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Intact Rock Strength (MPa)
Rock Mass Boreability Prediction Chart Weak M‘js‘:fﬂ’:gy Strong ery Strong
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INTACT OR MASSIVE: Massive v
P Rocks with few widely spaced S 4
discontinuities v Class B-0
= FPI>=70
Boring Difficu. -
LOCKY: Well interlocked s g . ‘* 10 S;f‘;;B(I_/O
ndisturbed rock mass consisting 5 -®
f cubical blocks formed by three = »o’ L |
ntersecting discontinuity sets o -
-«® Class B-.
- P ZESFPI< 40
WVERY BLOCIKY: Inter locked, b P D
partially disturbed rock mass with =] e®
" | multifaceted angular blocks formed DVE *‘
- § by 4 or more joint sets =2
Class B-IIL
l 51 OCKY/DISTURBED/SEAMY- = 1S<FPI=25
= folded with angular blocks formed ‘; *
o by many intersecting discontinuity =] E
] ~<1S- Persistence of bedding v %
planes or schistosity. & -
N Class B-I\. hd
7<FPI<15 ="
DISINTIGRATED: Poorly ’o’
interlocked, heavily broken rock * -
mass with mixture of angular and F 2 ’¢»
rounded rock pieces g Class B-V ”,,‘—
‘5 FEPL Z oy -
£ -
s=== | AMINATED/SHEARED: Lack of 1 - Strab Problem
¥l blockiness due to close spacing of -
weak schistosity or shear planes y 9@’
.

Note:

1) Very Foliated shales, slates and schistose graphite schists of Ghomrood project;

2) Alternation of shale and sandstone layers in Ghomrood project;

3) Tuffs, tuffites and sandstone layers of Karaj project;
4) Carbonate rocks in Zagross and Ghomrood projects;
5) Thick quartzite veins in Ghomrood project;

6) Massive igneous and metamorphic rocks in Manapouri
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[6] Hassanpour, J., Rostami, J., & Zhao, J. (2011). A
new hard rock TBM performance prediction model for
project planning. Tunneling and Underground Space
Technology, 26, 595-603.
[7] Hassanpour, J., Rostami, J., Khamehchiyan, M.,
Bruland, A., & Tavakoli, H. (2010). TBM performance
analysis in pyroclastic rocks, a case history of Karaj
Water Conveyance Tunnel (KWCT), Journal of Rock
mechanics and Rock Engineering, Vol. 43(4), 427-4
(Vol. 43).
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Boring machine Operation

Rock Resistivity related to variations of geological conditions along the tunnel. This

relationship is the base for developing many empirical TBM performance
prediction models. By knowing the geological conditions along the tunnel
alignment it is possible to predict the TBM performance using these models.
It’s obvious that in the reverse way by knowing the actual performance and
operational parameters of the machine in the bored tunnel, the approximate geological conditions along the tunnel can
also be recognized. This technique especially in the tunnels that being bored by shielded machines can be useful for
recognizing the engineering geological properties of the excavated rock masses. In this research an attempt is made to
detect exact location of the poorkan-vardij active fault in the tunnel alignment using the actual TBM performance
parameters.

Introduction

Presence of active fault zones can be considered as one of the main geological hazards in mechanized tunneling projects
that induces serious stability problems and direct faulting during tunnel excavation and operation. During tunnel
excavation when shielded machines are used for tunnel completion, due to limitations in observation of tunnel face,
recognizing the exact location of fault zones is very difficult. Therefore it is required to use the indirect methods like
using the actual performance data collected during construction and analyzing them to probe the geological conditions
of tunnel alignment. In the Karaj water conveyance tunnel project (Lot 2) after tunnel breakthrough, as a client
requirement, it was needed to locate the poorkan-vardij fault zone in the tunnel, to design a scheme for reducing the
damages that may occur if the fault is activated during the tunnel operation.

Methodology and Approaches

In this research to detect the exact location of poorkan-vardij fault zone, a part of the tunnel alignment (almost 1000
meter length) around the fault is selected, and variations of TBM performance and operational parameters were
analyzed. Results showed that among the considered parameters, two parameters of Field Penetration Index (FPI) and
Torque/Thrust ratio are good criteria to detect fault zones.

Results and Conclusions

Results of this study by considering the direct and indirect indices showed that the crushed zone caused by poorkan-
vardij fault is almost 400 meters in thickness and is located in the chainage 6050 to 6450 m of tunnel alignment. This
section of tunnel must be considered as the most likely position of damage zone. Therefore, special design to overcome
the damages of tunnel during fault activation must be considered for this section.
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