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Abstract Correct selection of coefficients for blasthole parameters in Ghalat limestone mine in Shahr-
e-kord of Iran has resulted is designing and performing 20 blasting operations. After each blast,
fragmented rocks larger than one square meter, called oversize, are estimated and prepared for secondary
blasting. Next blast hole pattern were designed based on previous blasting results. The results of these field
operations studies have shown that the best ratio between spacing (S) and burden (B) in Ghalat limestone
mine is 1.25. The ratio of cut height (H), subdrilling(J) and length of stemming (T) to burden are: 4, 0.5
and 1 (H/B=4, J/B=0.5, T/B=1). Field results of these relations have shown that more than 90 percentage
of fragmented rocks have sizes less than one square meter and the cost of production is reduced by 18.9
percentage.

Key Words Blasting, Secondary Blasting, Fragmentation, Oversize, Flyrok, Over Break, Under Break

"8 s, ui.n‘)-) J[?S.) u._,.\&l..als KSH M 6)L='u_§| leeJL? Ls‘.h)_l.ol)l.“5|)_: cunlie L—q‘l)—b ot Ow

o sl s T g lim SLalTHY IS aqur plis "B 5] g ¢t 5005 U Jlg 55 e b Lelly i, Lol
Ot Pl (gl g olsl Gl 2 095 Sadsl diie 5 49U jloniil alS Crge wSlT (g e 0 0 T S
Joril 35 58 iy g S+ 5.8 e S Sl K e 3 5l sl ol iy ol
691 o gl )l jslate a5 Wit gl o 3 Sies WiZBIS e e S 135 5 Slasl oS 0D 0 5 1o
00l Lt e Sledae Slallae gyl i ol LB (glo il galis Lol gutmg olod Lol .5t e
Ko By TdoH g VYO ol Sal K ame ;0 "BY 5 "S™ 1y oy nmnlia a5 e
doyd A0 A5 wd a ot datlg, ool b ol plasl gl Lol (H/B=¥  J/B = +/8 « T/B=1) ol Sy + 10
Jelis e 0 VAIR oae Slidas aigpe U sl oacd Sy pual (9 051 a0 130 S 51 a8 g S 0t 0 )5 cleS

b

INTRODUCTION

Proper selection of coefficient for blasthole
parameters such as spacing, burden, cutheight,
subdrilling and length of stemming foreach particular
mine can reduce secondary blasting operations as
well as the cost of production [1, 2]. Today there are
several equations that show the relation between
spacing, cutheight, subdrilling, lenght of stemming
and burden [3-5]. But non of these eqﬁations canbe
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used as a general equation for all type of rocks,
because the rock is a highly complex material. It
varies in its characteristics across very short distance
[6]; therefore, itisnecessaryto find specificequations
that show the best relation between blasthole
parameters of each particular mine. This paper
discusses the correct selection of coefficients for
blasthole parameters in Ghalat limestione mine in
Shahr-e-kord of Iran. Ghalat limestone mine is located
at 8 km west of Shahr-e- kord in south west of Iran,

Vol. 10, No. 4, November 1997 - 229



between 32°, 26', 24" longitudinal and 50°, 42, 36"
latitudinal (Figure 1).

Yearly production of this mine is 120000 tonne
and is mostly used by the concrete manufacturer
located 2 km from Ghalat limestone mine. Since the
manufacturer can not use mine raw materials straight
away, itis required to reduce mine limestone to sand
and gravel. For this purpose, crusher with entrance of
one square meter area is used. Therefore, all mine
fragmented rocks must have less than one square
meter dimensions,

Otherwise, it would require secondary blasting
operations. In the past, Ghalat mine limestone was
mined by drilling and blasting withiout using particular
relation for designing blast hole parameters. Problems
like fly rock and ground vibrations were observed. A
serious problem was that, more than 25% of blasted
rocks had greater than one square meter dimensions.
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Figure 1. The location of Ghalat limestone mine in southwest of
Iran.
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This problem caused secondary blasting operations,
high production cost and sometimes stopped crushing
processes. In these experimental studies, it is tried to
designand perform several blasting operations, based
on blasting results and estimated amount of
fragmented rocks that have less than one square
meter dimensions and find the best parametric ratios
for S, H, T, J and B.

FIELD OPERATIONS

InGhalatlimestone mine, the average specific gravity
of limestone is 2.6 and its hardness is estimated to be
3. The formation does not have majorjoints, therefore,
the effect of joints on the blasting of rocks were
minor. A wagon drill with 3" diameter is used for
drilling operations. To explode the rock, ANFO with
specific gravity of 0.8 was used as a main charge,
dynamite was used as a primer and booster. In each
explosion, the condition of explosion such as number
of holes, hole depth, total drilling meterage, tonnage
of blasting rocks, spacing, burden, subdrilling, length
of stemming, amount of charge per hole and weather
conditions were recorded. After each explosion, the
percentage of oversize was estimated. If the amount
of oversize was more than 10 percent of total blasted
rocks, the explosion was called" bad explosion”
(Table 1). In this case, the total amount of oversize
was collected and prepared for secondary blasting
operations (Figures 2-4).

The next blast was designed on the basis of the
previous blasting results. The parameters were
rearranged in order to have a good explosion. This
trend were continued until more than 90% of the
blasted rocks had less than one square meterdimension
and they could pass through the crusher. This blast
was called "good explosion" as shown in Figure 5.

By choosing correct delay, the fly rocks and
ground vibration became under control. After 14

explosions the oversize and fly rocks were minor and
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Figure 2. One typical of bad explosion " Too much oversize".

TABLE 1. Shows The Overal Conditions of Typical Bad
Blasting Operation. '

No. of Row 1 2 3

No. of Holes 29 38 I 30

Hole depth 4 4.5 55
! H(m)

Dynamite 62.5 125 187.5

(gr/hole)

ANFO 3 6.5 85

(kg/hole)

S(m) 2.2 22 2.2

B (m) 2 2 2

T (m) 1 1.1 1.2

J (m) 0.6 0.7 0.7

the selected explosion conditions were recommended
for the next blasting operations. Table 2 shows the
conditions of a good explosion in Ghalat limestone

mine,

RESULTS

After 20 blasting operation in Ghalat limestone mine
and analysing the results of operations, it was found

that the best conditions to obtain the optimum results
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Figure 3. The total amount of oversize collected for secondary
blasting operations.

Figure 4. The total amount of oversize blasted rocks prepared
for secondary blasting operation.

Figure 5. A typical good explosion where more than 90% of
blasted rocks had less than one square meter dimensions.

are as following.
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TABLE 2. Conditions of the Good Blasting Operation.

No. of Row 1 2 3 4

No.of Holes | 6 8 12 15
k

Hole depth | 7.5 7 6 5

H (m)

Dynamite 625 625 625 625

(gr/hole)

| 1

ANFO 33 31 28 25

(kg/hole)

S(m) 2 2 2 2

B (m) 1.6 1.6 1.6 1.6

T (m) | 1 1 1 1

J (m) 0.5 0.5 05 0.5

1. The ratio between spacing and burden is:
S/B=K, M

where K is spacing coefficient and the best value of
K, is 1.25, Therefore.

S=1.25B )

The best value of S ranges between 1.7 to 2 and the
best value of B ranges between 1.4 to 1.6 (Figure 6).

TAN & = 2/2.2 =31 .= 42.3
S(m) TAN ey = 2/1.6 =1.25 ep= 51.34
TAN =, = 2.2/2=1.1 o= 47.73
TAN = 4= 1.9/2 =.95 L 43.53
4 — TAN o~ 3/2.5 =1.2 wg= 50.19
: TAN o 3.5/3 =117 wp = 49.48
E TAN oo = 2/2 =1 y= 4
3 r” TAN e, = 2.5/3 =83 .= 39.69
TAN «; = 3/3.5 =.86 . = 40.69
TAN o= 2/1.8 =111 = 47.98
2 TAN ey = 17/1.4 =121 s = 50.43
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Figure 6. The relation between Spacing "S" and Burden "B".
The optimum results were obtained at "S" ranging between 1.7 to
2 and "B" ranging between 1.4 to 1.6.
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2. The ratio between cutheight and burden is:
H/B=K, 3)

Where K, is the cutheight coefficient and the best
value of K| is 4. Therefore:

H=4B C)
3.The ratio between subdrilling and burden is:
J/B=K, 6))

where K is the coefficient of subdrilling and the best
value of K| is 0.5. Therefore:

J=0.5B (6)

4. The ratio between length of stemming and
burden is:

T/B=K, @)

where K is the coefficient of stemming and the best
value of K, is 1. Therefore:

T=B ®)

5.The ratio between burden and blasthole diameter
is:

B=K,D,

where K, is the cofficient of burden and the best value
of K, in Ghalat limestone mine is 21. Therefore:

B =21D,

In Ghalat limestone mine the best results are
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Figure 7. The relation between "B" and the amount of ANFO
required per ton of limestone. The bestresultis obtained at B=1.6
meter and 260 grams of ANFO per ton of limestone.
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Figure 8. Shows the relation between "S" and the amount of
ANFO required per tone of limestone. The best result is obtained
at S=2 m and 260 grams of ANFO per ton of limestone.

obtained at S=2 meter and B=1.6 meter. Based
on these conditions the amount of ANFO per ton
is 260 grams and the amount of dynamite perton
is 15 grams. Figures 7 to 10 show the relation
between "S” and "B" with the amount of ANFO

and dynamite required per ton of limestone.

CONCLUSION

Based on field operations studies in Ghalat
limestone mine is Shahr-e-kord, new relationship
among “B",' "Sll’ IIHII, "Jll and IIT" were fOund.

The results of blasting operations with new
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Figure 9. Therelation between "B" and the amount of dynamite
required per ton of limestone. The bestresult is obtained at B=1.6
meter and 15g of dynamite per ton of limestone.

i . Oy

ual TItH | Ll

1 2 3 4 5 S(m)
Figure 10. The relation between "S" and the amount of
dynamite required per ton of limestone. The best result is
obtained at S=2 m and 15g dynamite of ANFO per ton of
limestone.

equations have shown that more than 90% of
blasted rocks have less than one square meter
dimension to pass through the crusher. With
new blasting conditions, fly rock and ground
vibration were negligible. It is understood that
rocks are very complex material and have
different
Therefore, the

limestone mine may not exactly be the same

reaction in different locations.

results obtained for Ghalt

forother limestone mines, but they are suggested
as good approximations for the start up

operations.
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NOMENCLATURE

D,= diameter (m)
S = spacing (m)

B = Burden (m)

H = Cut height (m)
J = Subdrilling (m)
T = Stemming (m)
K = Coefficient
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