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ABSTRACT 

 

 

INVESTIGATION OF TUNNEL BORING MACHINE- LANDSLIDE 

RELATION IN A TUNNEL EXCAVATING IN A COMPLEX 

GEOLOGICAL CONDITION: BAHÇE-NURDAĞ TUNNEL 

 

 

Müge Pınar KÖMÜ 

 

 

Master of Science, Department of Geological Engineering 

Supervisor: Prof. Dr. Candan GÖKÇEOĞLU 

June 2019, 124 pages 

 

 

In recent years, Tunnel Boring Machine (TBM) has become increasingly more popular 

for long tunnel operations in terms of its characteristic of features of rapid and having low 

vibration. Twin-tubes railway tunnels are opened in between Bahçe (Osmaniye)-Nurdağ 

(Gaziantep) are also the longest railway tunnels in Turkey as the length of approximately 

10 km. They started to be excavated from Nurdağ with using tunnel boring machines 

(TBM). Tunnels will be completed in intense slope debris and landslide which is caused 

by intense debris on Bahçe portal part. Therefore, geological environment of the study is 

one of the rare examples in terms of its complex engineering problems in the World. The 

construction of tunnel without subjecting to critical failure impacts depends on realist ic 

geological and geotechnical characterization. For this reason, engineering parameters are 

determined by examining boreholes data in order to define geology of the study area. 

Consequently, the purpose of the thesis is investigation of the interaction effects 

landslide-TBM during construction on twin tubes tunnelling by performing 3D finite 

element analyses. MIDAS GTS NX software was used in stages of 3D numerical 

analyses. According to prepared 3D deformation results, TBM has negative effects on 

debris and landslide. Thus, inactivation of TBM tunnelling excavation for last 600 meters 
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is vital with respect to safety and preventing economical loses. By taking into 

consideration its aims and goals, this thesis contributes the worldwide engineering 

geology and tunnel literature.  

 

 

Key words: 3D numerical analysis, TBM, Bahçe - Nurdağ, Debris, Landslide  
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ÖZET 

 

 

KARMAġIK JEOLOJĠK KOġULLARDA AÇILAN BĠR TÜNELDE 

TÜNEL DELME MAKĠNESĠ-HEYELAN ĠLĠġKĠSĠNĠN 

ARAġTIRILMASI: BAHÇE-NURDAĞ TÜNELĠ 

 

 

Müge Pınar KÖMÜ 

 

 

Tez DanıĢmanı: Prof. Dr. Candan GÖKÇEOĞLU 

 

 

Yüksek Lisans Tezi, Jeoloji Mühendisliği Bölümü, 

Haziran 2019, 124 sayfa 

 

 

Son yıllarda özellikle uzun tünel imalatları, tünel delme makinelerinin hızlı ve düĢük 

titreĢime sahip olması bakımından tünel delme makineleri ile gerçekleĢtirilmektedir. 

Bahçe (Osmaniye)–Nurdağ (Gaziantep) arasında açılmakta olan çift tüp demiryolu 

tünelleri yaklaĢık 10 km‘lik uzunluğu ile Ülkemizin en uzun demiryolu tünelleri olma 

özelliğine sahiptir. Çift tüp olarak projelendirilen tüneller, tünel delme makineleri 

kullanılarak Nurdağ‘dan baĢlayarak açılmaya baĢlanmıĢtır. Tüneller, Bahçe çıkıĢında 

yoğun yamaç molozları ve bu molozlar içinde gerçekleĢmiĢ heyelan bölgesinde 

sonuçlanacaktır. Bu nedenle çalıĢmaya konu olan jeolojik-ortam sahip olduğu 

mühendislik sorunları açısından Dünyada ender karĢılaĢılacak örneklerden biridir. 

Tünelin ciddi bir yenilmeye maruz bırakılmadan tamamlanması jeolojik-jeoteknik 

ortamın mümkün olduğu kadar doğruya yakın biçimde karakterize edilmesine bağlıdır. 

Bu nedenle inceleme alanındaki jeolojik ortamın tanımlanması amacıyla sondaj verileri 

incelenerek mühendislik parametreleri tayin edilmiĢtir. Elde edilen veriler kullanılarak üç 

boyutlu sonlu elemanlar analizleri gerçekleĢtirilmiĢ, özellikle metamorfik birimler ile 
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yamaç molozu sınırında oluĢacak deformasyonlar, tünel delme makinesinin moloz ve 

heyelan üzerindeki etkisi araĢtırılmıĢtır. Nümerik analiz aĢamalarında MIDAS GTS NX 

yazılımı kullanılmıĢtır. Elde edilen üç boyutlu analiz sonuçlarına göre; tünel delme 

makineleri, moloz ve heyelan üzerinde olumsuz etkisi yaratmaktadır. Bu sebeple tünelin 

son 600 metrelik kısmında TBM tünel kazısının durdurulması, güvenlik ve ekonomik 

kayıp yaĢanmaması açısından önemlidir. Bu tez çalıĢması, amaç ve hedefleri göz önünde 

bulundurulduğunda Dünya mühendislik jeolojisi ve tünel literatürüne katkı koyabilecek 

niteliktedir. 

 

 

Anahtar Kelimeler: 3D Numerik Analiz, TBM, Bahçe - Nurdağ, Moloz, Heyelan  
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1. INTRODUCTION 

 

Due to increasing of population, transportation needs engineering studies which aim to 

decrease the transportation time and to improve transportation alternatives. Time is 

important notion for every people since people want to use their time efficiently. 

Therefore, they do not want to lose long time for transportation. When transportation can 

be preferred the possible shortest way between the two stations, it is beneficial for people 

and comfortable transportation in terms of economy. Tunnel is one of the transportation 

alternatives which try to be cut the way. Although tunnels have many advantages, 

construction of tunnels may have difficulties because of many reasons. Thus, detailed 

engineering studies which contain geological and geotechnical investigations are 

necessary to construct safe and economical construction and service. These details are 

also significant to be decided to tunnel excavation methods. Nowadays tunnel boring 

machine (TBM) tunnelling projects are increasingly as an preferred alternative for long 

tunnel operations because of its extreme rate and low vibration in comparison to drilling 

and blasting method; however, the applicability of TBM for long tunnelling needs 

attentive considerations. One of the rail transit projects, known as Bahçe-Nurdağ tunnels, 

is considered in this thesis because geological and geotechnical conditions of the tunnel 

route are highly complex. 

 

Twin-tubes railway tunnels are being constructed between Bahçe (Osmaniye)-Nurdağ 

(Gaziantep). Tunnels are the longest railway tunnels of Turkey with respect their lengths 

as about 10 km. Tunnel construction with TBM has started to be open from Nurdağ 

Region. Tunnels will be completed in Bahçe. Tunnel route is passing through East 

Anatolian Fault Zone and under the Taurus Mountains. Folding of the limestone, 

metasandstone, metamudstone and quartzite have high grade of rocks can be observable 

in tunnel route. Debris and landslide are examined in Bahçe Region so it has also high 

landslide risk in debris. Taking into account of certain these criteria, railway tunnel route 

has very complex. This study aims to investigate the relationship between TBM and 

landslide by using comprehensive 3D numerical analyses for Bahçe portal in order to 

decide whether tunnels are completed with TBM or not. It is important because TBMs 

used in this construction are more suitable for high strength rock environment. Thus, 
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analysis of debris and TBM relationships have a significant role in this study. 

Considering possible risks of the project; geology, engineering geology and geotechnical 

conditions are examined employing the borehole data provided by General Directorate of 

Turkish State Railways (TCDD) for this thesis. Required experiments results which are 

obtained from the existing boreholes information were inspected to determine the 

engineering parameters. It should be known that if geological and lithological units can 

be defined more close to in-situ conditions, successful numerical analysis can be 

obtained. These data were evaluated 3D finite element method (FEM) in the MIDAS 

GTS NX software to obtain the deformations on metamorphic rocks and debris, and 

effects of TBM on debris and landslide. This study is also crucial in terms of two reasons. 

The first reason is that these results are guide for other future long TBM tunnel projects 

in order to be safely completed the tunnel. The second reason is that software –which is 

MIDAS GTS NX – is efficiently used to work on numerical analysis in tunnel by using 

finite elements methods in complex geological conditions. Considering these 

information, it can be stated that investigation of TBM tunnel – landslides relationship 

with 3D numerical analyses for Bahçe region contributes literature. 

 

The thesis is composed of nine separate chapters. First, introduction chapter aimed to 

give brief information about research topics and their objectives. The second chapter 

concentrates on previous works which are related to this study. Essential information 

associated to numerical analyses are arranged with reviewing of literature. Third chapter 

describes the general characteristics of the study area. Additionally, chapter four explains 

the seismicity of the study area because the study area locates in the victinity of East 

Anatolian Fault Zone. Fifth chapter is geotechnical site characterization which includes 

data analysis for study area. Analyses are necessary to create 3D finite model in 3D 

software of MIDAS.  Furthermore, chapter six is necessary for having background of 

excavation method of TBM in order to evaluate this option for the study area. Seventh 

chapter presents of model development, while it also gives information about numerical 

analyses, Midas software, preparation stages of modelling and modelling results within 

the scope of this thesis. In addition, all results acquired from models are laid out in 

chapter eight which is discussion. Finally, conclusion chapter is concerned with research 

summary, research contributions and future recommendations. In order to provide better 

understand, a flow chart of summarizing the study is also presented in Figure 1.1. 
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Figure 1.1. Flow chart of the study.  
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2. PREVIOUS STUDIES 

 

Literature on tunnelling has huge number of publications. For the purpose of the study, 

only TBM tunnelling and 3D FEM analyses are considered and the studies encountered 

were summarized as follows: 

 

Ulusay and Aydan (1997) worked on advantages and disadvantages of tunnel boring 

machine (TBM) in tunnel excavation. They pointed out that when the failure occurs, it is 

very difficult to interference in very short time in fault zone. The shield of TBM is piled 

up materials. Therefore, it is very important to estimate the deformations when tunnel is 

opening. 

 

Barla and Pelizza (2000) emphasised that when the type of TBM is chosen, geological, 

economic and environmental factors should be considered in complex geological 

characteristics of the regions. Otherwise, the optimization of the problem will be very 

difficult. Relationships between TBM and instability of excavation walls, instability of 

excavation face, fault zones and squeezing were investigated in their study. 

 

Abdel-Meguid et al. (2002) suggested that 3D FEM results are realistic to analyse the 

effects of the surface excavation for York-Mills Centre on the Toronto Transit 

Commission tunnels. They also compared 3D and 2D FEM models results site data. 

While compressive stress affect in bottom of fibers of lining, in the top of fibers of lining 

is impacted by tensile stresses during the excavation. 

 

Berilgen et al. (2007) pointed out that PLAXIS 3D numerical analysis software enables 

the modelling of grouting pressure and TBM compressive force. Furthermore, the 

observed ground behaviour is very close to actual model with using PLAXIS 3D during 

the tunnel excavations. They criticized numerical analyses results of lateral and angular 

deformations for their study of Esenler-Bağcılar Metro Tunnel. 
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Doğruoğlu (2009) investigated soil displacements and surface settlements considering 

field and laboratory experiment results for Otogar-Bağcılar metro project. PLAXIS finite 

element tool was used to calculate displacements. He also pointed out that it is critical to 

choose proper parameters which are cohesion, internal friction angle, elasticity modulus 

and thickness for construction of modelling. He obtained that displacements on the 

ground surface was not influenced by TBM vibration. 

 

Dragojević (2012) predicted ground settlement caused by tunnel construction with 2D 

and 3D finite element methods. She thought that 3D finite element methods is better than 

2D finite element methods because deformation, changing in stress and damages can be 

more easily apprehend by using 3D finite element methods along tunnel route. 

 

Lee et al. (2012) noticed analysis on the behaviour of tunnel excavated by TBM under 

high overburden stress using the numerical analysis method of FEM. Tunnel behaviours 

were evaluated through the analysis on strength factor, maximum displacement, 

differential stresses and safety factor of tunnel support systems. 

 

Ochmanski and Bzowka (2012) studied on Fovam Square station of 4
th
 metro line in 

Budapest. Midas GTS software was applied for their tunnel study area because it could 

enable to solve complex engineering geology problems and give good technical supports. 

They noticed that fault zone has significant influence on behaviour of structure and 

occurrence of specific stresses, which acting on the structure and generate undesirable 

displacements. Fault zone was modelled as an interface in order to model stress- strain 

behaviour in this study. However, they emphasized that mesh performance which are 

applied in fault zone regions may have some problems. Therefore, when analyses are 

studied, special attention is mandatory.    

 

Allahverdi and Nasri (2013) examined their study area where tunnel were excavated with 

TBM. Midas-GTS software which has been concerned with geotechnical studies was 

used to evaluate the effects of the ground behaviour and adjacent structures in three 

dimension. 
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Haghi et al. (2013) analysed the ground settlements for EPB-TBM using numerical 

analysis ―PLAXIS 3D Tunnel‖ were used to determine anticipated ground deformation at 

different loads and approximate the ground settlement and to checked displacements in 

Esfahan Subway Project.  

 

Ota et al. (2013) evaluated landslide and deformation risks which have occurrence 

possibility in tunnel route by using the method of numerical analysis. They emphasised 

that three dimensional modelling give the best results in interpreting landslide and ground 

relationships in tunnel route. On ground stresses, displacement of the ground surface and 

deformations are criticized with numerical analyses. 

 

 

Salimi et al. (2013) studied on surface subsidence caused by tunnel which was opened 

with TBM by using PLAXIS software with numerical analysis. Geometry of the tunnel 

and engineering geological properties of rock conditions were described in order to 

examine lining material, characteristics of the settlement and stress-deformation 

relationships in software program of PLAXIS. 

 

 

Cho et al. (2014) reported that if jointed zone behaviours are examined, TBM and 

complex ground interactions should be considered. They preferred to utilize MIDAS-

GTS NX software for FEM in order to understand the ground surface settlements, 

displacement and stability of the segments during the tunnel excavation. They compared 

fractured zone orientation and width with utilizing finite element methods to compute 

vertical displacement results when Earth Pressure Balance (EPB)-TBM excavates the 

tunnel. 

 

 

Paltrinieri (2015) concentrated on TBM performance in highly jointed rock masses and 

fault zones. He emphasised that suitable TBM selection is crtical for the achievement of 

the study. Thus, TBM performance parameters, property of tunnel, geological and 

engineering geology parameters should be analysed carefully. 
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Salam et al. (2015) claimed that rock, soil, ground and TBM‘s properties can be easily 

evaluated with 3D FEM in Greater Cairo Metro Line 3. Ground surface settlements due 

to construction of tunnels by slurry shield tunnel boring machine are predicted by 

MIDAS GTX NX software program which is crucial role in achieving effective results. 

 

Ninic et al. (2016) characterized the geotechnical model, the alignment, the TBM and the 

lining shell, including various operational parameters. Large number parameters which 

represent the existing infrastructure are generally used in 3D numerical modelling of a 

tunnelling project for characterization of complex geotechnical condition. 

 

The study region of Vassallo et al. (2016) has possible risk of landslide when railroad 

tunnel is excavated. Therefore, they focused on three dimensional modelling by using 

finite element methods in order to examine deformations. They emphasised that suitable 

software which can enable to evaluate engineering geological data sets with 3D 

numerical analysis are important to comprehend the landslide and tunnel relationships. 

 

Yang et al. (2016) focused on numerical analysis of ground deformation stimulated by 

TBM in sand. FEM was applied by using PLAXIS 3D in order to capture the stress 

dilatancy behaviour of sand. They deduced that FEM simulation enables more assertive 

predictions of ground movements and flourish information about the risks. 

 

Heama et al. (2017) utilized PLAXIS 3D software and FEM in their study. They analysed 

the effect of adjacent pile under loading on the existing tunnel by 3D FEM. On ground of 

structures, ground characteristics, tunnel depth, structural elements were also considered 

in undrained conditions to examine calculate deformations. 

 

Vineetha et al. (2017) benefited from 3D numeric analyses in their study. Ground 

deformations and pore water pressures were evaluated for their critical parts by using 3D 

numerical analyses. During the TBM operation, TBM excavation stages and ground 

relations were successfully evaluated. 
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Sun et al. (2018) performed a study on TBMs dynamic behaviour. Load prediction of 

TBMs is vital in order to design safe operation for complicated engineering systems. 

TBMs dynamic behaviour has a significant impact on the load. Dynamic load prediction 

can be predicted by integration of heterogeneous in situ data which contain three steps. 

First, the geological data are extended to match the scale of the operation data using an 

interpolation method. Secondly, data which are categorical and numerical are combined 

with a 8picentre88 encoding method. Finally, the geological data are merged with the 

operation data according to the location of each operation datum. 

 

The present study aims to examine the relationship between TBM and landslide by using 

3D numerical analysis in complex Bahçe Region. The literature review showed that a 

TBM tunnel – landslides relationship investigated with 3D numerical analyses has not 

been encountered. During the present study, MIDAS software assists to develop FEM 3D 

model.  
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3. DESCRIPTION OF STUDY AREA 

 

This chapter is concerned with identifying the study area in terms of location, 

topography, climate and vegetation, geology, hydrogeology and landslide. ArcGIS 

software was used for data acquisition, preparation, and presentation of maps in this 

chapter. 

 

3.1. Location  

Twin tubes of Bahçe-Nurdağ railway tunnel route locates in about south-east Turkey 

between Km: 3+510-13+452 (Figure 3.1). Cities of Osmaniye and Gaziantep are 

connected with Bahçe-Nurdağ railway tunnel project. While tunnel coordinates from the 

Northern Hemisphere 37° 11‘ north latitude and 36° 35‘ east longitude for Bahçe portal, 

coordinates of Nurdağ portal are 37° 10‘ north latitude 36° 42‘ east longitude. Yanıktepe 

et al. (2011) described that Osmaniye is located in eastern the region of Mediterranean. It 

is also surrounded by the cities of Gaziantep, Hatay, Adana and KahramanmaraĢ. While 

city of Gaziantep can be observable the east part of the Osmaniye, Adana has borders in 

west part of the Osmaniye. Moreover, KahramanmaraĢ can be visible in north part of 

Osmaniye. Hatay also locates in south part of the Osmaniye.  
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Figure 3.1. The location map of the study area has been presented as WGS 1984. 

 

 

 

3.2. Topography 

Interpretation of topographic maps have an important role in understanding of the 

morphology  and geology of the surface and geological structures. Topography is also 

helpful to create geological maps and produce cross sections to be needed. Moreover, 

terrain is quantitatively representable by preparing DEM (Digital Elevation of Model). 

Using DEM obtained by SRTM (Shuttle Radar Topography Mission), various 

topographical analyses of an area in terms of altitude, slope and aspect maps can be 

performed.   
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3.2.1. Altitude 

Republic of Turkey Ministry of Environment and Urbanization-Directory of Osmaniye 

Province (2017) stated that Amanos Mountain, Taurus Mountain, Dumanlı Mountain, 

Düldül Mountain and Tırtıl Mountain are significant mountains around the study region. 

Altitude map enables to analyse the categorized maximum and minimum of height of 

terrain (Yalcın et al., 2011). Altitude map is also critical for this study in order to analyse 

the tunnel route. Figure 3.2 demonstrates that the altitude varies between 400 and 1700 

meters. Altitude was sorted into five classes (in units of meters): 400–600, 600–800, 800–

1000, 1000–1300 and 1300–1700. The overburden of tunnel varies drastically as can be 

seen from the altitude map (Figure 3.2).  

 

 

Figure 3.2. Altitude map of the study area. 
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3.2.2. Slope 

Kanungo et al. (2006) pointed out that slope has a significant role in inducing slope 

instability. The slope map can be distinguished five classes which are 0°-5°, 5°-15°, 15°-

30°, 30°-45° and 45°-85°. The slope values vary between 0 to 85 degrees in the study 

area (Figure 3.3). In tunnel route has high slope degree some points because of high 

altitude points. As can be seen Figure 3.3, the Bahçe portal has high slope degree and 

tunnel at this part is shallow. Additionally, valley effect on the tunnel can be expected at 

near of the Bahçe portal. 

 

 

 

 

Figure 3.3. Slope map of the study area. 
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3.2.3. Aspect 

Slope map and aspect map have close relationships to figure out the terrain. For instance, 

if terrain is flat, aspect map cannot be prepared due to not observable of slope. Quantities 

of sunshine and precipitation direction have effects on creating aspect map. Aspect values 

of the area change ranging from -1° to 360°, where -1° shows to flat areas. The aspect 

data layers were classified into nine classes; flat (− 1°), north (0°– 22.5°), north-east 

(22.5°–67.5°), east (67.5°–112.5°), south-east (112.5°–157.5°), south (157.5°–202.5°), 

south-west (202.5°–247.5°), west (247.5°–292.5°), north-west (292.5°–337.5°) and north 

(337.5°–360°) (Figure 3.4). The general physiographic trend of area is approximately 

parallel to tunnel route (Figure 3.4). 

 

 

 

 

Figure 3.4. The aspect map of the study area. 
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3.3. Climate and Vegetation 

In this part, Osmaniye‘s and Gaziantep‘s climate and vegetation were discussed because 

of tunnel route which is located in between Bahçe (Osmaniye) and Nurdağ (Gaziantep). 

Republic of Turkey Ministry of Environment and Urbanization-Directory of Osmaniye 

Province (2017) declared that vegetation covers pinus brutia, 14picen pine, black pine, 

oak and cypress etc. in the Osmaniye.  

 

Tunnel route climate has a transition between Mediterranean and Eastern Anatolian 

Climate. However, Mediterranean climate is dominated in this region. Moreover, both 

cities climates are evalutated ―Csa‖ according to Koppen climate classification (Turkish 

State Meteorological Service, 2016). ―Csa‖ represents that while summer is dry and hot, 

climate is warm in winter. Detailed evaluations of climates for both cities are in below: 

 

First, Table 3.1 which reveals the data taken from Turkish State Meteorological Service 

represents the extreme maximum, minimum and average temperatures between the period 

of in 1987 and 2018. When the average temperatures are examined with respect to month, 

the coldest month is January about 8.6 °C in Osmaniye. The hottest month is August 

about 28.5°C. Moreover, average of annually total precipitation is 827.6 mm in 

Osmaniye. Figure 3.5 is graphical monitoring annotation of Table 3.1. 

 

Second, Gaziantep extreme maximum, minimum and average temperatures between the 

period of in 1940 and 2018 can be summarized in Table 3.2 which was prepared 

employing data taken from Turkish State Meteorological Service. Although the coldest 

month is January about 3 °C, the hottest month is July about 27.7 °C in Gaziantep. 

Furthermore, the value of 552.8 mm indicates the average of annually total precipitation 

in Gaziantep. Table 3.2 is used when producing Figure 3.6. However, the tunnel route 

locates in mountainous area and hence, the climate is perhaps different from all points of 

the route. 
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Table 3.1. Extreme maximum, minimum and average temperatures measure in the period of 1987-2018 in Osmaniye 

(Turkish State Meteorological Service, 2018). 

 

 

 

 

 

Figure 3.5. Graph showing monthly total precipitation and average temperature of Osmaniye meteorological station 

for the period of 1987-2018.  
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Table 3.2. Extreme maximum, minimum and average temperatures measure in the period of 1940-2018 in Gaziantep 

(Turkish State Meteorological Service, 2018). 

 

 

 

 

 

Figure 3.6. Graph showing monthly total precipitation and average temperature of Gaziantep meteorological station 

for period of 1940-2018. 
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3.4.  Geology  

In order to identify the geology of study area, this part of thesis is composed of two parts: 

stratigraphy and lithological characteristics of study area. 

3.4.1. Stratigraphy 

The general geological characteristics of the study area and its surrondings are summarized from 

Usta (2018) which is publication of MTA Earthsciences. Formations which are Beyoğlu, Ġslahiye, 

Nurdağı, Olucak, Hasanbeyli, Dedeler, Kardere, SeydiĢehir, Çaltepe and Zabuk are observed 

around the tunnel route (Figure 3.7). Figure 3.7 is vital to comprehend the Bahçe Nappe 

stratigraphy. Furthermore, Figure 3.8 manifests the geological map of the tunnel route.  

 

Figure 3.7. Bahçe Nappe stratigraphy (Reproduced after Usta, 2018). 
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3.4.1.1. Zabuk Formation (Ԑz) 

The formation was named by Schmidt (1964). Usta (2018) express that white, yellowish-beige, 

pink, green colour quartzite and shale is dominated in this formation. Zabuk formation is 

conformably overlaid by Çaltepe formation. Zabuk formation does not have specific fossils. It 

was deposited in shallow shelf environment. Thickness of formation is approximately 450-500 

meters (Usta, 2018). 

 

3.4.1.2. Çaltepe, Formation (Ԑç) 

Çaltepe formation which was named Dean and Monod (1970) is characterized with dolomite and 

dolomitic limestone. It includes intercalation of gray, dark colour gray, black and brown 

dolomite, dolomitic limestone and oolitic dolomite. It is comformable with Zabuk and SeydiĢehir 

formations. Contrary to Zabuk and SeydiĢehir formations, it is unconformable with Ġslahiye 

formation. Thickness of Çaltepe formation is 175 m (Usta, 2018). 

 

3.4.1.3. SeydiĢehir Formation (ԐOs) 

Formation consists of intercalation of limestone, metasiltstone, metasandstone, metashale, 

metamudstone (Blumenthal, 1947; Dean and Monod, 1970). This formation was named as Sosink 

formation in Amanos, Kızlaç formation in Villages of Kızlaç, Bahçe formation in Bahçe. It was 

also deposited in shallow shelf environment. Formation is conformably located above of Çaltepe 

and settled unconformably below of Kardere. Traces of trilobites are also observable in limestone 

(Usta, 2018). 

3.4.1.4. Kardere Formation (Ok) 

Kardere formation contains the lithology of metasandstone, metashale and quartzite. It was 

named by Yalçın (1979). However, this formation was examined as Bahçe Formation by Lahner 

(1972). In addition, this formation was named as SeydiĢehir formation which is divided as 

Kardere and Kızlaç by Yılmaz et al. (1984). Formations can be representable as gray, light gray, 

light pink, brownish and purple quartzite, shale and intercalation of metasandstone and 

metasiltstone (Usta, 2018). It is conformable with SeydiĢehir and Dedeler formations. It was 

deposited in shallow marine environment (Usta, 2018). 
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3.4.1.5. Dedeler Formation (Sd) 

Formation is composed of intercalation of metaconglomerate, metasandstone, metamudstone, 

metasiltstone, metashale (Lahner 1972).  

 

3.4.1.6. Hasanbeyli Formation (Dch) 

Formation consists of metashale, metasandstone, kalkschist, metasiltstone, quartzite, dolomite 

and recrystallize limestone (Usta, 2018). 

 

3.4.1.7. Amanos Group (Atrjk) 

3.4.1.7.1. Olucak Formation (Atro) 

Limestone, dolomite, intercalation of mudstone and marl and quartzite are main units to define 

the Olucak formation. It uncomfortably overlies Hasanbeyli formation, Kardere formation and 

SeydiĢehir formation (Usta, 2018). 

3.4.1.7.2. Nurdağı Formation (aTRn) 

Nurdağı formation includes dolomite, limestone and dolomitic limestone. Nurdağ formation 

conformably overlies Olucak formation. It is also conformable overlaid by Ġslahiye formation. 

Unlike Ġslahiye formation, it is unconformable with Hasanbeyli, Kardere and SeydiĢehir 

formations. This formation is defined in shallow marine environment in terms of containing 

shallow marine carbonates. Nevertheless, it is also represented by terrestrial environment with 

respect to including mudstone (Usta, 2018). 

3.4.1.7.3. Ġslahiye Formation (aJKi) 

Ġslahiye formation consists of limestone, dolomite and dolomitic limestone and limestone with 

chert. While it is conformable with Nurdağı formation, it is cut by Beyoğlu formation. The 

formation was formed in shallow marine environment (Usta, 2018). 

3.4.1.7.4. Beyoğlu Formation (Ktbe) 

It consists of mudstone, sandstone, micritic limestone, chert and shale. Beyoğlu formation was 

named by Usta (2015). The formation was formed in deep marine environment (Usta, 2018). 
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In addition, Figure 3.9 is important to understand the geology of the study area. It enables to see 

formations, drillholes and tunnel route around the study area. According to Figure 3.9, SeydiĢehir 

and Kardere formations are critical for Bahçe portal. 

  

 

Figure 3.9. Geological map of study area. 
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3.4.2. Lithological Characteristics of Study Area 

General stratigraphy of the project area was expounded in previous section under title of 

Geology. Description of the geological characteristics of the study area has a critical role in 

suggesting convenient solution some problems such as landslide.  

 

Main units which are observable in tunnel route are debris, metamudstone, metasandstone, 

quartzite and limestone (Usta, 2018). While debris materials which are dark brownish and red 

colour are conglomerate with clay, metamudstone and metasandstone are brownish-gray colour, 

fractured and fragmented. Usta (2018) described that quartzite are purple, green, white, yellow 

colour, parallel and cross laminated and middle to thick layered. In addition, he stated that 

dolomitic limestone and recrystallized limestone is observable in this study area. While dolomitic 

limestone is brownish gray colour, thick layered and oolitic, recrystallized limestone is brownish-

gray colour and middle to thick layered.  

 

This thesis especially focuses on Km: 3+510 and Km: 4+110 of the route. General geology of 

project area consists of three major units which are metamudstone, metasandstone and debris for 

Km: 3+510 and 4+110. In order to identify the geology in detail, cross section was drawn 

denoted as (Figure 3.10). Necessary information and data which are SK1, SK2, SK7A, SK8, 

SK8Y, SK9, SK9Y, SK10 and SK11 provided by TCDD were combined together to characterize 

the geological area (Table 3.3). Reproduced borehole information were also given in Appendix.  

Engineering geological cross section allows to monitor the geology of the area (Figure 3.10). 

According to Figure 3.10, there are metasandstone-metamudstone bedrock at the bottom, heavily 

jointed metasandstone-metamudstone above it and finally debris as the cover. This section 

displays the general characteristics of the subsurface. 
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Table 3.3. Boreholes information for between KM: 3+510 and 4+400 (TCDD, 2014). 

Borehole Coordinates Lithology 

SK1 

X: 553486.445 0-75.00 m:  

Y: 4118276.627 Metasandstone-Metamudstone  

Z: 674.144   

SK2 

X: 553582.824 0-76.00 m:  

Y: 4118278.827  Metasandstone-Metamudstone 

Z: 673.999   

SK7A 

X: 553448.802       0-17.40 m: Debris 

Y: 4118083.800           17.40-41.00 m:  

Z: 627.407 Metasandstone-Metamudstone 

SK8 

X: 553414.789     0-13.50 m: Debris 

Y: 4118139.799 13.50-40.00 m:  

Z: 629.850 Metasandstone-Metamudstone 

SK8Y 

X: 553302.3337     0-12.00 m: Debris 

Y: 4118294.786        12.00-40.00 m:  

Z: 634.8622 Metasandstone-Metamudstone 

SK9   

X: 553544.349 0-1.00 m: Debris 

Y: 4118154.948      1.00-50.00 m:  

Z: 639 Metasandstone –Metamudstone 

SK9Y 

X: 553382.91    0-10.50 m: Debris 

Y: 4118295.532 10.50-50.00 m:  

Z: 644.3197 Metasandstone-Metamudstone 

SK10       

X: 553701.371     0-15.50 m: Debris 

Y: 4118151.093   15.50-50.00 m:  

 Z: 642.300  Metasandstone-Metamudstone 

SK11     

X: 554035.719  0-18.90 m: Debris 

Y: 4118164.758      18.90-92.50 m:  

Z: 685 Metasandstone-Metamudstone 
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3.5. Hydrogeology 

Republic of Turkey Ministry of Environment and Urbanization-Directory of Osmaniye Province 

(2017) remarked that Ceyhan River, Kalecik River, Karaçay, KesiĢ Creek, Horu Creek, Karaçay 

River, Savrun Creek, Kesiksuyu River, Sabunsuyu Creek and Yarbuz Creek can be observable 

with respect to hydrologic features around the study area. They also pointed out that groundwater 

flows east to west. 

 

Hydrogeological characterization is very important issue to develop an understanding the 

hydrogeological setting by maximizing the benefit of the data at hand. Data are used to explain 

subsurface. Adequate amounts of lithologic and hydrologic data are available which are obtained 

from boreholes to create a complete characterization of the hydrogeology. According to 

information obtained from boreholes, while metamudstone is impermeable stratum, 

metasandstone and quartzite has secondary porosity. Groundwater levels are manifested in Table 

3.4. According TCDD (2014) data sets, SK7A, SK8, SK9, SK10, SK11 groundwater levels were 

were taken at the period of between July, 2013 to January, 2014. SK1 and SK2 groundwater 

levels were also measured on April, 2017. Groundwater levels can also be observed from Figure 

3.10 shows engineering geological cross section of the tunnel route. Groundwater level decreases 

toward tunnel portal. Depending on this cross section and obtained data, it is comprehensible that 

the prevalent direction of groundwater flow in the tunnel route is toward the west. 

 

Table 3.4. Groundwater levels measured in the boreholes by TCDD. 

BH ID SK-1 SK-2 SK-7A SK-8 SK-9 SK-10 SK-11 

Groundwater 

Level (m) 
639.14 639.99 627.43 625.35 635.65 639.35 680.00 
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3.6. Landslide  

Cruden (1991) defined that landslide is the movement of rock mass, soil, and debris near the 

earth‘s surface under the effect of gravity. Not only natural activities cause landslide but human 

activities also trigger landslides in the environment (USGS, 2008). While natural conditioning 

and triggering factors are slope, aspect, geology, hydrologic properties, seismicity and volcanic 

activity, human impacts are urbanization, decreasing of forests, unconscious land use and 

constructions. 

 

The landslide problem is a common hazard throughout the World. In Turkey, the second most 

widespread geological hazards are landslides (AFAD, 2018). Some region in Turkey has a high 

landslide hazard. One of the high landslide regions is Bahçe Region. When construction project 

such as tunnel work can be applied by considering landslide, landslide related damages can be 

eliminated. Thuro et al. (2011) expressed that tunnel excavation cause landslide in landslide-

prone areas. Bahçe-Nurdağ railway tunnel route is located in vicinity of landslide. When tunnel 

construction alternative is chosen, Bahçe region should be evaluated in terms of landslide 

activity. Active and old landslides on the route can also be examined from landslide inventory 

map (Duman et al., 2011), which is presented in Figure 3.11. It was obtained from Earthsciences 

Portal of MTA. It manifests that tunnel route area has high potential landslide. In addition, 

landslide occurred in the between Km: 3+215 and 3+580 during construction of Gaziantep-

Osmaniye highway. This area is very close to Bahçe-Nurdağ railway tunnel portal part of Bahçe 

which is located in between Km: 3+510 and 4+110. Thus, landslide effect should not be 

neglected during tunnel construction. Moreover, tunnel is very long to be completed with TBM in 

this study. If tunnels are finalized with TBM, TBM may trigger landslide. Therefore, ground 

surrounding, the tunnel will be modelled to clarify TBM and landslide relationships in Chapter 7. 
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Figure 3.11. Landslide inventory map of study area (Modified after Duman et al., 2011). 
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4. SEISMICITY OF THE STUDY AREA 

Within the scope of the study, seismic analyses of the study area and its immediate surrounding 

were performed in this chapter. There are five important steps to evaluate the seismicity of the 

particular region. First, it should be indicated that seismic hazard analysis especially focuses on 

Bahçe in the Osmaniye Province. Bahçe which is district of Osmaniye has high the earthquake 

risk according to Earthquake Hazard Maps of Turkey (AFAD, 2018). Secondly, active faults 

characteristics should be determined to identify the seismicity of the study area. For this study 

area, EAFZ observed as an active fault. EAFZ is one of the major fault zone is still active and left 

lateral strike slip fault in Turkey (Figure 4.1). East Anatolian Fault Zone is elongated about 580 

km between Karlıova and Antakya (Arpat et al., 1972; McKenzie, 1972; Seymen, 1972; Arpat et 

al., 1975; Ambrasseys, 1989; Doruk, 1991; Herece et al., 1992; ġaroğlu et al., 1992a; ġaroğlu et 

al., 1992b; Ġmamoğlu and Çetin, 2007). As is known that the other main fault zone is North 

Anatolian Fault Zone. Intersection of EAFZ and NAFZ represents the beginning of the EAFZ 

which continue to valley of Göynük with fault throw of 17 km. Although in Bingöl Region the 

fault zone is not seen clearly, it can be visible in between Palu and Pötürge regions (ġaroğlu et 

al., 1987; Herece et al., 1992). EAFZ is divaricated in the south region of KahramanmaraĢ. One is 

contributed to occurring of Amanos Fault. The other continues to North of Osmaniye-Bahçe. 

When it passes Osmaniye, it reaches KarataĢ (Ġmamoğlu and Çetin, 2007).  

 

Figure 4.1. Location map of EAFZ (Bulut et al., 2012)  
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Additionally, Nalbant et al. (2002) studied about EAFZ stress evolution since 1822 in order to 

investigate high stresses accumulations for KahramanmaraĢ (KM) region (Figure 4.2). In spite of 

limited information about KM seismic activity, they also pointed that earthquake may occur 

magnitude of 7.3 in case of 29picentre29 segments broken. Historical records show that an 

earthquake occurred in 1114; in fact, its magnitude has been estimated to be equal or greater than 

7.8 (Nalbant et al., 2002). In addition, another earthquake occurred whose magnitude is predicted 

about 7.4 in 1513. Not only Mısır was affected from this earthquake but it also caused severe 

damages in Tarsus and Malatya (Gökçeoğlu, 2018). Considering these information about this 

fault segment, an earthquake is expected to be ≥ 7.3. 

 

 

Figure 4.2. Stress accumulation on EAFZ (Nalbant et al., 2002). 
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Third step is to analyse the study area in terms of seismicity, earthquake data have to be prepared 

for determined magnitude through years to today. When study area is accepted as the center, 

distributions of earthquake 30picentre records are analysed. In this study, distribution of the 

earthquakes having a magnitude of M=4 and above occurred between years of 1915-2019 were 

considered. Table 4.1 represents that between the periods of 1915-2019 earthquake data having 

magnitudes of M≥4 were provided from Boğaziçi University, Kandilli Observatory and 

Earthquake Research Institute National Earthquake Monitoring Center. Distribution of magnitude 

of M≥4 in the study area and main active faults are also indicated in Figure 4.3. According to 

Figure 4.3, the study area can be defined as intense in terms of the seismic activity. 

 

Table 4.1. Distribution of the ground movements having a magnitude of M≥4.0 occurred between 1915-2019 in the 

study area and its immediate surrounding.  

Region Date Magnitude Type Latitude Longitude 

Belen/ Hatay 25.12.1915 5.4 Xm,Mw 36.47 36.14 

Ceyhan/Adana 20.03.1945 6.0 Xm,Mw 37.11 35.70 

Ġskenderun/Antakya 08.04.1951 5.8 Xm,Mw 36.58 35.85 

Ġskenderun/Antakya 12.07.1951 4.9 Xm,Mw 36.60 36.30 

Ceyhan/Adana 22.10.1952 5.7 Xm,Mw 37.25 35.65 

Osmaniye  07.04.1967 4.9 Xm,Mw 37.43 36.17 

Hatay 30.05.1968 4.3 Xm 36.30 36.20 

Hatay 01.01.1975 5.2 xM 36.67 36.49 

Hatay 02.01.1980 4.6 xM 36.56 36.38 

Hatay 24.02.1981 4.4 xM 36.44 36.18 

Hatay 19.02.1981 4.6 xM 36.35 36.42 

Antakya 30.06.1981 4.7 xM 36.17 35.89 

Hatay 11.02.1982 4.2 xM 36.08 35.89 

Hatay 11.08.1991 4.0 xM 36.15 35.90 

Antakya 22.01.1997 5.0 xM 36.13 36.08 

Hatay 23.01.1997 4.0 xM 36.16 36.33 

Ceyhan/Adana 27.06.1998 6.3 xM 36.96 35.52 

Osmaniye 25.06.2001 5.5 xM,Mw 37.12 36.28 

Adana 18.10.2001 4.8 xM 36.78 35.37 

Hatay 22.11.2002 4.2 xM 35.96 36.31 

Osmaniye  17.01.2009 4.6 xM 37.0867 36.3592 
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Table 4.1cont. Distribution of the ground movements having a magnitude of M≥4.0 occurred between 1915-2019 in 

the study area and its immediate surrounding. 

Samandağ/Hatay  17.06.2009 4.5 Ml 36.1321 36.0173 

Kozan/Adana  24.07.2009 4.7 xM 37.4913 35.7431 

Aladağ/Adana 05.08.2010 4.4 xM 37.724 35.5513 

Osmaniye 16.11.2010 4.5 xM,Ml 37.3082 36.4127 

Kozan/Adana  29.06.2011 4.5 xM 37.36 35.87 

Kozan/Adana  23.04.2011 4.0 xM 37.47 35.58 

Andırın/KahramanmaraĢ 07.09.2011 4.2 xM,Ml 37.3697 36.3235 

Kilis 04.04.2012 4.3 xM,Ml 36.9585 37.0245 

Ġskenderun 12.07.2012 4.0 xM 36.5533 35.901 

Merkez/KahramanmaraĢ 22.07.2012 5.0 xM,Ml 37.542 36.3795 

Kozan/Adana  16.09.2012 4.7 xM,Ml 37.4525 35.7538 

Pazarcık/KahramanmaraĢ 19.09.2012 5.1 xM,Ml 37.3203 37.1173 

Pazarcık/KahramanmaraĢ 19.09.2012 4.1 xM,Ml 37.46 35.87 

Pazarcık/KahramanmaraĢ 16.10.2012 4.5 xM,Ml 37.3067 37.1233 

Pazarcık/KahramanmaraĢ 16.10.2012 4.6 xM,Ml 37.26 37.20 

Düziçi/Osmaniye 12.12.2012 4.1 xM,Ml 37.30 36.2708 

ġehitkamil/Gaziantep 25.04.2013 4.3 xM 37.3148 37.1367 

Pazarcık/KahramanmaraĢ 01.05.2013 4.0 xM,Ml 37.304 37.1215 

Pazarcık/KahramanmaraĢ 06.05.2013 4.0 xM,Ml 37.3063 37.1468 

Ekinözü/KahramanmaraĢ 16.06.2013 4.2 Ml 38.05 37.07 

Kadirli/Osmaniye 07.11.2013 4.0 xM,Ml 37.396 36.2358 

Kadirli/Osmaniye 10.01.2014 4.4 xM,Mw 37.3065 36.2035 

Andırın/KahramanmaraĢ 22.01.2015 4.0 xM,Ml 37.3995 36.3053 

Samandağ/Hatay  10.02.2015 4.6 xM,Ml,Mw 36.0278 35.975 

Andırın/KahramanmaraĢ 28.03.2015 4.1 xM,Ml,Mw 37.482 36.4072 

Pazarcık/KahramanmaraĢ 26.08.2015 4.2 xM,Ml 37.303 36.975 

Ceyhan/Adana 31.03.2016 4.1 xM 36.9658 35.8467 

Erzin/Hatay  25.02.2017 4.5 xM,Mw 36.9255 36.0902 

Araban/Gaziantep 18.08.2017 4.4 xM,Ml 37.494 37.6171 

Samandağ/Hatay  20.02.2019 4.1 xM,Ml,Mw 36.0668 35.8865 

 

Earthquake magnitudes which have the magnitude of M≥4 can be reclassified in order to count 

the number of earthquakes by using later analysis. Reclassification groups are selected as 

4.0≤M<4.5, 4.5≤M<5.0, 5.0≤M<5.5, 5.5≤M<6.0 and 6.0≥M. Figure 4.4 shows that relation 

between the reclassification groups and their occurrence numbers.  
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Figure 4.3. Active faults observed in the study area and it surrounding and distribution of the ground movements 

having a magnitude of M≥4 occurred between 1915-2019. 

 

 

Figure 4.4. Frequency distribution relating to the strong ground movements occurred in the study area and its 

surrounding between the years 1915-2019 (distribution is given for M ≥ 4.0). 
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Law of the Gutenberg and Richter (1954) is evaluation of uncertainties with respect to earthquake 

magnitudes data sets. Equation 4.1 clarifies the law of Gutenberg and Richter. 

 

                                             logN = a-bM                                                                                  (4.1) 

 

Figure 4.3 was prepared, according to Gutenberg and Richter laws employing magnitude of M≥4 

between the years 1915-2019 in the area and its surrounding. When the Figure 4.5 is considered, 

the expression of the Gutenberg and Richter equation is also given in Equation 4.2. 

 

                                        log(ΣN/t) = -0.4232Mavg + 2.413                                                (4.2) 

 

 

Figure 4.5. Average earthquake magnitude relating to the strong ground movements occurred in the study area and 

it‘s surrounding between the years 1915-2019 and log(ΣN/t) relationships. 

 

Furthermore, Poisson probability model is also significant in terms of evaluation of temporal 

uncertainty relating the earthquake magnitudes which have a probability of possible occurrence 

of the specific magnitudes in the study area and its surroundings. It is also used for calculating of 

average return periods. Poisson probability equation is shown in Equation 4.3. In this equation, 

  ( ) is the probability of numbers of n earthquakes within the time and v is number of the 

average occurrence of earthquakes in unit of time.  
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                                           ( )  
   (  ) 

  
                                                                        (4.3) 

 

By using Gutenberg and Richter equation values obtained from earthquake data sets between the 

period of 1915-2019, the probability of occurrence and the average return periods of the are 

calculated for the specific earthquake magnitudes which are 5.0, 5.5, 6.0, 6.5, 7.0 and 7.5 in the 

study area and its surrounding within 100 km for 1, 10, 50, 75 and 100 years that are exhibited in 

Table 4.2. According to Table 4.2, the probabilities of occurrence of the earthquakes with a 

magnitude of M = 5, 5.5, 6.0, 6.5 and 7.0 in the area and its immediate surrounding within 100 

years are calculated as 85.9, 69.9, 52.2, 36.5 and 24.3 % respectively. Nevertheless, the 

probability of occurrence of an earthquake with a magnitude of M = 7.5 in the area and its close 

surrounding within 100 years is obtained as 15.7 %. The average return periods of the subject 

earthquake magnitudes calculated in the area and its immediate surrounding are calculated as 51, 

83, 136, 221, 359 and 585 years, respectively.  

 

Table 4.2.The probabilities of occurrence of the specific earthquake magnitudes and the average return periods in the 

study area and its surrounding calculated for 1, 10, 50, 75 and 100 years. 

MAGNITUDE 
PROBABILITY OF EARTHQUAKES OCCURENCE (%) Return Period 

1(Year) 10(Years) 50(Years) 75(Years) 100(Years) (Years) 

5.0 1.9 17.8 62.4 76.9 85.9                          51  

5.5 1.2 11.3 45.2 59.4 69.9                          83  

6.0 0.7 7.1 30.9 42.5 52.2                        136  

6.5 0.5 4.4 20.3 28.8 36.5                        221  

7.0 0.3 2.8 13.0 18.9 24.3                        359  

7.5 0.2 1.7 8.2 12.0 15.7                        585  

 

Finally, calculations of peak ground acceleration value separately for rock, ground and loose 

ground from these information sets are last stage to analyse the scope of the seismicity of area. 

These acceleration calculations were studied by considering the recommendation of Ulusay et al. 

(2004). Peak ground accelerations were calculated in case of occurrence of an earthquake with a 

magnitude of M = 7.5 depending on the fracture of the EAFZ in this study area. Table 4.3 
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manifests PGA values for loose ground, ground and rock were calculated as 442 gal, 347 gal and 

293 gal from Equation 4.4.  

 

                                                  (                            )                                   (4.4) 

        (    )             (      )            (            ) (                  ) 

 

Table 4.3. The peak ground acceleration values that will be effective in the study area in case of realization of the 

highest moment magnitudes evaluated in the study area and its surrounding. 

 

  PGA (gal) 

loose ground 442 

ground 347 

rock 293 
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5. GEOTECHNICAL SITE CHARACTERIZATION 

 

This section of the thesis consists of assessment of data. Laboratory test results were rigorously 

examined to figure out geotechnical conditions of the study area. Quantitative classification 

systems which are Rock Mass Rating (RMR) and Geological Strength Index (GSI) were also 

used for evaluation of geotechnical parameters in this chapter.  

 

5.1. Laboratory Test  

Some laboratory tests which are Unit Weight, Uniaxial Compressive Strength (UCS), Elasticity 

Modulus, Poisson‘s Raito, Brazilian Test and Point Load Test were carried out by TCDD (2014) 

for clarifying the geotechnical properties of tunnel which will be used in modelling stages. This 

study focuses on landslide - TBM relationships in the Bahçe portal part; hence, Table 5.1 exhibits 

that SK7A, SK8, SK8Y, SK9, SK9Y, SK10 and SK11 are also evidence to identify of 

geotechnical parameters in between 3+510 Km and 4+110 Km. Information about laboratory test 

standards are also given in Appendix. Figure 5.1, Figure 5.2, Figure 5.3, Figure 5.4 and Figure 

5.5 indicate the graphical representation of test results performed by TCDD (2014) which are 

prepared according to boreholes data. 
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Table 5.1. Laboratory test results (TCDD, 2014). 

BH 

ID 

Depth (m) 

Lithology 

Unit 

Weight 

(kN/m
3
) 

UCS 

(MPa) 

Elasticity 

Modulus 

(GPa) 

Poisson's 

ratio 

Brazilian 

Test  

Point 

Load 

Strength 

(MPa) From To 

SK7A 

18.00 18.25  

Heavily Jointed 

Metasandstone-

Metamudstone 

27 26.7 9.53 0.23 - - 

25.05 25.23   -    - - - - - 

25.35 25.45   -    - - - - - 

26.00 26.17  27 157.4 - - 2.72 - 

29.05 29.25  26 21.6 - - - - 

35.75 35.90  26 16.9 4.05 0.26 - - 

SK8 

15.30 15.39  Heavily Jointed 

Metasandstone-

Metamudstone 

 

 -    - - - - - 

15.39 15.48   -    - - - 7.7 - 

16.60 16.73   -    - - - - 4 

31.50 31.65  

Metasandstone-

Metamudstone 

27 70.55 - - - - 

33.15 33.37  27 63.19 - - - - 

34.60 34.85  27 44.9 12.6 0.29 - - 

SK8Y 

16.00 16.50  

Heavily Jointed 

Metasandstone-

Metamudstone 

25 68 10.1 0.1 -  -  

22.00 22.50  25 36.2 16.4 0.11 -  -  

29.50 30.00  25 31.7 15 0.13 -  -  

38.00 38.50   -  110.7 -  -  -  5.2 

SK9 

17.25 17.37  

Metasandstone-

Metamudstone 

 -    - - - - 5.55 

23.70 23.82   -    - - - 19.85 - 

23.82 23.95  26 64.38 - - - - 

23.82 23.95   -    - - - - - 

24.30 24.52  27 324.7 33.2 0.2 - - 

30.75 30.90  26 126.5 26.2 0.17 - - 

33.80 38.80   -    - - - - 1.28 
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Table 5.1 cont. Laboratory test results (TCDD, 2014). 

SK9Y 

12.30 12.50  

Heavily Jointed 

Metasandstone-

Metamudstone 

 -  10.7 -  -  -  0.51 

14.50 15.00   -  16.5 -  -  -  0.78 

20.50 21.00   -  91 -  -  -  4.33 

26.50 27.00  26 49.3 21.9 0.13 -  -  

34.50 35.00  - 36.2 -  -  -  1.72 

49.50 50.00  20 178.9 -  -  -  8.46 

SK10 

25.15 25.30  

Metasandstone-

Metamudstone 

26 121.6 20.7 0.1 - - 

25.30 25.43   -    - - - 17.57 - 

25.30 25.43   -    - - - 27.2 - 

25.30 25.43   -    - - - 21.89 - 

27.86 27.95   -    - - -  - - 

36.00 36.10   -    - - - - 6.46 

36.00 36.10   -    - - - - 8.43 

40.05 40.15   -    - - - - 5.18 

SK11 

68.78 68.85  

Metasandstone-

Metamudstone 

 -    - - - - - 

74.00 74.13   -    - - - - 3.47 

74.00 74.13   -    - - - - 1.2 

83.00 83.13  26 151.4 22.5 0.26 - - 

92.00 92.20  26 265.1 41.4 0.42 - - 
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Figure 5.1. Unit weight test results graph (TCDD, 2014). 

 

 

 

Figure 5.2. UCS test graph Km: 3+510 and 4+110 (TCDD, 2014). 
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Figure 5.3. Point load strength graph Km: 3+510 and 4+110 (TCDD, 2014). 

 

 

 

Figure 5.4. Brazillian test graph for Km: 3+510 and 4+110 (TCDD, 2014). 
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Figure 5.5. Elasticity modulus graph for Km: 3+510 and 4+110 (TCDD, 2014). 
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5.2. Rock Mass Rating (RMR) Classification 

Six rock mass parameters such as uniaxial compressive strength of intact rock material,  rock 

quality designation (RQD), spacing of discontinuities, condition of discontinuities, given as: 

persistence, roughness, aperture, infilling and alteration/weathering), groundwater conditions and 

orientation of discontinuities are used to classify rock mass (Bieniawski, 1989). Borehole 

information of SK1, SK2, SK7A, SK8, SK8Y, SK9,  SK9Y, SK10 and SK11 are employed to 

reveal rock mass rating. Metasandstone-metamudstone and heavily jointed metasandstone-

metamudstone are classified employing RMR and the results which are presented in Table 5.2 

which was prepared according to considering Fugro Sial (2014) and Progeo Proje (2018) 

information. It should be noticed that UCS values which were interpreted from UCS graph were 

calculated as the range of 50-100 MPa and 5-25 MPa. Furthermore, considering boring log 

information sheets, RQD (%) values were also calculated as 50-75 and 25-50. Given these 

consideration, orientations of discontinuities were assigned as moderate for both lithology. 

Discontinuity surface properties for the metasandstone-metamudstone are generally fair. These 

class discontinuity properties are defined as moderately weathered surfaces and between these 

surfaces have generally soft infilling. On the contrary, heavily jointed metasandstone 

metamudstone mass discontinuity surface properties are described as poor.  

 

Table 5.2. RMR parameters for heavily jointed metasandstone-metamudstone and metasandstone-metamudstone. 

Classification of Rock Mass Rating (RMR)  

Parameters 

Metasandstone-

Metamudstone 

Heavily Jointed Metasandstone-

Metamudstone 

Description Rate Description Rate 

UCS (MPa) 50-100 7 5-25 2 

RQD (%) 50-75 13 25-50 8 

Spacing of discontinuities (mm) 60-200 8 60-200 8 

Persistence 1-3 m 4 10-20 m 1 

Aperture 0.1-1 mm 4 0.1-1 mm 4 

Roughness Slightly rough 4 Slightly rough 4 

Infilling Soft filling 2 Soft filling 2 

Weathering Moderate 4 Moderate 3 

Groundwater Dripping 4 Dripping 4 

Orientation of discontinuities Moderate -5 Moderate -5 

 RMR Fair rock 45  Poor rock 31 
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5.3. Geological Strength Index (GSI) 

Hoek–Brown criterion of GSI value enables to interpret the strength and deformation modulus of 

the jointed rock masses. SK1, SK2, SK7A, SK8, SK8Y, SK9, SK9Y, SK10 and SK11 and were 

utilized to calculate GSI for this tunnel route by Fugra Sial (2014) considering discontinuity sets 

interval. Contrary to Fugro Sial (2014), recommendation of Palmstrom (2005) was also employed 

to reach GSI in this research.    

GSI was empirically determined by considering borehole data according to GSI classification 

system which was modified by Sönmez and Ulusay (2002). They suggested that GSI is based on 

surface condition rating (SCR) and structure rating (SR). While SCR equals to sums of values of 

Rf, Rw and Rr, SR is decided by using the following expression (Sönmez and Ulusay, 2002) 

which is defined in Equation 5.1. 

 

                            SR= -17.5 ln(Jv) + 79.8                                        (5.1) 

 

Volumetric joint count (Jv) and estimated from the input parameters of RMR scheme (e.g. 

roughness, weathering and infilling) have very close relationships to define SR and SCR. 

Volumetric Joint Count (Jv) is required for calculation of the SR. Thus, Jv is obtained by 

Palmstrom (2005) equation which is shown in Equation 5.2. In order to reach large spectrum of 

view, max and min RQD values were chosen to calculate Jv.  

  

                                                    RQD = 110 – 2.5 x Jv                                         (5.2) 

 

RQD = 75 for metasandstone-metamudstone; 

 Jv =14.  

 SR = -17.5 ln(Jv) + 79.8= 34. 

 SCR = (Rr=4 + Rw=4 + Rf=2) = 10. 

RQD = 25 for heavily jointed metasandstone-metamudstone; 

 Jv = 43. 

 SR = -17.5 ln(Jv) + 79.8= 14. 

 SCR = (Rr=4 + Rw= 3 + Rf= 2) = 9. 
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In Figure 5.6, GSI assignment was exhibited by considering classification system of GSI 

Sönmez and Ulusay (2002). GSI was calculated as 41 and 33 for metasandstone-

metamudstone and heavily jointed metasandstone-metamudstone, respectively (Figure 5.6). It 

should not be neglected that while metasandstone-metamudstone GSI values may locate 

between the range of 40 and 45, heavily jointed metasandstone-metamudstone GSI value may 

have range between 30 and 35.  

 

 

Figure 5.6. The modified GSI classification suggested by Sönmez and Ulusay (2002) for metasandstone-

metamudstone and heavily jointed metasandstone-metamudstone. 
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5.4. Geotechnical Parameters 

Models showing interactions of rock/rock mass and TBM need to be set up identifying 

geotechnical parameters of tunnel route. Geotechnical parameters must be used to evaluate 

prediction of TBM-performance. Estimation of tunnel performance is very difficult, if rock has 

some properties which having low strength and high deformation risk and being heterogeneous 

(Schubert et al., 1995). Study area has extremely heterogonous nature in terms of its complex 

geology. Therefore, decided geotechnical parameters were carefully checked again in order to 

prepare realistic design of model.  

 

Accurate determination of geotechnical parameters for Bahçe-Nurdağ Tunnel in between 3+510 

and 4+110 Km is critical in accordance with reviewing of borehole information of SK1, SK2, 

SK7A, SK8, SK8Y, SK9, SK9Y, SK10 and SK11 because they will be used in modelling stages 

of in MIDAS GTS NX considering of two failure criteria which are Mohr-Coulomb and Hoek-

Brown. When parameters are decided, they should also be correlated with literature information. 

First, according to modified classification system of GSI (Sönmez and Ulusay, 2002), GSI was 

decided as 41 by Fugro Sial (2014) for metasandstone-metamudstone. When literature 

information is reviewed, Marinos and Hoek (2001) propose that jointed rocks for weak siltstone 

or clayey shale with sandstone‘- which are poor, very smooth, occasionally slickenside surfaces 

with compact coatings or fillings with angular fragments- GSI value equals to 40. Additionally, 

GSI was calculated as 33 by Fugro Sial (2014) in the interval of Km: 3+510 and 4+110 for 

heavily jointed metasandstone-metamudstone. Tectonically deformed, intensively folded and 

faulted, sheared clayey shale or siltstone with jointed and deformed sandstone layers forming an 

almost chaolitic structure which are smooth, moderately weathered and altered surfaces‘ GSI 

value equals to 30 (Marinos and Hoek, 2001). Hence, it can be understood that literature 

information of GSI values are very close the calculated GSI values. Second, mi is an important 

parameter in the use of the Hoek–Brown failure criterion (Arshadnejad, 2018). While mi is 

chosen as 9 for heavily jointed metasandstone-metamudstone, it is preferred as 13 for 

metasandstone-metamudstone. The parameter mi is given by Marinos and Hoek (2001) as 12 ± 3 

for schist. In addition, the parameter mi for schist is defined in the range of 4-8 by Hoek and 

Brown (1997). Given these considerations, it is clear that the parameters mi were realistically 

chosen. Rock mass parameters Disturbance factor (D) is equal to 0 or 0.5. If TBM excavation 

causes minimal disturbance to the confined rock mass surrounding a tunnel, disturbance factor 
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(D) is defined as 0 (Hoek et al., 2002). D is equal to 0.5, if squeezing problems are current (Hoek 

et al., 2002). Accordingly, the uniaxial compressive strength values of heavily jointed 

metasandstone-metamudstone and metasandstone-metamudstone were taken as 9 MPa and 50 

MPa, respectively. It is also possible to determine geotechnical design parameters by using 

RocLab software. RocLab was used to decide rock mass parameters depend on Hoek-Brown 

criteria (Rocscience, 2019). Roclab software utilized the input parameters of UCS, GSI, mi and D 

in order to decide Hoek-Brown strength parameters of a rock mass: mb, s and a. Mohr-Coulomb 

parameters of cohesion and internal friction angle which are also obtained from Roclab are 

important because of being used as input for numerical models. Thus, the other parameters which 

are shown in Figures 5.7, 5.8, 5.9 and 5.10 were detected using Roclab program after Progeo 

(2018). It is also important to emphasis that Roclab program uses Generalized Hoek & 

Diederichs (2006) method in order to calculate deformation modulus. 
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Figure 5.7. Results of Roclab for heavily jointed metasandstone-metamudstone when D=0 

 

Figure 5.8. Results of Roclab for heavily jointed metasandstone-metamudstone when D=0.5. 
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Figure 5.9. Results of Roclab for metasandstone-metamudstone when D=0 

 

 

Figure 5.10. Results of Roclab for metasandstone-metamudstone when D=0.5.  
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6. TUNNELLING EXCAVATION METHOD 

 

This chapter gives brief information about tunnel excavation method of TBM is often applied. 

Introducing of this tunnelling method is critical for following chapters to explain the reasons of 

inactivation applying of this tunnel method in between KM: 3+510 and 4+110. 

 

Tunnel Boring Machines (TBMs) have positive impacts on tunnel constructions because tunnels 

can quickly be completed with TBM. On the other hand, if tunnel is especially constructed with 

TBM in adverse conditions, ground should be realistically characterized to avoid the 

unrecoverable economical loses. Spencer et al. (2009) conducted that TBM has been enhanced 

the tunnelling industry with respect to economic and safe tunnelling in difficult grounds where it 

could not be practicable. TBM is the best choice for constructing long tunnels in terms of less 

noise and disturbance to surrounding structures. Tunnelling construction with TBM is 

advantageous because TBM has high performance and low labor costs (Girmscheid and 

Schexnayder, 2002; Abdallah and Marzouk, 2013). The major disadvantages of TBM are its lack 

of versatility with regards to tunnel shape and its inadaptability in varying or mixed geological 

conditions (Phadke and Titirmare, 2017). TBM excavation represents a big investment in an 

inflexible but potentially very fast method of excavating and supporting a rock tunnel (Barton, 

1996). 

 

Phadke and Titirmare (2017) state that TBM is designed based on the geological conditions, for 

hard rock condition, soft rock conditions or mixed conditions requirement torque, thrust type 

cutter head and many parameters are dissimilar; hence, geological and geotechnical analyses are 

crucial for predetermination of TBM type. Spencer et al. (2009) express that there are three 

common types: Earth pressure balance (EPB), Bentonite slurry (BS) sometimes called hydro 

shield, and compressed air (CA). Earth Pressure Balance Shield is frequently chosen for soft 

ground conditions. Herrenknecht Tunnelling System (2019) explains that EPB Shield is type of 

the TBM aims to stabilize the earth pressure during excavation in soft ground conditions 

containing water under pressure.  
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Brabant and Duhme (2017) state that hard rock TBMs can be classified as single shield, double 

shield and gripper TBM. Considering the tunnel route geological and geotechnical conditions, 

single shield TBM and double shield TBM were chosen for this tunnelling project by TCDD. 

According to Robbins (2019), single shield TBM is generally used in mixed ground conditions 

quickly. Robbins (2019) declares that not only it enables to work fast in difficult ground 

conditions, but also its system also decreases the amount of mud or water to work safely. Robbins 

(2019) also claims that double shield TBM can be chosen for large sections of fractured rock 

condition. Double shield allows increasing rate of TBMs in fractured rock (Brabant and Duhme, 

2017). It should also remarked that thickness of segments are 35 cm for TBM. Given these 

considerations, it can be understood that TBM technology has been improved in difficult 

condition in recent years. Safety construction is important in terms of cost, moral and schedule; 

hence, applied numerical analyses which will be displayed in subsequent chapter will be helpful 

to discuss whether tunnels can be finalized with TBM or not. 
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7. MODEL DEVELOPMENT AND CALIBRATION 
 

7.1. Numerical Model  

Numerical methods have a significant role in simulating conditions for different adverse 

geotechnical studies; consequently, nowadays numerical methods are very popular to create 

beneficial geotechnical solutions. Numerical methods are also recently widespread in 

geotechnical studies of tunnel design due to generating user-friendly model. Potts and Zdravkovic 

(2001) state that the field conditions can be simulated more accurately if the utilized constitutive 

models can accurately represent ground behaviour and if the boundary conditions set are correct. 

Gnilsen (1989) proposed that numerical methods are divided as 3 main models which are 

continuum model, discontinuum model and subgrade reaction model in tunnel engineering. 

Continuum Model consists of Finite Element Method (FEM), Finite Difference Method (FDM) 

and Boundary Difference Method (BDM). While discrete element is a method of discontinuum 

model, beam element method with elastic support is a method of subgrade reaction model. For 

the purpose of the study, FEM is chosen to create 3D numerical analysis model to understand the 

TBM-landslide relationships. 

 

7.1.1. Finite Element Method (FEM) 

FEM is commonly preferred in order to figure out stresses and deformations around an 

underground structure. FEM solutions are also practical applications in complex area; hence, 

FEM was chosen to handle with the problem studied in this thesis. Discretized homogenous 

elements are used in finite element method. Jing and Hudson (2002) claimed that FEM is very 

popular numerical method to study on non-homogeneity method, complex boundary conditions 

and non-linear deformability. In the FEM, the body to be analysed is divided into a number of 

discrete homogeneous elements- which are generally preferred as triangles or tetrahedrons have 

nodes. The finite element mesh comprises collection of elements and nodes. In addition, FEM 

was used with the software of MIDAS in this study in order to calculate deformations. 
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7.2. Midas Software  

In this study, MIDAS GTS NX software was chosen for modelling because this software has high 

capability to deal with highly complex problems. This software works with using finite element 

method to display realistic 3D tunnel models. Indeed, MIDAS (2019) state that MIDAS GTS NX 

is a geotechnical and tunnel analysis system which is founded on the expert analysis and 

exceptional graphic technologies. Having sophisticated technology, it can provide modelling 

strategies on unfavourable geological area. Application of the 3D finite element analysis is 

critical in geotechnical and tunnel engineering. MIDAS GTS NX has been designed for the 

deformation and stability analyses of underground works and geotechnical structures (MIDAS, 

2019). 

 

7.3. Modelling of Bahçe - Nurdağ Tunnel 

The aim of this subchapter is to provide a better understanding of modelling stages of Bahçe-

Nurdağ Tunnel for Bahçe portal. Determination of model size is critical to reduce the boundary 

impacts on the analysis outcomes while allowing the analysis to be accomplished coherently. For 

this purpose, terrain which is part of between 3+510 Km and 4+110 Km was modelled in order to 

evaluate possible landslide problem Bahçe on the tunnel. In this study, using software is also very 

critical because it helps to work quickly and accurately. MIDAS GTS NX software with trial 

license which enables engineers to solve complex geotechnical problems and support valuable 

technical solutions was used to develop finite element model by creating mesh automatically in 

this study. All interaction impacts are monitored with complex FEM analyses in order to estimate 

landslide-tunnel relationships in unfavourable region.  

 

Modelling stages are composed of six steps which are exhibited in Figure 7.1. The first step is to 

define terrain and tunnel geometry. The second step is to assign geotechnical parameters. Third 

step is development of the meshed model. Besides, construction stage analyses were also done to 

obtain the most realistic numerical model representing the field conditions. Additionally, model 

scenarios were generated to examine deformations results. Last step is to evaluate and compare 

model results.  
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Figure 7.1. Flow chart of the model construction. 
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7.3.1. Definition of Terrain and Tunnel Geometry  

First of all, terrain geometry (Figure 7.2) and tunnel geometry (Figure 7.3) were created by using 

the software of AUTOCAD. Then, they were imported via ―dxf‖ files from AUTOCAD. When 

dxf files are imported in the MIDAS, wireframes can be created on the tunnel drawings by 

considering the plan dimensions. They were also combined with boreholes information. Nine 

boreholes information, which were given in Chapter 3, was used to identify the study area 

conditions to create a model. Figure 7.4 manifests that terrain topography which was created by 

considering contour line from the dxf files. Therefore, contour lines help to define terrain 

geometry in the MIDAS software program. When tunnel geometry preparing stage is completed, 

its surfaces should be extended in accordance with suitable direction and length. Ground region 

should be defined as solid for 3D numerical analyses. Figure 7.5 and Figure 7.6 show the stage of 

creating tunnel geometry by making solid and extending the direction and length. Figure 7.7 

schematically represents the developed conceptual model of the Bahçe portal which was 

constructed by using MIDAS GTS NX 3D software for the purpose of the analysis. 
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Figure 7.2. Terrain geometry in AUTOCAD. 

 

 

 

Figure 7.3. Tunnel geometry in AUTOCAD. 
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Figure 7.4. Stage of creating terrain topography in MIDAS GTS NX. 

 

 

 

Figure 7.5. Stage of creating tunnel geometry in MIDAS GTS NX. 
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Figure 7.6. Tunnel geometry in MIDAS GTS NX. 

 

 

 

 

Figure 7.7. Conceptual 3D model of the Bahçe portal in MIDAS GTS NX. 
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7.3.2. Geotechnical Parameters 

This part of study enlightens geotechnical parameters assigned to MIDAS software. This stage is 

the previos stage of the model meshing and construction of the model. Model type is selected as 

Mohr-Coulomb or Hoek-Brown by taking into account lithology. Considering of the criterion of 

Mohr-Coulomb, the behaviour of the debris was described as a perfectly plastic elastic model. 

The Hoek-Brown is used to model the behaviour of a jointed rock mass (which can be considered 

homogeneous and isotropic) in a response to induced stresses (MIDAS, 2019). Therefore, rock 

mass was defined as homogenous and isotropic for this aims of the study. Materials are linearly-

elastic. Names, colors, model type, elastic modulus (Em), poissons‘s ratio, unit weight are 

assigned for each lithology in the MIDAS software. Figure 7.8, Figure 7.9 and Figure 7.10 show 

the assignment of the parameters for debris, heavily jointed metasandstone-metamudstone and 

metasandstone-metamudstone. Assigned parameters (Table 7.1) and their literature correlation 

are presented in below:  

 

Table 7.1. Model parameters. 

 Model 

Type 

γ  

(kN/m
3
) 

c 

(kPa) 

Φ 

(◦) 

v E 

(MPa) 

Debris 
Mohr-

Coulomb 
20 5 32 0.3 60 

Heavily Jointed 

Metasandstone-

Metamudstone 

Hoek-

Brown 
23 - - 0.25 60-100-150 

Metasandstone-

Metamudstone 

Hoek-

Brown 
24 - - 0.25 700-1500-2900 
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First, cohesion (c) and internal friction angle (φ) of debris were assigned as 5 kPa and 32
◦
, 

respectively. Literature have very close approach that debris cohesion was chosen as 4 kPa, 

internal friction angle was used as 30
◦
 by Delmonaco et al. (2003). Moreover, Iverson (1997) also 

evaluated debris internal friction angle as 30
◦
. Cohesion was also taken as 6.7 kPa by Hu et al. 

(2010) for debris. Second, poisson‘s raito (v) was detected as 0.3, 0.25, 0.25 for debris, heavily 

jointed metasandstone-metamudstone, metasandstone-metamudstone, respectively. Poisson‘ ratio 

was preferred as 0.3 for debris (Hu et al., 2010; Kanungo et al., 2012). Hoek (2001) also assigned 

as 0.3 for very poor quality rock mass. Moreover, Meng and Xian (2013) chose as 0.24 for 

poisson‘s ratio of mudstone. Hoek (2001) detected as 0.25 for average quality rock mass 

poisson‘s ratio. Therefore, assingned poisson‘s ratio parameters are suitable for literature. Third, 

Roclab software results -which were presented in geotechnical site characterization chapter- were 

also considered the assesment of the deformation modulus in MIDAS. Debris deformation 

modulus (E) was considered as 60 MPa. While deformation modulus of heavily jointed 

metasandstone-metamudstone was preferred as 60, 100 and 150 MPa, deformation modulus of 

metasandstone-metamudstone was chosen as 700, 1500 and 2900 MPa. They were also 

calculated according to Generalized Hoek & Diederichs (2006) method considering to maximum 

and minimum values. One of the other significant parameters is unit weight (γ). Debris, heavily 

jointed metasandstone-metamudstone and metasandstone-metamudstone unit weight were also 

chosen as 20 kN/m
3
, 23 kN/m

3 
and 24 kN/m

3
, respectively. While heavily jointed metasandstone-

metamudstone and metasandstone-metamudstone unit weight were determined by considering 

laboratory test results, debris unit weight was decided according to literature because debris unit 

weight labrotary results are not existed at hand. Unit weight of debris was determined to be 20 

kN/m
3
 by Hu et al. (2010). Liu et al. (2012) was used as 22.3 kN/m

3
 for debris unit weight. It 

should also be stated that the coefficient of earth pressure (Ko) was detected automatically for 

this study.  

 

After assigning of the parameters, MIDAS GTS NX enables to obtain high quality mesh 

generation in unfavourable geometries. Mesh generation is time consuming without using 

software program. MIDAS GTS NX simplifies the problem of mesh with help of auto mesh tool 

so 3D auto mesh was applied for each model. 



60 

 

  

 

Figure 7.8. Assigning the parameters for debris. 

       Debris 
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Figure 7.9. Assigning the parameters for heavily jointed metasandstone-metamudstone. 

 

Heavily Jointed Sand and Mud 
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Figure 7.10. Assigning the parameters for metasandstone-metamudstone. 

        Sand and Mud 



63 

 

7.3.3. Construction of Model  

In this part, construction of models was performed in the software. It includes many stages which 

are element groups, boundary conditions and load conditions. First, three set assignment rules 

which are mesh set, boundary set and load set were defined in Midas stage definition wizard. 

Software enables to change them at the start of each stage. Therefore, they have chance to be 

activated/deactivated at any time during construction stages. It should be noticed that stage type 

is preferred as stress. Boundary conditions were decided as fixed. When solution is applied, it is 

also important to determine the loading of the on the supporting system. Static loads were 

primarily applied during the construction stage process. TBM face loads are applied as 4500 kPa, 

1000 kPa, 200 kPa and 50 kPa, respectively. Initial steps shows initial stress model before 

excavating the tunnel. Unlike initial stages, following stages consist of face pressure of load 

application. Figure 7.11 reveals the example of summarized construction stages analyses for this 

study. It indicates the activation and the re-activation of the structural elements during 

construction stages done in the software to prepare 3D FEM model. The deformation results were 

separately also displayed in next subchapter. 

 

 

Figure 7.11. Construction stages analyses. 
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7.3.4. Modelling Scenarios 

Adhering to the purpose of the study, obtained results have been presented in this section. 

Model scenarios assess the possible effects of TBM tunnelling by using inclusive 3D 

MIDAS GTS NX FEM. Region is critical in terms of landslide. Tunnel is also very long to 

be completed with TBM so determination of TBM stop point is very critical to ensure to 

tunnel stability because of landslide. In order to better understand the mechanisms of the 

landslides and relationship of them with TBM, displacement analyses results of in the X, in 

the Y and in the Z directions were determined separately. In particular, meshed models, 

probable deformation results, stress models and material output models are also 

demonstrated for each specific interval within the scope of this thesis. Four intervals 

determined as Km: 3+810-4+110, 3+710-3+810, 3+660-3+710 and 3+510-3+660 during 

the software analyses. 

 

Firstly, there are two units which are slope debris and metasandstone-metamudstone 

between Km: 3+810-4+110. On the upper level of the model debris was modelled, at the 

bottom of the model metasandstone-metamudstone can be observable. Mesh was applied 

for model between Km: 3+810-4+110 (Figure 7.12). Mesh size are automatically assigned.  

 

 

Figure 7.12. Meshed model for Km: 3+810 - 4+110. 
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Table 7.2 is the representation of maximum and minimum displacement results in the total 

(Figure 7.13), X (Figure 7.14), Y (Figure 7.15) and Z (Figure 7.16) directions. Results 

clarify that maximum vertical displacement is bigger than maximum horizontal 

displacement. It is shown that the landslide is activated from the toe up to the crest of the 

slope. This shows that landslide is closely related to topography formation with hills and 

hollows. The main cause of movements is debris occurrence in the toe section. 

 

Table 7.2. Maximum and minimum displacement values for Km: 3+810 - 4+110. 

KM: 3+810 - 4+110 Displacement Max (cm) Min (cm) 

Figure 7.13 Total 3.72  0.310  

Figure 7.14 X 1.22 0.076 

Figure 7.15 Y 3.55 0.128 

Figure 7.16 Z 1.74 0.041 

 

 

Figure 7.13. Total displacement model for Km: 3+810 - 4+110. 
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Figure 7.14. Horizontal displacement model for Km: 3+810 - 4+110. 

 

 

 

Figure 7.15. Displacement model along Y axis for Km: 3+810 - 4+110. 
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Figure 7.16. Vertical displacement model for Km: 3+810 - 4+110. 

 

Following four models give information about stress values for Km: 3+810 - 4+110. Table 

7.3 displays maximum and minimum stress values for this interval. Maximum stress is 

6543 (kN/m
2
) in green regions which are seen around the tunnels (Figures 7.17 and 7.21). 

Figures 7.18, 7.19, 7.20 also manifest that high stress values are also examined around the 

tunnels. 

 

Table 7.3. Maximum and minimum  stress values for Km: 3+810 - 4+110. 

KM: 3+810 - 4+110 Stress Max (kN/m
2
) Min (kN/m

2
) 

Figure 7.17 Mean Total 6543 168 

Figure 7.18 XX 13414 203 

Figure 7.19 YY 12211 49 

Figure 7.20 ZZ 13457 11 

Figure 7.21 Mean Effective 6543 168 
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Figure 7.17. Total stress model for Km: 3+810 - 4+110. 

 

 

 

Figure 7.18. XX stress model for Km: 3+810 - 4+110. 
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Figure 7.19. YY stress model for Km: 3+810 - 4+110. 

 

 

 

Figure 7.20. ZZ stress model for Km: 3+810 - 4+110. 
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Figure 7.21. Mean effective stress model for Km: 3+810 - 4+110. 

 

Figure 7.22 allows to understand the material behavior for Km: 3+810 - 4+110. As can be 

deduced from Figure 7.22, while plastic failure materials are shown in red regions, the 

other failures were displayed in blue region. Failures on tunnel and terrain prove that TBM-

tunnelling excavation may not be succesfull for this interval. 

 

 

Figure 7.22. Material status model for Km: 3+810 - 4+110. 
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It is also possible to show tunnel section models in order to understand displacements and 

failures on tunnels and their surroundings more clearly; hence, following four models 

(Figures 7.23, 7.24, 7.25 and 7.26) aim to show relationships between tunnel and 

displacements. Maximum and minimum tunnel section displacement values for Km: 

3+810-4+110 are also displayed in Table 7.4. Tunnel section models depict that dark blue 

and light blue color show deformations on tunnel. In addition, failures on tunnel can be 

examined from Figure 7.27. 

Table 7.4. Maximum and minimum tunnel section displacement values for Km: 3+810 - 4+110. 

KM: 3+810 - 4+110 Displacement Max (cm) Min (cm) 

Figure 7.23 Total 2.48  0.31  

Figure 7.24 X 0.74 0.076 

Figure 7.25 Y 2.32 0.13 

Figure 7.26 Z 0.53 0.041 

 

 

Figure 7.23. Tunnel section of total displacement model for Km: 3+810 - 4+110. 
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Figure 7.24. Tunnel section of X displacement model for Km: 3+810 - 4+110. 

 

 

 

Figure 7.25. Tunnel section of Y displacement model for Km: 3+810 - 4+110. 
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Figure 7.26. Tunnel section of Z displacement model for Km: 3+810 - 4+110. 

 

 

 

Figure 7.27. Tunnel section of material status model for Km: 3+810 - 4+110. 
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Secondly, Km: 3+710 - 3+810 will be examined in this part of the thesis. Mesh generation 

was applied for Km: 3+710 - 3+810 (Figure 7.28).  

 
 

 
 

Figure 7.28. Meshed model for Km: 3+710 - 3+810. 

 

Table 7.5 summarizes the maximum and minimum displacement values for this interval. 

Red regions depict maximum displacement values for total displacement model (Figure 

7.29). Unlike total displacement model, maximum displacement locates in blue regions for 

X (Figure 7.30), Y (Figure 7.31) and Z (Figure 7.32) displacement models.    

  

Table 7.5. Maximum and minimum displacement values for Km: 3+710 - 3+810. 

KM: 3+710 - 3+810 Displacement Max (cm) Min (cm) 

Figure 7.29 Total 6.90 0.575 

Figure 7.30 X 2.57 0.042 

Figure 7.31 Y 6.75 0.231 

Figure 7.32 Z 2.13 0.062 
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Figure 7.29. Total displacement model for Km: 3+710 - 3+810.  

 

 

Figure 7.30. Horizontal displacement model for Km: 3+710 - 3+810. 
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Figure 7.31. Displacement model along the Y-axis for Km: 3+710 - 3+810.  

 

 

Figure 7.32. Vertical displacement model for Km: 3+710 - 3+810.  
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Due to necessary of collecting more information, maximum and minimum stress values for 

Km: 3+710 - 3+810 can be manifested in Table 7.6. It can be described that red color 

reveals maximum deformations for Figures 7.33 and 7.37. As can bee seen from Figure 

7.34,  XX maximum stress is about 5939 kN/m
2
 in light blue region which are seen around 

tunnel. YY stress model (Figure 7.35) and ZZ stress model (Figure 7.36) display maximum 

deformations in blue regions which are located in around the tunnels. 

 

Table 7.6. Maximum and minimum stress values for Km: 3+710 - 3+810. 

KM: 3+710 - 3+810 Stress Max (kN/m
2
) Min (kN/m

2
) 

Figure 7.33 Mean Total 7264 0.9 

Figure 7.34 XX 5939 5.4 

Figure 7.35 YY 12130 5.5 

Figure 7.36 ZZ 14597 6.7 

Figure 7.37 Mean Effective 7125 4.9 

 

 

Figure 7.33. Total stress model for Km: 3+710 - 3+810. 
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Figure 7.34. XX stress model for Km: 3+710 - 3+810. 

 

 

Figure 7.35. YY stress model for Km: 3+710 - 3+810. 
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Figure 7.36. ZZ stress model for Km: 3+710 - 3+810. 

 

 

Figure 7.37. Mean effective stress model for Km: 3+710 - 3+810. 
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Failures are also clearly observable on the terrain and the tunnels (Figure 7.38).  

 

 

Figure 7.38. Material status model for Km: 3+710 - 3+810. 

 

Maximum and minimum tunnel section displacement values for Km: 3+710-3+810 were 

presented in Table 7.7. Figures 7.39, 7.40, 7.41 and 7.42 also show tunnel section total,  X, 

Y and Z displacement values. Tunnel section of total (Figure 7.39) and Y (Figure 7.41) 

displacements can be explained with blue color‘s range. In addition, tunnel section of X 

displacement (Figure 7.40) values have range between 1.27 and 0.042. Light blue and green  

color also show tunnel section displacement ranges in Figure 7.42.  

 

Table 7.7. Maximum and minimum tunnel section displacement values for Km: 3+710 - 3+810. 

KM: 3+710 - 3+810 Displacement Max (cm) Min (cm) 

Figure 7.39 Total 2.30 0.57 

Figure 7.40 X 1.27 0.042 

Figure 7.41 Y 2.10 0.23 

Figure 7.42 Z 1.10 0.062 
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Figure 7.39. Tunnel section of total displacement model for Km: 3+710 - 3+810. 

 

 

 

Figure 7.40. Tunnel section of X displacement model for Km: 3+710 - 3+810. 
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Figure 7.41. Tunnel section of Y displacement model for Km: 3+710 - 3+810. 

 

 

 

 

Figure 7.42. Tunnel section of Z displacement model for Km: 3+710 - 3+810. 
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Failures on tunnel are also presented in Figure 7.43.  

 

Figure 7.43. Tunnel section of material status model for Km: 3+710 - 3+810. 

 

Thirdly, Km: 3+660 – 3+710 was also modeled in order to reach more information about 

displacement, stress and failures. Meshed model for Km: 3+660 – 3+710 was illustrated in 

Figure 7.44. 

 

Figure 7.44. Meshed model for Km: 3+660 – 3+710. 
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Maximum and minimum displacement values for Km: 3+660 – 3+710 can be provided 

from Table 7.8. While maximum displacements accumulates in red regions for total (Figure 

7.45), Y (Figure 7.47) displacements models, dark blue color represents maximum 

displacement values for X (Figure 7.46) and Z (Figure 7.48) displacement models. 

 

Table 7.8. Maximum and minimum displacement values for Km: 3+660 – 3+710. 

 

KM: 3+660 – 3+710 

Displacement Max (cm) Min (cm) 

Figure 7.45 Total 23.8 0 

Figure 7.46 X 7.20 0.27 

Figure 7.47 Y 23.7 0.25 

Figure 7.48 Z 20.7 1.13 

 

 

 

Figure 7.45. Total displacement model for Km: 3+660 – 3+710.  
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Figure 7.46. Horizontal displacement model for Km: 3+660 – 3+710. 

 

 

 

Figure 7.47. Displacement model along the Y-axis for Km: 3+660 – 3+710.  
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Figure 7.48. Vertical displacement model for Km: 3+660 – 3+710.  

 

After the displacement values was examined for Km: 3+660 – 3+710, maximum and 

minimum stress values were presented in Table 7.9. Maximum stresses locate in red 

regions which are examined around the tunnel for Figures 7.49, 7.50 and 7.53. In addition, 

as can be seen from Figures 7.51 and 7.52, tunnel arounds have maximum stress value in 

red regions.  

 

Table 7.9. Maximum and minimum stress values for Km: 3+660 – 3+710. 

KM: 3+660 – 3+710 Stress Max (kN/m
2
) Min (kN/m

2
) 

Figure 7.49 Mean Total 4245 12.3 

Figure 7.50 XX 4050 45 

Figure 7.51 YY 11444 11.9 

Figure 7.52 ZZ 8078 5.9 

Figure 7.53 Mean Effective 3891 12.3 
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Figure 7.49. Total stress model for Km: 3+660 – 3+710. 

 

 

 

Figure 7.50. XX stress model for Km: 3+660 – 3+710. 
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Figure 7.51. YY stress model for Km: 3+660 – 3+710. 

 

 

 

Figure 7.52. ZZ stress model for Km: 3+660 – 3+710. 
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Figure 7.53. Mean effective stress model for Km: 3+660 – 3+710. 

 

Material status output was displayed in Figure 7.54 for Km: 3+660 – 3+710. According to 

Figure 7.54, plastic material failure can be shown in red region. The other failures were 

shown in blue areas. 

 

 

Figure 7.54. Material status model for Km: 3+660 – 3+710. 
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Table 7.10 is helpful to clarify maximum and minimum tunnel section displacement values 

for Km: 3+660 – 3+710. Dark blue colors represents deformations on tunnel for Figures 

7.55 and 7.57. Furthermore, red colors show deformations around tunnel for both models. 

While maximum displacement values accumulate in red region for Figure 7.56, maximum 

displacements are seen in light blue colors for Figure 7.58.  

 

Table 7.10. Maximum and minimum tunnel section displacement values for Km: 3+660 – 3+710. 

 

KM: 3+660 – 3+710 

Displacement Max (cm) Min (cm) 

Figure 7.55 Total 23.8 0 

Figure 7.56 X 0.90 0.27 

Figure 7.57 Y 23.7 0.25 

Figure 7.58 Z 6.59 1.13 

 

 

Figure 7.55. Tunnel section of total displacement model for Km: 3+660 – 3+710. 
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Figure 7.56. Tunnel section of X displacement model for Km: 3+660 – 3+710. 

 

 

 

Figure 7.57. Tunnel section of Y displacement model for Km: 3+660 – 3+710. 
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Figure 7.58. Tunnel section of Z displacement model for Km: 3+660 – 3+710. 

 

 

 

Figure 7.59. Tunnel section of material status model for Km: 3+660 – 3+710. 
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Finally, examination of displacements, stress and failures models for Km: 3+510 – 3+660  

are presented in this part of thesis. Meshed model for Km: 3+510 – 3+660 was also given 

in Figure 7.60. 

 

 

Figure 7.60. Meshed model for Km: 3+510 – 3+660. 

 

Maximum and minimum displacement values can be provided from Table 7.11. Large 

deformations are examined in red regions for total (Figure 7.61), X (Figure 7.62), Y (Figure 

7.63) displacement models. In contrast, maximum displacement locates in dark blue areas 

for Z displacement model (Figure 7.64). 

 

Table 7.11. Maximum and minimum displacement values for Km: 3+510 – 3+660. 

 

KM: 3+510 – 3+660 

Displacement Max (cm) Min (cm) 

Figure 7.61 Total 20.6 0 

Figure 7.62 X 9.7 0.24 

Figure 7.63 Y 20.2 0.19 

Figure 7.64 Z 8.3 0.19 
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Figure 7.61. Total displacement model for Km: 3+510 – 3+660. 

 

 

Figure 7.62. Horizontal displacement model for Km: 3+510 – 3+660. 
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Figure 7.63. Displacement model along the Y-axis for Km: 3+510 – 3+660.  

 

 

 

Figure 7.64. Vertical displacement model for Km: 3+510 – 3+660.  
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Maximum and minimum stress values for Km: 3+510 – 3+660 can be examined from Table 

7.12. Figures 7.65, 7.66, 7.67,7.68 and 7.69 clarify that maximum stresses are examined 

around tunnel.  

 

Table 7.12. Maximum and minimum stress values for Km: 3+510 – 3+660. 

KM: 3+510 – 3+660 Stress Max (kN/m
2
) Min (kN/m

2
) 

Figure 7.65 Mean Total 3063 179 

Figure 7.66 XX 5988 511 

Figure 7.67 YY 8545 5.2 

Figure 7.68 ZZ 8859 19.1 

Figure 7.69 Mean Effective 2739 91.6 

 

 

 

Figure 7.65. Total stress model for Km: 3+510 – 3+660. 
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Figure 7.66. XX stress model for Km: 3+510 – 3+660. 

 

 

Figure 7.67. YY stress model for Km: 3+510 – 3+660. 
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Figure 7.68. ZZ stress model for Km: 3+510 – 3+660. 

 

 

Figure 7.69. Mean effective stress model for Km: 3+510 – 3+660. 
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Figure 7.70 manifests material status output for Km: 3+510 – 3+660. Failures on terrain 

and tunnel are demonstrated in Figure 7.70. 

 

Figure 7.70. Material status model for Km: 3+510 – 3+660. 

 

Table 7.13 explains maximum and minimum tunnel section displacement values for Km: 

3+510 – 3+660. For Z tunnel section displacement model (Figure 7.74), light blue colors 

depict deformations on tunnel. In contrary to Z displacement model, dark blue color 

displacement range represents deformations for total (Figure 7.71), X (Figure 7.72), Y 

(Figure 7.73) tunnel section displacement models. In addition, maximum displacements 

values around tunnel can be examined from Table 7.13 for each model. 

 

Table 7.13. Maximum and minimum tunnel section displacement values for Km: 3+510 – 3+660. 

 

KM: 3+510 – 3+660 

Displacement Max (cm) Min (cm) 

Figure 7.71 Total 13.72 0 

Figure 7.72 X 6.37 0.24 

Figure 7.73 Y 8.31 0.19 

Figure 7.74 Z 2.50 0.19 
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Figure 7.71. Tunnel section of total displacement model for Km: 3+510 – 3+660. 

 

 

 

Figure 7.72. Tunnel section of X displacement model for Km: 3+510 – 3+660. 
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Figure 7.73. Tunnel section of Y displacement model for Km: 3+510 – 3+660. 

 

 

Figure 7.74. Tunnel section of Z displacement model for Km: 3+510 – 3+660. 
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Figure 7.75 presents the failures on tunnel section for Km: 3+510 – 3+660. 

 

 

Figure 7.75. Tunnel section of material status model for Km: 3+510 – 3+660. 
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8. DISCUSSION 

 

Analyses results and their interpretations are given in this chapter. Purpose of these 

analyses was to predict possible deformation on the rock mass and debris. Considering 3D 

finite element model, critical locations were probed to interpret rock response in terms of 

deformation. This study highlights that numerical analyses are necessary in order to remain 

on the safe side during the construction of tunnel. All parameters are properly established in 

order to account for rock responses during TBM tunneling process. Monitored analyses 

results clearly explain that TBM has negative effect on rock in accordance with 

displacement and failure models results. Failure models also give opportunity to 

comprehend  aspects of TBM-landslide; hence, TBM - landslide relationship might require 

the cancellation of the TBM where debris may trigger landslide. Identification of the factors 

that generate landslide in the area is important to determine the appropriate tunnel 

construction method and to prevent potential hazard. According to static load results, TBM 

constructions displacement values were within the scope of thesis, which had impacts on 

Bahçe portal area. Thus, it can be suggested that TBM construction may be cancelled for 

TBM safety in the scope of the Bahçe-Nurdağ Project in order to minimize the possible 

hazards which might arise from landslide. Moreover, this study is vital research to improve 

the understanding of the landslide-tunnelling interactions for static load situation by 

performing rigorous 3D FEM analyses. To sum up, interpretations of displacement result 

models are required for secure tunnel construction. Results elaborately reveal that prepared 

deformation models were capable of accounting for complex relations in this study. The 

most crucial situation in the TBM tunnel-landslide relationship that might be necessary to 

determine the region of inactivation of the TBM-tunneling having possible landslide hazard 

which caused by debris in order to avoid TBM-squeezing problem.  
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9. CONCLUSION 

 

Site investigation studies consisting of description of study area with respect to topography, 

climate and vegetation, geology, hydrogeology, landslide, seismicity and engineering 

geology have been completed within the scope of the study. Landslide-tunnel numerical 

model has been established in order to better understand TBM-landslide relationship. In 

this study, TBM tunnelling- landslide interaction analysis was carried out by considering 

the simplified FEM results with the MIDAS GTS NX software. This study demonstrated 

that numerical modelling is a productive tool for interpreting the problems in tunnel design. 

It is important to ensure whether the ground conditions of whole tunnel route are 

appropriate for TBM construction or not. Construction of Bahçe-Nurdağ Tunnel‘s Bahçe 

portal part can be described as difficult conditions with respect to engineering geology. 

Therefore, when deformation results are evaluated TBM tunnelling excavation method, 

TBM does not provide safety results. Although TBM is fast method, it may cause a 

problem of landslide in between 3+810 Km and 4+110 Km by interpreting of the 

deformation results. Result also probe that between the Km: 3+510 and 3+710 is more 

complex than interval of Km: 3+810 and 4+110 with respect to geology; thus, construction 

of the tunnel in these sections (3+510-4+110) can be cancelled with TBM. It is supposed 

that this study contributes to an enhanced knowledge of TBM-landslide relationships in 

complex region. Nevertheless, it can be recommended that impacts of Ko may be examined 

in the preparation of numerical modelling stage by appraising the fault zones along the 

tunnel route for future study.  

 

In conclusion, 3D finite element models are developed to not only ensure the effects of 

TBM tunnelling on landslide but also decide tunnel construction method in order to 

complete tunnel safely by considering all factors. Therefore, TBM tunnelling excavation 

should be stopped for the last 600 meters in the project of Bahçe-Nurdağ Tunnel due to 

possible landslide problem detected from the FEM analysis results. 
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APPENDICES 

Appendix 1- Boreholes Information 

 

Borehole information of SK-1 (Reproduced after TCDD, 2018). 
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Borehole information of SK-2 (Reproduced after TCDD, 2018). 
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Borehole information of SK-7A (Reproduced after TCDD, 2014). 
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Borehole information of SK-8 (Reproduced after TCDD, 2014).  
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Borehole information of SK-8Y (Reproduced after TCDD, 2014). 
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Borehole information of SK-9 (Reproduced after TCDD, 2014).  
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Borehole information of SK-9Y (Reproduced after TCDD, 2014). 
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Borehole information of SK-10 (Reproduced after TCDD, 2014). 

  



120 

 

 

Borehole information of SK-11 (Reproduced after TCDD, 2014). 
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Appendix 2- Test Standard 

 

SK-7A 

 

SK-8 

 

SK-9 

 

SK-10 

 

SK-11 

Uniaxial Compressive 

Strength Tests 
ISRM 2006 (1981) 

Static Elasticity Modulus 

Tests 
ISRM 2006 (1981) 

Indirect (Brazilian) Tensile 

Strength Tests 
ISRM 2006 (1981) 

 

Point Load Strength Test 

 

ASTM D-5731-02 

SK-8Y 

 

SK-9Y 

 

Uniaxial Compressive 

Strength Tests 

Ulusay, R., Hudson, J.A., 

(eds.), ―The Complete ISRM 

Suggested Methods for Rock 

Characterization, Testing and 

Monitoring: 1974-2006‖, 

Ankara, 2007. 

 

Point Load Strength Test 

Ulusay, R., Hudson, J.A., 

(eds.), ―The Complete ISRM 

Suggested Methods for Rock 

Characterization, Testing and 

Monitoring: 1974-2006‖, 

Ankara, 2007. 
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