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Abstract

This paper evaluates blastability characteristics of dolomitic marble and granodiorite for explosive
selection. The rock samples were tested in the laboratory for point load strength index, uniaxial
compressive strength and specific gravity. Also, joint spacing and joint orientation were measured on the
field. Blastability index was estimated for both rocks using empirical equation. The results of the various
analyses revealed that point load strength index of dolomitic marble is 3.52MPa and that of granodiorite
4.37MPa. The uniaxial compressive strength of dolomitic marble and that of granodiorite are 93.57MPa
and 116.40MPa. The specific gravity of dolomitic marble and granodiorite are 2.72 and 2.75. The porosity
of dolomitic marble and granodiorite are 0.72% and 0.63%. The results of Blastability Index (BI) are 55.55
and 57.88 for dolomitic marble and granodiorite respectively. The joint orientation for dolomitic marble
and granodiorite is 23.90°/142.83° and 26.83°/116.40°. Based on the results obtained for both rocks high
explosives (ANFO) is selected for the rocks but where there is water problem emulsion is recommended.
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Introduction

Blastability can be defined as the blasting characteristics of the rock mass subjected to a
specified blast design, explosive characteristics and specified legislative constraints depending
on the site specifics [1]. In other words, blastability indicates how easy or difficult to blast
a rock mass under defined conditions. The parameters affecting rock fragmentation can be
classified as blasting design parameters, explosive related parameters, physical and geo-
mechanical properties of intact rock and rock mass [2,3]. Blastability represents the influence
of rock mechanical parameters on the blasting result. In the work of Adebayo et al. [4] Ewekoro
limestone was classified using rock mass classification system and blastability of limestone
varied from high to low. Furthermore, model for prediction of rock fragmentation was
developed using the concept of (RES) Rock Engineering System [5]. Distribution of explosive
energy and multivariate analysis were used to predict fragmentation by blasting [6,7]. The
selection of the type of explosive forms an important part of the blast design so that desirable
fragment size can be obtained. The use of explosives is a routine process during fragmentation
of rocks where the quantity of charge and firing sequence are designed for blasting rounds.
The selection of suitable explosive is important for minimizing costs of breakage.

However, the following factors must be analyzed to achieve good fragmentation: cost of
the explosive, charge diameter, rock characteristics, volume of rock to be blasted, presence of
water, safety conditions, explosive, atmospheric condition and supply problems [8]. Selection
of explosive for different types of rocks is largely dependent on the blastability index of the
rock. If the blastability index of a rock is high the type of explosive that will be required will
be different from that of a rock with low blastability index. Some researchers have related it
with rock and blast design parameters. Also, others had tried to estimate blastability through
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approaches based on the drilling rates and blast performance. The
objectives of this paper therefore are to determine the blastability
characteristics and select suitable explosives for the selected rocks.

Materials and Methods
Description of the study area and sample collection

The study areas are Ondo State and Oyo State, southwestern
Nigeria. Ondo State lies between latitudes 05° 27’ and 08° 09’
N and longitudes 04° 00" and 06° 00’ E. Oyo State which is the
second study area, lies within the southwestern part of basement
complex of Nigeria and is underlain by the lithological units of
the crystalline basement complex [9]. Samples of granodiorite
and dolomitic marble were taken along longitude N07°16’59.6",
latitude E005°14’39.3” and longitude N08°37°41.6” and latitude
E004°04’50.6” respectively.

Point load strength

Pointload strength for the rocks was determined using irregular
rock samples. The irregular sample was prepared, and the test was
conducted in accordance with [10]. The point load strength index
was determined by employing Egs. 1 to 5.

I :%2 1)

Where P is the failure load (kN) and D_is the equivalent
diameter (mm).

D2_4A
il )
A=DH (3)

where A is the area in mm? D is the distance between load
contact points (mm) and H is the width of the specimen (mm).

r {Dej 0
50

F is the correction factor and D, is the equivalent diameter
(mm).
L0y = Fls (5)

Where I is the corrected point load strength index and I_is

the uncorrected point load strength index.

Uniaxial compressive strength

The mathematical model suggested by [11] relating Uniaxial
Compressive Strength (UCS) and point load strength (I
used to estimate the UCS.

UCS =241, (6)

S(50]) was

Porosity

The saturation and buoyancy technique for irregular rock
samples was adopted and the procedures followed the standard
suggested by [11] and also conform to [12]. The porosity of the
sample was determined using Egs. 7 to 9. Then, saturated-surface
dry mass;

Msat =B-4 (7)

Grain weight, M, =C- 4

Pore volume |, _ M, M, (8)
P
1007, |
Porosity (¢): = % (9)

Specific gravity

Five samples of irregular form were prepared in the laboratory.
The mass of each of the prepared samples M, was recorded.
The sample was then immersed in water and the mass of water
displaced by the sample u,,, was recorded. The specific gravity is
then calculated using Equation 10

(10)

M,
G =
roM,,
where G, is the specific gravity, &, is the mass of the rock

sample and M, is the mass of water displaced.

Determination of discontinuity spacing

The discontinuity spacing of individual blocks of intact rock
was measured in accordance with the suggested method by [11,12].
A measuring tape of 3m in length, calibrated in mm divisions and
clinometer was held along the exposure such that the surface trace
of the discontinuity set was approximately perpendicular to the
tape.

Determination of volumetric joint count

The volumetric joint count is a measure for the number of joints
intersecting a volume of rock mass. It is defined as number of joints
per m®. The volumetric joint count was determined using Eq. 11.

Joint orientation

The dip and dip direction of the selected rocks were measured
with the aid of clinometers. The Discontinuities was measured in
accordance with standard method suggested by [11].

Blastability index

The blastability index was determined by adopting the Lilly
[13] mathematical model written in Eq. 12.

BI =0.5(RMD + JPS + JPO + SGI + H ) (12)

Where, Bl is Blasting Index, RMD is Rock mass Description, JPS
is Joint Plane Spacing, JPO is Joint Plane Orientation.

SGI=Specific Gravity Influence, =25 X Specific Gravity of rock (t/
m?) - 50

H=Hardness in Mohr Scale (1-10).

Explosive selection criteria

The explosives were selected for the two rock types by
considering blastability characteristics and joint spacing adopting
criteria suggested by [14]. Jimeno et al. [8] suggested that explosive
with high bubble energy to strain energy ratio should be selected
for rock that is capable of absorbing 20%-40% strain energy as
shown in Table 1.
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Table 1: Discontinuity and explosive selected for the rocks.

Location Dip () Dip Direction (°) VY mr(li;:::)mt v Mean Fr(a:lcl.)Spacmg Selected Explosive
Dolom. Marble 23.90 142.83 2.55 1.59 ANFO
Granodiorite 26.83 116.40 2.16 1.90 ANFO Slurry, NG-based

Results and Discussion

Table 2 shows the summary of blastability characteristics of
selected rocks. The values of point load strength index for dolomitic
marble and granodiorite 3.52 and 4.37MPa respectively. Uniaxial
compressive strength estimated from the point load strength index
for dolomitic marble and granodiorite are 93.55 and 116.40MPa
respectively. These rocks are classified as very high strength rocks
according to ISRM [11] but compressive strength of granodiorite is
greater than the strength of dolomitic marble. The specific gravity of
dolomitic marble and granodiorite are 2.72 and 2.75. The porosity
of dolomitic marble and granodiorite are 0.72 and 0.63. It can
therefore be deduced that dolomitic marble is more porous than
granodiorite. The blastability index of dolomitic marble is 55.55

Table 2: Blastability characteristics of selected rocks.

while that of granodiorite is 57.88 as presented in Table 2. This
shows that dolomitic marble is easier to blast than granodiorite.
Hence, this means that blasting of granodiorite requires more
explosive than dolomitic marble. Table 1 presents summary of
discontinuity and the explosive selected. The dip and dip direction
for dolomitic marble are 23.900 and 142.830 while dip and dip
direction for granodiorite are 26.830 and 116.400 respectively. The
average values of volumetric joint count are 2.55 and 2.16 (1/m)
as presented in Table 1. The results revealed that granodiorite has
low joint count as compared to that of dolomitic marble. ANFO is
selected for dolomitic marble while Slurry, NG-Based explosive
and ANFO are selected for the granodiorite based on [8] and [14]
suggested criteria.

. Uniaxial Compressive Point Load Index e (0 L . -
Location Strength (MPa) (MPa) Porosity (%) Specific Gravity Blastability Index
Dolomitic Marble 93.55 3.52 0.72 2.72 55.55 (Medium)
Granodiorite 116.40 4.37 0.63 2.75 57.88 (Slightly High)
Conclusion 5. Faramarzi F Mansouri H, Ebrahimi FMA (2013) A rock engineering

The results of the research revealed that: uniaxial compressive
strength of dolomitic marble and granodiorite are 93.55 and
116.40MPa. The average specific gravity of the dolomitic marble
and granodiorite are 2.72 and 2.75 respectively. The average
volumetric joint count of marble is 2.55 while that of granodiorite
is 2.16 1/m. The Blastability Index of dolomitic marble is 55.55 and
that of granodiorite is 57.88. ANFO is selected for the rocks based
on [8] suggestion that explosive that has high bubble energy to
strain ratio for rocks having joint range of 1.50 to 2.5 where about
20% to 40% strain wave energy may be absorbed. In addition,
where there is water problem water gel or emulsion explosive is
selected for the rocks.
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