Correction Factor

Equipment Variables

Correction Value

3-4m 0.75
4-6m 0.85
Cr 6-10m 0.95
>10m 1.00
Standard sampler 1.00
Cs Sampler without liner 1.20
65-115 mm diameter 1.00
Cs 150 mm diameter 1.05
200 mm diameter 1.15
Safety hammer 0.70-1.20
Ce Donut hammer 0.50-1.00
Automatic hammer 0.80-1.50
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Fig. 6 Boring locations

horizontal ground acceleration, g is the gravitational
acceleration, and rq is the factor of stress reduction. The
factor rq is determined through the application of equations
proposed by Liao and Whitman (1986). The final equation
used in the calculation was proposed by Robertson and
Wride (1998) given in Eq. (5). A sample calculation is given
in Table 4 while the borehole locations and structures are
given in Table 5.

ry = 1.000 — 0.00765z z<9.15m
ry = 1174 — 0.0267z 9.15m< z<23m &)
ry = 0.744 — 0.008z 23m< z<30m

For magnitudes both greater and less than 7.5, the CSR
values have been divided by the magnitude scaling factor
(MSF), which is calculated using the Eq. (6) proposed by
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Fig. 7 SPT-N values map for the study area

Table 3 SPT correction factors based on fine content (%)
(Seed et al. 1984)

Fine Content (FC) o B
FC<%5 %=0 p=1
ws<FC<%ss TR0 512;]6 B =0.99 + FC'5/1000
FC> % 35 w=5 p=12

Seed and Idriss (1982). For M,, = 7.5, the MSF is equal to
1. Cankir1 experienced significant impacts from the Ladik-
Tosya earthquake which had a magnitude of My =7.2 on
November 16, 1943. To ensure a conservative approach in
the liquefaction evaluation analysis, M,, = 7.5 was used in
the calculations, prioritizing safety precautions.

102.24

MSF = s

(6)
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Table 4 Sample calculation for a typical borehole in Seed and Idriss’s Simplified Procedure (1971)

Depth Unit
(nf) Weigt 1, FC(%) PI Cv  Nigo B Nigoes CRR MSF CSR FS Comment
(KN/m3)
1.5 188 0989 32 12 1700 19 48 12 272 034 1.0 022 158 Not Susceptible
3.0 188 0977 26 7 1338 15 44 1.1 213 023 1.0 022 108  Susceptible
45 188 0966 28 11 1126 11 45 1.1 170 018 10 023 080  Susceptible
60 188 0954 37 9 1043 13 50 12 200 022 10 026 084  Susceptible

During the analyses of geotechnical data, a GIS program
has been utilized for presenting these data in a more easily
comprehensible manner through thematic maps. First of all,
the borehole locations were defined within the program.
Then, SPT data, ground water data, and results of
liquefaction analyses were entered to related locations. The
data entered on a parcel-specific basis has been transformed
into neighborhood-level result. The technical role of GIS
program was regarding spatial distribution of liquefaction
susceptibility through the study area by using interpolation
technique. It should be duly noted that in maps generated
using interpolation, the non-uniform distribution of
boreholes in the region can potentially introduce certain
ambiguities into the results.

6. Results and discussion

CRR
FS = TSR >1.10 (7

The liquefaction state is classified as "no liquefaction"
when the condition defined in Eq. (7) is satisfied, while it is
categorized as "liquefaction exists" when the condition is
not satisfied. However, it is quite important to underline that
soils with high cohesion or low cohesion and plasticity
index (PI) greater than 12 are not expected to experience
liquefaction. On the other hand, low plasticity or non-plastic
silts and silty sands are considered the most susceptible to
liquefaction hazards (Seed ef al. 2003). In loose to medium
dense specimens, the presence of fines considerably
affected the undrained cyclic response, however at
extremely high relative densities, it was shown to be
independent of silt content (Dash and Sitharam 2011).
Research findings demonstrated that the liquefaction
potential of the sand rises as the mean grain falls (Molina-
Gomez et al. 2020, Sonmezer et al. 2020). Also, the
liquefaction potentials of coarse-grained sands rise with
increasing silt concentration (Sonmezer et al. 2022). The
study area is quite vulnerable due to its sandy-gravelly-
silty-clayey units and shallow ground water levels.

The distribution of liquefaction risk conditions in the
study area is depicted in Fig. 8, based on the liquefaction
analysis for the soil layers b/w 3-6 m depths due to limited
number of laboratory data. There is a risk of liquefaction in
large part of the parcels (54% of the study area) represented
by red colors within the boundaries of the Bugday Pazari
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Fig. 8 Liquefaction risk map

District. Based on the analysis conducted using the
simplified procedure, the regions colored in blue indicate a
lack of liquefaction risk.

Evaluating Figs. 3-7-8 altogether, the liquefaction prone
areas are characterized with shallow groundwater levels
ranging from 0.7 m to 6 m and SPT-N values below 15.

In accordance with the decision of Cankirt Municipality
Council, Bugday Pazar1 Neighborhood has been assigned as
a Special Project Area and the lithology-based precaution
suggestions for the region is shown in Fig. 9. As indicated
in the figure, the study area classified as medium to very
compact alluvial soil (11%), loose-soft alluvial (37%), and
prone to liquefaction (52%).

Additionally, Fig. 10 presents the overlay of the
liquefaction risk map generated by this study and the
precautionary areas designated by the City Council. It must
be highlighted that there is some disparity between the
findings of this study and the current precautionary map of
the city regarding the projection of liquefaction risk.
According to the research findings, liquefaction risk is not
expected in 45% of the area that is classified as prone to
liquefaction. On the other hand, in 51% of the area where
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Table 5 Borehole (BH) locations and structures Table 5 Continued
Coordinates BH GW Coordinates BH GW o
BH No Depth  Depth Description BH No Depth  Depth Description
Lat(N) Long(E) (m)  (m) Lat(N)  Long(E)  (m) (m)
BH1 405945 336251 105 4 silty sandy clay with clayey sand BH42 40,6012 33,6325 13 4 fine units, brown silty clay
: ‘ ‘ intermediate levels BH43 40,6009 33,6328 13 4 fi its, by ilty cl
BH2 405943 336256 10.5 4 silty sapdy clay With clayey sand > > ine units, brown silty clay
) ) intermediate levels sandy gravel and clayey gravelly
clayey silty sand with sandy clay and BH44 40,5951 33,6274 10.5 2.5 sand units with sandy gravelly
BH3 40,5933 33,6251 10.5 2.5
> i ) ) silty clay intermediate levels clay units
clayey silty sand with sandy clay and sandy gravel and clayey gravelly
BH4 40,5935 33,6256 105 23 silty clay intermediate levels BH45 40,5950 33,6271 10.5 2.5 sand units with sandy gravelly
gravelly sandy clay with clayey silty clay units
BHS 40,5927 33,6272 105 13 sand intermediate levels clayey silty sand and sandy
BHG6 405928 33.6268 105 13 gravelly sandy clay with clayey silty BH46 40,5970 33,6296 10.5 1 gravel units with silty gravelly
” ’ ) ) sand intermediate levels sandy clay levels
. . layey silty sand and sand;
BH7 40,5934 33,6258 12 3 fi ts, b lty cl clayey stity Y
’ ’ 1N umts, brown sttty cfay BH47 40,5971 33,6297  10.5 1 gravel units with silty gravelly
BHS8 40,5936 33,6254 12 3 fine units, brown silty clay sandy clay levels
silty clay with clayey sandy
BHO 405932 336281 12 3 fine units, brown silty clay BH48 406012 33,6280 155 6 gravel levels
- - ilty clay with clayey sandy
clayey silty sand with sandy clay and BH49 40,6014 33,6283 155 6 St
BH 10 40,5936 33,6280 105 ! silty clay intermediate levels . ngaVC}jICIVCIS m
1 it d with sandy cl d sandy gravel and clayey gravelly
BHII 405933 33282 105 1 S O e vl BHS0 40,5975 33,6294 105 2 sand units with sandy gravelly
- - lay units
sandy silty clay with sandy gravel c
BH 12 40,5934 33,6281 10.5 1 intermediate levels _— , 1 5 sandg grz}vel ar;:i cla(}jley gravﬁlly
BHI3 40,5932 336283 105 | sandy silty clay with sandy gravel o0 A0TE ey 103 andunits ;Y;ty wits
> ’ ) intermediate levels
BH 14 40.5032 33.6308 105 ) sandy silty clay with sandy gravel BH52 40,6010 33,6277 10.5 4 sandy gravelly clay
- : : intermediate levels BHS53 40,6004 33,6277 105 4 sandy gravelly clay
BH 15 405929 33.6311 105 1 sandy silty clay with sandy gravel i i :
> i ) intermediate levels BH 54 40,6001 33,6282 10.5 4 sandy gravelly clay
BH 16 405932 336312 105 1 Sandysilty clay with sandy gravel sandy silty gravelly clay units
_intermediate levels BHS5 405961 336310 105 3 with sandy gravel intermediate
BH 17 40,5938 33.6303 105 1 sandy silty clay with san(_iy clay and levels
- gravelly glay units sandy silty gravelly clay units
BH 18 405937 33.6299 105 1 sandy silty clay with sandy clay and BH 56 40,5957 33,6315 10.5 3 with sandy gravel intermediate
> ’ gravelly clay units levels
BH 19 40,5934 33,6299 10.5 1 sandy silty clay and gravelly clay units sandy silty gravelly clay units
BH 57 40,5955 33,6313 10.5 3 with sandy gravel intermediate
BH 20 40,5935 33,6302 10.5 1 sandy silty clay and gravelly clay units levels
BH21 40,5937 33,6301 10.5 1 sandy silty clay and gravelly clay units BH58 40,6008 33,6275  10.5 4 sandy gravelly clay
BH 22 40,5938 33,6303 10.5 1 sandy silty clay and gravelly clay units BH 9 406006 33,6270 105 4 sandy gravelly clay
BH 23 405924 33.6307 105 s clayey silty sand and sandy silty BH 60 40,6007 33,6275 10.5 4 sandy gravelly clay
> > ) ) gravelly clay units BHG61 406001 33.6254 12 2 sandy gravelley clay with clayey
BH24 405926 33.6304 10.5 15 clayey silty sand and sandy silty ’ ’ sand intermediate levels
> i ) ) gravelly clay units BH62 405999  33.6252 2 5 sandy gravelley clay with clayey
BH25 405929 33.6291 10.5 15 silty sandy clay with sandy clayey ’ ’ sand intermediate levels
> i ) ) gravel intermediate levels fine units, brown silty clay with
BH26 405928 33.6290 10.5 15 silty sandy clay with sandy clayey BH63 40,5972 33,6222 16 2 coarse units, light brown gravel-
> ’ ) ) gravel intermediate levels sand-clay mixtures
clayey sandy silt and sandy silty fine units, brown silty clay with
BH27 40,5928 33,6312 10.5 ! gravelly clay units BH64 40,5972 33,6227 16 2 coarse units, light brown gravel-
BH28 405929 33.6310 105 | clayey sandy silt and sandy silty sand-clay mixtures
> ’ ) gravelly clay units BH65 405985 33.6249 105 6 gravelly sandy clay with clayey
BH29 405926 33.6308 105 | clayey sandy silt and sandy silty i i ) sandy gravel intermediate levels
’ ’ i gravelly clay units BH66 405981 33.6245 105 6 gravelly sandy clay with clayey
clayey sandy silt and sandy silty ’ ’ ) sandy gravel intermediate levels
BH30 40,5928 33,6312 105 13 gravelly clay units BH67 405943  33.6256 105 35 silty sandy gravelly clay with
BH31 40,5924 33,6311 105 15 clayey sandy silt and sandy silty ’ ’ i i silty clayey sand units
” ’ ) ) gravelly clay units BH68 405942  33.6252 105 35 silty sandy gravelly clay with
BH32 40,5022 33,6310 105 1 sandy silty gravelly clay ___silty clayey sand units
BH69 405986 33.6203 25 3 silty clay with g‘r_avelly silty sand
BH 33 40,5920 33,6313 10.5 1 sandy silty gravelly clay ’ ’ units
gravelly sandy silty clay with
BH34 40,5885 33,6207 13 4 fine units, brown silty clay BH70 40,5981 33,6204 25 3 gravelly sand units
clayey gravelly sand with silt;
BH 35 40,5879 33,6298 13 4 fine units, brown silty clay BH71 40,5980 33,6209 25 3 Y }’Cglay angsilt units Y
BH36 405882 336303 13 4 fine units, brown silty clay BH72 405981 336217 25 3 claveygravely sandwith clayey
BH 37 40,5882 33,6294 13 4 fine units, brown silty clay BH73 405988 33.6218 25 3 bro‘f‘m silty Sfil’ld with clay
i i intermediate levels
BH 38 40,5883 33,6300 13 4 fine units, brown silty clay BH74 405988 33.6215 a5 3 light brown silty sand and gravel
- - - i i with clay and silt levels
BH 39 40,5994 33,6323 10.5 6 sandy silty clay with sandy gravel units BH75 405088  33.6212 55 3 clayey silt apd sand units with
BH 40 40,5992 33,6321 10.5 6 sandy silty clay with sandy gravel units sanc-ly silty clay levels -
BH76 40,5985 33,6202 25 3 clayeysilty gravelly sand with
BH41 40,6008 336326 13 4 fine units, brown silty clay silty sandy clay units
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PAZARI
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== stream
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:l Geologic Formation Border
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Rough terrain
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B Loose-Soft Alluvial Soil

BB stiff-Very Stiff Clay within rough terrain
Bozkir Formation

liquefaction risk is not expected on the map, the
liquefaction risk has actually been determined. Ultimately,
the study results and the precautionary map outcomes are
parallel in 47.5% of the entire area.

7. Conclusions

This study has revealed the liquefaction risk present in
the Bugday Pazari Neighborhood, which is the largest
settlement area of Cankiri. The district is situated on
quaternary deposits and is located in close proximity to the
North Anatolian Fault line, making it highly susceptible to
liquefaction hazards. By utilizing 47 parcels (76 borehole)
data and geotechnical reports from Cankir1 Municipality
Directorate of Reconstruction and Urbanization, a
liquefaction risk map was developed using a GIS program

== Stream

{1 settlement Eligibility Border

E’ Geologic Formation Border

‘E Medium to very compact Alluvial Soil
Areas prone to Liquefaction

- Rough terrain

- Areas with stability problem

B Loose-Soft Alluvial Soil

- Stiff-Very Stiff Clay within rough terrain

Bozkir Formation

Legend

Liquefaction Assessment

I Expected

Not Expected

in order to identify areas with weak soil conditions issue
could potentially arise.

On the other hand, some specific limitations were
encountered during the liquefaction analyses conducted for
the related region. Firstly, almost all boring depths were
limited to 10.5 m. Secondly, available laboratory data was
quite rare which is at two different depths along a 10.5 m
depth on average. Also, ground water levels were
considered as stable during analyses and seasonal
fluctuations were neglected. These limitations may affect
the reliability of the results.

Despite these limitations, the study has revealed usable
implications as follows. There are settlements within the
area that are at risk of liquefaction, characterized with
shallow groundwater levels ranging from 0.7 m to 6 m and
SPT-N values below 15. Particularly in the northern and
southern parts of the neighborhood, there are residential
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areas that exhibit a high potential for liquefaction, drawing
attention throughout the district. In these regions, there is a
significant risk of damage resulting from liquefaction
during high-magnitude seismic events.

Unfortunately, Tiirkiye has recently experienced a
disaster due to Pazarcik (7.7) and Elbistan (7.6)
earthquakes, resulting in the loss of more than 50,000 lives.
Some residential buildings toppled in an exceptional case of
liquefaction-induced bearing capacity collapse (Cetin et al.
2023). The settlement area of Cankir1 bears a striking
resemblance in terms of liquefaction potential to those cities
that were severely impacted by the disaster. Since it is
experienced the extent of destruction by a major earthquake
in Pazarcik and Elbistan, several recommendations have
been proposed to avoid facing similar situations in the
future for the Cankir1 region. These suggestions are related
with conducting suitable geotechnical investigations and
performing appropriate ground improvement technics. It is
recommended to drill boreholes with a minimum depth of
30 m and conduct an adequate number of laboratory tests,
particularly in areas highlighted on the maps where
liquefaction is likely to occur. Based on the liquefaction risk
map obtained from the study, it is advised to permit high-
rise constructions in areas with a high liquefaction risk, only
if necessary technical precautions are implemented. By this
way, it is predicted that the risk of liquefaction will be
reduced, and undesirable situations will not be encountered
for further constructions within the area.

There is a liquefaction potential in most (54%) of the
district based on the study findings. The research's findings
indicate that liquefaction danger is not anticipated in 45%
of the region designated on the precautionary map as prone
to liquefaction. On the other hand, the liquefaction danger
has been established in 51% of the region where it is not
anticipated on the map. Ultimately, %47.5 of the overall
region shows comparable results between the research and
the precautionary map. Since there are significant points
where liquefaction risk exists but have not been projected
by the municipality and vice versa, detailed study should be
performed by local authorities and the distinctness should
be analyzed thoroughly by further studies.

The findings of this research can be improved at a future
date after a detailed geotechnical investigation in some parts
of the region with boreholes having adequate lengths and
conducting more frequent laboratory tests on the samples
taken at appropriate depths along the boreholes.

As a pioneering study in Cankir, it is anticipated that
this research will make a valuable contribution to the
existing literature on liquefaction analysis and mitigation
measures. This research will enable engineers to give the
special importance to geotechnical investigations. Also, it
will allow liquefaction analyses to be carried out in more
detail. It will guide decision-makers correctly when
determining zoning areas.
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