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mano" Thick to very thick dark gray SHALE aed LIMY SHALE usd " and argilacecus imenzas (KHAMI GROUP).
* mnceberstn 1o Uik bedided, dark grewes SANDSTONE steats

. ) n.q.g.réis_uss._svaaa Teneszone, thick e of shele ued
Walk-beddod gray and Ight gray white-weaterizg, fire graised argilboecs * thiz o modersts bedded gypuure and Masevw & i Sorming dark grey limestoze,
‘ Ki: limenicoswith grey black shale Qimy shede & shaly limsstone) isercalation
{TLAM FORMATION},
HYDROGEOLOGICAL LEGEND Faults and Fractures Bedding and Contacts
Gromdwater table = Fracture or minor and major fault S Geological units boundaries
vhi ignificant displasment
BH-17 Drilled Borehole S B S o = Inferred Geological units boundaries
m i . Fault zone (crushed zone) 25726  True dipand apparent dip of layers
wx_lm Proposed Borehole (Black) & faults (Red)in cross section
)

(Apparent dip/ True dip)
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! -Drilling Rate Index

’ _Bit Wear Index

3-Norwegian University of Science and Technology
* _Linear Cutter Machine
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Jaw crusher

Impact weight

Opening is set to the 14 kg
mean value of the
sieve interval

(i.e. 13.6 mm fraction) I

Height

Material >16 mm 20x 25cm
used for testing (average)
of density
_116.0mm
Flakiness is measured
N by the rectangular ~
A 2 sieves 11.2 and L
AN\ G0 mm R
CRoN/ —_—

. it
111.2mm Sample weight = 500 - density @) [711.2mm

- 265
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Guide

85mm  110°
<> AT

Tungsten carbide
Guide drill bit

200 RPM

(Dahl, Bruland et al. 2012) (g 95 Lo a0 o b Szg8 55 Jla iwbojl F-Y Jsi
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100
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Drilling Rae Index, DRI

70

230 200

VAV

%

Sievers' J-value, 5J

NN

%

Z%

%/3:2

N
BUATRAN
N

N

10 20 30 40 50 L:1] 70 80
Brittleness Value, Sy

(Bruland, Y33A) (DRI) gl &5 a5li i s yloges .F-Y SIS
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9 DRI 500 yudlo b > (ol)90 4880 0 Jolaw) oiws (10,5 asan o0 Voo lje0 51 200 59

85 (e Y=V S (59, 51 1) BWI dops (iols a3l (e (5 o0 AV 35

Rock (AV/AVS) < 1 mm
or soil (SAT

)
<4 mm
Suction
assembly
Flow rate
~ 80g/min

Q AV : 100 rev./5 min.

AVS: 20 rev./1 min.
SAT . 20 rev./1 min.

Vibrating
feeder

Rotating
steel disc

AV : Tungsten carbide
AVS : Cutter ring steel
SAT : Cutter ring steel

(Dahl, Bruland et al. 2012) ( AV) iglw g 5031030 (i lojT oliws B-Y S
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! _Abrasion Value
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7 kg (151b) HEAD
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LIMIT
SCREW

il

O

=N

(Rostami 2005) ('CAI) ,L yuw (gl oL (33 59T Comsd 4y ygliio 41 )L puw o lo3T 51 (glaigas $-Y JSio

(V=Y JSs) aiS o (6 lwancs olKiolel jo JalS slal jo 1) Lo 515 s

cutter
penetration

[-l cylinder

cutter
penetration
(‘ spacers

saddle

L
rock
sample)_\

rock
/1 box
cutter
spacing /qi:[ ' .@
cylinder | sled I

(Gertsch, Gertsch et al. 2007) (LCM) as gy cyaiblo .¥V-Y S

! _cerchar Abrasivity Index
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(Farrokh, Rostami et al. 2012) TBM 34 & 5 ouodo yLis caliizo (g ol yb Y=Y Jou
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(m/h) Sgi5 &5 PR
(1000*PR)/(6+RPM) (mm/rev) JEREIHPAREERCK PR
PRev/Fn (mm/rev)/(kN/cutter) oy Sgi SP
Fn/PRev (kN/cutter)/(mm/rev) Sl 3585 AL FPI
A* SP (m3/rev)/(kN/cutter) oy Sl ¢y SER

A sl soges o B Bisi (o050 ahaiie coles A

-per revolution Penetration rate
-Specific Pentration
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Abstract

Predicting penetration rates in hard rock TBM's Tunnelling projects has a real impact
on the estimating project's cost and Time. Many models have been introduced to
predict the penetration rate of TBM each one of them has their own advantages and
disadvantages .Reviews shows that rating models are the best models to predict the
penetration rate .past reaserchese have shown that correct parameters of rock mass
classification alone is not a good index to predict the penetration rate .so introduction
of a new model that includes machine's parameters as well as the Geomechanic's
parameters is necessary .in this study we tried to use neural network toolbox in
MATLAB software to choose TBM's parameters affecting the penetration rate with
maximum effect and minimum overlap. these parameters are the rotational speed of
Cutter head, trust force per cutter, RMRgjusteas tensile strength. then based on expert's
opinion and Fuzzy Delphi Analytic Hierarchy the parameters have been wighted so
that the new model is more comprehensive and less data dependent. then given to the
relative importance of parameters used a maximum rate of 100 was considered. also
in The new classification all four parameters were classified separately and rated
nonlinearly, in the next step for validation of the method, the new Rating system was
applied on data obtained from18 zone of Zagros tunnel with different geomechanical
characteristics. after that penetration rate with a correlation coefficient of R 2=0.9191
obtained using regression analysis of the mathematical equation y = 0.0621x - 0.8098
between the rates obtained from the new model and the actual penetration rate then .
the values predicted by the new model, the values predicted by the other models and
the actual peneteration ratevalues were analyzed and compared .values predicted by
the new model areclosest to the actual penetration rate compared to other models.

Keywords: TBM - penetration rate - Rating - new model - Zagros tunnel
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