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Cohesion

Rock mass values of
Block Litholo USC | deformation rock

number 9y (Mpa) modulus

(MPa) mass
(KPa)

1 Monzonite 3.575 1862 205-220

2 Monzonite 1.402 1050 130-145

3 Monzonite 1.558 760 100-110

4 Monzonite 2.817 1841 195-210

5 Monzonite | 15, 1683 | 220-240

and Diorite
6 Argillite 0.782 966 95-105
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Related Related
Parameter . - Parameter . -
information information
Hole . .
Diameter 90, 127 Stemming One third of
(m) Hole length
(mm)
Specific
Ho'e(r'rf)”gth 13-15 Charge 300-800
(gr/m®)
Bench high 125 Blast Hole Vertical
(m) inclination
Bottom
Burden & 2%x2, 2x3, Charging priming,
spacing (m) | 2.5x3.5,4x5 | configuration | continuous
charge
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Pridictor Formulation
PPV 2.
USBM — DZ = ¥ yis61
Q (302.07)
Ambraseys PPV 2

)ﬁ

and Hendron Q= 3(1810.6
Q = 0.0598(PPV x D2)°7¢

Rai et al.
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Name of Predictor

Equation Equations

R .
Duvall & Fogelson, USBM PPV =K (ﬁ) °

R ..
Ambraseys — Hendron PPV =K -(%) ®

Rai et al. Q,., =K.V xD?*
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Parameter PPV (mm/s) R (m) Q (kg/
delay)
Mean 25.244 413.54 1004
Variance 1689 90413 6.898E+5
Standard 411 300.69 83055
deviation
Minimum 1.07 40 101
Median 4,72 341 843
Maximum 137 1179 3313
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Statistical Formulation
criteria
Z[(Ql‘\deas - Qli\lleas )(QliEsti - QliEsti ):|
. cCc=—-=2 :
Correlation i, 2 im,  —2
Coefficient, R J Qll\/leas _ervleas) ><Z(Qllisti _Qllisti)
i=1 i=1
Route Mean 1 i=n )
Squlglr\slggor’ RMSE = n X iZ:l:(QMeas — Qg )
Variance
ApSOlUte VARE =var QMeas _QESti ><100
Relative Error,
VARE Meas
Variance var —0_.
Accountfor,  VAF = {1—M} «100
VAF Var(QMeas )

Input the control
factors

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 |

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 costof all |
empires D

v

Is there an empire with
no colonies?

lYes

Eliminate this empire
v

Stop condition satisfied? <

No

Yes
Y

( End )
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Q (Measured)

Model Name R RMSE | VARE VAF
(%)
USBM 0.76 534.98 | 0.2265 0.578
Ambraseys and
Hendron 0.77 773.88 | 0.4382 0.500
Rai et al. 0.73 | 596.64 | 0.2135 | 0.510
Alipour and
Mokhtarian (ICA- 0.8 502.1 0.227 0.626
based)
Alipour and
Mokhtarian (ICAn- | 0.88 397.2 0.191 0.764
based)

A el T~ Sl (godd a3 el palie ¥ ISS s
ol r.:.wf ol dﬁfc)‘.)u\ ﬁ..)LiA J.»u.d DL é)l};ﬂ.!\ J’:‘."l‘

G|

3500

[
y = 1.0003x - 0.3548

3000

2500

2000

1500

1000

500

O 1 1 1 1 1 1
0 500 1000 1500 2000 2500 3000 3500

Q ICA,, (Estimated)

Sodd Bl Jde o (6, Se3ll = e Sls5ad Y ISS
Soleral LG, p-%))-@‘ BT

SGosde w4 g S5 5 Jol bt Cod S e a4

IS s g dalsr e Jde e S35 AL S5

Soode a sy pl e bape b ol (o5 5 S

el Jbe YL 35 gL S

Archive of SID.ir



Archive of SID.ir

\‘:)Lﬁ-\:l‘r.ﬂﬁj'.;k..l:w\.l}'-g\f'\)\.e__p Q.ﬁ‘fﬂwwuw)wau16;ﬁ}}l—fj&d>u//\

cL‘.a

Alipour, A., Ashtiani, M., 2011. Fuzzy modeling approaches for the prediction of maximum charge per delay in surface
mining. International Journal of Rock Mechanics and Mining Sciences, 48(2): 305-310.

Alipour, A., Mokharian, M., Chehreghani, S., 2018. An Application of Fuzzy Sets to the Blastability Index (BI) Used in
Rock Engineering. Periodica Polytechnica Civil Engineering, 62(3): 580-589.

Alipour, A., Mokhtarian, M., Abdollahei Sharif, J., 2012. Artificial neural network or empirical criteria? A comparative
approach in evaluating maximum charge per delay in surface mining — Sungun copper mine. Journal of the
Geological Society of India, 79(6): 652-658.

Ambraseys, N., Hendron, A., 1968. Dynamic behavior of rock masses in rock mechanics in engineering practice (KG
Stagg & OC Zienkievicz, Eds.). New York: John Wiley and Sons.

Ardalan, Z., Karimi, S., Poursabzi, O., Naderi, B., 2015. A novel imperialist competitive algorithm for generalized
traveling salesman problems. Applied Soft Computing, 26: 546-555.

Atashpaz-Gargari, E., Lucas, C., 2007a. Imperialist competitive algorithm: an algorithm for optimization inspired by
imperialistic competition, Evolutionary computation, 2007. CEC 2007. IEEE Congress on. IEEE, pp. 4661-4667.
Atashpaz-Gargari, E., Lucas, C., 2007b. Imperialist competitive algorithm: An algorithm for optimization inspired by

imperialistic competition, 2007 IEEE Congress on Evolutionary Computation, pp. 4661-4667.

Behnamian, J., Zandieh, M., 2011. A discrete colonial competitive algorithm for hybrid flowshop scheduling to
minimize earliness and quadratic tardiness penalties. Expert Systems with Applications, 38(12): 14490-14498.

Dowding, C.H., 1992. Suggested method for blast vibration monitoring. International Journal of Rock Mechanics and
Mining Sciences & Geomechanics Abstracts, 29(2): 145-156.

Duvall, W.1., Fogelson, D.E., 1962. Review of criteria for estimating damage to residences from blasting vibrations. US
Department of the Interior, Bureau of Mines.

Hossaini, M., Sen, G.C., 2006. A Study of the Influence of Different Blasting Modes and Explosive Types on Ground
Vibrations. Iranian Journal of Science and Technology, 30(B3): 313-325.

Hossaini, S., Sen, G., 2004. Effect of explosive type on particle velocity criteria in ground vibration. Journal of
Explosives Engineering, 21(4): 34-36.

Hosseinzadeh Gharehgheshlagh, H., Alipour, A., 2020. Ground vibration due to blasting in dam and hydropower
projects. Rudarsko-geolosko-naftni zbornik (The Mining-Geological-Petroleum Bulletin), 35(3).

Hudaverdi, T., Akyildiz, O., 2017. Investigation of the site-specific character of blast vibration prediction.
Environmental Earth Sciences, 76(3): 138.

Khandelwal, M., Singh, T.N., 2009. Prediction of blast-induced ground vibration using artificial neural network.
International Journal of Rock Mechanics and Mining Sciences, 46(7): 1214-1222.

Khandelwal, M., Singh, T.N., 2013. Application of an Expert System to Predict Maximum Explosive Charge Used Per
Delay in Surface Mining. Rock Mechanics and Rock Engineering, 46(6): 1551-1558.

Kogaslan, A., Yiksek, A.G., Gorgli, K., Arpaz, E., 2017. Evaluation of blast-induced ground vibrations in open-pit
mines by using adaptive neuro-fuzzy inference systems. Environmental Earth Sciences, 76(1): 57.

Kumar, R., Choudhury, D., Bhargava, K., 2016. Determination of blast-induced ground vibration equations for rocks
using mechanical and geological properties. Journal of Rock Mechanics and Geotechnical Engineering, 8(3): 341-
349,

Langefors, U., Kihlstrom, B., 1978. The Modern Science of Rock Blasting. Almqyist & Wiksell.

Lian, K., Zhang, C., Gao, L., Shao, X., 2012. A modified colonial competitive algorithm for the mixed-model U-line
balancing and sequencing problem. International Journal of Production Research, 50(18): 5117-5131.

Mokhtarian Asl, M., Alipour, A., 2020. A nonlinear model to estimate vibration frequencies in surface mines.
International Journal of Mining and Geo-Engineering, 54(2): 167-171.

Parsaei, M., 2010. Geomechanic and stability conditions analysis of the sungun copper mine's rock mass by numerical
modeling. Journal of Earth and Resources, 3(3 (8)): -.

Rai, R., Shrivastva, B.K., Singh, T.N., 2005. Prediction of maximum safe charge per delay in surface mining. Mining
Technology, 114(4): 227-231.

Sadaei, H.J., Enayatifar, R., Lee, M.H., Mahmud, M., 2016. A hybrid model based on differential fuzzy logic
relationships and imperialist competitive algorithm for stock market forecasting. Applied Soft Computing, 40: 132-
149.

Sharifi, M.A., Mojallali, H., 2015. A modified imperialist competitive algorithm for digital 1IR filter design, 2015 The
International Symposium on Artificial Intelligence and Signal Processing (AISP), pp. 7-12.

Archive of SID.ir



