ENGINEERING PROPERTIES AND ROCK MASS CLASSIFICATION OF KARACAY
DAM DERIVATION TUNNEL (HATAY-TURKEY)

M. Mutluturk, E. Ustuner, R. Altindag, S. Sarac, S. Demirdag, N. Sengun,
Suleyman Demirel Univ., Faculty of Engineering, Isparta-Turkey

Abstract

Mediterranean region, within the boundaries of the province of Hatay (southeast of Turkey),
irrigation, drinking water and the aim of producing electricity, the Big Basin Karacay, Big Karacay
Dam and Hydroelectric Power Plant (HEPP) construction continues. This project is planned to be
constructed within the scope of the derivation tunnel, engineering geology, is the subject of review
in this study.

Big Karacay Dam Derivation Tunnel is located on the route Kizildag Ophiolites. State Hydraulic
Works on the route of the tunnel made by the foundation drilling results, field and laboratory
studies using the results obtained by discontinuous measurements of rock mass classification
systems, applied to the route. The tunnel route for the best, worst and average assessments have
been made according to the conditions. The results of this study are, RMR class very good-poor
rock, maximum unsupported span between 20 cm to 3.5 m, stand-up time between 16 years 7
months with a immediate collapse.

Key Words: Big Karacay Derivation tunnel, geotechnical evaluation, the rock mass classification,
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1. Introduction
The importance of the rock mechanics are raising by the long underground excavation in the
rocks. Each day construction and excavation methods are developing and the same time researches
developing too. But rock mass classification systems are most useful methods in the design project.
In this study, engineering properties of derivation tunnel route and around was researched. And
Rock Mass Classification System (RMR) was applied on Big Karacay Derivation Tunnel.
In this study, engineering geological map was done in the tunnel route and the surrounding area.
A total 15 boreholes were done on the tunnel area and laboratory tests were done from the cores. On
evaluating the boreholes, the laboratory data and discontinuity measurements (ISRM, 1981), the
rock mass of the tunnel was classified according to RMR classification system (Bieniawski, 1989).
Tunnel route was separated three structural regions (as two portals and middle of tunnels) and all
discontinuity data are collected each regions on the field (Table 1). All data of each structural
region was evaluated according to the best, the worst and average conditions. Discontinuity
parameters, orientation, spacing, persistence, roughness, wall strength, aperture, filling, seepage,
number of sets and block size were described and rock masses of each region on the tunnel route are
defined.
Table 1. Structural regions and distances.
STRUCTURAL REGION  Distance
Portal A (entrance portal) Km:0+000-0+101 m

Middle Region A Km:0+101-0+227 m
Middle Region B Km:0+227-0+383 m
Portal B (exit portal) Km:0+383-0+575 m

The Big Karacay Dam is constructed near the Hatay province in the southeast Turkey (Figure 1).
There is a derivation tunnel in the project which is 575 m and circular shape with a 5.00 m
diameter.
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Figure 1. Engineering geology map and derivation tunnel route

In the close vicinity of the research area, Kizildag Ophiolites the Mesozoic aged ophiolitic rocks
(Selcuk, 1985) and Quaternary aged the young sediments were occurred. All of the excavation of
derivation tunnel is included in the ophiolitic rocks and Quaternary sediments thickness is low.

2. Engineering Properties and Application of the RMR System
In this study, engineering properties of the Karagay Derivation Tunnel were determined by using
drillings, laboratory works and field discontinuity works.

2.1. Drillings

In order to determine the engineering parameters of the rock mass along the tunnel route and
around, a total 15 boreholes was performed. Determination of geological units and tests applied on
cores taken at drillings. Rock Quality Designation (RQD) data were taken in logging and maximum,
minimum and average RQD data were calculated for each structural region (Table 2.).

Table 2. RQD Value of Structural Regions

STRUCTURAL RQD, %
REGION Maximum  Minimum Average
Portal A 40 5 16
Middle Region A — 100 53 60
B
Portal B 80 12 45
2.2. Laboratory Works

The engineering parameters of the ophiolites are determined by laboratory point load tests.
Because we don’t have core samples, therefore in large number of samples (54 samples) were taken
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from each structural regions on the tunnel route. The point load strength values of each sample were
calculated and maximum, minimum and average values were given in Table 3.

Table 3. Point Load Strength Index of Structural Regions

STRUCTURAL Isis0) (MPa)

REGION Maximum Minimum Average
Portal A 0.87 0.44 0.66
Middle Region A 3.82 0.46 2.40
-B
Portal B 4.81 2.29 3.37

2.3. Field Studies

The conditions of discontinuities are very significant for rock mass classification and
engineering designs. Therefore, detailed discontinuity surveys were performed in this study.
Discontinuity properties were determined according to ISRM (1981) and defined orientation,
spacing, persistence, roughness, wall strength, aperture, filling, seepage, number of sets and block
size were described and rock masses of each region on the tunnel route are defined.

N

Figure 2. The sample stereonet of major discontinuities of Portal A

Using the software Dips 6.0 the dip and dip direction of discontinuities were plotted. Other
properties of discontinuities were calculated by histograms. Figure 2 and Figure 3 shows sample
stereonet and histograms of the major discontinuities of Portal A (entrance portal) and Table 4 gives
orientation of major sets observed at the investigated area. All of these properties were calculated
each structural region according to maximum, minimum and average conditions. Summary of
discontinuity properties are given in RMR application.

Table 4. Orientation of major discontinuity sets observed in the study area

STRUCTURAL DISCONTINUITY DISCONTINUITY DISCOI[\I)FIF;N UITyY
REGION SET NUMBER DIP(°) DIRECTION(®)
Set 1 51 270
Portal A Set 2 63 174
. , Set 1 56 173
E/I}lsddle Region A Set 2 41 117
Set 3 46 251
Set 1 55 293
Set 2 51 322
Set 3 61 184
Portal B Set 4 32 343
Set 5 77 156
Set 6 43 150
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Quantitative Chart of Spacing
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Figure 3. The sample histograms of discontinuity spacing of Portal A

2.3. Application of the RMR System

The RMR System (Bieniawski, 1989) is used widely underground excavation design. There are
five basic classification parameters in the RMR.

1- Strength of intact rock material, (Uniaxial or Point Load strength),

2-  Rock Quality Designation, (RQD),

3- Spacing of joints,

4- Condition of joints,

5-  Ground water conditions

These five parameters total score are basic RMR value. There are some adjustment parameters,
a) orientation, b) blasting, ¢) weathering, d) strength. Finally, total rating score for the rock mass is
final RMR. This RMR score give us rock mass classes and using this score rock mass classes,
estimate cohesion and friction angle of the rock mass, deformation module, stand-up time, active
unsupported span can be find. RMR application results were given in Table 5-8.

Table 5. RMR application to Portal A, Km:0+000-0+101 m

RMR Rating
Parameters Best Worst Average
condition condition condition
Uniaxial Compressive Strength 0 0 0
RQD 8 3 3
Spacing of joints 15 8 10
Condition of joints 27 12 20
Ground water 15 10 15
Basic RMR 65 33 48
Rating adjustment 0 -12 -5
Total RMR 65 21 43
Rock Mass Classes Good rock Poor rock Fair rock
Weathering adjustment 1.0 0.7 0.90
Blasting adjustment 0.97 0.90 0.94
Final RMR 63.05 13.23 36.378
Deformation Moduls(GPa) 26.1 1.2 4.6
Active unsupported span(m) 3.2 0.20 1.4
Stand-up time 200 days Immediate 6 hours
collapse

(Deformation Module; Bieniawski (1978), Serafim and Pereira (1983): Active unsupported span
and stand-up time; Bieniawski (1989): Weathering and blasting adjustment; Kendorski (1983))
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Table 6. RMR application to Middle Region-A, Km:0+101-0+227 m

RMR Rating
Parameters Best Worst ops
. " Average condition
condition condition
Uniaxial Compressive Strength 7 0 7
RQD 20 13 13
Spacing of joints 15 8 10
Condition of joints 24 7 14
Ground water 15 10 15
Basic RMR 81 38 59
Rating adjustment 0 -12 -2
Total RMR 81 26 57
Rock Mass Classes Very good Poor rock Fair rock
rock
Weathering adjustment 1.0 0.70 0.90
Blasting adjustment 0.97 0.90 0.94
Final RMR 78.57 16.38 44222
Deformation Moduls(GPa) 57.14 1.4 9
Active unsupported span(m) 3.5 0.24 2.3
Stand-up time 16 years-7 Immediate 109 hours
months collapse

(Deformation Module; Bieniawski (1978), Serafim and Pereira (1983): Active unsupported span
and stand-up time; Bieniawski (1989): Weathering and blasting adjustment; Kendorski (1983))

Table 7. RMR application to Middle Region-B, Km:0+227-0+383 m

RMR Rating
Parameters Best Worst Average
condition condition condition
Uniaxial Compressive Strength 7 0 7
RQD 20 13 13
Spacing of joints 15 8 10
Condition of joints 24 7 14
Ground water 15 10 15
Basic RMR 81 38 59
Rating adjustment 0 -12 -5
Total RMR 81 26 54
Rock Mass Classes Very good Poor rock Fair rock
rock
Weathering adjustment 1.0 0.70 0.90
Blasting adjustment 0.97 0.90 0.94
Final RMR 78.57 16.38 45.684
Deformation Moduls(GPa) 57.14 1.4 7.8
Active unsupported span(m) 3.5 0.24 2.15
Stand-up time 16 years-7 Immediate 60 hours
months collapse

(Deformation Module; Bieniawski (1978), Serafim and Pereira (1983): Active unsupported span
and stand-up time; Bieniawski (1989): Weathering and blasting adjustment; Kendorski (1983))

171



Table 8. RMR application to Portal B, Km:0+383-0+575 m

RMR Rating
Parameters Best Worst Average
condition condition condition
Uniaxial Compressive 12 7 7
Strength
RQD 17 3 8
Spacing of joints 10 8 8
Condition of joints 23 5 12
Ground water 15 10 15
Basic RMR 77 33 50
Rating adjustment 0 -12 -5
Total RMR 77 21 45
Rock Mass Classes Good rock Poor rock Fair rock
Weathering adjustment 1.0 0.70 0.90
Blasting adjustment 0.97 0.90 0.94
Final RMR 74.69 13.23 423
Deformation Moduls(GPa) 49.38 1.2 6.42
Active unsupported span(m) 34 0.20 1.9
Stand-up time 5 years-7 Immediate 24 hour
months collapse

(Deformation Module; Bieniawski (1978), Serafim and Pereira (1983): Active unsupported span
and stand-up time; Bieniawski (1989): Weathering and blasting adjustment; Kendorski (1983))

3. Result and Discussion

The RMR values of separated as Portal A, Portal B and Middle A-B were determined in the Big
Karagay Dam tunnel route. According to this RMR classification system they obtained results are
summarized as:

In Portal A (entrance portal): The RMR value in the worst conditions is 21 (poor rock) and stand
up time was determined immediate collapse and in the best conditions it is 65 (good rock) and stand
up time was determined as 200 days.

In middle region A: The RMR value in the worst conditions is 26 (poor rock) and stand up time
was determined immediate collapse and in the best conditions it is 81 (good rock) and stand up time
was determined as 16 years — 7 months.

In middle region B: The RMR value in the worst conditions is 26 (poor rock) and stand up time
was determined immediate collapse and in the best conditions it is 81 (good rock) and stand up time
was determined as 16 years — 7 months.

In Portal B: The RMR value in the worst conditions is 21 (poor rock) and stand up time was
determined immediate collapse and in the best conditions it is 77 (good rock) and stand up time was
determined as 5 years — 7 months.

As a result of, according to this evaluation this tunnel excavation was completed without any
stability problems.
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IIYTHU NIOBBIITEHUSA D9OPPEKTUBHOCTHU INTPOXOAKHU TYIIUKOBbBIX
BOCCTAIOIHUX BBIPABOTOK ITPU ITIOJATI'OTOBKE HA IITAXTAX KPUBBACCA
BJOKOB K OUNCTHOM BLIEMKE

E.K. Babey, C.U. JIaw, B.U. Yenypnou, Hayuno-ucciedosamenbckuil 20pHOPYOHbBIL UHCTRUIY M
I'BY3 «Kpusopooswcckuti HayuonanoHsll yHusepcumemy, Ykpauna

OO6ocHoBaHa 11e1eco00pa3HOCTh MPUMEHEHUS TPHU MOATOTOBKE Ha maxtax Kpusbacca 0JIOKOB K
OYUCTHOM BBICMKE TEXHOJIOTMU MPOXOJKH TYNMHUKOBBIX BOCCTAIOIIMX BBIPAOOTOK 3a OJMH IMPHEM
B3pBIBaHUSI OTOOWKON CKBOXWHHBIX 3apsAOB HAa KOMIICHCAIIMOHHYIO TOJOCTh (CKBAKUHY
YBEIUYCHHOTO JHAMETPA).

Beeoenue. B TexHONOTHUECKOHN 1eH JOOBIYYU KEJIE3HBIX Py MOJI3EMHBIM CIIOcOO0OM Hanbomee
HECOBEPIICHHBIM 3BEHOM SIBJISIETCS TOATOTOBKAa OJIOKOB K OYMCTHOM BbleMke. [Ipoxonka
TYIHUKOBBIX BOCCTAIOIIMX SBIIAETCA OJHUM W3 Hauboyiee MOPOTOCTOSAIIUX U TPYJOEMKHX BHUIOB
TOPHBIX PAa0OT TpHU TMOATOTOBKE OJIOKOB. Pa3paboTka ONTUMANBHBIX CIOCOOOB IMPOXOJIKH
TYMHKOBBIX BOCCTAIOIIUX — COBPEMEHHOE M AaKTyallbHOE€ HAampaBlIeHUE COBEPUICHCTBOBAHUS
TEXHOJIOTHH TOPHBIX pa0OT MPH MOATOTOBKE OJIOKOB K OYMCTHOU BEIEMKE.

Cocmosanue eonpoca. OIHUM U3 OCHOBHBIX, HauOoliee TPYIAOEMKHX W HECOBEPIICHHBIX
MIPOU3BOJICTBEHHBIX TPOIECCOB TPHU TOOBIYE JKENE3HBIX PYJ TMOJI3EMHBIM CIIOCOOOM SBIISICTCS
MOATOTOBKA OJIOKOB K OYMCTHOM BBIEMKE. YAENbHBIM 00BEM TPYIOBBIX 3aTpaT Ha 3THU PaOOTHI
coctaBisieT 40-50% o0mux 3aTpaT Ha 100BIYY PYIBL.

[Mupokoe pa3BUTHE CHUCTEM pPa3pabOTKH, OCOOEHHO MOIIHBIX PYIHBIX TeN, MPHUBEIO K
MOSIBJICHUIO CEPUU  BBIPAOOTOK MAaJIOTO0 CEYEHUS, COCTABJISIONIMX OCHOBY KOHCTPYKTUBHOTO
odopmienus cucteM. [Ipu 3TUX crcTeMax Ui OATOTOBKU OJOKOB K OYHCTHOM BBIEMKE MPOXOMSAT
TYTIHKOBBIC BOCCTAIOIINE BHIPAOOTKH PA3IUYHOTO Ha3HAYCHUS. TpPyJAO0EMKOCTh M 3aTPaThl CPEJICTB
Ha TMPOXOJAKY TYNHUKOBBIX BOCCTAIOIIMX [OCTUTAIOT B OTAETBHBIX chydasx 1o 15% oOmieit
TPYJOEMKOCTH U 3aTpaT Ha MOATOTOBKY OJIOKOB K OUMCTHOMU BbieMKe [1,2].

Hepewennvle uacmu npooénemsl, KOTOPbIM TOCBAIICHA JaHHAs CTaThsl. [IpUMEHUTENBHO K
MPOXOJIKE TYMHUKOBBIC BOCCTAMOIINE BBIPAOOTOK ONTHMAIBHBIA CIOCOO TPOXOAKH IO CIIOCOOY
paspylieHus TOPOJHOTO MAacCHBa B JJOCTATOYHOM Mepe He OTpaboTaH.

Llenvro padomer siBAsieTcss pa3pabOTKa KOHIENTYaJTbHBIX TEXHOJOTMUYECKUX TMOAXOJO0B K
BO3MOXKHOCTH CHW)KEHHMS TPYAOBBIX M MAaTepUajbHBIX 3aTpaT MpH MPOXOJKE TYMUKOBBIX
BOCCTAIOIIMX BBIPAOOTOK.

3aoaua pabomwt cocmoum B OOOCHOBAHWU BO3MOXKHOCTU TOBBIIICHUS 3(H(HEKTUBHOCTH
MIPOXOJIKH TYITHKOBBIX BOCCTAIOMIMX BBIPAOOTOK IyTEM ONTHMHU3AIMH OYpPOB3PBIBHBIX PabOT.

H3znoxncenue ocnoenozo mamepuana. B nactosiee Bpems B KpuBopoxkckom Oacceline mpu
MOATOTOBKE OJIOKOB K OYMCTHOW BBIEMKE, BCKPBITUM HOBBIX MECTOPOXICHUNA W TOPU30HTOB
€KET0JIHO MPOXOJAT MOpsAaKa 5,6 THIC.M TYIMUKOBBIX BOCCTAIOIINX BHIPAOOTOK.

TynuKoOBBIE BOCCTAIONIUE BBIPAOOTKH MPOXOAAT IO IMOpOJAaM H pydaM ¢ KOIPPHUITUSHTOM
kpenoctu f ot 3-6 mo 16-18, mpeobnanaromuii o0vem (72,8%) mpoxoasT B TOPHOM MAacCHBE C
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