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Abstract. A localized landslide that occurred on a specific section of the road to the Uluyazı 
Campus of Çankırı Karatekin University seriously threatened road safety and disrupted 
transportation continuity. In this study, the ground conditions of the landslide area were 
examined in detail. Soil parameters were determined through field observations, drilling, 
Standard Penetration Test (SPT) data, laboratory experiments, liquefaction potential, 
bearing capacity, and consolidation behaviour were analysed. The analyses showed that the 
soil was safe in terms of liquefaction and that the bearing capacity was at a level suitable for 
road construction and use. However, consolidation settlements and dissolutions in gypsum 
levels were identified as critical factors that could trigger landslides. To prevent landslides 
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and ensure road safety, double rows of bored piles with a diameter of ∅120 cm, a length of 
35  m, and spaced at 1.4  m intervals were connected with a cap beam. This engineering 
measure cut the landslide surface, limited road deformations, and ensured transportation 
safety. The study demonstrated the effectiveness of bored pile applications in formations 
where soil-water interaction was significant and offered an applicable solution for critical 
areas in highway engineering. 

Keywords: bored piles, bearing capacity, consolidation, landslide, liquefaction potential, 
road safety, soil-water interaction.

Introduction 

Landslides, one of the natural disasters commonly observed worldwide, are 
defined as the downward or outward movement and displacement of natural rock, 
soil, or artificial fill materials, or their mixture on a slope (Terzaghi, 1950; Varnes, 
1958, Cruden, 1991; USGS, 2008). Factors such as climatic conditions (heavy 
rainfall), groundwater levels, landforms (especially, steep slopes), lithological 
characteristics (especially, the presence of clay layers), and human activities (such 
as road, tunnel, and dam construction) cause soil movement and displacement (ÇEM, 
2016). Landslides pose serious socio-economic impacts, leading to loss of life, and 
damage to roads, railways, agricultural areas, and residential buildings, and damage 
and loss of cultural and natural heritage. In Türkiye, some devastating landslides 
were reported (Ocakoğlu et al., 2002). In the Black Sea and Mediterranean regions, 
small and large-scale landslides and rockfalls occur every year following periods of 
heavy rainfall. The geographical, morphological, geological, and groundwater factors 
of the region are prominent in triggering these sliding mechanisms.  In the region 
located in the transition zone between Central Anatolia and the Eastern Black Sea 
(Koyulhisar, Sivas), a landslide occurred in March (2005), primarily consisting of 
debris and mud flowing rapidly onto the settlement area within the valley, resulting 
in the deaths of 15 people. One of the most important factors that prepared and 
accelerated this landslide was the surface and groundwater seeping from melting 
snow, utilising the intense discontinuities and normal fault planes observed in and 
around the crown region. This water oversaturated the highly altered volcanic 
rocks, causing the movement of material, mostly derived from volcanic rocks, along 
a failure surface that developed between the underlying limestone and the altered 
volcanic rocks (Gürsoy et al., 2024). Avşar et al. (2014) investigated the Aksu 
landslide on the Giresun-Espiye road in the Eastern Black Sea Region. Weathered 
tuff, flysch, and dacitic tuffs are common in the study area. Excavations at the foot 
of the slope (i.e., due to the foundation excavation for the tunnel restaurant building 
and road construction) caused a “translational slide”. The stability of the slope 
containing weathered tuff was disrupted, and the rise in the groundwater level also 
contributed to the landslide. However, heavy rainfall in the Eastern Black Sea Region 
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is causing floods and landslides in settlements. In particular, the Dereli district of 
Giresun has been filled with mud, stones, rubble, and tree fragments reaching up 
to 3 meters in depth. This disaster has resulted in the deaths of dozens of people 
and significant economic losses (Kömürçü et al., 2021). When estimating the 
landslide susceptibility of the region, the following parameters were used to provide 
preliminary probability expectations regarding the likelihood of occurrence: 
geology, elevation, slope, aspect, curvature (plan and profile curvature), soil 
depth, topographic moisture index, land cover, and proximity to roads and streams 
(Gokceoglu & Aksoy, 1996; Yalcin & Bulut, 2007; Akıncı et al., 2014).

In Türkiye, particularly in claystone and mudstone formations containing 
gypsum levels, sliding mechanisms are easily triggered by surface and groundwater 
effects. Gypsum outcrops are generally located in Central Anatolia (Doğan, 2002; 
Waltham, 2002; Ateş et al., 2008). Due to its interaction with water, gypsum karst 
areas form karst cavities that are similar to limestone. Gypsum has a higher 
solubility than limestone (Cooper & Gutiérrez, 2013; Doğan & Yeşilyurt, 2019). 
Therefore, collapse sinkholes commonly develop in fine-grained soils containing 
gypsum levels. The landslides caused by these gypsum sinkholes have caused so 
much damage that they have resulted in the displacement of settlements in Central 
Anatolia (i.e., İnandık Village in Çankırı province) (Özçelik et al., 2016; Gökkaya & 
Tunçel, 2019; Yıldız & Sarıfakıoğlu, 2022). 

Also, this situation poses serious risks for transportation systems such as roads, 
bridges, and infrastructure. Landslides create serious hazards, especially in critical 
transportation infrastructure such as highways. These effects can be classified 
primarily as follows (Erginal & Bayrakdar, 2005; KGM, 2022; Tırın, 2023):

−	 Structural damage risk: Landslide debris flowing onto the road can cause 
cracks, deformations, and subsidence in the asphalt and fill material. This 
situation can lead to loss of control by drivers and vehicle damage.

−	 Traffic safety: Sudden or slow-moving landslides can cause road narrowing, 
sudden obstacles, and reduced visibility. These risks increase especially at 
night or in rainy weather.

−	 Infrastructure and Service Disruption: Landslides can clog drainage lines 
along the road, strain bridges and culverts, and increase the risk of flooding. 
This can cause disruption to emergency and logistical services.

−	 Continuous maintenance and cost: Roads in landslide-prone areas require 
constant monitoring, repair, and reinforcement. This creates both cost and 
operational challenges.

In this context, landslide observations on the Uluyazı Campus road are important 
not only as a geotechnical issue but also in terms of sustainable road safety planning. 
In areas where landslide risk has been identified, ground stability can be ensured 
and road safety enhanced through the use of pile foundations, slope stabilization, 
and effective drainage systems. In this context, the Uluyazı (Çankırı) Campus road 
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provides a typical field example. Cracks, deformations, and fissures developing 
along the slope observed along the road route indicated a local landslide event in 
the ground. In this study, the development mechanism of the landslide in question 
was revealed using geological, geotechnical, and hydrogeological data; the bored pile 
solution applied in the field was evaluated from a technical perspective.

1.	 Geology of the study area

The study area is located in the Uluyazı region of Çankırı province, approximately 
40  km south of the North Anatolian Fault Zone (Ketin, 1976). This location places 
the region within an active tectonic belt (Figure  1). The lithology of the region is 
generally represented by units belonging to the Bozkır formation (Sarıfakıoğlu 
et al., 2011; Sarifakioglu et al., 2021). The formation consists of alternating 
layers of claystone and silty sandstone. Within this alternation, there are mostly 
gypsum levels of varying thickness. Other rock units are found in the Bayındır 
and Kızılırmak formations. Bayındır formation consists of alternating layers of 
sandstone, mudstone and partly gypsium levels while The Kızılırmak formation 
mainly contains red mudstone and occasionally gypsum thin interlayers. The 
Bayındır and Bozkır formations reflect evaporitic conditions in a closed lake 
environment (Sevin & Uğuz, 2011). The Değim formation is encountered in a limited 
area. The unit, which presents alluvial fan conditions, consists of maroon, brown, 
and yellowish conglomerate, minor amounts of sandstone, and mudstone (Figure 2). 

Figure 1. The location of Çankırı, where the study area is located (simplified from MTA, 
2001)



65

THE BALTIC JOURNAL 
OF ROAD 

AND BRIDGE 
ENGINEERING

2 02 6/2 1 (2 )

Çiğdem Yeti ş̇ Gören, Ender Sarifakioglu, Aden-Gani Robleh Samireh,  
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Quaternary Alluvium: Unconsolidated block, 
gravel, sand, silt, clay

Değim Formation: Pebbles, sandstone 
and mudstone

Bozkır Formation: Gypsum, sandstone, 
mudstone

Kızılırmark Formation: Mudstone with pebble 
and sandstone interbeds

Bayındır Formation: Sandstone and mudstone 
with gypsum and rock salt interbeds

Study area
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Figure 2. Geological map of the study area (taken from Sevin & Uğuz, 2011)

Fine-grained sedimentary rocks of the Bozkır formation such as claystone and 
mudstone are notable for their low permeability and high plasticity values. When 
saturated with water, these types of soils rapidly lose their shear strength and 
become extremely conducive to the development of a slip surface. Sandstone layers, 
while relatively more resistant, do not play a significant role in inhibiting landslide 
behaviour due to their discontinuities. Landslide areas are marked in Figure 3.
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Shallow landslides such as creep, flow, slide etc. Old Landslide Active Landslide

Figure 3. Landslide areas around Çankırı Karatekin University, Uluyazı Campus

Gypsum levels are the most critical lithological component of the region from an 
engineering perspective. Gypsum is a mineral that dissolves easily when it comes 
into contact with water. Therefore, contact between groundwater and rainwater and 
gypsum layers leads to the development of dissolution voids over time. Dissolution 
voids disrupt the homogeneity of the ground, reduce its bearing capacity, and cause 
sudden settlements and local stability losses. This process poses significant risks, 
especially in the subgrade where road embankments are located. Field observations 
revealed that different settlements developed under the road embankment, causing 
cracks and fissures to form on the surface. Examination of the sinkholes revealed 
that the fill material used in the road subgrade consisted of gypsum blocks taken 
from the road cut. In addition, the aggregate sizes used in the cross-section area of 
the road superstructure were also observed (Figure 4).
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a) 

b) 

Figure 4. (a, b) Gypsum block filling material of the road infrastructure in the collapse 
pits and aggregates used in the road superstructure

Groundwater levels measured during drilling in the study area were recorded at 
depths of 5.0–6.5 m. Seasonal variations in groundwater levels were observed: levels 
rise during the rainy spring and winter months and recede to relatively deeper levels 
during the summer months. This seasonal fluctuation causes periodic increases in 
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pore water pressure and temporary losses in soil strength. Increased contact with 
gypsum layers, especially during rainy periods, accelerates dissolution processes 
and poses an engineering risk.

In Çankırı and its surroundings, the most important formation carrying 
sufficient groundwater for irrigation, industry, and drinking water is the clayey, 
sandy, and gravelly alluvium extending along the Tatlıçay, Acıçay, and Eldivan Çayı 
rivers. The thickness of the alluvium varies between 10–35 m. Volcanic rocks found 
at high elevations in the region carry a small amount of groundwater. Numerous 
small springs (with a discharge of less than 51 sec) emerge from the volcanic rocks. 
Ophiolites and red-colored formations of Oligocene-Miocene age do not carry 
sufficient groundwater. Gypsum deposits located in the relatively low-lying areas 
of the region are unfavourable in terms of groundwater due to salinity (Çankırı 
Governorship, 2023). 

The geomorphological characteristics of the site also facilitate landslide 
development. The section where the campus road passes extends along a slope 
with a relatively steep gradient. Cracks and fissures observed along the slope allow 
surface water to easily seep into the ground. Due to inadequate surface water 
drainage, rainwater accumulates on the slope body, increasing pore water pressure 
and accelerating stability loss on the sliding surface.

Çankırı Karatekin University, along the Uluyazı campus road, features loose soil 
characteristics with thin gypsum layers observed in places, consisting of greyish 
sandy and/or clayey silt (red mudstone) lithological units. Studies have been 
conducted to investigate a landslide that occurred in a local area along the campus 
road. The landslide caused subsidence and cracks/fissures in the road surface and 
deformations in the surrounding area (Figure  5). The subsidence pits grew over 
time, posing a risk to the road route.
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a) 

c) 

d) 

b) 

Figure 5. (a, b) Collapse and cracks-fissures on the Uluyazı campus road surface;  
(c, d) collapse pits
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2.	 Materials and methods

In the vicinity of the Uluyazı Campus, the relevant company conducted a total 
of 60.00  m of drilling work at 3 different locations for landslide studies, and 27 
SPT (Standard Penetration Test, disturbed sample) and 1 UD (undisturbed sample) 
samples were taken. The boreholes were drilled with diameters of 75  mm and 
76 mm. Summary information on the drilling is presented in Table 1.

Table 1. Characteristics of the drilling wells conducted in the field

Drilling No.
Coordinate  

(UTM 3-ED 50°-DN:33) Z, m Depth, m SPT, piece UD, piece
X Y

HSK-1 4499401 553845 825 20.00 8 1

HSK-2 4499333 553842 821 20.00 11 1

HSK-3 4499367 553841 823 20.00 8

Total 60 27 2

SPT is an in-situ test and one of the most frequently used and oldest field tests in 
soil investigations. The blow counts obtained in this test are values determined in 
the undisturbed state of the soil. The penetration resistance of the soil is expressed 
as the number of blows required to drive a 63.5  kg standard tube, dropped freely 
from a height of 76  cm, into the soil to a depth of 30  cm. SPT (disturbed sample) 
selected to represent the drilling carried out in silty clay soils in the investigation 
area, UD (undisturbed sample), and core samples were taken for laboratory testing. 
The data obtained from the drilling works were evaluated according to ISO 22475-
1:2006 for groundwater measurements, ASTM D1586 for SPTs, and ASTM D1587 for 
UDs.

2.1.	 Analysis of SPT values

The necessary adjustments have been made to the number of blows (N) applied 
to achieve the second and third 15  cm advances. These adjustments were made 
taking into account various factors such as variability in the soil profile, equipment 
differences, and energy transfer efficiency. The resulting corrected blow count is 
expressed as the standardized N1.60 value. This value, N1.60, is critical for the reliable 
interpretation of SPT results. In particular, it is used directly in soil bearing capacity 
calculations, settlement analyses, and the evaluation of liquefaction potential.

	 N N C C C C C
1 60.

� � � � � �
E N B S R

.	 (1)
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The depth correction factor (CN) used to enhance the reliability of SPT results 
is only considered for cohesionless soils (such as sand and gravel). In cohesive 
(clay) soils, the application of this coefficient is not appropriate due to undrained 
behaviour. Based on the formula proposed by Liao and Whitman (1986), the CN 
coefficient is determined using the vertical effective stress (s′vi) calculated in the 
layer related to atmospheric pressure (Pa).

Effective stress (s′vi) is calculated by subtracting pore water pressure (u) from 
total vertical stress (svi). The total vertical stress is calculated as the product of the 
depth of the layer centre to the ground surface (z) and the saturated unit weight (gs). 
The unit weight of water (gw = 9.81 kN/m³) is taken into account when determining 
the pore water pressure.

2.2.	 Calculation of liquefaction potential

Liquefaction that can occur under earthquake loads can cause serious problems 
not only in building foundations but also in road pavements. In soils that lose their 
bearing capacity due to liquefaction, the roadbed suddenly settles, undulates, and 
the pavement layer deteriorates. This situation, which is particularly common in 
sandy soils, both reduces road safety and increases maintenance and repair costs. 
Therefore, accurately assessing the potential for liquefaction is also a critical 
requirement for the sustainability of road infrastructure in earthquake-prone areas.

In this study, blow counts obtained from SPT tests were used to determine the 
liquefaction potential of soils. The analysis was based on the Simplified Procedure, 
which was developed based on field data and is widely used in engineering 
applications. This approach, first proposed by Youd & Noble (1997), was later 
developed and updated by Youd et al. (2001). Liquefaction safety is evaluated by 
comparing the soil’s resistance capacity (CRR – cyclic resistance ratio) with the shear 
stress demand (CSR – cyclic stress ratio) generated during an earthquake, using the 
Safety Factor (FS). It is calculated as shown in Equation (2).

	 FS CRR
CSR

MSF= × 	 (2)

Here, FS > 1.0 indicates that the soil is safe against liquefaction, while FS < 1.0 
indicates a risk of liquefaction. The method is widely preferred in field studies 
because it provides reliable results, especially in sandy soils.

The CRR value, which represents the soil’s resistance, was calculated using 
empirical relationships proposed by Youd et al. (2001). The N1.60f parameter used 
in these relationships was obtained by adding the effect of the fine particle ratio to 
the standard N1.60 value. The fine-grained correction was made by using different 
coefficients depending on the effect of the fine-grained ratio. However, since soils 
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with N1.60f ≥ 30 are generally considered very dense and impermeable, such layers 
are considered safe in terms of liquefaction according to the literature.

The repeated stress ratio (CSR) formed in the ground during an earthquake is 
calculated using the empirical relationship developed by Seed and Idriss (1971). 
This equation takes into account the maximum horizontal acceleration at the surface 
(amax), the vertical effective stress ratio (svi/s′vi), and the stress reduction factor 
(rd), which varies with depth. The values of the coefficient rd are based on the depth-
dependent equations proposed by Liao & Whitman (1986).

Additionally, the magnitude-dependent correction factor (MSF) was calculated 
using the formula provided by Idriss (1995). In this study, the design earthquake 
magnitude was taken as Mw = 6.0, and the Turkey Earthquake Hazard Map (AFAD, 
2019) was used as a reference in the analyses.

2.3.	 Seating analysis

One of the most important geotechnical parameters in terms of structural safety 
is settlement behaviour. Soil layers deform under applied loads, leading to settlement 
over time. This settlement consists of different processes, namely instantaneous 
elastic deformation, consolidation settlement, and secondary settlement (Das & 
Sobhan, 2013). Factors such as soil type, depth of groundwater level, and loading 
duration are taken into account in calculations. Terzaghi’s Consolidation Theory is 
widely used to determine consolidation settlements, especially in cohesive (clayey) 
soils (Craig, 2004). Different settlements occurring under flexible pavements 
cause wheel ruts to form on the surface over time and lead to the development of 
longitudinal and transverse cracks. In particular, the prolonged consolidation 
process in clayey soils causes irregular deformations in the road pavement. This 
situation reduces vehicle comfort, negatively affects road safety, and increases 
maintenance frequency. Therefore, settlement analyses must also be addressed in 
detail.

2.4.	 Load-bearing capacity analysis

Soil bearing capacity analysis is a fundamental geotechnical assessment that 
examines whether the loads imposed on foundations can be safely supported. During 
this analysis, the final bearing capacity is calculated by considering the soil type, 
groundwater level, foundation geometry, and loading conditions. Stroud (1974) 
established a correlation between the undrained shear strength (cu) of the soil and 
its bearing capacity using laboratory tests and SPT results, and developed reliable 
calculation methods, particularly for low-strength soft soils. Roads built on soils 
with insufficient bearing capacity exhibit cracking, shear failures, and settlement 
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problems in the pavement layer, especially under heavy vehicle traffic. Such failures 
shorten the service life of the road and increase maintenance costs.

2.5.	 Determination of undrained shear strength

The undrained shear strength of cohesive soils is calculated using the 
relationships proposed by Stroud (1974), taking into account the SPT blow count (N) 
and the plasticity index (PI). In this approach, the undrained shear strength of soil 
units is determined using coefficients ( f1) dependent on the plasticity index.

2.6.	 Ultimate and safe bearing capacity

The concepts of ultimate bearing capacity (qf) and safe bearing capacity (qs) are 
used in determining the bearing capacity of soils. The ultimate bearing capacity is 
calculated using the equation provided by Craig (2004), based on the relationships 
proposed by Skempton (1951). The safe bearing capacity is obtained by taking into 
account the safety factor (GS) (Uzuner and Özmen, 1991).

	 q cu
f
=5 14. , 	 (3)

where GS is generally selected between 2 and 5 depending on ground conditions and 
engineering practice, and in most cases, 3 is taken.

3.	 Findings and discussion 

In the vicinity of the Uluyazı Campus, SPT borehole studies conducted at three 
different locations by the relevant company for landslide studies revealed that the 
groundwater level varied between 5 m and 6.5 m. In the project area, groundwater 
levels were accepted at the surface to simplify mathematical calculations during the 
settlement analysis. The soil drilling profile consists of approximately 1.5 meters 
of road fill and, generally up to a depth of approximately 20 meters, mainly dark 
brown-reddish coloured claystone and/or silty claystone (mudstone) containing thin 
gypsum interlayers in places, with very little loosely cemented. It was determined 
that the lithological characteristics observed in the field corresponded to the 
lithological characteristics of the samples taken from the drilling wells (Figures 6, 
7). Atterberg limit tests conducted on undisturbed samples taken from boreholes 
resulted in plasticity indices (PI) of 30.7%, 23.7%, and 16.5%. These results indicate 
that the soil exhibits medium-high plasticity clay characteristics, and settlement 
and swelling potential must be taken into account. In particular, the presence of thin 
gypsum interlayers may cause local weaknesses and heterogeneity in soil behaviour, 
necessitating the cautious selection of safety factors in engineering designs. 
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Furthermore, assuming the groundwater level to be close to the surface has led to 
drainage conditions and effective stress distributions playing a more critical role in 
the analyses.

Figure 6. The area where the drilling well is located, silty sandstone (sst), gypsum levels 
and dark brown-reddish mudstones (mst)
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Figure 7. The SPT used in the area located in the dark brown-reddish mudstones (mst) 
and thin-grain sandstones (sst) containing gypsum (gps) layers

3.1.	 Atterberg limit test 

Atterberg limit tests conducted on undisturbed samples taken from the project 
area revealed a plasticity index (PI) of 30.7% at a depth of 1.50 m from the surface 
in borehole HSK-1; in SK-2 borehole, the plasticity index (PI) at a depth of 1.50  m 
from the surface was determined to be 23.7%, and in SK-3 borehole, the plasticity 
index (PI) at a depth of 1.50 m from the surface was determined to be 16.5%. The 
soil class in the study area is mostly high plasticity clay (CH), with some sandy clay 
(SC) characteristics. These soil properties are critical in road fill and subgrade 
design. In particular, since highly plastic clay layers may exhibit swelling and 
settlement behaviour when in contact with water, effective drainage measures and 
mechanically improved fill materials should be applied to ensure the long-term 
stability of the road base. To minimise the potential impact of clay layers with high 
plasticity indices on road safety, the slope angle, fill density, and soil improvement 
methods should be carefully planned for slopes and fill edges.
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3.2.	 SPT values 

The methods defined by Robertson & Wride (1998) and Youd et al. (2001) were 
used to correct the SPT results (Tables 2–4). Consolidation settlement is expected 
in all silt and clay soils with N values less than 30, which are very soft, soft, medium 
stiff, stiff, and very stiff.

Table 2. SPT correction for HSK-1 Borehole

Depth, m Soil Class N svi,
kN/m2

s›vi,
kN/m2 CN CE CB CR CS N60

1.50–1.95 CH 36 31.81 31.81 1.00 1.00 1.00 0.75 1.00 12

3.00–3.45 CH 12 59.47 59.47 1.00 1.00 1.00 0.80 1.00 9.6

4.50–4.95 Insufficient 13 87.13 87.13 1.00 1.00 1.00 0.85 1.00 11.05

6.00–6.45 CH 38 114.79 112.58 0.93 1.00 1.00 0.95 1.00 33.57

7.50–7.95 CH 43 142.45 125.53 0.89 1.00 1.00 0.95 1.00 36.36

9.00–9.45 CH 47 170.11 138.47 0.85 1.00 1.00 0.95 1.00 37.95

10.50–10.95 CH 57 197.77 151.42 0.81 1.00 1.00 1.00 1.00 46.17

12.00–12.21 CH R 223.22 163.33 0.78 1.00 1.00 1.00 1.00 ≥50

Depth, m a b N1.60CS amax rd Mw CRR CSR MSF FS

1.50–1.95 2.77 1.05 31.12 0.3 0.99 6 0.57 0.193 1.77 5.23

3.00–3.45 5 1.2 16.52 0.3 0.97 6 0.18 0.189 1.77 1.69

4.50–4.95 5 1.2 18.26 0.3 0.96 6 0.19 0.187 1.77 3.97

6.00–6.45 5 1.2 45.28 0.3 0.95 6 0.24 0.189 1.77 2.25

7.50–7.95 5 1.2 48.63 0.3 0.94 6 0.29 0.208 1.77 2.47

9.00–9.45 5 1.2 50.54 0.3 0.92 6 0.31 0.264 1.77 2.08

10.50–10.95 5 1.2 60.40 0.3 0.88 6 0.41 0.278 1.77 2.61

12.00–12.21 5 1.2 - 0.3 0.85 6 - - 1.77 -
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Table 3. SPT correction for HSK-2 Borehole

Depth, m Soil Class N svi,
kN/m2

s›vi,
kN/m2 CN CE CB CR CS N60

1.50–1.95 CH 27 31.81 31.81 1.00 1.00 1.00 0.75 1.00 20.25

3.00–3.45 CH 12 59.47 59.47 1.00 1.00 1.00 0.80 1.00 9.6

4.50–4.95 CH 20 87.13 87.13 1.00 1.00 1.00 0.85 1.00 17.0

6.00–6.45 CH 18 114.79 107.68 0.96 1.00 1.00 0.95 1.00 16.4

7.50–7.95 CH 43 142.45 120.62 0.91 1.00 1.00 0.95 1.00 37.2

9.00–9.45 CH 51 170.11 133.57 0.87 1.00 1.00 0.95 1.00 42.2

10.50–10.95 CH 50 197.78 146.51 0.83 1.00 1.00 1.00 1.00 41.5

12.00–12.45 CH R 225.43 159.46 0.79 1.00 1.00 1.00 1.00 ≥50

13.50–13.8 CH R 251.71 171.75 0.76 1.00 1.00 1.00 1.00 ≥50

15.00–15.1 NO R 277.52 183.84 0.74 1.00 1.00 1.00 1.00 -

16.50–16.5 NO R 304.26 196.35 0.71 1.00 1.00 1.00 1.00 -

Depth, m N1.60 a b N1.60CS amax rd Mw CRR CSR MSF FS

1.50–1.95 20.25 5 1.2 29.3 0.3 0.99 6 0.43 0.193 1.77 3.94

3.00–3.45 9.6 5 1.2 16.52 0.3 0.97 6 0.18 0.189 1.77 1.68

4.50–4.95 17.0 5 1.2 25.4 0.3 0.96 6 0.30 0.187 1.77 2.84

6.00–6.45 16.4 5 1.2 24.68 0.3 0.95 6 0.29 0.197 1.77 2.61

7.50–7.95 37.2 5 1.2 49.64 0.3 0.94 6 0.30 0.216 1.77 2.46

9.00–9.45 42.2 5 1.2 55.64 0.3 0.92 6 0.36 0.228 1.77 2.79

10.50–10.95 41.5 5 1.2 54.8 0.3 0.88 6 0.39 0.231 1.77 2.99

12.00–12.45 ≥50 5 1.2 - 0.3 0.84 6 - 0.232 1.77 -

13.50–13.8 ≥50 5 1.2 - 0.3 0.81 6 - 0.231 1.77 -

15.00–15.1 - 5 1.2 - 0.3 0.77 6 - 0.227 1.77 -

16.50–16.5 - 5 1.2 - 0.3 0.73 6 - 0.221 1.77 -
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Table 4. SPT correction for HSK-3 Borehole

Depth, m Soil Class N svi,
kN/m2

s›vi,
kN/m2 CN CE CB CR CS N60

1.50–1.95 SC 14 31.81 31.81 1.00 1.00 1.00 0.75 1.00 10.5

3.00–3.45 SC 21 59.47 59.47 1.00 1.00 1.00 0.80 1.00 16.8

4.50–4.54 CH R 83.35 83.35 1.00 1.00 1.00 0.85 1.00 R

6.00–6.45 CH 16 114.79 102.77 0.99 1.00 1.00 0.95 1.00 15.0

7.50–7.95 CH 42 142.45 115.72 0.93 1.00 1.00 0.95 1.00 37.1

9.00–9.45 CH 54 170.11 128.66 0.88 1.00 1.00 0.95 1.00 45.1

10.50–10.95 CH 60 197.78 141.61 0.84 1.00 1.00 1.00 1.00 50.4

12.00–12.45 CH 56 225.43 154.55 0.80 1.00 1.00 1.00 1.00 44.8

Depth, m a b N1.60CS amax rd Mw CRR CSR MSF FS

1.50–1.95 2.14 1.04 13.08 0.3 0.99 6 0.41 0.193 1.77 3.76

3.00–3.45 2.99 1.05 20.63 0.3 0.97 6 0.22 0.189 1.77 2.06

4.50–4.54 5 1.2 - 0.3 0.96 6 - 0.187 1.77 -

6.00–6.45 5 1.2 23 0.3 0.95 6 0.26 0.206 1.77 2.23

7.50–7.95 5 1.2 49.52 0.3 0.94 6 0.30 0.226 1.77 2.35

9.00–9.45 5 1.2 59.12 0.3 0.92 6 0.39 0.237 1.77 2.91

10.50–10.95 5 1.2 65.48 0.3 0.88 6 0.45 0.240 1.77 3.32

12.00–12.45 5 1.2 58.76 0.3 0.84 6 0.39 0.239 1.77 2.89

This value corresponds to the soil class “medium tight-tight” for clayey/clayey 
sandy soils according to the soil classification of Terzagi & Peck (1967) and Clayton 
(1993).

3.3.	 Potential for liquefaction 

Soil liquefaction is an event that occurs in some water-saturated soils during 
earthquakes and causes significant surface deformations. It is particularly observed 
in alluvial soils where the groundwater level is shallow and the soil type exhibits 
loose characteristics. The North Anatolian Fault Zone, located in the north of Çankırı 
province, is an important seismic source capable of producing large earthquakes. 
The Uluyazı Campus is situated on Karlık hill (altitude of 920  m.), different from 
the alluvial unit (altitude of 725 m.) belonging to the Tatlı and Acı streams that pass 
through the city centre. The number of blows obtained with SPT was used in this 
study to evaluate the liquefaction potential of soils (Samireh, 2025). The “Simplified 
Procedure”, a method developed by Youd & Noble (1997) and based on field data, 
which is also widely accepted in liquefaction analyses, was used. For HSK-1, SPT-1 
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(between 1.50 and 1.95 meters) since FS = 5.23 > 1, liquefaction is not expected in 
the examined soil layer.

3.4.	 Bearing capacity analysis 

In soil bearing capacity calculations, the ultimate bearing capacity (qf) was 
determined using the approach proposed by Skempton (1951) and the equation 
presented by Craig (2004). The safe bearing capacity (qs) was obtained by dividing 
the qf value by the safety factor (GS). The safety factor was selected within the range 
of 2–5 based on the method proposed by Uzuner & Özmen (1991), and the commonly 
accepted value of SF = 3 was considered in the calculations. In the ground where the 
HSK-1 drilling well was opened, the road fill load at 0.00–2.00 m rested on a clay unit 
with an N value of 36 and PI = 35%.

According to Stroud (1974), based on the Plasticity Index (PI) and undrained 
shear strength relationship table, PI  =  35%. (GS  =  3 has been taken due to the 
presence of residential areas around the Uluyazı Campus Road and the risk of 
landslides in some places) The maximum stress value reaching the base from the 
2.00-meter road fill load is 40 kN/m2. 

Since the safe ultimate bearing capacity value of the road embankment base 
(120.62 kN/m²) is greater than the stress value to be transferred (40 kN/m²) from 
the road embankment, no bearing capacity problem is expected in the ground where 
borehole HSK-1 was drilled.

3.5.	 Soil improvement method 

A pile system was implemented as a soil improvement method to address soil and 
landslide conditions on the campus road of Çankırı Karatekin University (Figure 8). 
To remedy the structural defects on the road, the collapsed sections were excavated 
and removed, and soil reinforcement work was carried out to repair the damaged 
sections.  

Figure 8. Bored pile application points

The goal is to ensure ground stability with a 2-row, 120 cm diameter, 1.4-meter 
spaced, 35-meter-long fore pile support structure. A bored pile consists of 3 woven 
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reinforcements, each 12 meters long, joined end to end. Thus, the bored pile machine 
drove 200 piles to a depth of 35 meters. The bored piles are connected to each other 
by a top-level cap beam. The size of the cap beam is 1.2 m. Φ32 diameter longitudinal 
reinforcement (length 12 m); 24 pieces, Φ16 diameter main stirrups; 6 pieces, Φ10 
diameter auxiliary stirrups; 97 pieces of 1.5  m reinforcement bars spaced 10  cm 
apart; in each drilling hole: Φ32 longitudinal reinforcement × 3 = 24 pieces × 3 = 
72 pieces; Φ16 main stirrups × 3 = 6 × 3 = 18 pieces; Φ10 auxiliary stirrups × 3 = 97 × 
3 = 291 pieces were used. C30/37 class concrete was poured into the holes dug for 
the piles.

Similarly, in the wells dug for the pile foundation ground improvement 
application, the first 5 meters consisted of fill gravel, followed by hard clay between 
5 and 10 meters, and gypsum-rich claystone and mudstone with low strength 
between 10 and 35 meters (Figures 9, 10).
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a) 

c) 

b) 

Figure 9. (a, b) Drilling work related to bored pile works in the field, (c) Bringing 
the bored pile reinforcements to the study area
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a) b) c) d) 

e) f) g) 

h) i) j) k) 

Figure 10. (a) Reinforcement workbench set up in the inspection area;  
(b, c, d) Preparation of reinforcements with stirrups and steel ties; (e) Circular section 
drilling for bored pile application; (f) Placement of steel reinforcement in the bored pile 
hole; (g) Formation of bored piles; (h, i) Application of the bored pile work with two 
rows; (j, k) Reinforcement and concrete of the cap beam

Conclusion 

To determine the ground characteristics and identify the spread of deformations 
in the landslide area, the relevant company drilled three boreholes, reaching a total 
depth of 60.00 m. The groundwater level was measured between 5.0 and 6.5 m. In 
the study area, located approximately 42  km south of the North Anatolian Fault 
Zone (NAFZ), lithological units were examined at the Uluyazı site. In the study area, 
gypsum-bearing claystone, mudstone, and fine-grained sandstone belonging to the 
Bozkır Formation were observed. It was determined that north-south cracks formed 
in the landslide area, with the direction of movement from northwest to southeast. 
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Based on both field observations and SPT results, it was understood that the ground 
in the area where the landslide occurred consisted mainly of clay and silty clay. 
The landslide was defined as a soil slide. The landslide caused subsidence, cracks, 
and fissures in the road pavement. It was understood that gypsum blocks taken 
from the road cutting were used as fill material in the road infrastructure. Melting 
voids occurred as a result of the interaction of gypsum levels with groundwater 
and surface water. In addition, the rise/swelling of the clayey soil from the base 
into the sub-base and base materials also triggered the landslide on the road route. 
This situation indicates that the clayey structure of the ground is facing not only 
physical but also chemical dissolution. The shallow groundwater level (5.0–6.5  m) 
gradually dissolved the gypsiferous material in the fill, creating invisible voids 
beneath the road. Consequently, the combination of swelling pressure from the 
clayey soil and these melting voids led to inevitable cracks and settlements in the 
road superstructure.

Drilling operations were monitored, and corrected blow counts and standardized 
N1.60 values were calculated for soil problems (liquefaction, soil settlement analysis, 
soil bearing capacity) based on the obtained standard penetration test (SPT) 
samples. N60 values were found to be 10–35 or >35. The soil class in the study 
area is mostly highly plastic clay (CH), with some areas exhibiting sandy clay (SC) 
characteristics. Consolidation settlement is expected in all silts and clay soils 
with medium dense, dense, and very dense characteristics. However, although 
calculations performed on clayey and clayey silt soils in the study area showed no 
problems in terms of liquefaction (FS, 5.23) and bearing capacity, soil improvement 
was carried out to reduce or limit consolidation settlements. 

To prevent landslides, it is essential to reduce the drag force that causes masses 
to move downhill along the slope or to increase the holding force that prevents the 
movement of masses. In the study area, the relevant institution and company opted 
for the use of bored piles to transfer the structural loads from weak soils to more 
stable soils and to ensure highway safety in the event of natural disasters such as 
landslides, ground movement, and earthquakes. In this context, as part of the 
landslide solution proposal, two rows of 200 piles, each 120 cm in diameter, spaced 
140 cm apart, and 35 m in length, were installed. Additionally, a 1 m thick cap beam 
was added. 

From a highway engineering perspective, slope stability and improved drainage 
are critical for road safety and longevity. While bored piles and cap beams applied 
in landslide areas increase the bearing capacity of the soil, the selection of road fill 
and subbase materials must be optimised in conjunction with the drainage system. 
In particular, measures such as open drainage channels, horizontal drainage pipes, 
and slope cover systems should be implemented to remove surface and groundwater 
from the roadbed. In addition, controlled excavation and grading work along the 
road, taking into account the mechanical strength of the fill material and the slope 
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angle, will contribute to the long-term preservation of slope stability. Thus, the risks 
of deformation and settlement for both the road infrastructure and superstructure 
can be minimised.

In addition, gypsum block material, which is used as road fill material and is 
prone to melting when it reacts with water, can be replaced with more durable 
fill material such as andesite or limestone. During road alignment works, the rock 
debris removed from the excavated road, which is mostly gypsum-based, negatively 
affects slope stability and drainage conditions. Therefore, rehabilitation works 
should be carried out by excavating the road alignment area. In summary, the 
landslide problem in the region stems primarily from the alternating structure 
of fine-grained clay, silty clay, and sandy clay soils with gypsum layers. Material 
selection and water management are also influential factors. While the installed 
piles and beams structurally anchor the road to solid ground, the success of this 
system depends on diverting water away from the roadbed and replacing the 
gypsum fill initially used during road construction with durable materials. This 
holistic approach will extend the road’s lifespan and maximise driving safety.
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