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PREDICTION OF ROCK FRAGMENTATION IN THE BOUKHADRA’S MINE
CONDITIONS

Purpose. The objective of the study consists in obtaining better quality rock fragmentation by using inclined holes to ensure
good energy distribution and better stability of the upper wall. The Kuz-Ram model and the Langefors method are best suited to

achieve the goal.

Methodology. The study compares the blasting plan adopted by the Boukhadra mine located in the Wilaya of Tebessa, with that
calculated by the Langefors method while using inclined holes. We chose the Kuz-Ram model as a simulation model and valida-

tion for the following reasons.

Findings. The application of the proposed method of Langefors gave a satisfactory result in terms of process efficiency, the
Kuz-Ram model predicts a significant reduction in the rate of oversized blocks using an inclined hole drilling technique, from 13.1
to 5.3 %. This approach appears to improve the degree of fragmentation, reduce the percentage of oversized blocks and decrease

energy loss during blasting.

Originality. Rock fragmentation, which corresponds to the size distribution of fragments of the blasted rock, is one of the most
important indices for estimating the effectiveness of blasting works where the size of the fragments of the blasted pile plays an im-
portant role in efficient transportation, crushing and grinding.The size of the fragments depends on the characteristics of the rock
mass, the type of explosive used, and the drilling and blasting pattern.

Practical value. The use of inclined holes is an important technique to optimize rock fragmentation in open pit mines. The
inclination can be adjusted to improve the direction and distribution of blast energy, which contributes to more efficient and uni-

form fragmentation of extracted rocks.
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Introduction. Blasting, like most human techniques, has
remained for many years an art in which the experience of the
practitioner plays a preponderant role.

Current mining techniques must have at their disposal ex-
pressions rigorously defined by objective considerations, as
they must be of practical use taking into account all the factors
which influence mining work.

In hard rocks, blasting is usually the most effective way to
create primary fragmentation. The properties of the more or
less damaged rock fragments and their size and spatial distri-
bution determine the efficiency of downstream operations
such as excavation, loading, transportation, crushing (in mines
and quarries), and grinding (in mines) [1].

Rock fragmentation depends on two groups of variables:
the properties of the rock mass which cannot be controlled,
and the blast parameters which can be controlled and opti-
mized. The rock mass constitutes the essential primary con-
straint from the moment a site is selected where the charac-
teristics of the rock have a significant influence on the fol-
lowing:

1. Drilling performance, the transmission of explosive en-
ergy to the rock mass, and its fragmentation can cause stability
problems at blast holes and working face.

2. The size of the fragments depends on the characteristics
of the rock mass, the type of explosive, and the drilling and
blasting pattern [2].

3. The presence of discontinuities, such as joints and frac-
tures, has a great influence on the quality of fragmentation
through their spacing and orientation [1] and can sometimes
cause additional damage at the level of discontinuities [3].

4. Rock fragmentation depends not only on the energy
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supplied to the system, but also on the energy distribution or
effective energy used for rock fragmentation [4].

The main objective of mine blasting design is the use of
explosive energy to knock down rock masses into dimen-
sions and shapes that can facilitate subsequent operations
such as excavation, loading, transportation, crushing, and
grinding [5].

The primary objectives of a blasting engineer in a mine are
to generate a suitable muck pile with an appropriate size distri-
bution of the blasted rock. This is crucial for the subsequent
efficient loading, transportation, and milling operations. Ac-
cording to [6], the size of the fragments of the blasted pile plays
an important role in efficient transportation, crushing and
grinding. The size of the fragments depends on the character-
istics of the rock mass, the type of explosive used, and the
drilling and blasting pattern [7].

Blasting aims to obtain rock fragments of the desired and
optimal average size in order to minimize ore losses during
loading and transporting. Smaller or finer fragments result in
ore loss during loading and transportation, while larger or
coarser fragments require further processing, increasing pro-
duction costs [8].

The objective of the study consists in obtaining better
quality rock fragmentation by using inclined holes to ensure
good energy distribution and better stability of the upper wall.
The Kuz-Ram model and the Langefors method are best suit-
ed to achieve our goal.

The Kuz-Ram model is chosen to perform the simulation
and validation:

a — it considers the presence of discontinuities which af-
fect the front through their orientations;

b — the model takes into account various factors that influ-
ence explosive energy management, including the characteris-
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tics of the explosives and the geometric parameters of the blast
plane, such as bench height and hole diameter [9].

On the other hand, the Langefors method (1963) focuses
on optimizing the blast hole geometry to achieve the desired
fragmentation. According to the principles of Langefors, the
inclination of the holes directly influences fragmentation effi-
ciency. For low front heights (less than 10 meters), an inclina-
tion between 0 and 5 degrees is recommended, while for high-
er heights (10 to 35 meters), an inclination between 5 and
30 degrees is recommended.

Usually, in the case of rotary percussive drilling, the blast-
holes are inclined, which, in bench blasting, gives numerous
benefits amongst which, a better fragmentation, displacement
and swelling of the muck-pile, as the burden value is kept more
uniform along the length of the blasthole and the angle of the
projection direction of the shot increases [10].

Materials and methods. Our study also aims to compare
the blasting plan adopted by the Boukhadra mine located in
the Wilaya of Tebessa, with that calculated by the Langefors
method while using inclined holes. We chose the Kuz-Ram
model as a simulation model and validation for the following
reasons:

1. It considers the presence of discontinuities that affect
the front by their orientations. The presence of discontinuities,
such as joints and fractures, has a great influence on the qual-
ity of fragmentation through their spacing and orientation [2].

2. It takes into account a wide range of factors (controlla-
ble and uncontrollable) such as geometric (load, spacing, hole
depth and load length, load per hole), explosive (type, quan-
tity, and properties), and rock (strength of rock, porosity, spe-
cific gravity, discontinuity information, and groundwater con-
ditions) to predict fragmentation [11, 12].

Overall, the Kuz-Ram model, with its variations and im-
provements, remains a viable and useful tool for predicting
rock fragmentation, offering valuable perspectives for optimiz-
ing mining operations in mining processes [ 13, 14].

Researchers have, therefore, mainly resorted to empirical
techniques to predict the outcome of fragmentation the Kuz-
Ram method being the most widely used. Empirical models
are preferred and widely used in daily blasting operations be-
cause they are easily configurable [15].

The Langefors method is a widely used approach to bench
blast design calculations parallel to the free face. It uses a semi-
empirical formula that allows the theoretical value of the max-
imum bench (B,,) to be estimated. This method is specifically
applicable in scenarios where bench blasting is carried out par-
allel to the free face, all parameters of which are determined
according to this maximum bench [16].

Geologic and tectonic context. Djebel Boukhadra is located
in eastern Algeria, 45 km north of the city of Tebessa and
13 km from the Algerian-Tunisian border. The Boukhadra iron
deposit belonging to the Saharan domain of the Atlas is char-
acterized by a simple anticlinal structure in an NE-SW direc-
tion with an NE periclinal termination, this particular anticli-
nal structure is mainly made up of Mesozoic and Tertiary
sediments [17]. The core of the structure is represented by
sediments from the Aptian.

From the litho-stratigraphic point of view, the Boukhadra
region is made up of sediments from the Tertiary Mesozoic
and partly from the Quaternary, as illustrated in Fig. 1.

The oldest formations in the region of the deposit are of
Triassic age, they are developed in the south-eastern, south-
ern, and south-western parts of the deposit.

The Triassic formations with a diapiric character surround
the deposit, composed of variegated marl, gypsum, and
brownish-yellow dolomites associated with visible Triassic
breccias.

Water does not influence the Boukhadra mine works be-
cause the hydrostatic level is below the operating zone.

The Boukhadra region is marked by two tectonic phases:
Folding tectonics and brittle tectonics. These two tectonic
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Fig. 1. Simplified geological map of Djebel Boukhadra and
NW-SE geological section of the study area [18]

phases caused several faults and fissures, thus creating enor-
mous difficulties for the conduct of extractive work at the un-
derground mine neighboring the open-cast mine.

Fragmentation analysis. Our study focuses on level 1030
(Fig. 2, a), which belongs to the Southeast body (Fig. 2, b) of
the deposit. The latter is affected by two families of joint type
discontinuities of stratification of preferential direction N32
35W. These joints are closed with a filling of clay or marl and
others are open to a thickness of 0.03 m, with a distance be-
tween them varying from 0.11 to 0.39 m (Fig. 2, ¢).

The blasting of rocks in the Boukhadra iron mine is car-
ried out using explosives following electric blasts. A sche-
matic of a blasting plan is established for each blasting opera-
tion. The analysis of the heaps of rock, after each blasting of
the explosive charges, in the current conditions of the
Boukhadra mine allowed us to note the presence of outsized
blocks (a), back effects (b), and poor exit from the bench
base (¢),( Fig. 3).

Langefors method. The Langefors method was used for
blast design calculations. This method uses a semi-empirical
formula, which makes it possible to calculate the theoretical
maximum burden value (B,,) from five parameters and a con-
stant [17].

Fig. 2. Study area: level 1030:
a — Presentation of the front-level 10308
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Fig. 3. View of the blasting effects:
a — outsized blocks; b — back effects; ¢ — bench base

(M

The concept of weight strength (.5) or energy coefficient in
the context of explosives relates to the energy distribution and
effectiveness of different explosive charges. This coefficient is
particularly relevant when dealing with various types of explo-
sives in a single application, such as in blasting operations.

Energy Coefficient Calculation. The energy coefficient (S) can
be defined based on the contributions from different explosive
loads. For instance, if there are two types of charges involved, the
overall energy coefficient can be calculated using the formula

§=0.65¢c+0.75B, (2)

where Sc represents the energy coefficient of the shear charge;
SB represents the energy coefficient of the column charge.
Linear Charge (Lf). For explosives delivered in bulk, the
linear charge (Lf) can be calculated by multiplying the volume
of one meter of the hole by the density (d) of the explosive
product, kg/m
Ly = 7T¢2d- (3)

For cartridged explosives, the linear charge (Lf) is calcu-
lated by determining the number of cartridges or fraction of a
cartridge that occupies one meter length of the drilled hole.
One applies to it a different packing coefficient (K7) according
to the nature of the explosive and one multiplies the result by
the unit weight of the cartridges, kg/m

LCaﬂridge = TE(I)szt. (4)

1. For explosives delivered in bulk (d: density of the Mila-
nit explosive, 1.05).

2. For products supplied in cartridges: cartridge diameter
(¢ = 80 mm; cartridge weight, 2.5 kg; length, 500 mm).

3. Kt — packing coefficient 1.04 to 1.06 Medium consis-
tency explosive (Dynamite).

The energy coefficient (S), weighting the linear charge is
necessary to provide an average linear charge when using vari-
ous types of explosives in the bottom charge.

Linear charge average = (Lf comigq. - 0.6) +

+ (L 0.7)/1.3.

Inclination Coefficient (C;,). During the blasting process,
the compression shockwave reflects in tension off the free sur-
face. This causes secondary fracturing, which is responsible
for rock fragmentation. Its effectiveness is proportional to the
size of the free surface available. The clearance surface chang-
es depending on the slope of the blast front. It increases with
the slope.

The inclination coefficient (C), For a = 15°, C=0.92.

Resistance to pulling (R). In the case of a homogeneous ter-
rain, the coefficient of resistance to pulling (R) is primarily
determined by the shear strength of the rock material.

)

The formula for calculating the resistance to pulling (R).

(R) Tensile strength, for rock of medium hardness and
rock mass is highly fractured, R =0.45.

The Pattern or Stiffness Ratio (E/B). The E/B ratio is a crit-
ical design parameter that influences the overall effectiveness
and efficiency of the blasting operation, as it impacts the gran-
ulometry and handling properties of the blasted rock material.
Spacing is a function of burden. For most situations, the spac-
ing to burden ratio is between 1 and 2. In general, a ratio of 1 : 4
is used as an ideal geometric balance for breakage of massive
[19], in the condition case of Boukhadra mining £/B = 1.25

Langefors’s Constant. The value Bth thus obtained is a the-
oretical value which must be corrected according to several
parameters which depend on the site conditions. We take into
account [17].

Burden corrected

(Biye) = By — ZS, (6)

where applied (Zs) of Implementation error = 0.01 m; drill
angle, adjustment mode = 0.1 % ~ 0.001; drill position
=0.75-0.165 = 0.123 m; drilling deviation = 0.005 - 15=0.75;
zg =0.01+0.001 +0.123 + 0.75=10.884; B, =4.23 m.

The holes over drilled are over a length of 0.3Bth, with an
angle of inclination of 15°B,, being the bench in the felling di-
rection, i.e. the thickness of the slice felled between the first
line of holes and the front, or between two lines of holes. The
bottom charge extends over a length of 1.3B,,. The tamping
height is equal to the burden (B,,). The column load occupies
the remaining space in the hole. The calculation results are
shown in Table 1.

Fragmentation analysis using the Kuz- Ram model. In the Kuz-
Ram model, one of the key data needed is the allowable size of
the blocks after blasting. This allowable size is determined by the
dimensions of the crusher opening (Co) and the hopper (b)

Co<0.8b, m; forb=1m, Co=0.8 m oversized.

Therefore, in the context of the Boukhadra mine, the al-
lowable size of large blocks after blasting is 0.8 meters, this
means that blocks larger than 0.8 meters will be considered
oversized and will need to be further fragmented before being
processed by the crusher. The rest of the basic data needed for
the Kuz-Ram model are shown in Table 2

Results and discussion. In this study, the size distribution
of rock fragments from the Boukhadra mine was predicted by
the Kuz-Ram model for an evaluation, as comparative, of the
obtained results by the parameters of the real blasting plan of

Table 1

Summary of calculation of blasting parameters using the
langefors method

Parameters Results
Burden theorique By, 5.11
Burden corrected B, m 4.23
Blasthole spacing, E 5.28
Sub-drilling, L, m 1.26
Stemming length Lg, m 4.23
Hole length, L,, m 16.88
Length of the explosive charge (L,,), m 5.5
Leh gmn, M 7.15
Charge of the column; K, = 1 for Mélanit 160.44
Charge of bottom hole, K,, = 0.6 Marmanit 17.22
Length of charge,m 12.65
Charge/hole,kg/hole 177.66
Number of cartridge/hole , N 0.7
Weight of cartridge = 2.5 kg
Number of bags of explosives, Milanit, Ny, 0.6
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Fig. 5. Blasting plan parameters calculated using the Langefors
method

the mine and that determined by application of the Langefors
method, Table 5.

The processing of current data from the Boukhadra mine
by the Kuz-Ram model taking into account the inclination of
the hole, which varies between 5 and 10° (sub-vertical face
shows production from a heap filled with a high rate of over-
sized blocks of 13.1 % with uniformity exponent 1.41 as shown
in Tables 3, 4 and Fig. 5.

The obtained results after processing the parameters of the
blast plan, calculated by the Langefors method, by the Kuz-
Ram model, including an inclination of the holes varying be-
tween 10 and 20° (15°), indicate a reduction in the rate of over-
sized blocks from 13.1 to 5.3 % with a maximum uniformity
exponent of 1.62, as the index is higher, more uniform of par-

Table 2

ticle size distribution, while a lower index indicates a more
heterogeneous size distribution, Tables 3, 4 and Fig. 6.

Conclusion. Interestingly, the Kuz-Ram model predicts a sig-
nificant reduction in the rate of oversized blocks using an inclined
hole drilling technique, from 13.1 to 5.3 %. This approach ap-
pears to improve the degree of fragmentation, reduce the percent-
age of oversized blocks and decrease energy loss during blasting.

The use of inclined holes is an important technique to op-
timize rock fragmentation in open pit mines. The inclination
can be adjusted to improve the direction and distribution of
blast energy, which contributes to more efficient and uniform
fragmentation of extracted rocks.

However, it is important to emphasize that the predicted re-
sults by the Kuz-Ram model still need to be validated in the field.

Field validation will allow factors specific to each mining
site to be taken into account, such as rock strength, the pres-
ence of discontinuities, and the characteristics of the explosive
material used. This additional information will contribute to a
more accurate assessment of the effectiveness of the proposed
inclined hole drilling technique.

Acknowledgments. This work is the fruit of the contribution of
several people to whom I would like to express my deep gratitude
and sincere thanks. I would also like to thank the laboratory
managers who contributed directly or indirectly to the completion

Table 3
Targeted and predicted values for rock fragmentation
Predicted Fragmentati,
Targeted fragmentation %
parameters, m Actual Calculated by
langefors
Percent Oversize 0.8 13.1 53
Percent In Range 0.4 86.4 94.4
Percent Undersize 0.01 0.4 0.2
Table 4
Rockfragmentation parameters simulated by the Kuz-Ram
Fragmentation parameters Actual Calculated by
langefors
Blastability Index 7.62 7.62
Average Size of Material 0.37 0.33
Uniformity Exponent 1.41 1.62
Characteristic Size 0.48 0.41
Table 5

Summary table of existing and calculated blast parameters for
The Boukhadra mines

Existing Value calculated
Properties of intact rock Parameters values by Langefors
Rock Factor Hole diameter , mm 165 165
Height benche, m 15 15
Rock Type Iron ore Hole inclination, ° 5—10 15
Rock Specific Gravity 2.7 Sub-drilling, m 1 1.23
Elastic Modulus 21 Hole length, L,, m 16 16.85
Rock Factor 78.4 Pratical Burden, m 5 4.12
Cracking Spacing, m 4 5.15
Spacing 0.25 Explosive quantity per hole, 100—120 152.76
Dip 35° Ke/hole
Stemming length, m - 4.12
Dip Direction 175° Intermediate stemming length, m 2 -
Explosives End stemming length,m 5 —
Density, SG 1 Length of the explosive charge,m 12 12.73
RWS7 5 % Milanit + 25 % Marmanit, % 68 Specific charge, kg/m? 0.5 0.26
Nominal VOD m/s 3,050 Type of detonating cord, gr/ml - 12
Effective VOD m/s 3,000 Used explosives: 75 % of Milanit and 25 % of Marmanit
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Mera. Meta n0CTiIXKEHHST MMOJISITA€ B OTPUMAaHHI OiJIbIIT
SIKICHOTO IPOOJICHHSI TTOPOJTU 32 IOTIOMOTOTO TIOXMJTUX CBEPI-
JIOBUH JJis1 3a0e3IeueHHs] HaJIeXXHOIo pO3MOo/ily eHeprii Ta
OisbIIOI CTIMKOCTI BepxHbOi cTiHKU. Monenb Ky3-Pama ta
meton Jlanredopca Haiikpalle MiIXOAsTh ISl TOCITHEHHS
MOCTaBJIEHOI 3a/1ayi.

Meroauka. byyio 3actocoBaHe MOpiBHSIHHS TJIaHY BUOY-
XOBHUX poOIT, MpuitHITOrO Ha Kap’epi byxaapa, po3raiiosa-
Homy y Binaiis TebGecca, i3 miaHOM, pO3paxOBaHUM 32 METO-
oM Jlanredopca 3 BUKOPUCTAHHSIM TTIOXWIMX CBEPIJOBUH.
Mu obpanu monenb Kys-Pama B sikocti 6a30Boi1 1151 imiTa-
LiITHOTO MOJIeTIOBAHHSI Ta MEePEeBiPKU SIK TOCTOBIpHY.

PesyapraTn. 3acTocyBaHHs 3alpONIOHOBAHOTO METONY
Jlanredopca nano 3amOBUIBHUI Pe3ysibTaT i3 TOYKU 30py
edexTuBHOCTI nporiecy, moaeiab Ky3-Pama nporHosye 3Ha-
YHE 3HVWKEHHS YaCTKU HerabapuTHUX OJIOKIB TIPU BUKOPHC-
TaHHi MeTOLy OYpiHHS MOXMJINX CBEpMIOBMH, 3 13,1 10 5,3 %.
Taxuii migxin nmokpaiilye CTymiHb IpOOJIeHHS, 3MEHIIYE Bifl-
COTOK HerabapUTHUX OJIOKIB i 3HMKYE BTpAaTU €HEPrii Mmia yac
BUOYXOBUX POOIT.

Haykosa HoBu3Ha. JIpo01eHHS TOPOIU, SIKE BilITOBiIa€E rpa-
HYJIOMETPUYHOMY CKJIJly YJIaMKiB MOPO/IU, 1110 IMiAPUBAETHCS,
€ OHUM i3 HaWBaXKJIMBIIIMX MOKA3HUKIB 32 OLIIHKMU e(peKTUB-
HOCTi BUOYXOBUX POOIT, /1€ pO3Mip yIaMKiB MOPO/IH, 1110 Mipu-
BA€ETHCS, Billirpa€ BaxJIMBY POJIb B e(PEeKTHBHOMY TPAHCIIOPTY-
BaHHi, 1po0JIeHHI i po3MestoBaHHI. Po3Mip yamKiB 3a1eXuTb
Bil XapaKTEPUCTUK TiPChKOI TTOPOIU, TUITY BUKOPUCTOBYBAHOI
BUOYXOBOI pEUOBUHU i cxeMU OypOMiIpUBHUX POOIT.

IIpakTiyna 3HaUMMicTh. BUKOpUCTaHHS TOXUIMX CBEPI-
JIOBUH € BaXJMBUM METOIOM OMNTUMIi3allii IpoOJeHHS Tip-
CbKOI ITOPOIY Ha BiIKPUTUX Kap’epax. JIyist moKpalieHHs Ha-
MPSMKY i PO3MO/LTY eHeprii BUOYXy MOXHa PeryJoBaTu KyT
HaxuJly, 1o crnpuse Oiabll e(eKTUBHOMY i piBHOMiIpHOMY
NPOOJIEHHIO TTOPOJIN, STKA BUITOOYBAETHCSI.

KuouoBi cnoBa: eipcvka nopoda, mpiwunyeamicme, euby-
X061 pobomu, noxuai CBepAIoBUHU, Tebecca, Anxcup
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