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no Parameter Link Chikla Tandsi Gumgaon
Mn-ore and Mn-ore body
footwall and
Basaltic flow of compact & containing footwall rock
1 Type of rock Amygdaloidal basalt and volcanic manganiferous Sandstone mass containing
Breccin quartz quartz
and muscovite muscovite
schist Schist
2 Q 5.378-64.48 0.75-32.05 0.31-18.66 0.21-1.85
3 UCS, MPa. 21.02-91 136 18-180 18.9-32 .4 60-162
4 Density, 1/m3 2.37-2.93 25-39 1.9-2.35 2.82-3.97
5 RQD 35.45-87.27 40.75-91.4 36-82 23-47.4
6 P-wave velocity, km/s 2.487-5.816 2.913-8.117 1.9-29 4.582-7.694
Major joint set 60-90 60-90 0-30 30-60
7 orientation Dip
Strike angle with
repect to tunnel axis 0-30 60-90 60-90 30’609"‘5“1 60-
Breccia
8 Complicated face Amygdoloidal basalt Nil Nil Nil
Compact basalt
15 (with shotcrete
. ) support) and
9 Size, m 36 5.04 17 66 with steel 5.04
support
10 Shape Arch Rectangular D-shaped Rectangular
11 Inclination Nearly horizontal Nearly horizontal Inclination 1:4.66 h Ngarly
orizontal
12 Drilling machine Manual jack hammer Manual jack Hydraulic jumbo Manual jack
hammer hammer
Parallel in shotcrete
supported zone and
13 Type of cut Convergent Convergent convergent Convergent
in steel supported
zone
Conventional later
14 Method of perimeter Conventional Conventional on Conventional

blasting

switched to smooth
blasting
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Parameter Coupling  Max depth, m  Tunnel area, sq.m P-wave, km/s RQD Specific drilling, m/m?
Number of 41 41 41 41 41 41

samples

Mean 0.74 1.72 15.43 5.024 50.63 5.275

Variance 0.002 0.423 179.89 3.536 3829 5.073
Standard 0.049 0.650 13.386 1.880 19.57 2.252
deviation

Minimum 0.625 0.9 5.04 1.900 23 2.33

Median 0.757 15 5.04 5.274 49 5.22
Maximum 0.825 2.4 36 8.117 914 10.71

e})jéjbw@’&@}oﬁwﬁjgmﬂbfw&qur J_,.l’.

Characteristics of SVM model

Parameter Description
No. training data 30
No. testing data 11
Kerenel function Polynomial
Cc 15
& 0.03
d 4
Mean square error of training 0. 2451
Mean square error of testing 0.2726
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Regression Statistics

Multiple R 0.956629497
R Square 0.915139995
Adjusted R Square 0.903017138
Standard Error 0.701481498
Observations 41
ANOVA

df SS MS F Significance F
Regression 5 185.7312454  37.14624907 75.48880065 9.62863E-18
Residual 35 17.2226702  0.492076292
Total 40 202.9539156

Coefficients  Standard Error t Stat P-value

Intercept -6.69119883 2.598435076 -2.575087941 0.014406846
RQD 0.017814636 0.010865577 1.63954804 0.110058175
P-wave, km/s 0.341409442 0.117726809  2.900014406 0.006407169
Tunnel area, m? -0.216304014 0.020111375 -10.75530728 1.21929E-12
Coupling 11.07790429 3.115489914  3.555750329 0.001103863
Maximum depth of hole, m 2.611740982 0.602158818  4.337295917 0.000116442
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Statistical criteria for controlling the performance of the estimator models

Statistical criteria Formulation
1 |ix|sD;,... —SDL,
(Mean Absolute Percentage Error, MAPE) MAPE = = x Z —Meas = 7SS0 1100
n i=1 SDMeas
. . SDMeas - SDEsti
(Variance Absolute Relative Error, VARE) VARE =var| |—=——=11|x100
Meas
. SD,,... —SD...
(Median Absolute Error, MEDAE) MEDAE = medlan[ Meas Est J
Meas
var (SD —-SD_;
(Variance Account for, VAF) VAF =|1- ( Meas Es“) =100
var(SDye, )
bl a0 sesl Sle pony (olix s Cilisus gladis aulis N g
Model VAF (%) MEDAE EVARE (%) MAPE (%)
Support Vector Machine (SVM) 0.981 0.004 0.005 0.055
Linear Regression 0.915 0.067 0.012 0.115
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