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ABSTRACT 

 

ASSESSMENT OF TUNNEL STABILITY AND DETERMINATION OF 

TUNNEL SUPPORT SYSTEMS FOR A SEGMENT (KM:90+222.10-

93+435.70) OF AFYONKARAHISAR ï BURDUR RAILWAY LINE   

 

 

T¿rkºz, Nazlē Deniz 

Master of Science, Geological Engineering 

Supervisor : Prof. Dr. Tamer Topal 

 

 

August 2023, 253 pages 

 

Afyonkarahisar ï Burdur Railway is located at the connection of Eskiĸehir ï K¿tahya 

ï Antalya Railway and Zafer Airport. A tunnel is planned to be constructed as sixth 

of the eight tunnels within the scope of Afyonkarahisar ï Burdur Railway Project 

between the kilometers of 90+222.10 ï 93+435.70. The length and width of the 

tunnel is 3213,6 m and 13,30 m respectively. 

In this thesis, classification of the rock mass and determination of engineering 

parameters and support systems of the Tunnel-6 in Afyonkarahisar ï Burdur Railway 

line were carried out.  

The main lithology along the tunnel is limestone. Tunnel-6 was divided into 3 critical 

sections as entrance portal, tunnel axis and exit portal. Rock mass classification 

systems (RMR, GSI, Q and NATM) were used for classification of rock mass along 

the tunnel and rock mass strength parameters and appropriate support systems were 

determined. NATM class was determined as B3 along the tunnel. Rock bolt with a 

diameter of 28 mm and a length of 6 m, shotcrete with 20 cm thickness, double layer 

wire mesh, I160 type steel rib and forepole with a length of 4 m were suggested for 

the tunnel for B3 class. 
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In order to verify the determined support systems, numerical analyses were 

performed by using RS2 software. As a result of the numerical analyses, 

deformations in the tunnel are found to be acceptable with the applied supports.  

 

Keywords: Numerical Modeling, Rock Mass Classification Systems, Support 

Systems, Limestone, Afyonkarahisar ï Burdur. 
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¥Z 

 

AFYONKARAHĶSAR ï BURDUR DEMĶRYOLU HATTININ BĶR KESĶMĶ 

(KM: 90+222.10-93+435.70) Ķ¢ĶN T¦NEL STABĶLĶTE 

DEĴERLENDĶRMESĶ VE T¦NEL DESTEK SĶSTEMLERĶNĶN 

BELĶRLENMESĶ 

 

 

T¿rkºz, Nazlē Deniz 

Y¿ksek Lisans, Jeoloji M¿hendisliĵi 

Tez Yºneticisi: Prof. Dr. Tamer Topal 

 

 

Aĵustos 2023, 253 sayfa 

 

Afyonkarahisar ï Burdur Demiryolu, Eskiĸehir ï K¿tahya ï Antalya Demiryolu ve 

Zafer Havalimanē baĵlantēsēnda yer almaktadēr. Afyonkarahisar ï Burdur Demiryolu 

Projesi kapsamēndaki sekiz t¿nelin altēncēsē olarak 90+222,10ï93+435,70 

kilometreleri arasēnda bir t¿nel yapēlmasē planlanmaktadēr. T¿nelin uzunluĵu 3213,6 

m ve geniĸliĵi 13,30 môdir. 

Bu tezde, Afyonkarahisar ï Burdur Demiryolu hattēndaki T¿nel-6ônēn kaya k¿tle 

sēnēflandērēlmasē yapēlmēĸ, m¿hendislik parametreleri ve destek sistemleri 

belirlenmiĸtir.  

T¿nel boyunca ana litoloji kire­taĸēdēr. T¿nel-6 giriĸ portalē, t¿nel ekseni ve ­ēkēĸ 

portalē olarak 3 kritik kesime ayrēlmēĸtēr. T¿nel boyunca kaya k¿tlesinin 

sēnēflandērēlmasē i­in kaya k¿tle sēnēflandērma sistemleri (RMR, GSI, Q ve NATM) 

kullanēlmēĸ ve kaya k¿tle dayanēm parametreleri ve uygun destek sistemleri 

belirlenmiĸtir. NATM sēnēfē t¿nel boyunca B3 olarak belirlenmiĸtir. B3 sēnēfē i­in 28 

mm ­apēnda 6 m uzunluĵunda kaya bulonu, 20 cm kalēnlēĵēnda p¿sk¿rtme beton, ­ift 

katmanlē ­elik hasēr, I160 tipi iksa ve 4 m uzunluĵunda s¿ren ºnerilmiĸtir. 
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Belirlenen destek sistemlerini doĵrulamak i­in RS2 yazēlēmē kullanēlarak sayēsal 

analizler yapēlmēĸtēr. Sayēsal analizler sonucunda, uygulanan destek sistemleri ile 

t¿neldeki deformasyonlar kabul mertebelerdedir. 

 

Anahtar Kelimeler: N¿merik Modelleme,  Kaya K¿tle Sēnēflama Sistemleri, Destek 

Sistemleri, Kire­taĸē, Afyonkarahisar ï Burdur. 

 



 

 

ix 

 

To myself 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

x 

 

ACKNOWLEDGMENTS  

 

I would like to express my special thanks and deepest gratitude to my supervisor 

Prof. Dr. Tamer Topal for his guidance, advice, criticism, encouragements, and 

insight throughout the research. 

I would like to thank all jury members for their suggestions and comments. 

I would like to thank Akademi Project Engineering & Consultancy Limited Co. for 

providing the data. 

I would like to thank Kerim Yusufi for his invaluable technical guidance. 

Finally, I would like to express my deepest appreciations to my mother Nursel 

T¿rkºz, my father H¿seyin T¿rkºz, my sister Doĵa T¿rkºz and my boyfriend 

Alperen Eroĵlu for their endless love, support, and motivation. 

 

 



 

 

xi 

 

TABLE OF CONTENTS  

1.  

ABSTRACT ............................................................................................................... v 

¥Z vii  

ACKNOWLEDGMENTS ......................................................................................... x 

TABLE OF CONTENTS ......................................................................................... xi 

LIST OF TABLES ................................................................................................. xiv 

LIST OF FIGURES .............................................................................................. xvii  

CHAPTERS 

1 INTRODUCTION ............................................................................................. 1 

1.1 Purpose and Scope ..................................................................................... 1 

1.2 Location and Accessibility of the Study Area ............................................ 4 

1.3 Climate and Vegetation .............................................................................. 6 

1.4 Methodology .............................................................................................. 6 

1.5 Previous Studies ......................................................................................... 7 

1.5.1 The literature survey about geology of the study area ........................ 7 

1.5.2 The literature survey about site investigation for tunneling ............... 8 

1.5.3 The literature survey about rock mass classifications and support 

systems  ............................................................................................................. 9 

1.5.4 The literature survey about related studies ....................................... 21 

2 GEOLOGY ...................................................................................................... 23 

2.1 Regional Geology ..................................................................................... 23 



 

 

xii  

 

2.2 Site Geology ............................................................................................. 24 

2.3 Structural Geology .................................................................................... 25 

2.4 Hydrogeology ........................................................................................... 27 

2.5 Seismicity of the Tunnel Area .................................................................. 28 

3 ENGINEERING GEOLOGY OF THE STUDY AREA ................................. 31 

3.1 Field Studies ............................................................................................. 37 

3.2 Drillings .................................................................................................... 42 

3.3 Laboratory Tests ....................................................................................... 44 

4 ROCK MASS CLASSIFICATIONS ALONG THE TUNNEL ...................... 51 

4.1 RMR Classification ................................................................................... 51 

4.1.1 Entrance Portal (KM:90+222.10 ï 90+250.00) ................................. 51 

4.1.2 Tunnel Axis (KM:90+250.00 ï 93+410.00) ..................................... 53 

4.1.3 Exit Portal (KM:93+410.00 ï 93+435.70) ........................................ 55 

4.2 GSI Classification ..................................................................................... 57 

4.2.1 Entrance Portal (KM:90+222.10 ï 90+250.00) ................................. 58 

4.2.2 Tunnel Axis (KM:90+250.00 ï 93+410.00) ..................................... 59 

4.2.3 Exit Portal (KM:93+410.00 ï 93+435.70) ........................................ 60 

4.3 Q Classification ......................................................................................... 61 

4.3.1 Entrance Portal (KM:90+222.10 ï 90+250.00) ................................. 62 

4.3.2 Tunnel Axis (KM:90+250.00 ï 93+410.00) ..................................... 66 

4.3.3 Exit Portal (KM:93+410.00 ï 93+435.70) ........................................ 70 

4.4 NATM Classification ................................................................................ 74 

4.4.1 Entrance Portal (KM:90+222.10 ï 90+250.00) ................................. 74 



 

 

xiii  

 

4.4.2 Tunnel Axis (KM:90+250.00 ï 93+410.00) ..................................... 75 

4.4.3 Exit Portal (KM:93+410.00 ï 93+435.70.00) ................................... 76 

5 DETERMINATION OF SUPPORT SYSTEMS USING EMPIRICAL 

METHODS .............................................................................................................. 77 

5.1 Support Systems Based on RMR Classification ...................................... 77 

5.2 Support Systems Based on Q-System ...................................................... 79 

5.3 Support System Based on NATM ............................................................ 81 

6 ESTIMATION OF THE ROCK MASS STRENGTH PARAMETERS ......... 83 

7 NUMERICAL ANALYSIS ........................................................................... 101 

7.1 Stability Analyses for the Entrance Portal ............................................. 103 

7.2 Stability Analyses for the Tunnel Axis .................................................. 121 

7.3 Stability Analyses for the Exit Portal ..................................................... 131 

8 DISCUSSIONS .............................................................................................. 145 

9 CONCLUSIONS AND RECOMMENDATIONS ........................................ 149 

REFERENCES ...................................................................................................... 153 

APPENDICES ....................................................................................................... 159 

A. Borehole Logs ........................................................................................ 159 

B. Core Box Photos ..................................................................................... 185 

C. Laboratory Test Results ......................................................................... 221 

 

 



 

 

xiv 

 

 

LIST OF TABL ES 

TABLES 

Table 1.1 Rock Mass Rating System (After Bieniawski 1989). .............................. 10 

Table 1.2 Excavation and support guideline for tunnels based on RMR value (After 

Bieniawski, 1989). ................................................................................................... 11 

Table 1.3 Parameters used in Tunneling Quality Index (Q system) (After Barton et 

al. 1974). .................................................................................................................. 12 

Table 1.4 NATM classification (¥NORM B 2203, 1994). ..................................... 16 

Table 1.5 Correlation between RMR, Q and NATM (¥NORM B 2203, 1994). .... 18 

Table 2.1 The characteristics of the soil class ZC (TBEC, 2018) ........................... 30 

Table 3.1 Detailed information of discontinuities. .................................................. 38 

Table 3.2 Effect of discontinuity strike and dip orientation at tunneling (Bieniawski, 

1989). ....................................................................................................................... 41 

Table 3.3 Laboratory test standards. ........................................................................ 45 

Table 3.4 Laboratory results of the soil and rock samples. ..................................... 45 

Table 3.5 Engineering classification of rock by strength (ISRM,1978c) ................ 47 

Table 3.6 The k-values given in the literature for the relationship between uniaxial 

compressive strength and point load strength index (Topal, 2000). ........................ 48 

Table 3.7 k-values for boreholes and hand specimens. ........................................... 49 

Table 4.1 RMR calculation for the entrance portal. ................................................ 52 

Table 4.2 Selected values of RMR table for the entrance portal. ............................ 53 

Table 4.3 RMR calculation for the tunnel axis. ....................................................... 54 

Table 4.4 Selected values of RMR table for the tunnel axis. .................................. 55 

Table 4.5 RMR calculation for the exit portal. ........................................................ 56 

Table 4.6 Selected values of RMR table for the exit portal. ................................... 57 

Table 4.7 GSI value for the entrance portal. ........................................................... 58 

Table 4.8 GSI value for tunnel axis. ........................................................................ 59 



 

 

xv 

 

Table 4.9 GSI value for the exit portal. .................................................................. 60 

Table 4.10 Comparison of GSI values. ................................................................... 61 

Table 4.11 Q classification for the entrance portal. ................................................ 62 

Table 4.12 Selected values for Q value of the entrance portal (After Barton et al., 

1974). ...................................................................................................................... 63 

Table 4.13 Q classification for the tunnel axis. ...................................................... 66 

Table 4.14 Selected values for Q value of tunnel axis (After Barton et al. 1974). . 67 

Table 4.15 Q classification for the exit portal. ........................................................ 70 

Table 4.16 Selected values for Q value of exit portal (After Barton et al. 1974). .. 71 

Table 4.17 Correlation between RMR, Q and NATM for entrance portal (¥NORM 

B 2203, 1994). ......................................................................................................... 74 

Table 4.18 Correlation between RMR, Q and NATM for tunnel axis (¥NORM B 

2203, 1994). ............................................................................................................ 75 

Table 4.19 Correlation between RMR, Q and NATM for tunnel axis (¥NORM B 

2203, 1994). ............................................................................................................ 76 

Table 5.1 Excavation and support guideline for tunnels based on RMR value (After 

Bieniawski, 1989). .................................................................................................. 78 

Table 5.2 Excavation and support systems based on RMR value for Tunnel-6. .... 78 

Table 5.3 Excavation categories and ESR values (After Barton et al., 1974). ....... 79 

Table 5.4 Support systems based on NATM. ......................................................... 82 

Table 5.5 Comparison of the support systems obtained from different classification 

systems. ................................................................................................................... 82 

Table 6.1 Summary of rock mass strength parameters for limestone unit at different 

sections of tunnel. ................................................................................................... 91 

Table 6.2 Deformation modulus calculations for the entrance portal D=0. ............ 92 

Table 6.3 Deformation modulus calculations for the entrance portal D=0.7. ......... 93 

Table 6.4 Deformation modulus calculations for the entrance portal D=1.0. ......... 94 

Table 6.5 Deformation modulus calculations for the tunnel axis D=0. .................. 95 

Table 6.6 Deformation modulus calculations for the tunnel axis D=0.5. ............... 96 

Table 6.7 Deformation modulus calculations for the exit portal D=0. ................... 97 



 

 

xvi 

 

Table 6.8 Deformation modulus calculations for the exit portal D=0.7. ................. 98 

Table 6.9 Deformation modulus calculations for the exit portal D=1.0. ................. 99 

Table 7.1 Material properties of the forehead slope materials of the entrance portal.

 ............................................................................................................................... 103 

Table 7.2 Rock bolt properties at the forehead slope of the entrance portal. ........ 103 

Table 7.3 Shotcrete properties at the forehead slope of the entrance portal. ......... 103 

Table 7.4 Material properties of the rocks at the tunnel axis. ............................... 126 

Table 7.5 Bolt properties used at the tunnel axis. .................................................. 126 

Table 7.6 Liner properties used at the tunnel axis. ................................................ 126 

Table 7.7 Composite liner properties used at the tunnel axis. ............................... 126 

Table 7.8 Material properties of the forehead slope materials of the exit portal. .. 131 

Table 7.9 Rock bolt properties at the forehead slope of the exit portal. ................ 131 

Table 7.10 Shotcrete properties at the forehead slope of the exit portal. .............. 131 



 

 

xvii  

 

LIST OF FIGURES 

FIGURES  

Figure 1.1. Typical cross section of the tunnel without invert. ................................. 2 

Figure 1.2. Typical cross section of the tunnel with invert. ...................................... 3 

Figure 1.3. Location of the study area (Blue line shows the Afyonkarahisar ï Burdur 

railway line whereas black rectangle shows the location of tunnel). ........................ 5 

Figure 1.4. Location of the tunnel. ............................................................................ 6 

Figure 1.5. Reinforcement categories based on tunneling quality index (Q system) 

(After Grimstad and Barton, 1993). ........................................................................ 15 

Figure 1.6. Geological Strength Index (GSI) (Hoek & Brown, 1997).................... 19 

Figure 1.7. Geological Strength Index (GSI) (Marinos and Hoek 2001). .............. 20 

Figure 2.1. Geological map of the study area clipped from 1/100.000 scaled MTA 

map (MTA, 2011). .................................................................................................. 24 

Figure 2.2. A view from Dutdere limestone in study area. ..................................... 25 

Figure 2.3. Tectonic setting and seismicity of the region (¥ncel et al.,1998). ....... 26 

Figure 2.4. Location of the springs around the study area (Aksever et al., 2018). . 28 

Figure 2.5. Active fault map of Dinar and its vicinity. (K¿r­er et al., 2021).......... 29 

Figure 2.6. Location of study area in Earthquake Hazard Map of Turkey (AFAD, 

2018). ...................................................................................................................... 30 

Figure 3.1. Plan and profile of the entrance of the Tunnel-6. ................................. 32 

Figure 3.2. Plan and profile of the tunnel axis. ....................................................... 33 

Figure 3.3. Plan and profile of the tunnel axis. ....................................................... 34 

Figure 3.4. Plan and profile of the tunnel axis. ....................................................... 35 

Figure 3.5. Plan and profile of the exit of the Tunnel-6.......................................... 36 

Figure 3.6. Karstic cavity in TSK-344. ................................................................... 37 

Figure 3.7. Location of the hand specimens and discontinuities ............................ 39 

Figure 3.8. A view from outcrop............................................................................. 39 

Figure 3.9. Pole plot of major joint sets observed at the tunnel axis. ..................... 40 

Figure 3.10. Contour diagram of major joint sets observed at tunnel axis. ............ 40 



 

 

xviii  

 

Figure 3.11. Rosette plot of major joint sets observed at tunnel axis. ..................... 41 

Figure 3.12. Location of the boreholes. ................................................................... 42 

Figure 3.13. A photograph showing drilling machine at TSK-271 location. .......... 43 

Figure 5.1. Support categories based on tunneling quality index (Q system) (After 

Grimstad and Barton, 1993). ................................................................................... 79 

Figure 5.2. Support categories based on tunneling quality index (Q system) for the 

entrance and exit portals (After Grimstad and Barton, 1993). ................................ 80 

Figure 5.3. Support categories based on tunneling quality index (Q system) for the 

tunnel axis (After Grimstad and Barton, 1993). ...................................................... 81 

Figure 6.1. Input parameters used by Roclab (Rocscience, 2004). ......................... 83 

Figure 6.2. Selection of mi value in Roclab (Rocscience, 2004). ........................... 84 

Figure 6.3. GSI chart in Roclab (Rocscience, 2004). .............................................. 84 

Figure 6.4. Disturbance factor for tunnels in Roclab (Rocscience, 2004). ............. 85 

Figure 6.5. Disturbance factor for slopes in Roclab (Rocscience, 2004). ............... 85 

Figure 6.6. Rock mass strength parameters for the entrance portal slopes D=0. .... 86 

Figure 6.7. Rock mass strength parameters for the entrance portal slopes D=0.7. . 87 

Figure 6.8. Rock mass strength parameters for the entrance portal slopes D=1.0. . 87 

Figure 6.9. Rock mass strength parameters for the tunnel axis D=0. ...................... 88 

Figure 6.10. Rock mass strength parameters for the tunnel axis D=0.5. ................. 89 

Figure 6.11. Rock mass strength parameters for the exit portal slopes D=0. .......... 89 

Figure 6.12. Rock mass strength parameters for the exit portal slopes D=0.7. ....... 90 

Figure 6.13. Rock mass strength parameters for the exit portal slopes D=1.0. ....... 91 

Figure 7.1. Four different finite element types in RS2 (Rocscience, 2020) .......... 101 

Figure 7.2. An example of uniform mesh with triangular element type (Rocscience, 

2020) ...................................................................................................................... 102 

Figure 7.3. Model of the forehead slope at the entrance portal without supports under 

the dynamic condition. .......................................................................................... 104 

Figure 7.4. Model of the forehead slope at the entrance portal with supports under 

the dynamic condition. .......................................................................................... 104 



 

 

xix 

 

Figure 7.5. Short-term analysis of the forehead slope at the entrance portal under the 

static condition for mechanical excavation D=0.7. ............................................... 105 

Figure 7.6. Long-term analysis of the forehead slope at the entrance portal under the 

static condition for mechanical excavation D=0.7. ............................................... 106 

Figure 7.7. Long-term analysis of the forehead slope at the entrance portal under the 

dynamic condition for mechanical excavation D=0.7. ......................................... 107 

Figure 7.8. Long-term analysis of the forehead slope at the entrance portal under the 

dynamic condition with rock bolt and shotcrete for D=0.7. ................................. 108 

Figure 7.9. Short-term analysis of the forehead slope at the entrance portal under the 

static condition for poor blasting D=1.0. .............................................................. 109 

Figure 7.10. Long-term analysis of the forehead slope at the entrance portal under 

the static condition for poor blasting D=1.0. ........................................................ 110 

Figure 7.11. Long-term analysis of the forehead slope at the entrance portal under 

the dynamic condition for poor blasting D=1.0. ................................................... 111 

Figure 7.12. Long-term analysis of the forehead slope at the entrance portal under 

the dynamic condition with rock bolt and shotcrete for D=1.0. ........................... 112 

Figure 7.13. Model of the side slopes at the entrance portal without supports under 

the dynamic condition. .......................................................................................... 113 

Figure 7.14. Model of the side slopes at the entrance portal with supports under the 

dynamic condition. ................................................................................................ 114 

Figure 7.15. Short-term analysis of the side slopes at the entrance portal under the 

static condition for mechanical excavation D=0.7. ............................................... 114 

Figure 7.16. Long-term analysis of the side slopes at the entrance portal under the 

static condition for mechanical excavation D=0.7. ............................................... 115 

Figure 7.17. Long-term analysis of the side slopes at the entrance portal under the 

dynamic condition for mechanical excavation D=0.7. ......................................... 116 

Figure 7.18. Long-term analysis of the side slopes at the entrance portal under the 

dynamic condition with rock bolt and shotcrete for D=0.7. ................................. 117 

Figure 7.19. Short-term analysis of the side slopes at the entrance portal under the 

static condition for poor blasting D=1.0. .............................................................. 118 



 

 

xx 

 

Figure 7.20. Long-term analysis of the side slopes at the entrance portal under the 

static condition for poor blasting D=1.0. ............................................................... 118 

Figure 7.21. Long-term analysis of the side slopes at the entrance portal under the 

dynamic condition for poor blasting D=1.0. ......................................................... 119 

Figure 7.22. Long-term analysis of the side slopes at the entrance portal under the 

dynamic condition with rock bolt and shotcrete for D=1.0. .................................. 120 

Figure 7.23. Model of the analyzed section of the tunnel. .................................... 122 

Figure 7.24. Stage 1 of the analyses. ..................................................................... 122 

Figure 7.25. Stage 2 of the analyses. ..................................................................... 123 

Figure 7.26. Stage 3 of the analyses. ..................................................................... 123 

Figure 7.27. Stage 4 of the analyses. ..................................................................... 124 

Figure 7.28. Stage 5 of the analyses. ..................................................................... 124 

Figure 7.29. Stage 6 of the analyses. ..................................................................... 125 

Figure 7.30. Stage 7 of the analyses. ..................................................................... 125 

Figure 7.31. Yielded elements of the upper part of the tunnel. ............................. 127 

Figure 7.32. Yielded elements of the lower part of the tunnel. ............................. 128 

Figure 7.33. Axial and shear forces around the tunnel. ......................................... 128 

Figure 7.34. Axial forces and total displacements around the tunnel. .................. 129 

Figure 7.35. Bolt capacity diagram of the tunnel. ................................................. 130 

Figure 7.36. Shotcrete capacity diagram of the tunnel. ......................................... 130 

Figure 7.37. Model of the forehead slope at the exit portal without supports under 

the dynamic condition. .......................................................................................... 132 

Figure 7.38. Model of the forehead slope at the exit portal with supports under the 

dynamic condition. ................................................................................................ 132 

Figure 7.39. Analysis of the forehead slope at the exit portal under the static 

condition for mechanical excavation D=0.7. ......................................................... 133 

Figure 7.40. Analysis of the forehead slope at the exit portal under the dynamic 

condition for mechanical excavation D=0.7. ......................................................... 134 

Figure 7.41. Analysis of the forehead slope at the exit portal under the dynamic 

condition with rock bolt and shotcrete for D=0.7.................................................. 135 



 

 

xxi 

 

Figure 7.42. Analysis of the forehead slope at the exit portal under the static 

condition for poor blasting D=1.0. ........................................................................ 136 

Figure 7.43. Analysis of the forehead slope at the exit portal under the dynamic 

condition for poor blasting D=1.0. ........................................................................ 136 

Figure 7.44. Analysis of the forehead slope at the exit portal under the dynamic 

condition with rock bolt and shotcrete for D=1.0. ................................................ 137 

Figure 7.45. Model of the side slopes at the exit portal without supports under the 

dynamic condition. ................................................................................................ 138 

Figure 7.46. Model of the side slopes at the exit portal with supports under the 

dynamic condition. ................................................................................................ 139 

Figure 7.47. Analysis of the side slopes at the exit portal under the static condition 

for mechanical excavation D=0.7. ........................................................................ 139 

Figure 7.48. Analysis of the side slopes at the exit portal under the dynamic condition 

for mechanical excavation D=0.7. ........................................................................ 140 

Figure 7.49. Analysis of the side slopes at the exit portal under the dynamic condition 

with rock bolt and shotcrete for D=0.7. ................................................................ 141 

Figure 7.50. Analysis of the side slopes at the exit portal under the static condition 

for poor blasting D=1.0. ........................................................................................ 142 

Figure 7.51. Analysis of the side slopes at the exit portal under the dynamic condition 

poor blasting D=1.0. ............................................................................................. 142 

Figure 7.52. Analysis of the side slopes at the exit portal under the dynamic condition 

with rock bolt and shotcrete for D=1.0. ................................................................ 143 

 





 

 

1 

 

CHAPTER 1  

1 INTRODUCTION   

1.1 Purpose and Scope 

Afyonkarahisar ï Burdur Railway is located at the connection of Eskiĸehir ï K¿tahya 

ï Antalya Railway and Zafer Airport. The length of Afyonkarahisar ï Burdur 

Railway is 121.098 kilometers. Along the route, boreholes were drilled for cuts, fills, 

bridges, viaducts, underpasses, overpasses, and tunnels. A tunnel is planned to be 

constructed as sixth of the eight tunnels within the scope of Afyonkarahisar ï Burdur 

Railway Project between the kilometers of 90+222.10 ï 93+435.70. The single-tube 

tunnel is 13.30 meters wide and 9.95 meters high, with a platform width of 9 meters. 

Longitudinal slope of the tunnel is -1.60%. Typical cross sections of the tunnel are 

shown in Figure 1.1 and Figure 1.2. 
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Figure 1.1. Typical cross section of the tunnel without invert. 
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Figure 1.2. Typical cross section of the tunnel with invert. 
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The purpose of this study is to classify the rock mass along the tunnel according to 

Rock Mass Rating (RMR), Geological Strength Index (GSI), Q and New Austrian 

Tunneling Method (NATM) classifications and to determine engineering parameters 

and support systems of the tunnel. 

In the scope of this study, geological and geophysical field studies were carried out 

and samples were tested in the laboratory, then by using the obtained results, rock 

mass along the tunnel was classified, support systems of the tunnel were determined 

and verified by numerical analyses. 

1.2 Location and Accessibility of the Study Area 

Entrance of Tunnel-6 is located 2.5 km northeast of B¿l¿­alanē Village of Dinar 

District of Afyonkarahisar Province and 3.6 km northeast of Dinar district. The 

latitude and longitude of the entrance portal are 38.069765ÁN and 30.208591ÁE 

respectively. Exit of Tunnel-6 is located 0.5 km south of B¿l¿­alanē Village and 3.5 

km southeast of Dinar district. The latitude and longitude of the exit portal are 

38.043726ÁN and 30.194305ÁE respectively. Location of the study area and the 

tunnel are shown in Figure 1.3 and Figure 1.4. 

  



 

 

5 

  
Figure 1.3. Location of the study area (Blue line shows the Afyonkarahisar ï Burdur 

railway line whereas black rectangle shows the location of tunnel). 
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Figure 1.4. Location of the tunnel. 

1.3 Climate and Vegetation 

Afyonkarahisar region is a local climatic zone showing the character of transition 

from Mediterranean climate to Central Anatolia continental climate. The annual 

average temperature is 11.3ÜC. The hottest month is July with an average of 22.2ÜC, 

and the coldest month is January with an average of 0.3ÜC. The annual precipitation 

total is 443 mm. The month with the highest precipitation is May with 54.5 mm and 

the month with the least is August with 13.3 mm (MGM, 2022). 

1.4 Methodology 

There are several steps in this study. At the first step of this study, a literature review 

was conducted about the geology of the study area, engineering geology parameters, 

rock mass classification parameters and support systems. At the second step, site 

investigation was performed in order to obtain geological and geotechnical 

N 

1 km 

Tunnel Entrance 

Tunnel Exit 

Dinar  

B¿l¿­alanē 
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information about the study area. Hand specimens from outcrops and data from 

discontinuities were collected and drilling of boreholes completed during site 

investigation. Then, laboratory tests were performed in order to determine unit 

weight, uniaxial compressive strength, point load strength index, modulus of 

elasticity and Poissonôs ratio. At the third step, rock mass classifications and 

determination of support systems were conducted. At the final step, numerical 

analyses were completed by using all the data from previous steps. Stability analyses 

for portals and tunnel were also performed and support systems were verified using 

RS2 software (Rocscience, 2020). 

1.5 Previous Studies 

It is required to accomplish previous studies to complete a study successfully. 

Previous studies were examined in four parts such as the literature survey about 

geology of the study area, the literature survey about site investigation for tunneling, 

the literature survey about rock mass classifications and support systems and the 

literature survey about related studies. 

1.5.1 The literature survey about geology of the study area 

Several geological surveys have been carried out by researchers and General 

Directorate of Mineral Exploration and Research in and around the Afyon-L-24 

Quadrangle (Parejas, 1942; ¥ng¿r, 1973; Gutnic, 1977, Ko­yiĵit, 1980; ¥zt¿rk 

1981; ķenel et al., 1987, 1989, 1992, 1994, 1996). In addition, Turkish Petroleum 

Corporation has also carried out studies in the region (¥zg¿l et al., 1991a, b). As a 

result of these studies, the structural and stratigraphic characteristics of the region 

were determined and 1/100.000 scaled geological map of the region was prepared by 

General Directorate of Mineral Exploration and Research. According to the previous 

studies, limestone unit observed along the tunnel named as Dutdere limestone by 

Ersoy (1989, 1992). The unit is composed of medium-thick bedded limestone that is 
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locally massive, white, cream, beige, gray, and recrystallized, with megalodon or 

algae. Medium-thick bedded, gray, and cream limestones are visible at the upper 

level of the unit. Ammonitic nodular limestone facies that are pink, red, and locally 

cherty are present above. The thickness of the unit is about 700 meters (ķenel, 1997). 

1.5.2 The literature survey about site investigation for tunneling 

The first step for tunneling is geotechnical site investigation and it is essential for 

every project. There are 3 stages of site investigation such as preliminary 

appreciation of site and ground conditions, ground investigation before construction 

and ground investigation during construction (West et al., 1981). 

At the first stage, examination of existing information to assess feasibility at first 

sight, to select possible routes, to make preliminary estimates of cost and to plan 

more detailed investigations is necessary. Available information including 

topographical, geological maps and reports should be examined. Also, geological 

and geotechnical enquiries such as unpublished reports should be scanned. Air 

photographs and surface reconnaissance should be reviewed. Then, 

recommendations should be made for the next stages of the investigation. 

At the second stage, preliminary ground investigation should be carried out to 

confirm feasibility, consider the preliminary design and establish the approximate 

cost of the project. It may include boreholes or open excavations, penetration or in 

situ vane tests, preliminary hydrological studies, perhaps a geophysical investigation 

and selected tests. Then, main ground investigation to obtain the information 

required for the final alignment, design and the construction of the tunnel should be 

conducted. It usually includes in situ and laboratory tests. Other investigations such 

as geophysical surveys, investigation of mine workings, trial adits or shafts, trials of 

dewatering, grouting or rock bolting, monitoring of experimental sections and 

recording the condition of buildings should be carried out. Then, recommendations 

should be made for ground investigation during construction. 
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At the third stage, observation and investigation on ground conditions should be 

continued during the construction phase to confirm and supplement the earlier 

investigations. Probing ahead from the tunnel face should be carried out. During the 

construction, other investigations such as extra boreholes, observation of ground 

movement and settlement, grouting trials, rock bolt trials, monitoring of 

experimental sections should be conducted. Review and modifying of plans and 

sections should be a continuous process throughout the work (West et al., 1981). 

1.5.3 The literature survey about rock mass classifications and support 

systems 

It is important to understand the basic concepts of rock mass strength parameters, 

rock mass classifications and support systems based on these classifications. 

Rock mass classification systems have been developing since 1879. In 1879, Ritter 

tried to put an empirical approach on tunnel design particularly for determination of 

support requirements. A paper by Terzaghi (1946) is the earliest reference about the 

usage of rock mass classification for the tunnel support design. Terzaghi defined 

ñintact rock, stratified rock, moderately jointed rock, blocky and seamy rock, crushed 

but chemically intact rock, squeezing rock and swelling rockò in this paper. 

According to Lauffer (1958), the stand-up time of an unsupported span has a 

relationship with the rock mass quality of the excavated span. Laufferôs classification 

has been modified by Pacher et al. (1974), and forms part of the New Austrian 

Tunneling Method.  

Deere et al. (1967) developed the Rock Quality Designation Index (RQD) which is 

the percentage of rock pieces longer than 10 cm in the total length of the core.  
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1.5.3.1 Rock Mass Rating (RMR) System 

Bieniawski defined Rock Mass Rating (RMR) System in 1976 and made significant 

changes in 1989. Six parameters such as uniaxial compressive strength of the rock, 

rock quality designation, spacing of discontinuities, condition of discontinuities, 

groundwater conditions and orientation of discontinuities are used in RMR system 

(Table 1.1). Excavation and support guideline for tunnels based on RMR value is 

given in Table 1.2. 

Table 1.1 Rock Mass Rating System (After Bieniawski 1989). 
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Table 1.2 Excavation and support guideline for tunnels based on RMR value (After 

Bieniawski, 1989). 

 

1.5.3.2 Tunneling Quality Index (Q system) 

Barton et al. (1974) proposed Tunneling Quality Index (Q system) which includes 

six parameters for determination of rock mass characteristics and tunnel support 

requirements. Q value is defined as 1  and the meaning of 

parameters are given in Table 1.3. Figure 1.5 shows support requirements based on 

Q system.  
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Table 1.3 Parameters used in Tunneling Quality Index (Q system) (After Barton et 

al. 1974). 
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Table 1.3 (contôd) Parameters used in Tunneling Quality Index (Q system) (After 

Barton et al. 1974). 
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Table 1.3 (contôd) Parameters used in Tunneling Quality Index (Q system) (After 

Barton et al. 1974). 
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Figure 1.5. Reinforcement categories based on tunneling quality index (Q system) 

(After Grimstad and Barton, 1993). 

1.5.3.3 New Austrian Tunneling Method (NATM)  

The New Austrian Tunneling Method (NATM) is a support technique that uses 

anchors, sprayed concrete, and other support to stabilize the tunnelôs perimeter and 

uses monitoring to maintain the stability of the tunnel. NATM is based on seven 

principles which are; 

- Mobilization of rock mass strength 

- Shotcrete protection 

- Rock mass deformation and load measurement 

- Flexible supports 

- Invert closing  

- Tunneling contract agreements 

- Rock mass classification 
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Table 1.4 shows NATM classification and Table 1.5 shows the correlation between 

RMR, Q and NATM. 

Table 1.4 NATM classification (¥NORM B 2203, 1994). 
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Table 1.4 (contôd) NATM classification (¥NORM B 2203, 1994). 
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Table 1.5 Correlation between RMR, Q and NATM (¥NORM B 2203, 1994). 
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1.5.3.4 Geological Strength Index (GSI) 

Hoek and Brown (1997) proposed another classification system called Geological 

Strength Index (GSI) since RMR system has some limitations on very poor-quality 

rock masses. There are five main classifications of rock mass structure such as 

intact/massive, blocky, very blocky, blocky/disturbed and disintegrated in this 

system. Further, five main classifications of surface conditions such as very good, 

good, fair, poor, and very poor. Based on rock mass structure classification and 

surface condition classification, corresponding GSI value can be estimated from 5x5 

matrix of Figure 1.6. 

 
Figure 1.6. Geological Strength Index (GSI) (Hoek & Brown, 1997).  
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Since Marinos and Hoek are dealing with the poor-quality rock masses encountered 

in tunnelling, they developed the GSI system to its present form by including the 

poor-quality rock masses in 2001 (Figure 1.7). 

 
Figure 1.7. Geological Strength Index (GSI) (Marinos and Hoek 2001).  
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1.5.4 The literature survey about related studies 

There are several studies similar to this study on assessment of tunnel stability and 

determination of tunnel support systems. Verma and Singh (2010), applied 

numerical modeling to predict deformation and stability of tunnel excavated in 

Bansagar, M.P., India. According to the site investigation, hard, compact, medium 

grained to coarse grained,  white to grayish sandstone constitutes the tunneling media 

throughout the length of the tunnel and the rock mass was intersected by three major 

and two random sets of joints. They used the rock mass classification systems RMR 

and Q in their studies. They also used Hoek Brown parameters as input in the 

numerical analysis. 

According to the MS Thesis by Karahan (2010), appropriate excavation and support 

systems were suggested for the ¢ubukbeli Tunnel in Antalya. Rock mass 

classification systems were used for evaluation of rock mass characteristics and 

estimation of rock mass strength parameters. Finite element analysis was carried out 

at the final step of the study in order to determine deformations and stress 

concentrations around the tunnel. 

According to the MS Thesis by ¢elik (2011), geological and geotechnical 

characteristics of Kēlē­lar Tunnel on Ankara-Kērēkkale Highway were determined 

and suggested excavation and supports systems were verified by using numerical 

modeling. The tunnel was excavated in Gabbro-Diabase and Serpentinite belong to 

Artova Ophiolite Complex. The rock mass was classified by using RMR, Q and 

NATM classifications and support systems were also determined by using these 

classification systems. 

Satēcē and ¦nver (2015), studied  the K¿­¿kbelvar Highway Tunnel located in 

Kavak-Merzifon road. Firstly, they completed the literature survey about the geology 

of the region and site investigation by discontinuity measurements and geotechnical 

drillings. Then, they determined the geotechnical properties of the rock mass and 

classified the rock mass. The geological units encountered during the tunnel 
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excavation was thinly to thickly bedded sandstoneïclaystone and sandstoneï

siltstone intercalation and brecciaous limestone. Finally, they used numerical 

analyses in order to verify the designed tunnel. 

Yal­ēn et al. (2016), determined the support elements for ophiolitic rocks in the 

Kºm¿rhan Tunnel using both empirical and numerical methods. During the site 

investigation, geological mapping and scanline survey were conducted. In addition, 

geophysical investigations were conducted and samples were collected from 

boreholes. They used RMR , GSI and NATM classification system to characterize 

the rock mass and to determine support systems using the data obtained from the 

field and laboratory studies. They used numerical analyses to verify the suggested 

support systems. 

According to the MS Thesis by Domani­ (2016), geological and geotechnical 

characteristics of Belkahve Tunnel on Manisa-Ķzmir Highway were determined and 

appropriate support systems were selected and verified by numerical modeling. The 

main lithologies along the tunnel was limestone and schist. RMR, Q and NATM 

classification systems were used to classify rock mass and appropriate support 

systems were determined by using these classification systems. 2D finite element 

analyses were performed to verify the stabilities of the seven sections through the 

tunnel route. 
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CHAPTER 2  

2 GEOLOGY  

2.1 Regional Geology 

Dinar basin is composed of unconsolidated materials of Plio-Quaternary age. Central 

part of the basin is filled with fine-grained silt, clay and turbidite and edge of the 

basin is filled with coarse-grained alluvial fans and talus. The strata beneath the 

alluvial deposits are composed of Eocene aged flysch type formations and Oligocene 

aged conglomerates. Akdaĵ horst which is located in the N-NE of Dinar graben is 

composed mainly of Jurassic to Tertiary aged, folded, and highly fractured limestone 

ophiolitic melange and Lutetian aged flysch overlain by thick stratified debris and 

conglomerates of Oligocene age (Yal­ēnkaya & Alptekin, 2005). 

Pre-Neogene succession around Dinar composed of non-metamorphosed units that 

overlie a metamorphic basement. This Pre-Neogene succession starts with 

conglomerates and unconformably covered with interbedded sandstone, marl, 

claystone, and limestone units that deposited in lacustrine environment. The unit 

represents vertebrate and invertebrate fossils from early Miocene to early Pliocene. 

There is a fluvio-lacustrine sequence composed of red-brown claystone, siltstone, 

marl, and conglomerate towards the Dinar basin. Deposition of Plio-Quaternary 

formations is under the control of active tectonism, and it is indicated by fluvio-

lacustrine sediments and alluvial fan. It consists of a silty, clayey complex (sandy 

clay, silt, pebble, and gravel) and results of the deposition from lacustrine 

environment to fluvial environment (G¿rb¿z et al., 2012). 
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2.2 Site Geology 

In order to determine the geology of the study area and its surroundings, 1/100.000 

and 1/25.000 scaled geological maps prepared by General Directorate of Mineral 

Exploration and Research (MTA, 2011) were considered. In addition, by evaluating 

the geological data in the field, the lithology along the tunnel was revealed. As a 

result, Dutdere limestone was observed along the tunnel (Figure 2.1). 

 
Figure 2.1. Geological map of the study area clipped from 1/100.000 scaled MTA 

map (MTA, 2011).  

Dutdere Limestone (TRJd) 

The unit consists of medium-thick bedded, locally massive, white, cream, beige, 

gray, recrystallized limestones with megalodon or algae. At the upper level of the 

unit, medium-thick bedded, gray, cream limestones are seen. Above these are pink, 

red, locally cherty, ammonitic nodular limestone (ammonitico-rosso facies) exists. 

Its thickness is about 700 meters (ķenel, 1997). A photograph showing the Dutdere 

limestone is given in Figure 2.2. 

 

N 
1 km 



 

 

25 

 
Figure 2.2. A view from Dutdere limestone in study area. 

2.3 Structural Geology 

Dinar is located at the junction of Hellenic (Cretan) and the Cyprus Arcs which is 

the location of a recently created continental breakup of the Aegean-Anatolian Plate. 

As proposed by Alptekin (1973) and extended by B¿y¿kaĸēkoĵlu (1979) and Barka 

et al. (1997), the breakup is produced by divergent subduction rates of African plate 

beneath the Cretan and Cyprian Arcs. The plate tectonics arrangement of the Arabian 

and Aegean-Anatolian plates in the eastern Mediterranean influences the overall 

geological outlook of the Dinar and its surroundings (Figure 2.3) (¥ncel et al., 1998). 



 

 

26 

 
Figure 2.3. Tectonic setting and seismicity of the region (¥ncel et al.,1998).  

Study Area 



 

 

27 

Anatolian block moves towards the west because of the collision of these plates and 

resulting a tensional stress regime and creation of horst and graben systems in the 

Aegean Sea and southwestern Turkey (McKenzie, 1972; Alptekin, 1973; ķengºr 

1980). The development of horst and graben systems is controlled by the active 

normal faults, and this causes moderately strong earthquakes in the region. 

2.4 Hydrogeology 

Lithological units in the study area were evaluated and classified according to their 

hydrogeological characteristics. Alluvium, which is the most important aquifer in the 

basin consists of an alternation of clay, silt, sand, gravel, block-sized materials and 

entitled as "granular aquifer". Dutdere limestone, which is observed along the tunnel 

route and consists of recrystallized limestone, shows a permeable characteristic since 

it is highly fractured. Limestones with karstic cavities in the region are called karstic 

aquifer. Dutdere limestones have been cut in boreholes drilled around B¿l¿­alanē. 

The flow rates of the wells vary between 16-27 l/s (Aksever et al., 2018).  

There are many tectono-karstic springs in the study area. One of these springs, 

Su­ēkan spring is a fault-controlled spring discharged from the contact of Dutdere 

limestone and Yavuz formation. Carbonate rocks are widely spread around the 

Su­ēkan spring. There are also Ilēca and Incirli springs located at the northwest of the 

study area and D¿den spring located at the west of the study area (Figure 2.4). The 

waters of the D¿den spring are mixed with the Su­ēkan spring. These springs with 

high flow rates extend to the Dinar plain and mix with the B¿y¿k Menderes River 

which is one of the most significant rivers in Turkey and create drainage system 

around Dinar (Aksever et al., 2018). 
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Figure 2.4. Location of the springs around the study area (Aksever et al., 2018). 

2.5 Seismicity of the Tunnel Area 

An intracontinental extensional neotectonic regime and a complex array of graben 

systems characterize the southwestern part of Western Anatolia. These depressions 

are mostly bounded by active normal faults which have the potential to generate 
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moderate to large earthquakes (Figure 2.5). One of these depressions, the Dinar Half 

Graben, is 50 km long and can reach a maximum width of 9 km. The northeast edge 

of the Dinar Half Graben is bounded by the Dinar Fault, firstly named by ¥zt¿rk 

(1981) Dinar Fault is an active normal fault with a length of approximately 60 km 

that produced 10ï11 km long surface rupture by the October 1, 1995 Dinar 

Earthquake (Mw=6.2). General strike of Dinar Fault is N35ÁW and dipping 45Á-65Á 

southwest (Emre et al., 2013, 2018; K¿r­er et al., 2017). The Dinar Fault consists of 

three segments from northwest to southeast called G¿m¿ĸsu, Kēzēllē and Dikici 

respectively (¥zalp et al., 2018). The October 1, 1995 Dinar Earthquake occurred on 

the Kēzēllē Segment (K¿r­er et al., 2021). 

 
Figure 2.5. Active fault map of Dinar and its vicinity. (K¿r­er et al., 2021). 

In this study, local soil class ZC given in TBEC-18 was chosen to determine the 

earthquake parameters. The characteristics of the soil class ZC are given in Table 

2.1.  

Study Area 
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Table 2.1 The characteristics of the soil class ZC (TBEC, 2018) 

 

In addition, earthquake ground motion level-2 (DD-2) which is characterized by the 

spectral magnitude of 10% probability of exceedance in 50 years and against it from 

the repetition period of 475 years was used to determine the earthquake parameters. 

According to Earthquake Hazard Map of Turkey (AFAD, 2018) (Figure 2.6), short 

period spectral acceleration coefficient (SDS) was determined as 0.825 by using the 

local soil class ZC and earthquake ground motion level-2 (DD-2). The effective peak 

ground acceleration coefficient (A0) for the study area was calculated as 0.33 g by 

using A0=SDS x 0.4 formula. Horizontal seismic load coefficient (kx) used in the 

numerical analyses was calculated as 0.165 by using kx=A0x0.5 formula. 

 

 
Figure 2.6. Location of study area in Earthquake Hazard Map of Turkey (AFAD, 

2018). 

Study Area 
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CHAPTER 3  

3 ENGINEERING GEOLOGY OF THE STUDY AREA  

In this chapter, the geological units observed along the tunnel route were evaluated 

in terms of engineering geology. Site investigation was performed in order to obtain 

geological and geotechnical information about the study area. In the scope of the site 

investigation, hand specimens from outcrops and boreholes, and discontinuity data 

from outcrops and boreholes were collected. Boreholes were drilled through the 

tunnel route. Then, laboratory tests were performed in order to determine unit 

weight, uniaxial compressive strength, point load strength index, modulus of 

elasticity and Poissonôs ratio of the rocks. 

Tunnel route is divided into 3 critical sections such as entrance portal, tunnel axis 

and exit portal. Plan and profile of the Tunnel-6 is presented in Figure 3.1-3.5. The 

limestone unit belonging to the Dutdere Limestone Formation was observed along 

the tunnel route. In addition, a sandy clay layer with 3.5 m thickness was observed 

over the limestone unit in the entrance portal section. The limestone unit is a 

recrystallized limestone with calcite-aragonite infills . It has some cavities that can 

be seen in boreholes (Figure 3.6). It is beige-grey, weak to moderately strong, 

moderately to highly weathered, highly fractured. Fracture surfaces are covered with 

clay.  
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Figure 3.1. Plan and profile of the entrance of the Tunnel-6.  
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Figure 3.2. Plan and profile of the tunnel axis.  
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Figure 3.3. Plan and profile of the tunnel axis.  
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Figure 3.4. Plan and profile of the tunnel axis.  
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Figure 3.5. Plan and profile of the exit of the Tunnel-6.  
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Figure 3.6. Karstic cavity in TSK-344. 

3.1 Field Studies 

Field studies were performed through the tunnel route in order to classify rock mass 

and to obtain data for the properties of the discontinuities. Hand specimens from 

entrance and exit portals were collected, discontinuity properties such as spacing, 

persistence, aperture, roughness, infilling, weathering degree were determined 

during the field studies. According to the field studies, discontinuity conditions can 

be summarized as follows: 

Spacing of discontinuities: 60-200 mm  

Persistence of discontinuities is 1-3 m 

Aperture of discontinuities is 0.1-1.0 mm 

Roughness of discontinuities: Slightly rough  

Infilling: Soft filling (Clay)<5mm 

Weathering degree: Slightly weathered 
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Discontinuity survey was carried out by using scanline method (ISRM, 1981; Priest, 

1993) and the survey line is approximately 12 m. Discontinuity data could be taken 

from only two outcrops of tunnel axis since limited outcrops can be seen in the field. 

Dip amount and dip direction of these two major joint sets are J1:80/122 and 

J2:61/070. Detailed information for these two joints can be seen in Table 3.1. 

Location of the hand specimens and discontinuities is given in Figure 3.7 and a 

photograph showing the outcrop is given in Figure 3.8. 

Table 3.1 Detailed information of discontinuities. 

Discontinuity X coordinate Y coordinate Dip Dip Direction 

J1 253640.11 4215468.59 80 122 

J2 253640.11 4215468.59 61 070 
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Figure 3.7. Location of the hand specimens and discontinuities 

 
Figure 3.8. A view from outcrop. 
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N 

1 km 



 

 

40 

J1 and J2 were examined in DIPS software (Rocscience, 2020) (Figure 3.9, Figure 

3.10 and Figure 3.11) and their orientations were considered with respect to tunnel 

direction. (Table 3.2) (Bieniawski, 1989). 

 
Figure 3.9. Pole plot of major joint sets observed at the tunnel axis. 

 
Figure 3.10. Contour diagram of major joint sets observed at tunnel axis. 












































































































































































































































































































































































