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Abstract: Changing excavation from drilling and blasting to mechanical method has many advantges
related to the environmental health, safety, and economic benefits. The rock mass weakness degree due
to the possibility of excavation by a bulldozer can be the important basis for the changing the excavation
method. In adition, the cost price of each method is also an important criterion. The rock mass weakness
degree can be investigated using rock mass properties such as uniaxial compressive strength (UCS) and
discontinuity spacing or relatively lower limit of blastability index (BI) or at the higher limit of rock
fragmentation index (RFI). UCS=13.38 MPa, discontinuity spacing<0.1 m, BI=20.33 and RFI=42 were
obtained in Sardar Bucan limestone mine. The powder factors were also obtained 0.18 kg/m3 and 0.253 kg/
m3 for using BI and RFI respectively. Drilling and blasting operations were carried out for using different
powder factors espacialy for minimum powder factor of 0.253 kg/m3 with burden to blasthole diameter
ratio of 42 corresponding RFI=42. The cost price was assessed 14434 Rls/ m3 (6443 Rls/ton) for powder
factor of 0.253 kg/m3. Mechanical excavation using a bulldozer was applied to replace the method of
drilling and blasting, and the cost price of excavation by bulldozer was obtained equal to 8319 Rls/m3
(3713 Rls/ton), which was 58% of the cost of drilling and blasting method at the optimized conditions. The
possibility of changing excavation from blasting to mechanical method can be an important development
in the safety, economic and environmental benefits.

Keywords: Excavation, Blasting, Mechanical, Bulldozer, Cost price.

INTRODUCTION

Drilling and blasting is one of the most common methods for rock excavation particularly in open pit
mines. Changing the excavation from drilling and blasting to mechanical method using machines can have
many benefits due to preventing environmental damage caused by ground vibrations, back break, fly rock,
sound pollution, dust creation and toxic gases, damaging the animal and plants, life and financial losses
due to the use of explosives, increasing the number of operation stages in blasting process, need of more
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expert personnel and enhancing safety. Changing the excavation method may be feasible for some in-situ
rock mass conditions that has less been investigated. The rock mass properties due to the possibility of
excavation by a bulldozer and cost price can be the important factors to change the excavation from blasting
to mechanical method. In this study, changing the excavation from drilling and blasting to mechanical
method has been investigated based on rock mass properties and cost price in Sardar Bucan limestone mine
to find an efficient excavation method.

METHODS

Several methods have been proposed to assess powder factor and blasthole pattern for excavation by
drilling and blasting [1-10]. Many rock mass parameters affect the powder factor and assessment of pow-
der factor based on rock mass properties using rock mass classification such as BI [8,9] and RFI [10] is
more reliable than the other methods. BI rating represents the effects of five parameters on the in-situ rock
mass blasting including: rock mass description, discontinuity spacing, discontinuity orientation, specific
gravity and uniaxial compressive strength of rock material. Powder factor (q) in kg/ton can be determined
by BI as follows:

q=0.004BI (1)

RFI rating also represents the effects of five in-situ rock mass parameters according to Table 1. The RFI
rating has been assessed equal to the optimized burden (B) to blasthohle diameter (f,) ratio (RFI = B/f,) by
carrying out drilling and blasting operations for several blasthole patterns in different mines [10].

Table 1. Parameters of rock fragmentation index (RFI) and rating [10]

Parameters Rating

1 Discontinuity plane aperture DPA
1.1 Very low aperture, <1 mm 8
1.2 Low aperture, 1 -5 mm 7
1.3 Intermediate aperture, 5 — 50 mm for infilled joints 6
1.4 Intermediate aperture, 5 — 50 mm for unfilled joints 5
1.5 High aperture, >50 mm for infilled joints 4
1.6 High aperture, >50 mm for unfilled joints 3

2 Discontinuity plane spacing DPS
2.1 Close, <0.1m 12
2.2 Intermediate, 0.1 — 1 m 7
2.3 Wide, >l m 4

3 Discontinuity plane orientation DPO
3.1 Horizontal 6
3.2 Dip out of the face 5
3.3 Strike normal to face 4
3.4 Dip into face 3

4 Rock mass description RMD
4.1 Powdery/Friable 10
4.2 Blocky 6
4.3 Totally massive 4

5 Unconfined compressive strength of rock material UCS
5.1 Very low strength, <25 MPa 6
5.2 low strength, 25 —50 MPa 5
5.3 Medium strength, 50 — 100 MPa 4
5.4 High strength, 100 — 200 MPa 3
5.5 Very high strength, > 200 MPa 2
RFI=DPA+DPS+DPO+RMD+UCS (Total rating)
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Excavatability assessment of rock mass by mechanical method using bulldozer has been investigated
in civil engineering projects based on the geo-technical properties of rock mass such uniaxial compressive
strength and discontinuity spacing [11-15]. Such parameters have also been defined in BI and RFI systems.
In this study, rock mass parameters related to the BI and RFI systems were measured in Sardar Bucan lime-
stone mine, then BI and RFI ratings were determined. Drilling and blasting operations were also carried out
for three different blasthole patterns having different powder factors. The cost price was assessed for three
stages of drilling and blasting operations using powder factors 0.67, 0.275 and 0.253 kg/m?® respectively and
mechanical excavation using bulldozer.

FINDINGS AND ARGUMENT

BI and RFI ratings were obtained 20.33 and 42 respectively. Each of the obtained ratings is related to
the loose threshold of BI and RFI systems. UCS was also obtained 13.38 MPa and discontinuity spacing
was less than 0.1 m in which the bulldozer can be able to excavate the in-situ rock mass [15]. Powder
factors of 0.18 kg/m* and 0.253 kg/m* were obtained for using BI and RFI respectively. Drilling and
blasting operations has also been carried out for three different blasthole patterns having burden to blasthole
diameter ratio of 30, 40 and 42 and relevant powder factors of 0.67, 0.275 and 0.253 kg/m® respectively.
Various costs including the cost of drilling, main explosive charge (ANFO), primer (emulite), electric
detonator and other costs due to the blasting operations, explosive transport, escort and safekeeping of the
use of explosive were assessed in each stage of drilling and blasting process according to the paid expenses
inyear 2017. (Figure 1). All costs decreased with an increase of the powder factor. The cost price of 33760,
17268 and 14434 Rls/m?® were obtained for using powder factors 0.67, 0.275 and 0.253 kg/m® respectively.
Powder factor of 0.253 kg/m* was related to RFI =42 as a minimum powder factor and relevant cost price
was obtained 14434 Rls/m®. The cost price of excavation by bulldozer was also obtained 8319 Rls/m?,
which was 58% of the cost of drilling and blasting method at the optimized condition (Figure 2).

14000 - B Cost of drilling and blasting having burden to
| blasthole diameter ratio of 30 and q = 0.67 kg/m3
13000 112219 B Cost of drilling and blasting having burden to
12000 - blasthole diameter ratio of 40 and q = 0.275 kg/m3
11000 - 9910 B Cost of drilling and blasting having burden to
10000 4 blasthole diameter ratio of 42 and q = 0.253 kg/m3
9000 -

8100

4 8000

g

= 7000 -

& 6000 -

2

2 5000 -

© 4000
3000 -
2000 -

807 785

1000

Other costs ANFO Drilling Electric Primer
detonator (Emulite)

Figure 1. Comparison between various costs of drilling, main explosive charge (ANFO), primer (emulite), electic
detonator and other costs including: blasting operations, explosive transpot, escort and safkeeping of the use of
explosive for different powder factors of blasting operations
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40000 -
M Cost price of drilling and blasting having burden to
33760 blasthole diameter ratio of 30 and q= 0.67 kg/m3
35000 - . - . .
B Cost price of drilling and blasting having burden to
30000 blasthole diameter ratio of 40 and q= 0.275 kg/m3
® Cost price of drilling and blasting having burden to
{E 25000 - blasthole diameter ratio of 42 and q= 0.253 kg/m3
= @ Cost price of mechanical excavation by bulldozer
&
2]
=
2 15000 -
2
)
© 10000 - 8319
5000 -
0 h 1
Different cases of excavations

Figure 2. Comparison between cost price for different powder factor (q) of blasting operations and excavation by
bulldozer

CONCLUSIONS

1. The obtained ratings of 20.33 for BI and 42 for RFI and relevant lower values of powder factors
represent the lower limit of the rock mass weakness for excavation by blasting. The loose threshold of BI
and RFI system, low value of uniaxial compressive strength (13.38 MPa) and discontinuity spacing of less
than 0.1 m made the possibility of changing excavation from drilling and blasting to mechanical method.

2. Cost price of three blasthole patterns having powder factors of 0.670, 0.275 and 0.253 kg/m* was
obtained 33760, 17268 and 14434 Rls/m® respectively. The optimized powder factor (0.253 kg/m?) using
RFI is lower than the former powder factor (0.67 kg/m?) used in Sardar Bucan limestone mine and cost
price also reduced to about one third by reduction of the powder factor from 0.670 to 0.253 kg/m?. The
cost price of optimized drilling and blasting operation has a very low value because of lower rating of BI
and higher rating of RFI.

3. The cost price of excavation by bulldozer was 8319 Rls/m? (3713 Rls/ton) which was 58% of the
cost price of optimized drilling and blasting oprations. In adtion, mechanical excavation has also several
other advantages due to the environmental damages and etc.
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