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Drilling and Blasting Pattern Selection for Fragmentation Optimization in
Raycon Quarry Ore, Ondo State
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Abstract: The main objective of this research 1s to design the most economic blast design the will give good
fragmentation in aggregate and economical. The structural geological investigation of the deposit is carried out
with combination of both window mapping and scanline mapping. The dip and dip direction of the two main
joint sets as observed mn this area are, 84/318 and 84/025, respectively. Investigation into the best method of
breaking in-situ rock from this site show that the rock can only be broken by fragmented (1.e. drilling and
blasting) because the deposit 1s having very large m-situ block size which can not economical break by other
breaking methods (e.g. Ripper, Bull Dozer etc). The classification of the deposit shows that the rock falls in-
group of very good rock using RMR and Q- system. The drilling and blasting pattern being used in Ore quarry
15 adapted using Langerford formula and some limit of application were suggested for various design above

which poor fragmentation should be expected.
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INTRODUCTION

For years in Nigeria, blasting was done on a hit-or-
miss basis. The blaster would on the basis of experience
chose the drilling and blasting pattern that would likely
give the desired result without considering the structural
geological condition of the rock. According to Pettifer and
Fookes (1994) drilling and blasting should be used to
achieve m-site rock breakage (fragmentation) if the
spacing index of the deposit is greater than 2 and point
load mdex greater than 3.0MP,. If thus values are less than
specified, the other alternative as specified in revised
excavatability graph (Pettifer and Fookes, 1994), should be
used.

The point load index is determined by Bieniawski
(1975) as

I, =p/D? (1)
Where,
I. = Pointload index.
P = Applied load KN.
D = Distance between the loading pomt.
The standard value is obtained by Brook (1985) as
1, =F.P/D ()
Where,
F = The size correction factor

In mining and quarrying, with the spacing index of
the deposit greater than 2 and pomt load index greater
than 3.0MP,, as peculiar in Nigeria granite deposits, the
in-site rock breakage is achieved by drilling and blasting
with the main objective of fragmentation optimization.
Fragmentation optimization mvolves breaking of rocks to
ensure quality control, safe, consistent and efficient
blasting. Big boulder or the opposite, excess fines can
result from poorly selected drilling and blasting pattern. A
well-selected pattern would produce fragmentation that
can be accommodated by the available loading and
hauling equipment and crushing plant with little or no
need for secondary blasting. It 15 well accepted that
performance of basic mimng operations such as
excavation and crushing rely on a fragmentation which
has been pre-conditioned by the blast. By pre-condition,
it means well fragmented, sufficiently loose with adequate
muck pole profile (Scott et al., 1999).

When the explosive in a blasted hole is fired, it is
transformed into a gas and pressure of which may
sometimes exceed 100000 atmosphere (Langerfors and
Kihlstrom, 1978). The tremendous energy liberated
shattered the rock around the blast hole and exposes
the rock beyond enormous tensile stress. This takes
place under the influence of shock waves, which radiate
from the explosion at between 3000 and 5000 m s~
(Langerfors and Kihlstrom, 1978). A =zone intense

deformation occurs about blast hole, its thickness

Corresponding Author: M.A. Saliu, Department of Mining Engineering, Federal University of Technology, Akure, Nigeria

1768



J. Eng. Applied Sci., 2 (12): 1768-1773, 2007

frequently approximately to the diameter of the hole and
radial cracking extends appreciably further (Hustrulid,
1999),

There 1s a body of evidence that blasting affects
mineral liberation (Hustrulid, 1999). The orientation of drill
holes, pattern spacing and orientation of free faces will
determine the efficiency of open pit blast. Ash (1980)
and Hagan (1986) pomted out that blasting can affect
subsequent  drilling. When the blasting causes
considerable over break for example, the mean inclination
of the newly created face 13 often so small that the toe
burden for front row vertical blasting in the results are
sub-optimal.. Langerford formula as used in the study is
as below.

Vmax = 45xd (3)

U=03xV,, 4)

H=(K+U)1.05 (3

F=.05+.003 xH (6)

V,=V,.—F (7

E, =1.25xV1 (8)

Qu = d/1000 ©)

H, = 1.3xVmax (10)

Q, = hbxQ,, (11)

Qu=(0.4100.5) Qy, (12)

o=V, (1)

H, = H-(hbt+ho) (13)

Q, = hpxQ, (14)

Qu=Q +Q, (15)

_ Holes/row < Q,,y (16)
Vix kx B

, . holesirowx H a7
V1x Kx B

The classification of rock is obtained as in Bianewiski
(1989) for RMR AND Q- system which state that

RMR = UCS + RQD + $+J + G (18)

Where,
UCS = Uniaxial compressive strength rating
ROD = Rock quality designation rating

3 = Spacing condition rating
I = Joint condition rating
G = Ground water condition rating
Q=ROD/I, * 1/, (19)
In = Number of joint sets.
Ir = Jomtroughness.
Ja = Jomt alteration

The block size for revised excavability graph is
obtained from modified GSI table after (Ulusay and
Sonmez, 2003).

Tv=1/8,+ /S, + 178, (20)

Where, S, 3, ....5, 1s the average spacing (m) of the jomt
sets.

MATERIALS AND METHODS

The location of the quarry 13 Ore in Ondo state. The
structural geological investigation of the outcrop is
conducted. As a result of the nature of the quarry face,
this 1s done with the aid of both window and scanline
mapping. A meter tape of length 80 m 15 extended on the
first Scanline m E-W direction while the second Scanline
is having a tape 60 m long extended in N-5 direction. All
the fracture along the scanline as well as within the
window were mapped.

The pomt load mndex of ore granite deposit is
conducted by taking an wrregular lump from the quarry
face and chiseled to produce nearly rectangular shape.
The sample 18 placed between the comcal platen points in
a way to allow at least 0.5 D as a free end after the longest
axis has been measured. Load 1s then applied through the
platens wntil failure occurs. The failure load 1s recorded by
the dial gauge and final platen separation 1s recorded. The
Point load index 1s determimed using Eq. 2.

The quality of the rock is determined using RMR and
Q system using Bianewiski (1989). Using Eq. 18 and 19.
The RMR and Q-value of Ore granite deposit is then
determined.

The drilling and blasting data were collected from
company. Langerford formula is then applied to optimized
the drilling and blasting pattern adopted in the quarry.
Langerford formula serves as a guide to the prediction of
the best drnilling and blasting pattern that will ensure
efficient fragmentation.
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RESULT S AND DISCU S50

Structural  imvestigation:  Structaral  geologica
investigation of Ore grardte deposit shows that 2 main
joints sets are observable inthe area Figure | shows the
polat corcentrati on of the area. The 2 main joint sets with
dip atud dip direction, 34518 and 34024, respectively are
the dominant sets in this quarry shown in Fig 2.

The joint set 1 is having average spacing of 316 m
while the joint set 2 is having average spacing of 2.79 m as
inTable 1 and 2. The rock mass dlassification using RIWVE
atd O-gystem indicated that the deposit fall is a category
of very good rock asinTable 3.

The depositis having a stroctural rating of 90 which
denote an outcrop with awery large block, Fig 3 and the
peoitt load indes for Ore granite is determined by Odutayo
(20057 as 122 Mpa From Fig 4, using the abowe 2
conditions (1.8 block size and point load index), it is
indicated that the deposit falls in extremely strong rock
which will require drilling and Wasting to ackdeve in-sitn
breakage.

Hamber of polks
« lpole
. dpoles
Jpoles
4 poles

Equal angzle
LiareT bem iephete
45poles

5 45 erdTies

Fig 1:FPolat and concertrationplat of Ore grandte outerop

43
45 oobrice

Fig 2: Major pole plot of Ore granite outerop

Tabk 1: Volmretric joird conpi paraneters of Ore gramite dposi

Brrerame cpacihg Mimvber of joints’ Lerygh of coardine
Joint sets =7 i e ters scanline (H (L rreter
Setl 316 26 an
Setd 279 19 a0
Tablk 2: Surface roughine oo condition wrariable s for Ore sranite deposit
Warishle Condition Fating_
Sirface rogtmess (Fr) Slight b ronagh 3
Srfac e wreathering (Foar) Hiote G
Bf illing (R Home G

Drilling and blastimg pattern selection: The dilling and
blasting pattern adopted in Rayeon Quarry, Ore, Ondo
state iz shown it Takle 3. The drilling and Hasting
patatreters obiained are:

v Diameter of blast hole (m)
v Depthof blasthale. (i)

»  Burden (m)

v Gpacingi(ng

v Weight of chargethole (kg

v Bpecific charge (kg'm®)

Table 4 present walues of b dery, spacing, weight of
chatge pet hole and specific char ge used with differetices
drill hole diameter (tanging frow 32-200 mam) for bench
height 8, 13, 15 and 20 m being used in R aycon quarty,

Table 5 shows the optimized drilling and Hasting
pattern for Raycon Quarty, On comparing Table 4 and 5,
the following deducti on are made:

' In hoth tables, asthe diameter of hole itcreases, the
burder, spacing and weight of charge Shole
incteases in tirn

»  Inboth tables as the bench height increases for the
sattie dameter of biole, it will recire differ erd walues
of b dery, spacing and weight of charge per hole.

v Inmost cases, the wvalues of the barden, spacing and
chatge per hiole used in the Quarry is lower tharn the
value obiained from optimization since the pattern
adopted in Raycon Quarty is not correspondent to
the optimized walue, it will always result in poor
fragmentation which is characterized by big boulder.
This will make seconday Hlasting imperative.

*  The specific charge of the explosive used in
Raycon Quanry iz 035 kg m™ whichis constant
for all the patterns avaldble it the Quarry, while the
optimized walue has wvaying walues of specific
charge, ranging from 0,290 38 kg m™ A particular
drilling and Hlasting patterss must have a peculiar
value of specific charge for effective fragmertation.
In Tahle 4, the pattern having specific charge i gher
than that in Takle 5 will result in excessive
fragmentation, characterized by ex cess fines.
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RIvE,, RIvIE.,,
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Table 4: Drilling and blasting pattern data adopted at Raycon quarry, Ore, Ondo State

J. Eng. Applied Sci., 2 (12): 1768-1773, 2007

Diam. of hole (mm) Depth of hole (m) Burden (m) Spacing () Wt. of charge per hole (Kg) Specific charge (Kgm )
38 80 1.5 1.7 7.14 0.35
63 80 2.6 2.8 19.37 0.35
88 80 2.8 31 25.00 0.35
100 80 3.0 3.0 25.00 0.35
150 80 4.0 4.5 50.00 0.35
175 80 4.5 5.0 62.50 0.35
63 13.0 22 2.8 25.00 0.35
88 13.0 31 35 50.00 0.35
100 13.0 3.4 4.0 61.12 0.35
150 13.0 5.0 55 125.00 0.35
175 13.0 53 6.0 150.00 0.35
200 13.0 53 6.0 150.00 0.35
88 15.0 34 35 65.00 0.35
100 15.0 4.0 4.4 91.68 0.35
150 15.0 53 6.0 175.0 0.35
175 15.0 6.0 6.5 206.25 0.35
200 15.0 0.0 6.5 208.33 0.35
200 20.0 6.5 7.0 325.00 0.35

Table 5: Optimized drilling and blasting pattern data for Raycon quarry, Ore, Ondo State using Langerford formula

Diam. of hole (mm)  Depth of hole (m) Burden (m) Spacing (m) Wt. of charge per hole (Kg) Specific charge (Kg m™)
38 8.0 1.4 1.8 6.28 0.35
63 8.0 2.5 2.9 18.1 0.37
88 8.0 3.7 4.0 Limit of application Limit of application
63 13.0 2.4 3.0 283 0.36
88 13.0 3.5 4.0 56.6 0.36
100 13.0 4.1 5.0 74.0 0.33
150 13.0 6.4 6.7 Limit of application Limit of application
88 15.0 3.5 4.0 64.3 0.35
100 15.0 4.0 5.0 84.5 0.33
150 15.0 6.3 6.7 198 0.38
175 15.0 7.4 10.0 Limit of application Limit of application
100 20.0 3.9 5.0 110.0 0.32
150 20.0 6.2 6.7 254.25 0.36
175 20.0 T3 10.0 351.78 0.29
200 20.0 8.4 10.0 468 0.34
- s+ Table 5 shows some patterns being used in Raycon
%IE‘ Eﬁm& {55 S530:1981 that are fundamentalil not worgkable basedy on
N x |
PR sorpienc) m Langerford formula. While i Table 4, they are being
s o (hacm, 1590) used and the result 1s poor fragmentation. The
2 |m..%‘ﬁﬁ1’ pattern in Table 4 that must not be used include:
— o B . . .
§ B tl‘%;ﬁ;‘“ »  Pattern with 8 m bench height and hole diameter
fl= o I from 88 mm and above.
) i »  Pattern with 13 m bench height and hole
§ T 1 1‘ diameter from 150 mm and above.
4| % . \\ ¢+  Pattern with 15 m bench height and hole
g E diameter from 175 mm and above.
E_EW CONCLUSION
& Hard digging
E B {e.g cal 245 . .
¥ E d o ar It 1s observed from the structural geological
3 i sbovel) . o : o
ELI%, investigation of Ore granite that the deposit 1s a very
’ good rock material based on RMR and Q- system of rock
5 E fany mass classification and that the breaking of the in-site
£ o] 25 rock can be achieved only through rock fragmentation
o1 03

Fig. 4 Revised excavatability graph (Pettifer and Fookes,

1994)

(drilling and blasting). It is then concluded that proper
selection of drilling and blasting patterns ensures
fragmentation optimization, which minimizes or eliminates
the need for secondary blasting. The drilling and blasting
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parameters that influence fragmentation include: diameter
of blast hole, burder, spacing, sub-drill, weight of charge
per hole and specific charge. The burden, spacing, sub-
drill, weight of charge per hole and specific charge
adopted in the design of a drilling and blasting pattern are
all functions of the diameter of blast hole and bench
height.

As the hole diameter and the bench height increases,
the burden increases, since spacing is a direct function of
burden, it also increases. Consequently the amount of
charge per hole. All these parameters determimne the value
of the specific charge. Tt is also discovered that some
drilling and blasting patterns bemng used in Raycon
Quarry are not workable and need to be neglected. These
patterns are:

¢ Pattern with 8 m bench height and hole diameter
from 88 m and above.

* Pattern with 13 m bench height and hole
diameter from 150 mm and above.

¢  Pattern with 15 m bench height and hole
diameter from 175 mm and above.

NOMENCLATURE

= Maximum burden m meters.

g
&

= Practical burden in meters.

= Faulty drilling.
= Practical spacing in meters.

Bench height in meters.
= Subdnll in meters.

= Hole depth in meters.

=  DBottom charge m kg.

=  Column charge inkg.
Total charge n kg.

= Specific charge inkg m™.

o

oomcwmET <<«
[

£

£ O
El
[

d = Drill hole diameter in mm.

Oy = Charge concentration bottom inkg m™.
h, = Charge height bottom in meter.

h, = Stemming in meters.

Width of round in meters.
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