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INPUT PARAMETERS UNIT Symbol used in:
Parameter Classification RMR Q RMI
A. ROCK(S) Uniaxial compressive strength of intact rock MPa Al " o
RQD (Rock Quality Designation) % A2 RQD -
B. DEGREE OF JOINTING | Block volume m? - - Vb
Average joint spacing m A3 - -
Number of joint sets (at the actual location) rating - Jn Nj
C. JOINTING PATTERN - - — "
Orientation of main joint set rating B - Co
Joint smoothness Joint roughness rating Adc a2 lR? is
Joint waviness (in Q and RMi systems) rating - jw
D. JOINT Joint alteration (weathering and filling) rating Ade Ja jA
CHARACTERISTICS [ Joint size (ength) rating Ada - iL
Joint persistence (continuity) rating - - cj
Joint separation (aperture) rating Adb - -
E. INTERLOCKING Compactness of rockmass structure rating - - IL
F. GROUND WATER Water inflow or water pressure rating A5 Jw GW
G. ROCK STRESSES Stress level rating - SL
(around tunnel) Overstressing (rock burst or squeezing ground) rating - SRF cr?
Type of weakness zone rating - -
H. WEAKNESS ZONE Size (thickness) of the zone m - - Tz
Orientation of the zone rating - - Coz
n Compressive strength of rock is included in the revised Qc¢ = Qxo. /100 (Barton, 2002); D= JR =js % jw; 3 CF = rockmass competency.
Interlocking of the rockmass structure is included in the RMi in this paper. In this way the effect of disturbed rockmasses is included.
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Hoek-Brown Classification
intact uniaxial comp. strength (sigci) = 75 MPa
GSI=35 mi=21 Disturbance factor=0.8
intact modulus (Ei) = 26250 MPa

Hoek-Brown Criterion
mb=1442 s=00011 a=0504

Mohr-Coulomb Fit
cohesion=3494 MPa friction angle =29.31 deg

Rock Mass Parameters
tensile strength =-0.057 MPa
uniaxial compressive strength =2.413 MPa
global strength = 11.938 MPa
modulus of deformation = 3292.96 MPa
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Hoek-Brown Classification
intact uniaxial comp. strength (sigci) = 15 MPa
GSI=26 mi=21 Disturbance factor=108
intact modulus (Ef) = 5250 MPa
modulus ratio (MR) =350
Hoek-Brown Criterion
mb=0257 s=135e-5 a=03529
Mohr-Coulomb Fit
cohesion=0.321MPa friction angle = 16.10 deg

Rock Mass Parameters
tensile strength =-0.001 MPa
uniaxial compressive strength = 0.040 MPa
global strength = 0.854 MPa
modulus of deformation = 152.38 MPa
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Major principal stress (MPa)

Analysis of Rock/Soil Strength using RocData

Hoek-Brown Classification
intact uniaxial comp. strength (sigei) = 125 MPa
GSI=47 mi=7 Disturbance factor=0.8
intact modulus (Ei) = 34375 MPa

Hoek-Brown Criterion
mb=0.299 s=0.0003 a=0.507

Mohr-Coulomb Fit
cohesion = 3.256 MPa friction angle = 17.53 deg

Rock Mass Parameters
tensile strength = -0.136 MPa
uniaxial compressive strength = 2.131 MPa
global strength = §.886 MPa
modulus of deformation = 2614.02 MPa
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Shear stress (MPa)
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Major principal stress (MPa)

[\] ST'7 oli......u‘ )é 6&..44.%.[0 6[.%“,%4 wl.m‘ » s.i....u 0053 u...Q..S V—Y‘ Jsd}

o>l lade daseio &9,
MPa Voo oo (UCS) (5,575 Canglitn \
, AD = A+ (RQD) S oS oy v
_ O RMR) Ko 0055 205l Y
_ VIRV Q) Saw 0095 &S ez ls ¥
- 0 (GSI) Siws 0553 Sraglin asls )
_ \ZARS (RMi) S 0095 asLis 4

Anmnalysis of Rock/Seil Strength using RocData

Hoek-Brown Classification
intact uniaxial comp. strength (sigei) = 75 MPa
GSI=55 mi=17 Disturbance factor=0.28
intact modulus (Ei) = 20625 MPa
modulus ratio (MR) = 275

Hoek-Brown Criterion
mb=1167 s=00011 a=0504

Mohr-Coulomb Fit
cohesion=3.260 MPa friction angle =27.57 deg

Rock Mass Parameters
tensile strength = -0.070 MPa
uniaxial compressive strength = 2.413 MPa
global strength = 10.758 MPa
modulus of deformation = 2587.33 MPa
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Major principal stress (MPa)
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Analysis of Rock/Soil Strength using RocData

Hoek-Brown Classification
intact uniaxial comp. strength (sigei) = 125 MPa
GSI=55 mi=13 Disturbance factor=0.8
intact modulus (Ei) = 37500 MPa
modulus ratio (MR) = 300

Hoek-Brown Criterion
mb=0.893 s=00011 a=0504

Mohr-Coulomb Fit
cohesion =4.969 MPa friction angle =25 42 deg

Rock Mass Parameters
tensile strength =-0.153 MPa
uniaxial compressive strength = 4.021 MPa
global strength = 15.726 MPa
modulus of deformation = 4704.23 MPa
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Abstract:

Generally, in constructing underground spaces especially tunnels, maintaining them is of
high significance. Concrete is one of the most used materials in maintaining underground
spaces due to its features such as flexibility, plasticity, cheapness and convenient
transportation. In spite of this, reinforcing concrete is essential because of its low tensile
strength. One of the ways to reinforce concrete is using steel fibers in it. In this thesis we
have conducted feasibility study of using fiber sprayed concrete as SARZEH tunnel lining
and is compared to the traditional method of in situ concrete. Based on the performed
modeling in various thicknesses with Flac 2° software, it is recognized that fiber sprayed
concrete with thickness of 30 cm is able to provide the maintenance of the SARZEH
tunnel. Moreover, due to economic and technical considerations, the fiber sprayed
concrete has significant superiorities to the in situ concrete, since it requires less human
resource and equipment for implementation. In contrast, it has more durability and
resistance against external factors. According to the performed calculations, it is shown
that duration of implementing fiber sprayed concrete for SARZEH tunnel is almost as
half of the implementation time of the in situ concrete. In addition, the cost of maintaining
this project with fiber sprayed concrete is almost as 44 percent of the implementing cost

of in situ concrete.

Keyword: SARZEH Tunnel, Fiber Sprayed Concrete, In Situ Concrete, Numerical

Modelling, Stability Analysis, Economic and Technical Considerations.
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