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ABSTRACT

DETERMINATION OF TUNNEL SUPPORT SYSTEMS OF BELKAHVE
(IZMIR) TUNNEL WITH EMPIRICAL AND NUMERICAL METHODS
Domanig, Can Murat
M.Sc., Department of Geological Engineering
Supervisor: Prof. Dr. Tamer Topal
June 2016, 287 pages

In this study, determining the geological and geotechnical characteristics of the
Belkhave tunnel with a length of 1650 m and width of 16 m along Manisa-izmir
Highway, selecting the appropriate support system and verifying with numerical

modeling are aimed.

Limestone and schist are the main lithologies along the Belkahve tunnel. RMR, Q and
NATM classification systems are used to classify the rock mass. Appropriate support
systems are determined by using these classification methods. In order to verify the
determined support systems, 2D finite element analyses are performed to check the
stabilities of seven sections through the tunnel route. The primary support systems
determined according to RMR, Q and NATM and 4-6 m long bolt with intervals of 1-
1.5 m, 10-30 cm shotcrete, steel sets wherever required are recommended. Moreover,
numerical analyses are used to check the deformation at different sections of the tunnel
and stabilities of the tunnel portals. Based on the analyses performed, tunnel
deformations are found to be acceptable with the applied supports, and no slope failure

is expected for the portals.

Keywords: Limestone, NATM, Numerical modeling, RMR system, Schist, Q system,

tunnel support, Belkahve, Manisa, Izmir.



0z

BELKAHVE (iZMiR) TUNELININ DESTEK SISTEMLERININ AMPIiRIiK
VE SAYISAL YONTEMLERLE BELIRLENMESI

Domanig, Can Murat
Yiiksek Lisans, Jeoloji Miihendisligi Bolimii
Tez Yoneticisi: Prof. Dr. Tamer Topal

Haziran 2016, 287 sayfa

Bu calismada, Manisa-izmir Otoyolu iizerinde bulunan, uzunlugu 1650 m. ve
genisligi 16m. olan Belkahve tiinelinin, jeolojik ve jeoteknik 6zelliklerini belirleyip,
bu baglamda, uygun destek sistemleri se¢ip, sayisal analizler ile saglamasinin

yapilmasi amaglanmaistir.

Kirectasi ve sist, tiinel giizergahi boyunca goriilen hakim birimlerdir. Kaya kiitlesinin
siiflandirilmas: icin RMR, Q ve NATM kaya smiflamalari kullanilmistir. Uygun
destek sistemlerinin belirlenmesi, bu kaya siniflamalari araciligi ile yapilmistir.
Belirlenen destek sistemlerinin stabilitesi, tiinel giizergahi boyunca 7 ayri kesitte 2-
boyutlu sonlu elemanlar analizi kullanilarak kontrol edilmistir. RMR, Q ve NATM
kaya siniflamalar1 1s1ginda belirlenen ana destek sistemleri i¢in, 4-6 m. boyunda 1-1,5
m. aralikli bulon,10-30 cm. kalinliginda piiskiirtme beton ve gerektiginde kullanilacak
olan ¢elik iksa Onerilmistir. Ek olarak, sayisal analiz yapilarak, tiinel glizergdhinin
degisik kesitlerinde ve tiinel giris ¢ikis portal bolgelerinde deformasyonlar kontrol
edilmistir. Analiz sonuglarma gore, destek sistemleri uygulandiktan sonra olusan
deformasyonlar kabul edilebilir mertebelerde olup, portal bolgelerinde herhangi bir
sev duraylilik problemi beklenmemektedir.

Anahtar Kelimeler: Kiregtasi, NATM, Sayisal modelleme, RMR kaya siniflama

sistemi, Sist, Q sistemi, tiinel destek, Belkahve, Manisa, {zmir.
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CHAPTER 1

INTRODUCTION

1.1 Purpose and Scope

Belkahve tunnel is planned to be constructed as part of Manisa — izmir highway of
Istanbul-Bursa-Balikesir-izmir Highway project. The length of the Manisa-izmir
highway is 57,698 kilometers with three lanes round-trip (2x3). There is only one
tunnel along the highway route. The Belkahve tunnel is located approximately 30 km
south east of izmir, and between kilometers of 399+180 and 400+930. The length of
the right tube and left tube of the tunnel is 1650 m 1750m, respectively. The maximum
diameter of the tunnel section is 16 m. Belkahve Tunnel has 2.70% longitudinal slope.
Through the tunnel route, the distance between the tubes is defined as 24 m which
corresponds to 1.5 times of the tunnel width. Figure 1.1. shows the typical cross section
of the Belkahve Tunnel. According to GDH, a tunnel with length greater than 1000m,
have to contain emergency vehicle passage and emergency pedestrian passages. So,
Belkahve Tunnel contains an emergency vehicle passage at the middle part of the
tunnel route and two emergency pedestrian passages at two different sections.

The primary objective of this study is the classification of rock masses along the tunnel
alignment, determination of engineering parameters and support systems of the tunnel,

and verification of the determined support systems

In order to accomplish this task, available data were collected, field and laboratory
studies were performed, samples were tested in the laboratory, rock masses were

classified, support systems were determined and checked by numerical analyses.
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Figure 1. 1 Typical cross section of the tunnel (Scale:1/50)



1.2 Location and Accessibility of the Study Area

The location of the study area is in Belkahve pass near Kavaklidere village and
approximately 30 km southeast of Izmir. The tunnel is located between the longitudes
N38°28’04” and N38°27°30”and the latitudes E27°19°30” and E27°18°37” (Google
Earth Software, 2014). Figure 1.2. shows the location of the study area.

’ R - - Avak | dETe e

Figure 1. 2 Location map of the study area.




1.3 Climate and Vegetation

In the study area, Mediterranean climate characterized by long, hot and dry summers;
and mild to cool, rainy winters, exists. The highest temperature is recorded in August
(43°C), the coldest temperature is recorded in January (-6.4°C), with an average
temperature of 17.93°C. The mean rainfall in Izmir is about 690.1 mm. 53 % of the
annual rainfall occurs in winter. 22% of the annual rainfall occurs in spring, 1% of the
annual rainfall occurs in summer and 24% of the annual rainfall occurs in Autumn.
Oak is covering the most part of the region. The mean relative humidity is around 57.8
% (MGM, 2015).

1.4 Methodology

Several steps were followed for the purpose of succeeding the task of this thesis. At
very first step; literature survey about geology of the study area (Manisa-izmir),
determination of engineering parameters of rock masses, several different rock mass
classification systems and rock support applications were reviewed. Second stage of
the study involves performing site investigation with the aim of obtaining geological
and geotechnical information through the tunnel route. Site investigation program
comprises field study which contains drilling of five boreholes by Fugro Sial Company
(2012). The main goal of drilling is to identify the subsurface geology, to collect
discontinuity conditions data and also to collect the hand specimens from the outcrops.
In the third step of the study, laboratory tests were performed by Limit Lab. (2012).
These bunch of tests aim to determine the unit weight, uniaxial compressive strength,
point load strength and modulus of elasticity of the rock mass along the tunnel route.
Following the third step, rock mass classifications and determination of support
systems were utilized. In addition, determination of basic input parameters of
numerical analyses was completed by determination of rock mass parameters. In the
fifth step, slope stability analyses for the tunnel portals were performed. Finally,
models of the Belkahve tunnel using computer software (Phase2) were used to verify

the determined support systems.


http://en.wikipedia.org/wiki/Mediterranean_climate

1.5 Previous Studies

Previous reports and maps related to the study area are very important to plan a well-
done site investigation programme. The Manisa —izmir highway had been projected
by Yiiksel Domanic and Eser engineering companies in 1997. According to the scope
of the project, the Belkahve tunnel has not been fully projected. There were several
boreholes open at that time to prepare pre-project of the tunnel including only both

portals.

Analyzing some very basic concepts of rock mass quality, rock mass strength
parameters, how a rock mass around a tunnel distorts and how the support systems
works in order to check over this distortion are essential for a good understanding of

the process for designing tunnel support.

For over 100 years, the rock mass classification systems have been progressing. Ritter
(1879) tried to put forward an experimental remark on tunnel design. Terzaghi (1946)
was the first person to mention about the usage of rock mass classification for design
of tunnel support. The definitions quoted from his paper are; intact rock, stratified rock,
moderately jointed rock, blocky and seamy rock, crushed rock, squeezing rock and
swelling rock. Lauffer (1958) introduced a relationship between stand up time for an
unsupported span and quality of rock mass. In order to assess the rock mass quality,
Deere et al. (1967) built up rock mass quality designation index (RQD). RQD is
defined as the ratio of length of rock pieces equal or greater than 10 cm to total length
of core run. RMR (rock mass rating system) is a rock mass quality classification. South
African Council for Scientific and Industrial Research (CSIR) developed RMR by
closely associated with excavation for the mining industry (Bieniawski, 1973).

So, in order to determine rock mass classification, uniaxial compressive strength of
intact rock, drilling core quality RQD, spacing of discontinuities, conditions of
discontinuities, groundwater condition, are used (see Table 1.1-1.4). RMR system
charts which are used to determine the basic RMR value the rock mass and guidelines

for excavation and support are presented in Tables 1.1 and 1.2.



Table 1. 1 Rock mass rating system (after Bieniawski, 1989)

A CLASSIFICATION PARAMETERS AND THEIR RATINGS
Parameter Range of values
Strength | Point-load >10MPa 4-10MPa 2-4MPa 1-2MPa For this low range - uniaxial
o stength index compressive et g
itact rock prefmed
1 material Unizdal comp 250 MPa 100 - 250 MPa 50- 100 MPa 25-50 MPa 5-25 | 1-5 | <1
strength MPa | MPa | MPa
Rating 15 12 7 4 2 1 0
Drill core Guality RGD 90% - 100% 75% - 80% 50% - 75% 25% - 50% <25%
2 Rating .l 17 13 8 3
Spacing of discontinuities >2m 06-2.m 200 - 600 mm 60 - 200 mm <60 mm
3 Rating N 15 10 8 H
Very rough surfaces Slightly rough surfaces Slightly rough surfaces Slickensided surfaces Soft gouge »5 mm thick
Condition of discontinuities Mot confinuous Separation < 1 mm Separation < 1 mm o Gouge < 5 mm thick or Separation > 5 mm
(SeeE) No separafion Slightly weathered walls | Highly weathered walls or Separation 1- mm Confinuous
4 Unweathered wall rock Continuous
Rating 30 % 0 10 0
Inflow per 10 m None <10 10-25 25-125 >125
tunnel length (Vm)
Groundwa | (Joint water press ) 0 <01 01,-02 02-05 >05
5 & | (Major principal o)
General condtions Completely dry Damp Wet Dripping Flowing
Rating 15 10 7 4 0
B. RATING ADJUSTMENT FOR DISCONTINUITY ORIENTATIONS (See F)
Strike and dip ofientations Very favourable Favourable Fair Unfavourable Very Unfavourable
Tunnels & mines 0 2 5 -0 -2
Ratings Foundations 0 2 -7 A5 -25
Slopes 0 il 25 -50
C. ROCK MASS CLASSES DETERMINED FROM TOTAL RATINGS
Rating 100 « 81 B« 61 B 41 2 <2
Class number I Il [l v v
Description Wery good rock Good rock Fair rock Foor rock Very poor rock
D. MEANING OF ROCK CLASSES
Class number I It [ v v
Average stand-up time 20yrs for 15 m span 1 year for 10 m span 1week for 5 m span 10 hrs for 2.5 m span 30 min for 1 m span
Cohesion of rock mass (kPa) > 400 300 -400 200 - 300 100 - 200 <100
Friction angle of rock mass (deg) > 45 35-45 %5-3 15-25 <15
E. GUIDELINES FOR CLASSIFICATION OF DISCONTINUITY conditions
Discontinuity length (persistence) <im 1-3m 3-10m 10-20m >Hm
Rafing ] 4 2 1 0
Separation (aperture) None <0.1 mm 01-1.0mm 1-5mm >5mm
Rafing ] 5 4 1 0
Roughness Very rough Rough Slightly rough Smooth Slickensided
Rafing ] 5 3 1 0
Infilling (gouge) None Hard filing < 5 mm Hard filing > 5 mm Soft filling < 5 mm Soft filing > 5 mm
Rating ] 4 2 2 0
Weathering Unweathered Slightly weathered Moderately weathered Highly weathered Decomposed
Ratings f 5 3 1 ]
F. EFFECT OF DISCONTINUITY STRIKE AND DIP ORIENTATION IN TUNNELLING™
Sirike perpendicular to funnel axis Strike parallel to tunnel axis
Drive with dip - Dip 45 - 90° Drive with dip - Dip 20 - 45° Dip 45-90° Dip 20- 45°
Very favourable Favourable Very unfavourable Fair
Drive against dip - Dip 45-90° Drive against dip - Dip 20-45° Dip 0-20 - Irrespective of stike®
Fair Unfavourable Fair

* Some conditions are mutually excusive . For example, Finfiling is present, the roughness of the surface will be overshatowed by the infuence of the gouge. In such cases use A 4 directly.

** Modified after Wickham et al (1972).




Table 1. 2 Rock tunnels Guideline for excavation and support of 10 m span rock

tunnels in accordance to RMR value. (after Bieniawski, 1989)

as possible after blasting.

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.
RIMR: 61-80 1-1.5 m advance. Complete 3m _Iong, Spaced 25 crown where
support 20 m from face m_w'lth occasional required.
wire mesh.
Il - Fair rock Top heading and bench Systematic bolts 4 m 50-100 mm None.
RMR: 41-60 1.5-3 m advance in top heading !ong, spaced 15-2m | in crown and
i " | incrown and walls 30 mm in
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
RME- 21-40 1.0-1.5 m advance in top mlong, spaced 1-1.5 incrown and | spaced 1.5 m where
h-eadi.ng 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. mlong, spaced 1-1.5 in crown, 150 | spaced 0.75 m with
RMR: < 20 Install support concurrently with | M 1N crown and walls mm in sides, | steel Ia_ggmg and_
excavati Opnp Shotcrete as goon wlth wire mesh. Bolt and 50 mm forepo!lng if required.
invert. on face. Close invert.

Barton et al. (1974, 1976) developed the Q system at the Norwegian Geotechnical

Institute (NGI). The Q system includes six parameters which are:

RQD, Jn, Jr, Ja, Jw, SRF

Table 1.3 is used to determine each parameter given above.




Table 1. 3 Q rock classification system with individual parameters shown (After
Barton et al. 1974)

DESCRIPTION VALUE NOTES
1. ROCK QUALITY DESIGNATION RQD
A. Very poor 0-25 1. Where RQD is reported or measured as = 10 (including 0),
B. Poor 25-50 a nominal value of 10 is used to evaluate Q.
C. Fair 50-75
D. Good 75-90 2. RQD intervals of 5, i.e. 100, 95, 90 etc. are sufficiently
E. Excellent 90 - 100 accurate.
2. JOINT SET NUMBER ..f‘,1
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 6
F. Three joint sets 9 1. For intersections use (3.0 x J)
G. Three joint sets plus random 12
H. Four or more joint sets, random, 15 2. For portals use (2.0 = Jn)
heavily jointed, 'sugar cube’, efc.
J. Crushed rock, earthlike 20
3. JOINT ROUGHNESS NUMBER Jp
a. Rock wall contact
b. Rock wall contact before 10 cm shear
A. Discontinuous joints 4
B. Rough and irregular, undulating 3
C. Smooth undulating 2
D. Slickensided undulating 15 1. Add 1.0if the mean spacing of the relevant joint set is
E. Rough or irregular, planar 15 greater than 3 m.
F. Smooth, planar 1.0
G. Slickensided, planar 05 2.J,=0.5 can be used for planar, slickensided joints having
¢. 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 (nominal)
J. Sandy, gravely or crushed zone thick 1.0
enough to prevent rock wall contact (nominal)
4. JOINT ALTERATION NUMBER gy ¢r degrees (approx.)
a. Rock wall contact
A_Tightly healed, hard, non-softening, 0.75 1. Values of ¢r, the residual friction angle,
impermeable filling are intended as an approximate guide
B. Unaltered joint walls, surface staining only 1.0 25-35 to 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, 40 8-16
i.e. kaolinite, mica. Also chlorite, talc, gypsum
and graphite etc., and small quantities of swelling
clays. (Discontinuous coatings, 1 -2 mm or less)




Tablel.3 (continued)

4, JOINT ALTERATION NUMBER
b. Rock wall contact before 10 cm shear
F.Sandy particles, clay-free, disintegrafing rock etc.
G. Strongly over-consolidated, non-softening
clay mineral fillings (continuous < 5 mm thick)
H. Medium or low over-consolidation, softening
clay mineral fillings (continuous < 5 mm thick)
J. Swelling clay fillings, i e. montmorillonite,
(continuous < 5 mm thick). Values of J,
depend on percent of swelling clay-size
particles, and access to water.
¢. No rock wall contact when sheared
K. Zones or bands of disintegrated or crushed
L. rock and clay (see G, H and J for clay
M. conditions)
N. Zones or bands of silty- or sandy-clay, small
clay fraction, non-softening
0. Thick continuous zones or bands of clay
P. &R (see GHand J for clay conditions)
5. JOINT WATER REDUCTION
A_Dry excavation or minor inflow i.e. < 51/m locally
B. Medium inflow or pressure, occasional
outwash of joint fillings

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

D. Large inflow or high pressure

E. Exceptionally high inflow or pressure at blasting,
decaying with time
F. Exceptionally high inflow or pressure

€. STRESS REDUCTION FACTOR

depth)
tegrated rock (excavation depth < 50 m)
tegrated rock (excavation depth > 50 m)
surrounding rock (any depth)
excavation < 50 m)

excavation = 50 m)

40
6.0

8.0

8.0-120

6.0
8.0
8.0-120
2.0

10.0-130
6.0-240

JW
1.0

0.66

0.5

033
02-01

0.1-005

a. Weakness zones intersecting excavation, which may
cause loosening of rock mass when tunnel is excavated

A. Multiple occurrences of weakness zones containing clay or
chemically disintegrated rock, very loose surrounding rock any

B. Single weakness zones containing clay, or chemically dis-

C. Single weakness zones containing clay, or chemically dis-

D. Multiple shear zones in competent rock (clay free), loose

E_ Single shear zone in competent rock (clay free). (depth of

F. Single shear zong in competent rock (clay free). (depth of

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

¢r degrees (approx.)

25-30
16-24

12-16

6-12

6-24

approx. water pressure (kgfiem

<10
10-25

25-100

25-100
>10

=10
SRF

100

a0

25

75

2.0

25

2.0

2

1. Factors C to F are crude estimates;
increase J, 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




Table 1. 3 (continued)

DESCRIPTION VALUE NOTES
6. STRESS REDUCTION FACTOR SRF
b. Competent rock, rock stress problems
o /0y o0 2. For strongly anisotropic virgin stress field
H. Low siress, near surface >200 >13 25 (It measured): when 520, /a,£10, reduce o,
J. Medium sfress 200-10  13-066 10 100.8 and g; 1o 0.80;. When o/ > 10,
K. High stress, very tight structure 10-5 066-033 05-2 reduce o, and ;10 0.6 and 0.6a;, where
(usually favourable to stability, may , = unconfined compressive strength, and
be unfavourable to wall stability) ¢ =tensile strength (pointload) and o, and
L. Mild rockburst (massive rock) 5-25 033-016  5-10 04 are the major and minor principal stresses.
M. Heavy rockburst (massive rock) <25 <0.16 10-20 3. Few case records available where depth of
¢. Squeezing rock, plastic flow of incompetent rack crown below surface is less than span width.
under influence of high rock pressure Suggest SRFincrease from 2.5 to 5 for such
N. Mild squeezing rock pressure 5-10 cases (see H).
0. Heavy squeezing rock pressure 10-20

d. Swelling rock, chemical swelling activity depending on presence of water
P. Mild swelling rock pressure 5-10

R. Heavy swelling rock pressure 10-15

ADDITIONAL NOTES ON THE USE OF THESE TABLES

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

tables:

1. When borehole core is unavailable, RQD 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 RQD for the case of clay free

rock masses: RQD = 115- 3.3 J, (approx.), where J, = total number of joints per m° (0< RQD< 100 for 35> J,>45)
2 The parameter J, representing the number of joint sets will ofien be affected by foliation, schistosy, siaty cleavage or bedding efc. ff

strongly developed, these parallel ‘joints' should obviously be counted as a complete joint set. However, if there are few fjoints'
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 J

3. The parameters J. and J, (representing shear strengih) should be relevant o the weakest significant joint set or ciay filled
discontinuity in the given zone. However, if the joint sef or discontinuity with the minimum value of J A/, is favourably oriented for
stability, then a second, less favourably oriented joint set or discontinuity may sometimes be more significant, and its higher value of
JHJQ should be used when evaluating Q. The value of JIJJa should in fact refate o the surface most likely to allow failure to initiate.

4. When a rock mass contains clay, the factor SRF appropriate to loosening loads should be evaluated. In such cases the strength of
the intact rock is of littie interest. However, when jointing is minimal and clay 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 anisotropic stress field
is unfavourable for stability and is roughly accounted for as in note 2 n the table for stress reduction factor evaluation.

5. The compressive and tensile sirengths (g, and g;) of the intact rock should be evaluated in the saturated condition if his is

appropriate to the present and future in situ conditions. A very conservative estimate of the strength should be made for those rocks
that deteriorate when exposed to moist or saturated conditions.
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Figure 1.3 shows the support categories with respect to Q system.
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REINFORCEMENT CATEGORIES:

1) Unsupported 8) Fibre reinforced shotcrete and bolting, 9 - 12 em
2) Spot bolting 7) Fibre reinfoerced shoterote and bolting, 12 - 15 cm
3) Systematic boliing 8) Fibre reinforced shotcrete, > 15 cm,

4) Systematic bolting, (and unreinforced shotcrete, 4 - 10 cm) reinforced ribs of shotcrete and bolting

5) Fibre reinforced shoicrete and bolling, 5 - 9 an g9) Cast concrete lining

Figure 1. 3 Estimated support categories based on the Q system (Barton, 2002a)

There are some empirical equations in the literature for correlation between Q and

RMR values. Most common of these equations is presented by Bieniawski (1989);

RMR=9*InQ +44

Another one based on statistics equation is given by Preston (1989);

RMR =5.9*InQ + 43

Today one of the most popular method used in tunnel construction is The New
Austrian Tunneling Method (NATM). Between 1957 and 1965 NATM was developed
in Austria. Today the name known as NATM was given in London in 1962 to
differentiate it from the old Austrian tunneling approach. The main idea behind the
NATM which made it this much popular is to use the geological stress of the

surrounding rock mass to stabilize the tunnel.
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The NATM combines the principles of the behavior of rock masses under load and
monitoring the performance of underground construction during construction. The
NATM has often been referred to as a "design as you go" approach, by providing an
optimized support based on observed ground conditions. Better definition, it can be
described as a "design as you monitor" approach, based on observed convergence and
divergence in the lining and mapping of prevailing rock conditions.

NATM is based on several features (Bieniawski, 1989) which are;

- Rock mass strength

The method relies on using the surrounding rock mass to support itself as a primary
support system, thus rock mass strength is the most important parameter for NATM

support system.

- Support system protection

Deformation of the rock must be minimized. For this purpose, a thin layer of shotcrete
should be applied right after every span.

- Monitoring

Monitoring the displacements during excavation must be done correctly. This is
achieved by installing measurement instruments.

- Flexible support

Since the primary lining is thin and aims to reflect recent strata conditions, additional
flexible combination of support elements such as rock bolts, wire mesh are accounted

for the support of the tunnel.

Contractual arrangements

12



Because the monitoring measurements forms an important part of NATM philosophy,
simultaneous changes in supporting and excavation method are possible during

construction.

According to NATM, ground is classified qualitatively. The rock mass behavior and
its classes are evaluated according to the criteria of Austrian Standard ONORM B
2203. Table 1.4 shows the different several rock mass classes with respect to NATM
The correlation between the classification systems RMR, Q and NATM is presented

in Figure 1.4.

Table 1. 4 NATM rock mass classification according to ONORM B 2203
(Geoconsult, 1993 and ONORM B 2203, 1994)

Behaviowur of Rock Mass

Rock

Mass
Class

ONORM 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 i1s no tendency of
overbreaking after scaling of the rock portions
disturbed by blasting. The rock mass 1s permanently
stable without support.

A2 Shigthly
Overbreaking

A2 Slhigthly
Overbreaking

The rock mass behaves elastically. Deformations are
small and decrease rapidly. A slight tendency of
shallow owverbreaks in the tunnel roof and 1n the upper
portions of the sidewalls caused by discontin- uwities
and the dead weight of the rock mass exists

B1 Friable

B1l Frniable

Major parts of the rock mass behave elastically
Deformations are small and decrease rapidly. Low
rock mass strength and limited stand-up times related
to the prevailing discontinuity pattern vield overbreaks
and loosening of the rock strata in tunnel roof and
upper sidewalls 1f no support 1s mmstalled 1 time.

B2 Very Friable

B3 Rolling

B2 Very Friable

This type of rock mass is characterised by large areas
of nonelastic 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 delayved mstallation or
an msufficient guantity of support elements. the low
strength of the rock mass yields deep loosening and
loading of the mitial support. Stand-up time and
unsupported span are short. The potential of deep and
sudden failure from roof. sidewalls and face 1s hagh.

C1 Rock
Bursting

C2 Squeezing

C1 Sgueezing

C1 is characternized by plastic zones extending far into
the surmmounding rock mass and failure mechanisms
such as spalling. buckling. shearing and rmuptare of the
rock structure. by sgueezing 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 mto 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 limated time

C5 Swelling

L2
Short-term-stable
with low cohesion

M™No stand up time without support by prior installation
of forepolling or forepiling and shotcrete sealing of
faces simmltaneously with excavation. The low
cohesion requires a number of subdivisions.
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BARTON BIENIAWSKI
ROCK MASS ROCK MASS ONORM B 2203 ONORM B 2203
CLASSIFICATION CLASSIFICATION BEFORE Oct. 1994 AFTER Oct. 1994
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Figure 1. 4 The correlation between the classification systems RMR, Q and NATM
(ONORM B 2203, 1994)
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CHAPTER 2

GEOLOGY

2.1 General Geology

Belkahve tunnel takes place in south-western part of “izmir-Ankara-Erzincan Zone”
which can be characterized by Cretaceous ophiolitic mélange and highly deformed
flysch units within Western Anatolian Horst and Graben province (Brinkmann, 1966).
The zone lies between Sakarya continent to the north and Menderes massif to the east
and southeast. The zone has been defined as 3 main rock packages; eastern part (a)
ultramafics and low degree metaclastic basement, (b) above this "ophiolitic unit
(mixtures of submarine volcanics, layered chert, limestone)" and (c) uppermost part
by flysch (Kaya, 1972). This chaotic belt is unconformably overlain by Miocene

clastics and volcanics (Ongiir, 1972).

Dora (1964) was the first person to name the “Bornova flysh” within Izmir-Ankara-
Erzincan Zone and also map the formation as phyllite, clay bearing schists and low
grade metamorphosed quartzite, greywacke and very low grade metamorphosed
arkose alternating with schists and phyllites. Crystalline schists are Paleozoic age.
Later on, Oguz (1966) described the formation as "flysch association” of Upper
Cretaceous age with respect to regional correlations done. This unit is made up of
chlorite schists, phyllite, metasandstone, albite-epidote schists, actinolite schists,
spillite, cherty limestone, meta-conglomerate, bituminous schists which were
metamorphosed under greenschist facies. However, the part with exotic blocks which
contains of Permian, Triassic, Jurassic and Lower Cretaceous age limestones and
serpantinites are named as "Bornova complex" of Maastrichtian- Danian age (Dénmez
et al., 1998).
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The belt is unconformably sealed by the Miocene units (Figure 2.1). The Miocene
volcanic rocks containing mineralizations in the study area are divided into three types
as dacites, andesites and andesitic dykes by Dora (1964). Akdeniz et al. (1986) named
these volcanics as "Yamanlar volcanites”, meantime the ore bearing volcanics was

named as "Altintepe volcanics” by Donmez et al. (1998).

2.2  Site Geology and Stratigraphy

The study area where the tunnel will be constructed is characterized by Upper
Cretaceous Anadag limestone, Damlacik formation, Upper Cretaceous - Lower
Paleocene Belkahve formation (Akdeniz et al., 1986) of “Bornova Flysch”, colluvium,
alluvium, and slope debris. According to the field studies and field observations, the
Belkahve formation (Kb) is seen along the tunnel route. Geological maps and
longitudinal geological section of the tunnel route are shown in Figures 2.2-2.4.
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Quaternary
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=
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g
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Figure 2. 1 Generalized stratigraphic columnar section of study area
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Figure 2. 2 Geological map of study area (Akdeniz,1986)

Cenozoic
Miocena

Lowar Palsocens -
Upper Cratacsous

Mesozoic

Cretaceous
Lower Cretaceous

"\ 5N

Aluvium(Qal)

Vigneli Fomastion (Tmv)

1

Damlacik Formation (Kd)

} - Belkahve Formation (Kb

- Limestona member(lkk}

Anadag Limestone (Ka)

Bespinar Formation (Jkb)

Kizkalesi Formation (Jk)

Road Line

Formation Boundary

Thrust Fault

Cut Slope

Embankement Slope



18

Figure 2. 3 Geological plan view of the tunnel route.
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Vertical Scale:1/500
Horizontal Scale;1/200
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Figure 2. 4 Longitudinal geological section of the tunnel route (Vertical scale:1/500 and Horizontal scale:1/2000)



The detailed description and classification of rocks are essential parts of the
geotechnical information obtained to design tunnel support. The description and
classification have been done at very early stage of this study by tunnel route
observation in the field. Two different geological units dominate the tunnel route
which are Belkahve formation (Kb) and Belkahve formation-limestone member
(Kbk).

Belkahve Formation (Kb)

This unit which covers large area around Izmir in the frame of "izmir - Ankara Zone"
(Brinkmann, 1966) has been named as "Bornova flysch formation” where it is
observed widespread (Ongiir, 1972). In general, it is made up of a matrix of clastics,
radiolarite and basic volcanic rocks and blocks of various size, age and lithology. In
most of the previous works, it was defined with various names, however, in regionwide
concept "Bornova flysch™ is widely excepted (Konak et al., 1980). In this thesis,
"Belkahve” formation name (Akdeniz et al., 1986) is preferred. The Belkahve
formation (Kb) consists of clastic rocks in flysch character with limestone blocks. The
clastic rocks contain conglomerate-sandstone, shale-marl, clay bearing limestone
alternations and and blocks of limestone, radiolarite, greywacke, tuff, spilite and
serpentines. The age of the unit unit is Upper Cretaceous (Akdeniz et al., 1986). In the
study area, the dominant lithology of the Belkahve formation is green, brownish green,
brownish yellow, pinkish beige colored schists. The schist layers are intensely folded

(Figure 2.5). The limestone blocks are also observed in thee unit.
Belkahve Limestone Member (Kbk)

Limestone defined in the Belkahve formation is correlated with Anadag formation.
According to Akdeniz et al. (1986), the Belkahve formation includes serpantinite,
radiolarite, diabase and various limestone blocks. These limestone blocks are defined
as allochtonous (Akdeniz et al., 1986). This allochtonous limestone is mostly observed
at the northern and southern side of the tunnel route. In the study area, the Belkahve
formation limestone is observed as beige, pinkish beige, gray, dark gray colored
biomicritic limestone. The unit is highly fractured (Figure 2.6).
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Figure 2. 6 A view of limestone block (Kbk) in the Belkahve formation along the
tunnel route.

21



2.3 Structural Geology

In the study area, folded and jointed structures within the Belkahve formation are
observed. The faults are the regional structures that affect tunnel area, too. However,

there are no faults cross cutting the tunnel route.
Folds

Folds located within the izmir-Ankara Zone being formed by thrust and fold structures
are parallel to each other. Folds are generally oriented in the NE-SW direction. The
shearing zones are observed along the fold axis. The Belkahve formation is in a NE-
SW oriented syncline (Akdeniz et al., 1986). At the northern side of the tunnel route,
dip of the schist belonging to the Belkahve formation is mainly towards east.
Moreover, at the southern side of the tunnel route, dip of the schist is mainly towards
west. This observation shows that the tunnel route passes through the axis of a

syncline.
Joints

According to the field studies, at the entrance portal of the tunnel which is between
Km: 399+180 — Km: 399+400, three joint sets and random joints exist. The dip
amounts and dip directions of the main joint sets are (j1) 83/113, (j2) 80/338, (j3)
54/213. At the exit portal of the tunnel which is between Km: 400+750 — Km:
400+930, two joint sets and random joints exist. The dip amount and dip directions of
the main joint sets are (j1) 89/115, (j2) 42/207. Kinematics analyses and the pole

concentrations of these joint sets will be discussed and presented in Chapter 3.
Faults

Izmir and its surroundings take place in West Anatolian region which is dominated by
tectonic regime developed during neotectonic period. The Izmir bay is settled in the
western part of the graben of Gediz in east-west tectonic channel. Most of the tectonic
structures, normal faults, are in E-W directions. NW-SE and NE-SW oriented faults

are also seen around Izmir region. It can be stated that all neotectonic structures are
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normal faults. Active fault mapping was performed by MTA (2005) for a circle of 50
km radius centered by the city of Izmir. These active faults are listed below and shown

in the Figure 2.7.

1- Giizelhisar Fault
2- Menemen Fault Zone
3- Yenifoga Fault

4- Izmir Fault

5- Bornova Fault

6- Tuzla Fault

7- Seferihisar Fault

8- Giilbahge Fault

9- Giimiildiir Fault
10- Gediz Graben Fault
11- Dagkizilca Fault
12- Kemalpasa Fault
13- Manisa Fault
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Figure 2. 7 The active fault map of tunnel route and the study area (MTA,2005)
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2.4 Seismicity of the Tunnel Area

The geology of its surroundings and its historical earthquakes show that Izmir is one
of the regions with high earthquake risk. There are active faults around izmir region
and most of them are close to the Belkahve tunnel route. Moreover, izmir and the study
area have been in the area of high seismic activity. Earthquake epicenter around the
study area mostly seen at Aegean Sea, Karaburun, Sakiz island, Izmir bay, Midilli

island and Sisam Island (Figure 2.7).

According to the distribution of earthquake epicenters, some of the earthquakes
occurred around Akhisar, Soma, and Manisa. In the last century, three devastating
earthquakes affecting izmir and its surroundings occurred. These are 1928 Torbali
earthquake possibly along the Tuzla fault (M: 6.5) (Salomon-Calvi et. al., 1940), 1949
Karaburun earthquake possibly along the Seferihisar fault (Jackson and McKenzie,
1984) and 1992 Seferihisar earthquake possibly along the Seferihisar fault (M: 6.0)
(Tiirkelli et al., 1992, 1994).

According to AFAD, tunnel area located in the 1% degree of earthquake zone of Turkey
(Figure 2.8) and ground acceleration value should be taken as A0=0.4g according to
Technical Specification of GDH (2006). It is expected that, the Belkahve tunnel
entrance and exit will be opened in weak and highly fractured schist. Damage of the
tunnel due to earthquakes mostly expected where weak structures exist. Therefore,

entrance and exit parts of the tunnel are considered to be critical.
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CHAPTER 3

ENGINEERING GEOLOGY OF THE STUDY AREA

This chapter includes the assessment of engineering geological parameters of the rocks
to be cut along the tunnel route. For this purpose, field and laboratory studies were
performed. Then, rock mass classifications and strength parameters of the intact rock

were determined.

3.1 Field Studies

Field studies were performed on outcrops of the geological units which can be seen
through the tunnel route. With the purpose of defining the rock mass, type of
discontinuity, spacing, aperture, persistence, roughness, infilling properties, strength
and alteration degree of the discontinuity surface, joint water condition, number of sets
were determined in accordance with ISRM (1981).

Tunnel portal is the most important part of the tunnel designing. In this context,
discontinuity surveys were performed by scanline method (ISRM, 1981; Priest, 1993),
especially at the entrance and exit part of the tunnel. The survey line is approximately
10 m. During the survey, at least 150-350 readings should be taken (Priest, 1993).
However, in some cases, it was not possible to find outcrops wide enough to collect
data in the field. In this thesis, 35-40 readings could be taken at each field exposure
during the scanline survey. Classification of discontinuity orientations with respect to
tunnel direction recommended by Barton (1989) is presented in Table 3.1.
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Table 3. 1 Classification of discontinuity orientation with respect to tunnel direction
(Bieniawski, 1989)

EFFECT OF DISCONTINUTY STRIKE AND DIP ORIENTATION AT
TUNNELING
Strike perpendicular to tunnel axis Strike parallel to tunnel axis
Drive with DIP-DIP 45- | Drive with DIP-DIP 20- o DIP 20-
90° 450 DIP 45-90 450
Very .
Very Favorable Favorable Unfavorable Fair
Drive against DIP-DIP Drive against DIP-DIP | DIP 20-45° irrespective of
45-90° 20-45° strike
Fair Unfavorable Fair

According to the field studies, at the entrance portal of the tunnel which is between
Km: 399+180 — Km: 399+400, three joint sets and random joints exist. The dip amount
and dip directions of the main joint sets are (j1) 83/113, (j2) 80/338, (j3) 54/213. DIPS
software is used to obtain pole concentrations and the results are shown in Figure 3.1.

Fisher
Concentrations
% of total per 1.0 % area

0.00 ~ 2.00 %
2.00 ~ 4.00 %
4.00 ~ .00 %
6.00 ~ 8.00 %
8.00 ~ 10.00 %

10.00 ~ 12.00 %

12.00 ~ 14.00 %

E 14.00 ~ 16.00 %

16.00 ~ 18.00 %

18.00 ~ 20.00 %

Tunnel Entrance

No Bias Correction
Max. Conc. = 17.0570%

Equal Angle
Lower Hemisphere
40 Poles
40 Entries

S

Figure 3. 1 The pole concentration contours and dominant discontinuity sets seen at
the entrance portal of the tunnel.

As it seen in Figure 3.1, J1 is cutting the tunnel axis with high angle and driving with

dip at an angle of 83°. According to the rock mass rating system (Bieniawski, 1989),
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J1 is considered to be very favorable. J2 is parallel to tunnel axis and dip amount is
80°. According to the rock mass rating system, J2 is very unfavorable. J3 is almost
perpendicular to the tunnel axis and driving against dip with an angle of 54°.

According to the rock mass rating system, J3 is fair (Table 3.2).

Table 3. 2 Strike and DIP of the discontinuities at the tunnel entrance portal

Discontinuity Strike DIP Definition

Perpendicular to tunnel | Drive with DIP

J'f -
J1(83/113) axis 83° Very Favorable
T2 (80/338) Parallel to tunnel axis DIP 80° Very Unfavorable
13 (54/213) Perpendicular to tunnel | Drive against Fair

axis DIP 54°

According to the results given in Table 3.2, for the tunnel entrance portal, the effect of
discontinuity strike and dip amount for tunneling is stated to be “Fair” as an average

of three joints’ descriptions.

At the exit portal of the tunnel which is between Km: 400+750 — Km: 400+930, two
joint sets and random joints exists. The dip amount and dip directions of the main joint
sets are (j1) 89/115, (j2) 42/207. DIPS software is used to obtain pole concentrations

and the results are shown in Figure 3.2.
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Fisher
Concentrations
% of total per 1.0 % area

0.00~ 3.50 %

3.50~ 7.00 %

7.00 ~ 10.50 %
10.50 ~ 14.00 %
14.00 ~ 17.50 %
17.50 ~ 21.00 %
21.00 ~24.50 %
24.50 ~ 28.00 %
28.00 ~31.50 %
31.50 ~ 35.00 %

No Bias Correction
Max. Conc. = 33.1907%

Equal Angle
Lower Hemisphere
35 Poles
35 Entries

Tunnel Exit S

Figure 3. 2 The pole concentration contours and dominant discontinuity sets seen at
the entrance portal of the tunnel.

As it seen in Figure 3.2, J1 is perpendicular to tunnel axis and driving with dip with an
angle of 83°. According to the rock mass rating system (Bieniawski, 1989), J1 is very
favorable. J2 is parallel to tunnel axis and dip angle is 80°. According to the rock mass

rating system, J2 is very unfavorable (Table 3.3).

Table 3.3 Strike and DIP of the discontinuities at the tunnel exit portal.

Discontinuity Strike DIP Definition

J1(89/115) Parellel to tunnel axis DIP 89° Very Unfavorable

Perpendicular to tunnel | Drive with DIP

axis 420 Favorable

J2 (42/207)
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According to the results given in Table 3.3, for the tunnel exit portal, the effect of
discontinuity strike and dip amount for tunneling is concluded as “Unfavorable” as an

average of two joints’ descriptions.

3.2 Dirillings

Eight boreholes were drilled (Table 3.4) with a total length of 641.5 m to finalize the
cross-section and determine the geotechnical parameters of the rock mass through the
tunnel route. OZTAY Group (2012) drilled the boreholes. During drilling, the rotary
core drilling method with water swivel type double tube core barrel was used for
obtaining core samples. During drillings, double mud pump wire line HQ and NQ
equipped trucks, D-900 and D-750 were used (Figure 3.3). During drillings,
lithological aspect of rocks, strength, alteration, discontinuity condition, roughness,

TCR, RQD descriptions were done and logged as soon as possible.

Cores obtained from the drillings covered with paraffin in order not to loose its natural
water content. Rock samples labeled with the name of the project, name of the
borehole, rock sample type and depth right before sending them to the laboratory.
During the drillings, groundwater depth (GWD) was measured very carefully 48 hours
after the drillings were completed. To make the measurements properly, 50 mm

diameter PVC pipe was placed into the borehole.

Photographs of the core box and the borehole logs are presented in Appendix A and

Appendix B. Also the location of the boreholes is given in Figures 3.4 and 3.5.
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Table 3.4 Location, coordinates and depth of the boreholes drilled along the tunnel.

) Coordinates
Borehole No | Location Depth (m) | Km
X y
SK-802 Entrance 4259592 (528418 |42 KM: 399+310
SK-804 Middle 4259115 (527699 (130 KM: 400+200
SK-805 Middle 4259457 |528157 |90 KM: 399+600
SK-807 Middle 4259315 |527944 |128 KM: 399+860
SK-808 Middle 4258979 (527505 (100 KM: 400+415
SK-809 Middle 4258845 |527374 |59 KM: 400+600
SK-806 Exit 4258675 |527212 |45 KM: 400+836
SK-810 Exit 4258582 |527189 |47,5 KM: 400+915
mi
mi
Wl
Al
[

18/07/2012

Figure 3. 3 Drilling machine at the middle section of the tunnel route.
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3.3 Hydrogeology of the Tunnel Route

The Belkahve formation will be cut through the tunnel route. The Belkahve limestone
is highly fractured and contains groundwater. On the other hand, the schist involved
in the Belkahve formation can be defined as impermeable. However, the sandstone
layers included within the schist may contain some water. Along tunnel route,
measured groundwater depths of the boreholes from the surface are presented in Table
3.5.

Table 3.5 Groundwater levels measured at the boreholes

BOREHOLE NAME GWD (m)
SK-802 5.91
SK-804 9.98
SK-805 29.50
SK-807 59.00
SK-808 47.00
SK-809 7.50
SK-806 5.46
SK-810 6.40
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According to the GWD measurements, groundwater table is close to the surface (5m-
10m) at portal areas. However, at the middle section of the tunnel route, depth of the

groundwater from the surface varies approximately between 30 m and 60 m.

According to GWL measurements, it can be easily stated that groundwater will be a
problem for both open cuts at the entrance and exit of the tunnel. It’s a known fact that
groundwater has negative effects on the stability of the slopes. The main reason that
creates this negative effect is the effective stress reduction due to pore pressure of the

groundwater. Consequently, shear strength of the rock mass is reduced.

Packer (lugeon) tests were performed in boreholes SK -807 and SK-808. Packer Test
consists of the measurement of the volume of escaping water from an unsealed section
of aborehole under a specific pressure. Applied pressures to the borehole were selected
as 2-4-6-8-10-8-6-4-2 atm. By measuring the volume of escaped water, lugeon values
of the rock mass were determined. The manual prepared by Altug (1971) is used to
calculate the Lugeon values. The classification of the Lugeon values is presented in

Table 3.6 and the test results are shown in Table 3.7.

Table 3.6 Classification of lugeon values (Altug, 1971)

Lugeon value Description

Less than 1 Impervious

1-5 Slightly pervious
5-25 Pervious

Greater than 25 Highly pervious
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Table 3. 7 Results of packer tests performed in boreholes.

Borehole Name Depth of Intervals LU

SK-807 84,00 m. 87,00 m. 1,4

SK-807 90,00 m. 93,00 m. 2,76
SK-807 103,50 m. 106,50 m. 0,8

SK-807 106,50 m. 109,50 m. 0,27
SK-808 53,00 m. 56,00 m. 0,35
SK-808 59,00 m. 62,00 m. 0,32
SK-808 65,00 m. 68,00 m. 0,28
SK-808 71,00 m. 74,00 m. 2,66
SK-808 77,00 m. 80,00 m. 0,59
SK-808 83,00 m. 86,00 m. 1,16

In SK 807, at depth intervals of 84.0 m - 87.0 m, 90.0 m - 93.0 m, 103.5 m - 106.5 m,
106.5 m - 109.5 m, lugeon values were found to be 1.40, 2.76, 0.8, and 0.27,
respectively. According to the lugeon values obtained, schist-sandstone interbedded

unit can be defined as impervious to slightly pervious.

In SK-808, at depth intervals of 53.0 m - 56.0 m, 59.0 m - 62.0 m, 65.0 m - 68.0 m,
71.0m-74.0m, 77.0 m - 80.0 m, 83.0 m - 86.0 m, lugeon values were found to be
0.35, 0.32, 0.28, 2,66, 0,59, and 1.16, respectively. According to the lugeon values
obtained from the test, the limestone unit can be defined as impervious to slightly
pervious. However, despite the high fractured nature of the limestone, low lugeon
values can be interpreted as the filling of the fractures with chemicals used during

drillings. Therefore, the limestone should be at least considered to be slightly pervious.

Moreover, two sections along the tunnel route have been described as “shear zone™.
They may cause possible groundwater inflow problems during tunnel excavation due
to the highly fractured nature of the rock. Unfortunately, there is no lugeon test for the
corresponding kilometers of the shear zones at the tunnel route. However, considering
that the zones are expected to be highly pervious due to its highly fractured structure,
some precautions should be taken during the excavations. These will be discussed at

later part of this thesis.
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3.4 Geotechnical Assessment of Formations

According to the field observations, schist belonging to the Belkhave formation can
be defined as weak-very weak in strength. Laboratory test results performed on the
samples obtained from Belkhave formation also proves that. In this respect, parts
which will be excavated in the Belkahve formation, entrance and exit portals should
be properly supported in order to eliminate stability problems due to the highly
fractured nature (low RQD values) of the Belkahve formation. It’s reasonable to worry
about the stability problems which would be caused by groundwater. Therefore,
additional geotechnical solutions, such as weep-hole drains could be installed in order

to discharge the groundwater safely from the slopes.

The limestone (Kbk) which also belongs to the Belkahve formation, can be considered
as strong rock however fractured nature of the limestone may be a problem for the
tunnel. The limestone observed in the study area was not present directly along the
tunnel route. So it is predicted that, only during tunnel excavation the limestone may
be observed. In this unit, groundwater inflow is expected to be a problem during tunnel

excavation due to the fractured limestone.

Shear Zone

According to the geological survey, Upper Cretaceous-Paleocene Belkahve formation
and Upper Cretaceous limestone are incompatible with each other. Younger limestone
is located within the schists of the Belkhave formation. Based on the drilling data,
there exists a weak, highly fractured zone discovered at the contacts of the two
formations. Due to the incompatibility of the two formations, it is decided to define
the shearing zone in order to explain the relationship of these two formations.
Moreover, according to the correlations done using the borehole data, it is predicted
that this weak shear zone will be cut along the tunnel route at two different sections.
However, it is very difficult to define the exact location of this kind of zone which
couldn’t be observed at the surface and only be predicted by limited number of

boreholes.

38



3.5 Laboratory Tests

With the aim of determining the material properties of the rock mass, laboratory tests
were performed by Limit Geotechnical Services Limited Company (2012) on the rock
core samples. In Appendix C the results of laboratory tests are given. Also Table 3.8

shows the laboratory test results.

Table 3.8 Laboratory test results of the rocks along the tunnel
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SK-802 45 8 25,7 0,49
SK-802 8 15 26,19 2,02
SK-802 16 23 26,68 2,89
SK-802 24 30 26,59 8,95
SK-802 31 36,5 | 26,68 3,62
SK-804 66,5 67 19,62 1,29 0,366 83
SK-804 68,3 68,8 22,96 2,48 0,337 122
SK-804 100 100,5 | 24,62 7,95 | 0,313 438
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Table 3.8 continued
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SK-804 104,5 105 26,88 | 11,05 | 0,277 707
SK-804 108 108,5 | 26,39 9,95 0,309 650
SK-804 109,5 110 28,25 | 10,15 | 0,327 632
SK-804 115 1155 | 28,06 8,95 0,346 560
SK-804 118 118,5 | 26,59 | 10,19 | 0,252 717
SK-805 17,3 18,8 16,09 0,08
SK-805 32,5 34 26 0,3
SK-805 36 37,5 26,49 | 22,04 0,23 | 349,63
SK-805 41,5 44,2 18,64 0,12
SK-805 46,9 48,2 16,09 0,66
SK-805 494 50,55 | 26,29 | 61,77 0,32 | 785,25
SK-805 52,7 57 26,68 2,65
SK-805 73,4 75 26,68 4,05
SK-806 15 7 26,09 53
SK-806 8,6 9 25,41 8,83 0,281 435
SK-806 13 15 25,9 4,12
SK-806 20 20,15 25,9
SK-806 21 21,7 26,39
SK-806 25,5 26 26
SK-806 32,6 33 25,9
SK-806 36,5 36,8 26,09 3,32
SK-807 22,5 23,5 26,09 | 57,11 0,18 [ 546,83
SK-807 31,5 33 26,29 1,72
SK-807 39 41 26 36,5 0,24 459,6
SK-807 47,2 47,8 26,29 | 58,96 0,21 | 781,55
SK-807 53 56,8 26,49 1,64
SK-807 70,4 72 26,49 0,37
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Table 3.8 continued

=4 =
[%2] : (@)]
% Depth = § 7z % < g 7
z = 2 S | x2 | 8F
@ < @ 2 N
z g | u | £ [5°]§
= zZ a
o
frTfn rtr(])' m E 5 Je IS (50)-Av
kN/m® | GPa Kgf/lcm?| MPa
SK-807 72,7 75,2 27,66 518 0,21 132,93
SK-807 75,2 77 26,09 1,21
SK-807 82 83,2 26,09 3,28
SK-807 87,4 88,3 26,59 52,1 0,21 |[1575,09
SK-807 90 92 26 3,75
SK-807 97 99,2 26,88 3,45
SK-807 102,1 103,5 | 26,29 53
SK-807 105,6 106,5 | 22,86
SK-807 108,2 110,5 25,9 4,47
SK-807 110,5 1125 | 26,49 | 50,92 0,19 |1086,72
SK-807 1125 115,6 | 26,59 1,18
SK-807 117,3 119,3 | 26,29 6,32
SK-807 121,3 123,3 | 25,02 3,67
SK-808 18,35 22,35 | 25,51 131,3 0,16
SK-808 30,55 31,7 23,25
SK-808 36,3 38,5 24,92 7,22 0,4 87,02
SK-808 45,5 48,5 26,29 | 69,73 0,32 | 813,82
SK-808 55,4 56 26,29 | 76,42 0,25 | 514,94 | 3,22
SK-808 59,6 62 26,39 | 52,05 0,33 | 320,17
SK-808 65 71 26,29 | 54,95 0,27 | 551,09 | 2,34
SK-808 74 80 26,19 | 44,77 0,26 | 462,53 3,35
SK-808 83 86 26,49 | 54,15 0,32 192,85
SK-808 90 96 24,92 | 38,17 0,4 270,28 | 3,05
SK-809 4,6 6,8 26,49 57
SK-809 9,5 12,5 26,68 5,46
SK-809 14 16,7 27,57 5,47
SK-809 20,4 22,3 26 31,39 0,2 454,34 7,57
SK-809 24 24,5 24,79 | 43,07 0,28 | 645,43
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Table 3.8 continued

£ S
[%2] N (@)]
% Depth = § Iz LC_)G < g 7
z > 2 S | xg | 8F
@ < @ R s | -
z g | uw | £ [35°]§
= zZ a
m
frTfn rtr(])' mn E 5 Je IS (50)-av
kN/m® | GPa Kgf/cm?| MPa
SK-809 27 28 26,19 3,59
SK-809 28,4 31 26,59 1,11
SK-809 33,3 35,8 20,99 0,07
SK-809 38,5 39,5 22,37 1,93 0,27 55,11
SK-809 40,5 41,5 20,8
SK-809 43,1 445 26,68 4,54
SK-809 45,2 45,7 26
SK-809 46,5 48,5 26,29 3,41
SK-809 49 50 26,59 | 20,21 0,19 91,76
SK-809 52,5 54,5 26 1,22
SK-809 55,5 56,5 26,39 | 44,85 0,16 688,9
SK-810 Mar.50 Nis.50 [ 25,6 0.40
SK-810 May.50 Haz.50 | 25,51
SK-810 Ara.20 14.20 | 26,09 0.81
SK-810 23.90 2450 | 26,19 2,660
SK-810 30.00 31.00 26
SK-810 31.00 33.50 | 26,39 4,25
SK-810 44.00 4750 | 26,49 2,67

According to the laboratory results given above in Table 3.8, for borehole SK- 802

drilled in the Belkahve formation, natural unit weight values range between 25,70

kN/m? and 26,68 kN/m?, and point load strength values range between 0,49 MPa and

8,95 MPa.

For borehole SK- 804 drilled in the Belkahve formation, natural unit weight values
vary from 19,62 kN/m?® to 28,25 kN/m?, Elastic modulus values vary from 1,290 GPa
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to 11,050 GPa, poisson's ratio values vary from 0,252 to 0,366 and uniaxial

compressive strength values vary from 83 Kgf/cm? to 717 Kgf/cm?.

For borehole SK- 805 drilled in the Belkahve formation, natural unit weight values
change between 16,09 kN/m?® and 26,68 kN/m?, elastic modulus values change
between 22,04 GPa and 61,77 GPa, poisson's ratio values change between 0,23 and
0,32, uniaxial compressive strength values change between 349,63 Kgf/cm? and
785,25 Kgficm?, and point load strength values change between 0,12 MPa and 4,05
MPa.

For borehole SK- 806 drilled in the Belkahve formation, natural unit weight values
vary from 25,41 kN/m3 to 26,39 kN/m?, elastic modulus value is 8,83 GPa, poisson's
ratio value is 0,28, uniaxial compressive strength value is 435 Kgf/cm? and point load
strength values vary from 3,32 MPa to 5,30 MPa.

For borehole SK- 807 drilled in the Belkahve formation, natural unit weight values
range between 25,90 kN/m? and 27,66 kN/m?, elastic modulus values range between
5,18 GPa and 58,96 GPa, poisson's ratio values range between 0,18 and 0,24, uniaxial
compressive strength values range between 132,93 Kgf/cm? and 1575,09 Kgf/cm?, and
point load strength values range between 0,37 MPa and 6,32 MPa.

For borehole SK- 808 drilled in the Belkahve formation, natural unit weight values
vary from 22,86 kN/m?® to 26,49 kN/m?, elastic modulus values vary from 7,22 GPa to
76,42 GPa, poisson's ratio values vary from 0,25 to 0,4, uniaxial compressive strength
values vary from 87,02 Kgf/cm? to 813,82 Kgf/cm?, and point load strength values
vary from 0,16 MPa to 3,35 MPa.

For borehole SK- 809 drilled in the Belkahve formation, natural unit weight values
range between 22,86 KN/m? and 26,49 kN/m?, elastic modulus values range between
1,93 GPa and 44,85 GPa, poisson's ratio values range between 0,16 and 0,28, uniaxial
compressive strength values range between 55,11 Kgf/cm? and 688,90 Kgf/cm?, and
point load strength values range between 0,07 MPa and 7,57 MPa.
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CHAPTER 4

ROCK MASS CLASSIFICATIONS OF THE ROCKS ALONG THE
BELKAHVE TUNNEL

Rock mass rating classification (RMR), rock mass quality classification (Q), New
Austrian Tunneling Method classification (NATM) and geological strength index

(GSI) classifications have been used in this thesis based on the data collected from site,

4.1 Rock Mass Rating Classifications

The rock mass rating (RMR) system is a rock mass quality classification developed by
South African Council for Scientific and Industrial Research (CSIR), closely
associated with excavation for the mining industry (Bieniawski, 1973). Bieniawski
(1976) published the details of a rock mass rating (RMR) system. Over the years, this
system has been successively refined as more case records have been examined. In the
application of the latest version of RMR classification system (Bieniawski 1989), the
rock mass is divided into zones with uniform geotechnical characteristics in
accordance with the geological units and major structural features. Five parameters,
given below are determined for each of the geotechnical unit:

1- Strength of intact rock material

2- Drill Core Quality, RQD

3- Spacing of Discontinuities

4- Condition of Discontinuities

5- Groundwater Conditions of Groundwater

Table 4.1 shows The Rock Mass Rating (RMR) system is used to determine the ratings
for each of the five parameters listed above. As final step, these ratings are summed to
determine a value of basic RMR.

Table 4. 1 Rock Mass Rating System (After Bieniawski 1989).
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A. CLASSIFICATION PARAMETERS AND THEIR RATINGS

Parameter Range of values
Paint-load For this low range -
Strength | 3 >10 MPa 4-10 MPa 2-4 MPa 1-2MPa uniaxial compressive
of |strength index test is preferred
1 | intact rock |Uniaxial comp. P 100 - -1 P ) §-2611-6| «1
maiedsl - Jeieacth »250 MPa 00 - 250 MPa 50 - 100 MPa 25 - 50 MPa wPs | MPs | Mpa
Rating 15 12 7 4 2 1 0
Dril core Qualty RQD 80% - 100% T5% - 90% 504 - 75% 25% - 50% < 26%
2 Rating 20 17 13 8 3
Spacing of discontinuilies >2m 06-2.m 200 - 60O mem 60 - 200 mm < B0 mm
3 Rating 2 15 10 8 5
I'\Iery rough surfaces Sliﬁhlly rough Sighﬂy rough Slickenzided suraces | Sof gouge >5 mm
Nat continucus surfaces suraces o thick
Candition of dscentinuities |No separation Separation < 1mm  |Separation < 1 mm  |Gouge < 5 mm thick or
4 [See E) Unweathered wall Sli?hﬂy weathered  [Highly wealhered ar Separation > 5 mm
rock walls wals Separation 1-5mm  [Cantinuous
Canlinuous
Rating 0 25 20 10 0
Infow per 10 m Nane <10 10-25 25-125 »125
lunnel length (im)
Ground |[Jaint water press)/ : J
5 | water |(Majoe principal o} 0 <0.1 0.1,-02 02-05 >05
General conditions Completely dry Damp Wel Drpping Flowing
Rating 15 10 7 4 0
IB. RATING ADJUSTMENT FOR DISCONTINUITY ORIENTATIONS (See F)
Strike and dip orientations Very favourable Favouratle Fair Unfavourable Very Unfavourable
Tunnels & mines 0 2 -5 -10 12
Ratings Foundations 0 -2 7 15 25
Shopes 0 5 -25 -50
|C- ROCK MASS CLASSES DETERMINED FROM TOTAL RATINGS
|Rating 100 ¢ B1 80 ¢ 61 80 ¢ 41 40 ¢ 21 <21
Class number | Il ll v v
Descriptian Very good rock Good rock Fair rock Poor rock Very peor rock
|0. MEANING OF ROCK CLASSES
Class number | Il Il v v
Average stand-up time 20 yrs for 15 mspan | 1 year dor 10 m span | 1 week for 5 m span | 10 hrs for 2.5 m span | 30 mn for 1 m span
Cohesion of rack mass (xPa) > 400 300 - 400 200 - 300 100 - 200 <100
IFriclion angle of rock mass (deg) >45 35-45 25-35 15-25 <15
IE. GUIDELINES FOR CLASSIFICATION OF DISCONTINUITY conditions
Discontinuily langth [persistence) <im 1-3m 3-10m 10-20m >20m
Rating 6 4 2 1 0
Separalion (aperture) Naone <0.1mm 0.1-1.0mm 1-5mm >5mm
Rating 6 5 4 1 0
Roughness Very ough Rough Slightly raugh Smaoth Slickensided
Rating 6 5 3 1 0
Infilling (gouge) None Hard filing < 5 mm | Mard filling > 5mm | Softflling < Smem | Soft filing > 5 mm
Rating 6 B 2 2 0
Weathering Unweathered Sightly weathered Moderatel Highly weathered Decomposed
Ratings 6 5 “W?' 1 0
|F. EFFECT OF DISCONTINUITY STRIKE AND DIP ORIENTATION IN TUNNELLING**
Sirke perpendicular to lunnel axis Strike paraliel to tunnel axis
Drive with dip - Dip 45 - 90° Drive with dip - Dip 20 - 45° Dip 45- %0° Dip 20 - 45°
Very lavourable Favourable Very unfavourable Fair

Drive against dip - Dip 45-90°

Drive against dip - Dip 20-45°

Dip 0-20 - Irrespective of sirke®

Fair

Hnfsunieahin

Far

Entrance Section (KM: 399+180 — KM: 399+400)
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SK-802 is evaluated for rock mass classification of entrance section. According to
drilling data and laboratory test results RMR rating determined and presented below
in Figure 4.1.

Figure 4. 1. Basic and total RMR rating calculation with respect to SK-802

Rating
Uniaxial Compressive Strength, oc (1-5 MPa) @ ccovovieeeiieeeeecceeeece e 1
Rock Quality Designation (RQD <%25) : ooeeiierieeeiieiieeiseseecaeeiee s snse e ssassaaeseas 3
Spacing of Discontinuities { <60 MIM)  ....oovreerieirireeeecree e eeee e eaee e e saaeerneeens 5
Persistence of Discontinuities (1-3 MEter) 1 ..ot eaaiane e 4
Aperture of Discontinuities (1-5.0 MM): ..coveieerieeriiieeeereese e s sae e raeenees 1
Roughness of Discontinuities (Slightly rough): ......cooooeiierioeeeee e 0
Infilling (CalCite<SIMIM): ovioeiireeeeeeeee e e e srae s e sae e esasennaesaeensaeneenees 2
Weathering (Highly weathered): ........ccooooiiiiiieeeeeee e 1
Groundwater condition (DampP): .....oveiriinieieie e e 7
Basic RIM R ..o 24
Discontinuity Orientation (FALL): ...oveioieieeieeeeessciesassssessessaesreesssasssessssssassaassees -5
Total RIMR POINE: ... e e e e e e 19
0 Very Poor Rock

Middle Section (KM: 399+400 — KM: 400+750)
SK-804, SK-805, SK-807, SK-808, SK-809 are evaluated for the rock mass

classification of the middle section. This section is divided into seven geotechnical
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zones. According to the drilling data and laboratory test results, RMR rating of the
rocks determined and presented below for different kilometer ranges.

KM: 399+400 — KM: 399+700 (in accordance with SK-805)

Figure 4. 2 Basic and total RMR rating calculation with respect to SK-805

Rating
Uniaxial Compressive Strength, oc (5 MPa) & oo 1
Rock Quality Designation (RQD <2625) & oooiivioiiciiiinenienssissesssssssssessasssssssssnsssnes 3
Spacing of Discontinuities <60 MIN): ......oovieieie e ene e 5
Persistence of Discontinuities (1-3 )T cooiiiiieiiiie e saae e eaaae e 4
Aperture of Discontinuities (1.0-5.0 M) covovvivieiiiienieirasesssse e srsssnsennes 1
Roughness of Discontinuities (Slightly rough): ... 0
Infilling (Calcite<SmMIM) & ..o ee e 2
Weathering (Highly weathered): ........covoieeiiiceee e 1
Groundwater condition (Damp): .....oooviiniiiiii e 10
Basic RIM R ..o e 27
Discontinuity Orientation (FAIF): ....oovooiiiioii e sea e -5
Total RIMR POINE: ...onitiieiiie ettt e e e 22
G Poor Rock
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KM: 399+700 — KM: 400+080 (in accordance with SK-807)

Figure 4. 3 Basic and total RMR rating calculation with respect to SK-807

Rating
Uniaxial Compressive Strength, oc (10 MPa): ..o 2
Rock Quality Designation (RQD <%25): ....uiiiiiiie e, 3
Spacing of Discontinuities (<60 MINL) .......oeiriiieit e e e e e 5
Persistence of Discontinuities (1-3 )i oviiiioiieeiee et eassscaaseeasaeeaaaes 4
Aperture of Discontinuities (1.0-5.0 IM): ..coooviioiiiiiiiceccccc e e 1
Roughness of Discontinuities (Slightly rough): ..o 0
Infilling (Calcite-QUArtZ<SIMIM) @ ..ocoiiiiiieieee e e 2
Weathering (Highly weathered): ..o s 1
Groundwater condition (Damp): .....oovriirieit e 10
Basic RIM R ..t e 28
Discontinuity Orientation (Fair): ......ccocooivioiovieeieicisce e -5
Total RMR POINE: ..eoteie e e et e e 23
G TSP Poor Rock

KM: 400+080 — KM: 400+150

As it can be seen on the geological cross-section, this part of the tunnel route is defined
as shear zone. From the point of geotechnical view, in order to be on the safe side, very

poor rock class is assigned for shearing zone. However, the real specification and
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location of shear zone should only be determined during the excavation. Horizontal
boreholes should be drilled from the face of the tunnel excavation. Geologically, this
part can be defined as meta-sandstone-schist with clay matrix. According to the
drilling logs RMR rating calculated for this weak zone and to be on the safe side,
engineering parameters c= 20 kPa, @= 25°, Erm= 100 MPa and weak strength rock are
assumed for this section.

Figure 4. 4 Basic and total RMR rating calculation for shear zone.

Rating
Uniaxial Compressive Strength, 6. (5 MPa) @ oo 2
Rock Quality Designation (RQD 2021): .ovioiiiiiriieiciieeeee e eers s 3
Spacing of Discontinuities ( 60-200 M) © ..oooviveeiiieiie e 5
Persistence of Discontinuities {3-10 Meter): .covuuiieivieieeeereieeeeireeeeeeesenessersasse s s snneas 2
Aperture of Discontinuities (0.1-1.0 MM): oo |
Roughness of Discontinuities (rough): ..o 0
Infilling (hard filliINg<5MM)  .ooviiieiee e 2
Weathering (slightly weathered): .......coivieriiiiiic s 1
Groundwater condition (Damp): .......oouiiuiiiii e 10
Basic RV R ..o e 26
Discontinuity Orientation (Unfavorable): ..., -10
Total RMR POINE: ..ottt et ettt e eenes 16
O 1 PP Very Poor Rock
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KM: 400+200 — KM: 400+450 (in accordance with SK-804)

Figure 4. 5 Basic and total RMR rating calculation with respect to SK-804

Rating
Uniaxial Compressive Strength, o (44 MPa) @ ... 4
Rock Quality Designation (RQD %6350-2073) & coeiovieieeieiicee e e e 13
Spacing of Discontinuities ( 60-200 MIM) © ..ooooerviviiveeieie e 8
Persistence of Discontinuities (10-20 MEtEr): ..oovviioieiiiieiiiireeesie e esveseiae e 1
Aperture of Discontinuities (1-5.0 MM): ..o e 1
Roughness of Discontinuities (Slightly rough): ... 3
Infilling (Calcite<SMIM) 1 oooveeicecceccecrece e erae s e s e e a e e en e eraeaeeans 4
Weathering (Slightly weathered): ......c.oooviiiiie e 5
Groundwater condition (Damp): ......veeeieieir e aa 10
Basic RIM R ..ot e 49
Discontinuity Orientation (FaIr): .....ocoeceeoieeeercie e eeen -5
Total RIMR POIN: ..ottt e e e e 44
P Fair Rock
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KM: 400+200 — KM: 400+450 (in accordance with SK-808)

Figure 4. 6 Basic and total RMR rating calculation with respect to SK-808

Rating
Uniaxial Compressive Strength, o (50 MPa) @ ..ooooiiiiivecccceeeee e 4
Rock Quality Designation (RQD 2621): ...oeieiiiiieiriieeieeeee e 13
Spacing of Discontinuities ( 60-200 MIM) © ..ooovieiiriiceeeecce e 8
Persistence of Discontinuities {3-10 MEter): ....ovvieeiorericereeeecreeeeersreeesvasasessmnseesnns 1
Aperture of Discontinuities (0.1-1.0 IIN): .oovviireeiiiieieecesee e 1
Roughness of Discontinuities (Tough): .....coieeeeiiiriiisiecsccsrs s 3
Infilling (hard filling<5mm) : .....ooeerieece e 4
Weathering (slightly weathered): .......c.cooooieieiiiiiic e 5
Groundwater condition (DampP): .....oeineit e ee e 10
Basic RV R . e 49
Discontinuity Orientation (FAIr): ....ooecoeeiioriiie e e sssessssess s s eseaesasennas -5
Total RMR POINE: . ovonieieiei e e e e e, 44
O 1 PSPPI Fair Rock

KM: 400+450 — KM: 400+520

As it can be seen on the geological cross-section, this part of the tunnel route is defined
as shear zone. From the point of geotechnical view, in order to be on the safe side, very
poor rock class is assigned for shearing zone. However, the real specification and

location of shear zone should only be determined during the excavation. Horizontal
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boreholes should be drilled from the face of the tunnel excavation. Geologically, this
part can be defined as meta-sandstone-schist with clay matrix. According to the
drilling logs RMR rating calculated for this weak zone and to be on the safe side,
engineering parameters c= 20 kPa, @=25°, Erm= 100 MPa and weak strength rock are

assumed for this section.

Figure 4. 7 Basic and total RMR rating calculation for shear zone.

Rating
Uniaxial Compressive Strength, 6: (5 MPa) @ .ovovvivieieiiiccsis s sssesssssns s 2
Rock Quality Designation (RQD 262 1): ..couiiieiiiriiieeicieeee e 3
Spacing of Discontinuities ( 60-200 MIM) © ..oooooverrieeeiecie e 5
Persistence of Discontinuities (3-10 METEI): oo ae e enenns 2
Aperture of Discontinuities (0.1-1.0 MIMN): coooveireieiieeeee e 1
Roughness of Discontinuities (Fough): .....cooveeieeiiveeeiecieieeceees e e e sae s 0
Infilling (hard filliIng<SMM) & cvioviiiiic e ae e es 2
Weathering (slightly weathered): ..o |
Groundwater condifion (Damp): ........oirieiri e e eaa 10
Basic RV R ..o 26
Discontinuity Orientation (Unfavorable): ..., -10
Total RMR POINE: ... e e e e e e eaes 16
O T PSPPI Very Poor Rock
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KM: 400+520 — KM: 400+750 (in accordance with SK-809)

Figure 4. 8 Basic and total RMR rating calculation with respect to SK-809

Rating
Uniaxial Compressive Strength, 6c (25 MPa) & cooceviceecieecrcceseceeee e 2
Rock Quality Designation (RQD 202 1): ..ooiivieeiiiiieeccieciee e 3
Spacing of Discontinuities ( 60-200 MIN) : ..ecveerereererereereerere e e eree s seerearaeesens 5
Persistence of Discontinuities (3-10 Meer): ....ooiviviiiioiiiieiieeceii e e e se e 2
Aperture of Discontinuities (0.1-1.0 MM): cooooeeeieerieieceercie e sneeneens 1
Roughness of Discontinuities (rough): ......cccveeiiiiieiiiiie e 0
Infilling (hard filling<SMM) © .eoveeieieecccceceeeeee e 2
Weathering (slightly weathered): ......ccccoviiiivieee e 1
Groundwater condition (Damp): ........ouveiiieieiii e 10
Basic RIM R ..ottt e 26
Discontinuity Orientation (Unfavorable): ... -10
Total RIMR POINE: ..ottt ettt e et e e e eneenas 16
- Very Poor Rock
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Exit Section (KM: 400+750 — KM: 400+930) (in accordance with SK-806)

Figure 4. 9 Basic and total RMR rating calculation with respect to SK-806

Rating
Uniaxial Compressive Strength, 6. (5 MPa): ...oovviiiiiiiiiiciici e 2
Rock Quality Designation (RQD 2612): ..o 3
Spacing of Discontinuities (<60 M) © ..oovecveririirreiieeeis e ssessnseees 5
Persistence of Discontinuities (3-10 M) .oeeee i eeeceeie e esressasas e s s srsrssasesssessanaseeas 4
Aperture of Discontinuities (1-5.0 MIM): ..vovveeiiieeiris s 1
Roughness of Discontinuities (Slightly rough): ..., 0
Infilling (Clay filling=<5mm) © ...cooeeiiiieiiiieiiiise e snsanaaens 2
Weathering (Moderately weathered): ..., 1
Groundwater condition (Damp): ...ovvvieiviiriie i 10
Basic RIM R o 28
Discontinuity Orientation (Unfavourable): .........cooovviiiiiiiiicien, -10
Total RMR POINE: ...ttt et erra e eaee 18
O T PP Very Poor Rock
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Exit Section (KM: 400+750 — KM: 400+930) (in accordance with SK-810)

Figure 4. 10 Basic and total RMR rating calculation with respect to SK-810

Rating
Uniaxial Compressive Strength, 6. (5 MPa): ....ooieiiiiii e 2
Rock Quality Designation (RQD 2612): .oeeiiriieeieeeieceeeeeee e 3
Spacing of Discontinuities (<60 MIN)  ..ooeeeieeeiieeeiieeeeeeereeeeneesrreeeeraeeesneeenaaaes 5
Persistence of Discontinuities (3-10 1)1 .oveiireeiiiiieeee e eeeecieeier e e e e esrsnasae e e e e e en s 4
Aperture of Discontinuities (1-5.0 MIM): .ooeeiriieeieeeecceeee e ens 1
Roughness of Discontinuities (Slightly rough): ....cccoooeiiriieeeee, 0
Infilling (Clay filliIng<5mm) @ ..ooooeeoiieeece e e 2
Weathering (Moderately weathered): ........ccoovieeiiiiiiieeece e 1

Groundwater condition (Damp): .........oviiieiieiiiiiiiieiiaieieeeieeeeneeenae.. 10
Basic RIM R Lo e 28
Discontinuity Orientation (Unfavourable): ............ccoovviiviiiiiiiiiiiiinee =10
Total RIMIR POII: ..ottt ettt et et aeaaeas 18

O Very Poor Rock

4.2  GSI Classification of the Rocks Along the Tunnel

According to Hoek and Brown rock-mass failure criterion would have no practical
usage unless it could be related to geological observations that could be made quickly
and easily by an engineering geologist or geologist in the field. They considered

developing a new classification system during the evolution of the criterion in the late
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1970s but they soon gave up the idea and settled for the already published RMR

system.

In the early days the use of the RMR classification (modified as described above)
worked well because most of the problems were in reasonable quality rock masses
(30<RMR<70) under moderate stress conditions. However, it soon became obvious
that the RMR system was difficult to apply to rock masses that are of very poor quality.
The relationship between RMR and the constants m and s of the Hoek—Brown failure

criterion begins to break down for severely fractured and weak rock masses.

Both the RMR and the Q classifications include are heavily dependent upon the RQD
classification introduced by Deere (1964). Since RQD in most of the weak rock masses
is essentially zero or less than 10, it became necessary to consider an alternative
classification system. The required system would not include RQD, would place
greater emphasis on basic geological observations of rock-mass characteristics, reflect
the material, its structure and its geological history, and would be developed
specifically for the estimation of rock mass properties rather than for tunnel

reinforcement and support.

Hoek and Brown (1997) proposed a new classification called Geological Strength
Index (GSI), instead of RMR due to the limitations in the RMR system for very poor
quality rock masses. The GSI system based upon the visual impression on the rock
mass structure has twenty codes to identify each rock mass category and estimates the
GSI value ranging between 10 and 85. On the basis of the studies on the Athens schist
by Hoek et al. (1998), a new rock mass category was introduced into the GSI system
called ‘foliated/laminated rock mass structure’. Hoek (1999a) also inserted an upper
row to the GSI system to deal with ‘intact or massive’ rock. The index and its use for
the Hoek and Brown failure criterion was further developed by Hoek (1994), Hoek et
al. (1995) and Hoek and Brown (1997). However, due to lack of measurable and more
representative parameters, and related interval limits of the discontinuities, the GSI for
each rock mass category in the chart represents a range of values. In other words, it is

possible to estimate different GSI values from the chart for the same rock mass by
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different persons, depending on their personal experience. Therefore, an attempt has
been made by Sonmez and Ulusay (1999) to provide more quantitative assessment for
evaluating the GSI and to suggest quantities that make more sense than that of the
RMR system when used for the estimation of the rock mass strength as an additional

tool.

The papers by Marinos and Hoek (2000, 2001) put more geology into the Hoek-Brown
failure criterion, and introduced a new GSI chart for heterogeneous weak rock masses.
Marinos and Hoek (2000) also slightly changed the upper most part of the current GSI
chart. The 1997 and latest versions of the GSI chart are quite sufficient for field
observations, since it is only necessary to note the code that identifies the rock mass
category. It is also noted that the intention of Hoek and his co-workers was to present
an approximate method for rock mass characterization using the GSI. Evert Hoek and
Paul Marinos, incredibly dealing with difficult materials encountered in tunneling in
Greece, developed the GSI system to the present form to include poor quality rock
masses (Table 4.3) (Hoek et al. 1998; Marinos and Hoek 2000, 2001).

The main goal of GSlI is to provide information to estimate the strength parameters of
rock mass for different geological conditions. GSI value calculation system is shown
in Table 4.2. GSI values are calculated by the equation GSI= RMRgy-5 c= <100 kPa,
g= <15° (recommended by Bieniawski, 1989) for each borehole (Table 4.3).

During the process of obtaining GSI values by using RMR ratings, the basic RMR
rating with dry condition was taken in to account. Table 4.3 presents the results. In
order to estimate the intervals for GSI values, Table 4.2 is used. Table 4.4 shows the
comparison of the GSI values calculated from RMR with GSI values determined based
on the field observations. Values obtained from the field and the values obtained from

RMR are found to be compatible to each other.
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Table 4. 2 The modified quantitative GSI system suggested by Sénmez and Ulusay

(2002).
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Table 4.3 GSI

guideline for jointed

rocks (Hoek and Marinos,

N
o
o
[y

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

Very rough, fresh unweathered surfaces

gh, slightly weathered, iron stained surfaces

mooth, moderately weathered and altered surfaces

Slickensided, highly weathered surfaces with compact

coatings or fillings or angular fragments

Slickensided, highly weathered surfaces with soft clay

(%)
pd
©)
O E
that are prone to deterioration as aresult Q 8
of changes in moisture content will be (Z) £
reduced is water is present. When O 8 % '
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STRUCTURE DECREASING SURFACE QUAL|TY =>
INTACT OR MASSIVE - intact /
rock specimens or massive in / NIA N/A

situ rock with few widely spaced
discontinuities

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

N\

4

VERY BLOCKY- interlocked,
partially disturbed mass with
multi-faceted angular blocks

N

formed by 4 or more joint sets /e /
BLOCKY/DISTURBED/SEAMY / / / oY
- folded with angular blocks / .
formed by many intersecting / x )
@gmgz?&; discontinuity sets. Persistence / . 30
a— of bedding planes or schistosity / %/
. /  / /7 X
DISINTEGRATED - poorly inter- /7 71 7 VA A
locked, heavily broken rock mass '/ y £ yA. Y
with mixture of angular and /[ [/ tay
K rounded rock pieces / SK 802, SK 804,
A | sk 805, SK 806, y
SK 807, SK808,
LAMINATED/SHEARED - Lack SK 809, SK 810 10
of blockiness due to close spacing N/A TR

of weak schistosity or shear planes

<——, DECREASING INTERLOCKING OF ROCK PIECES

/
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Table 4. 4 Calculated GSI and RMR values along the tunnel route.

. Total Basic | Rock Mass
Tunnel Section RMR RMR Class GSI
Entrance Section (KM: 399+180 — KM: very poor
399+400) 19 24 ock | 1
KM: 399+400 — KM: 399+700 22 27 poor rock | 22
KM: 399+700 — KM: 400+080 23 28 poor rock | 23
KM: 400+080 — KM: 400+150 - . e -
KM: 400+200 — KM: 400+450 44 49 Fair rock 44
KM: 400+450 — KM: 400+520 - . verypoor
rock
KM: 400+520 — KM: 400+750 16 26 | YOYEON | 16
Exit Section (KM: 400+750 — KM: very poor
400+930) 18 28 rock 23
Table 4. 5 Comparison of GSI values for different section of the tunnel.
Tunnel Section GSiI calcualted GSI determined from Bore
from Basic RMR | the field observations Hole
Entrance Section (KM:
399+180 — KM: 399+400) 19 16 SK 802
KM: 399+400 — KM:
399+700 22 23 SK 805
KM: 399+700 — KM:
4004080 23 21 SK 807
KM: 400+080 — KM: . .
400+150 Shearing zone Shearing zone SK 804
KM: 400+200 — KM: 44 36 SK 804,
400+450 SK 808
KM: 400+450 — KM: . i
400+520 Shearing zone Shearing zone SK 808
KM: 400+520 — KM:
4004750 16 17 SK 809
Exit Section (KM: 400+750 23 21 SK 806,
— KM: 400+930) SK 810
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4.3 Q- Classification of the Rocks Along the Tunnel

The Q system was developed at the Norwegian Geotechnical Institute (NGI) by Barton
et al. (1974, 1975, 1976, 1988). Q System rating tables (Barton et al., 1974) are used
for rock mass classifications based on borehole and field data. The equation used to
define the Q-value is shown in Figure 4.11.

Figure 4. 11 Defination of the Q system

Q =(RQD/Jn)*(Jr/JTa)*(Jw/SRF) where;

RQD: rock quality designation
Ju : joint set number

J; : joint roughness number

J.: joint alteration number

Ji : joint water reduction factor

SRF: stress reduction factor

Calculated Q values through the tunnel route are shown in Tables 4.6-4.10.

Table 4. 6 Q classifications of the rock masses for KM: 399+400 — KM: 399+700 (SK-
805)

BH NO Q System Parameters Description Value
RQD (%) Very poor rock 5
. Four joint sets plus random
.3 5
Joint Set Number (Jp) joints (x2 for portals) 1
Joint Roughness Number Rough 0.5
(Jr)
Joint Alteration Number : .
SK.805 (Ta) Hard filling (Calcite) 4,0
Joint Water Reduction (Jw) Dry excavation 1
Stress Reduction Factor e
(SRF) Loose, heavily jointed 2,5
Rating 0.02
.. Very Poor
Description Rock

Q = (RQD/IN)*(Ir/Ja)*(IW/SRF) = (5/15)*(0.5/4.0)*(1/2.5) = 0.02
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Table 4. 7 Q classifications of the rock masses for KM: 399+700 — KM: 400+080 (SK-
807)

BH NO QQ System Parameters Description Value
RQD (%) Poor rock 6
Joint Set Number (Jn) Three joint Ise.ts plus random 15
Jjoints
Joint Roughness Number Rough 0.5
(Jr)
Joint Alteration Number : .
SK.807 (Ta) Hard filling (Calcite) 4
Joint Water Reduction (Jw) Drv excavation 1
Stress Reduction Factor Single shear zones, depth of 25
(SRF) excavation=50 m ’
Rating 0.02
. Very Poor
Description Rock

Q = (RQD/IN)*(Ir/Ia)*(W/SRF) = (6/15)*(0.5/4)*(1/2.5) = 0.02

Table 4. 8 Q classifications of the rock masses for KM: 400+080 — KM: 400+150 (SK-
804)

BH NO Q System Parameters Description Value
RQD (%) Fair rock 53
Joint Set Number (J) Three joint lse.ts plus random 12
Joints
Joint Roughness Number Rough >
(Jr)
K04 Joint A“e"{ajt;‘;” Number | pard filling (Caleite) | 0.75
Joint Water Reduction (Jw) Dry excavation 1
Stress Reduction Factor | Single shear zones, depth of 25
(SRF) excavation=50 m ’
Rating 4.7
. Fair
Description Rock

Q = (RQD/IN)*(Ir/Ja)*(W/SRF) = (53/12)*(2/0.75)*(1/2.5) = 4.7
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Table 4. 9 Q classifications of the rock masses for KM: 400+080 — KM: 400+150 (SK-

808)
BH NO QQ System Parameters Description Value
RQD (%) Very Poor Rock 56
Joint Set Number (Jn) Three joint Ise.ts plus random 12
Jjoints
Joint Roughness Number Rough 5
(Jr)
sK-gog | oM A“e"{a;;?“ Number Hard filling (Calcite) 0,75
Joint Water Reduction (Jw) Dry excavation 1
Stress Reduction Factor | Single shear zones, depth of 25
(SRT) excavation=30 m ’
Rating 4,98
Description Fair Rock

Q = (RQD/In)*(Ir/Ja)*(Iw/SRF) = (56/12)*(2/0.75)*(1/2.5) = 4.98

Table 4. 10 Q classifications of the rock masses for KM: 400+520 — KM: 400+750

(SK-809)
BH NO Q System Parameters Description Value
RQD (%) Very poor rock 6
Joint Set Number (Jn) Three joint lse.ts plus random 15
Joints
Joint Roughness Number Rough 0.5
(Jr)
Joint Alteration Number .
Soft fill Cl 4
SK-809 (Ja) oft iling (Clay)
Joint Water Reduction (Jw) Dry excavation 1
Stress Reduction Factor Single shear zones, depth of )5
(SRF) excavation<50 m ’
Rating 0.016
o Very Poor
Description Rock

Q = (RQD/In)*(Ir/Ja)*(IW/SRF) = (6/15)*(0.5/4.0)*(1/2.5) = 0.016
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Rock description obtained from Q classification for SK 805, SK 807, SK 804, SK 808,
SK 809 are very poor rock, very poor rock, fair rock, fair rock, very poor rock,
respectively. After comparing these rock mass classes with RMR, they are found to be

compatible to each other.

4.4 NATM Classifications

NATM is a concept, or more precise, a mixture of design, contracting, excavation and
active use of rock support experience. Miiller (1978) indicates that "the NATM is
rather a tunneling concept than a method, with a set of principles, which the tunneller
tries to follow". These features have been systematized into the NATM concept where

the different parties involved have worked out a splendid cooperation.

NATM has been developed to improve construction methods for tunneling in weak
rocks. Definition of “weak rock™ here represents material which requires the use of
structural supports during excavation. The rock material itself may be soft or hard.
According to Rabcewicz (1975), the goal of NATM is; “To provide safe and economic
support in tunnels excavated in materials incapable of supporting themselves - e.g.
crushed rock, debris, even soil. Support is achieved by mobilizing whatever humble

strength the rock or earth possesses”™.

NATM, is a common application including many construction practices. As part of
this, NATM is also available in its own rock mass classification. However, this
classification system of NATM based on verbal approaches which make almost
impossible to determine geotechnical parameters needed for numerical analysis.
Because of this, it is reasonable to determine the support system with respect to
empirical classifications systems such as RMR and Q. Figure 4.1 shows a cart which

helps to determine the NATM support system with respect to RMR and Q.

NATM classes are determined after correlations of RMR and Q Ratings as given in
Table 4.11. According to the Table 4.11, middle part of the tunnel has better NATM

classes than the portals. For sections defined as shear zone, presence of meta-
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sandstone-schist with clay matrix is assumed. Shear zone sections are also considered
to have weak strength with very poor rock. NATM class C3 is assigned for these

sections.
BARTON BIENIAWSKI
ROCK MASS ROCK MASS ONORM B 2203 OMORM B 2203
CLASSIFICATION CLASSIFICATION BEFORE Oct. 1994 AFTER Oct. 1994
RMR
1000 @ ( )
e 100
— EXCEPTIONALY
— GOOD
400 94
- A1 Al
| EXTREMELY VERY GOOD STABLE STABLE
GOooD
82.7
100
— 80
= 704
L VERY GOOD
a0 76
| A2 A2
GoaD SLIGTHLY SLIGTHLY
— GOOD OVERBREAKING OVERBREAKING
65
10 —
— B1
- FAIR
— 534 | 60 FRIABLE
4 =8 B1
EAIR FRIABLE .
— POOR
1.47 VERY FRIABLE
1= a7
— 0.77 a5
[ 40
— 0.41
- B1 B3
-~  VERYPOOR VERY ROLLING
| FRIABLE
POOR
011
0.1 — 29 29
— c1
— -0 C1 ROCK  BURSTING
— 0.03 SQUEEZING
|EXTREMELY -
POOR c2
0.021 L co SQUEEZING
B 0015 15 HEAVILY =
SQUEEZING
0.01= o HEAVILY SQUEEZING
b 0.008 10
— VERY POOR L1 ca
— SHORT-TERM STABLE FLOWING
— EXCEPTIONALY WITH HIGH COHESION
- POOR 5
| 0.002 L2 cs
SHORT-TERM STABLE
25 WITH LOW COHESION SWELLING
0.001

Figure 4. 12 Correlations among RMR, Q and NATM (ONORM B 2203, 1994)
Table 4. 11 NATM Classification though the tunnel route
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RMR . NATM
Intervals of KM BH No Rating Q Rating Classification
KM: 399+180-KM:
399+400 SR802119 2
KM: 399+400-KM:
K o0 SK-805 | 22 0,02 -
KM: 399+700-KM:
KM oo SK-807 |23 0,02 -
KM: 400+080-KM: . . L
400+150 C3
KM: 400+150-KM:
400+200 SR04 B3
KM: 400+200-KM:
K 100 SK-804 | 44 4,7 B2
KM: 400+200-KM:
K oo SK-808 |44 4,98 B2
KM: 400+400-KM:
400+450 b B3
KM: 400+450-KM:; . L L
400+520 C3
KM: 400+520-KM:
4004750 SK-809 | 16 0,016 co
KM: 400+750-KM:
400+930 Ske606 |18 C2
KM: 400+750-KM:
400+930 SK-810 |17 --- C2

4.5 Classifications involving stand up time

Hoek and Brown (1980) defined the unsupported span as the span of the tunnel or in
other words the distance between the face and the nearest support. Also according to
Lauffer (1958), the stand-up time for an unsupported span is related to the quality of
rock mass. In other words, unsupported span distance would be higher with respect to
the quality of the rock mass. Barton et al. (1976) create an equation which related the

maximum unsupported length of tunnel to ESR and Q values:

Su=2(ESR)Q% (m)

Moreover, Barton et al. (1974) suggest the following guideline which explains the

relationship between ESR values and the excavation category. (Table 4.12).
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Table 4. 12 Guideline for ESR value and excavation category. (After Barton et al.,

1974)

Excavation category

A Temporary mine openings.

B Permanent mine openings, water tunnels for hydro power (excluding high
pressure penstocks), pilot tunnels, drifts and headings for large excavations.

c Storage rooms, water treatment plants, minor road and railway tunnels, surge
chambers, access tunnels.

D Power stations, major road and railway tunnels, civil defence chambers,
portal intersections.

E Underground nuclear power stations, railway stations, sports and public
facilities, factories.

ESR
3-5
1.6

1.3

1.0

0.8

Also, Bieniawski (1976) proposed a relationship between the standup time of an

unsupported underground excavation span and geomechanics classification. This

relationship is presented in Figure 4.2. Bieniawski (1989) also recommends stand up

time according to the rock mass classifications. According to the rock mass

classifications through the tunnel studied in this thesis, the stand up time and

unsupported span time is presented in Table 4.13.
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Figure 4. 13 The relationship between the stand up time of an unsupported
underground excavation span and the CSIR Geomechanics Classification proposed by

Bieniawski (1976)




Table 4. 13 Average stand up time according to rock mass classifications

Intervals of KM cﬁiﬁﬁﬁ?& 'I'A'\i\r/ﬁ(reafgoer ?jti?fnedreunpt
Spans

KM: 399+180-KM: 399+400 Very Poor Rock |0 mins'pi?lr 0.5m
KM: 399+400-KM: 399+700 Very Poor Rock |0 mins'pi?lr 0.5m
KM: 399+700-KM: 400+080 Very Poor Rock |0 mi”s'pZ?]r 0.5m
KM: 400+080-KM: 400+150 Very Poor Rock |0 mi”s'pZ?]r 0.5m
KM: 400+150-KM: 400+200 Poor Rock 10 hrs'sggr: 2.5m
KM: 400+200-KM: 400+400 Fair Rock . ""eest);ﬁr >m
KM: 400+200-KM: 400+400 Fair Rock ! ""ees‘;;‘r’]r 5m
KM: 400+400-KM: 400+450 Poor Rock 10 hrség:r: 2.5m
KM: 400+450-KM: 400+520 Very Poor Rock |0 mi”g'pi‘;]r 0.5m
KM: 400+520-KM: 400+750 Very Poor Rock |0 mi”g'pi‘;]r 0.5m
KM: 400+750-KM: 400+930 Very Poor Rock |0 mins'pzcr’]r 0.5m
KM: 400+750-KM: 400+930 Very Poor Rock |0 mins'pzcr’]r 0.5m
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CHAPTER 5

DETERMINATION OF SUPPORT SYSTEMS FOR THE BELKAHVE

The rock mass classification systems, which are RMR, Q and NATM, performed to
determine the support systems for the Belkhave tunnel empirically.

5.1 Support Systems Based on RMR Classification

Bieniawski (1989) proposed a guideline in order to select the proper support in tunnel

excavation. This guideline aims to explaining excavation methods and determining

TUNNEL USING EMPIRICAL METHODS

support systems of 10 m span rock tunnels with respect to RMR system (Table 5.1).

Table 5. 1 Guidelines for excavation method and support system of 10 m span rock

tunnels in accordance with the RMR system (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 MNone.
RIMR: 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.
RIMR: 41-60 1.5-3 m advance in top heading. | '0"9, spaced 1.5-2m | in crown and
i " | in crown 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
RIMR: 21-40 1.0-1.5 m advance in top m long, spaced 1-1.5 in crown and | spaced 1.5 m where

g m in crown and walls mm in required.
heading i d wall 100 i equired
’ with wire mesh. sides.

Install support concurrently with

excavation, 10 m from face
V — Very poor Multiple drifts 0.5-15 m Systematic bolts 5-6 150-200 mm | Medium to heavy ribs
rock advance in top heading. m !ong; spaced 1-1.5 in crown, 150 | spaced D._?'S m with
RMR:- =20 Install support concurrently with min crown and walls mm in sides, | steel Ia_ggmg and_

excavation. Shotcrete as soon mthr;mre mesh. Bolt anc: 50 mm I:olrepo!lng :f(reqwred.

as possible after blasting. Invert. ontace. ose Invert.
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Table 5. 2 Suggested excavation and support systems of for the Belkahve tunnel based
on RMR classification.

72

Intervals _ Rock En:rlts (20
of KM EMR| Excavation mimn diameter, | Shotcrete Steel Sets
fully grouted)
R . i Medium to
Multple Dirfls 0. | - Systetnatic | 450 )0 | peayy ribs
Lim Advancem | ‘holts 3-6 m " -
top heading. Install | 100 spaced 1- mm in. spactrjd 0.75m.
390+180- 1o | support coneymently| ;< L L | CIOWR 130 | With steel
399+400 with excavation. and alls with |2 in zsides| lagging and
Shotcrete as soonas | 30€ WS WL 50 ey o | fyrepoling if
possible after wire mesh. Face required. close
blasting. Bolt invert P e
, Systematic
Echhe idéﬂlg:ﬂj boltz 4-5m 100-150 Light to
3004400- adm_nné jn?np IDElg= spaced 1-|  mm in medium rpibs
3004700 22 heading. Inztall _ 1.5min crown | crown md spaced 1.5 m.
support concurrently | and walls with | 100 mm in Where
Mﬂ:f? ;ﬂ;;’: 10 wire mesh. sides. required
Bolt invert
: Systematic
Echhe idéﬂlg:ﬁ boltz 4-5m 100-150 Light to
300+700- adva_nné m}np IDElg= spaced 1-| mmin medium {ibs
400+080 23 heading. Install _ 1.5min crown | crown md spaced 1.5 m.
support concurrently | and walls with | 100 mm in Where
Mﬂ:f? ;ﬂ;g: 10 wire mesh. sides. required
Bolt mvert
R . Medium to
heple DI 1| g ctematic | 150200 | heavy ribs
top heading. Install |  Dolts 3-6m mmin | spaced 0,75 m.
400+080- | | support concyrrently| long, spaced 1-| crown 150 | With steel
400+150 with excavation. | 1.5 m in crown | mm in sides| lagging and
Shﬂfﬂft_;ii: soonas| and walls with | 50mmon | forepoling if
Pnlii;sﬁng. = wire mesh face Itqu;f_{;ﬁ close
, Systematic
Echhe idaﬂigﬂ boltz 4-5m lﬂt}-l_ﬁﬂ' Light to
400+150- advance in top lnt}g= spaced 1-| mmin medium {11}5
200200 | heading. Install _ 1.min crown | crown md spaced 1.5 m.
support concurrently | and walls with | 100 mm in Where
Mﬂ:fgc ;ﬂ;g: 10 wire mesh. sides. required
Bolt invert




Table 5. 2 Continued

Intervals
of KM | FMR

bench 1,5-3m.

Rock Bolts (20
Excavation mm diameter.

fully grouted)
Top heading and

Shotcrete Steel Sets

Top heading and

Systematic bolts 4
advance m top m long, spaced .
400+200- heading. Commence| 1.5-20min 5“-190;';?313 X
400+400 H support after each | crown and walls EroTWn an 3 one
blast. Complete | with wire meshin | ™ RO
support 10 m. from CIOWIL
face

Systematic

bench 1,0-1.5m
400+400-

advance in top

m from face

Iiultiple Dirfis 0.3-

bolts 4-5m

; long, spaced 1-
_ - heading. Install | 1.5 m in crown
400+450 support concwrrently | and yyalls with
with excavation 10 . .
wire mesh. required
Bolt mnvert

100-150
mm in

Light to

medium ribs
crown and

spaced 1.5 m.
100 min in Where
sides.

1.5 m. Advance in
top headimg. Install
400+450- support concyrrently
400+520 o with excavation.

blasting. wire mesh

Iiultiple Dirfts 0.5-

Systematic
bolts 3-6m
long, spaced 1-
o 1.5 m in crown | mim in sides
ofcrete as 500N 85 | and walls with

pozzible after

Medmum to
heavy ribs
spaced 0,75 m.
With steel

lagging and

150-200
min it

crown 150

30mmon | forepoling if
face required. close
mnvert.

1.5 m. Advance in -
top heading. Install |  Dolts 3-6m
400+520-| . | support concynently| long, spaced 1-
400<750 Shu;th i.:mﬁen 1.5 m in crown
T 45 S0 a5 by B
poseible after and walls with
blasting.

Systematic

wire mesh

Iultiple Dirfts 0.5-

Medium to
heavy ribs
spaced 0,75 m.
With steel
lagging and

150-200
mm in
crown 150
mum in sides
S0mmon | forepoling if
face required. close
invert.

1.5 m. Advance in -

top heading. Install |  DoOlts 3-6m
400+750- 18 suppart cnuu:}nfmﬂ}' lﬂﬂg= SPECEd 1-
400+930 with excavation. | 1.5 m in crown
Shotcrets a3 soon as

Systematic

Plasting. wire mesh

crown 150

min in sides
and walls with | 30
possibie aftr walls wi mim ofn

Medium to
heavy ribs
spaced 0,75 m.
With steel
lagging and

150-200

mm in

forepoling if
face

required. close
invert.

Suggested excavation and support systems of for different sections of the Belkahve
tunnel based on the RMR classification are given above in Table 5. 2.
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5.2 Support Systems Based on Q system

The estimated support categories based on Q-system (Barton, 2002) are determined by

using Figure 5.1. Q-values calculated in Chapter 4 are used here.

For Q value of 0.69; 1.5 m spaced rock bolt with a length of 4.8 m are recommended.
Shotcrete with thickness of 12 cm. is suggested. For Q value of 4.3; 2.2m spaced rock

bolt with a length of 4.2 m are recommended. Shotcrete with thickness of 5 cm. is

suggested.
Rock classes
G F E D C B A
Exceptionally  Extremely Very Poor Fair Good Very Ext. Exc.
poor poor poor good good good
100 0y s 20
2 { 23 - :

50 - qin SO 1.7 "o
£ 8o 1.2m e 7 &
_g im %)
fol) o=
s S
= £
2 =
w 24 L

[
C
°
15 8

1

0.001 0.004 0.01 004 01 04 1 4 10 40 100 400 1000
> J J
Rock mass quality Q = RAD, ¥ o v
quality Q = =4"=X 5 X SRF
REINFORCEMENT CATEGORIES:
1) Unsupported 5) Fibre reinforced shotcrete and boiting, 5-9cm, Sfr+B
2) Spot bolting, sb 6) Fibre reinforced shotcrete and bolting, 9-12cm, Sfr+B
3) Systematic bolting, B 7) Fibre reinforced shotcrate and bolting, 12-15¢cm, Sfr+B
4) Systematic bolling. 8) Fibre reinforced shotcrete >15¢m, reinforced ribs of
(and unreinforced sholcrete, shotcrete and bolting, Sfr, RRS+8
4-10cm), B(+S) 9) Cast concrete lining, CCA

Figure 5. 1 Support categories based on Q-system (Barton, 2002)

For Q value of 12.1; 2.6 m spaced rock bolt with a length of 4.8 m are recommended.
Shotcrete with thickness of 3-4 cm. is suggested. For Q value of 2.9; 1.8 m spaced rock
bolt with a length of 4.0 m are recommended. Shotcrete with thickness of 7 cm. is

suggested.
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For Q value of 0.1; 1.5 m spaced rock bolt with a length of 3.0 m are recommended.
Shotcrete with thickness of 15 cm. is suggested. For Q value of 0.4; 1.5 m spaced rock
bolt with a length of 3.8 m are recommended. Shotcrete with thickness of 9 cm. is

suggested.

5.3 Support systems depending on NATM

The support systems according to the NATM classifications (Geoconsult, 1993 and
ONORM B 2203, 1994) based on the classes obtained in Chapter 4 are presented in
Table 5.3.

For NATM B3 class, the tunnel could be excavated by top heading (1,25m-1,50m.)
and bench (3,0 m.). Excavation should be done with smooth blasting or mechanical
excavation techniques. Shotcrete and systematic bolting are recommended. Wire mesh

and Invert slab is suggested in case of necessary.

For NATM C2 class, the tunnel could be excavated by top heading (0,75m-1,25m.)
and bench (2,0 m.) and invert slab. Excavation should be done with smooth blasting
or mechanical excavation techniques. Shotcrete and systematic bolting are
recommended at the tunnel face. Forepole application is also recommended along the
upper part of the excavation. Wire mesh and Invert slab is suggested in case of

necessary.

For NATM C3 class, the tunnel could be excavated by top heading (0,75m-1,00m.)
and bench (1,5 m.) and invert slab. Excavation should be done with smooth blasting
or mechanical excavation techniques. Shotcrete and systematic bolting should be
applied to the tunnel face. Forepole application is also recommended along the upper

part of the excavation. Systematic wire mesh and Invert slab is also recommended.
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Table 5. 3 NATM support systems (Specifications of GDH, 2006)

Intervals of KM EII?S]:M Excavation Support Systems
]
KM: 399+180 Topheading (075125 myand | JiEHE B0 SEEAetE

' e bench (2.0 m). Smooth blasting or & IOTEpoTng,
EM: 300400 = mechanical excavation systematic Steel zet, Wire

mesh, Invert slab.
- -z Shoterete and systematic

i Top heading (0.75-1.23 d . ’

KM 399400 | bench (0 c.;n;'i Smooth &iﬁg or | bolting, forepoling,
EMN: 300+700 = mechanical excavation. systematic Steel set, Wire
mesh Tnvert slab.
. - Shoterete and systematic

i Top headmg (0.75-1.23 d - -

KA 399700 | bench 2 Elfn; Smooth tflnisﬁu;g or | Poline, forepoling,

EM: 400080 = mechanieal excavation systematic Steel zet, Wire
mesh Tnvert slab. _

KM: 400+080- Top heading (075-100m) and | P2 P SEEAmetE

' C3 bench (1.5 m). Smooth blasting ar | oo 0 cbo S

EMN: 400+150 mechanical excavation systematic Steel set, Wire
mesh, Invert slab.
Shoterete and systematic
. z bolting, forepoling,

AN S0 Top heading (1.25-1.5 m) and ltmg, £ .
K:"\-f[: 400+150 B3 bench (3.0 m). Smooth blasting or 'a'grst&imahc_:hﬂteel zet. 1;‘.._II'E
KM 400+200 mechanical excavation THEST MAY hE NECESSATY-

Invert slab may be
necessary.

AR 30% | Top heading (1.5-2.0 m) and Shotcrete and systematic
KM: 400+200- B3, bench (3.0-3.5 m). Smooth bolting, forepoling. Invert
EM: 400400 2095 B7 | blasting. slab may be necessary.

Shotcrete and systematic
. - bolting, forepolins

: ) Top heading (1.25-1.5 m) and FRE, JOTpeRnS.
K}i: 400-+400 B3 bench (3.0 m). Smooth blasting or sys‘ts‘imaht_:hSteel zet. “_II‘E
EM: 400+450 mechanical excavation. mesh may be necessary.

Invert slab may be
necessary.
. - Shoterete and systematic

: _ Top heading (0.73-1.00 m) znd - -

KM 400+430- | g bench (1.5 ). Smooth blasting or | POL0E: forepoling,

EMN: 400+520 mechanical excavation systematic Steel zet, Wire
mesh, Invert slab. _

KM: 400+520 Topheading (075125 myand | JAEHE S0 SRt

' S |c2 bench (2.0 m). Smooth blasting or | oo 0 cbo T
EMN: 400+750 mechanical excavation systematic Steel set, Wire

mesh, Tnvert slab. _
KM: 400+750- Topheading (075125 myand | JiEHE B0 SEEAetE

' C2 bench (2.0 m). Smooth blasting or | oo SFEPOTHE
EM: 400+030 mechanical excavation systematic Steel set, Wire

mesh, Invert slab.
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CHAPTER 6

ESTIMATION OF THE ROCK MASS STRENGTH PARAMETERS

The most important preparation step for numerical modeling is the estimation of rock
mass strength parameters. In-situ test is a method to determine these parameters
ultimately. However, in the early stage of the design, rock mass strength parameters
and support systems should be determined by using rock mass classification systems
such as RMR, Q, GSI.

6.1 Estimation of Rock Mass Parameters

In order to determine the strength parameters (m, s, c, @, Em, etc.) of the rock mass of
the tunnel, the computer program Roclab 1.0 (2007) was used. The uniaxial
compressive strength (o¢), modulus of elasticity of intact rock (Ei) and unit weight (y)
are obtained from the laboratory tests and entered to the program as input parameters.
The parameter of m; value is selected from the Roclab software with respect to the
rock type. Both, excellent quality blasting and poor quality blasting conditions were
chosen by selecting the value of D=0 or D= 0.7. Also, while determining the depth of
tunnel, depth from ground level to the tunnel route level is taken into account. At
Figure 6.1. all needed input parameters can be seen.
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Hoek-Brown Classification

sigai (30 — MPa B
GS1 |50 o ]
mi (10 -~ - =]
D |0 -

s Ei[12000 — MPa
MF 400 — -

Hoek-Brown Criterion
mb [1677
s [0.0039

a |0506

Figure 6. 1 needed input parameters for roclab.

Required parameters of the generalized Hoek-Brown failure criterion which are mb, s
and a, has been determined by the software Roclab as a result of calculation performed
by using given set of input parameters (sigci, GSI, mi, Ei and D). RocLab also
calculates the deformation modulus of the rock mass Erm using the Generalized Hoek-
Diederichs equation with respect to input value of intact modulus Ei (Hoek and
Diederichs, 2006). In this thesis, all of these parameters are calculated using the latest
version of the HoekBrown failure criterion. Furthermore, RocLab always calculates
equivalent Mohr-Coulomb parameters (cohesion and friction angle) for the rock mass.
Since most rock engineering software (both Mohr-Coulomb and Hoek-Brown is
available for Phase 2) is still written in terms of the Mohr-Coulomb failure criterion,
it is necessary to determine equivalent angles of friction and cohesive strengths for

each rock mass and stress range.

This is done by fitting an average linear relationship to the curve generated by solving
equation for a range of minor principal stress values defined by G t <G73 <G 3max as

illustrated in Figure 6.2. The fitting process involves balancing the areas above and

below the Mohr-Coulomb plot. This results in the following equations for the angle of

friction ¢ and cohesive strength C':
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Note that the value of G 3max, the upper limit of confining stress over which the

relationship between the Hoek-Brown and the Mohr-Coulomb criteria is considered,
has to be determined for each individual case. Guidelines for selecting these values for

slopes as well as shallow and deep tunnels are presented later. The Mohr-Coulomb
shear strength t, for a given normal stress o , is found by substitution of these values

of 'cand ‘¢ in to the equation:

T=C+oc tand

The equivalent plot (Figure 6.2), in terms of the major and minor principal stresses, is
defined by:

2c cos¢@ 1+sin@
+

l—sing |-sing

50
40+

3
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£ 20 \(.
2 . ' ' [ep]
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Figure 6. 2 Relationships between major and minor principal stresses for Hoek-Brown
and equivalent Mohr-Coulomb criteria.

The engineering parameters of the rock masses for different sections of the tunnel are
presented in Figures 6.3-6.15.
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Analysis of Rock Strength using RocLab

JMpa o

Figure 6. 3 Engineering parameters of the rock mass for D=0.7 (Entrance Section KM:
399+180 — KM: 399+400)

c= 36 kPa, @=23° ve Emm= 48 MPa

Shear stress (MP3)

,,,,,,,, P,

Figure 6. 4 Engineering parameters of the rock mass for D=0 (KM: 399+400 — KM:
399+700 in accordance with SK-805)

c= 125 kPa, @=27° ve Em= 2825 MPa

80



Analysis of Rock Strength using RocLab

@

Figure 6. 5 Engineering parameters of the rock mass for D=0,7 (KM: 399+400 — KM:
399+700 in accordance with SK-805)

c= 70 kPa, @=17° ve Em= 1350 MPa

Figure 6. 6 Engineering parameters of the rock mass for D=0 (KM: 399+700 — KM:
400+080 in accordance with SK-807)

c= 223 kPa, @= 29° ve Erm= 2586 MPa
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sis of Rock Strangth using Roctab

Macr g stress (WPs)

St stress (MP3

Figure 6. 7 Engineering parameters of the rock mass for D=0,7 (KM: 399+700 — KM:
400+080 in accordance with SK-807)

c= 127 kPa, @= 18° ve Erm= 1203 MPa

Maor pncpa

Figure 6. 8 Engineering parameters of the rock mass for D=0 (KM: 400+150 — KM:
400+200 in accordance with SK-804)

c= 615 kPa, @=49° ve Em= 2064 MPa
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Figure 6. 9 Engineering parameters of the rock mass for D=0,7 (KM: 400+150 — KM:
400+200 in accordance with SK-804)

c=409 kPa, @=41° ve Erm= 719 MPa

o537

o [F3 o

Shear sress (MPs)

Figure 6. 10 Engineering parameters of the rock mass for D=0 (KM: 400+200 — KM:
400+520 in accordance with SK-808)

c=597 kPa, @=51° ve Em= 16108 MPa
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Analysis of Rock Strength using RocLab

ol stress (MPa)

Figure 6. 11 Engineering parameters of the rock mass for D=0,7 (KM: 400+200 — KM:
400+520 in accordance with SK-808)

c= 388 kPa, @=44° ve Erm= 5610 MPa

Moe percpel stress (WP9)

Figure 6. 12 Engineering parameters of the rock mass for D=0 (KM: 400+520 — KM:
400+750 in accordance with SK-809)

c= 127 kPa, @=39° ve Em= 1533 MPa
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Analysis of Rock Strength using RocLab
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Figure 6. 13 Engineering parameters of the rock mass for D=0,7 (KM: 400+520 — KM:
400+750 in accordance with SK-809)

c= 73 kPa, @=27° ve Emm= 753 MPa

pe—_——

Figure 6. 14 Engineering parameters of the rock mass for D=0,7 (Exit Section KM:
400+750 — KM: 400+930 in accordance with SK-806)

c=47 kPa, @=39° ve Erm= 633 MPa
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|em

Figure 6. 15 Engineering parameters of the rock mass for D=0,7 (Exit Section KM:
400+750 — KM: 400+930 in accordance with SK-810)

c=36 kPa, @=23° ve Erm= 242 MPa

Determination of necessary paramaters cohesion (c), angle of friction (o) and modulus
of elasticity of the rock mass (Erm) for numerical modeling are completed by using

roclab. Table 6.1 summarizes the rock mass parameters obtained in this study.
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Table 6. 1 Engineering parameters of the rock mass obtained from Roclab

Disturbance wléing;;t Cohesion o(") Depth| Erm
Factor (D) (kN/m2) (c) (kPa) (m) | (MPa)
Entrance Portal 0.7 27 36 23 20 48
KM: 399+400-KM: 0 27 125 27 20 2825
399+700 0.7 27 70 17 1350
KM: 399+700-KM: 0 27 223 29 112 2586
400+080 0.7 27 127 18 1203
KM: 400+080-KM: .
400+150 shearing zone 20 25 100 | 100
KM: 400+150-KM: 0 25 615 49 105 2064
400+200 0.7 25 409 41 719
KM: 400+200-KM: 0 27 597 51 80 16108
400+450 0.7 27 388 44 5610
KM: 400+450-KM: .
400+520 shearing zone 20 25 100 | 100
KM: 400+520-KM: 0 26 127 39 40 1533
400+750 0.7 26 73 27 753
Exit Portal 0.7 26 36 23 15 242

6.2 Estimation of Deformation Modulus

Determinating the parameter of modulus of elasticity of rock mass (Em) is very

important for numerical analyses. Roclab is an accepted method for determination of

the deformation modulus of rock mass. However, in this study different empirical

equations have been also used to determine the deformation modulus of rock mass.

All of the accepted equations are presented in Table 6.2. However, the mostly preferred
equations (Bieniawski, 1978; Serafim and Pereira, 1983, Barton, 2002; Hoek and

Diederichs, 2006) are used in this thesis. These equations are preferred because they

need parameters of RMR, Q or GSI in order to calculate deformation value of the rock

mass which makes the determination of rock strength parameters process related to

field observation data. Calculated deformation modulus values are presented in Table

6.3.
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Table 6. 2 List of empirical equations for estimating the deformation modulus

Originator of Empirical Required Limitations Equations
Equation Parameters imitat! quati
Bienawski (1978) RMR R'\gg > | Em=2RMR-100 (GPa)
Serafim and Pereira RMR < _ 4 A[(RVR-10)/40]
Barton (2002) Q, &c <108R/|Pa Em=10Qc™® (GPa)
e Em=(1-D/2)* ((q¢/100)°5)*
<100MPa (10(CSI-10040) - (GPg)
Hoek et al. (2002) GSl, o¢, D
5 Erm=(1-D/2)*
C
((qc/100)0.5)* (10(GSI-
>100MPa 10)/40) (GPa)
Kayabasi et al. (2003) | Eij, RQD, WD - Erm:O.l)?\E/')VE()I]EI((é-lF;E)QDﬂOO)
Ei, RQD Erm=0.001
Gokeeoglu et al. (2003) N ' - [((Ei/qc)(1+RQD/100))/WD]*
WD, cc 1811 5pg
Sénmez et al. (2004a) Ei,s a - Erm=Ei (s*)** (Gpa)
. . Erm= 100 000*(1-
Hoek and Diederichs | ¢ . | (DI2)1+e((75+25D-GSIY/11)
(2006) (MPa)
. . Erm=Ei ( (1-
Hoek a?gogg’demhs Ei, GSI, D i D/2)/(1+e((60+15D-
GSI)/11))) (MPa)
Erm=Ei10((RMR-100)*(100-
Sonmez et al. (2004b) Ei, RMR - RMR))/(4000*exp (-

RMR/100)) (MPa)
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Table 6. 3 Estimation of deformation modulus of the rock masses along tunnel route

Em=(1-D/2)*

Erm:Eilo((RMR-

Erm: 100 000*(1‘

E. 21001 Em=Ei ( (1- ((9c/100)°5)* 100)*(100- (D/2)/1+e((75+25D- N

m=10Qc D/2)/(1+((60+150- (10(GS1-10)40y RMR)I@000%xp (| Gsiytt)  (\jp o | 2

(GPa) GsADY) (MPa) (GPa) RMR/100)) (MPa) (MPa) _ E . S =

Sections Blaol2 2| =

gle| | %

@ S| 8

0

(Hoek& .. .. (Hoek& Diederichs,
(Barton,2002) Diederichs, 2006) (Hoek,2002) (Sonmez ve dig.,2006) 2006)

Entrance Portal 1,71 GPa 35,16 MPa 0,38 GPa 130,94 MPa 609,53 MPa 19(24(119| 5 | 1500
KM: 399+400-KM: 399+700 1,71 GPa 1280,99 MPa 0,45 GPa 5078,94 MPa 799,25 MPa 22 27 |122| 5 41905
KM: 399+700-KM: 400+080 2,15 GPa 1204,02 MPa 0,67 GPa 4833,89 MPa 874,70 MPa 23128 |23 | 10 | 36067
KM: 400+150-KM: 400+200 3,53 GPa 1351,56 MPa 4,70 GPa 3709,79 MPa 5625,49 MPa 441 49 | 44 | 44 | 7145
KM: 400+200-KM: 400+450 3,68 GPa 10545,59 MPa 5,01 GPa 28945,69 MPa 5625,49 MPa 44 | 49 | 44 | 50 | 55749
KM: 400+520-KM: 400+750| 2,47 GPa 675,84 MPa 0,73 GPa 1453,88 MPa 730,26 MPa 21|26 |16 | 15 | 24150
Exit Portal 1,71 GPa 294,77 MPa 0,47 GPa 684,44 MPa 874,70 MPa 23|28 (18| 5 | 8830




For the exit section of the tunnel, 40 kPa, 25° are determined for the cohesion (c) and
angle of friction (@) values, respectively. It can be said that the values determined for
entrance section is worse than the values determined for entrance section (55 kPa and
25°). In the middle section of the tunnel, the highest parameters (c= 615 kPa and o=
49°%) are obtained. According to Wood (2004), the dilation angle is calculated as 0.33
times of the friction angle. So, the dilation angle value 9° is taken into account for both
entrance and exit sections of the tunnel. For the middle section of the tunnel, the
dilation angle is taken between 7°and16°. In Table 6.4 shows the summary of the rock

mass parameters to be used for the numerical analyses.

Table 6. 4 Summary of the rock mass parameters to be used for numerical analyses.

Section Disturbance vL\J/Qilgtyht Cohesion o(") Depth |Erm
Factor (D) (kN/m2) (c) (kPa) (m) | (MPa)
Entrance Portal 0.7 27 40 25 20 350
KM:  399+400-KM: |0 27 125 27 20 2825
399+700 0.7 27 70 17 1350
KM:  399+700-KM: |0 27 223 29 112 2586
400+080 0.7 27 127 18 1203
KM: 400+080-KM: .
400+150 shearing zone 20 25 100 (100
KM:  400+150-KM: [0 25 615 49 105 2064
400+200 0.7 25 409 41 719
KM:  400+200-KM: [0 27 597 51 30 16108
400+450 0.7 27 388 44 5610
KM: 400+450-KM: .
4004520 shearing zone 20 25 100 100
KM:  400+520-KM: |0 26 127 39 40 1533
400+750 0.7 26 73 27 753
Exit Portal 0.7 26 55 25 15 500
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CHAPTER 7

THE VERIFICATION OF TUNNEL SUPPORT SYSTEMS WITH
NUMERICAL ANALYSIS

Mostly applied methods for rock mass classification and rock support systems are the
methodologies of Bieniawski (RMR) and Barton (Q). Nevertheless, thanks to the
developments in Finite Element Methods, huge amounts of possibilities are also
accomplished. The Finite Element Method (FEM) possesses a great capacity of
analyzing the complex underground conditions through non homogeneities. The
subsurface is modeled as continuum. Meshes consisting of limited number of elements
form this model. The concepts of solving unknowns at each element cause highly
complex matrix equations. However, in solving the formed complex matrix equations,

the capability belongs to the FEM.

Several numerical analyses programs to be used for the purpose discussed above, is
based on " finite elements” or "finite difference” methods. Phase 2 and Flac are the
most common 2D finite elements programs. For 3D analysis Adina, 3DEC, Flac and

Plaxis can be used.

In this thesis, Phase2 software was used to model the tunnel sections. It uses two
dimensional finite element method. Phase 2 software was created by Toronto
University and still being developed by Rocscience group. The program also provides
applications of rock bolts and shotcrete which are the currently used temporary support
systems for NATM tunneling. Safety factor in Phase 2 program is measured through
c-o reduction option of the finite element method. By using this option, strength

properties of all material in the model have been decreased with an amount of
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reduction factor and FEM analysis are reiterated again. In the event that the program
cannot measure the model with reduced strength parameters, as a safety factor the ratio

of reduction is taken.

To simulate the negative effect of groundwater, the coefficient of permeability was
included in the analyses. Value of coefficient of permeability obtained from the
laboratory test results which is given at appendix section in this thesis. After each
analyses performed for different section of the tunnel, the strain values around the
tubes and yielded bolt-liners are checked in the context of the tunnel stability.
According to Hoek (2001), strain values around the tubes should be smaller than %1

in order to stay in the safe side.

7.1 Determining Support Properties for Numerical Analyses

According to General Directorate of Highways, the properties of the supports for the
assigned NATM classes to be used in the numerical analyses are given below at Tables
7.1-7.4. In this study, properties of bolts, shotcrete, steel mesh, steel set and forepole
have been determined based on the experience (accepted by General Directorate of
Highways) of YUKSEL DOMANIC company.

Table 7. 1 Properties of C2 support system

Support Systems Cc2

Bolt Diameter 28 mm

Bolt Spacing 1,0x1,0

Bolt length 4-6 m

Shotcrete class and thickness C20/25(25cm)
Q221/221

steel mesh type Double layer

Steel set type and spacing

HEA140,1,00m

Forepole spacing and length

t=0,5m, L=4-6 m

Span time C2
Top heading 1,00 m
bench 20m

Table 7. 2 Properties of C3 support system
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Support Systems C3

Bolt Diameter 28 mm

Bolt Spacing 1,0x1,0

Bolt length 6m

Shotcrete class and thickness C20/25(40cm)

steel mesh type Q221/221
Double layer

Steel set type and spacing

HEA140,1,00m

Forepole spacing and length

t=0,5m, L=4-6 m

Span time C2
Top heading 0,75 m
Bench 1,5m

Table 7. 3 Properties of B3 support system
Support Systems B3
Bolt Diameter 28 mm
Bolt Spacing 1,5x1,5
Bolt length 4m
Shotcrete class and thickness C20/25(20cm)

Q221/221

steel mesh type Double layer

Steel set type and spacing

HEA120,1,50m

Forepole spacing and length

t=0,5m, L=4-6 m (if required)

Span time B3

Top heading 1,50 m

bench 3,00 m

Table 7. 4 Properties of B2 support system

Support Systems B2

Bolt Diameter 28 mm

Bolt Spacing 2,0x-2,0

Bolt length 4m

Shotcrete class and thickness C20/25(15cm)

steel mesh type Q221/221
TEK KAT

Steel set type and spacing

HEA100,2.0 m ( if required)

Forepole spacing and length

Span time B2
Top heading 2,00 m
bench 3,00 m
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7.2 Steps of Modeling with Finite Element Method

The Belkave tunnel section is designed with finite element method. In order to design
the tunnel, firstly, geotechnical sectors of the tunnel should be defined. Secondly, the
section is separated into limited number of elements that are connected at nodal points.
In this study, triangular element type is used. In the third step of the modeling, external
boundary definition has been done. The upper part is designed as free boundary which
can be define as oyy=0. The parts of the section are restrain x (lubricated mixed
boundary) which means ux=0, oxy and ox,=0. The lower boundary of the section is
called as restrain y (lubricated mixed boundary) so as to define uy=0, cxz=cyz=0 and

oyy=yL. Mesh and boundary conditions can be seen below Figure 7.1.

Free ngggndarv, oyy=0

y Material boundary
External boundary

OoyX, 0yZ =0, OyX =0,
Ux=0, Uy=0 oyy=yL
~ X

Figure 7. 1 The mesh and boundary condition of the section

Poor blasting disturbance factor is taken into account for plastic boundary around the

tunnel to be on the safe side. The thickness of the plastic boundary is taken as 0.5D,

half of the of tunnel diameter in operation. There are several ways to determine the

plastic boundary around the tunnel. However, in practice, 0.5D is accepted for the
94



plastic radius. Phase 2 (2008) software and RocSupport 3.0 (2007) software also verify
this assumption. So, 6m. is taken as the radius of plastic zone in this study. In the next
step of the modeling, assignment of the material properties is completed. Gravity type
of field stress is chosen by using actual ground surface and predicting the horizontal
to vertical stress ratio, k which is expanded as k= 0.25+7Eh(0.001+(1/z)) according to
Sheorey (1994).

After defining the number of steps in designing, support application which determined
empirically is done in several steps. The timing of support application and support
interaction with rock masses is not suitable for 2D models. To understand d and solve
this issue, its needed to be underline two important stages before the application of the
support systems. First one is that the rock mass should be allowed to be relaxed, and
the second one is that rock mass should be allowed to carry some of the load itself. In
Phase 2, there are two methods used to fulfill load split within rock mass and support
systems. These two methods are called “load split” option and “material softening”. In
the designing of the tunnel sections to simulate 3D to 2D, material softening method
is used in this study. The material stiffness is multiplied by a reduction factor p. f is
the coefficient from 0 to 1 that is multiplied by the material stiffness to yield the
material inside the tunnel. Seismic load is applied in the last step of the modeling. The
coefficient of the seismic load is taken as 0.2 according to suggestion of GDH (2006).
The strain around the tunnel and yielded support elements are checked right after
computing the model.

7.3 Slope Stability Analyses for Entrance Portal

At this part, highest cut before entrance of the tunnel was modeled and stability
analyses were performed. In practice excavation is performed from natural topography
to the first float as the very first step. As soon as the first cut completed, the support
elements installation (shotcrete, rock bolts) are to be completed. The excavation of the
cut will be completed right after reaching to the road grade. According to the Technical
Specifications of General Directorate of Highways (2006), the sufficient safety factors

under static and dynamic conditions are 1.5 and 1.15, respectively.
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To analyze the stability of highest cut, the model was prepared in five steps. The slope
of side was 3H:2V and forehead was 1H:3V (H: horizontal, V: vertical). In the first
step, the natural condition of the surface was modeled. In the following steps, the cut
and support applications were done. Seismic load was applied to the system as the final

step.

For forehead slope which is the slope of tunnel entrance at KM: 399+400, the model
was prepared in three stages. In the first step, the natural condition of the surface was
modeled. In the following steps, the cut and support applications were done. Seismic
load was applied to the system as the final step. Table 7.5 shows the specifications of

supports used in analyses.

Table 7. 5 Supports used in modeling of the entrance portal.

Bolt spacing 1.5m*1.5m
Bolt length 4m
Bolt diameter 32 mm
Bolt modulus 200 000
Tensile capacity 250 kN
Shotcrete thickness 25 cm
Young’s modulus of shotcrete 15 000 MPa

For both static and seismic conditions, numerical analyses performed for the side
slopes at the entrance portal in order to check the stability of the tunnel section.
Because of the negative effect of groundwater on the strength of the rock mass,
analyses were performed with effect of groundwater, thus it is aimed to stay in the safe
side (Figures 7.2 and 7.3).
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Figure 7. 2 Slope stability analysis for the side slopes at the entrance portal showing
maximum shear strain under static condition (3H/2V) (SF: 2. 42)
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Figure 7. 3 Slope stability analysis for the side slopes at the entrance portal showing
maximum shear strain under the effect of seismic load of kx=0.20 (3H/2V) (SF: 1.34)

97



When the cut is completed Total displacement is 3 cm under static condition. Value of
2.42 obtained at this stage for the safety factor. However, total displacement is
increased to 4 cm after seismic load applied to the model (kx=0.20). At this stage, there
are no yielded liners. Value of 1.34 obtained at this stage for the safety factor.
According to the Technical Specifications of GDH (2006), the values are sufficient for
the slope stability.

Figures 7.4 and 7.5 show the side slopes at entrance of the tunnel during excavation.
The results obtained from numerical analyses for side slopes at entrance portal and real
slopes (field performance) are compatible with each other. No slope instability
problems have appeared during slope excavation as it was predicted by numerical

analyses.

Figure 7. 4 shotcrete and water pipes installed for side slope
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Flgure 7.5 wire meshAand shotcrete installation for side slope

For both static and dynamic (under seismic load) conditions, slope stability analyses
were performed. Because of the negative effect of groundwater on the strength of the
rock mass, analyses were performed with effect of groundwater, thus it is aimed to
stay in the safe side. The results of analyses performed are shown in Figures 7.6 and
7.7.
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Figure 7. 6 Slope stability analysis for the forehead slopes at the entrance portal

force constant in install stage

showing maximum shear strain under static condition (1H/3V) (SF: 1.75)

Figure 7. 7 Slope stability analysis for the forehead slopes at the entrance portal

showing maximum shear strain under effect of seismic load of kx=0.20 (1H/3V) (SF:

1.25)
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When the cut is completed Total displacement is 2 cm under static condition. Value of
1.75 obtained at this stage for the safety factor. However, total displacement is
increased to 3 cm after seismic load applied to the model (kx=0.20). At this stage, there
are no yielded liners but some of the bolt elements are yielded. Value of 1.25 obtained
at this stage for the safety factor. According to the Technical Specifications of GDH
(2006), the values are sufficient for the slope stability.

To sum up, results obtained from the slope stability analyses performed show that the
slopes are on the safe side according to Technical Specifications of GDH (2006).
Figures 7.8, 7.9 and 7.10 show the forehead slopes at the entrance portal of the tunnel
during excavation. The results obtained from the numerical analyses for the forehead
slopes at the entrance portal and real slopes (field performance) are compatible with

each other. No slope instability problems have occurred during slope excavation as it

was predicted by numerical analyses.

Figure 7. 8 A view of the supported foeheadsleat the tunnel entrance.
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7.4 Stability analyses of the tunnel

Km: 399+190 and Km: 400+820 are defined as critical sections for the entrance and
exit s of the tunnel due to the lowest overburden. Because of lowest overburden and
low engineering parameters, arching effect would not be occurred. At kilometers of
399+700, 399+960, 400+200, 400+240, 400+500, 400+550, the tunnel section

analyses were performed because these are considered as critical sections.

At KM: 399+190, the entrance section of the tunnel was modeled in 14 stages. These

steps are given below:

Stage 1: inspection of in situ stress distributions

Stage 2: upper part of right tube has been softened

Stage 3: upper part of right tube excavation and supporting has been completed
Stage 4: lower part of right tube has been softened

Stage 5: lower part of right tube excavation and supporting has been completed
Stage 6: invert excavation of right tube has been softened

Stage 7: invert part of right tube excavation and supporting has been completed
Stage 8: upper part of left tube has been softened

Stage 9: upper part of left tube excavation and supporting has been completed
Stage 10: lower part of left tube has been softened

Stage 11: lower part of left tube excavation and supporting has been completed
Stage 12: invert excavation of left tube has been softened

Stage 13: invert part of left tube excavation and supporting has been completed

Stage 14: seismic load has been applied to the model

Simulation of the stages explained above and support specification used for modeling

are given in Figure 7.11 and Table7.6, respectively.
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Figure 7. 11 Steps of modeling of the tunnel.
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Table 7. 6 Supports used in the modeling of the tunnel at KM: 399+190

Bolt spacing I m*l m
Bolt length 4m
Bolt diameter 32 mm
Bolt modulus 200 000
Tensile capacity 250 kN
Shotcrete thickness 20 cm
Young’'s modulus of shotcrete 15 000 MPa

As the tunnel excavation moves on in three dimensions, displacement may be
increased. Decreasing the stiffness of the filled material in the tunnel is used to
simulate this effect in 2D model. With the aim of determining the proper softness ratio,
stiffness versus displacement curve is generated. X-axis on the graph represents the
displacements. On the y-axis, 1- is plotted where (3 is coefficient varying from 0 to 1
(Figure 7.12). This coefficient can be defined as softening ratio of the material inside
the tunnel (Phase2, 2008).
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Figure 7. 12 Reduction ratio vs. displacement graph for KM: 399+190

105



As seen in Figure 7.12, at the point of 0,6 the linearity is disturbed. So, 0.6 reduction
ratio is chosen to decrease the stiffness. 20 cm shotcrete and 1160 steel sets spaced in
1.5 m intervals and Q221 wire mesh were applied. Figure 7.13. shows the diagram of
the axial force - bending moment which was plotted for the shotcrete. According to

Figure 7.13, 20 cm shotcrete is considered to be sufficient.

Bending Moment kN/m?

-20,0 120,0

Axial Force kN/m

Figure 7. 13 Bending moment vs. axial force graph of 20 cm shotcrete, 1160 steel sets
spaced in 1.5 m intervals and wire mesh for the tunnel entrance

For both static and dynamic (under seismic load) conditions, slope stability analyses
were performed. Because of the negative effect of groundwater on the strength of the
rock mass, analyses were performed with effect of groundwater, thus it is aimed to
stay in the safe side. Bolts and liners was not yielded. The results of analyses performed
are shown in Figures 7.14 and 7.16.
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Figure 7. 14 Total displacements around tunnel section at KM: 399+190
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Figure 7. 16 Maximum shear strain around tunnel under seismic condition (kx=0.20)
at KM: 399+190

Without effect of seismicity, total displacements at the peak point of the left and right
tubes are 1.9 cm and 1.2 cm, respectively. For the left tube under seismic effect of kx=
0.20, the total displacement is raised to 2.1 cm, and for the right tube total displacement
is raised to 1.3 cm. These results are acceptable and it can be stated that C2 support

systems for the section of the tunnel is verified by numerical analyses.
According to strain values obtained from Phase 2 software, they never reach %1,

specified by Hoek (2001). At figure 7.17 and 7.18, Belkahve tunnel entrance

excavation is shown. No stability problems have occurred during the excavation.

108



Figure 7. 18 A general view of the excavation at the Belkhave tunnel entrance
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The entrance section of the tunnel at KM: 399+700 was modeled by Phase 2 software.
Modeling of the tunnel tubes was performed in 14 stages. These steps explained below:

Stage 1: inspection of in situ stress distributions

Stage 2: upper part of right tube has been softened

Stage 3: upper part of right tube excavation and supporting has been completed
Stage 4: lower part of right tube has been softened

Stage 5: lower part of right tube excavation and supporting has been completed
Stage 6: invert excavation of right tube has been softened

Stage 7: invert part of right tube excavation and supporting has been completed
Stage 8: upper part of left tube has been softened

Stage 9: upper part of left tube excavation and supporting has been completed
Stage 10: lower part of left tube has been softened

Stage 11: lower part of left tube excavation and supporting has been completed
Stage 12: invert excavation of left tube has been softened

Stage 13: invert part of left tube excavation and supporting has been completed

Stage 14: seismic load has been applied to the model

Table 7.7 presents the supports used in the numerical analyses. As seen in Figure 7.19,
the linearity is disturbed at reduction ratio of 0.6. So, 0.6 reduction ratio is chosen to
decrease the stiffness. 20 cm shotcrete were applied. Figure 7.20. shows the diagram
of the axial force - bending moment which was plotted for the shotcrete. According to

Figure 7.20, 20 cm shotcrete is considered to be sufficient.
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Table 7. 7 Support used in the modeling of the tunnel at KM: 399+700

Bolt spacing I m*l m
Bolt length 4m
Bolt diameter 32 mm
Bolt modulus 200 000
Tensile capacity 250 kN
Shotcrete thickness 20 cm
Young’'s modulus of shotcrete 15 000 MPa
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Figure 7. 19 Reduction ratio vs. displacement graph for KM: 399+700
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Figure 7. 20 Bending moment vs. axial force graph of 20 cm shotcrete, Q221/221 wire
mesh for Km: 399+700

For both static and dynamic (under seismic load) conditions, total displacements were
checked. Because of the negative effect of groundwater on the strength of the rock
mass, analyses were performed with effect of groundwater, thus it is aimed to stay in
the safe side. Liner elements were not yielded. However, some of the bolt elements

were yielded. The results of analyses performed are shown in Figures 7.21 and 7.23.
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Figure 7. 21 Total displacements around tunnel section KM: 399+700
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Figure 7. 22 Total displacement around tunnel section under seismic effect (kx=0.20)
KM: 399+700
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KM: 399+700

Without effect of the seismicity, total displacements at the peak point of left and right
tubes are 5.6 cm and 6.3 cm, respectively. Under the seismic effect of kx= 0.20, total
displacement for left and right tubes are raised to 5.9 cm and 7.1 cm, respectively.
These results are definitely acceptable and it can be stated that C2 category support
systems for the section of the tunnel is verified by numerical analyses. According to
the strain values obtained from the analysis, they never exceed %1 limiting value
(Hoek, 2001). Therefore, no problem related to tunnel deformation is expected for this

section of the tunnel.
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The entrance section of the tunnel at KM: 399+960 was also modeled in 14 stages.

These steps explained below:

Stage 1: inspection of in situ stress distributions

Stage 2: upper part of right tube has been softened

Stage 3: upper part of right tube excavation and supporting has been completed

Stage 4: lower part of right tube has been softened

Stage 5: lower part of right tube excavation and supporting has been completed

Stage 6: invert excavation of right tube has been softened

Stage 7: invert part of right tube excavation and supporting has been completed

Stage 8: upper part of left tube has been softened

Stage 9: upper part of left tube excavation and supporting has been completed

Stage 10: lower part of left tube has been softened

Stage 11: lower part of left tube excavation and supporting has been completed

Stage 12: invert excavation of left tube has been softened

Stage 13: invert part of left tube excavation and supporting has been completed

Stage 14: seismic load has been applied to the model

The supports used in modeling are presented in Table 7.8.

Table 7. 8 Support used in the modeling of the tunnel at KM: 399+960

Bolt spacing I m*1l m
Bolt length 4m
Bolt diameter 32 mm
Bolt modulus 200 000
Tensile capacity 250 kN
Shotcrete thickness 20 cm
Young's modulus of shotcrete 10 000 MPa
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Figure 7. 24 Reduction ratio vs. displacement graph at KM: 399+960

As seen in Figure 7.24, at the point of 0,6 the linearity is disturbed. So, 0.6 reduction
ratio is chosen to decrease the stiffness. 20 cm shotcrete were applied. Figure 7.25.
shows the diagram of the axial force - bending moment which was plotted for the

shotcrete. According to Figure 7.25, 20 cm shotcrete is considered to be sufficient.
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Figure 7. 25 Moment vs. axial force diagram of 15 cm shotcrete and Q221/221 wire
mesh for Km: 399+960
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For both static and dynamic (under seismic load) conditions, total displacements were
checked. Liner elements were not yielded. However, some of the bolt elements were
yielded. The results of analyses performed are shown in Figures 7.26 and 7.28.
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Figure 7. 26 Total displacements around the tunnel section at KM: 399+960
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Figure 7. 27 Total displacement around tunnel section under seismic effect (kx=0.20)
at KM: 399+960
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Figure 7. 28 Maximum shear strain around tunnel under seismic condition (kx=0.20)
at KM: 399+960

Without effect of seismicity, total displacements at the peak point of the left and right
tubes are 6.8 cm and 6.6 cm, respectively. Total displacements under seismic effect of
kx=0.20, are raised to 7.0 cm for left tube and 7.1 cm for the right tube. These results
are acceptable and it can be stated that C2 category support systems for the section of

the tunnel is verified by numerical analyses.
According to the strain values obtained from the analysis, they never exceed %1

limiting values (Hoek, 2001). Therefore, no problem related to tunnel deformation is

expected for this section of the tunnel. Steel rib application is shown in Figure 7.29.
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Figure 7. 29 Steel sets installation at Belkahvunnl

The entrance section of the tunnel at KM: 400+200 was modeled by Phase 2 software.

Modeling of the tunnel tubes was performed in 14 stages. These steps explained below:

Stage 1: inspection of in situ stress distributions

Stage 2: upper part of right tube has been softened

Stage 3: upper part of right tube excavation and supporting has been completed
Stage 4: lower part of right tube has been softened

Stage 5: lower part of right tube excavation and supporting has been completed
Stage 6: invert excavation of right tube has been softened

Stage 7: invert part of right tube excavation and supporting has been completed
Stage 8: upper part of left tube has been softened

Stage 9: upper part of left tube excavation and supporting has been completed
Stage 10: lower part of left tube has been softened

Stage 11: lower part of left tube excavation and supporting has been completed
Stage 12: invert excavation of left tube has been softened

Stage 13: invert part of left tube excavation and supporting has been completed
Stage 14: seismic load has been applied to the model

The supports used in modeling are presented in Table 7.9.
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Table 7. 9 Support used in the modeling

Bolt spacing

1.5m*l.5m

Bolt length 4m
Bolt diameter 32 mm
Bolt modulus 200 000
Tensile capacity 250 kN
Shotcrete thickness 15cm
Young’s modulus of shotcrete 15 000 MPa

For both static and seismic conditions, total displacements were checked around the
both right and left tubes. According to results obtained, there were no yielded liners.

Nevertheless, some of the bolt elements were yielded. The results of the analyses are

presented in Figures 7.30-7.32.
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Figure 7. 30 Total displacements around tunnel section at KM:400+200
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Figure 7. 31 Total displacement around tunnel section under seismic effect (kx=0.20)
at KM:400+200
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Figure 7. 32 Maximum shear strain around tunnel under seismic condition (kx=0.20)
at KM:400+200
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Without effect of seismicity, total displacements at the peak point of the left and right
tubes are 1.1 cm and 2.1 cm, respectively. Under seismic effect of kx= 0.20, for left
tube total displacement is raised to 2.0 cm and for the right tube it is raised to 2.1 cm.
These results are acceptable and it can be said that B3 category support systems for
the section of the tunnel is verified by numerical analyses. According to the strain
values obtained from Phase 2 software, they never exceed %1 limiting values (Hoek,
2001). Therefore, no problem related to tunnel deformation is expected for this section

of the tunnel.

The entrance section of the tunnel at KM: 400+240 is modeled by Phase 2 software.

Modeling of tunnel tubes is performed in 10 stages. These steps explained below:

Stage 1: inspection of in situ stress distributions

Stage 2: upper part of right tube has been softened

Stage 3: upper part of right tube excavation and supporting has been completed
Stage 4: lower part of right tube has been softened

Stage 5: lower part of right tube excavation and supporting has been completed
Stage 6: upper part of left tube has been softened

Stage 7: upper part of left tube excavation and supporting has been completed
Stage 8: lower part of left tube has been softened

Stage 9: lower part of left tube excavation and supporting has been completed
Stage 10: seismic load has been applied to the model

The supports used in modeling are presented in Table 7.10.
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Table 7. 10 Support used in the modeling

Bolt spacing 2m*2 m
Bolt length 4m
Bolt diameter 32 mm
Bolt modulus 200 000
Tensile capacity 250 kN
Shotcrete thickness 10 cm
Young’s modulus of shotcrete 15 000 MPa

For both static and seismic conditions, total displacements were checked around the
both right and left tubes. According to results obtained, there were no yielded liners.
However, some of the bolt elements were yielded. The results of the analyses are

presented in Figures 7.33 — 7.35.
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Without effect of seismicity, total displacements at the peak point of the left and right
tube are 1.1 cm and 1.1 cm, respectively. Under seismic effect of kx= 0.20, for left
tube total displacement is raised to 1.2 cm and for the right tube the total displacement
is raised to 1.3 cm. These results are acceptable and it can be said that B2 category
support systems for the section of the tunnel is verified by numerical analyses.
According to the strain values obtained from Phase 2 software, they never exceed %1
limiting value so (Hoek, 2001). Therefore, no problem related to tunnel deformation

is expected for this section of the tunnel.

The entrance section of the tunnel at KM: 400+500 was modeled by Phase 2 software.

Modeling of the tunnel tubes was performed in 14 stages. These steps explained below:

Stage 1: inspection of in situ stress distributions

Stage 2: upper part of right tube has been softened

Stage 3: upper part of right tube excavation and supporting has been completed
Stage 4: lower part of right tube has been softened

Stage 5: lower part of right tube excavation and supporting has been completed
Stage 6: invert excavation of right tube has been softened

Stage 7: invert part of right tube excavation and supporting has been completed
Stage 8: upper part of left tube has been softened

Stage 9: upper part of left tube excavation and supporting has been completed
Stage 10: lower part of left tube has been softened

Stage 11: lower part of left tube excavation and supporting has been completed
Stage 12: invert excavation of left tube has been softened

Stage 13: invert part of left tube excavation and supporting has been completed

Stage 14: seismic load has been applied to the model

The supports used in modelling are presented in Table 7.11.
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Table 7. 11 Support used in the modeling

Bolt spacing 0.75m*0.75m
Bolt length 6m
Bolt diameter 32 mm
Bolt modulus 200 000
Tensile capacity 250 kN
Shotcrete thickness 40 cm
Young's modulus of shotcrete 15 000 MPa

For both static and seismic conditions, total displacements were checked around the
both right and left tubes. According to results obtained, there were no yielded liners.
Nevertheless, some of the bolt elements were yielded. The results of the analyses are

presented in Figures 7.36-7.38.
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Figure 7. 36 Total displacements around the tunnel section at KM:400+500.
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Without effect of seismicity, total displacements at the peak point of the left and right
tubes are 5.6 cm and 6.7 cm. Under seismic effect of kx= 0.20, for left tube total
displacement is raised to 7.2 cm and for the right tube total displacement is raised to
7.8 cm. These results are acceptable and it can be said that C3 category support systems
for the section of the tunnel is verified by numerical analyses. According to the strain
values obtained from Phase 2 software, they never exceed %1 limiting value so (Hoek,
2001). Therefore, no problem related to tunnel deformation is expected for this section

of the tunnel

The entrance section of the tunnel at KM: 400+550 was modeled by Phase 2 software.

Modeling of the tunnel tubes was performed in 14 stages. These steps explained below:

Stage 1: inspection of in situ stress distributions

Stage 2: upper part of right tube has been softened

Stage 3: upper part of right tube excavation and supporting has been completed
Stage 4: lower part of right tube has been softened

Stage 5: lower part of right tube excavation and supporting has been completed
Stage 6: invert excavation of right tube has been softened

Stage 7: invert part of right tube excavation and supporting has been completed
Stage 8: upper part of left tube has been softened

Stage 9: upper part of left tube excavation and supporting has been completed
Stage 10: lower part of left tube has been softened

Stage 11: lower part of left tube excavation and supporting has been completed
Stage 12: invert excavation of left tube has been softened

Stage 13: invert part of left tube excavation and supporting has been completed

Stage 14: seismic load has been applied to the model

The supports used in modelling are presented in Table 7.12.
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Table 7. 12 Support used in the modeling of the tunnel at KM: 400+550

Bolt spacing I m*l m
Bolt length 4m
Bolt diameter 32 mm
Bolt modulus 200 000
Tensile capacity 250 kN
Shotcrete thickness 20 cm
Young’s modulus of shotcrete 10 000 MPa

For both static and seismic conditions, total displacements were checked around the
both right and left tubes. According to results obtained, there were no yielded liners.

However, some of the bolt elements were yielded. The results of the analyses are

presented in Figures 7.39-7.41.
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Without effect of seismicity, total displacements at the peak point of the left and right
tubes are 2.8 cm and 1.6 cm, respectively. Under seismic effect of kx= 0.20, for left
tube total displacement is raised to 4.1 cm and for the right tube total displacement is
raised to 3.5 cm. These results are acceptable and it can be stated that C2 category
support systems for the section of the tunnel is verified by numerical analyses.
According to the strain values obtained from Phase 2 software, they never exceed %1
limiting value so (Hoek, 2001). Therefore, no problem related to tunnel deformation

is expected for this section of the tunnel.

The entrance section of the tunnel at KM: 400+820 was modeled by Phase 2 software.

Modeling of the tunnel tubes was performed in 14 stages. These steps given below:

Stage 1: inspection of in situ stress distributions

Stage 2: upper part of right tube has been softened

Stage 3: upper part of right tube excavation and supporting has been completed
Stage 4: lower part of right tube has been softened

Stage 5: lower part of right tube excavation and supporting has been completed
Stage 6: invert excavation of right tube has been softened

Stage 7: invert part of right tube excavation and supporting has been completed
Stage 8: upper part of left tube has been softened

Stage 9: upper part of left tube excavation and supporting has been completed
Stage 10: lower part of left tube has been softened

Stage 11: lower part of left tube excavation and supporting has been completed
Stage 12: invert excavation of left tube has been softened

Stage 13: invert part of left tube excavation and supporting has been completed

Stage 14: seismic load has been applied to the model

The supports used in modelling are presented in Table 7.13. below.
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Table 7. 13 Support used in the modeling of the tunnel at KM:400+820

Bolt spacing I m*l m
Bolt length 4m
Bolt diameter 32 mm
Bolt modulus 200 000
Tensile capacity 250 kN
Shoterete thickness 20 cm
Young's modulus of shotcrete 10 000 MPa

For both static and seismic conditions, total displacements were checked around the
both right and left tubes. According to results obtained, there were no yielded liners,
but some of the bolt elements were yielded. The results of the analyses are presented
in Figures 7.42 -7.44.
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Figure 7. 44 Maximum shear strain around the tunnel under seismic condition
(kx=0.20) at KM: 400+820
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Without effect of seismicity, total displacements at the peak point of the left and right
tubes are 1.1 cm and 1.3 cm, respectively. Under seismic effect of kx= 0.20, for left
tube total displacement is raised to 5.5 cm and for the right tube total displacement is
raised to 4.9 cm. These results are acceptable and it can be stated that C2 category
support systems for the section of the tunnel is verified by numerical analyses.
According to the strain values obtained from Phase 2 software, they don’t exceed %1
limiting values (Hoek, 2001). Therefore, no problem related to tunnel deformation is

expected for this section of the tunnel.

7.5 Slope Stability Analysis for Exit Portal

At this part, highest cut before entrance of the tunnel was modeled and stability
analyses were performed. In practice excavation is performed from natural topography
to first float as very first step. As soon as first cut completed, the support elements
installation (shotcrete, rock bolts) should be completed. The excavation of the cut will
be completed right after reaching to the road grade. According to the Technical
Specifications of General Directorate of Highways (2006), the sufficient safety factors
under static and dynamic conditions are 1.5 and 1.15, respectively.

To analyze the stability of highest cut, the model was prepared in five steps. The slope
of side was 3H:2V and forehead was 1H:3V (H: horizontal, V: vertical). In the first
step, the natural condition of the surface was modeled. In the following steps, the cut
and support applications were done. Seismic load was applied to the system as final

step.

For forehead slope which is the slope of tunnel entrance at KM: 400+930, the model
was prepared in three steps. As first step, the natural condition of the surface was
modeled. In the following steps, the cut and support applications were done. Seismic
load was applied to the system as final step. Table 7.14 shows the specifications of

supports used in analyses.
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Table 7. 14 Supports used in the modeling of the exit portal slope of the tunnel

Bolt spacing 2m*2m
Bolt length 4m
Bolt diameter 32 mm
Bolt modulus 200 000
Tensile capacity 250 kN
Shotcrete thickness 20 cm
Young’s modulus of shotcrete 15 000 MPa

For both static and dynamic (under seismic load) conditions, slope stability analyses
were performed. Because of the negative effect of groundwater on the strength of the
rock mass, analyses were performed with effect of groundwater, thus it is aimed to
stay in the safe side. The results of analyses performed are shown in Figures 7.45 and

7.46.
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Figure 7. 45 Slope stability analysis of the exit portal side slope showing maximum
shear strain under the static condition (3H/2V) (SF: 1. 59)
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Flgure‘7 46 Slope stablllty analyls of the exit portal side slope showing maximum
shear strain under the effect of seismic load of kx=0.20 (3H/2V) (SF: 1.34)

When the cut is completed Total displacement is 3 cm under static condition. Value of
1.59 obtained at this stage for the safety factor. However, total displacement is
increased to 4,2 cm after seismic load applied to the model (kx=0.20). At this stage,
there are no yielded liners. Value of 1.37 obtained at this stage for the safety factor.
According to the Technical Specifications of GDH (2006), the values are sufficient for
the slope stability.
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Figur. 4 Wire mesh and shotcrete installation for the side slope of the exit poral

For both static and dynamic (under seismic load) conditions, slope stability analyses
were performed. Because of the negative effect of groundwater on the strength of the
rock mass, analyses were performed with effect of groundwater, thus it is aimed to
stay in the safe side. The results of analyses performed are shown in Figures 7.48 and
7.49.
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Figure 7. 48 Slope stability analysis for the forehead slopes of the exit portal showing
maximum shear strain under static condition (1H/3V) (SF: 1.71)
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Flgure 7 49 Slope stablllty analy3|s of for the forehead slopes of the exit portal

showing maximum shear strain under the effect of seismic load of kx=0.20 (1H/3V)
(SF: 1.21)
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When the cut is completed Total displacement is 3,4 cm under static condition. Value
of 1.71 obtained at this stage for the safety factor. However, total displacement is
increased to 4,5 cm after seismic load applied to the model (kx=0.20). At this stage,
there are no yielded liners. Value of 1.21 obtained at this stage for the safety factor.
According to the Technical Specifications of GDH (2006), the values are sufficient for
the slope stability.

To sum up, the results obtained from the slope stability analyses performed with
numerical analyses show that the slope is on the safe side according to Technical
Specifications of GDH (2006). Figure 7.51 and 7.52 show safe slopes at the

construction site.

Figure 7. 50 A general view of the forehead slopes after all suggested supports are
installed
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Figure 7. 51 Part of the forehead slope after the supports are installed

7.6  Sensitivity Analyses at Tunnel Section Km:399+700

Sensitivity analysis is a technique used to determine how different values of an
independent variable will impact a particular dependent variable under a given set of
assumptions. This technique is used within specific boundaries that will depend on one

or more input variables.

For this study, it is important to understand the relationship between numerical
analyses input parameters (C, o , Erm, GSI, Seismic load coefficient) and deformations
obtained from the numerical analyses (total displacements). Main goal for performing
sensitivity analyses is testing the robustness of the results of a model or system in the

presence of uncertainty.
For the five main input parameters mentioned above, the program was run by reducing

the values systematically by 10%, and total vertical displacement value was attained

at the peak point of tunnel section.

140


https://en.wikipedia.org/wiki/Robust_decision

KM: 399+700 section was chosen for the sensitivity analyses in this thesis. The
strength parameters of the rock mass for this section determined before (Chapter 6) is

given below:

C =223 kPa
0 =29°
Erm = 2586 MPa

Firstly, the cohesion value of the rock mass was reduced by 10% each time starting
from 223 kPa. In the meantime, other strength parameters were kept unchanged and
total displacement in the tunnel was measured. Parameters used in the sensitivity
analyses are given in Table 7.15, and cohesion-total displacement graph is presented
in Figure 7. 52. Based on this figure, one can easily state that as the cohesion of the
rock mass decreases, total displacement increases.

Table 7. 15 Parameters used in the sensitivity analyses with reduction in cohesion of
the rock mass

A | Cotesion | Rl || e | |Gt SR | piglacamen
: (KN/m?3) (cm)
1 223,00 0% 29 27 2825 | 25 0,2 1,61
2 200,70 10% 29 27 2825 | 25 0,2 1,69
3 178,40 20% 29 27 2825 | 25 0,2 1,82
4 156,10 30% 29 27 2825 | 25 0,2 2,04
5 133,80 40% 29 27 2825 | 25 0,2 2,49
6 111,50 50% 29 27 2825 | 25 0,2 3,61
7 89,20 60% 29 27 2825 | 25 0,2 9,08
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Figure 7. 52 Cohesion-total displacement graph for KM: 399+700
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Secondly, the internal friction angle value of the rock mass was reduced by 10% each

time starting from 29°. In the meantime, other strength parameters were kept

unchanged and total displacement was measured. Parameters used in the sensitivity

analyses are given in Table 7.16, and internal friction angle-total displacement graph

is presented in Figure 7. 53. Based on this figure, similar to cohesion case, as the

internal friction angle of the rock mass decreases, total displacement increases.

Table 7. 16 Parameters used in the sensitivity analyses with reduction in internal
friction angle of the rock mass

: . Unit Total
Analyses o(") Redutc_;tlon CoheksFl)on weight |\§r|;n Displacement
no. ratio (c) (kPa) (kN/m?) (MPa) (cm)
1 29,00 0% 223 27 2825 1,61
2 26,10 10% 223 27 2825 1,71
3 23,20 20% 223 27 2825 2
4 20,30 30% 223 27 2825 2,4
5 17,40 40% 223 27 2825 3,45
6 14,50 50% 223 27 2825 57
7 11,60 60% 223 27 2825 35,94
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Figure 7. 53 Internal friction angle-total displacement graph for KM: 399+700

Thirdly, deformation modulus of rock mass value was reduced by 10% each time
starting from 2586 MPa. In the meantime, other strength parameters were kept
unchanged and total displacement was measured. Parameters used in the sensitivity
analyses are given in Table 7.17, and deformation modulus-total displacement graph
is presented in Figure 7. 54. Based on this figure, similar to cohesion and internal
friction angle cases, as the deformation modulus of the rock mass decreases, total

displacement increases.
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Table 7. 17 Parameters used in the sensitivity analyses with reduction in deformation
modulus of the rock mass

. Unit . Total
Analyses Em Reduction o : Cohesion .
no. (MPa) ratio o(°) welghg (©) (kPa) Displacement
(KN/m?) (cm)
1 2825,00 0% 29 27 223 1,61
2 254250 10% 29 27 223 1,63
3 2260,00 20% 29 27 223 1,83
4 1977,50 30% 29 27 223 2,1
5 1695,00 40% 29 27 223 2,4
6 1412,50 50% 29 27 223 2,93
7 1130,00 60% 29 27 223 3,66
8 847,50 70% 29 27 223 4,88
9 565,00 80% 29 27 223 7,32
10 282,50 90% 29 27 223 14,61
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Figure 7. 54 Deformation modulus-total displacement graph for KM: 399+700

As the fourth step, GSI value of rock was reduced by 10% each time starting from 25
MPa. In the meantime, other strength parameters were kept unchanged and total

displacement was measured. Parameters used in the sensitivity analyses are given in
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Table 7.18, and GSlI-total displacement graph is presented in Figure 7. 55. Similar to
the other parameters, as the GSI of the rock mass decreases, total displacement

increases.

Table 7. 18 Parameters used in the sensitivity analyses with reduction in GSI value of the rock mass

. . Unit Total
Analyses Reduction ~ | Cohesion Erm . .
i GSlI - o(") weight Displacement
no: ratio (c) (kPa) | (MPa) (KN/m?) (cm)
1 28,00 0% 29,00 223 2825 27,00 1,61
2 25,20 10% 27,70 207 2825 27,00 1,66
3 22,40 20% 26,76 192 2825 27,00 1,72
4 19,60 30% 25,70 177 2825 27,00 2
5 16,80 40% 24,67 161 2825 27,00 2,53
6 14,00 50% 23,53 145 2825 27,00 3,79
7 11,20 60% 22,31 128 2825 27,00 8,8
8 8,40 70% 21,00 111 2825 27,00 93
30,00
25,00
20,00
__ 15,00
wn
O
10,00
5,00
0,00
1,46 1,6 1,72 2 2,53 3,79 8,8 93

Total Displacements
Figure 7. 55 GSl-total displacement graph for KM: 399+700
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As the fourth step, seismic load coefficient value of system was increased by 10% each

time starting from 0.2. In the meantime, other strength parameters were kept

unchanged and total displacement in the tunnel was measured. Parameters used in the

sensitivity analyses are given in Table 7.19, and seismic load coefficient-total

displacement graph is presented in Figure 7. 56. It is observed that as the seismic

coefficient increases, total displacement also increases.

Table 7. 19 Parameters used in the sensitivity analyses with reduction in seismic load
coefficient of the rock mass

Seismic . Unit Total

Anﬁgfses Load Iné;;‘fe o(°) %CC;Q?(SFLC;;] (I\Iiga) GSI | Weight | Displacement
: Coefficient (KN/m3) (cm)
1 0,20 0% 29 223 2825 | 25 | 27,00 1,61
2 0,22 10% 29 223 2825 | 25 | 27,00 1,73
3 0,24 20% 29 223 2825 | 25 | 27,00 2,01
4 0,26 30% 29 223 2825 | 25 | 27,00 2,1
5 0,28 40% 29 223 2825 | 25 | 27,00 2,25
6 0,30 50% 29 223 2825 | 25 | 27,00 2,36
7 0,32 60% 29 223 2825 | 25 | 27,00 2,54
8 0,34 70% 29 223 2825 | 25 | 27,00 2,65
9 0,36 80% 29 223 2825 | 25 | 27,00 2,77
10 0,38 90% 29 223 2825 | 25 | 27,00 2,84
0,40

£ 035

(D)

'S 030

E 0,25
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O 0,20
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IS

O 0,15
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Figure 7. 56 Seismic load coefficient-total displacement graph for KM: 399+700
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The sensitivity analyses at KM: 399+700 reveal that variation of the selected input
parameters affects the deformation amount in the tunnel. Additionally, in case
reduction ratio of the parameters is more than 60%, then the deformations in the tunnel
exceed the acceptable strain limit (1%). At 60% reduction ratio, internal friction angle
of the rock mass seems to be the most critical parameter affecting the total
displacement. These are followed by cohesion and GSI. Nevertheless, increase in
seismic load coefficient causes the least deformation change for the analysed section
of the tunnel. All of these findings clearly indicate that correct assessment of rock mass

parameters is of utmost importance for the support design of tunnel.

7.7 Comparison of the Results Obtained from Numerical Analyses with Field

Observations

Since the Belkahve tunnel excavation is almost completed, it is a great opportunity to
compare the results obtained from the numerical analyses with the measurements
obtained from the field during the construction of the tunnel. However, most of the
information couldn’t be reached due to the decision of General Directorate of
Highways. So the information given below in Tables 7.20 and 7.21 is not totally
enough to make a healthy interpretation but it gives a general idea about the

performance of the analyses.
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Table 7. 20 Measured Deformation values for right tube at the Belkahve tunnel

Right Tube
intervals of _ Vertical First Last Displa}cements
Kilometers Dlsplacem_ent At | Measurement | Measurement Obt_alned via
Top Point Date Date Numerical Analyses

399,662 216 mm. 15.3.2015 3.11.2015

399,674 195 mm. 22.3.2015 3.11.2015

399,687 195 mm. 30.3.2015 3.11.2015

399,700 110 mm. 6.4.2015 3.11.2015 63 mm.

399,713 116 mm. 14.4.2015 3.11.2015

399,726 111 mm. 21.4.2105 3.11.2015

399,738 103 mm. 28.4.2015 3.11.2015

399,751 100 mm. 6.5.2015 3.11.2015

399,852 39 mm. 6.7.2015 4.11.2015

399,880 46 mm. 18.6.2015 4.11.2015

399,960 39 mm. 31.3.2015 4.11.2015 70 mm.

400,006 59 mm. 21.3.2015 4.11.2015

Table 7. 21 Measured Deformation values for left tube at the Belkahve tunnel

Left Tube
intervals of _ Vertical First Last Displa_lcements
Kilometers Dlsplacemt_ent At | Measurement | Measurement Obt_alned via
Top Point Date Date Numerical Analyses
399,265 11 mm. 19.9.2015 8.11.2015
399,365 54 mm. 11.10.2014 8.11.2015
399,373 64 mm. 15.10.2014 8.11.2015
399,382 89 mm. 21.10.2014 8.11.2015
399,391 179 mm. 26.10.2014 8.11.2015
399,401 156 mm. 2.11.2014 8.11.2015
399,409 172 mm. 7.11.2014 8.11.2015
399,419 161 mm. 12.11.2014 8.11.2015
399,700 72 mm. 29.6.2015 3.11.2015 56 mm.
399,960 21 mm. 20.6.2015 3.11.2015 68 mm.
400,001 18 mm. 12.6.2015 3.11.2015
400,015 27 mm. 29.5.2015 3.11.2015
400,029 32 mm. 19.5.2015 3.11.2015
400,071 32 mm. 23.4.2015 3.11.2015
400,099 44 mm. 9.4.2015 3.11.2015
400,127 20 mm. 27.3.2015 3.11.2015
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According to the measurement values obtained from the tunnel, which is vectorial and
for only top point of the tunnel section, there are some differences in the deformation
amount obtained from numerical analyses and field measurements, although the

differences are quite small.

At KM: 399+700, the displacements obtained from numerical analyses for the left and
right tubes are 5.6 cm and 6.3 cm, respectively. The displacement measured in the
tunnel at KM: 399+700 for the right tube is 11 cm and for the left tube 7.2 cm.

At KM: 399+960, the displacements obtained from the numerical analyses for the left
and right tubes are 6.8 cm and 7.0 cm, respectively. The displacements measured at

this section of the tunnel for right tube is 3.9 cm and for the left tube 2.1 cm

When the results compared with the measurements done in the field during tunnel
excavation, measurements obtained in the tunnel for KM:399+700 is higher than the
results obtained from the numerical analyses. For KM:399+960 measurements
obtained in the tunnel is less than the results obtained from the numerical analyses. It
can be said that at some sections displacement values show some variations. These
results can be interpreted in several different ways. At very firstly, the differences
between the values obtained from numerical analyses and field measurements, can be
attributed to the unpredicted weak or highly fractured zones. In general, such zones
may generally be seen during tunneling. Since it is nearly impossible to explore all the
geological and geotechnical specifications of tunnel route by drillings from surface, it
is highly recommended to perform horizontal drilling (probing ahead) at the tunnel
face, face mapping during the excavation, in-situ testing and further testing in order to

update the geological and geotechnical model of the tunnel.
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CHAPTER 8

DISCUSSIONS

Engineering judgment and field observations are very important for assignment of the
strength parameters to rock masses. However, it has not been possible to explore all of
the options available to design tunnel in weak rock. At this point, empirical approaches
are the key for determining the geotechnical parameters of the rock mass. Moreover,
numerical analyses are the most common way to verify assigned support systems. The

parameters are valid only for the given intervals.

According to the deformations measured during the excavation of the tunnel, it seems
that there exist differences between measured deformations and expected
displacements obtained via numerical analyses. These could be attributed to the
presence of weak zones observed during tunneling which cannot be predicted during
site investigation. To avoid negative effect of the weak zones, horizontal borehole
drilling (probing ahead), face mapping after each run during excavation, in-situ

monitoring and further tests if needed should be performed.

It could be stated that the tunnel was overdesigned based on the numerical analyses.
However, the field measurements show that determined support systems for the

Belkahve tunnel work well even under higher stress than expected.

According to the field observations, schists of the Belkhave formation are defined as
weak-very weak strength. Therefore, entrance and exit portals in the Belkahve should
be properly supported in order to eliminate any tability problems. Moreover, due to
high fractured structure of the Belkahve formation, low RQD values also prove that

the stability problems due to groundwater may occur.
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Although low lugeon values were obtained from the packer tests, chemicals used as
drilling fluid might have sealed the boreholes. These may lead to extremely low values.
For this reason, groundwater inflow into the tunnel especially in highly fractured and

sheared zones is expected.

The sensitivity analyses at KM: 399+700 indicate that in case reduction ratio of the
parameters is more than 60%, the deformations in the tunnel exceed the acceptable
strain limit. Among the studied parameters, at 60% reduction ratio, internal friction
angle of the rock mass is found to be the most critical parameter affecting the total
displacement.

Braun (1930) stresses particularly in deep tunnels that timing of the rock support (bolts
and shotcrete) installation is extremely important. It is, however, difficult to predict
the time factor and its variations during tunneling even for the experienced tunnel
engineer. In this respect, NATM recommends the use of tunnel support measures to
avoid undesirable deformations of the surrounding rocks to occur. The optimal NATM
involves also additional verification calculations carried out during the execution.
Thus, geotechnical solutions should be taken into consideration such as checking and
modifying the geology and rock mass classes during construction, preparing in-situ
test and laboratory test program and mapping the face of the excavation systematically.

This approach may eliminate problems related to the stability of the tunnel.
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CHAPTER 9

CONCLUSIONS AND RECOMMENDATIONS

The Belkahve tunnel takes place in the Western Anatolian (Aegean) Horst and Graben
Province which can be characterized by Cretaceous ophiolite and flysch rocks.
According to the site investigation performed along the tunnel, the entrance section of
the tunnel takes place in moderately weathered and moderately weak schist. The
middle section of the tunnel is located in the strong limestone, and moderately
weathered-moderately weak schist. In the tunnel exit section, moderately weathered
and moderately weak schist crops out. According to the investigations carried out in
the study area, there are some shear zones along the tunnel route.

Based on the statement of General Directorate of Disaster Affairs Earthquake, the
tunnel area takes place in the 1% degree of earthquake zone of Turkey with a peak
horizontal ground acceleration of 0.4g.

According to the field surveys, three joint sets and random joints (j1) 83/113, (j2)
80/338, (j3) 54/213 exist in the study area. However, at the exit part of the tunnel, only
two joint sets and random joints are developed with the dip amount and dip directions
of (j1) 89/115, (j2) 42/207.

In order to estimate the rock mass quality, NATM, RMR, and Q rock mass
classification systems used. The entrance section of the tunnel between Km: 399+180
and Km: 399+400, according to RMR and Q classification systems, the rock mass is
defined as “very poor rock” and according to NATM classified the rock mass is
defined as C2. The middle section of the tunnel between Km: 399+400 and Km:
400+750 is divided into 6 parts. Between Km: 399+400 and Km: 399+700, the rock
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mass is defined as “poor rock” according to RMR and Q, and classified as B3
according to NATM. Between Km: 399+700 and Km: 400+080, according to RMR
and Q classification systems, the rock mass is defined as “poor rock” and according to
NATM classified the rock mass is defined as B3, between Km: 400+080 and Km:
400+150, defined as “very fractured and weak shearing zone” according to drillings
and geological survey and classified as C3 according to NATM, Between Km:
400+150 and Km: 400+450, according to RMR and Q classification systems, the rock
mass is defined as “fair rock” and according to NATM classified the rock mass is
defined as B2., between Km: 400+450 and Km: 400+520, defined as “very fractured
and weak shearing zone” according to drillings and geological survey and classified
as C3 according to NATM, Between Km: 400+520 and Km: 400+750, according to
RMR and Q classification systems, the rock mass is defined as “very poor rock™ and
according to NATM classified the rock mass is defined as B3, the exit section of the
tunnel between Km: 400+750 and Km: 4004930, according to RMR and Q
classification systems, the rock mass is defined as “poor rock™ and according to NATM

classified the rock mass is defined as C2.

Between Km: 399+180 and Km: 399+400, according to RMR and Q classification
systems, the rock mass is defined as “very poor rock” and according to NATM

classified the rock mass is defined as C2.

Since it is not possible to explore all the geological and geotechnical properties of the
rock masses, along the tunnel route, its highly recommended to have systematic face
mapping of the excavation. Moreover, horizontal drillings (probing ahead),
monitoring, and in-situ or further laboratory tests should be performed in order to
better understand the behavior of the geological units. Last but not least, great attention
should be given to the stand-up time determined for different NATM rock classes

during excavation in order to prevent stability problems, especially in weak zones.
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The groundwater level is measured from boreholes. The rock masses are generally
defined as impervious to slightly pervious according to the lugeon tests performed.
However, it is expected that the use of chemicals as drilling fluid may alter the test
results. Therefore, groundwater inflow problem is expected in shear and highly
fractured zones. In order to prevent negative effect of groundwater, it is needed to
create groundwater flow by making possible hydraulic head difference. In this thesis,
all slopes are protected by shotcrete which may cause a problem for the groundwater
inflow. Therefore, discharging the groundwater with perforated pvc surrounded by
geotextiles can be considered to be a solution. However, groundwater shouldn’t have
to travel long distance until reaching surface at lower elevations, otherwise the
impervious layers (shotcrete) surrounding the groundwater, can be exposed to high

pressure.

For both entrance and exit sections, slope stability analyses performed with Phase 2
with effect of groundwater. As a result, for both static and dynamic conditions
indicated that the slopes are safe with factor of safety significantly higher than the

accepted limiting values.
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BORING LOGS
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= | = () S
2| £| 2 |oarsE| GRAFKK YU;,DESI % — Z| JeoLouik sle -
S |2 | | sAvisi E S | TANIMLAMA i = 23 |E
R Elz|z_|§ g |g 25 |o
(2| € S| E |2= |2 & | 8 $2 |3
215 |3 5|3 |[8€ |3 s [9 s 8 <
S|z [ =2 [28|2l= 2|0 |8a|? L | o » < |>
10 20 30 40| 20 40 60 80 234541234567[1234567
000 i 0.00 - 1.50 m;
b3 YAMAG MOLOZU
1.50 - 42.00 m;
1.50, 1 T Gri renkli, az aynsmis,
orta-saglam
4o dayamiml
Wi METAKUMTASI - gok
zayif dayanimh SIST
3.00 ardalanmasi
| 27
1 ! 4,50-5,20m; SZ:
o vl S PO ) / SV-V, (81-82), U, Po,
4.50 i / K
L i50 7
1] 5,70-6,50 m; SZ:
5.50 | / SV-V, (81-S2), U, Po,
! 7l
b3 0 7
H L ! HE
i 1
BS 0 ) /| 7.00- 1650 m; s2:
8.00 a b T s .| sv-v, (s1-s2), U, Po,
SUREKSIZLIK TURLERI PURUZLULOK-DUZLEMSELLIK STANDART PENETRASYON DENEYI|
Co Dokanak C Dilinim (Klivaj) P  Duzlemsel INCE DANELT KABA DANELI
B Tabakalanma v Damar U  Dalgal N:0-2 Cok Yumusak N:0-4 Cok Gevsek
FZ Fay Zonu S Sistozite s Basamakli N:3-4 Yumusak N:5-10 Gevsek
F  Fay Fi Fistr = o S N:5-8 OrtaKati N : 11 - 30 Orta Siki
SZ Makaslanma Zonu = Kaygan: e N:9-15 Kati N:30-50 Siki
J  Catlak i’ Emald N : 16 - 30 Gok Kati N>50  Gok Siki
Fo Foliasyon m z N>30  Sert
AYRISMA DERECESI KAYAG DAYANIMI SUREKSIZLIK ARALIGI
Kayanin bozunduguna iligkin gozle R1 Agiri derecede zayifkaya  UCS=0.25-1.0 MPa| ST <20 Cok dar aralikli

RS Saglam kaya

R2 Gok zayif kaya ucs=1.0
R3Zayif kaya uUCs=5.0
R4 Orta derecede sadlam kaya UCS=25-

UCS= 50-100 MPa

-5.0MPa | S2 20-60 Dar aralikh
-25MPa | S3 60-200 Yakin Aralikli
50 MPa | S4 200-600 Orta derecede Aralikli
S5 600-2000 Genig Aralikli

R6 Cok saglam kaya UCS= 100 - 250 MPg S6 2000-6000 Cok Genis Aralikli

R7 Asin derecede saglam kaya UCS >250 Mpa S7 >6000 Asin derecede genis
DOLGU MALZEMESI GECIRIMLILIK

. . "B/';‘;kS/ Kaya Parc. | Lugeon Vm/dk  Kava Sifi | Tiinel Tavani

L Limonit X silt K1 <1 fzet,:Glrln!s.lz .

| DemirOksit O Kum k2 1-5 ey ||

C Karbonat Py Pirit K3 5-25 Gegmmh‘ o Tiinel Tabani

Q Quartz/Silikat D Diger K4 >25 Cok Gegirimli
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T.C. ULASTIRMA BAKALNLIGI KARAYOLLARI GENEL MUDURLUGU, | SONDAINO

SK-802

= s 17. BOLGE MUDURLUGU LOGU YAPAN:  Ugur UNVER
&' OTOYOL :
« L2YEE OTOYOL YATIRIM VE ISLETME A.S. SAYFA : 213
e STANDART PEN. DEN.|  KAROT RQD 2
== YUZzDESI =
2| £ |2 [ oaree| crarik 5 % - | JeoLodi 3 A
S|S |7 | sansi E E| TANIMLAMA g £8 |E
85|z E|lz|5.16 Els |23 |9
o « | E 6% |= [~ & ='®m
22| 2 |elglel= §13|88 z|8 |3% |
10 20 30 40 | 20 40 60 80 20 40 60 80 N ——
¥T001 1 [ | o NG
8.20 1L I /
I P /
A I !
9.00 i
alHHIE /
i
1105 = T B i 1 1 é
80 0 /
(12.00 :
1o -0
oI J
13.004 i i ]
o+ 0 /
| i
f14.00 ; I /
RERER lnuviHmHE /
i i
115.00 : 7 /
,3{5 =W R S 0 /
6.0 i /
RRARY NEARARESS 17,00- 22,50 m; SZ :
| i sV, (51°52), U, Po, |}
17.0d ] / K
TS /
18.00 I i /
19.00 {
o . _h~~3i5 10 /
b0.0d l i /
o 0 /
i ‘
21.00 i i i
{ i A
i | | E
p2.00 T ] 3 /
50 1]0 F 23,00- 25,50 m; SZ :
| o E sV, (s1-52), U, Po, || |
23.00 Tl it /|
35 of i /
i o B
24,00 T re=> /
50 0 i
bs.00 : '13, /
8 1 e B 5 10
: | e 56 /| 2600-31.50m; 52 I
0600 3 HE SV-V, (51-52), U, Po,
- = 5 o, P . 5___ »—‘0 gé / K
p7.00 ! Tl
TSI 3 ST
i { =
b8.00 ’ TP £ /
..... sl of FE /
! i
£9.00 iTi /
4of- of £ /
il | £
50.00 ! N T //
| £

Not: Zemin kogullarindan dolayi BST yapilamadi. Kuyuda artezyen gézlemlend.
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T.C. ULASTIRMA BAKALNLIGI KARAYOLLARI GENEL MUDURLUGD, |SONDAINO : SK-802
T 17. BOLGE MUDURLUGU LOGU YAPAN :  Ugur UNVER
a’ T OTOYOL -
- ‘ OTOYOL YATIRIM VE ISLETME A.S. SAYFA : 3/3
& STANDART PEN. DEN.| KAROT RQD 2
Z(Z . YUZDESI S
2| £ |2 [oareE| GRAFIK % % = | JeoLodlk slE R
S| C | | sAvisl E S| TANIMLAMA gl £ |E
s g|c Elx | o E = D - ;
82|28 S| Z|%=19 2 52 |9
2153 5|5 (88 |5 s | & 58 |«
Sz Z Rgez 2|a|(3c|m z|a Bz |5
1020 30 40 | 20 40 60 80| 20 40 60 80 s issiserlisais
= WG Tl ?
. RARAE] /
B1.50 |
25 0
B2.50 !
0
s 3 RERAREER
53.50 {
3 10
| | |
B4.50 | i
35 0f
i i
- ] BAKS i
B5.50) i ]
05 0
{ | / 36,00 - 42,00 m; SZ:
56.50 THEE B / SV-V, (§1-82), U, Po,
20; 0f K
z I /
B7.50 130! 0
88.00 I i
2‘0 0 /
30.00) ;
051 /
40.00 %
Liibg b
; 42,00 m; KUYU
\ SONU
12.00

Not: Zemin kosullarindan dolayr BST yapilamadi. Kuyuda artezyen gézlemlendi.
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T.C. ULASTIRMA BAKALNLIGI KARAYOLLARI GENEL MUDURLUGU, |SONDAINO : SK-804
- 17. BOLGE MUDURLUGU SONDOR Mustafa YAMALL
" oTtovoL i
< OTOYOL YATIRIM VE iSLETME A.S. LOGUYAPAN: Ugur ONVER %
—1 Proje : YUKSEL DOMANiQ Sondaj : Otoyol Yatirim ve Isletme A.S. Teknik Damsmani : i
YD MUHENDISLIK LTD.$Ti.| 6ZTAY GRUP SONDAJ SIAL YERBILIMLERI MUSAVIRLIK VE MUHENDISLIK LTD.$TI.
TEKNIK DANISMAN / KONTROL MUH. : Stleyman B. PARLAK % | REVIZYON : 000
PROJE ADI : Gebze-lzmir Otoyolu ISVEREN ~ : Yiiksel Domani¢ Mihendislik Ltd.Sti
SONDAJ YERI  : Belkahve Tiineli MAKINATURU : D-900
KILOMETRE 1 400+200 MUH. BOR. DER. :13,50m
SONDAJDER.  : 130,00 m MUH. BOR. CAPI : 114 mm
SONDAJ KOTU : 310,00m DELIK GAPI : 0,00-63,00m; 96mm / 63,00-130,00m; 76mm
YERALTISUYU : 360 3.98m KOORDINATD  : 527658
BAS. - BIT. TAR. : 16.02.2011/27.02.2011 KOORDINATK  : 4257412 BAVER. & BPT
& STANDART PEN. DEN.|  KAROT RQD 2
| T iz 5
2| €| 2 [oaee] orarik U%DESl % ” g | JeoLodi s |z -
S |0 | = | saAvisi E S| TANIMLAMA = e 2o |E
clef@ Tlx|x > g £ D =
2 2 g =|Z |5=|C & | g 32 (3
o =€ |B = iy <
3|2 | 2 |elglelz g|8|88|a 2|8 |3% B
10 20 30 40 | 20 40 60 80 20 40 60 80 hossd123456701234567
== <)
0 ) £ O |o00-200m: I
i Qops Yapay Dolgu
SOA Z]
13l '%Op‘
O
2.00-4.80 m;
Kahverenkli, cok
ayrigmig-tamamen
300 ayngmig, .
TR0 METAKUMTASI-SIST
| ardalanmasi
4.00 1
L1i38)L
R 480-11.80m;
Kahverenkli-Gri renkli,
S ok ayrismis- yer yer
i : orta derecede
i l k ayrigmig, ok zayif-
6.50 zayif dayanimli,
00) METAKUMTASI-SIST
i * ardalanmasi
750 S
n: ! DRBN? ——a
SUREKSIZLIK TURLERI PURUZLULUK-DOZLEMSELLIK STANDART PENETRASYON DENEY|
Co Dokanak C Dilinim (Klivaj) P Dizlemsel INCE DANELT KABA DANEL]
B Tabakalanma v Damar U Dalgali N:0-2 GCokYumusak  N:0-4 Gok Gevsek
FZ Fay Zonu S Sistozite S Basamakl N:3-4 Yumugak N:5-10 Gevsek
F Fay Fi Fisir S e Ptk N:5-8 OrtaKati N:11-30 Orta Siki
SZ Makaslanma Zonu o A0, e N:9-15 Kat N:30-50 Siki
J  Catlak 5 ggyma = N: 16 - 30 Gok Kati N>50  GokSiki
Fo Foliasyon m Dz N>30  Sert
AYRISMA DERECESI KAYAG DAYANIMI SUREKSIZLIK ARALIGI
W1 Taze: Kayanin bozunduguna iligkin gozle R1 Agini derecede zayifkaya ~ UCS=0.25-1.0 MPa| ST <20 Gok dar aralikh
ayirdedilebilir bir belirti g6zlenmez R2 Gok zayif kaya UCS=1.0-5.0MPa | S2 20-60 Dar aralikli
W2 Az Aynsmis :  Kaya malzemesinde ve R3Zayif kaya UCS=5.0-25MPa | S3 60-200 Yakin Aralikli
siireksizlik ytieylerinde renk degigimi gézlenir R4 Orta derecede saglam kaya UCS=25-50 MPa | S4 200-600 Orta derecede Aralikli
W3 Orta derecede Aynsmis :  Kayanin RS Saglam kaya UCS=50-100 MPa | S5 600-2000 Genis Aralikli
yarisindan az bir kismi toprak zemine dontserek | R6 Cok saglam kaya UCS=100-250 MPq S6 2000-6000 Cok Genis Aralik
W4 Cok Ayrismuis : - Kayanin yarisindan fazla bir R7 Asin derecede saglam kaya UCS >250 Mpa S7 >6000 Asir derecede genig
kismi toprak zemine déniserek ayrigmis DOLGU MALZEMESI GECIRIMLILIK
veya pargalanmis .
trk: 3 =
W5 Tamamen Aynsmis :  Kayanin tiimii toprak gl ﬁ}:)rit g ':raes s / Kaya Parg. | | ugeon ym/dk &Lalﬂl._fl Ttinel Tavani
emine donuserek aynsmig ve/veya parcalanmis || [ imonit X Sit K1 <1 GeQII"IM'S.IZ !
i P Demir Oksit O K2 1-5 Az Gegirimli
hwf Ar;:l;j]er:g 'h'ir s S IC K::E;na( I Py llg:‘:? K3 5-25 Gegirimli Tiinel Tabani
ik s Q Quartz/Siikat D Diger K4 >25  Gok Gegirimii
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T.C. ULASTIRMA BAKALNLIGI KARAYOLLARI GENEL MUDURLUGU, |SONDAINO - SK-804
—_— 17. BOLGE MUDURLUGU LOGU YAPAN :  Ugur UNVER
OTOYOL H
OTOYOL YATIRIM VE ISLETME A.S. SAYFA : 217
_ STANDART PEN. DEN.|  KAROT RQD 2
< | E], YUZDESI g -
2| g| 2| oaree| oraFk . " _ & JeoLouik s |g il
S| O |k | sAvisl E S| TANIMLAMA = |2 26 |E
£l 2] 8 Tlxlg (2 E|lE 8 5
2|12 2 S| 2|59 & | § 52 |8
21E| 5 5|5 (885 Slg |58 |2
32| 2 [2lglelz el8 |8z |p Z|a n< |>
10 20 30 40 | 20 40 60 80 | 20 40 60 80 lissisdissasalinvins
e
8.50 T !
7511
P
9.50 =1 |
5]
i
110.79 A A
70 |
IR
i
2.0 / 11.80 - 55.40 m;
= 4 Gri renkli, az aynigmis,
0 orta dayanimli
f METAKUMTASI, gok |
zayif dayaniml SIST
113.5( / ardalanmasi
/ 11,80 - 55,40 m; S:
W L SV, ($1-82), U, Po,
/| genellikle kapali
15.5q I ko 7 12,00- 13,50 m; J1:
i B 7| V. (s2:83), U, Po-Si,
6.0 | 4| (510 mm), yatay
i / kayma cizgili
2 ¢ 12,50 - 15,00 m; J2:
! | 30-40°, (3-54), P-S,
/ Ro, C (1 mm)
118.00 i ¢
ol 7| 12.90- 1335 m; SZ:
il %] v.(s1-52), U, Po-si,
ha.od f K
B i ; 14,00 - 26,00 m; J3 : I
60-70°, (S4), P-S, Ro,
20.00 j é ¢ (1 mm) I
51 f 15,00- 28,00 m; J2:
/ 40-50°, (S3-S4), P-S,
= 3 Ro, C (1 mm)
p2.00 ¢ 16,00 - 23,50 m; SZ:
ES V, ($2-83), U, Po-Sl,
L 3. K (5 mm'ye kadar),
10 fi3pe? ¥ = % yatay kayma cizgili
. .3 =
b4.0q i 4
10 4
i 7
6.0 ;
F /
10 /| 26.00-28,00m; J1:
7 V, (52-3), U, Po-Sl,
C(1mm
| € (1 mm)
b8.00 E
ST
E
p9.00
5 30,00 - 30,50 m; SZ:
V, (81-82), U, Po-Sl,
80.0q | / K I
Not:
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T.C. ULASTIRMA BAKALNLIGI KARAYOLLARI GENEL MUDURLUGU, |SONPAINO - SK-804
et 17. BOLGE MUDURLUGU LOGU YAPAN :  Ugur UNVER
g OTOYOlL H
i : OTOYOL YATIRIM VE ISLETME A.S. SAYFA : 3/7
- STANDART PEN. DEN.|  KAROT RQD 2
=z}
22|, YUZDESI g
22| 2| oaree| oraFik % 5% s & | JEoLoUK sle )
S| |k | savisi E S| TANIMLAMA =l e a2 |E
c|E|s el |§ g | g g
8| 2| E 5532 |8 |52 |8
= oz |, & o
32| 2 [oglelz g8 |88 |a z|8 82 |5
10 20 30 40 | 20 40 60 80 | 20 40 60 80 B
25
p2.0q
ocjl | |
p3.8d )
5
bs.0q /| 36,00- 44,50 m; J1:
A1 /| v.(s2-53), U, Po-Sl,
/ K (5-10 mm), yatay
h7.00 / kayma gizgili
/
/
/
pe.00 /
100 /
#0.00 /
10! /
11.00 aa o /
MEY NN
0 ;
Tl /
L RN /
H2.50
/
4 /
/
ha 50 i i 44,50 - 51,50 m;
Bresik Yapida
(efet-- 5
16.50 F Il
0f
i
#7.50 ’
0
L
18.50 i i
5 7501
!
49.50 i
73 /| 50,30 m; J: 45°, U, Po
]
51.00 ! !
0
| -+

Eol:
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T.C. ULASTIRMA BAKALNLIGI KARAYOLLARI GENEL MUDURLUGU, [SONOAINO @ Sicoos
; 17. BOLGE MUDURLUGU LOGU YAPAN :  Ugur UNVER
@& OTOYOL i
- OTOYOL YATIRIM VE ISLETME A.S. SAYFA : 47
= STANDART PEN. DEN.|  KAROT RQD 2
= |2 . YUZDESI S -
S| §| 2| oaree| GraF & W - | JeoLovik s|e _ 4
S |S| F | savsi E €| TANIMLAMA 7 | s 2@ (E
© = g E o =
é 2 é £ ié %‘E 9 E‘ E % =, 19
S E|lE s|5|se|s S| & 58 <
S| 2| 2 [2glelz 2|0 |[3a|® <« |a a < >
10 20 30 40 | 20 40 60 80 | 20 40 60 80 NS p— ——
Es.0d : ¥ 1 57 53
AR AR RARARI 54,50 - 55,40 m;
1 b3 0 Bregik Yapida
- 256 54
H
64.50
5 0f255 =55
65,54 T T H 7 | s540-6880m;
—— 56
7] % A | Fay Zonu:
| i
! ey 57 #7 55.40-63.00m;
p7.o0 | i % Y Siyahimsi gri-gri
= - 150 110 renkli, oldukga zayif-
| hs2 55 % V cok zayif dayanimli,
£8.00 | // 7 Metakumtasi-Sist,
kirikl pargali,
2 O E w0 |#A | geneliiciekillesmis
= ' +H #7 | 6300468.80m;
L | Siyahimsi gri renkli,
| 510 Opso o // 7 oldukga zayif
A Ll // Y/ dayaniml, ince kil
50.50 matriks igerisinde
A 5 4 61 7/ Vi Metakumtas! - Sist -
- h Kiregtas! kaya pargall,
; F#7 | FAYKILI, bresik
p2.00 T HiaE e % 7 | verde
p3.00 | € f///
3 9 63.40-66.30m; S: 40-
Lo SE o 77 50, (81-52), P, Po
b4.00 I I H-p
e ? o
[ bas -+ &5
£5.00 |
5 A RARRRAREE 727 | e6:306880m;s: 5V,
i -
6 b = Y/ &/ (81-82), P, Po
| ! ] Y/ &/
i
bas &/
57.00 i
10 0 Y/ &/
ihy 7 7
68.00 e |7
10 60 #
Lbat 60 o [[68.80-81.20m;
B9.09 | Gri-beyaz renkli, az
10 0! EL 1’| | aynsmis, saglam
0.0 Lbao =70 —— delxyammh .
i70. KIREGTASI, yogun
5 10 E—E erime bosluklu,
% 74 | bosluklar KIL dolgulu h
I71.00 =
petm 28 B — 69,90 - 70,00 m; /
| T 70,10-70,90 m; /
3 20p3s =72 = | | 71,15-71,50 m; /
n i 72,50-72,60 m; /
= 72,80-74,00m;/ ]
s od bir B == 74,20-76,20 m; /
! =] 77,00-77,15m;
g 0 =] Kizilimsi kahverenkli
s od 36 =74 —— | bosluk KILI, fistrl, H
. 1 i I=1=] fistirler kayma izli
3 A obis =75 ] |8o40-8120m;
1 i Sarims! kahverenkli -
Not: J
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T.C. ULASTIRMA BAKALNLIGI KARAYOLLARI GENEL MUDURLUGD, [SONPAINO - SK80d

17. BOLGE MUDURLUGU LOGU YAPAN :  Ugur UNVER

©TOYOL QTOYOL YATIRIM VE ISLETME A.S. SAYPA 517

STANDART PEN. DEN.|  KAROT RQD

YUZDESI
DARBE | GRAFIK % 9

SAYISI

JEOLOJIK
TANIMLAMA

Lugeon (I/m/dk)
Numune Qerinligh
Numune Tar(

15

0
45

N

Derinlik (m)
Jeolojik

Profil
Sur.Oryantasyonu
Ayrisma (W)
Dayanim (R)
Sureksizlik
Aralig (S)

]
0]
i

1234567(123456

YASS (m)

10 20 30 40 | 20 40 60 80 | 20 40 60 80 b
=3 7P T

]
)

H

gri - kizilmsi
kahverenkli - alacali

all

76.01

il

68,80-73,00m; J:V,
U, Ro, K

77.04 i r

H]

69,00 m; J: 70°, P, K
(10 mm), kapali

il

69,05-69,90m;J:V,
U, Ro, C-l, genellikle
kapal

[H]

il

I
L

69,30 m; J : 45°, P,
Ro, C-l

B0.00)

il

I
l

81.20 - 130.00 m;
Gri-beyaz renkli, az
ayrigmis, saglam
dayanimli KIREGTASI

B3.00}
:45°, (S4), P, Ro, C-,

yer yer kapali

81,50 m; J:20° P,
Ro, C

7
-~
; 81,20 - 85,00 m; J set
e
v
7

B5.00) 82,00-82,50m;J:V,

U, Ro, K-C (1 mm)

85,00 - 90,25 m; J sat
-7 :20-30°, (S4-S5), U,
Ro, C-l, kapall ve agik

B7.00

~| 90,25 -90,30 m; J set
#| :20-30° (S2), U, Ro, N
C-l

80.00

90,30 - 118,50 m; J

set : 20-30°, (S4-S5),
_-| U, Ro, C-, kapali ve
- agik

[— 222 —]
T

52.00

TP S R

95.00

95,80-96,70m; J:V,
U, C-l, kapali

0,84 —|
\

97,70 - 99,00 m; J set
1V, (S2), U, Ro, C-l

Not:
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T.C. ULASTIRMA BAKALNLIGI KARAYOLLARI GENEL MUDURLUGU, |SONDAINO : 5K-804
B 17. BOLGE MUDURLUGU LOGU YAPAN :  Ugur UNVER
@ °T9XPL OTOYOL YATIRIM VE iSLETME A.S. SAYFA 1 617
- STANDART PEN. DEN.|  KAROT RQD 2
- | @ %
gl o YUZDESI S -
21| 2 [ paree| craFiK . % sae & | JEOLOJIK g |2 l
S|o| = | savsi E S| TANIMLAMA = g 2o [E
s 2 g BIEAE e g c 25 |o
S[E|E 1 [Z52 =1L |23 |B
22| 2 |2lglel= g8 |5s|@ < |8 B < (>
10 20 30 40 | 20 40 60 80 | 20 40 60 80 1234561234567/1234567
Le.od R12 //, 100,40 m; J : 50°, P,
/ Ro, K (5 mm)
i —
—504211 #/| 101,60 - 102,00 m; J
2 ] ' iy set:V, (S2), U, Ro,
c-l
Too.o —sz =
T £
& |
~ 601209 -
© 1
i i g’ %/
) ! ) |
™ o2.0 i i i
§
5 Ir 103,00 - 103,60 m; J :
7 7 V, U, C-l, kapal
; T
— : T
05.01
4’7 204
K 5 5 —~
—203
i | 107,60m; J:45° P,
— i Ro, C-I
08.0
£ 201 >
- | 109,50 - 110,50 m; J :
09.51 V, U, Ro, C (5 mm),
genellikle kapalt
|
{115 i i i 1 %/
| = AN
o
< 197
13.5 i HHM %/
5 4519 -
A | {HEAN]
LI ==
195 i E
34194 )
% 117,50 - 118,50 m; J
:V, U, Ro, C (5 mm),
genellikle kapall
175 ]
ez 118,50 - 119,10 m; J
| set : 20-30°, (S3), U,
5 85 | Ro, C-|, kapali ve agik
191
1l ~| 119,10- 122,10m;
- Lol set : 20-30°, (S4-S5),
T . U, Ro, C-, kapali ve
P — aclk

I Not:
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[— 3530 —]

>

\ﬂj—:

130,00 m; KUYU
SONU

T.€C. ULASTIRMA BAKALNLIGI KARAYOLLARI GENEL MUDURLUGU, [SONDAINO - k-804
17. BOLGE MUDURLUGU LOGU YAPAN :  Ugur UNVER
€' oTovoL i
<« w5 OTOYOL YATIRIM VE ISLETME AS. SAYFA : 717
_ STANDART PEN. DEN.|  kAROT RQD 2
o
<= . YOZDESI S 2
2| §| 2 [oaree| eraFik = 2 - & | JEOLOJIK g|Z i |
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.88 | 80 RC 51| - | =60 |ws | Rro
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3 [:3] RC 66| - | >50 | ws| RO
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. saa20
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T.C. ULASTIRMA BAKALNLIGI KARAYOLLARI GENEL MUDURLUGU, |SONDAINO : SK-806
o 17. BOLGE MUDURLUGU LT —
@ ©OTovOoL H
< - OTOYOL YATIRIM VE ISLETME A.S. LOGU YAPAN:  Ugur UNVER
| Proje : YUKSEL DOMAN'C Sondaj : Otoyol Yatinm ve isletme A.S. Teknik Danigman : 2 4
¥ Q i MUHENDISLIK LTD.STi.| 6ZTAY GRUP SONDAJ SIAL YERBILIMLER| MUSAVIRLiK VE MUHENDISLIK LTD.$Ti.
TEKNIK DANISMAN / KONTROL MUH. : Siileyman B. PARLAK < oo I REVIZYON 000
PROJE ADI : Gebze-lzmir Otoyolu ISVEREN : Yiiksel Domanig Miih. Ltid. Sti.
SONDAJYERI : Belkahve Tiineli MAKINATURU  : D-900
KILOMETRE 1 400+850 MUH. BOR. DER. :7,50 m
SONDAJDER. :4500m MUH. BOR. CAPI : 114 mm
SONDAJKOTU  : 200,00 m DELIK GAPI : 0,00-16,00m; 96mm / 16,00-45,00m; 76mm
YERALTISUYU : 800 Skbm KOORDINATD @ 527202
BAS. - BIT. TAR. : 07.03.2011/11.03.2011 KOORDINAT K : 4256972 BhEAs Hi9
- STANDART PEN. DEN.|  KAROT RQD 2
o | 2 0 S
S| €| 2 [oaree | oraFik Vg s &'| JeoLouik sz
Elg| 3 % % = 8 s | = s e
= | O '; SAYISI E S | TANIMLAMA p £ 9 |E
@ —_ = = =
HHE Elzls_18 Els |22 |2
&1E|E 5| E 385 £ |53 |¢
212 2 |2glel=z 2|8 |2z |® Z |0 B |>
] 10 20 30 40 | 20 40 60 80 | 20 40 60 80 2usa1234567/1234567
0.00 1 0.00-1.00 m; T |
E o B ,0 Gri-Kahverengi renkli,
- 2 i ! orta derecede
: ! ayrismig, zayif
= ~BSE (10 dayanimli
X — L METAKUMTASI -
2.00 | H H oldukga zayif
- t 20 0 dayanimli SIST
i i
3.00 | { i 0,00 - 1,00 m;
i st +Hilo Diizensiz, ok stk
| i catlakl
4.00 | 1.00-8.50 m;
130 0 Gri renkli, az-orta
! derecede aynsmis,
5.00 i i orta-saglam dayammh
55} 0 METAKUMTASI - gok
| i zayif dayanimh SIST
6.00 | 1
135 0 4,50 -5,10 m;
! 5,50 - 6,00 m;
7.00 T 7,00 - 8,50 m;
S 2 B8 = £ 4o 0 Ezik Zon : Kil matriks
i | * ierisinde, ince-orta
8.00 . R - taneli, cakil boyutiu
SUREKSIZLIK TURLERI PURUZLULUK-DUZLEMSELLIK STANDART PENETRASYON DENEYI
Co Dokanak ¢ Dilinim (Klivaj) P Diizlemsel INCE DANELT KABA DANEL]
B Tabakalanma v Damar U  Dalgali N:0-2 Gok Yumugak N:0-4 Gok Gevsek|
FZ Fay Zonu S Sistozite s Basamakli N:3-4 Yumusak N:5-10 Gevsek
F  Fay Fi Fistr rE— e N:5-8 OrtaKat N : 11 -30 Orta Siki
SZ Makaslanma Zonu S;) K:yganl;l 2 N:9-15 Kati N:30-50 Siki
J  Catlak 5 Dn*;"‘a N: 16 - 30 Gok Katt N>50  Gok Siki
Fo Foliasyon m N>30  Sert
AYRISMA DERECESI KAYAG DAYANIMI SUREKSIZLIK ARALIGI
W1 Taze: Kayanin bozunduguna iligkin gézle R1 Agin derecede zayifkaya ~ UCS=0.25-1.0 MPa| ST <20 Gok dar aralikli
ayirdedilebilir bir belirti gozlenmez R2 Gok zayif kaya UCS=1.0-50MPa | S2 20-60 Dar aralikli
W2 Az Ayrismis : - Kaya malzemesinde ve R3Zayif kaya UCS=5.0-25MPa | S3 60-200 Yakin Aralikli
stireksizlik ytieylerinde renk degisimi gozlenir R4 Orta derecede saglam kaya UCS=25-50MPa | S4 200-600 Orta derecede Aralikl
W3 Orta derecede Aynismis :  Kayanin R5 Saglam kaya UCS=50-100 MPa | S5 600-2000 Genis Aralikli
yarisindan az bir kismi toprak zemine déntiserek | R6 Cok sadlam kaya UCS= 100 - 250 MPg S6 2000-8000 Cok Genis Aralikli
W4 Cok Aynismis :  Kayanin yanisindan fazla bir | R7 Agiri derecede saglam kaya UCS >250 Mpa S7 >6000 Asini derecede genis
kismi toprak zemine doniserek ayrismis DOLGU MALZEMESI GECIRIMLIUK
veya pargalanmis
K Kil M Matrks / Kaya Parg. 5
W5 Tamamen Aynismis :  Kayanin tami toprak | ~ kjorit e rae ! s/ Kaya Parc. | | ugeon Um/dk Kava St | Tiine) Tavan
amine doniigerek ayrismig ve/veya parcalanmis | [ Limonit X sit K1 <1 i:?é"ms‘l ;
. Demir Oksit O K2 15 e
:VIG Argl.( Zer[r;lz ‘tﬂr Kayani i ioprak 53 K::;:natSI Py l;';'r:? K3 5-25 Gegirimli Tiinel Tabani
NS NIRRT Q Quartz/Silikat D _Diger K4 >25  Gok Gegirimli
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T.C. ULASTIRMA BAKALNLIGI KARAYOLLARI GENEL MUDURLUGO,

SONDAJ NO

SK-806

17. BOLGE MUDURLUGU

LOGU YAPAN :  Ugur UNVER

©TeYOL OTOYOL YATIRIM VE ISLETME A.S.

SAYFA :

2/3

STANDART PEN. DEN.| KAROT RQD
YOZDESI
% %

JEOLOJIK
TANIMLAMA

DARBE | GRAFIK
SAYisI

Lugeon (I/m/dk)
Numune Derinligi
Numune Turd
Derinlik (m)
Jeolojik

Profil
Sur.Oryantasyonu

Ayrisma (W)

N
i

345

Dayanim (R)
Sureksizlik
Araligi (S)

123456

oo
>

567

YASS (m)

10 20 30 40| 20 40 60 80 | 20 40 60 80

r

pargali

9.00

0.0d yer Ro, K

30°, (S1-82), P,
C-yeryerK

’

11.00 ] HITE
+0

i

i

2.0 ]

yer yer K

13.00

50°, (S1-S2), P,
C-yeryerK

8.50 - 45.00 m;

i
5
|
[14.00 i
5
i 3
Geri renkli, az

115.00 i

METAKUMTASI

6.00

14,75-15,25 m;

17.00¢

8.00 Metakumtasi - S

parcall

8,50-9,00 m;

13,00 - 13,50 m;
14,25 - 14,50 m;
22,00-2220 m;
2380-24,25m;
24,75 - 25,00 m;
25,70 - 26,00 m;
26,90 - 27,00 m;
31,00 - 31,50 m;
32,50 - 33,00 m;
35,00 - 36,50 m;
38,80 - 39,70 m;
40,20 - 41,50 m;
42,00 - 42,50 m;
43,25 -43,50 m;
44,75 - 45,00 m;

9.00

20.00

21.00

S S A RS A S g s (g [ {——p qp——"

22.00f

R3.00

S W R g

4.00

yer yer Ro, K

ey
R o o

J2:20-30°, (S8

1!

)

1
N
@

[
133
e e e T

p6.0Q

p7.00
9,00 - 13,00 m;

p8.00

22,20 - 23,80 m;
24,25-24,75 m;
25,00 -25,70 m;
26,00 - 26,90 m;
27,00-31,00 m;
31,50 - 32,50 m;
33,00 - 35,00 m;

29.00¢ i |

0.09 I :

tae n

Metakumtasi - Sist

1,20-850m; J1:V,
(81-82), U, Po- yer

1,20 - 8,50 m; J2 : 20-

1,00 - 1,20 m; J2 : 20-
30°,(83),P,Ro, C-

1,20 - 8,50 m; J3 : 40-

derecede ayrismig,
orta-saglam dayanimh

zayif dayanimhi SIST

Ezik Zon : Kil matriks
icerisinde, ince-orta
taneli, cakil boyutiu

J1:V, (83-84), U, Po-

P,Ro, C-yeryerK

X
i
§ J3: 40-50° , (S3-S4),

P.Ro, C - yeryerK

13,50 - 14,25 m; /
14,50 - 22,00 m; /

Ro,

Ro,

- gok

ist

/
/
/
!
!
/
i
!
/
/
/
/
/
/

-S4),

1
/
1
!
/
/

/

Not: Zemin kosullarindan dolayr BST yapilamadi.
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T.C. ULASTIRMA BAKALNLIGI KARAYOLLARI GENEL MUDURLUGU, |SONDAINO : Sk-806
- 17. BOLGE MUDURLUGU LOGU YAPAN :  Ugur UNVER
"' oTOovOIL :
< OTOYOL YATIRIM VE ISLETME A.S. SAYFA : 313
Ny STANDART PEN. DEN.| KAROT RQD 2
p=d
= =" - YUZDESI < _
S| £ | S [oaree| crarik . % " | JeoLoiik s |z 1
SO | |sAvisi E S| TANIMLAMA “le £0 |E
c| g c T x [x 2 2 H s
6|5 3 E | £ |£ ] = c X 0 |0
@D ~|E o= (© @ @ s =
& E E 5|5 |3% |5 S| & 57 |2
3|2 | 2 [oglel= g8 |8&|@ < |a ®< |>
10 20 30 40 | 20 40 60 80 | 20 40 60 80 R P
T T1£9] T U, = ¢ W
i I ERRRRA RN \ % 36,50 - 38,80 m; /
31.09) { i 39,70 - 40,20 m; /
= 10 ‘ 41,50 - 42,00 m; /
H i 42,50 - 43,25 m; /
62.00 ] \ 43,50 - 44,75 m;
22
] ] 91V, (81-82), U, Po-
n3.00 EiERE i \ yer yer Ro, K
BS[H1 {0
i WA J2:20-30°, (81-82),
B4.00) N . P,Ro, C-yeryerK
i 33| 1o SR 03 40500, (s1-52),
P, Ro, C - yeryerK
8550 il L
b7 15|
il | \
B7.00 K ; <
s 2 A 3.5 f .0 .
56.00 i N
45 0 ‘
B9.00) i
30 0 G
i i y
H0.00 | N §
40 18
i
i !
#1.00 ] ] Yy
=40 0 \ §
i \)
12.00) i :| ] A
z: - t P5R-1--1--{--{10
i i ]
i i i \
.00 z | - %
RS to
!
#4.00 i
B0 0 45,00 m; KUYU
| ! SONU
H5.00¢
T

[NOL' Zemin kosullarindan dolayr BST yapilamadi.
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SONDAJ LOGU / BORING LOG
- T.C. Ulagtirma Denizeifilk ve Haberlesme Bakankgi .
ldare  admbisiaton |y 2 el Midaagn, Kamu Ozel Sekier Orakdl Bolge Mudiidga | N° /Borshale fio SK- Bo
S . Gebze-OrhangazHzmir izmit Kérfez Gegisi ve Baglanti Yolian Dahil) Oloyolu, Sayla / Sheet 119
Froje ‘smi /Projedt Name |y e lzmir Kesimi, Belkahve Tnel: (KM:398+300-KM:4024500 Arasi) [stasyon JStafon KM, 309+650
Gérevi / Appoinled =2 ; Sendaj Yeri /BH Location Tiinel
N 7 toyol Yatinm ve igletma AG.
Siket  Compny € QEOYGL Olw o 5 Kuyu Derinkgl, m /B Depth () 128.00
Proje | | § . . ) Baslangig Tarihi  /Start Dete 02.07.2012
Firmast { Designer Yizksel Domanig Mahendislik Ltd. $t. Bilis Tarin ZFieh Date 26072012
Teknlk  /Tecknios | Fugro Sial Yerbiimleri Misve | Tarh | Deriniic | YAS Der. | Agikiama |[Kot, m / Ground Efevation 320.92
Danigman  Consaftant Miih, Ltd. Sti Dale Deplh,m |GWdepth, m | Remarks Koordinatlar, m  /Cowrdinales N 4 2508 315
Yéntem /0l Method |ROTARY SULU 28.07.12 65.50 - (EC-50/27-6°) E| 527 944
Makinz / bl Rig TSM-1000 18.09.12 59.00 - Sapma, m 7/ Offset
_ B Standart Penetrasyon Deneyi — E
B 2 Q3 Standard Penetration Test 518zl @
k- £% 22|25 (&PT) R ol |82
AEHEHERREE . 85281 |, 8lefiEs|ad
08 38|52 (52| BLS §|oawesaym| MGl | =3 ‘ HHEAEHE RS
EI gE ge EEITE|S 5l aorsiums Graph of N3 BE Jeoteknik Tamimiama glEE 2915 (E8 ig 5%
08|08 |04 |=8[5a ; o @ Geolechnical Deseriplion FG|68|ER Fa|Fx|0n |- 8
m m mm | mm ] 15] 30145 ] 10 20 30 40 50 mm| % | % | #m
i |~ |voLooteusuy
_ 1 RC R _|Agik yesilimsi - kahverenkli, 73| -
4 . - _-_- |2z blokdu, cakil, kumiu KIL.
- — 1.50}——| 1.50m.
R3
.2 W3
2 RC 80 [ 16 | »50 R2
- wa | Rt
.3 — .00
- METAKUMTASI, w3 | R2
3 RC | Koyu yesil - yesilimsi gri renkli, 55| - | >80
- ‘|oria dereceda - gok aynigmig, wa | R1
4 +— 4.00f—] ok zayif - zayif dayaniml,
- pargalanmis,
- yer yer yapraklanmali,
- “jgenelde biregtk yapili.
- 0
5 g2 : a wa | R
- 4 RC Foliasyonlar; 8o | - | 250
- |cuseye yakin, w4 | Rt
n cok dar aralikh.
5 -|Foliasyon ylzeyieri;
- 6,30 (izlsmse, dalgall, yer yer kapall.
A Eklemler - 1, we | R
- 5 RC . -kJ B | - |50
-7 REve yakan, w4 | R1
. - 20 cm arasinda tekrarll,
- ] 7.40 H catlak ylizeyleri;
- dalgal, pirGizll, demircksit sivamali.
-6 w3 | Rz
2 8 RC Eklemier - 2; 87 | - i »50
- “120°, 2-20 cm arasinda tekrarli, W4 | Rt
- callak yizeylerl;
9 b—— 9.00— daigall, pUri2i, demiroksit sivamal.
- 7 RC a1 - | =50 | w4 | Rt
ZEMIN - KAYA DEGERLENDIRMESI / SOIL - ROCK EVALUATION
TNCE DANELI/ FINE GRAINED IR DANELI / COARSE GRAINED KAYA KALITESH/ROD KIRIKLAR / FRACTURES (K m)
Mot 0-2  Gokywnusak Farysolt Mag: 8- 4 Gok Gevgek  /VerrLoose 0-25% CokZapf  /veyRoor <1 Masif Iassien
Nap: 3-4 Yumugak 7502 My: 5-10 Cevgek JHosse 25- 50% Zawif IRour 2-3 Az gatiakk-kinily /5 oreched die.
Nyp: 5-8 QrfalKah ML S8 Ny: 11-30 Ortis Sakt 74 Borse 50- 75% Oria Frair 4410 Kenbl #Fractined
Nyt 9-15  Kah 1S5t M 3.3 Sk Ioaase 8- 0% i 1600 11-80  Qok gatlakli-kinbl Hetacked fue.
Mi: 16-30  Cok Kah ey SH Hiy: 250 Cok Sk 1oy Danze 90-100% Coklyi  /Ewaren! >80 Pagalaoreg  /Crushod
Mae: >30 Sed 1
AYRIGWMA / WEATHERING DAYANIM / STRENGTH KISALTMALAR / ABBREVIATIONS NOTLAR / REMARKS
W1 Taze Frosh RO Agin Deracede Zayf Kayag Exd. Wesk Rock =025 101 1 Sheiby Tubs
W2 Az Ay sionywesthered | RT Gok Zayl Keyeg Very Wesh ock 10.504Ps FCure Sampls
W2 OdaDerecede Ayngmig  ModsalehyWeal | R2 Zapf Kayag Weak Rack q:60-% MW | 5P , Panetrasyon Dan. /St Penston Test
Wi Cokt Ayngmeg Hghiy Westhersd | K3 Otta Desecede Sajlam Kayag  Medium StongRock %3 AMPY P: ker Depeyi 1 Pasker Teat
W5 Tamamen Ayngmis Competely west, | R4 Saflam Kayeg Stung Reck =S 1800Fs | GD: Cegimentik Doneyi  /Pemeatify Tos! 4
We  Rezidel Zemin (Topiak)  Residonf ol RE ok Saflam Kayag Very shong Rock 4= 10028020 | Pre Prasiyomel Dan.  /Presswemeter Test "
RE_Agin Derecede Safiam Kayag e Steng fock a2 W (/J A
Sondar / Driler Ziya YAMAN Mithendls / Engineer Hakan OKUR =~ 7
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SONDAJ LOGU / BORING LOG

|t Ulastima Denizcilik ve Haberlegme Bakaniigi ) )
|dare FAABSIEHON | o iz Genel MOdCH38, Kamu el Sektor Ortakht Balgs Miidiirugu Kuyu No /Borahole Ko SK- 807
. Gebze-Crhangazi-lzmir fizmil Kérfez Gegisi ve Bagiant Yollan Dani) Otoyalu, Sayfa / Sheet 279
Proje Istai  /Project Name |, ieq — lzrmir Kesimi, Belkahve Tiinell (K 398+300-Kh:4024500 Arasi) stasyon Siaton (kM) 299+850
Gorevli £ Appointed - Senda] Yeri /BH Loealion Tilpel
n @::L_F’- Otoyal Yatiim ve lsletme AS. -
irket Conpany Yo ol ¥ ¢ Kuyu Derinligi  #BH Depth (m) 128.00
A — =
. 55 Standart Penefrasyon Deneyi - 3;’_
=) %n o Standard Pensiration Tes! |8 el g
= €5 12882 (SPT) & (3] o
INEHEHENR R §§§§@ Jw%%%
3§ P ! 2 &|'w 8 Darbe Sayia g Grafigi =8 ik Tamml 5'3%.% FIES ESlEelBa
SO EE) EE [EE|SL IS 5| normons | GapholNa BE Jegteknik Tanimlama R EEIEH R
2E|68| 58 o8 [=8|2a L | Descrip g3|lc8|2E|2L|F2|oa|><
m m e | mm | 15 ] 30 | 46 | 10 20 30 40 50 mm | % % | #m
18 ‘Yukansi gibidir. we | R
RZ
- 7 RC 1050m. s1| - |60
-11 w4 | RO
- 11.40
-12 8 RC gg§ - =50 | w4| RO
F—1 12.30
- >50 | W4 | RO
13 GRAFIT SIST - METAKUMTAS!
_ DALANMASH wz | R3
9 RC AR N X g ) 00| 12
- Siyahims: - gri renkli, 1450
L 40.50 - 25.80 m'ler arasi; wa | Rz
-14 -]genelde cria derecede - gok ayngmis,
. “lyer yer az ayngmis, >50 | w4 | RO
- —| 40— nadiren taze 2ynsmis,
. genalde gok zay!l - agin derecede zayif day., wal Rz
-15 10 RC yer yer zayif - orta derscede saglam day., 54| - | »50
e genelde pargalanmiig, wé | R1
- —— 15.50 ver yer gok galiakli - kirikls, kinkdl,
- yer yer ::hais:on\u‘,l w | m2
-8 ], "G yer yer bresik yapi. ol - | se
3 w3 b R
. ~ ~ ~ |Foliasyoniar;
- 16,85 ~ meme e |TO%,
-17 A Foliasyon ylzeyleri;
L 2 izlemset, dalgall, kaygan, parlak, w wa | Ri
L3
12 RC ~ ~ ~ igeneldo kapall. A I B
.18 Gallaklar- 1; ws | RO
" {8-20cm arasinda tekrarll,
- — 18.50(— ~ ~ ~ icatlak ylizeyleri; diiz.
1% | 43 RC sz | - |s0 | ™R
- ~ ~ ~ |8 - 20 cm arasinda tekrarl, wal Ri
- 19.65 dalgal, porizld,
K i [
20 14 RC ser yer kalsit dolgulu, a0 | 17 | 550 | w2 R2
- R1
- 2065
K EZIK ZON;
2 15 RC B84 =50 | W3 [ RY
_ 11,00 - 13.00 m'ler,
2138 14,20 - 14,40 miter
i ’ ’ w4 | RO
- 18.50 - 19.50 m'ler
16 RC 98 | 17 | »50
-22 21.35 - 22,00 m'ler aras; we | R
- ince kil mafriks igerisinde metakurntagi -
- ——] 22.50— sist kaya pargall.
- 23 | Wi | R4
20 | 17 RC 02 | 27 w2 | R2
=50
" . w3 | Rl
- —— 23.50 -
- et we | R2
18 RC 97 14-50
24 A wa | Ri
- | 2420 ]
- 9 RC e 100) 35 | 50 | w3 | Rt

+
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SONDAJ LOGU / BORING LOG

/Administration

7.C. Utaslirma Denizeiilk ve Haberlesme Bakanhd!

/ Borehoiz o

SK-

807

leere arayollan Genel Mdiiriz0, Kamu Ozel Sekidr Criakiig) Baige Modurliga Kuyu Ho
o ] Gebze-OrhangazHlzmir {lzmil Kixfez Gegisi ve DaBlant Yoliar: Lahil) Gtoyoly, Sayla £ Sheet 379
Proje [smi  /Project Name |1 ica lamir Kesimi, Belkahve Taneii (KM.398+300-KN:AD2+500 Arasi) stasyon Toion (kW) 309+850
Gorevii 1Agpsinted Sondaj Yeri 78H Location Tanel
" Ctoyol Yatirm ve Igletma AS. ,
Siket  Company v g ¥ Kuya Derinligi _/8H Dot (m) 128.00
— oy Standeri Penetrasyon Deneyl " g
5 £ L)% Standard Penelration Tes! 3alg 2
£ oJE5let|es|, (SPT) R = Zg
ggl22| 848 |8 I ” . E52818 |, eleflEe o i
EEAE 2 1542 gi‘;ﬁw Darbe Sayisi| M Grafidi =8 . 20 $Cis 2316 F2[Ea
SO EE1EE [ESIBE[SE| #oroons | Gmproriy | SE Jeoteknik Tanimlama Eg 33 5‘8 ZE|S8|zels?
XE[O@w| Ve |[Doi=Z8|30 oo Descripl g3[c8|<ewie s z2(85|2 ¢
m m mm | mm | 15 ] 30 [ 45 | 10 20 30 40 50 mm | % | % | #m
25 g -
i 12 RC 00| 36 | 4| 2| R
N »50 | W4 § RO
-28 25.50
- >50 | w3 | R1
- - R3
20 RGC o4 | 10 11-50 | W2
-27
- »50 w2 | Rz
, w3} Ri
- 1 27.70
-28 we | R2
i 21 RC 83 >50
- W3 | Rt
28 2890 >50 § Wi | Rt
- 410 | we | R3
- 22 RC 75| 16
-30
=50 | w3 | Ri
- —-o 30.50——|
- wz | R2
- 23 RC -~ B85 | 12 | »50
- wa | Ri
= — 31.50——
-32 - P
11-50 w2
. 24 RC | 25.80 - 47.80 m'ler arasy; w | 81|33 R2
@ genelde az - orta dereceda ayngmig, 8
- yer yer gok ayngmisg, »50 | W3 | R1
33— 33.00 ~ ~ ~ |genelde zayif - orta derecede sadlam
. dayanimk, yer yer gok zayif dayaniml, >50 | w3 | Ri
- nadiren saflam dayanimii,
- geneide gok gatlakl - kinkl,
-34 ~ ~ ~ |yaryer pargalanmig,
- nadiren kirikli,
3
2 25 RC Q3 | 22 w2 R
11-50
R R2
-35 wa
.35 [ 3600
-37
B w2 | R3
- 26 RC 80| - [1180
- wa | Rz
39 |——} 39.00—|
- wz § R3
- 27 RC 95 | 15 [11-50
R ws | Rz
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SONDAJ LOGU / BORING LOG

T.C. Ulagtirma Denizcilik ve Haberlegme Bakanligi 3
Idare / Karayollan Genel 55, Kanu Oel Sekior Orakig) Bolge Mudariagn. |<™ N° £Borshol No Sic 807
¥ i ve Bodi Sayfa "~ /Shee 419
Proje lsmi/Project Name Gebze-Orhangaz-lzmir (izmit Kafez Gegisi ve.Baglanll Yolan Dahil) Otoyolu, ¥ Sheet i
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SONDAJ LOGU / BORING LOG
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SONDAJ LOGU / BORING LLOG
. . |T.C. Ulagtirma Denizcllik ve Haberlegme Bakaniig )
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SONDAJ LOGU / BORING LOG
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SONDAJ LOGU / BORING LOG
. T.C. Ulagtima Denizeillk ve Haberlesme Bakanld ) .
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SONDAJ LOGU / BORING LOG
. |T.C. Ulagtirma Denizcilik ve Haberlesme Bakanlii 3
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SONDAJ LOGU / BORING LOG

. |T.C. Ulagtirma Denizcilik ve Haberlegme Bakanligt _
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SONDAJ LOGU / BORING LOG
. } T.C. Ulagtirma Denizciiik ve Haberlegme Bakanhg) 3
Idare £admiistiaon [yore S et Midiug, Kamu Dze) Sektor Ortakliy Bolge Mudaroga [0 #Borofole No SK- 800
: . Gebze-Orhangazi-lzmir (lzmit Kariez Gegigl ve Baglant Yolian Dahil) Otoyolu, Sayfa / Shest 217
Proje lsri - /Project feme Manisa - lzmir Kesimi, Belkanve Tanell (K 308+300-KM.4D2+500 Arasi) Istasyon / Station (KM) 400+400
Gorevll / Appainied ~ . Sondaj Yeri /BH Localion Tinel
Sirket Company vOoL Otoyol Yatum ve fglelme A3, Kuyu Derinligi  #BH Dapth (m} 400.00
B 3 Standart Penetrasyon Deneyi _ B
& NEE Standard Penetration Test NER 3 g
£ 2gios (SPT _Zlzeld 5o
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-4 14 RG er yer gok ayngmis, aa | - s wa | Rz
- enelde zayif - cria derecede saglam wa | Ri
- | 14.45— dayanimk, yer yer cok zayif
N enalde ok gatlakl - kirikh,
-15 er ver az gatiakli - kinkh, kalsit damarl:. 23 | w2l R3
- 15 RC 5.30m 98 | 80
. METAKUMTASI, Izoiru yesii - gri renkli, 1150 w | o,
- 15 az - orla derecade aynsng, zayif dayaniml), W3
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47 -~
- | 1745 | @ ~~ =~ |GRAFIT §IST; n
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- ~ o~~~ 120,50 - 20.75 m'ler ws
- 24,65 ~ ~ ~ |22.50- 22.70 m'ler arasi.
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T.C. Ulastirma Denizeilik ve Haberiesme Bakaniid

ldare / Admiisiiation |y auelian Gene) Miduriugl, Kamu Ozel Sektor Criaklig Bbige Madarligu Kuyiz No /Borahola o SK- 808
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SONDAJ LOGU / BORING LOG
dam: o s fjlasurg:nzrmmhk ki o %:ﬁg:'g)lrlskllgl Boige Maduriaga ||V Ne / Bogstls o S 508
Gy : -lzmir (fzmi ntt Yollan Dahi : Sayfa / Sheet 417
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izcili 1l Bakanhdi
Idare / Aomisiatian lﬁﬁ:ﬁ:‘.’&?ﬂEﬁ'ﬂfﬁgeu”i:?nf i Sekwr?}naklwﬁl Bogemudoiogs | UM /Boratole to SK- 308
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nanisa - |zmir IKesimi, Bolkahve Taneli (KM:398+300-KM:402+500 Arasi) Istasyon / Station (KM) 400+400
Srevii / Appanted Scndaj Yeri /EH Location Tinel
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. |T.C. Ulegtirma Denizeilik ve Haberlegme Bakanii: 3
Idare A AATITSRION |yeorevolian Genel MOdrigs, Kamy Ozel Sekidr Ortaklgl Bbige Mdariugi iy Mo /Borehols No Sk- 808
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. |T.C. Ulagtrma Danizcilik ve Haberlsgme Bakanhdi
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T.C. Ulastirma Denizcilik ve Haberlegme Bakanhg
e #admistiaon |, v oo Genel Mdtrlugy, Kame: Gzel Sekigr Orakiig: Dolge Mudteings |1 MO ¢ Barshals No SK- 809
o ) Gebze-Orhangazi-lzmir (lzmit Kérfer Geglsi ve Baglant Yollan Dahil) Cloyolu, Sayfa 7 Sheal 115
Proje lsmil  /Project Name | 1o v " lamir Kesimi, Belkahve Tineli (<V:386+300-KN:402+500 Arasi) Istasyon 7 Station K. 400+600
Garev 7 Appainied é,g&,mk Sondaj Yeri 78H Location Tanel
o - g .. Otoyol Yatiim ve Isletme A $.
Sirket Company  §E._ QIOYOL CIOYOITR i ¢ Kuyu Derinligl, m /8H Deplh (m) 50.00
Proje . | = l ) _ . Baglang:g Tarihi  /Start Date 01.07.2012
y Designer 8 Yiksel Domanig Mithendisiik Lid. St
Fimas: /%7 W] Yuksel Oomaniy ¥ Bills Taril / Finish Date 15.07.2012
Teknik / Technical Fugro Slal Yerbilimleri Mis.ve Tarih Derinlik | YAS Der. | Agklama [[Kot, m 7 Ground Elevaion 237.89)
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_ s yer yer cok ayrnsm:s,
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5 —— 680 1
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. iliz, dalgall, demiroksit st X 3 | R3
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ZEWN -+ KAYA DEGERLENDIRMESI / SOIL - ROCK EVALUATION
INCE DANELI/ FINE GRAINED IRI DANELI 7 COARSE GRAINED KAYA KALITESI/ ROD KIRIKLAR /FRACTURES {#m)
Ma: 0-2  Goxyumusak  /veysol M- B 4 Cok Gevgek  /Veyiooes 0~ 25% Gok Zayll Ve Poar <1 Masi IMassive
Mai 54 Yk F5o Nu: 5-10 Gavgek Home 35- 50% Zayl J2oar 2.3 fogallakblinkl sSermehedine
Mw: 5-8  Orakal 1MSH : Orta Stk 1M Darn 508 75% Qda 17 4-10 Kinkk 1 Frecluted
My: 8-15  Kall st Sk Ioee 75- 0% I #Goad 1150 Cok gallekikindl /Herastod b
Ma: 16-20  GokKah FVary S5 Gok Sk Py Decss 50-100% Gkl /Eeeient >50  Pagalaney /Coched
M >30 Sert FHend
AYRISMA / WEATHERING DAYANIM / STRENGTH KISALTMALAR /ABBREVIATIONS NOTLAR /REMARKS
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SONDAJ LOGU / BORING LOG

T.C. Ulastirma Denizcilik ve Haberlegme Bakanhg
e #admistiaon |, v oo Genel Mdtrlugy, Kame: Gzel Sekigr Orakiig: Dolge Mudteings |1 MO ¢ Barshals No SK- 809
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Na: >30 Sert FHard
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SONDAJ LOGU / BORING LOG
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SONDAJ LOGU / BORING LOG
T.C. I izcifi B
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’ " Gebze-Crhangazi-| i Gegist ve Bajj tar Sayfa / Sheet 315
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SONDAJ LOGU / BORING LOG

. |T.C. Ulagtirma Denizcilik ve Haberlegme Bakankg!
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SONDAJ LOGU / BORING LOG
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Idare /Admiistaton |, 121 Genel MudUriagu, Kamu Ozel Sektor Ortakigr Bolge Maduriaga |4 N° /Borshole No SK=809
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SONDAJ LLOGU / BORING LOG
. |T.C. Ulagtirma Denizcilik ve Haberlesme Bakanhi .
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- — 082012
Proje ) l E L L : Baglangig Tarihi  / Siart Dale 28.08.20
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APPENDIX C:

LABORATORY TEST RESULTS

& 2 LIMIT Teknik Proje, L , Sanayi ve Ticaret A S. £
1 lm l * Ivedik OSB. 1354. Cadde, 1395 Sokak No:1, 06378 Yenimahalle / Ankara / TURKIYE /
h Tel: (90.312) 394 5363 Fax:(90312)394 5364 e-mall : tab@limitteknik.com
LABORATUVAR DENEYLERININ SONUGLARI (KAYA)
RESULTS OF LABORATORY TESTS (ROCK)
. i 5 2 Rapor Tarihi
: Yuksel Domanic Mihendislik Ltd. Sti B 10,10 2012
(= rapany Name R Doma; $ Report Date
Numune Gelis Tarihi S T5BEAGTE
Sample Receive Date s
i A x i i 2 > = . Lab. Kayit No
b m‘_"de' : Gebze - Orhangazi - Izmir (izmit Kérfez Gegisi ve Baglanti Yollan Dahil) Otoyolu, Manisa - izmir Lab. R Y Itranon - : LMT12 0907
rapeEL i, Kesimi, Belkahve Taneli (KM: 398+300-402+500 Arasi) s
Bakanlik Kayit No N nGo.
2 3368264
Ministry Registration No.
g g8
= g 2
£ | £ g.g (g Eksenli S 2
< 2 -3 Basing Qs
s |2 e D - =9
Derinik s € s Ee | o e | ® S8E
o | |33 5 s|By| 38 (3, [ | com [ |32
: 35 |35 22 H sg 523 8 reete | S| E2 | mouwr
Tay S 28 |=s| £ 58| 8 et |S5| 25 | 2 G& | Compres 25| &3 Notes
<3 =2 L. |®@S | 52| < =8 % ES| 53 ﬂ 25| 52 StenpthTest | £ 3 o
38 32 25|38 35| 3¢ |38 | & 5% R T H g3 23
ox ES 25|83 35|88 |23 |55 |28|55| 58 |z25|4¢8 55| 5§
23 Sa 23|83 28|58 |88 |8 a 33| 2S5 [33 |83 2¢ | €%
miden [ mye | Wo | 7o Ya G, ° n \ n Qu E 0 c b | ey or
trom o
% | gfem® | glem® - - % % % kg/em® | GPa - kglem® 5 MPa MPa
©H 005 RC-11 | 1730 | 1880 | 314 | 164 | 150 1 0.08
3K BOS RC-26 | 3250 | 3400 | 120 | 265 | 2862 0.30
K805 RC-20 | 36.00 | 3750 | 049 | 270 | 268 34963 023
K005 RC-33-34 | 4150 | 4420 | 100 | 190 | 188 1 0.12
LK 105 RC38 | 46.90 | 4820 | 379 | 164 | 158 066
SKBOS RC-40 | 4940 | 5085 | 070 | 268 | 268 78525 | 61.77 | 032
SKHOS RC-4448| 5270 | 5700 | 012 | 272 | 272 265
SK805 RC-6485)| 7340 | 7500 | 0.72 | 272 | 270 405
SK807 RC17 | 2250 | 2350 | 042 | 266 | 265 54683 | 5711 | 0.18
=KA07 Rc-24 | 3150 | 3300 | 010 | 268 | 268 1.72
SKA07 RC-27 | 2900 | 4100 | 065 | 265 | 263 45960 | 36.50 | 024
K07 RC-32 [ 47.20 | 4780 | 059 | 268 | 266 78155 | 58.96 | 021
SH807 RC-37-39 | 5300 | 5680 | 017 | 270 | 2690 164
SKH07 RC-50 70.40 7200 | 082 | 270 | 268 037
5K-007 RC-52 | 7270 | 7520 | 0.43 | 282 | 281 13293 | 518 | 021
SKH07 RC-53-54| 7520 | 77.00 | 031 | 266 | 265 121
SK-807 RC-57 [ 8200 | 8320 | 0.15 | 266 | 266 328
SK-807 RC-64 [ 8740 | 8830 | 038 | 271 | 270 1575.09] 52.10 | 021
SK-807 RC-67 | 9000 | 9200 | 019 | 265 | 264 375
5K-507 RC-75.76| 97.00 | 9920 | 037 | 274 | 273 345
SK-807 RC-80 | 102.10 | 10350 | 008 | 268 | 268 530
SK-807 RC-83 | 10560 | 10650 | 386 | 233 [ 224 1 1* 2>
5K-807 RC-86-87 | 10820 | 11050 | 0.26 | 264 | 263 4.47
SK-807 RC-88 | 11050 | 11250 | 047 | 270 | 269 1086.72( 5092 | 019
SK-807 RC-89-90 | 112.50 [ 11560 | 109 [ 271 | 268 118
Agiklamalar / Remarks : Not 1*: Omek kesilirken kinichi igin deney yapilamamistr
Deney Sorumju i) T Engineer Lab. Denetci Mhendisi / Lab. Supervising Engincer |
Karaca KA/ ., Jeo. Mih / Geo.Eng. Inci GENG, Jeo. Mah /Gea. Eng.
/) 7 e / Certificate N0:16275
% " - o
Notlar / Notes v
1. 362 konusu daney sonugtan sadece test edilen denay aithe. /
2. Donay sonuctan Kismen 3 9
3. Labaratuvarimiz 4708 sayik kanun gerodi T.C. Gevre ve Sehircilk Bakaniids Yapi I 1 tarih ve 316 ine sahiptir.
Sayfa/ Page : 1 42
FORM No: K1
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LIMIT Teknik , Proje, i Sanayi ve Ticaret A.S.

- »
’ ‘ m l * Ivedik OSB, 1354, Cadde. 1395. Sokak. No:1. 06378 Yenimahalle / Ankara / TURKIVE

Tel:(90.312)394 5363 Fax:(90.312) 3945364 e-mail : lab@limitteknik com

LABORATUVAR DENEYLERININ SONUGCLARI (KAYA)
RESULTS OF LABORATORY TESTS (ROCK)
R ki : Yiiksel Domanig Mhendislik Ltd. $ti Frapos Tadiv : 10102012
ovr # 2420y Néme Report Date
Numune Gelis Tarihi . 15092012
2 . Sample Receive Date
. o e " ” g . b. Kayit N
Pre>§ ",':;" * Gebze - Orhangazi - lzmir (lzmit Korfez Gegisi ve Baglanti Yollari Dahil) Otoyolu, Manisa - izmir IL.:n i aysl” 2 i T LMT12 09-07
[Pripepeiiame Kesimi, Belkahve Tuneli (KM: 398+300-402+500 Arasi) Ay
Bakanlik Kayit No " 3368264
Ministry Registration No. )
g 58
x -} TS
I 3 i Ekseni g2
g > as Basing as
E < on o5 _ =3
Derinlik £ E . £e | o ayammi | 5 23
a s ] T2 & 1 3 - Deneyi s &=
3 Depih ] 2 5% R z x| 25
25 25 AT N Elg o 2z | & Triasial £3| ES Notl
ik . £5|E3|Ef(EF) ¢ §28) 58 35|58 commome |SH| 52| toumr
I HEHEHEHEIEN IR TR R
22 3E 2 = 5 El sE| &§5| S £ 8z | 8% = 23
3 EF S| 35 -3 2 | 5|2 528|283 £ ¥
i | 5 38|89/ 85 (85|88 52 388855 (28| gi| =3
mden | miye W, Tn Ya G, e n b n, qQu E 0 c ¢ Ists0) ar
from fo 5
% | glem®| giem® - - % % | kglem? | GPa - | kgem?| o MPa MPa
~5K807 RC-93-94 | 117.30 | 11930 | 159 | 268 | 264 1 632
£3K807 RC-97-98 [ 12130 | 12330 | 192 | 2555 | 250 1 1 " 367
Si<808 RC-1820 [ 1835 | 2235 | 088 | 260 | 257 131.30 0.16
5K 808 RC-31 | 3055 | 3170 | 315 | 237 | 230 s 1 (o
<K 808 RC36 | 3630 | 3850 | 047 [ 254 | 253 87.02 | 722 | o040
5208 RC-40 | 4550 | 4850 | 074 | 288 | 266 81382 | 69.73 | 032
1< 808 RC-44 | 5540 | 56.00 | 0.67 | 268 | 265 51494 | 7642 [ 025
SK-308 RC47 | 5960 | 6200 | 084 | 269 | 267 033
SK-808 RC49-50 | 6500 | 71.00 | 067 | 268 | 266 027 234
5515808 RC-52-53 | 7400 | 8000 | 084 | 267 | 265 026 335
51<-808 RC-55 | 8300 | 86.00 [ 077 | 270 | 268 032
SiK-808 RC-58-69 | 9000 | 96.00 | 078 | 254 | 252 27028 | 38.17 | 0.40 305
5K -809 RC-56 [ 460 | 580 [ 015|270 | 270 5.70
SK-H09 RC-10-12| 950 | 1250 | 020 | 272 | 272 5.46
SK-308 RC-15-18| 1400 [ 1670 | 017 | 281 | 281 547
SK-809 RC-26-27| 2040 | 2230 | 078 | 265 | 263 45434 | 3139 [ 020 757
SK-809 RC-31 | 2400 | 2450 | 048 | 267 | 268 64543 | 4307 | 0.28
SK-8509 RC36 | 2700 | 2800 | 023 | 267 | 266 359
SK-809 RC-38-40 | 2840 | 3100 [ 023 | 271 | 270 111
SK-809 RC-44-45| 3330 | 3580 | 245 | 214 [ 200 G 5 0.07
SK-809 RC-50 | 3850 | 39.50 | 349 | 228 | 221 5511 | 193 | o027
SK-809 RC52 | 4050 [ 4150 | 318 | 212 | 208 e 1 1
SK-809 RC-56-57 | 4310 | 4450 | 020 | 272 | 271 454
SK-809 RC-59 | 4520 | 4570 | 035 | 265 | 264 1 h
SK-8098 RC61-63| 4650 | 4850 | 021 | 268 | 267 341
Aciklamalar / Remarks : Not1*: Ormek kesilirken kinldidr icin deney yapilamamigtr.
isi | Test Responsible. Lab. Denetgi 1 Lab, - 7
Jeo. Muh./ Geo.Eng. Inci GENG, Jeo. Mah./Geo. Eng /
/] Belge / Certificate No:16275 /é P
Notlar / Notes
1. 562 konwsu deney sonugtan sadece test edilen densy ait. /
2. Donay sonug: & 9 2 .
3 Laboratuvarimiz 4708 sayih kanun geregi T C Gaure vo Sehircilk Bakanii Yo lslei Genel MIdGrgi arafindan verlen 0310812011 farih vo 316 No'Iaboratuvar 2 beigesine sahiptr

Sayfa/ Page : 2 1 a2
FORM No: K1
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LIMIT Teknik , Proje, L ; irlik, Sanayi ve Ticaret A S.

Ivedik 0SB 1354, Cadde, 1395. Sokak. No:1, 06378 Yerimahalle / Ankara / TURKIYE -
Tel: (90.312) 304 53 63 Fax : (90.312) 394 53 64 e-mail : lab@limitteknik com
LABORATUVAR DENEYLERININ SONUGLARI (KAYA)
RESULTS OF LABORATORY TESTS (ROCK)
Fe ma Ad : Yuks&l Domanic Muhendislik Ltd. Sti, BraporTarif] : 10102012
(me nprarrv Name Report Date
> Numune Gelis Tarini 2
: 5.09 201
Sample Receive Date 15.082012
pejo A : Gebze - Orhangazi - lzmir (izmit Korfez Gegisi ve Baglanti Yollar Dahil) Otoyolu, Manisa - lzmir :":R -t 'j; i D LMT12 09.07
s = ot pITIE Kesimi, Belkahve Tuneli (KM: 398+300-402+500 Arasi) SO -
Bakanlik Kayit No AR
: 3368264
Ministry Registration No.
£ 58
= S .
E £ £5 U Eksenll 85
= |2 Sk Basing a8
Deriniik £ |g e £2 | o o meonlll O £3
Depth £5| 3 A Esl 85 |8 Deneyi $ -3
g¥|Z8| = x|z s|8 ag 3 z i 2| &5
2x i gf E§ £f|E s|s g2 | 23| 85| cmemm £8| Es Notlar
>= 23 £3(5% HEHETIER .§5 HE RIS D privs
~ 8 3 23|58 3 EX |5 w2518 g3 B3
EE g3 S3|585| e 3 2% H g =3 (23|23 z ]
B 5: 2318312588 83( 85|58 58|53 (23| 4; S3| =%
mdon | mye | Wa | 1o [ va | G e n L n. q 3 o c b | lxsor or
tom o
% | gfem®| giem® - % % kglem? | GPa B kglcm® - MPa MPa
5K 05 RCA1 [ 17.30 | 1880 | 314 | 164 | 159 i 008
Sk BOS RC-26 3250 | 3400 | 120 | 265 | 262 0.30
SK-BOS RC29 | 3600 | 3750 | 049 | 270 [ 268 34963 [ 2204 [ 023
SK ;aoé RC-3334 | 4150 [ 4420 | 109 | 190 [ 188 1" 1* 012
SH.a05; RC38 | 4690 | 4820 | 370 | 164 | 158 o066
SRS RC-40 | 4940 | 5055 | 070 | 268 | 266 78525 | 61.77 | 032
T RC4448 | 5270 | s700 265
SK805 RC6465 | 73.40 | 7500 405
5K.807 RC-17 | 2250 | 2380 54683 [ 57.11 | 0.18
SK BO7 RC-24 31.50 33.00 0.10 | 208 268 172
R RC-27 | 39.00 | 4100 | 065 | 265 | 263 45960 | 36.50 | 024
5K-807 RC32 | 4720 | 47.80 | 059 | 288 | 206 781.55 | 58.96 [ 021
s RC-37-39 | 5300 | s680 [ 047 [ 270 | 2 164
“K-807 RC-50 7040 72.00 082 | 270 268 037
K 807 7 RC-52 7270 75.20 043 | 282 281 13293 | 518 021
ST RC5354 | 7520 | 7700 | 031 | 266 | 265 121
S RC-57 [ 8200 | 8320 | 015 [ 266 | 266 328
— RC64 | 87.40 | 8830 | 038 | 271 | 270 1575.09) 52.10 | 021
5<-807 RC&7 90.00 92.00 018 | 265 264 375
ST RC-75-76 [ 97.00 | 9920 [ 037 | 274 | 273 345
S RC80 [ 10210 [ 10350 | 008 | 268 | 268 530
p— RC-83 | 10560 | 10650 | 3.86 | 233 | 224 1 1 =
SK807 RC-86-67 | 108.20 | 11050 [ 0.26 | 2564 | 263 4.47
ST RC-88 | 11050 | 11250 | 047 [ 270 [ 260 1086.72( 50.92 [ 0.19
skeo7 RC-89-90 | 11250 | 11560 | 1.09 | 271 | 268 118
Acikiamalar / Remarks Not 1%+ Grmek kesiirken Knidid: igin deney
Deney Sorumiy ¥ isi / 7ost ible £ Lab. Denetci Mahendisi/ Lob, Supervising Engineer ]
Karaca JAJAKAS, Jeo. MGh / Geo.£ng Inci GENG. Jeo. Muh /Geo. Eng.
‘ﬂ Belge / Certiicate No:16275 %{/‘. S
L
r/ Notes
|N ;‘z' ::mmj deney sorglan sadece test edilen deney aittr / y.
5 i ey
U
:’ :g,;mzmz 4708 sayih kanun gerei T.C.Ceure ve Sehircilik Bakanii Yap: lsteri Cenel MIdiriigo tarafindan 09 1 tarih ve 316 No' ) ahiptir.
Quraboratory ias
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LIMIT Teknik Proje, Uygulama, Mii lik, Sanayi ve Ticaret A.S.

E K °
a . m I* Ivedik 0SB, 1354. Cadde, 1395. Sokak, No:1, 06378 Yenimanalie / Ankara / TURKIYE

Tel: (90.312) 394 53 63 Fax : (90.312) 394 53 64 e-mail : lab@limitteknik.com

s v

Failure Angle

TEK EKSENLI BASING DAYANIMI, ELASTISITE MODULU, |standart No -
POISSON ORANI TAYiNi DENEYI (KAYA) |Standard No
DETERMINATION OF UNIAXIAL COMPRESSIVE STRENG TH, Yontem Stinme siger ile
ELASTIC MODULUS, POISSON'S RATIO (ROCK) Method With strangauge
—irma Ad /Company Name : Yiksel Domani¢ Mahendislik Ltd. Sti. Rapor Tarihi
Gebze - Orhangazi - |zmir (Izmit Korfez Gegisi ve Baglanti  Report Date " 10.10.2012
= roje Adi /Project Name : Yollari Dahil) Otoyolu, Manisa - lzmir Kesimi, Belkahve s
Tineli (KM: 398+300-402+500 Arasi)

u I Gukur No o Ornek No . Sy Derinlik 5
:f“,:,):hole " TP No : SK-805 Sample No 5 RC-29 Depth 36.00 - 37.50
- hek Capi R En Kiigiik Eksenel Basing
g:,',,p/e Diameter E 5:30. an Min, Axial Stress, ., 6.48 MPa
&S rnek Boyu . 14.44 i En Kilgiik Eksenel Birim Boy Degisimi 214, i
sarmple Height " Min. Axial Strain, €., 1400 x10
Srnek Alam ; 3117 and Efl Kiigiik Cagsal Boy Degisimi 4800 x 10°
sample Area Min. Lateral Strain, & cmin

Ormek Agirhg 5 En Bliyiik Eksenel Basing
VYVE'.'*? Sample Weight g 121440 ar Max. Axial Stress, O 14.48 MPa
Kuru Ornek A_§lrhgn . 1208.50 aor En Bﬂxﬁk Eksenel Birim Boy Degisimi 577.00 x 106
Dry Sample Weight Max. Axial Strain, €,,,

Srnek Hacmi : 45013 i En Bilyiik (;ap.sal Boy Degisimi 132,00 x 10°
Sample Volume Max. Lateral Strain, € _ oy
m icerigi i . Elastisite Modiilii i
,\",‘,,‘,’,srure Coisi 7 0.49 % Elastic Modulus E: 2204 GPa
gal BHA % 3 Poisson Oram X
ot Unit Weight J %10 gric Poisson's Ratio w: 023
Kuru BHA : 2.68 fem®
Dry Unit Weight gricm
Kirstma Yiiki : 10899.00 kg
Faure Load
Eksenli Basing Dayamim | 2 Eksenel Basing - Eksenel/Gapsal Boy Degisimi Grafigi
;:I.; xial CompressiveStrength e 349.63 kg/cm Graph of Axial Stress - AxiallL ateral Strain
Kiriima sekli p
Modle of failure 15
14
2 13
12
S 11
10
/ A E 9
5 8
S 7
e &
S 6
& w—ZOO 0 200 400 600
atre Boy Degisimi / Strain (x 10°)Eksenel
Kirnlma Agisi 3 15 ’

Aciklamalar / Remarks

i ible
Karaca KA S, Jeo. Miih./ Geo.Eng.

ineer Lab. Denetci Miihendisi / Lab. sy, 1vising Engineer

Inci GENG, Jeo. Mih./Geo.Eng.

Belge / Cetificate No:16275 /” /
)

N

Notlar / Noles s
1. S0z konusu deney sonuglan sadece test edilen deney aitti. | The test resuits beiong only to th amplos brough tabiorak

2, Deney sonuglan laboratuvanmiz izni olmadan kismen ve g ./ The test. not be copied ithout permission,

3. Laboratuvarimiz 4708 sayil kanun geregi T.C.Gevre ve Sehircilik Bakanligt Yapi Igleri Genel Muduriiga tarafindan verilen 09/08/2011 tarih ve 316 No'lu laboratuvar izin belgesine sahiptir.
Qur laboratory hias permit nuniber 316 11, pr by the ale of Cc jobs ofMinistry i and Urbanism in accordance with the Law 4708,
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_— ® ¥ LIMIT Teknik A Proje, Uy Mi irlik, Sanayi ve Ticaret AS.
. m I Ivedik 0SB, 1354. Cadde, 1395, Sokak, No:1, 06378 Yenimahalle / Ankara / TURKIYE
Tel:(90.312) 394 5363 Fax:(90.312) 304 5364 e-mail : lab@limitceknik com

(’ TEK EKSENLI BASING DAYANIMI, ELASTISITE MODULU, No —
POISSON ORANI TAYiNi DENEYi (KAYA) Standard No
DETERMINATION OF UNIAXIAL COMPRESSIVE STRENGTH, Yontem ) Siinme slger ilo
ELASTIC MODULUS, POISSON'S RATIO (ROCK) Method £ With straingauge
F i reve @ Adi / Company Name : Yiksel Domani¢ Mthendislik Ltd. Sti. Rapor Tarihi
Gebze - Orhangazi - izmir (Izmit Korfez Gegisi ve Baglanti  Report Date : 10.10.2012
roje Adl /Project Name : Yollari Dahil) Otoyolu, Manisa - lzmir Kesimi, Belkahve i
Tuneli (KM: 398+300-402+500 Arasi)
w5 / Gukur No <. Bieh Ornek No 2 Y Derinlik . 12—,
I}:.‘):?_’-hole /T.Pit No D Sample No & Re=0 Depth ? 4940 - 5055
O k Capi 3 En Kilgiik Eksenel Basing
s oo e TRt ; 982 o Min. Axial Stress, o, 2549 MPa
Orne kBoyu . 13.4 En Kiigiik Eksenel Birim Boy Degisimi &
Srvsr e Height ¢ n Min. Axial Strain, €, S0700 kg
Brne kAlan - g 31.37 - EI"l Kiiglik ca;fsal Boy Degisimi : -9500 x10®
SampleArea Min. Lateral Strain, € ¢,
vas Omek Agirhg : 1126.50 ar En Bilylik Eksenel Basing 4890  MPa

Wet S ample Weight Max. Axial Stress, @ ,,,,

Kuru Ornek A_g"l'g' 3 1118.70 o En BWuk Ek.senel Birim Boy Degisimi : 686.00 x10®
Dry S=mple Weight Max. Axial Strain, Cie
Orne b Hacmi : 420.37 i En Biiyiik Gapsal Boy Degisimi : 21500 x10°
Samp/e Volume - Max. Lateral Strain, € gy
v Icerigi . Elastisite Modiilii 3
I’;Z,'S 05 Fe Conlent : 420 " Elastic Modulus E: 6177 GPa
;al BHA . 5 Poisson Oram .
ng,a/ Unit Weight 2 268 gr/em Poisson's Ratio v: 032
Kuru BHA : 2.66 fem?®
Dry Ursit Weight grcm
Kirstira @ Yiki : 24634.00 kg
Faiture L0ad
k E ksenli Basing Dayanimi | 2 Eksenel Basing - Eksenel/Gapsal Boy Degisimi Grafigi
Eﬁmx:a/ Compreassive Sttt 2 785.25 kg/em Graph of Axial Stress - Axial/Lateral Strain
Kiritma & sekli =
Mode of failure : .’ 50
l”
f » 45
1 i
40
{ ﬁ S 35
3
\ 30
\ 3
\ R s
. 2 «
N\ g25
-400 -200 0 200 400 600 800
Capsal R P -6, Eksenel
Lateral Boy Degisimi / Strain (x 10 ) [
°
Kinlma Acist : 2
Failure Angle
Aciklarmnalar / Remarks  :
- ]
endisi / Test Responsible Engineer Lab. Denetgi Miihendisi / Leb._Supervis inee:

Karaca KARAKAS, Jeo. Mih./ Geo.Eng.

Inci GENG, Jeo. Mh./Geo.Eng.
Notlar / Noles

.
'l
Belge / Gertificate No:16275 " /
s ot
7
1. Soz konusu deney sonuclart sadece test edilen deney numunelerine aitir, / The test results iy fo the i brougt

2. Deney sonuglan laboraluvanmiz izni oimadan kismen kopyalanamaz ve Goaltilamaz./ The test results can not be: copied and reproduced without permission.
3. Laboratuvarimiz 4708 sayih kanun geregi T.C.Cevre ve Sehircilik Bakaniigr Yapi Isteri Genel MudirlGgi tarafindan verilen 03/08/2011 tarih ve 316 Noy laboratuvar izin belgesine sahiplir.
Ourlaboratory has pemit rumber 082011, v the General Direclo Constnuclion jobs ofMinisty of Emvironment and Usbanism in accordance with the Law 4708

FORM No: K5
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dimit

LIMIT Teknik Arastirma, Proje, Uygulama,

Miisavirlik, Sanayi ve Ticaret AS.

Ivedik OSB, 1354. Cadde, 1395, Sokak, No:1, 06378 Yenimahalle / Ankara / TURKIYE
Tel: (90.312) 394 5363 Fax: (90.312) 394 53 64 e-mail : lab@limitteknik.com

TEK EKSENLI BASING DAYANIMI, ELASTISITE MODULU, - e
POISSON ORANI TAYiNi DENEY] (KAYA) |Standard No
DETERMINATION OF UNIAXIAL COMPRESSIVE STRENG TH, Yéntern Stnme 8lcer il
ELASTIC MODULUS, POISSON'S RATIO (ROCK) Method With straingauge
#=ina Adi /Company Name : Yilksel Domanig Mahendislik Ltd. Sti. Rapor Tarihi
” Gebze - Orhangazi - izmir (Izmit Korfez Gecisi ve Baglanti  Report Date 10.10.2012
&= r@ Ad1 /Project Name : Yollari Dahil) Otoyolu, Manisa - |zmir Kesimi, Belkahve
Tiineli (KM: 398+300-402+500 Arasi)
=< w11 / Gukur No — Ornek No W Derinlik o Rl
#—=omole/TRitNo + SK-807 Sample No REA7 Depth 2250 2.5
« >rekGapr En Kiigiik Eksenel Basing .
=== asvle Diameter 30 o Min. Axial Stress, [ ©o17.83 MPa
= Srrk Bo_yu 13.22 o Ef‘ Kiigiik Elfsenel Birim Boy Degisimi 170.00 x 10°
w—= —zsnle Height Min. Axial Strain, €,
&> ek Alani 3147 om? En Kiigiik Caesal Boy Degisimi 1300 x10°
== casnfe Area Min. Lateral Strain, & c-min
~ =2 g0mek Agirhg En Biiyiik Eksenel Basing
2«1 ample Weight 1085:30 or Max. Axial Stress, [ g 27.01 MPa
< msri Ornek AQ:rIlQl 1090.70 ar En Buxﬁk Eksenel Birim Boy Degisimi 336.00 x10°
> w3 ample Weight Max. Axial Strain, Emax
&> w3k Hacmi 412.10 i’ En Biiyiik capﬁal Boy Degisimi 4300 x10°
< == s77/€ Volume Max. Lateral Strain, € g gy
«>emicerigi Elastisite Modiilii i
;:o,s"e Content 0.42 % Elastic Modulus E: 5711 GPa
«>gd BHA p 2 3 Poisson Orani -
5‘711.11‘:1 Unit Weight : 260 griem Poisson's Ratio L
= sruBHA 3
g,y it Weight 258 gricm
W w walina Yiiki : 1704600 kg
=z #FesrelLoad
#< Exsenli Basing Dayamimi _ 2 Eksenel Basing - Eksenel/Gapsal Boy Degisimi Grafigi
;.;:f, =2/ Compressive Strength & 546.83 kg/em Graph of Axial Stress - Axial/L ateral Strain
K s s—u 133 sekli
Mor<Fe iailure 29
27
)
3
S 25
9
\ \} e 25
\ = 21
\ s 19
@ 2 «
\ 217
\ c.pu‘-1 00 0 100 200 300 400
Lateral Boy Degisimi / Strain (x 10 ")E";;,"“

Kirsf e a Agisi

18

Failesre Angle
[Agib< Bamalar / Remarks

Lab. Denetci Miihendisi / Lab_Supervising Engineer

Inci GENG, Jeo. Muh./Geo.£ng
>
/£, /
SOl

&

Belge / Certificate No:16275

7

4

m’tT;r—INofas :

g only

1. 86z k@nUSU deney sonuglan sadece lest edilen deney numunelerine aitti, / The lest results belor
2- Deney SONUglan laboratuvanmiz izni olmadan kismen kopyalanamaz ve gogaltilamaz / The test resuits can not be copied

3, Labor ztuvanmiz 4708 sayili kanun geredi T.C.Gevre ve $ehircilik Bakanlidi Yapi igleri Genel Mdarkigu tarafindan

‘samples by E
and reproduced withoul permission.

Our lat>oratory has permit number 316 dated 09/0872011, provided by the i onstruction jobs ofMini

verilen 09/08/2011 tarih ve 316 No'ly laboratuvar izin belgesine sahiplir.
i in accordance with the Law 4708.
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Jimit

LiMIT Teknik A

Proje, U Mii: , Sanayi vi

e Ticaret A.S.

Ivedik OSB, 1354. Cadde, 1395, Sokak, No:1, 06378 Yenimahalle / Ankara / TORKIYE

Tel: (90.312) 394 5363 Fax: (90.312) 394 53 64 e-mail : lab@limitteknik_.com

g
2. Deney sonuglarn laboratuvanmiz izni olmadan kismen kopyalanamaz ve Godaltiamaz./ The fest res
3. LLaboratuvarimiz 4708 sayih kanun geregi T.C.Cevre ve Sehircilik Bakanligi Yap: Isleri Genel Madurligi tarafindan veriles

Qur labor

permit number 316

neral Directorale of Construction jobs ofMinistry

s can not be copied and reproduced without permission.
n 09/08/2011 tarih ve 316 No'lu laboratuvar izin belgesine sahiptir,

and

011, y

rf TEK EKSENLI BASING DAYANIMI, ELASTISITE MODULU, |Standart No TSRt
POISSON ORANI TAYiNi DENEYI (KAYA) asidenc o
DETERMINATION OF UNIAXIAL COMPRESSIVE STRENG TH, Yontem Stnme élcer ife
ELASTIC MODULUS, POISSON'S RATIO (ROCK) Method With straingauqo
F#rmma Adi /Company Name : Yiksel Domani¢ Muhendislik Ltd. Sti. Rapor Tarihi
Gebze - Orhangazi - izmir (Izmit Kérfez Gegisi ve Baglanti Report Date 10.10.2012
proje Adi /Project Name : Yollari Dahil) Otoyolu, Manisa - izmir Kesimi, Belkahve :
Taneli (KM: 398+300-402+500 Arasi)
esyu / Gukur No . SK- Ornek No . Derinlik .
;:G,Zhale/ TPt No SK-807 Sample No RC-27 Depth 39.00 41.00
Orsvek Cap En Kiigiik Eksenel Basing
s Fs ik 6i52 o Min. Axial Stress, o, 1566 MPa
Oresek Boyu 14.56 Sin En Kiigiik Eksenel Birim Boy Degisimi 137. &
2 rrapte Height Min. Axial Strain, €., 9700 x10
Srrvek Alam 3137 cnid ET‘I Kiigiik capsal Boy Degisimi 2100 x10%
Sarrple Area Min. Lateral Strain, Ec-min
Ornek Agirhgi- En Bilyiik Eksenel Basing "
I/i? Sample Weight 1208.70, ar Max. Axial Stress, o, 2347 MPa
Kuru Ornek Aerllgl 1200.90 ar En BilleI( Eksenel Birim Boy Degisimi 351.00 x10°
Dy Sample Weight Max. Axial Strain, € g,
Orrek Hacmi 456.76 and En Biiyiik Gapsal Boy Degisimi 1 7300 x10%
Sarmple Volume Max. Lateral Strain, & ;. .,
v icerigi Elastisite Modiilii .
::,srure ot it 0.65 % Efastic Modulus E : 3650 GPa
cgal BHA 3 Poisson Orami
S:rgral Unit Weight 285 grcm Poisson's Ratio ®: 0:24
Kuru BHA s 263 3
Dy, (It Weight grfem
Kirihma Yiiki : 1441800 kg
Failure Load
E ksenli Basing Dayamimi | 2 Eksenel Basing - Ek Gapsal Boy Degisil Grafigi
E:;x:a/ Compressive Strength 459.60 kg/em Graph of Axial Stress - AxiallLateral Strain
Kirnhma sekli
Mode of Tailure [ 25
= - 23
&
21
g
5
% } o 19
o
17
3
=
2 &
215
o u’-100 0 100 200 300 400
proa: Boy Degisimi / Strain (x 10-%)Eksenel
°
Kinima Acisi 1
Failure Angle
Aguklal'"ala" ! Remarks
Lab. Denetci Mihendisi / Lab. Supervising Enginees
Inci GENG, Jeo. Mah./Geo. £ng y 7
Belge / Certificate No:16275 u-?é 4
el
Notlar / Notes : '
1. Soz konuSu deney sonuglar sadece test edilen deney aittr. / Th i to th s brought to the faboratory,

the Law 4708.
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linnit

LIMIT Teknik Arastirma, Proje, Uygulama, Miisavirlik,

Sanayi ve Ticaret A.S.

Ivedik OSB, 1354. Cadde, 1395, Sokak, No:1, 06378 Yenimahalle / Ankara / TURKIYE

Tel: (90.312) 394 5363 Fax: (90.312) 394 53 64 e-mail : lab@limitteknik.com

TEK EKSENLI BASING DAYANIMI, ELASTISITE MODULU, Standart No ISRM
POISSON ORANI TAYiNi DENEYi (KAYA) Starcint Mo
DETERMINATION OF UNIAXIAL COMPRESSIVE STRENGTH, Yontem Stnme slcer il
ELASTIC MODULUS, POISSON'S RATIO (ROCK) Method With straingauqo
#ima Adi /Company Name : Yiiksel Domani¢ Mahendislik Ltd. Sti. Rapor Tarihi
Gebze - Orhangazi - izmir (Izmit Kérfez Gegisi ve Baglanti  Report Date 10.10.2012
#=nje Adi /FProject Name : Yollari Dahil) Otoyolu, Manisa - izmir Kesimi, Belkahve ’
Taneli (KM: 398+300-402+500 Arasl)
s<yu /GukurNo ~ Ornek No 7 Derinlik ; .
= azhole / T Pit No AASkeB07 Sample No Ro82 Depth 47.20 47.80
< nek Gapi En Kiigiik Eksenel Basing
== anple Diameter o0 an Min. Axial Stress, g, N.ra MPa
< nek Boyu 15.38 En Kiigiik Eksenel Birim Boy Degisimi "
= anple Height 53 em Min. Axial Strain, €, 428.00 x10
C ek Alani 31147 2 En Kiigiik Capsal Boy Degisimi R ~
S=emple Arca ' om Min. Lateral Strain, € o 124.00 x 10
~ a5 Ornek Agirhg En Bilyiik Eksenel Basing
vaseSample Weight 128320 ar Max. Axial Stress, 0 pa, 60.96 MPa
< v Ornek Agirhg 1275.70 En Bilyiik Eksenel Birim Boy Degisimi o
>+ y5ample Weight 218 or Max. Axial Strain, €, 78400 x10
> rekk Hacmi 479.43 i En Bilyiik cap.sal Boy Degisimi 192,00 x10°
| < =2 mle Volume Max. Lateral Strain, € _ ;..
N =0 igerigi Elastisite Modiilii )
nzesicure Content L * Elastic Modulus E: 5896  GPa
D «>@l BHA 3 Poisson Orami
== tual Unit Weight 268 gr/em Poisson's Ratio v 9.2
K esn BHA 3
D (nit Weight . 50 ariem
K sina Yikii 24363.00 kg
ez #lue Load
Te B Eksenli Basing Dayamimy _ 2 Eksenel Basing - Eksenel/Gapsal Boy Degisimi Grafigi
781.55 kg/em Graph of Axial Stress - Axial/Lateral Strain

Ur»#aval Compressive Strength
Krr1lna sekli

Mo <Teof failure /

1

65

60

ress

55

\X1a

50

SinG

nel
A

200 0 200 400 600 800
Boy Degisimi / Strain (x 10 i

Kirtkema Acist : 8
Failure Angle

Acti<lamalar / Remarks :

Lab. Denetci Miihendisi / Lab. Supervising Engineer.

Engin
Inci GENG, Jeo. Mih./Geo.Eng.
Belge / Certificate No:16275 / i d
7 et

Notlar/ Notes

3. Labor atuvarimiz 4708 sayih kanun geredi T.C.Gevre ve Sehircilik Bakanlig

4, S6z konusu deney sonuglan sadece test edilen deney numunelering aittir. / The fest resuits belong anly to the experimental samples brought o the laboratory.
2. Dene'y sonuglan laboratuvanmiz izni olmadan kismen kopyalanamaz ve codaltiamaz / The test results can not be copied and reproduced without pemission,
1 Yapi Isleri Genel Miidariiga tarafindan verilen 09/08/2011 tarih ve 316 No'lu laboratuvar izin belgesine sahiptir.

with the Law 4708.

Our laboratory has permit number 316 dated DYDB2011, provided by

‘anstruclion jobs ofMir

and Urbanism in
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FORM No: K5



P ® LiMiT Teknik Arastirma, Proje, Uygulama, Miisavirlik, Sanayi ve Ticaret A.S.
s ‘ ml Ivedik OSB, 1354. Cadde, 1395. Sokak, No:1, 06378 Yenimahalle / Ankara / TURKIYE
Tel: (90.312) 394 5363 Fax : (90.312) 394 5364 e-mail : lab@limitteknik.com

TEK EKSENLT BASING DAYANINI, ELASTISITE MODULU, s s
"POISSON ORANI TAYiNi DENEYi (KAYA) Standard No
DETERMINATION OF UNIAXIAL COMPRESSIVE STRENGTH, Yontem ) Stnme siger ile
ELASTIC MODULUS, POISSON'S RATIO (ROCK) Method . With straingauqge
Firma Adi / Company Name : Yuksel Domani¢ Mihendislik Ltd. Sti. Rapor Tarihi
Gebze - Orhangazi - izmir (Izmit Korfez Gegisi ve Baglanti Report Date : 10.10.2012
Proje Adi /Project Name : Yollari Dahil) Otoyolu, Manisa - Izmir Kesimi, Belkahve o
Taneli (KM: 398+300-402+500 Arasi)
Kuyu / Gukur No e Ornek No 5 e Derinlik N -
Borehole / TPit No S8y Sample No : RC52 Depth ¢ 7270 - 7520
Ornek Gapi = En Kiigiik Eksenel Basing i
Sample Diameter 2 ¥z o Min. Axial Stress, 0 ¢ 5860 MPa
Ornek Boyu 2 En Kiigiik Eksenel Birim Boy Degisimi -
B .30 6
SampleHeight 10 em Min. Axial Strain, €. 825,00 %30
Ornek Alam P 5 En Kiigiik Gapsal Boy Degisimi
£ 17.50 : -100. o
Sample Area d Min. Lateral Strain, € ;. mipn 109100 A0
Yas Ornek Agirhg En Biiyiik Eksenel Basing
Wet Sample Weight 509:10 g Mex. Al Stress, 0. 6.31 MPa
Kuru Ornek Agirhg ) 506.90 En Bilyiik Eksenel Birim Boy Degisimi A I
Dry Sample Weight - 2 : 3 Max. Axial Strain, €pay + 196200, 4D
Ornek Hacmi . 5 En Biiyiik Gapsal Boy Degisimi ;
S 180.22 2% ) S
Sample Volume = il Max. Lateral Strain, € c.pmay 185.00 x:AC
Nem icerigi R Elastisite Modiilii i
Moisture Content g L ” Elastic Modulus E: 518 GPa
Dogal BHA 3 Poisson Orami
Natural Unit Weight 282 gr/cm Poisson’s Ratio i 02
Kuru BHA 5
Dry Unit Weight 281 gricm
Kinlma Yiiki .
Failure Load : 2326.00 kg
Tek Eksenli Basing Dayanimi | 132.93 Kkalem? Eksenel Basing - Eksenel/Gapsal Boy Degisimi Grafigi
Uniaxial Compressive Strength ~ * = giom Graph of Axial Stress - Axial/Lateral Strain
Kinlma sekli
Mode of Tailure 6.4
6.3
l» 6.2
3
L 61
= H 6
\ \1 5.9
=
2 5.8
57
@
< u5.6
is55
et 200 O 200 400 600 800 1000
Lateral Boy Degisimi / Strain (x 10°%)==ene!
Kirilma Agist . 17 <
Failure Angle N

Aciklamalar / Remarks :

Lab. Denetgi Mithendisi / Lsb. Supervising Engineer
Inci GENG, Jeo. Mah./Geo.Eng

Belge / Certificate No:1 6275% //
L

Notlar / Notes
1. Soz konusu deney sonuglan sadece test edilen deney numunelerine aittir. / The test results beiong only o the experimental samples brought to the laboratory.

2. Deney sonuglan laboratuvarimiz izni olmadan kismen kopyalanamaz ve goaltlamaz./ The fest resulls can nof be copied and reprodisced without permission,
3. Laboratuvarimiz 4708 sayil kanun geredi T.C.Gevre ve Sehircifik Bakanhdi Yapi Isleri Genel Madirliga tarafindan verilen 09/08/2011 tarih ve 316 No'lu laboratuvar izin belgesing sahiptir
Our laboratory has pemil nuniber 316 dated 03/08/2011, provided by the General Diractorate of Construction jobs ofMinisry of Environment and Urbanism in sccordance with he Law 4708,
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LiMIT Teknik Arastirma, Proje, Uygulama, Miisavirlik, Sanayi ve Ticaret A.S.

i - m ' vedik OSB, 1354. Cadde, 1385. Sokak, Not1, 08378 Yenimahalle / Ankara / TURKIYE ——

VAR YE 3o aa

Tel:(90.312) 394 5363 Fax : (90.312) 394 5364 e-mail : lab@limitteknik.com miseal
r_’— TEK EKSENLI BASING DAYANIMI, ELASTISITE MODULU, Standart No . (SEN
POISSON ORANI TAYiNi DENEYi (KAYA) Sndaris o ’
DETERMINATION OF UNIAXIAL COMPRESSIVE STRENG TH, Yontem ) Siinme 8icer ile
ELASTIC MODULUS, POISSON'S RA TIO (ROCK) Method > With strangauge
Firre—sa Adi /Company Name : Yuksel Domani¢ Mihendislik Ltd. Sti. Rapor Tarihi
Gebze - Orhangazi - Izmir (Izmit Kérfez Gegisi ve Baglanti  Report Date 10.10.2012
of < Adi /Project Name : Yollar Dahil) Otoyolu, Manisa - Izmir Kesimi, Belkahve .
B Taneli (KM: 398+300-402+500 Arasi)
w1 /Gukur No & S Ornek No . ¥ Derinlik i ~
g{:lrz o/ TPitho : SK-807 Sample No 5 RC-64 Depth : 8740 88.30
= k Gapi 5 En Kiigiik Eksenel Basing
(.?;,r,',‘,:;:/e Dismeter : 412 o Min. Axial Stress, ., 61.48 MPa
Orrne=k Boyu % 13.92 aii Ef\ Kngﬂk Elfsenel Birim Boy Degisimi 467.00 x10°
Sarsele Height Min. Axial Strain, .,
Orme=k Alani 5 17.50 - Ef‘ Kiigiik Cagsal Boy Degisimi 106.00 x10°
Sarmg>/e Area Min. Lateral Strain, € .
S mek Agirhg: . En Bilyiik Eksenel Basing )
:/ae? = aumple Weight : 659.60 ar Max. Axial Stress, o, : 12061 MPa
Kures Omek AQMlQI : 657.10 ar En Bﬁy.iik Eksenel Birim Boy Degisimi 1602.00 x 10°
Dry S-—=2rmple Weight Max. Axial Strain, €,,,,
Srne B< Hacmi : 243.56 - En Biiyiik Gapsal Boy Degisimi : 34800 x10°
Samp#e Volume Max. Lateral Strain, € . gy
Acerigi . Elastisite Modiilii .
l\'::/’s':l-lfe Content 3 0.38 % Elostic Modulus E: 5210 GPa
== @ BHA . 3 Poisson Oram .
2;)"9”3/ Unit Weight s 271 gr/cm’ Poisson's Ratio v: 021
BHA . 3
Kurw ] 2.70
Dy s it Weight e
Kiritrrm & Yiki : 27560.00 kg
Faiture Load
EE @<senli Basing Dayanimi | 2 Eksenel Basing - Eksenel/Gapsal Boy Degisimi Grafigi
2-,,?,'; /= ] Compressive-Strength 1575.09 kglem Graph of Axial Stress - AxiallLateral Strain
Kirilrrs =2 sekli .
Mode < faiure 130
120
s 110
g 100
l[ B
{ ilh %
® 80
70
R
2 60
P -500 0 500 1000 1500 2000
Tadad Boy Degisimi / Strain (x 107°)eendl
o
Kinima AGisI 5 1
Failure A a9
Acikla wwnalar / Remarks :

Lab. Denetci Miihendisi / Lab. Supervisin inees

Inci GENG, Jeo. Miih./Geo £ng. N
Belge / Certiicate Na;1sz75//' J/
o
Z

Notlar /  ANofes : : -
1. Séz konu'S U deney sonuglan sadece test edilen deney numunelerine ailtir. / The lest resulls belor g only o the

2. Deney sor® uglan laboratuvanmiz izni olmadan kismen ve gog; / Th . ot b d permission.
3. Laboratuv = rnimiz 4708 sayih kanun geregi T.C.Cevre ve Sehircilik Bakanlig: Yapi Igleri Genel Mid(irlaga tarafindan verilen 09/08/2011 tarih ve 316 No'lu laboratuvar izin belgesine sahiptir.
" ur aboratc>1y s permit umber 316 daiod 00082011, rovided by tha i tructon jobs ofinisiy of Environment and Urbanis o B 504708,
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° ® LiMiT Teknik Arastirma, Proje, Uygulama, Miisavirlik, Sanayi ve Ticaret AS.
l ml Ivedik OSB, 1354. Cadde, 1395. Sokak, No:1, 06378 Yenimahalle / Ankara / TORKIYE
Tel : (90.312) 394 5363 Fax : (90.312) 394 53 84 e-mail : lab@limitteknik.com
TEK EKSENLI BASING DAYANIMI, ELASTISITE MODULU, |Standart No . SE
POISSON ORANI TAYIiNi DENEYi (KAYA) Slandand Mo ’
DETERMINATION OF UNIAXIAL COMPRESSIVE S TRENGTH, Yontem . Stinme &icer ile
ELASTIC MODULUS, POISSON'S RATIO (ROCK) Method . With straingauge
#rmaAdi / Company Name : Yiksel Domanic Mihendislik Ltd. Sti. Rapor Tarihi
Gebze - Orhangazi - |zmir (Izmit Korfez Gegisi ve Baglanti  Report Date 6 10.10.2012
= 0je Adi /Project Name : Yollan Dahil) Otoyolu, Manisa - lzmir Kesimi, Belkahve
Tuneli (KM: 398+300-402+500 Arast)
#<uyu /Gukur No — Ornek No i 5 Derinlik .
#3 oehoe/ T Pit No “ k=807 Sample No . REE8 Depth : 0500 - 12,00
<o mekCapi . En Kiigiik Eksenel Basing o
== ampleDiameter = %70 rm Min. Axial Stress, 0 v B3 MPa
<> mekBoyu " 12,66 En Kiigiik Eksenel Birim Boy Degisimi . 8 P
= <anpleHeight N : cm Min. Axial Strain, €,.,, : 62.00 x 10
<> mek Alani . 5 En Kiigiik Capsal Boy Degisimi -
g 17.35 s 132, sl
== znple Area on Min. Lateral Strain, € ¢ min 192:00" 10
~w 25 Omek Agirhg ) En Bilyiik Eksenel Basing .
vAse! Sanple Weight : 58320 ar Max. Axial SIress, @ P 5873 MPa
K‘m‘l Ornek A_§|rl|§| . 590.40 ar En Bﬂyuk Eksenel Birim Boy Degisimi : 1404.00 x 10°
£ ry5arrole Weight Max. Axial Strain, €,y
& rrok Hacmi . Fio.64 3 En Bilyiik Gapsal Boy Degisimi 8 3 i
Saanple Yolume : ’ i Max. Lateral Strain, € gy ¥ "293.00 x40
e icerigi = g Elastisite Modiilii )
e isture Content : L ® Elastic Modulus E: 5092 GPa
D <dal EHA . 3 Poisson Oram 5
sz tural Unit Weight ' 270 gr/em Poisson’s Ratio o 1079
K earu BHA - 3
Dy Unit Weight : “65 griem’
K s riima Yiikii .
i il : 18854.00 kg
Te & Eksenli Basing Dayanmimi | 1086.72 Yo Eksenel Basing - Eksenel/Gapsal Boy Degisimi Grafigi
Urriznial Compressive Strength 5 Ly Graph of Axial Stress - Axial/L ateral Strain
Karsima sekli
(Mo e of feilure 60
55
3
S 50
&
X 45
I\ Yasars
. \\ Aamoacy G 40
\ o3
s 35
230
s
-y -500 0 500 1000 1500
X4 Gapsal it : -6 Eksenel
- Lateral Boy Degisimi / Strain (x 10 ) i
Kirilima Agisi 5 17 2
Failure Angle )
Aciklamalar / Remaris :

Lab. Denetci Mithendisi / Lab. Supervising Engineer

Inci GENG, Jeo. Mith./Geo.Eng.

Belge / Certificate No:16275 /é / )
T
Notlar / Notes :

1, Soz konusu deney sonuglan sadece test edilen deney numunelerine aitlir. / The test results belong only o the experimental samples brought lo the Iaboratory.

2. Deney sonuiglan laboratuarmiz izni olmadan kismen ve gog | The can el be copied permission.
3. Laboratuvarimiz 4708 sayil kanun geregi T.C.Cevre ve Sehircilik Bakanhd: Yapi Isleri Genel Midarliga tarafindan verilen 03/08/2011 tarih ve 316 No'lu laboratuvar izin belgesine sahipfir.
Our has 3 1.pi v Directorate of Constuction jobs offinistry and Urbanism in the Law 4708
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Ivedik OSB, 1354. Cadde, 1395. Sokak, No:1, 06378 Yenimahalle / Anka

limit |

LiMIT Teknik Arastirma, Proje, Uygulama, Miisavirlik, Sanayi ve Ticaret A.S.

ra / TURKIYE

Tel:(90.312) 394 5363 Fax : (90.312) 394 5364 e-mail : lab@limitteknik com
. . |Standart No
TEK EKSENLIi BASING DAYANIMI DENEYi (KAYA) |standard o ISRM
UNIAXIAL COMPRESSIVE STRENGTH TES T (ROCK) Yéntem .
Method
¥irmaAdi / Company Name : Yuksel Domani¢ Mihendislik Ltd. Sti. Rapor Tarihi
Gebze - Orhangazi - lzmir (Izmit Kérfez Gegisi ve Baglanti . 10.10.2012
#noje Adi /Project Name : Yollar Dahil) Otoyolu, Manisa - Izmir Kesimi, Belkahve Report Date
Taneli (KM: 398+300-402+500 Arasi)
#<uyu /Cukur No ya— Ornek No ” Derinlik S
£30ehoz/ TPitNo ¢ BfGe08 Sample No Re-18.19.20 Depth B35 ~ 2209
<OmekCapi Ornek Boyu Ornek Alam =
=s.ample Diameter 6.32 il Sample Height 13.62 em Sample Area N3z Ll
~w a5 Omek Agirhgr Ornek Hacmi 5 Nem Icerigi .
Vel Sanple Weight 1102.00 L Sample Volume q2r2r L Moisture Content 038 %
#< uru Ornek Agirhg Dogal BHA 5 Kuru BHA §
(OorySamle Weight - 109930 gr Natural Unit Weight 260 grem® oot weight 257 griem
< srimaYiikii
= cailre Load #19:00 kg
Tek Eksenli Basing Dayanimi . >
Uniaxial Compressive Strength (@) : 131.30  kg/cm
K arima sekli
node of hilure
Kinima Acisi 19 °
Failure Angle
Acgiklamalar / Remarks :
|
' Lab. Denetci Mithendisi / L ab. Supervising Enginesr
Karaca KARAKAS, Jeo. Miih / Geo.Eng. Inci GENG, Jeo. Muh./Geo Eng. B
Belge / Certificate No:16275 ¥, S/
el
Notlar/ Notes : !
1. Soz konusu deney sonuglan sadece fest edilen deney aittir, / ils belang only to thy tples brought fo the laboralory.
2. Deney sonuglan laboratuvanimiz izni olmadan kismen ve / The fest permission.
3. Laboratuvanmiz 4708 sayih kanun geregi T.C.Gevre ve Sehircilik Bakanhg: Yap isleri Genel Midiiriiigd tarafindan verilen 09/08/2011 tarih ve 316 No'lu laboratuvar izin belgesine sahiptir.
Qur laboratory has pemmit number 316 dated 09082011, Dir f Construction jobs ofM ; accordance with the Law 4708
e FORM No: K2

286



LiMIT Teknik Aras , Proje, Uy Mii lik, Sanayi ve Ticaret A.S.

- .
:’ . m l* = Ivedik OSB, 1354. Cadde, 1395. Sokak, No:1, 06378 Yenimahalle / Ankara / TURKIYE

Tel  (80.312) 394 53 63 Fax : (90 312) 394 5364 e-mail : lab@limitteknik.com

TEK EKSENLI BASING DAYANIMI, ELASTISITE MODULU, Standart No =R
POISSON ORANI TAYINi DENEYi (KAYA) Standard No
DETERMINATION OF UNIAXIAL COMPRESSIVE STRENGTH, Ysntem Sinme &icer il
ELASTIC MODULUS, POISSON'S RATIO (ROCK) Method With strangauge
Firsvya Ad /Company Name : Yiksel Domani¢ Muhendislik Ltd. Sti. Rapor Tarihi
Gebze - Orhangazi - Izmir (Izmit Kérfez Gegisi ve Baglanti Report Date . 10.10.2012
Proje Adi /Project Name : Yollari Dahil) Otoyolu, Manisa - izmir Kesimi, Belkahve —
| Tuneli (KM: 398+300-402+500 Arasi)
‘Kuy s / Gukur No 5K Ornek No = Derinlik = =
,7”,xnale/ TRitNo SK-808 Sample No RC-40 Depth 45.50 48.50
OSrne K GCapr = En Kiigiik Eksenel Basing
2: 714> /€ Diameter E 552 A Min. Axial Stress, o, 20.14 mea
Orne k Boyu - 14.34 = En Kiigiik Eksenel Birim Boy Degisimi > =
\Sarmyple Height g Min. Axial Strain, €, SN0
Orne k Alani = 3137 2 En Kiiciik Gapsal Boy Degisimi — =
Samp e Area = il Min. Lateral Strain, £ ¢ BE00 10
as Ornek Agirhgr = En Bilylik Eksenel Basing
:/:f S ample Weight = 20D e Max. Axial Stress, 0., 49.08 MPa
i<uru Ornek Agirhg = 1196.20 En Biiyiik Eksenel Birim Boy Degigimi =
>y Sexmple Weight = Max. Axial Strain, €, SZEN0=e10
5 rne i< Hacmi : 449.86 = En Bilyiik capéal Boy Degisimi 219.00 x10°
Samp/le Volume Max. Lateral Strain, & oy
Nom Icerigi = Elastisite Modiilii =
b 074 = Efastic Modulus E: 6973 cpa
Dogal BHA = 3 Poisson Orani :
\,a",g,a, Unit Weight : 268 gricm Poisson's Ratio v-—0.32
Kuru BHA = 2. 3
ory Urrit Weight = Deley
Kinima Yiiki : 2553000 kg
Fanure Load
Tek EKsenli Basing Dayanimi E 813.82 K 2 Eksenel Basing - Eksenem,‘,apsal Boy Degisimi Grafigi
Uniaxia! Compressive Strength * g/om Graph of Axial Stress - AxialfLateral Strain
Kirima sekli =
focle of failure 50
= 45
13
40
S
I =
30
s 25
=
220
cma‘—400 -200 0 200 400 600 800
Lateral Boy Degisimi / Strain (x 10°¢)=senel
Kinlma Agist = 7 2
Failure Angle
Aciklamalar / Remarks :
]
Deney Sorumlu Mihendisi / Test Responsible Engineor Lab. Denetci Mithendisi / (b Supervising Enqineer
Karaca KARAIKAS, Jeo. Miih./ Geo.Eng Inci GENG, Jeo. Miih./Geo.Eng. =
Belge / Certificate No:16275 s

/_:'z.' o

—

=

Notlar / Notes : =
4. S5z konusu deney sonuglan sadece test edilen deney numunelerine aitr. / The fest results belong only to the experimental samples brought to the Jaboratory,

2. Deney sonuglan laboratuvanmiz izni olmadan kismen kopyalanamaz ve coaltilamaz./ The test results can not be copied and reproduced without permission.

Our laboratory has pemit number 316 dated 09/08/2011, i ¥ i f Construction jobs ofMini Y andlhbanismhacwrdmewinlhzlawﬂaa,

3. Laboratuvarimiz 4708 sayili kanun geregi 1.C.Cevre ve Sehircilik Bakanlig Yapi isleri Genel Médurlgil tarafindan verilen 09/08/2011 tarih ve 316 No'l laboraluvar izin belgesine sahiptir,
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