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Rock UCS BTS LA SHv Ph
sample  (MPa) (MPa) (%) (n) (m?/h)

1 98.9 6.6 205 56.2 6

2 124 8.7 215 571 55

3 139.5 12.4 246 583 35

4 132.6 11.6 214 572 3.7
5 188.5 13 254 586 2.2
6
7
8
9

116 7.61 2047 56.1 5
84.6 45 29.23 50.6 10

84.6 5 33 53.6 10

95 6.7 3431 578 6.2
10 63 4.5 32.11 56.3 6.7
11 59 4.6 45 55.8 6.5
12 67 55 30.28 537 10.6
13 75 6 25.06 55.6 9.2
14 80 7 36.9 545 9
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Atagietal., ) 5 p e (pdle Slles sl el RPPRES

(2012

Parameter Description unit
Main motor power 45 kw
Length of wire 65-80 m
Linear speed 30-35 m/s
Rotator diameter 60 cm
Beads per meter 33-36
Beads type Special for soft rocks
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1017431 x [ 40418 )
P, = UCSO503 x BTS0642 % SH1/85%
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A2 e

Uniaxial Compressive ) o 3 S (g lid Cunslas UCS
JLL s - (Strength

(Brazilian Tensile Strength) L, iiS Cwslis BTS
Il

(Schmidt hammer) c.oil sae SHv
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k13) k12 ckll cklo ;kg ckg ck7 ckﬁ ck5 ck4 ck3 ck2 ckl ckO
e 8 O S5 Sl oS dies 2U Culo
5 SHVi  LA; BTS; UCS; . tiza oo LB ICA 1z, S
olie s Slasbesl @ bgs e st (6 Se3lnl slie 55 Phy
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—29.815 — 38.518 x UCS; 383°
+62.295 x BTS; 3%
—45.479 x LA; 0686
+570.811 X SHv; %526
—1.929 x UCS}**® x BTS; 14566
X LA}®%% x SHvf3%

Ph = )

/ Input the control /
factors
v

Generate a population of
countries randomly and construct
the initial empires

Move the colonies toward their
relevant imperialist

v

| Revolve some colonies |

| Update the cost of colonies |

v

Is there a colony in an
empire which has lower
cost than that of the

imperialist?
Yes
\ 4

Exchange the positions of that
imperialist and the colony

No

No

Compute the total cost of all
empires

A

Is there an empire with
no colonies?

lYes

| Eliminate this empire
v

Stop condition satisfied?

No

A

Yes
Y

( End )
Atashpaz-) (¢ lezal culs, V,:i)jin PIEVEIA Jg L
(Gargari & Lucas, 2007
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R?=0.7472
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Ph (Calculated)
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Statistical criteria

Correlation Coefficient, CC

Mean absolute percentage error, MAPE

Route Mean Square Error, RMSE

Mean Absolute Error, MAE

Median Absolute Error, MEDAE

Variance Absolute Relative Error, VARE

Variance Account for, VAF

Formulation
[(Phlilleas - Phli/leas )(Phliisti - Phli:sli ):|
CC =——izL A
i =n i 7i 2 i=n ; 7i 2
\/ (PhMeas - PhMeas) XZ(PhEStI - PhEin )
i=1 i=1
MAPE = L x| 37| Phse ~PNes| |, 159
n i=1 PhMeas
RMSE = \/1>< > (Phipe —POL, )
n =
1 & i i
MAE ==x Y |Ph,., —Phi
n =
MEDAE = median| | "tes ~Pesi.
PhMeBS
VARE =va{th_PhEs“]xloo
Meas
VAF =|1- Y8 (P =P ) |1
var(Ph,,...)

@bl gloosasl Sl o 5y FA oS il gladis anlio £ Jgr

Model CcC MAPE (%) RMSE MAE MEDAE VARE VAF (%)
Ataei et al.’s model 0.878 17.209 1.560 1.203 0.2 1.378 73.955
ICA-based multivariate non-linear model 0.980 8.376 0.536 0.428 0.072 0.559 95.677
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