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Study on Blastability Classification of Rock Mass
in SICOMINES Copper-cobalt Mine , DRC
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3. School of Mining, Liaoning Technical University, Fuxin 123000, China)

Abstract: The scientific assessment of rock mass blastability performs two key roles by providing vital guidance
for engineering blasting plan design and optimization, as well as creating essential standards for choosing suitable
drilling equipment, explosives, and related blasting materials. A systematic evaluation approach integrating conven-
tional Analytic Hierarchy Process( AHP) methodology with extension matter-element modeling was developed to as-
sess rock mass blastability characteristics at the SICOMINES Copper-cobalt Mine in the Democratic Republic of the

Congo with scientific rigor and practical feasibility. The study identifies four key assessment parameters for rock mass
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blastability classification that align with both the evaluation framework and site-specific mining conditions , including

rock type(X, ) ,compressive strength( X, ) ,ore-rock density(X; ) ,and tensile strength( X, ). An extension of the mat-

ter element model was constructed to classify the blastability of the rock mass in the study area into 5 distinct catego-

ries, ranging from grade | ,representing exiremely easy blasting conditions ,to grade V ,indicating extremely difficult

blasting conditions. Intermediate grades Il , Il ,and IV correspond to easy,medium,and difficult blasting conditions,

respectively. The correlation degree matrix analysis was performed to assess blastability characteristics of three geo-

logical layers( CMN,RAT,and RSC) in the mining area,with results indicating grade IV (difficult) for the CMN lay-

er,grade Il (medium) for the RAT layer, and grade II (easy) for the RSC layer, demonstrating strong alignment

with observed field conditions. The findings demonstrate that this approach requires minimal training, uses sample

features and straightforward calculations,and has high practical applicability, while serving as both a valuable founda-

tion for engineering blasting design optimization and an innovative technique for assessing rock mass blastability.
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Table 1 Description of the grades of evaluation indicators for rock mass blastability classification

[5,10-12]

B2 X, I (Hhe5¥%) I (&%) I (H4%) IV () V (IR xR )
Indicator layer X; I (Extremely high) IT (high) I ( Medium) IV (low) V (Extremely low)
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(X,)R,/MPa
R M3 Ty A B FE | A s & 1k
2 MR A

A SCHR FAAL 2 05 125 J2 W43 i (AHP) 1 22 4
PSR 53 BT 5 AT H) SO RUAR 25 G A T8 AT ek
P AT RS I ZRRE A, TR R faf 2R, S
PRI, & — PR 5 TR E AN O
2.1 BR&SHE

JZ 4181 (Analytic Hierarchy Process ) DA £ #

MR B RGN h 8 Z R RPN
FE PR P RAR R AEAR A — B G

AT X SICOMINES i 4 67 X8 5 R AT 42
VRSO, A TR AR R (X)) BURSREE (X,)
W (Xs) puhiam (X, )4 Db, LA JZ IR
IR EMATAAEE . 2 )5 1 i TR ) oo i A
WA AR A5 S, IR 2.



F4a3E 2 REEE, B = AR, A ISR () SICOMINES §i i AT AR 13 2ok 5 173
x2 FIEEREA
Table 2 Judgment matrix A
FEE A X X X ME(C D)) —HUEAG
Matrix A : : ’ Weight( C D) Consistency check
X, 1 1/2 172 1/3 0.121 Cl=0.024
X, 2 1 172 1/2 0.190 RI=0.890
X, 2 2 1 172 0.269 CR=0.027 <0.1
X, 3 2 2 0.420 LR
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Table 3 Classic domain and node domain of evaluating indicators for blasting fragility of blasted rock masses

X _ 2k R W R
AR K, B X Classji:c dfnaian R : ﬁ !
TCriterion layer K Indicator layer X, o eCFIOH
y 1 y i
No N, Ny N, N, domain R,
HAOME X
! (0.80,1.00] (0.60,0.80] (0.40,0.60] (0.20,0.40] [0,0.20] [0,1]
Types of rocks X,
wy PURME X
SR A A . o (0.92,1.00] (0.80,0.92] (0.67,0.80] [0.40,0.67] [0,0.40] [0,1]
AT K Compressive strength X,
11
Blastability of HATEE X
astability o o (0.43,1.00] (0.31,0.43] (0.21,0.31] (0.14,0.21] [0,0.14] [0,1]
rock mass K, Rock density X,
PrhiiRE X,

. (0.95,1.00] (0.90,0.95] (0.80,0.90] (0.60,0.80] [0,0.60] [0,1]
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Table 4 Analysis table of lithological conditions of three typical rock groups
ahE
Lithology

CMN )2
CMN layer

RSC 2
RSC layer

RAT 24
RAT layer

G320 RS : BER(CMN2) 2R 100 ~ 110 m FZEARIK A 5 A1 500 =8 o TR 2 R
(CMN1) N H = B AT A SRS Wb JRERE 10 ~ 20 m, 52 )2 [ BT 28 % 3t 74 42 ol D ] 4% e 6
ik, Z R HAR .

It is divided into two parts:the upper part( CMN2) ,with a thickness of 100 ~ 110 meters, mainly consists of
light-gray , chert-banded dolomite and dolomitic siltstone; the lower part ( CMN1) consists of dolomitic feld-
spathic quartz sandstone and siltstone, with a thickness of 10 ~20 meters. Due to the influence of interlayer

faults and groundwater erosion,its degree of consolidation is low,and it is mostly in a loose sand state.

JE 15 ~30 m, FE PR MR F Z0n K@ KRR, BT AR A R, BOIR R A R e
PRI AJE N €, Cp T FHIRRY AT JZE EEET b N il 5% 0 A 5 4R O Tolk o iR ) — 3%
3, AL T B By 2R N A () o

It is 15 ~ 30 meters thick, mainly consisting of massive and honeycomb-shaped silicified dolomite, which is
gray or grayish-black ,with a microcrystalline , fine-sand structure , and massive, locally brecciated, and honey-

comb-like structures. This layer serves as the country rock of the main ore bodies C,, and C,,. However ,miner-

ul

alization is often enriched near the upper and lower contact zones ,becoming part of the industrial ore body,and

it can also form thin-bedded,small ore bodies(zones) independently.

FEEME R PUHR S JZIE > 100 m, A A7 g 54T JRORER G BRA i A R E e W S A
SRR, Al IR RS 22 S R SR AL U B A R TR T T Bl 5 F L B s o B 3T A
5B SIS A Bk ALAE A S A — MR BEAN K, SR AR X A bR 5 2

It is mainly distributed in the southern and western parts of the mining area; the layer thickness exceeds 100
meters , and the rocks are purplish red and light grayish green,including conglomerate , sandstone, siltstone , and
mudstone , often containing a small amount of hematite. Near the contact surface,there is mostly dark purplish-
red, argillaceous , cemented conglomerate. In areas with strong tectonic activity and near the upper contact sur-
face, there are often weak fracture-filled mineralizations such as malachite and chrysocolla. The mineralization

generally has a small thickness and is the marker bed of the floor of the mineralized bodies in this area.

AR X, BSEINE R LA Al AR A 3
HNRBRAOMESE D, (BUE AR =1,
Bk =2, 20K =3) Ak i 52 2 e )8 X, (HRUE R -
B =1, 5020 =2, M =3) . HREERECH

M<X1) =

-

(7)

HRERFIEoTIH—0E, Wk 6,

% 5 SICOMINES $R$4# XTI T
Table 5 Matter elements to be evaluated in the SICOMINES copper-cobalt mining area

P TR

Evaluation metrics

CMN

RAT

RSC

JEJFE100 ~ 110 m FZ RO, k541
E S SPSSNE PN iy e a)

X, With a thickness of 100 ~ 110 meters, it
is mainly light gray, consisting of chert,

banded dolomite,and dolomitic siltstone
X, 37.70
X, 2.78
X, 2.78

JE 15 ~30 m, FE PR w5
NG AR bEe )

It is 15 ~ 30 meters thick, mainly
consisting of massive and honey-

comb-shaped silicified dolomite
21.70
2.59
2.25

JRIR > 100 m, & £ A BRA
Layer thickness > 100 m,rocks
are gravel, sandstone, silt-

stone,and mudstone
17.73
2.26
5.01
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Table 6 Normalized values of the

matter-element to be evaluated

W RS

Evaluation metrics CMN RAT RSC
X, 0.22 0.4 0.33
X, 0.87  0.93 0.94
X 0.21  0.26 0.35
X4 0.91  0.93 0.83
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Pt (v, ¢ v,)
p(vij’ypj> _p(vijvyoij)
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Table 7 Correlation degrees of various evaluation
indicators of ore and rock in the CMN layer with

respect to evaluation grades

TN A5
Evaluation | I il| v A%
metrics
X, -0.725 -0.633 -0.45 0.100 -0.083
X, -0.278 0.417 -0.35 -0.606 -0.783
X, -0.512 -0.323 0 0 -0.250
X, -0.308 0.200 -0.10 0.550 -0.775

(5) BT E X, (S REON o, B 2 o -
1R P, T4 N, (1200

Kj(Po) = iwiKl(Xi) (10)

M) K, = maxK; (p,) , T & 07 5 A] SVt
FRANE ] N HEIHHE

Koy = (= 0.40763, — 0. 00025, — 0. 16295,
0.12796, —0.55156) A4l i K OCHK BE J5i ), ] ) 2
CMN 28 Al BEVESF A IV (MERR) 94,

Kyr = ( = 0.2302, - 0. 0908, — 0. 01934,
-0.47607, —0.64199 ) R fe K OCHE B I ), ] )
JE RAT 25 Al SO T (rh a5 ) 9%

Kuse = ( —0.247562, —0. 135013, —0. 265532,
~0.253004, — 0. 547618 ) MR 4 5 ke 56 19 J3 g ),
e RSC 20 A PRGN L (548 ) 94,
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Table 8 Correlation degrees of various evaluation
indicators of ore and rock in the RAT layer with

respect to evaluation grades

BRAEELTD
Evaluation | I | 1% \Y
metrics
X, -0.450 -0.267 0.20 -0.083 -0.353
X, 0.125 -0.588 -0.65 -0.788 -0.883
X, -0.395 -0.161 0.50 -0.161 -0.316
X, -0.222 0.400 -0.30 -0.650 -0.825

R 9 RSC B HBTFMERX TN ERNKEKE
Table 9 Correlation degrees of various evaluation
indicators of ore and rock in the RSC layer with

respect to evaluation grades

TN FE IR
Evaluation I I | 1% A%
metrics
X, -0.588 -0.450 0.175 0.350 -0.283
X, 0.250 -0.250 -0.700 -0.818 —0.900
X, -0.186 0.333 -0.103 -0.286 -0.375
X, -0.414 -0.292 -0.300 -0.150 -0.575
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