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Afyonkarahisai Bur dur Rai |l way i s | ocati«Kg tath ytah
i Antalya Railway and Zafer Airport. A tunnel is planned to be constructed as sixth
of the eight tunnels within the scope of Afyonkarahis@urdur Railway Project
between the kilometers of 9$222.107 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 TuBmelAfyonkarahisai Burdur Railway

line were carried out.

The main lithology along the tunnel is limestofennet6 was divided into 3 critical
sections as entrance portal, tunnel axis and exit p&tatk 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
determinedNATM 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 meshJ160 typesteel rib and forepole with a length of 4 m were suggested for

the tunnel for B3 class.



In order to verify the determined support systems, numerical @&salysre
performed by using RS2 software. As a result of the numerical analyses,

deformations in the tunnel are found to be acceptaibhetheapplied supports.

Keywords: Numerical Modeling Rock Mass Classification Systems, Support

SystemsLimestone Afyonkarahisaii Burdur.
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AFYONKARAHKBWRDUR DEMKRY OLNWN BHKART TKIE S K MK
(KM: 904222109 3+435. 70) K¢KN T! NEL STABKL
DEJERLENDKRMESK VE T! NEL DESTEK SKSTE]
BELKRLENMESK

Ter KNPCazzl € Deni z
Y ¢ ks ek,Jleiosl aon si M¢hendi sl i Ji
Tez Y°net i daneriTopalPr of . Dr .

AJ ust o,83saya? 3

Afyonkarahisai Bur dur De mi r yK{ tuaihAiialyd Dexigyblu ve

Zafer Havalimané bajl ant é siBarduaDemiggalu al ma Kk t
Projesi kapsaméndaki seki z 93#4386,70i n al t
kil ometrelrerti¢ malasyadéal mageepbi antaoumhaikf ad
m ve geni kKl ifji 13,30 moédir .

Bu tezde, AfyonkarahisarBur dur Demiryol-©iérmarn tleayakKk.y

sénéfl andeéer él maseée yapél méxk, m¢hendi sl ik
belirl enmiktir.,

Te¢nel boyunca and¢hé&tgilrnijik Komtealta,kéetdé&me
portal é ol ar ak 3 k mi, hiek beyumea akxaglameé
senéfl andérél masé i-in kaya k¢tle sénefl
kull anél mék ve kaya ke¢tl e dayanéem parar
belirl BAMMKséeémef é t ¢nel boy BmfEc as éBrE fcel ar-4ak
mm -apénda 6 m uzunlujunda kaya bul onu, 2
kat manl e -epikihkhaséeve B1&HOukzunl ujunda s
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Belirlenen destek sistemlerini dojrul amak i
analizler yapél méckt éruygul&anydestek sistemlerialé i zI1 er s oo

t¢nel deki def mertabalerdedirn | ar kabul

Anahtar KelimelerN¢ mer i k M&Kaglal Kpe | e Sénéefl ama Siste

SistemleriKi re-takeée, iMBrguonkarahi sar
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CHAPTER 1

INTRODUCTION

1.1  Purpose and Scope

Afyonkarahisai Burdur Railway islocatedtt he connect ikKnt ahy &s ki
i Antalya Railway and Zafer AirporiThe length of Afyonkarahisai Burdur

Railway is 121.098 kilometeralong the route, boreholes were drilled for cuts, fills,

bridges, viaducts, underpasseserpassesand tunnelsA tunnelis planned to be
constructeds sixth of the eight tunnelgthin the scope of AfyonkarahisaBurdur

Railway Projecbetween the kilometersf 90+222.101 93+435.70The singletube

tunnel is 13.30 meters wide and 9.95 meters high, with a platform width of 9 meters.
Longitudinal slope of the tunnel 14.60%.Typical cross secti@of the tunnelare

shown inFigurel.1 andFigurel.2.
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Figurel.l. Typical cross section of the tunnel withautert.
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Figurel.2. Typical cross section of the tunnel with invert.



The purpose of this study is to classify the rock mass along the tunnel according to
Rock Mass RatingRMR), Geological Strength IndexGSI), Q andNew Austrian
Tunneling MethodJATM) classifications antb 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 laboratthrgn by using thebtainedresults, 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 ofTunnel-6 is located2.5 km northeastof B ¢, | ¢ - \4llage wfé&inar

District of Afyonkarahisar Province and63km northeast of Dinadistrict. The

latitude and longitude of the entrance portal are 38.0687éHhd 30.20859%%

respectivelyExit of Tunnel6 is loated 0.5 knsouthofB ¢, | ¢ - al ané Vil |l age ai
km southeast of Dinar districthe latitude and longitude of thexit portal are

38.043726M and 3019430%E respectivelyLocation of the study area and the

tunnel are showm Figurel.3 andFigurel.4.
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Figurel.3. Location of the study ard8lue lineshowsthe Afyonkarahisai Burdur
railway linewhereadlack rectangle shosthelocation oftunne).



Figurei.4. Location of the tunnel.
1.3 Climate and Vegetation

Afyonkarahisarregion is a local climatic zone showing the character of transition

from Mediterranean climate to Central Anatotiantinental climateThe annual

average temperatureis30.C. The hottest mont B2Cs July wi
and the coldest month is January with an average8ofG.. The annual precip
total is 43 mm. The month with the highest precipitatiotMay with 54.5mm and

the month with the least is August witB.3mm (MGM, 2022).

1.4  Methodology

There are several steps in this stutlythe first step of this stugya 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 gevtath



information about the study area. Hand specinfem® outcropsand data from
discontinuities were collectednd drilling of boreholes completeduring site
investigation Then, laboratory tests were performed in order to determine unit
weight, uniaxial compressive strengthpint load strengthindex modulus of
elasticity andP o i s gatiom &tsthe third step, rock mass classifications and
determination of support systems were conducted. At the final step, numerical
analysesverecompleted by using all tratata from previous steps. Stability analyses
for portals and tunnel werdsoperformed and support systems were verified using
RS2 softwaréRocscience, 2020)

15 Previous Studies

It is required toaccomplish pevious studiedo complete a study successfully.
Previous studiesvere examined irfour parts such athe literature survey about
geology of the studgreatheliterature survey about site investigation for tunneling
the literature survey about rock mass classifications and support syatentise

literature survey about related studies

15.1 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 aroundiiyen-L-24

Quadrangle (Pajas |, 1942; ¥nge¢r, 1973, Gutni c, 1¢
1981; kenel et al ., 1987, 1989, 1992, 19
Corporation has also carried out studies
resultof these studies, the structural and stratigraphic characteristics of the region

were determined and 1/1000 scaled geological map of the region was prepared by

General Directorate of Mineral Exploration and Reseakchording to the previous

studies, limestone unit observed along the tunnel named as Dutdere lint®stone

Ersoy (1989, 1992 he unit iscomposeaf mediumthick bedded limestone that is



locally massive, white, cream, beige, gray, and recrystallized, with megalodon or
algae. Mediunthick 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 ae present above. The thickness ofuhgis about 700 meter&énel, 1997).

152 The literature survey about site investigation for tunneling

The first step for tunneling is geotechnical site investigadioa 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 construct{tvest 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
topographtal, geologichkmaps and reportshould be examinedilso, 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 s@adesf 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 includmreholes 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, designdathe construction of the tunnel should be
conducted. lusually 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 cadition of buildings should be carried out. Theegammendations

should be made faground investigation during construction



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 continuousqass throughout the wo(kvest 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 develgpiog 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 deBegmaghi defined

i ntact rock, stratified rock, moder at el

but chemically intact rock, squeezing

According to Lauffer (1958), thetandup time of an unsupported ap has a

relationship with the rock mass quality

has been modified bfacher 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.

Y

r
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1.53.1

Bieniawski defined Rock Mass Rating (RMR) System in 1976 and made significant
changes in 198%ix 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 inTablel.2.

Rock Mass Rating (RMR) System

Tablel.1 Rock Mass Rating System (After Bieniawski 1989).

A CLASSIFICATION PARAMETERS AND THEIR RATINGS

Condition of discontinuities

Mot continwaus

Separation < 1 mm

Separation = 1 mm

Parametar Range of values
Strength PointHoad =10 MPa 4-10MPa 2- 4MPa 1-2MPa For this low range - uniaxial
of strength index compressive festis prefemed
1 mtactrock | Uniasial comp. =250 MPa 100 - 250 MPa 50 - 100 MPa 25- 50 MPa 5-25 1-5 <1
material | gtrangth MPa | MPa | MPa
Raing 15 12 7 4 2 1 L}
Drill ore Quality RGO 50% - 100% T5% - 90% L 2% -50% < 25%
2 Raing a0 T 13 a 3
Spacing of =Im 06-2.m 200 - 600 mm 60 - 200 mm < 60 mm
3 Raiing 20 15 10 a 5
Very rough suriaces Slighty rowgh surfaces |Slightly rewgh sufaces Shickensidd surfaces Saft gouge >5 mm thick

ar Gauge 5 mm thick

or Saparation > 5 mm

iSe2 E} Mo separation Slighly weathered walls Highly weatherad walls or Separaton 1 -5 mm Confinuous
4 Unweathered wal rock Continuou
Raing k] 5 20 10 o
Infiow per 10 m Nana =10 i0-25 25-125 =125
tunned length (im)
Groundwa | (Joint water press)! 0 <01 01,-02 02-05 >05
5 fer  |iMajor principal o}
Genaral condifions Completsly dry Damp Wet Dripping Flowing
Rating 15 ] 7 4 1]
B. RATING ADJUSTMENT FOR DISCONTINUITY ORIENTATIONS (Sea F)
I.-Blrkeand dip anentafions Very favourable Fevourable Fair Unifavourshle Very Unfavourshle
Tunnalks & mines 0 2 5 -10 -12
Ratings Foundations 1} -2 T -15 25
Slopas 0 -5 25 50
C. ROCK MASS CLASSES DETERMINED FROM TOTAL RATINGS
Raing 100 81 0 51 B3 021 <21
Class number I I | v v
Dezcription Very pood rock Good rock Fair rock Poar rock Very paor mick
JO-MEANING OF ROCK CLASSES
Class number I I | v v

| Average stand-up Sme

20 yrs for 15 m spen

1 year for 10 m span

1 week for 5 m span 10hrs for 2.5 m span

30 min far 1 m span

Cohesion of rock mass (KPa) =400 300 - 400 200 - 300 100 - 200 <100

Fricfion angle of rock mass (deg) =45 35-45 25-35 15-25 <15

E. GUIDELINES FOR CLASSIFICATION OF DISCONTINUITY conditions

Disconsnuity kength (persistence) <1m 1-3m 3-10m 10-20m >20m

Raing [ 4 2 1 0

| Separation (sperfurs) Nane <0.1mm 0.1-1.0mm 1-5mm =5mm

Raing [ 5 4 1 0

Roughness ey rough Rough Slightly rough Smooth Shckensided

Raing [} 5 3 1 0

Infiling (gowge) Nane Hard filling < 5 mm Hard filling * 5 mm Soft filing < 5 mm Saoft filing = 5 mm

Raing [} Ll 2 2 0
eathering Unweatersd Slightly weathared Moderately weathered Highly weathered Decomposed

Qa’.nis [} 5 3 1 0

F. EFFECT OF DISCONTINUITY STRIKE AND DIP ORIENTATION IN TUNNELLING™

Strike perpendicular o lunnel axs Sirika paraliel o tunnel axis
Dirive with dip - Dip 45 - 90¢ Drive with dip - Dip 20 - 45 Dip 45 - 90 Dip 20 - 45
Wery favourable Fevourable Wery unfawvourable Fair

Drive againzt dip - Dip 45-90

Dirive against dip - Dip 2045

Dip 0-20 - Imespective of sirike'

Far

Unfavourable

Fair

* Bome conditions are mutusly excusive . For example,

** Modified after Wickham et al {1972).

5

10

nfiling is present, the rawughness of te surface will be overshadowed by the influence of the gouge. In such casas use A directy.



Tablel1.2 Excavation and support guideline for tunnels based MR Ralue (After
Bieniawski, 1989).

Rock mass Excavation Rock bolts Shotcrete Steel sets
class (20 mm diameter, fully
grouted)

| - Very good Full face, Generally no support required except spot bolting.
rock 3 m advance.
RMR: 81-100
Il - Good rock Full face , Locally, bolts in crown | 50 mm in None.
RMR:61-80 1-1.5 m advance. Complete 3mlong, spaced 2.5 | crown where

support 20 m from face m with occasional required.

) wire mesh.
Il - Fair rock Top heading and bench Systematic bolts 4 m 50-100 mm None.
RMR: 41-60 15-3 m advance in top heading | 'o"9, spaced 1.5-2m | in crown and
i " | incrown and walls 30 mmin

Commence support after each with wire mesh in sides.

blast. crown.

Complete support 10 m from

face.
IV - Poor rock Top heading and bench Systematic bolts 4-5 100-150 mm | Light to medium ribs
RMR:- 21-40 _ mlong, spaced 1-15 incrown and | spaced 1.5 m where

r11£ac11i'r?gm advance in top min crown and walls 100 mmin required.

’ ] with wire mesh. sides.

Install support concurrently with

excavation, 10 m from face.
V — Very poor Multiple drifts 0.5-1.5 m Systematic bolts 5-6 150-200 mm | Medium to heavy ribs
rock advance in top heading. m long, spaced 1-1.5 in crown, 150 | spaced 0.75 m with
RMR: < 20 . min crown and walls mm in sides, | steel lagging and

g‘:ggc;;&poghgtﬂgtjg ezgtgo\gg h with wire mesh. Bolt and 50 mm forepoling if required.

as possiblé after blasting invert. on face. Close invert.

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 — and the meaning of

parameters are given irable1.3. Figure1l.5 shows support requirements based on

Q system.

11



Table1.3 Parameters used in Tunneling Quality Index (Q system) (After Barton et

al. 1974).
DESCRIFTION VALUE NOTES
1. ROCK QUALITY DESIGNATION RQD
A Very poor 0-25 1. Where RGQD is reported or measured as = 10 (including 0),
B. Poaor 25-50 a nominal value of 10 is used to evaluate Q.
C. Fair 50-75
D. Good T5-80 2. RQD intervals of 5, i.e. 100, 95, 80 etc. are sufficiently
E. Excellent el - 100 accurate.
2. JOINT SET NUMBER Jn
A Massive, no or few joints 05-1.0
B. One joint set 2
C. One joint set plus random 3
D. Two joint sets 4
E. Two joint sets plus random [}
F. Thres joint sets a 1. For intersections use (3.0 = J)
G. Thre= joint s=ts plus random 12
H. Four or mare joint sets, random. 15 2. For portals use (2.0 = J;)
heavily jointed, 'sugar cubs’, etc.
J. Crushed rock, earthlike 20
3. JOINT ROUGHNES S NUMBER S
a. Rock wall contact
b. Rock wall contact before 10 cm shear
A_ Discontinuous joints 4
B. Rough and irmegular, undulating 3
C. Smooth undulating 2
D. Slickensided undulating 1.5 1. Add 1.0 if the mean spacing of the relevant joint set is
E. Rough or imegular, planar 15 greater than 3 m.
F. Smooth, planar 1.0
G. Slickensided, planar 0.5 2. J,=0.5 can be used for planar, slickensided joints having
c. No rock wall contact when sheared lineations, provided that the lineations are oriented for
H. Zones containing clay minerals thick 1.0 minimum strength.
enough to prevent rock wall contact {mominal}
J. Sandy, gravely or crushed zone thick 1.0
enough to prevent nock wall contact (rominal)
4. JOINT ALTERATION NUMBER gy ¢r degrees (approx. )
a. Rock wall contact
A_Tightly healed, hard, non-softening, 0.75 1. Values of g, the residual friction angle,
imp=rmeable filling are intended 35 an approximate guide
B. Unaltered joint walls, surface staining only 1.0 25-35 1o the mineralogical properties of the
C. Slightly altered joint walls, non-softening 20 25-30 alteration products, if present.
mineral coatings, sandy particles, clay-free
disintegrated rock, etc.
D. Silty-, or sandy-clay coatings, small clay- 3.0 20-25
fraction (non-softening)
E. Softening or low-friction clay mineral coatings, 4.0 a-16
i.e. kaolinite, mica. Also chlorite, tale, gypsum
and graphite etz., and small quantities of swelling
days. (Discontinuous coatings, 1 - 2 mim or less)

12



Table 13( cont 6d)
Barton et al. 1974).

Parameters used in Tunnel

4, JOINT ALTERATION NUMEER J
b. Rock wall contact before 10 cm shear

F. Sandy particles, day-free, disintegrating rock efc. 40

G. Strongly over-consolidated, non-softening a0
clay minerd fillings (continuows < 5 mim thick)

H. Medium or low over-consolidation, softening a0
clay minerd fillings (continuows < 5 mim thick)

J. Swelling clay fillings, ie. montmorillonite, 80-120

(continuous < 5 mm thick). Values of J
depend on percent of swelling ol ay-size
particles, and access iowater.

. No rock wall contact when sheared

K. Zones or bands of disintegrated or crushed G.0
L. rock and day (s=2 G, H and J for clay =1
M. conditicns) g0-120
M. Zones or bands of silty- or sandy-clay, small 50

dlay fraction, non-softening
. Thick continuous zznes or bands of day 10.0-13.0
P. & R. (s=e 3.H and J for clay conditions) G.0-240
5. JOINT WATER REDUCTION e
A Dry excavation or minor inflow i_e. < 5 U'm locally i0
B. Medium infiow or pressure, occasional 088

outwash of joint fillings

C. Large inflow or high pressure in competent rock 0.5
with unfilled joints

D. Large inflow or high pressure 033

E. Exceptionally high inflow or pressure at blasting,. 0.2-01
decaying with tims

F. Exceptionally high inflow or pressure 0.1 -0.05

6. STRESS REDUCTION FACTOR
a. Weakness zones infersecting excavation, which may

cause loosening of rock mass when tunne is excavated

A Multiple occurrences of weakness zones containing clay or chemically

disintegrated rock, very loose sumounding rock any depth)

B. Single weakness zones containing clay, or chemically dis-
tegrated rock (excavation depth < 50 m)

C. Single weakness zones containing clay, or chemically dis-
tegrated rock (xcavation depth = 50 m)

D. Multiple shear zones in compsatent rock (day free), loose
sumounding rock (any depth)

E. Single shear zone in competent rock (clay free). (depth of
excavation < 50 mj

F. Single shear zone in competent rock (clay free). (depth of
excavation = 50 mj

G. Loose open joints, heavily jointed or "sugar cube’, (any depth)

¢r degrees (approx )

25-30
16-24

12-18

6-12

approx. water pressure [kgficm

=1.0
1.0-25

2.5-10.0

25-10.0
=10

=10
SRF

10.0

5.0

25

7E

5.0

25

5.0

%)

1. Factors Cto F are crude estimatas; increases
o, if drainage installed.

2. Special problems caused by ice formation
are not considered.

1. Reduce these values of SRF by 25 - 50% but
only if the relevant shear zones influence do
not intersect the excavation

13
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Table 13( cont 6d) Parameters used in Tunnel

Barton et al. 1974).

DESCRIPTION VALUE NOTES
6. STRESS REDUCTION FACTOR SRF
b. Competent rock, rock stress problems
Oy 5Ty 2. For strongly anisctropic virgin stress field
H. Low stress, near surface =200 =13 25 {if measured): when 52/ 63210, reduce o,
J. Medium stress 200-10 12-0.86 1.0 to 0.8, and g o 0.Bg. When oyioy = 10,
KL High stress, very tight structure 10-5 066-032 05-2 reduce o and & to 0.8, and 0.6q, where
(usually favourable to stability, may @, = unconfined compressive strength, and
be unfavourable towall stability) a; = tensile sirength (point load) and oy and
L Mild rockburst (massive rock) 5-25 033-016 &5-10 & are the major and minor principal stresses.
M. Heavy rockburst (massive rock) =25 <016 10-20 3. Few case records available where depth of
c. Sgueezing rock, plastic fow of incompefent rock crown below surface is less than span width.
under influence of high rock pressure Suggest SRF increase from 2.5 to § for such
M. Mild squeezing rock pressure 5-10 cases (see HL
0. Heavy squeezing rock pressure 10-20
d. Swelling rock, chemical swelling activity depending on presence of wafer
P. Mild swelling rock pressure 5-10
R. Heawy swelling rock pressure 10-15

ADDITIONAL NOTES ON THE USE OF THESE TABLES

When making estimates of the rock mass Quality (@), the following guidelines should be followed in addition to the notes listed in the

tables:

1. When borehole core is unavailable, RGD can be estimated from the number of joints per unit volume, in which the number of joints per
metre for each joint set are added. A simple relationship can be used to convert this number to REQD for the case of day free rock
masses: RE0D = 115-3.3 J.,r (approx. ), where Jv=wtal numiber of joints |:}1E-rm3 (0= RQAD < 100 for 35> JVP- 4.5).

2 The parameter J,, representing the number of joint sets will often be affected by fioliation, schistosity, slaty cleavage or bedding ete. If
strongly developed, these parallel 'joints' should obviously be counted as a complete joint s=t. However, if there are few joints' visible,
or if only occasional breaks in the core are due to these features, then it will be more appropriate to count them as “random’” joints
when evaluating Jﬂ.

3. The parameters J,_and J_ (representing shear strength) should be relevant to the weakest significant joint set or clay filled discontinuity
in the given zone. However, if the joint set or discontinuity with the minimum value of J/J_ is favourably oriented for stability, then a
second, less favourably ariented joint set or discontinuity may sometimes be mere significant, and its higher value of J A/ should be
used when evaluating @ The value of Jr'l“ra should in fact relate to the surface most likely to allow failure to intiate.

4. When a rock mass contains clay, the factor SRF appropriate to loossning loads should b= evaluated. In such cases the strength of the
intact rock is of lithe interest. However, when jointing is minimal and day is completely absent, the strength of the intact rock may

become the weakest link, and the stability will then depend on the ratio rock-stressirock-strength. A strongly anisciropic stress field is
unfavourable for stability and is roughly accounted for as in note 2 in the table for stress reduction factor evaluation.

5. The compressive and tensile strengths (g, and o) of the intact rock should be evaluated in the saturated condition if this is appropriate
to the present and future in situ conditions. A very conservative estimate of the strength should be made for those rocks that deterorate
when exposed to moist or saturated conditions.

14
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ROCK CLASSES
G F E D C B A
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Rock mass quality Q = “Jn * 72 *SRE

REINFORCEMENT CATEGORIES:

1) Unsupported 6) Fibre rainforced shoterete and bolting, 9- 12 em
2) Spotbolling 7) Fibre reinforced shoterete and bolting, 12 - 15 cm
3} Systematic bolting 8) Fibre reinforced shoterete, = 15¢em,

4) Systematic belting, (and unreinforeed shotorete, 4 - 10 em) reinferced ribs of shoterete and bolting

5) Fibre reinforced shoicrete and halting, 5 - @ em 9) Castcanerete lining

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, sprayecbncreteand ot her support to stabi
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

15



Tablel.4 shows NATM classification anflable 1.5 shows the correlation between
RMR, Q and NATM.

Tablel1l.4 NATM classification ¥ NORM B 2203, 1994)

Fock
Mass
Class

Behavior of Rock Mass

ONOEM B 2203
After Oct. 1994

ONORM B 2203
Before Oct. 1994

Explanations

Al Stable

Al Stable

The rock mass behaves elastically.
Deformations are small and decrease
rapidly. There 15 no tendency of
overbreaking  after scaling of the
rock portions disturbed by blasting.
The rock mass 15 permanently stable
without suppaort.

A2 Slightly
Overbreaking

A2 Slightly
Overbreaking

The rock mass behaves elastically.
Deformations are small and decrease
rapidly. A slight tendency of shallow
overbreaks in the tunnel roofl and in
the upper portions of the sidewalls
caused by discontinuities and the
dead weight of the rock mass exists.

B 1 Friable

Bl Friable

Major parts of the rock mass behave
elastically. Deformations are small
and decrease rapidly. Low rock mass
strength and limited stand-up times
related Loy the prevailing
discontinuity pattern yield
overbreaks and loosening of the rock
strata  in  tunnel roof and uwpper
sidewalls if no support 15 installed in
Lime.

B2 Very
Friable

B3 Rolling

B2 Very
Friable

This type of rock mass s
charactenised by large arcas of non-
elastic zones extending far into the
surrounding rock mass. Immediate
installation of the tunnel support,
will ensure deformations can be kept
small and cease rapidly. In case of a
delayed installation or an insufficient
quantity of support elements, the low
strength of the rock mass yvields deep
loosening and loading of the initial
support. Stand-up  ume  and
unsupporied span are short. The
potential of deep and sudden falure
from roof, sidewalls and face 15 high.
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Table 1.4( ¢ o nNA©BMic)assification ¥ NORM B 2203, 1994).

Rock
Mass
Class

Behavior of Rock Mass

ONOEM B 2203
After Oct. 1994

ONOEM B 2203
Before Oct. 1994

Explanations

C1 Rock
Burstling

C2
Squeezing

Cl
Squeezing

C1 is characterized by plastic zones
extending far into the surrounding
rock mass and failure mechanisms
such as spalling, buckling, shearing
and rupture of the rock structure, by
squeezing behaviour or by tendency
rock burst. Subject rock mass shows
a moderate, but distinct time
depending squeezing behaviour;
deformations calm down slowly
except in case of rock bursts.
Magnitude and  velocity  of
deformations at the cavity boundary
are moderate.

C3 Heavily
Squeezing

C2 Heavily
Squeezing

C2 is characterized by the
development of deep failure zones
and a rapid and significant
movement of the rock mass into the
cavity and deformations which
decrease very slowly. Support
elements may frequently be
overstressed..

C4 Flowing

L1
Short-term-stable
with high cohesion

By limitation of the unsupported
spans at arch and face, the rock mass
remain stable for a limited time.

C5 Swelling

L2
Short-term-stable
with low cohesion

No stand up time without support by
prior installation of forepolling or
forepiling and shotcrete sealing of
faces simultaneously with
excavation. The low cohesion
requires a number of subdivisions.
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Tablel.5 Correlation between RMR, Q and NATMNORM B 2203, 1994).

1000

400

100

40

10

0.1

0.01

0001

BARTON BIENIAWSKI
ROCK MASS ROCK MASS ONORM B 2203 ONORM B 2203
CLASSIFICATION CLASSIFICATION BEFORE Oct. 1994 AFTER Oct. 1994
Q (RMR)
E 100
— EXCEPTIONALY
B GOOD
— 94
— Al Al
_ EXTREMELY VERY D STABLE STABLE
GOOD
827
— 80
= 70.4
— VERY GOOD
76
N A2 A2
GOOD SLIGTHLY SLIGTHLY
— GOOD OVERBREAKING OVERBREAKING
65
— B1
- FAR 534 |60 FRIABLE
58 81
EAR FRIABLE A2
= POOR
147 VERY FRIABLE
= 47
L 0.77 45
— 40
= 0.41
— Bi B3
— VERYPOOR VERY ROLLING
- FRIABLE
- POOR
— 29 29
= 20 C1 ROCK  BURSTING
— 0.03 SQUEEZING
EXTREMELY -
POOR C2
0.021 s c2 SQUEEZING
IN
= SQUEEZING HEAVILY SQUEEZING
— 0.008 10
- VERY POOR L1 ca
= SHORT-TERM STABLE FLOWING
— EXCEPTIONALY WITH HIGH COHESION
- POOR 5
n 0.002 L2 cs
SHORT-TERM STABLE
25 WITH LOW COHESION SWELLING
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1.5.3.4 Geological Strength Index (GSI)

Hoek and Brown (1997) proposedodimer classification system called Geological
Strength Index (GSI) since RMR system has some limitations orpeemnquality

rock massesThere 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 classifidan, corresponding GSI value can be estimated from 5x5

matrix of Figure1.6.

Geological Strength Index (GSI)

z
3
2

From the description of structure and
surface conditions of the rock mass, pick

z
n =
1 o 2 ; g
= S g § 2
- - atef = k=1
¥ Rs b 5 5 e =2 =
an appropriate box in this chart. Estimate @ & z - z
the average value of GSI from the _,J__z = =2 ; - B
z o = 3 %S g
contours. Do not attempt to be too 2 2 g 8 & ;‘ g2
. - - = = = 2 | ==
precise. Quoting a range of GSI from 36 = 3 = 3 = = 5=
: e . = 3 £ 3= 5
to 42 is more realistic than stating that = £ 4 = o= 3
- e E] = == O
GSI = 38. © = = G == = &
o =7 = = e ) =
2 A 5 < = =2E
= = = = 7 3
g > > Eg|l 28| =8
7 = ® g3 z = e
: £ 3| 28| =32
= = s 5 8¢ |._.%85
% B sa| 22 |E=ms
2 : 8 = 2 |223
Z |wn2| 3E|-EE|Z2D
= FE|l=&5 nE o
5 S| SER|IRRE |22
- zlemm=Zlawvd lzw =
Structure : V.t @ 2 "
Structure

U

Decreasing surface quality

Intact/Massive — intact rock

specimens or massive in-situ rock /

masses with very few widely N/A N/A
spaced discontinuities / /

80

2 \ Very good

N

Blocky — very well interlocked
undisturbed rock mass consisting
of cubical blocks formed by three
orthogonal discontinuity sets

o

3
=

Very Blocky — interlocked, partially
disturbed rock mass with
multifaceted angular blocks formed
by four or more discontinuity sets

R \
.
SN o
\

Blocky/Disturbed — folded and/or
faulted with angular blocks formed
by many intersecting discontinuity

Decreasing interlocking of rock pieces

sets

mixture of angular and rounded
rock pieces

10
L

Figurel.6. Geological Strength Index (GSI) (Hoek & Brown, 1997).

7
= . 4 20
Disintegrated - poorly interlocked.
heavily broken rock mass with a /

I~
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SinceMarinos andHoekare dealing with thpoorquality rock masses encountered
in tunnelling, theydevelopedhe GSI system to its present form by including the

poorquality rock masses in 20QFigurel.7).

GEOLOGICAL STRENGTH INDEX FOR
JOINTED ROCKS (Hoek and Marinos, 2000)

From the lithology, structure and surface
conditions of the discontinuities, estimate
the average value of GSI. Do not try to
be too precise. Quoting a range from 33
to 37 is more realistic than stating that
GSI = 35. Note that the table does not
apply to structurally controlled failures.
Where weak planar structural planes are
present in an unfavourable orientation
with respect to the excavation face, these
will dominate the rock mass behaviour.
The shear strength of surfaces in rocks
that are prone to deterioration as a result
of changes in moisture content will be
reduced is water is present. When
working with rocks in the fair to very poor
categories, a shift to the right may be
made for wet conditions. Water pressure
is dealt with by effective stress analysis.

STRUCTURE DECREASING SURFACE QUALITY

Smooth, moderately weathered and altered surfaces
Slickensided, highly weathered surfaces with compact

coatings or fillings or angular fragments

VERY POOR
Slickensided, highly weathered surfaces with soft clay

Rough, slightly weathered, iron stained surfaces
coatings or fillings

SURFACE CONDITIONS

GOOD
FAIR
POOR

Very rough, fresh unweathered surfaces

VERY GOOD

ll

o INTACT OR MASSIVE - intact /
rock specimens or massive in 90
/ situ rock with few widely spaced Y/ N A

i /¥

BLOCKY - well interlocked un-
disturbed rock mass consisting
of cubical blocks formed by three
intersecting discontinuity sets

VERY BLOCKY- interiocked,
partially disturbed mass with
multi-faceted angular blocks
formed by 4 or more joint sets

BLOCKY/DISTURBED/SEAMY
Z# - folded with angular blocks

"z formed by many intersecting
discontinuity sets. Persistence
of bedding planes or schistosity

DISINTEGRATED - poorly inter-

locked, heavily broken rock mass
with mixture of angular and

{ rounded rock pieces

<= DECREASING INTERLOCKING OF ROCK PIECES
\ u
=

LAMINATED/SHEARED - Lack 10

of blockiness due to close spacing N/A N/A
of weak schistosity or shear planes

Figurel.7. Geological Strength Index (GSI) (Marinos and Hoek 2001).
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154 The literature survey aboutrelated 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., Ind. According to the site investigationard,compactmedium
grainedo coarseggrained, whiteto grayishsandstoneonstituteghetunnelingmedia
throughouthelengthof thetunneland the rock massasintersected 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
Ssystems wer e suggested for t he ¢Cubukbe
classification systems were used for evaluatiomook 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 Thesi s by ¢cel ik (2
characteristics of -Kkalé&k-kladre THu rgrheMayomnweAmr
and suggested excavation and supports systems were verified by using numerical
modeling. The tunnel waxeavated in Gabbr®iabase and Serpentinite belong to

Artova Ophiolite Complex. The rock mass was classibgdusing RMR, Q and

NATM classifications and support systems were also determined by using these

classification systems.

Satéce and | nver (2015) , studi ed t he K
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 wasthinly to thickly bedded sandstonieclaystone and sandstonie
siltstone intercalation and brecciaous limestone. Finally, they used numerical

analyses in order to verify the designed tunnel.

Yal - én et al . (2016) , determined the suppol
K°m¢grhan Tunnel using bot h Dumnmg the site a | and n
investigation, geological mapping and scanline survey were conducted. In addition,

geophysical investigations were conducted and samples were collected from
boreholesThey 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 studie¥hey usedhumerical analyses to verify the suggested

support systems.

According to the MS Tg¢eelagicad and geoteDhmicabh n i - (20:
characteristics of Belkahve Tunnel on Marisa mi r Hi ghway wer e deter:
appropriate support systems were selected and verified by numerical modeling. The

main lithologies along the tunnel was limestone and schist. RMBYdQNATM

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 thebgliies of the seven sections through the

tunnel route.
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CHAPTER 2

GEOLOGY

2.1 Regional Geology

Dinar basin is composed of unconsolidated materials ofliaternary age. Central

part of the basin is filled with finrgrained silt, clay and turhig and edge the

basin is filled with coarsgrained alluvial fans and talus. The strata beneath the

alluvial depositare composedf Eocene aged flysch type formations and Oligocene

aged congl omer ates. AkdajiNEDbf®mna grabenhsi c h i s
composed mainly of Jusaicto Tertiaryagedfolded,and highly fractured limestone

ophiolitic melange and Lutian aged flysch overlain by thick stratified debris and
conglomerates of OligoceneageYy al - énkaya & Al ptekin, 200

PreNeogene succession around Dinar composed ofmetamorphosed units that
overlie a metamorphic basement. This -Rebgene succession starts with
conglomerates and unconformably covered with interbedded sandstone, marl,
claystone,and limestone units that deposited in lacustrine environniém.unit
represents vertebrate and invertebrate fossils from early Miocene to early Pliocene
There is a fluvidacustrine sequence composed of-lbeown claystone, siltstone,
marl, and conglomerate towards the Dirtzasin. Deposition of PliQuaternary
formations is under the control of actitectonism,and it is indicated by fluvio
lacustrine sediments and alluvial fan. It consista aflty, clayey complex (sandy
clay, silt, pebble, and gravel) and results of the deposition from lacustrine

environment to fluvi al environment (G¢r b,
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2.2  Site Geology

In order todetermine 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 Resear¢MTA, 2011)wereconsideredin addition, by evaluating

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

result, Dutderéimestone was observed along the tur{rejure2.1).

DESCRIPTION OF MAP UNITS

] Aliivyon
Q| anvm

r‘ AR Aliivyon yelpazesi
o0y, o | Al fon
| L e .

P37 Yamag molozu
| Shope debris

I a__' Kirogtag Oyesi: Kiregtag! ve traverten
[YR%*—1  Limestone member: Limestone and travertane

| Dutdere kiregtag:: Neritk kiregtag:
b Dutdere Nmestone: Neritic fimestone

| Yavuz formasyonu: Kiregtag: ara katii kumtagt ve kiltag:
Tay. Yavuz formation: Sandslone and claystone infercalayed limestone

4+ Digeyfay, yeri yaklagik digey fay
= Vertical faull, approximatedy located vertical fault
Dinar fayl
Diner fault

Sariklenim, yorl yaklagik siriklenim
A A A
Overthrust, approsimately located overthrust

‘ B | _E ‘ l-—,—A \‘\‘ ‘. | { \ \\
ook A 0 \ ‘ KaraT, \
DS 1 e \ \ L\

Figure2.1. Geological map of the study area clipped from 1/100.000 scaledl MT
map(MTA, 2011)

Dutdere Limestone (TRJd)

The unit consists of mediwthick bedded, locally massive, white, cream, beige,
gray, recrystallized limestones with megalodon or algae. At the upper level of the
unit, mediumthick bedded, graycreamlimestones areeen Above these arpink,

red locally cherty, ammonitic nodular limestone (ammon#iosso faciesgxists

Its thickness is about 700 metérk e n e | A phat®@@aph)showing the Dutdere

limestone is givein Figure2.2.
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BRG: 118°SE (T) POS: 36 N 253820 4221459 +4m ALT: 1055m

22 Oct 2020, 18:31:25
Figure2.2. A view from Dutderdimestone 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 continebtalakupof the AegearAnatolian Plate.

As proposed by Al ptekin (1973) and exten
et al. (1997), the breakup is produced by divergent subduction rates of African plate
beneath the Cretan@@yprian ArcsThe platdectonicsarrangement of the Arabian

and AegeaAnatolian plates in the eastern Mediterranean influences the overall

geological outhok of the Dinar and its surroundin@sgure2.3) ( ¥ncel .et al
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Anatolian block moves towards the west because of the collision of these plates and
resulting a tensional stress regime and creation of horsgraibén systems in the

Aegean Sea and southwestern Turkeic Kenz i e, 1972, Al pt ek
1980) The development of horst and graben systems is controlled by the active

normalfaults,and thiscausesnoderately strong earthquakes in the region.

2.4  Hydrogeology

Lithological units in the study area were evaluated and classified according to their
hydrogeological characteristigslluvium, which is the most important aquifer in the
basinconsists of an alternation of clay, silt, sand, gravel, bkiz&d materialand

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

route and consists of recrystallized limest@imwsa permeableharacteristisince

it is highly fracturedLimestoneswith karstic cavitiesn the regiorare caléd karstc

aqui fer. Dutdere | imestones have é&@.een cu

The flow rates of the wells vary between2B|/s(Aksever et al., 2018)

There are many tectod@rstic springsin the study areaOne of these springs,

Su- ékan fpticontnotledsprimg deéscharged frorthe contact of Dutdere

limestone and Yavuz formatiorCarbonate rocks are widelpreadaround the

Su- éekanl hseprrei mg e lacirlisprings lbcated at the nodhwest of the
study area and D¢den spring(Figuezdpthed at t
waters of t lae mikeg diththe S@pkramgspring. These
high flow rates extend to the Dinar plain amik witht he B¢y ¢k Mender es
which is one of the most significant rivers in Turkey and create drainage system

around DinaAksever et al., 2018).
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Explanations

E Fault
Thrust Fault
Dinar Basin
m llica Spring
m Diden Spring
Bj incirli Spring
m Sucikan Spring
* Study Area

Figure2.4. 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 potéotgdnerate
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moderate to large earthquakegyre2.5). One of these depressions, the Dinar Half

Graben, is 50 km long and can reach a maximum width of Ikmnortheast edge

of the Dinar Half Graben is bounded by the Dinar Faultf i r st |l y named b
(1981) Dinar Faults an active normal faulvith a length of approximately 60 km

that produced Id1km long surface rupture by the October 1, 1995 Dinar
Earthquake (Mw=6.2)General strike of Dinar Fault is NA& and dipping 456 5 A

sout hwest (Emre et al., 2013, 2018; Kg¢gr -
three segment§ r om nort hwest to southeast cal l e
respectivel y (TheDeadber 1,495 Cinlar.Earthqidakd d8@curred on

the KézelKegr Sez02dent al . ,

28°30E

___ Earthquake Surface Rupture
or Holocene Fault

= Quaternary Fault

— Probable Quaternary Fault or

Lineament

Normal fault; ticks indicate

downthrown side

O Settlement

&% % (D Sea-Lake
29°00'E 29°30'E 30°00'E 30°30'E 31°00E 3 l°iO'E

Figure2.5. Active fault map of Dinar and its vicinityK ¢, r etalr,2021).

In this study, local soil class ZCwgin in TBECG18 was choseto determine the
earthquake parameters. The characteristics of the soil class ZC are giadien
2.1
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Table2.1 The characteristics of the soil class ZC (TBEC, 2018)

Upper Average at 30 m
Local Soil Class Soil Type
(Vg)3p [m/s] (N60)30 [Pulse/30 cm] (cu)30 [kPa]
Very tight sand, gravel and hard
zC clay layers or weathered, 360-760 >50 >250

very cracked weak rocks

In addition, earthquake ground motion le2g|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 4Agears was used to determine the earthquake parameters.

According to Earthquake Hazard Map of Turkey (AFAD, 20E3yure2.6), short
period spectrahcceleration coefficient ¢S) was determined a3.825by using the
local soil class ZC and earthquake ground motion{2{€ID-2). The effective peak
ground acceleration coefficie(o) for the study area was calculatasi 0.3 g by
using Ao=Sps X 0.4 formula.Horizontal seismic load coefficient {kused in the

numerical analyses was calculated as 0.165 by usirfpk0.5 formula.

pmere
-

. {5
Study Area

ST
r A T L

Led

»»»»»»»

mmmmm

Figure2.6. Location of study area iBarthquake Hazard Map of Turkey (AFAD,
2018)
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CHAPTER 3

ENGINEERING GEOLOGY OF THE STUDY AREA

In this chapter, the geological units observed along the tunnel route were evaluated
in terms of engineering geolodyite investigation was performed in order to obtain
geological and geotechnical information about the study area. In the sdbpsite
investigation, hand specimens from outcrapsl boreholesand discontinuit data

from outcrops and boreholegere collectedBoreholes were drilled through the
tunnel route.Then, laboratory tests were performed in order to determine unit
weight, uniaxial compressive strength, point load strengttex modulus of

elasticityand®o i s s o nabteerackst i o

Tunnel route is divided into 3 critical sections such as entrance portal, tunnel axis
and exit portalPlan and profile of the Tunnélis presented iRkigure3.1-3.5. The
limestone unit belonging tilne Dutdere Limestone Formationasobserved along

the tunnel route. In addition, a sandy clay layeh 3.5 m thicknessvas observed

over the limestone unit in the entrance portal sectidre imestone unit is a
recrystallized limestone with calciragoniteinfills. It has some cavities that can

be seen in boreholgg-igure 3.6). It is beigegrey, weak to moderately strong,
moderately to highly weathered, highly fracturBdacture surfaces are covered with

clay.
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Figure3.1.

PIn and profile of the entrance of the Turfiel
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Figure3.2. Plan and profile of the tunnel axis.
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Figure3.3. Plan and profile of theunnel axis.
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Flgure3 6 Karstlc cawty in TSK344

3.1 Field Studies

Field studies were performed through the tunnel route in oradagsifyrock mass
andto obtain data for the properties of thiscontinuites.Hand specimens from
entrance and exit portals were collegtdscontinuity properties such gsacing,
persstence, aperture, roughness, infilling, weathering degree were determined
duringthefield studies According to the field studiesliscontinuity conditions can

be summarized as follows:

Spacingof discontinuities60-200 mm
Persistence of discontinuities is3lm
Aperture of discontinuities is GILO 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 1Zascontinuitydata could be taken
from onlytwo outcropsof tunnel axissincelimited 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 seéralite 3.1.
Location of the hand specimens and discontinuities is givdfigare 3.7 and a

photograplshowing the outcrop is given Figure3.8.

Table3.1 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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BRG: 81°E (T) POS: 36 N 253823 4221461 +4m ALT: 1056m

22 Oct 2020, 18:36:11

Figure3.8. A view from outrop.
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J1 and J2 were examined in DIPS softw@ecscience, 202qFigure 3.9, Figure
3.10 andFigure3.11) andtheir orientations were considered with respect to tunnel
direction.(Table3.2) (Bieniawski, 1989).

N

[ symool Feature |
[ Pole Vectors |

PlotMode | Pole Vectors
Vector Count | 2 (2 Entries)

Hemisphere | Lower

Projection | Equal Area

:

Figure3.9. Pole plot of major joint sets observed at the tunnel axis.

Figure3.10. Contour diagranof major joint sets observed at tunnel axis.
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