& ! 4 "
w2, ST

=

Sliixi g pols w1y
(SN0 § (D DA
LARO (wikigh 09 5

S g (S b |

S P o y oLl 9 550



10.

1.

. .
P AT

SOlgwin il

. Lowrie, P.E., R.L., 2002, “SME Mining References Handbook”, Chapter: 11,

“Blasting and Explosives”, SME, Littleton, USA, pp. 203-204.

Hustrulid, W.A., McCarter, M.K., Van Zyl, D.J.A., 2000, “Slope Stability in Surface
Mining”, Chapters: 13-14, SME, Littleton, USA, pp. 125-134.

Hustrulid, W.A., 1999, “Blasting Principles for Open Pit Mining”, Vol. 1: General
Design Concepts, A.A. Balkema.

Hustrulid, W.A., 1999, “Blasting Principles for Open Pit Mining”, Vol. 2:
Theoretical foundations, A.A. Balkema.

Rustan, A., 1998, “Rock Blasting Terms and Symbols”, A.A. Balkema.

Hartman, H.L., 1992, “SME Mining Engineering Handbook”, Chapters 9.2 (Vol.1),
17.4.2.2 (Vol. 2), 2™ Edition, SME, Littleton, USA, pp. 722-760, 1590-1607.
Kennedy, B.A., 1990, “Surface Mining”, Chapter 6.2, SME, Littleton, USA, pp. 540-
583.

Konya, C.J., and E.J., Walter, 1990, “Surface Blast Design”, Englewood Cliffs, N.J:
Prentice-Hall.

Konya, C.J., and E.J., Walter, 1985, “Seminar on Blasting and Over-break
Control”, US Government.

Pfleider, E., 1972, “Surface Mining”, Section 7: Unit Operations Blasting, American
Institute of Mining, Metallurgical, and Petroleum Engineers, Inc. (AIME), pp. 341-
423.

Technical Service Section, 1970, “Blaster’s Handbook”, 6™ Edition, Canadian
Industries Limited (CIL).

g Oldes
1998 oo JuSis ise ¥l adei Sllee Hard Rock Mining algie ;o @
< k> ()
Sl (Y

$50 (F

Ji 5 Joo (F



. .
P AT

St

@ 255 e loy Baw yo a5 Ll 5l a5 5L sl b duls g0 0 (60090 1o pmiie Slgo @
Yo jLed g ol ss ol Sl 0 5 00l o G &g 4 LWL L Bled) L5000 sl olse
D9 o0 Sy
g oby cepm b (GLad b Seb vyl ol a4 65580 JUsl 51,0 a5 Glosle ya K8 Gy yo
oy oole |y 015 adgs 095 5l ol 5550 anls (nl sz 0 5 ead eanST o5 Lo 4o
2ol oo

aiil e aile b aulr Sy 4 loas a5 oo Slge b 093 o el a5 ol (gloogay 1yl @
Sydee Jol 59 Sob 55 J925 9 ysd (nl Sl 0 a5 wes Coale 5 clo s

o3bo pogate pyr by wdloe jlndil jLid 5 (AU 655 Sod 1(lrdil HLAS) Sel 5

Shock Energy (Detonation Pressure)

St Hlid dmilro

e P=25%p*D**10°

e P: Detonation pressure [Kilo bar]

e p: Specific gravity of explosive [g/cm’]

e D: Detonation velocity [m/s]
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e Detonate completely under difficult circumstances;

e Enclosed in a blast-hole;

¢ Immersed in water (good water resistance);

e Not taken energy it needs from the air;

e  Must be simple and inexpensive and produced from readily available raw material;
e Adequate strength;

e High inherent VOD (Velocity of Detonation);

e Suitable density;

e Good fume characteristics;

e No propensity to freeze at the working temperature;

e Suitable physical characteristics;
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¢  Good storage qualities;
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e  Military purposes;
e Industrial purposes;
¢+ Excavation of shafts, tunnels...
% Recovery of minerals from mines
% Geophysical shot firing (seismic blasting)
% Civil engineering for excavation of railway, highway
% Demolition of old buildings and machinery foundations
+¢ Sub-marine and Harbor development
% Well sinking
¢ Excavation of irrigation and drainage ditches
% Removal of tree stumps
%+ Loosing sub soil

% Mechanical & electrical engineering
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CHARACTERISTICS OF EXPLOSIVES

Explosive
Ay chemical compound, mixture or device, the primary or common purpose of which is to
function by explosion.

I

Low Explosive High Explosive
Explosive which is charactenzed by deflagration o low Explosive which ts charctarized by a very high rate of reaction, high pressure
rate of reaction. Develops low pressure. Does not mwmﬂmprmdam“nmyormmmammwa
Produce a shock wave. nmmmm
1 1 1
Dynamite Gelatin Dynamite s.m-Gohun Binary Explosive
A high explosive consisting essentialy of || Dynamitethathas || A cross bet T high explosiva Blasting
a moxture of but not limited 1o, been gelabnzed || ammonia dynamite || farmed by mixing or combining of Cor of an
nitroghycerin, nitrogycol, or other similar || with nitrocellulose to || and ammonia gelatin. || two plasophoric for owdizer and a fusl. A
liquid form a plastic Somewhat conesve || example, ammonium nitrate and ||| high - Cannot
ammonsum nitrate, sodium nitrate, and || cohesive modure. || and gelatinous. Good || nitromethane. Each individual be detonaled by a #8
carbonaceous or other fusls. waler resi 0 i tlassified and
shipped as 3 when unconfined. Must
—— — Becomes a high explosve only be initiated by a
Straight Ammonia Straight Ammonia components are moed, By || | booster. Can develop a
Dynamits Dynamite Gelatin Gelatin elon mey be detnaeor | R ofmeckon
or similar ghycol, or ghycol, or ghycol, or E 1
liquid sensitizers, i similar liquid similar fiquid Contains substantial amount of oxidizer ANFO
sodium nitrate and i itizers and izers and dissoived in water droplets surrounded by Diry mioture of
carbonaceous Portion of the || sodium nitrate, || nitrocetiulose with an immiscible fuel, or droplets of an ammaonium nitrate and
absorbents. Very liquid sensitizer mixed with a portion of the immescible fuel sumounded by water fued oil. May also contain
sensitive. Fairwater || replaced with nitroceliulose. liquid sensitizer | | | substantial amounts of ‘soiid fueds. Premixed by
. : High . replaced by cndaer. May contain an explosive manutacturer of mixed
produce alarge || nitrate. Medium io velocity. ammonium sensitizer, May be available as a onsite by user. Gan be
quaritity of foxic low density. Fair || Excellent water || nirate. Very good | | | packaged detonator sensitive explosive of | | | loaded from bulk trucks,
water water resi a bulk or packaged blasting agent. Range poured from bags, or
of water loaded as
| ‘Water Gel Explosive Low density explosive
Other Classifications Cast Booster md“"mmm wih poor waisr
A cast, extruded tickeners plus a cross-linking agent fesistance. Economical
Primer Booster m::"“mh; also contain high explosive and efficient explosive i
A unit, package. or An explosive axplosive, 48 Detonator- | []May be availabla as a packaged detonator- mixed and used
of explosives || charge, usually of ‘or detonating-cord explosive or a bulk or propery.
used 1o initiale other high detonation sensitive. May contain blasting agent. Range of densities. I
explosives or blasting velocity and pentolits, ion B or | || Exceligng to very good water resistanca, Blends
w[:u_m designad 10be used | | il Ype Mot :
contains: (1) a i to High detonation mmﬂaﬂu&m
detonator, of (2) I ths axplosiue Excellent to 5ood waler Mmmmwmmwm or oxidizer matrix and
detonating cord 1o which || initiation sequence " e T aled ot pirr e ol
is atached a detonato || between an initator pUER Mey aheo consh igh ANFO, Ranga of
designed to inftate the || or primer and the ”nmm&m densities. Poor fo very
etoneing cord, I chae; of densiies. Varied water resistance. | | 900d walr resistance.

Source: International Society of Explosives Engineers (ISEE) 1999 (reprinted with permission).

FIGURE 11.1 Descriptive classification of explosives
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TABLE 11.1 Typical characteristics of commercial explosives
Velocityof  Relative Bulk

Specific Detonation Strength Water
Explosive Type Grade Gravity (ft/s) (ANFO'=100) Resistance
Straight dynamite 50% ditching 132 2 17,400 Good
dynamite
Ammonia dynamite 40% 1.30-1.32  9,800-12,500 146 Fair
60% 1.28-1.30 12,470-15,300 152 Very good
Semi-gelatin 1.29 13,100 Good
1.16 12,600 Very good
1.26 17,500 149 Very good
0.94 11,300 Good
Straight gelatin 80% 135-1.43  18,700-22,000 201 Excellent
Ammonia gelatin 40% 1.30-1.50  11,000-18,500 146-171 Excellent
60% 1.34-1.43 17,400-18,900 164 Excellent
80% 1.34 20,200 199 Excellent
Water gels Packaged2-in.-9-in.  1.18-1.52  13,230-19,000 128-183 Very good
diameter
Emulsions Bulk 095-1.28  13,100-19,000 103-156 Excellent
Package high 1.10-1.20  13,500-17,000 102-167 Excellent
explosive
ANFO Poured 0.77-0.85 9,100-15,100 100 None
Pneumatic loading  0.85-1.10  9,000-11,000 100-122 None
ANFO/emulsion blends 20:80 1.05 16,400 138 Poor
30:70 12 17,400 166 Fair
4060 1.3 18,100 185 Good
50:50 13 17,900 179 Excellent
60:40 13 17,500 175 Excellent
70:30 13 17,100 169 Excellent
80:20 1.3 16,700 165 Excellent

® Ammonium nitrate and fuel oil.
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FIGURE 4.22: AMMONIUM NITRATE STORAGE HOPPER
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FIGURE 4.23: AN/FO TRUCK BEING LOADED DIRECTLY FROM AN AMMONIUM NITRATE RAIL CAR.
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FIGURE 4.24: SCHEMATIC OF THE FEEDING AND MIXING ARRANGEMENT OF AN AN/FO MIX TRUCK
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FIGURE 4.15: BULK SLURRY MIX TRUCK
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Fig. 9.2.I.1. The detonation process for cylindrical explosives.
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Fig. 9.2.1.2. Pressure pulse shapes for a high explosive (A) and a
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Fig. 9.2.1.7. Generalized plan view through detonating borehole

showing sequence of events occurring in the rock mass, where a,

and a are charge radius and expanded borehole radius, respectively,

.F'g is borehole pressure, o, and o, are tangential and radial stress
components, respectively.
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Fig. 9.2.1.8. Geological considerations in blasting: (A) explosive loading for geological variations, (B) blasting against the strike; (C) and (D)
blasting with the strike, with the dip and against the dip, respectively (C = bench crest: T = banch toe).
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Fig. 9.2.1.7. Generalized plan view through detonating borehole

showing sequence of events occurring in the rock mass, where a,

and a are charge radius and expanded borehole radius, respectively,

P, is borehole pressure, o, and o, are tangential and radial stress
components, respectively.
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e (ast Blasting

e Railway and Highway Construction Blasting
e Trench & Ramp Blasting

e Ground Leveling

e Pre Blasting

Conventional Bench Blasting
Szl Kiw g 5y, olre Jie sl aly sl jshate 4 fyolae jo Jglaie slo,lxiil @
Rip — Rap Blasting

Strong No
< message message
sone z0ne

Figure 14.2. Desired message-no message
zones in bench blasting.
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Average Production Apph (m®/h)
Blast Hole Diameter (mm) Soft- Viodi
oft- Medium
<120 Mpa Hard - very Hard >120Mpa
65 190 60
89 250 110
150 550 270

Type Loading system

Blast Hole Diameter (mm)

Bench Height (HB) (m)

Loader 65-90 8-10
Shovel 100-150 10-15
7 (Mpa)
Design Parameter (m) - - -
Low Medium High Very High
<70 70-120 120-180 >180
B 39D 37D 35D 33D
S 51D 47D 43D 38D
T 35D 34D 32D 30D
J 10D 11D 12D 12D

DTH (Down L Sdgyu o Solegs slocmile dilgs co g, cpl jo oolaiwl 0,50 (5 la> slo yile
(Percussion Rotary) wil sla o a5 ,2> L g oo > sla o slo b0 b g The Hole)
(Jl Bl b o8B 4 cans Sl ayl5 B) clls pulss aigid o> 5B b Jl> 51

L= H +(1—£jj
cos 100
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du (Mpa)
Design Parameter (m) - - -
Low Medium High Very High
<70 70-120 120-180 >180
by J 6 25 Jsb 30D 35D 40D 46D
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Average Production Apph (m*h)
Blast Hole Diameter (mm) -
Soft Medium Hard
<70 Mpa 70-80 Mpa >180Mpa
200 600 150 50
250 1200 300 125
311 2050 625 270

(Bucket Capacity) MB=10+0.57(BC-6) ww! Jgls pl> BC(M3)

8C
Design Parameter (m) Low Medium- Hard Hard — Very hard
<70 Mpa 70-180 >180
MB 52D 44D 37D
T 40D 32D 25D
J (8-10)D (10-12)D (12-15)D

() 05 48,5 1 5 0o A Sl a8 el (oo Ll Lyl 5o

el 393 100550 5 o5 i Blo Ly 4 bogy 1o S

éu (Mpa)
Type of Explosive Design Parameter (m)

<70 70-180 >180

B 28D 23D 21D
Anfo
S 33D 27D 24D
B 38D 32D 30D
Emulsion L Water gel

S 45D 37D 34d
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Mpa
Blast Weight (kg)
du<100 6u>100
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Cast Blasting
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Tranch Blasting
90 Siaisly o ol oe g Sl g (DB ol (SlSt sbo)l5 o Jglate sleoslainl aslys

RGN TN Y TR v] VI IR € -4 PR VR

Fly Rock e

Ground Vibration e
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S b Sin o o biges 5 il o yio (O1+-0) LT Goc g 390 dalys yia (A/+-Y) laazsls sligy
Sl b anslio j0) canl ol Lo oads yam o olass 1 g 098 oo i 35,08 ol o515 5 YU acusls

S sbaeg,li> alivy 4 (5,la> Ygome azils obml slate 4y il ,o 5 (Bench Blasting s lge
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Size of the Trench D (mm)
Width of Tranch <Im
H<1.5m 32-45
Width of Tranch >1m
H>1.5m 50-65
Sl Jlr ks a4 (Kiwy (49,9
Drilling Diameter
B 40,5 <50 mm >50mm
26D 24D
Width of Trench (m)
<0.75 0.75-1.5 1.5-3
B wT wT/2 wT/2.6
s .
o azdly sl aily sl s 4l 5 sl pom So Lo i
Number of Row 2 3 4
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e J=(0.2-0.5B

o (Vgyeso)T=1B

4253 OVAYY) 5 0,5 wlgi ooy Ygome |y IS oz S5 oe dnogs il i 0 jlancd lalz
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L= =B
éu (Mpa)
Blast Design Parameters
<70 70-120 120-180 >180
J 10D 11D 12D 12D
T 35D 34D 32D 30D
Se 0.3 0.35 0.42 0.49

High 5 High Strength ol o yice slge 5 0l (25D) Jla ,had s YO 51 a8 syl K o9y Jsbo

osb Density

19 dlote g gy abail) 51 AT 09l 0 dnogs (0,90 Sl
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e (65-75) mm—for Contour Blast Hole
e (89-125) mm—for Central Blast Hole
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0.5
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B cos f
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<70 70-120 120-180 >180
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3) Blasting

4) Ventilation

5) Scaling & grouting (if necessary)
6) Loading & Haulage, and

7) Setting up of the new round

1. Drilling equipment used
Time available for the operation

Type of rock
Type of support. and
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Fig. 22.15. Geometry of the lifters.
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Section of the cut Side of the section Burden
1 S, =+/2B, B, =1.5D,
2 S, =1.5B,+2 B, =B,v2
3 S, =1.5B,42 B, =1.5B,v2
4 S, =1.5B,+/2 B, =1.5B,/2
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