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Results

Linear model Poly3:
f(x) =p1™"3 +p2*%"2 +p3* +p4
Coefficients (with 95% confidence bounds):
pl= 0.5763 (-1.609, 2.761)

p2= -10.88 (-52.09, 30.33)
p3=  68.68 (-189.2, 326.5)
pd= -141.6 (-676.7, 393.5)

Goodness of fit:
SSE: 4.239
R-square: 0.2743
Adjusted R-square: 0.07643
RMSE: 0.6208
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Results

General model Power2:
f(x) =a*x"b+c
Coefficents (with 95% confidence bounds):
a= -2.022e+14 (-3.96e+16, 3.92e+16)
b= -22.58 (-154, 108.9)
c=  3.534 (2.88, 4.188)

Goodness of fit:
SSE: 5.388
R-square: 0.07766
Adjusted R-square: -0.07607
RMSE: 0.6701
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Results

General model Exp2:

f(x) = a*exp(b*x) + c*exp(d™x)
Coeffidients (with 95% confidence bounds):
a= 5.467 (-16.29, 27.22)
b= -0.05421 (-0.5808, 0.4825)
c= -7.59%e+06 (-3.362e+08, 3.21e+08)

Goodness of fit:
SSE: 2,988
R-square: 0.4885
Adjusted R-square: 0.349
RMSE: 0.5212

d= -2.662 (-10.52, 5.193)
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Linear model Poly2:
f(x) =p1™"2 +p2* +p3
Coeffidents (with 95% confidence bounds):
pl= -0.004152 (-0.008518, 0.0002128)
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p3= -29.76 (-61.29, 1.771)

Goodness of fit:
SSE: 3.182
R-square: 0.4554
Adjusted R-square: 0.3646
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Abstract

Hard Rock TBM Performance Prediction Using the Rock
Engineering Systems (RES) Approach

Tunnel Boring Machine (TBM) performance prediction is one of the most
important procedures to evaluate the time and cost of tunneling projects. In this research,
TBM penetration rate was predicted by Deterministic and Probabilistic Rock Engineering
System (RES) methods based on a database developed along the A,Y KM long Karaj-
Tehran water conveyance tunnel. In this respect , nine input parameters belonging to the
geology condition and five parameters belonging to the TBM were selected and included
in the models. Geological parameters consist of UCS, BTS, number of joint per volume,
the angle between discontinuities and tunnel axis weathering, brittle index, ground water
condition, mixed face and quartz content and TBM parameters consist of cutterhead

speed (RPM), the spacing of cutters, thrust force, torque and power.

The results obtained from Deterministic and RES models to predicte the penetration
rate and its comparison with measured penetration rate in the field showed a good
compability in some sections along the tunnel. The correlation coefficients were +/£¢AAe
and +/¢e2¢ for Deterministic and RES models, respectively. The overall outcome showed

that the TBM performance is a nonlinear and complex problem.

Key words: TBM performance, Geological parameters, TBM parameters,

Penetration rate, Probabilistic, RES Deterministic and Probabilistic RES models.
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