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CHAPTER 1 

THE DETONATION PROCESS 

1.1 Introduction 

According to Persson(l) steady state detonation along a 

cylindrical charge can be regarded as a self propagating procesa 

in which the axial compressive effect of the shock 

discontinuity changes the state of the explosive &O 

exothermic reaction sets in with the requisite velocity. 

front 

that 

Th~s reaction in homogeneous liquid explosives such as 

nitroglycerin is completed in a time interval of the order of 

lo-12seconds(ll. In high explosives, such as RDX and PETN it · is 

completed in about l~sec In composite explosives containing 

AN the reaction times are considerably longer. The significance 

of this will be demonstrated later. 

1.2 shock waves 

compressional waves of small intensity are propagated in 

gases at the velocity of the sound. Let us suppose that a column 

of gas is set in motion by a piston which is accelerated into it. 

Let us also consider that the velocity of the piston is a 

staircase function of time. Each step transmits a small 

compressional wave which advances through the gas already set in 

forward motion and heated by the previous waves. Since the 

velocity of the wave is larger at elevated temperatures, the new 

wave overtakes the previous( 2 ). Therefore the velocity, pressure 

and temperature gradients in the front of the wave grow steeper 
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with time. If there is no dissipative mechanism (e.g. heat 

d1ffu51onl the gradients become 1nf1nite12 l. -··· 

This type of wave, in which a discontinuity has developed is 

known as a shock wave. The area of pressure rise is called the 

shock front. The front advances with a speed higher than the 
~ 

sound speed. The shock velocity dependa on the conditions behind. 

If the pistons continues accelerating so does the front. If the 

pisten maintains a constant velocity; the front maintains a 

constant velocity as well. If the pisten decelerates a wave of 

rarefaction is formed ahead of it. Finally this wave overtakes 

and weakens the shock front. 

It follows that the velocity of the front is determined by 

the conditions behind the front. The wave does not maintain 

itself. Rather it depends on the support provided by the pisten. 

1.3 Detonation waves 

However from our experience we know that steady detonation 

waves exist. In this case the role of the pisten is played by the 

reaction taking place in the detonation wave. 

Let us consider a plane detonation wave which has been 

established in an explosive (Figure 1). The wave front advances 

into the unconsumed explosive with a constant velocity D and it is 

followed by the reaction zone. If an observer is moving with the 

velocity D of such a front, the wave will appear to him/her as in 

Figure l. Undetonated explosive flows into the shock front AA' 

with constant velocity u o = -D. Its pressure, temperature and 

density and internal energy per unit mass are P1 , Tl' p 1' El at 

all po~nts to the right of AA'. The wave front is considered to 
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be a discontinuity in compar1son to the change< occurr1ng behind 

it. Therefore at AA' these values change to values P
2

, T
2

, P
2

, 

E2 . These values change at sorne later stage. 

The apparent velocity of the mass leaving the front is 

(D-Up) where UP is the particle velocity (mass velocity) in the 

zone between.AA', BB', relative to the fixed coordinates. 

If we consider a region of flow surrounded by a tube of unit 

sectional area and two planes, one just before the detonation 

front and one right after it, the mass flowing in must equal the 

mass flowing out ( conservation of mass ). The mass flowing in 

per unit time is P 1D dt. The mass flowing out is P 2 (D-UP)dt. 

Therefore ·: 

( 1 ) . ' 
Furthermore the difference in momentum should be equal to 

the impulse of the net .force. Thus: 

or 

P 1Ddt D - P1Ddt(D-Up) = (P 2-P 1 )dt 

P 2-P 1 = P 1DUP ( 2 ) 

P1 is very small compared to the detonation pressure. 

Therefore it can be ignored and equation (2) can be written as : 

p2 = P1DUP ( 3) 

From equation (1), one can obtain: 

Up = (l-P 1/P 2 )D (4) 

According to cook( 3 l Up/D and P 1/P 2 are slowly variable 

functions of the original density. Thus: 

Up = f(P 1 )D (5) 
pl 

where f(P )= 1 --
1 p2 

Therefore equation (31 can be written as: 

2 
p2 = p1f(P1)D ( 6 ) 

For most cases (explosives having a density between 0.9 
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1.4g/cc) 1t is suff1c1ently accurate to assume f(~ 1 = 4.0. 

Under this approximation, the detonation pressure in atmospheres 

when the velocity of detonation is given in meters per second, is 

gÍven by the following equation( 8 ): 

p2 = 0.00987 p o2;4 (7) 

This is a relationship of great practical value. It allows 

the estimation of the detonation pressure when only the detonation 

velocity and the initial density are known. It is worth 

mentioning that the detonation velocity can be measured accurately 

in the laboratory. 

Apart from equations (1) and (2) other equations are used in 

the theory of detcnation. Many of these fall outside the area of 

interest of these notes. They are mentioned in the following to 

assist the reader in further studies. 

The conservation of energy is expressed by the following 

equation: 

This is known a~ the Rankine-Hugoniot equation. 

A fourth equation is the equation of state of the reaction 

products of the explosive. 

. The above four basic equations are not enough to calculate 

the five unknown quantities behind the detonation front (energy, 

density, detonation velocity, pressure and particle velocity). A 

fifth condition is necessary. This is the Chapman- Jouguet 

hypothesis stating that the detonation velocity equals the local 

sound speed plus the particle velocity at the detonation state. 

Therefore: 

( 9 ) 

Equat1ons (1;, (Z), (8),(9) and the equation of state of the 
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detonat1on products are essent1al for the calculation of the 

detonation parameters in the thermohydrod~1amic cedes. 

1.4 Tbe Detonation Head Hodel( 3 •4 l 

Practical explosives are used normally in the form of 

cylindrical charges. Cook's detonation head model illustrates the 

sequence of events taking place. Figure 2 shows the detonation 

head formation in a cylindrical unconfined charge. With strong 

priming a detonation wave travels out from the primer and along 

the charge. This is responsible for the promotion of the 

necessary exothermic detonation reactions within the explosive 

charge. At the back of the primer the high pressure gases expand 

into the surrounding air. As 
' 

this expansion takes place it 
. 

permits release wave rarefaction a or a wave to travel down the •• 

charge behind the detonation front. This always lags the 

detonation front for reasons which were explained earlier. In a 

similar manner at the si des of the charge immediately after the 

detonation wave the gases expand into the atmosphere. Again two 
-

release waves are travelling into the charge. The detonation 

·, front, rear release wave and side release waves define a region 

called the detonation head. The detonation head is a region 

associated with high pressure and high density. The shape of the 

detonation head depends on the geometry of the charge and changes 

as it travels out from the initiation source. This is due to the 

approximately constant relationship between the releaEe wave 

velocity and the detonation velocity. Initially the shape is that 

of a section of a truncated cene with curved front and rear 

surfaces. Further away frorn the initlation the length of the 
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detonation head grow~ so that it 1s controlled from the side 

release waves which meet on the axis of the charge forming a cone. ,, .. 

It has been found (X ray radiography) that the length of the cone 

when the detonation 1s fully developed is approximately equal to 

the diameter of the charge. The density inside the detonation 

head is constant and approximately equal to 4/3 P 1 where P 1 1s the 

initial density of the explosive. The distance from the 1n1t1ator 

to the point where the full head 1s formed is approximately equal 

to 3 1/2 charge diameters for unconfined charges. As the 

explosive enters the detonation head it reacts. If 1t is in a 

granular form (e.g ANFO prills) the reaction starts at the surface 

and proceeds radially towards the centre of the prill. As it was 

mentioned in the previous the energy liberated supports the 

detonation. If the reaction is not completed inside the head the 

energy liberated is less than the maximum available and the 

detonation velocity is less than the maximum. This is what is 

normally known as non-ideal detonation. It is worth mentioning 

that non ideal detonations can be stable; indeed a great number of 

commercial explosives used by the mining industry today detonate 

at non ideal velocities at the diameters at which they are used. 

The detonation velocity is the most important parameter ,of 

the detonating explosive. It is well known that the velocity of 

detonation is a constant characteristic of a particular explosive 

when the other parameters are kept constant. It was explained 

that the knowledge of the detonation velocity can lead to fairly 

accurate estimates of the detonation pressure which is of 

particular irnportance and cannot be measured directly. In the 

next chapter the parameters influencing the detonation velocity 

will be d1scussed. 



7· 

1.5 References 

l. Johansson, C.H. and Persson, P.A.: "Detonics of High 

Explosives", Academic Press, London, New. York, 1970. 

2. Taylor, J.: "Detonation in Condensed Explosives", oxford at 

the Clarendon Press, 1952. 

3. Cook, M.A.: "The Science of High Explosives", Reinhold Book 

Corporation, New York, 1958. 

4. Bauer, A.: "Explosives Technology Notes'', Queen's University, 

Kingston, 1981. 

5. Zerilli, F.: "Notes from Lectures on Detonation Physics", 

Naval surface.Weapvns Center, Silver Spring, Maryland, 1981. 



A 

( ( 

o-u o ; UNDETONATED 
p EXPLOSIVE 

DETDNATION p V p V 
ZONE 2 2 1 1 

dlscontlnulty 

FIGURE lt SECTIONAL OIAGRAM OF A OETONATION w./E 

Obeari/Qr movas to rlght at wa\IQ 1/QJoclty D. 

Tha dlscontlnulty le at raet 

00 



GAS EXPANSION 
ENVELOPES 

z 
o 
.... 
< z 
o .... .... 
e 
... 
o 
> .... 
u 
o ..... .... 
> 

DETONATION HEAO 
OEVELOPMENT 

SIOE RELEASE 
WAVE 

DETONATION 
FRONT 

TP.ANSIENT VELOCITY 
BUlLO UP REGION 

1 
CONSTANT 
FROM HERE 

ON 

OISTANCE ALONG CHARGE 

FIGURE 2a DETONATJON HEAD FORMATION 

CAFTER COOK ANO BAUER> 

-------------· ---~. 

9. 

1 ) 



CHAPTER 2 lO. 

EOUATIONS OF STATE 

An equation of state is normally a pressure - volume -
temperature relationship. Ideal gases have an equation of state 
expressed as: 

PV = nRT 
where P is the pressure 

T is the temperature 
n is the number of.moles of gas 
R is the universal gas constant and 
V is the volume. 

However real gases do not always behave according to the 
previous equation. It is obvious that a real gas cannot be cooled 
to zero ·volume. Under certain conditions gases turn into liquids 
or solids. 

The origin of the deviations from ideality is the 
interaction between particles. Molecules excercise attractive 
forces when they are separated by sorne distance and repulsive 
torces when they are very close together. 

Repu1sive torces are short term interactions while 
attractive torces have a relatively long range. Figure 1 provides 
a plot of the compression factor Z = PV/RT against pressure 
app1ied on the gas. One can obtain an indication of the 
imperfection at different pressures. F·or a perfect gas Z = 1 
under al1 conditions. For a real gas the case is somewhat 
different. At very low pressures all gases behave almost ideally 
( Z = 1 ). At high pressures the repu1sive torces domínate and Z 
> 1, while at moderate pressures Z < 1 due to the attractive 
torces. Obviously an equation of state tor the detonation 
products has to reproduce this behaviour of real gases. 

EOUATIONS OF STATE FOR DETONATION PRODUCTS. 

The equations of state used for detonation calculations 
are of two types: those which do not treat chemistry explicitly 
and those which do. The latter contain individual equations of 
state for the component mo1ecules and a mixture rule for combining 
them to give an equation of state for any composition. The 
composition of the detonation products is calculated by assuming 
chemical equilibrium. 

At this point it is worth mentioning that much of the 
work involving the development of an equation of state has been 
employed in an inverted torm. Experimental values are used to 
calibrate an assumed torm of an equation ot state. Attempts to 
deve1op a general, completely theoretical equation ot state have 
tailed to produce a good result. 

The most common equations of state for detonation 
products are: 

l. The Abel Eguation of State. 
The Abel equation of 

Waal 's equation of state. It can 
P(V-o:.) = nRT 

where o is a constant. 

state is a form of the Van der 
be expressed as: 

It was found that this form did not produce acceptable 

results for many cases of condensed explosives. Cook(l) provided 
a modification expressing o as a function of the volume of the 
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detonation products without considering their chemical 
composition. He showed that the @mpirlcal values of the covolume 
fall in a common •.•(V) curve. 

2. The Becker - Kistiakowsky - Wilson Eguation of State. 

The most popular equation of state is the BKW equation. 
The equation has the following form: 

PV = 1 f-·x 
RT + xe 

where x= K 

V(T+Et)"'· 

and K = •Ck i x i 
with o,~-,, ,>-• and ki empirical constants. The constants k¡ of each 

molecular species are the covolumes. For the mixture each k¡ is 

multiplied by x
1

, the mole fraction of species 1, and summed to 

find the effective covolume. 
According to a parameter study performed by the Los 

Alamos Laboratory, one may adjust the BKW parameters eo,~·,.: and Et 

and the covolumes of the detonation products. Cowan and Fickett 2 

have shown that for a given '" and ~' one may adjust ..: to obtain. the 

experimental ,velocity of detonation. The slope of the curve •rela 

ting detonation velocity and density can be changed by changing ~-., 

By using one explosive as a standard it was possible to 
obtain a set of parameters which can be used for a variety of 
explosives. BKW has been calibrated for RDX and TNT. The most 

common parameters used today are shown in Table 1( 3 , 4 )). It has 
been found that the RDX parameters result in realistic values of 
the detonation parameters ( pressure and velocity of detonation ). 
The parameters whicb have been developed based on TNT as the 
standard produce reliable results for very oxygen deficient 
systems which produce large amounts of carbon in the detonation 
products. 

The best fit for RDX parameters should not be used in 
predictions of the detonation state parameters. Thls set was 
developed in order to have (dP/dT)V > O at pressures'of the order 

of 0.5 Hbar. It has been found that this set of parameters 
results in poorer predictions than the RDX set. 

3. Other Eguations of State 

Other equations of state have been developed by Fickett 

and by Jacobs, Cowperthwaite and Zwisler( 4 ). 
These equations are similar and they are based on 

statistical mechanics. They use the Lennard-Jones potentials to 
describe the interactions between the molecules. The general form 
of the intermolecular potential energy is shown in Figure 2. When 
the molecules are squeezed together, the nuclear and electronic 
repulsions domínate the attractive torces. The repulsions 
increase steeply with decreasing separations. One approximation 
is the the hard sphere potential where it is assumed that the 
potential energy rises abruptly to infinity as soon as the 
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partlcles come within sorne separation distance a ( collision 
diameter ). 

Normally the intermolecular potential is written as: 
e e 

V = n/Rn - 6/R6 

This is the Lennard-Jones Cn,6J potential. Often the 
(12,6) potential is written in the form: 

V= 4~[(a/RJ 12 - (a/R) 6 ¡ 
where € is the depth of the potential well and 

a is the separation distance at which V=O. 
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FIGURE 2: POTENTIAL ENERGY BETWEEN 
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COMlfOHLX OSEo BKW PARAKt:['Q<S FOR HIGH QEJfSITY 

EXPID5rVE5 

PARAMETER SET fJ Q 

Fitting RDX o .181 14.15 0.54 

Fitting TNT 0.09585 12.685 0.50 

Best fit for RDX 0.16 10.91 0.50 
with (BP/BT) ,j>O 

Defau1t 0.10 11.85 o.so 
parameters 
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CHAPTER 3 

EXPLOSIVE PROPERTIES 

3.1 Introduction 

A variety of factors 1nfluence the explosives selection 

process. This chapter discusses the most 1mportant of them and 

the parameters which influence ·them·. 

3.~ velocity of Detonation 

The velocity of detonation is the velocity at which the 

detonation wave travels through an explosive charge. The 

detonation wave travels at speeds above the normal sound speed of 

the unreacted material. Typical detonation velocities for 

commercial explosives range from 2500 to 7000 m/sec. The 

detonation velc .. city 1s the most important property of the 

explosive. It can be measured easily and accurately and it can be 

used for the calculation of the detonation and borehole pressures 

which are of importance in explosive applications. The velocity 

of detonation of a particular explosive depends on factors such as 

charge diameter, confinement, density and particle size. 

3.1.1 The effect of charee Diam.eter 

Let us consider a typical velocity of detonation diameter 

curve as shown in Figure 1( 2 ). If the diameter is too small the 

explosive fails to detonate. At sorne minimum diameter stable 

detonation occurs. T~is minimurn diameter is called the crit1cal 

diameter of the explosive. 

As the cherge diameter is increased the detonation velocity 



17. 

is increased as well. However when a certain d1ameter 1s reached, 

further increase in diameter does not result in an increa~e of the 

detonation velocity. At this point a maximum detonation velocity 

of the explosive is reached. This velocity is called the ideal 

detonation velocity of the explosive and is the value predicted 

by thermohydrodynamic codes. 

The detonation head model as developed by Cook(l) can be 

useful in explaining the shape of the observed detonation velocity 

- diameter curves. Figure 1 illustrates the length of the 

established detonation heads in charges of various diameters and 

indicates what happens when a solid particle of explosive enters 

the detonation head. For the small diameters, the degree of 

reaction is small and the energy liberated is not enough to 

support a detonation. As the diameter is increased the detonation 

head length is increased and for the same size of particle the 

degree of reaction increases. At the critical diameter the degree 

of reaction is sufficient to support stable detonation. If the 

diameter is increased further a larger amount of explcsiv~ reacts 

in the detonation head. When the ideal detonation occurs, the 

xull amount of explosive reacts in the detonation head. 

3.2.2 Effect of Confinement 

The effect of confinement is to lower the rate of expansion 

of the gases off the side of the charge( 2). This in turn slows 

down the rate at which the lateral rarefaction travels into the 

reaction region. As a result it takes longer for the side release 

waves to meet on the charge axis. The length of the detonation 

head is thus increased. This is shown in Figure 2(l), where the 

development of the detonation head is outlined for both the 
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confin~d and the unconfined cases. Therefore, if the explosive 

was not reacting fully at a particular charge diameter, the effect 

of confinement would be to increase the degree of reaction and 

consequently the detonation velocity at this diameter. Similarly, 

confinement will reduce the critical charge diameter (Figure 

3)(2)_ 

However confinement cannot be quantified. Steel, glass, 

various kinds of rock and soil will produce a different effect. 

For this reason most· of the tests are done with the explosive 

charge unconfined. 

If the size of the explosive particles is reduced at a given 

charge diameter in the non ideal velocity region, the degree of 

reaction is enhanced because of the increase of the surface area. 

Furthermore since the grains are smaller, they are consumed faster 

in the detonation head. As a result the critical diameter is 

decreased and the explosive reaches ideal detonation at a smaller 

diameter (Figure 4) ( 2 l . 

3.2.4 Effect of Density 

If the density is increased, the specific energy is 

' increased; as a result the ideal detonation velocity is increased. 

It has been found that the detonation velocity and the density are 

related linearly. Figure s< 3 l shows the detonation velocity 

density relationship for various explosives. ¡ 

-
However if the density is increased beyond a critical point, 

steady state detonation is not possible. The phenomenon is called 

dead packing and a qualitative explanation can be given by the 
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fact that the volume of the entrapped air is insuff1c1ent to 

provide enough hot spots for the reaction to proceed( 2 ). 

The relationship between critical diameter and density is 

shown in Figure 6( 5 l. It is obvious that apart from the density 

in which the material is dead packed there is a critical density 

below which the explosive will not shoot. 

3.2.5 Effect of Temperature 

The initial temperature of the explosive has a small 

influence on the velocity of detonation at diameters well above 

the critical. However the critical diameter is dependant on the 

initial temperature. Figure 7 shows the effect of the temperature 

on the critical diameter powdered TNT( 4 l. · 

In the case of commercial liquid explosives the effect is 

more pronounced. Figure 8 shows the effect of low temperatures on 

the critical diameter of typical slurry explosives< 5 l. The 

effect on solid explosives is almost negligible. 

3.2.6 Effect of Water 

Generally dynamites are not affected by the presence of water 

inside boreholes. Ammonium nitrate mixed with fuel oil has no 

water resistance. The product absorbs water and soon becomes 

desensitized. Generally performance drops drastically as the 

weight of water in the composition is increased. 

3.3 Detonation Pressure 

The detonation pressure is a very important parameter. It is 

an ind1cator of 'the ability of the explosive to prodttce the 

'· 
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desired fragmentation in the rock. However, due to its high 

magnitude the detonation pressure cannot be measured directly. 

ror this reason the experimental determination is difficult. 

·The detonation pressure is related to the square of the 

detonation velocity. Parameters which influence the detonation 

velocity have a very significant effect on the detonation 

pressure. 

3.4 Detonation Temperature 

The detonation temperature is the parameter about which the: 

least amount of information is available(G). The detonation 

temperature is measured from the brightness of the detonation 

front as it is observed by a sensor. However it is not known how 

much radiation is absorbed from the partially decomposed material 

between the sensor and the front. Furthermore, any gas bubbles in 

the material will flash brightly when they are impacted by the 

detonation wave. This, obviously, will affect the measurement. 

3.5 Fumes 

It must be assumed that in all cases explosive fumes are to 

some degree toxic. Excess oxygen causes the formation of nitrogen 

oxides while oxygen deficiency causes the formation of carbon 

monoxide. 

In the United States the fumes of any explosive are 

classified after detonating the explosive in a Bichel bomb and 

analyzing its fumes. The following classes exist( 7 l: 



( A. Perffii~ted explos1ves (USBM) 

Fume class 

A 

B 

e 

Toxic Gas 

< l. 25 

1.25 - 2.50 

2.50- 3.75 

B. Rock blasting explosives 

Fume class 

1 

2 

3 

·"'' 

Toxic Gas 

ft 3 tlb 

< o. 16 

0.16 - 0.33 

0.33 - 0.67 

Toxic Gas 

1/kg 

< 78 

78 - 156 

156 - 234 

Toxic Gas 

1/kg 

10 

10 - 21 

21 - 42 
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canada uses the same standards. However explosives of class 

2 or 3 cannot be used in underground mines unless special 

application has been made to and permission is received from the 

authorities (EMR). 

It is worth mentioning here that the relative toxicity of the 

fumes is importan: ahd this is not shown in the above tables. N02 

is much more toxic than co (about 6 times as much)( 8 ). 

It has been found that the fumes depend on( 2 l: 

1. The oxygen balance 

2. Marginal priming 

3. Water attack 

4. Critical diameter 

5. Gaps in loading 

6. Deflagrations. 
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3.6 Bnergy of Explosives 

Explosives are substances that rapidly libera te their 

chemical energy as heat to form gaseous and solid decomposition 

products at high temperature and pressure. The hot and dense 

detonation products produce shock waves in the surrounding medium 

and upon expansion impart kinetic energy to the surrounding 

medium. The energy released in the detonation process is given by 

the following formula: 

Q = t.Hf {products) - t.Hf ( reactants) 

where t.Hf is the heat of formation. 

The energy per unit weight is called the weight strength of 

the explosive. 

The energy per unit volume is called the bulk strength of the 

.explosive. 

sometimes it is useful to express the weight and the bulk 

strengths as relative values obtained by dividing the strength 

(weight or bulk) to the corresponding strength of a standard 

explosive. The commercial industry normally uses AN/FO as the 

standard explosive. 

3. 7 Shelf Life 

The shelf life of an explosive determines the maximum time 

period the explosive can be in storage. Various explosives age 

and their use is unsafe or they cannot be detonated reliably. 

3.8 Pressure Desensitization 

commercial explosives can be susceptible to hydrostatic 
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heads. Hydrostatic heads can cornpress the explosive to high 

densities and "dead packing'' can result. 

3.9 Heasurement of the Detonation Properties 

3.9.1 Detonation Vetocity 

There are various methods of measuring detonation velocities. 

These are outlined in the following: 

i The e on t t rL'UOUs probe me t hod . 

The system cons~sts of the explosive charge, along the 

central axis of which a uniform resistance probe is inserted-, a 

constant current source, a triggering source andan oscilloscope. 

The resistance probe consists of a resistance wire inserted 

into a srnall diameter brass tube. The resistance wire --is a 

nichrorne wire having an accurately known linear resistance. 

The oscilloscope is connected in parallel to both the current 

source and the probe (Figure 9) (SJ. At detonation the wire 

resistance probe is consurned. However the circuit remains closed 

due to the fact that the detonation wave is sufficiently ionized. 

The circuit follows Ohm's law. Therefore, since current is 

constant, the voltage change with time shown on the oscilloscope, 

is proportional to the resistance. Knowing the full voltage drop 

across the probe and the length of the probe, the voltage drop can 

be converted to distance along the charge, Therefore the velocity 

of detonation can be calculated by interpreting the voltage drop -

time record provided by the oscilloscope. 

( 
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Two probes are placed at a known distance apart in the 

explosive. Each probe consists of two wires placed in 

close proximity. When the detonation wave contacts each probe it 

shortens the circuit by bringing the two wires in contact. By 

measuring the signals obtained by either a counter or an 

oscilloscope one can measure the detonation velocity. 

iii. Streak c~ra method 

The method is shown in Figure 10( 9 ). The streak camera uses 

a mirror which rotates at the centre of the drum. The film is 

placed on the drurn. The field of view of the camera lens is 

masked except for a narrow slit. The charqe is aliqned so that 

its axis is parallel to the slit of the camera. The light 

generated by the detonation front enters through the slit and 

after being reflected on the rotating mirror, leaves a mark on the 

film. Thus the streak camera trace is essentially a time distance 

record. The slope of the trace made by the luminous wave provides 

the velocity of detonation. A typical streak camera record is 

shown in Figure 11( 10l. 

iv. D'Autriche Hethod 

This is the leas·t sophisticated method. It is outlined in 

Figure 12( 9 ). The method uses a detonating cord both ends of 

which are inserted in the explosive at a known distance apart. A 

metal witness plate is placed close to the middle of the 

detonating cord. The detonation wave in the charge initiates the 

detonating cord at both ends. When the detonation waves 

travelling in opposite directionE in the detonating cord coll1de, 
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they leave a dent in the witness plate. This helps to find the 

position in the detonating cord at which the collision took place. 

Thus, the distance, and therefore the time, each wave travelled in 

the detonating cord can be found. The difference in the times the 

two waves travelled in the cord provides the time it took the 

detonation wave in the test charge to travel the distance l. 

3.9.2 Detonation Pressure 

The measurement of the detonation pressure is normally based 

on photographic techniques. These techniques require a streak 

camera and accurate experiments (aquarium technique). In the 

aquarium _technique, a transparent liquid serves as a pressure 

gauge for measuring transient pressures. The transparent liquid 

has to be selected in such a way that the reflected wave at the 

gauge-liquid interface is either a weak shock or a very weak 

rarefaction. The technique, as described by Cook(S consists of 

the following two stages: 

i. Initially the Hugoniot of the liquid which serves as a gauge 

is determined. The experimental set up is shown in Figure 13. The 

method consists of the s~multaneous measurement of the shock 

velocity at the free surface and the free surface velociti as the 

shock emerges from the transparent medium. Observations of the 

shock velocity and the free surface velocity are made by using a 

streak camera. By changing the height (h) of the liquid inside 

the container, one changes the shock velocity and the free surface 

velocity. By assuming that the particle velocity of the liquid at 

the interface is half of the free surface velocity the 

relationship between shock velocity and the particle velocity in 

the liquid (Hugoniot) is obtainec. 

' ' 
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ii. The experimental set up for th~ second part of the technlque 

is shown in Figure 14. In this experiment, the velocity of 

detonation in the explosive charge and the initial transmitted 

shock velocity in the liquid are measured. From the transmitted 

shock velocity in the liquid and the known Hugoniot of the liquid, 

the initial pressure in the liquid can be calculated. The 

corresponding pressure in the detonation head is calculated by 

using the following relationship: 

where 

pd is the detonation velocity 

Pie is th~ ini ti al density of the explosive 

use is the detonation velocity 

(PUS)il is the initial impedance of the liquid and 

p il is the initial pressure in the liquid. 

The initial pressure in the liquid is calculated by the well 

known. relationship 

where 

pil =PlUslupl 

pil is the pressure in the liquid 

usl is the shock velocity 

upl is the particle velocity and 

P is the initial density of the liquid. 
1 

Because of the difficulty in measuring detonation pressures 

it is often necessary to calculate the detonation pressure from 

the detonation velocity by using the approximate formula: 
p 02 

p =-
4 

where P is the detonation pressure 

P is the initial density of the explosive and 

D is the measured detonation velocity. 
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CHAPTER 4 

GAP AND FRICTION SENSITIVITY OF EXPLOSIVES 

4.1 Introduction 

The gap sensitivity of explosive represents its ability to 

propagate through barriers. The gap sensitivity of an explosive 

is an important property to be considered in blasting operations. 

If the sensitivity is low, the detonation in the borehole can be 

interrupted because of obstacles (rocks) or air gaps. On the 

contrary, an explosive which is very sensitive can be dangerous to 

handle and can detonate sympathetically in the boreholes. cross 

propagation of adjacent holes is very undesirable since this 

eliminates the effects of delays and results in excessive 

vibrations and peor fragmentation. 

·However one has to differentiate between solid gap and air 

gap sensitivity because the phenomena involved in each case are 

considerably different. 

The friction sensitivity determines the safe handling of 

explosive charges. Charges can be subjected to friction forces 

when loaded in blastholes. These can be of a significant 

magnitude especially where pneumatic loaders are used. 

4.2 Underdriven and overdriven Detonations 

The detonation state (C-J state) represents a dynamic stable 

condition. If the detonation wave encounters a small gap in the 

explosive charge, it will weaken temporarily and will come back to 

the or~ginal stable condition once the perturbation is passed. 

'· 

1 

1 
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The same will happen if the detonation wave encounters a part of 

the explosive which has qreater energy. Temporarily it will 

strengthen but later it will reach the stable condition. 

Consider the situation shown in Figure 1 a. A detonation is 

transmitted from a donor explosive to an acceptor explosive. In 

this case there are three possibilities; the shock wave 

transmitted in the acceptor can be stronger than the detonation 

wave in the acceptor, the shock wave can be of equal magnitude to 

the detonation wave in the acceptor or the shock wave can be of a 

smaller magnitude than the detonation wave in the acceptor ... The 

first case is ca1led overdriven and the last case underdriven 

detonation. It has been found that in the case of an overdriven 

wave the strength always decays until the C-J condition is 

reached. In the case of the underdriven wave the detonat·ion 

builds up to the e-J .. value. However, there is a limi ting strength 

(below which-the wave decays and detonation does not propagate. · 

This limiting strength is of importance·since it determines the 

conditions required for safe handling and reliable initiation of 

explosive materials. 

4. 3 The Gap Test 

Experimentally a simple way to determine the sensitivity of 

an explosive to initiation is represented in the gap test. The 

gap test is shown in Figure 1 b. The experiment consists of a 

donor charge, an attenuator and an acceptor charge. By varying 

the attenuator thickness, different underdriven waves are 

transmitted to the acceptor. The thickness of the attenuator at 

which 50% of the· times the acceptor detonates is called critical 

··'· 
' 
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gap thickness. At that thickness the shock wave 1n the acceptor 

has a limiting value above which the acceptor has a high 

probability of detonation. The gap material is normally a 

standard solid material. Air gaps are not desirable because hot 

decomposition products of the donor explosive will impinge 

directly on the acceptor. 

The result of the gap test depends on the qeometry of the 

donor and ac,eptor charges as well as the attenuator material and 

the donor explosive. For this purpose various laboratories 

standardize gap tests by using the same donor and the same 

attenuator material. Thus the results of the tests are 

indica ti ve of the explosives shock sensitivity. 

Typical gap tests are shown in Figures 2 and 3. 

The following factors affect the result of a standard gap 

test: 

1. Density. The effect of density is shown in Figure 4( 2 ) ~here 

the critical gap pressure is plotted against the per.cent of the 

theoretical maximum density. It is obvious that the explosive 

becomes less sensitive as the theoretical maximum density is 

approached. This is a general trend obtained in a variety of 

explosive compositions( 2 ). 

2. Temperature. The effect of temperature is shown in Figure S. 

This is a general trend for any material in which the reaction 

rate increases with temperature( 2 ). 

3. Composition. It is obvious that the result of the gap test is 

composition dependant. It has been found that if wax is added to 

RDX or TNT, the shock sensitivity is decreased. However if wax is 

added to ammonium nitrate, the sensitivity is drastically 
::· 

increased. This happens because of the combinat1on of an oxidizer 

' ( 
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with a fuel and the dominant factor is the oxidation-reduction 

react'ion. Figure 6 is typical of this phenomenon ( 2 l . 

4. Acceptor diameter. Initiation is controlled not only from the 

magnitude of the impacting shock wave but from its duration as 

well. The reduction of the diameter of the acceptor has changed 

the duration of the shock wave. It is recommended that the 

charges are tested at a diameter above the minimum diameter for 

ideal detonation, where this is possible. According to Price the 

critical initiating pressure - diameter relationship should follow 

a curve as in Figure 7( 5 ). Experimental results by Moulard 

indicate the same trend for Composition B( 61 

5. Confinement. Price has found that confinement of the acceptor 

in the test prevents the lateral rarefaction from producing a 

large disturbance. The confinement gives a result which is 

comparable to that which would be obtained for a ver y much larger 

diameter unconfined charge. The result may approach that which 

would be obtained in the one dimensional flow( 2 ) . In Figure 8. the 

critical gap pressures for confined charges are compared to the 

critical cap pressures of unconfined charges. It is obvious that 

confinement increases the sensitivity of explosives. 

4.4 Air Gap Sensitivity 

This term denotes the initiation of an explosive charge 

without a priming device by the detonation of another charge in 

the neighbourhood. The transmission mechanism is complex. The 

important parameters are the shock wave, the hot reaction products 

of the donor and the fly1ng parts from the cas1ng of the donor 

charge. various tests i~e conducted to determine the air gap 

.. 
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sensitivity of explosives. In Europe the srnallest diarneter of 

manufacture is used in the test charges which are tested 

unconfined( 3 ). This will provide the largest gap below which 

detonation will always be observed. Confinement however affects 

the result. For this purpose coal mining explosives are tested 

in pipes which simulate boreholes. It is recommended that gap 

tests simulating the conditions of application are performed to 

determine the gap sensitivity of a particular product. 

4.5 Initiation by Friction 

Thé mechanisrn of heating by friction has been 1nvestigated by 

Bowden and co-workers. When solid bodies are pressed against each 

other contact will occur only at the sumrnits of the surface 

irregularities. The total area of contact is a small fraction of 

the total surface area( 4 ). When the bodies are sliding against 

each other heat is developed at the regions of contact. Hot spots 

are created at the points of contact and their ternperature depends 

on the pressure, sliding velocity and heat conductivity of the 

sliding material. The contact material with the lowest melting 

point d~termines the hot spot temperature. When melting occurs its 

supporting capacity is taken over by other points( 4 ). According 

to Bowden if the melting point of the slider is below the critical 

hot spo~ temperature for the explosive, detonation does not occur. 

Several friction tests have been developed. The swedi~h( 4 ) 

developed a friction test in which the explosive is subjected to 

stresses similar to those when the explosive is charged in 

boreholes. The test consists of a block of granite which has a 

semi-cylindrical groove. A thin layer of explosive is placed in 
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the groove and a slider moves on top. Various loads are put on 

the slider. The slider moves at a constant speed and the result 

is recorded as a function of the load. 

In Germany a sample is placed on a roughened porcelain 

plate( 3 l. The sample is put on top of it and a porcelain cylinder 

is placed on top with various loads. The plate moves at a certain 

speed and the result is recorded as a function of the load. 

Similar tests have been developed in other countries. 
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FIGURE 4: EFFECT OF DENSITY ON 
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FIGURE 5: EFFECT OF THE COMPOSITION ON 
CRITICAL GAP PRESSURE 
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FIGURE 6: EFFECT OF TEMPERATURE ON THE 
CRITICAL GAP PRESSURE 
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FIGURE 8: EFFECT OF CONFINEMENT ON 
CRITICAL CAP PRESSURE 
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CHAPTEA 11 
BLASTING THEOAY 

by R. Frank Chiappetta 
1. INTRODUCTION 

Blasttng theory is perhaps one ot the most interesting. thought provok
lng. challenging and controversia! areas ot our industry. lt encompasses 
many areas in the science of chemistry. physics. thermodynam1cs. shock 
wave interact1ons. and rock mechanics. In bread terms. rock breakage by 
explosives tnvolves the act1on ot an explosive and the response of the sur
rounding rock mass w1thtn the realms of energy. time and mass. Past. cur
ren! and new blast1ng theones are presented along with the factors affect
ing fragmentat1on and general blast design cnteria. The chapter content 
has been carefully selected to emphasize the concepts associated w1th 
each blasting theory rather !han a rigorous mathematical. phys1cal. or 
chemical treatment through formulae. Where formulae are introduced. they 
are merely to enhance the concepts presented. 

In sp1te ofthe tremendous amount ot research conducted 1n the last few 
decades. no stngle blasting theory has been developed and accepted that 
adequately explatns the mechanisms ot rock breakage in all blasting condi
tlons and matenal types. Given specific test environments. condit1ons and 
assumpt1ons. tndividual researchers ha ve contnbuted valuable informat1on 
and insight as inputs into blasting theories. although a Simple "plug-tn" type 
formula for predicting "optimum fragmentation" 1s still largely unresolved 
There 1s as yet no consisten! and widely appl1cable theory of blasting. but 
only a number of limited and disconnected theories. many of wh1ch are 
emp1rical tn nature and based on ideal blasting cond1tions. Blasttng theones 
have been formulated and based on pure speculat1on. years of blast1ng 
expenence on a tri al and error approach. laboratory testtng. field invest1ga
t1ons. and mathematical and physical models adapted from other diSCI
plines of science. 

Pnmary breakage mechanisms have been based u pon: 

• Compressional and !ensile strain wave energy 
• Shock wave reflections at a free tace 
• Gas pressurization on the surrounding rock mass 
• Flexura! rupture 
• Shear waves 
• Aelease-of-load 
• Nucleation of cracks at flaws and discontinuties 
• ln-flight collisions 

Sin ce so many schools ofthought surround blasting theory. one must be 
prepared to investigate not only the theories. but the overall field input 
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variables that are inherent in any blast des1gn to ha ve any pract1cal mean

lng. G1ven the d1verse nature of field cond1t10ns encountered and the over
whel mmg number of blast des1gn variables to selectfrom. blast results m ay 

not always be easily pred1cted as 15 outlmed m Figure 11-1. Where one 
theory 1s successfulm ene spec1fic environment or appl1cat10n. 1t m ay not be 
as pred1ctive in another. 
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Often more !han one theory is needed to clarify or explam certam 
results. Parallel this approach to the phys1cist trying to explain l1ght with only 
one theory. that is. the wave theory. With the passage of t1me it became 
apparent that everythmg assoc1ated w1th light could not always be ade
quately explained with th1s theory alone and hence. another theory. the 
particle or "packets of energy" theory was developed to expla1n the phen
omena of l1ght in wh1ch the first theory failed. With both theones. the physi
CISt could now explain many ofthe mysteries surrounding light wh1ch even
tually led to new developments such as the laser. Sim1larly. in trymg to def1ne 
the mechan1sms of rock breakage by explosives. more than one theory or 
explanation is often needed. In any case. a blasting theory should not only 
attemptto explam and predictthe breaking process. but more 1mportantly. it 
should suggest and allow new methods and techniques to i mprove on 
curren! blasting practices. 

2. TIME EVENTS FOR THE BREAKING PROCESS 

There are bas1cally tour time trames designated as T1 to T4 1n wh1ch 
breakage and displacement of material occur dunng and alter complete 

detonation of a confined charge. 

The time trames are defined as follows: 

T1 - Detonation 
T2 - Shock or Stress wave Propagation 
T3 - Gas Pressure Expansion 
T4- Mass Movement 

Each t1me trame is first discussed separately. and then discussed m 
conjunction w1th blasting theories for an overall. more detailed explanation 
and meshing of events. Although these are treated as discrete events. it 
should be emphasized that 1n a typical shot hole or pr:Jduct1on blast. one 
event phase can occur simultaneously with another at specific time mtervals. 

a. T1- DETONATION 

Oetonation is the beginning phase of the fragmentation process. 
The ingredients of an explosive consisting of a fuel and oxidizer 

combination: upon detonation. are immediately converted to high 
pressure. high temperature gases. Pressuresjust behind the detona
tion front are in the order of 9 Kbars to 275 Kbars. while temperatures 
range from approximately 3000° to 7000°F.I'' 
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Detonation pressure is generally expressed as a function of the 
velocity of detonation and density of the explosivas as, 

Pd = (2.325 X 1 o-7 ) X P X VOD2 

Where Pd = detonation pressure in Kbars 
P = density in g/cc 

VOD = velocity of detonation in ft/sec. 

To change detonation pressure from Kbars to lb/in'. mult1ply 
Kbars by 14,700. Generally, explosivas yielding higher detonation 
pressures are required to fracture matenals which are massive. fine 
grained. hard. tightly bonded and strongly consolidated with heavy 
burdens. Typical values of detonation pressure for selected explo
sivas are presentad in Table 11-1. 

TABLE 11.1 

DETONA TI ON PRESSURES FOR SELECTED EXPLOSIVES 

Detonatlon 
Oenslty voo Pressure Pressure 

Explosiva (g/cc) (ft/sec) (Kbars•¡ (psi) 

ANFO 0.81 12.000 27.00 396.900 
POWERMAX 420 1.19 19.000 100.00 1.470.000 
HI-PRIME 1.40 20.000 130.00 1.911.000 
"G" BOOSTER 1.60 26.000 251.00 3.689.700 
•1 Kbar = 14,700 PSI 

The detonation wave starts at the point of primer initiation in the 
.explosive column and travels at supersonic speeds. Supersonic re.
fers to velocities which are faster than the speed of sound in the 
explosiva. Typical velocities of detonation for commercial explosivas 
range from 8,000 to 26,000 ft/sec. This velocity, sometimes referred 
to as the steady-state velocity, remains fairly constant for a given 
explosive. but varies from one explosiva to another, depending pri

. marily on the composition, particle size and density ofthe explosiva. To 
a lesser extent. the steady state velocity is al so affected by the degree 
of confinement and explosiva diameter. 

Since the velocity of detonation is greater than the velocity of 
sound in the explosive, the explosive material directly in front of the 
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detonat1on head 1stotally unaffected until the detonat1on head pass es 
through it. In a typical 30 foot explosive column loaded w1th an explo
sive having a characteristic velocity of detonation of 10.000 ftlsec. 
complete detonation and energy release with1n the ent1re column 
would occur m about 3 milliseconds. For an explos1ve with a veloc1ty 
of detonation of 20.000 ft/sec. detonation and energy release would 
be complete m 1.5 m1ll1seconds. Oetonat1ons of th1s kind are self
sustaining dueto the inertia of the explos1ve itself that provides con
finement necessary to mamtain conditions for fast chemical react1on 
rates. 

Figure 11-2 and 11-3 illustrate two typical hale load configura
tions. Velocity of detonation withm the explosive column was mea
sured with the S L 1 FE R System developed at SANDIA NATIONAL 
LABORATORIES For a contmuous 11 foot column of cartridged 
ANFO. the velocity of detonation was measured to be 12.200 ftlsec as 
ind1cated by the slope of the stra1ght line segment between pomt (a) 
and (b) in Figure 11-2. The stra1ght line is indicat1ve of a consisten! 
explosive composition. constan! density anda stable velocity of det
onation. As detonation progresses along the column. not only is a 
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shock wave imparted into the surrounding medium adjacent to the 
borehole wall. but tS al so imparted into the stemmtng as indtcated by 
thc slope of the stratght ltne segment between potnts (b) and (e). In 
thts case. the shock wave veloctty through the stemming was mea
sured to be 2.900 ftlsec. or approximately •;. that of the velocity of 
detonatton. 
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In Figure 11 -3. results are shown using AL TERNA TE VELOCITY 
techntques with a hale loaded with ANFO as the matn charge. with 
cartridges of APEX 260 emulston spaced 11-1 2 feet along the column. 
Without direct measurements ofthe continuous velocity of detonatton. 
much of the informatton would not have been dtscernable in the 
field by dtrect observation. Many importan! points are noteworthy 
in the results. Between potnts (a) and (b). the velocity of deto
nation lar the 3 foot length of emulsion cartridge is 20.500 ft/sec. 
Between (b) and (e) the veloctty of detonatton is reduced from 20.500 
ft/sec to 2.045 ft/sec withtn the ANFO and the detonation is sustained 
at the lower velocity until point (d) is reached. At point (d) the detona
tton head encounters another emulsion cartridge. whtch when deto
nated. at 20.000ft/sec between points (d) and (e). brtngs ANFO back 
up to its normal velocity of detonation of 12.500 ft/sec. Thus. even a 
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low order ANFO detonat1on can actas a very effectíve primer for the 
emuls1on cartndge. The decrease in velocíty between poínts (bi and 
(e) is attributed to water tnckltng 1nto the bottom part of the hole from 
the surroundíng roe k mass. Although ANFO can tolerate up toa 1 O% 
water saturatíon level. 1t do es so at the cost of blastíng effíc1ency. lf the 
center emulsíon cartrídge was not present. one of two th1ngs would 
have occured lt may have sustamed a low order ANFO detonatíon 
w1th a veloc1ty of 2.045 ft/sec throughout the rematntng explos1ve 
column. or ít would ha ve soon failed. lt has been demonstrated 1n f1eld 
tnals that where an explosíve of hígher velocíty of detonat1on 1s 
embedded spanngly w1thín the column of a matn explosíve w1th a 
lower velocíty of detonat1on. that better results are generally ach1eved. 
The greater the d1fference 1n detonat1on veloc1t1es and the harder the 
matenal to be blasted. the more pronounced are the results 

b. T2- SHOCK ANO STRAIN WAVE PROPAGATION 

The second phase. immedíately followtng detonat1on orín con
junctíon with the detonat1on phase of T1. 1s the shock and strain wave 
propagatíons throughout the roe k mass. Thís d1sturbance or em1tted 
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pressure wave(s) em1tted 1nto the roe k mass results. in part. from the 
rap1dly expanding h1gh-pressure gas impactmg the borehole wall. 
The geometry of d1spersion depends primarily on the shape of the 
charge. lf the charge is shot. with a length to di a meter ratio of less than 
or equal to 6:1. then the disturbance is propagated in the form of an 
expandmg sphere. lf the charge 15 long. w1th a length of d1ameter rat10 
of greater than 6·1. then the disturban ce is propagated 1n the form of 
an expanding cylinder. (Figure 11-4). However. in a typ1cal. bottom 
pnmed. cylindncal shot hole normally encountered in bench blasting. 
the stram waves originally formed near the point of mlt1at1on are 
already in progress and propagating into the surrounding medium. 
while the detonation 15 still progressing within the explos1ve column. 
Thus. close to the shot hole. strain wave propagation is neither 
perfectly spherical nor cylindrical but more l!ke that shown in Figure 
11 -5. 
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The pressure next to the borehole wall will rise instantaneously to 
its peak and then rapidly decay exponentially The quick decay iS due 
to cavity expansion of the borehole and mcreased gas coolmg. Cavity 
expansion around the borehole can occur through crushing. pulven
zation. and/or displacement of material and can range anywhere 
from about one to three hole diameters dependmg on the medium 
and explosive used Generally. extensive compressive. shear and 
tensile fa dure occur as a region of pulvenzed material since the wave 
energy iS at its maximum near the borehole wall. 

As the stram wave front proceeds outward. it has a tendency to 
compress the material at the wave front through a vol u me change At 
nght angles to this compressive front. there exists another compo
nen! referred to as the tangential or "hoop'' stress. The tangential 
stress. if large enough. can cause !ensile failures at nght angles to the 
direction of propagation. The largest !ensile failures are expected to 
occur close to the borehole where the tangential stress is high 
enough for failure to occur. 8oth the compressive and !ensile compo
nents of the wave front decay Wilh distance from the borehole 

When the compressive wave front encounters a discontmuity or 
interface. sorne of the energy is transferred across the discontinuity 
and so me reflected back to its point of ongin ,., For the most part. the 
partitioning of energy depends on the ratio of the acoustic i mpedance 
of the materials on either si de of the interface, as illustrated in Figure 
11 .6. Acoustic impedance. Z. for any material is defined as 

Z = p X Vp 

where: = acoustic impedance 
= densi~y of material 
= sonic velocity of material 

In reference to Figure 11-6. where the ratio of the acoust1c impe
dance of material 1 to material 2 is less than one. so me of the wave 
energy is transferred into matenal 2 and sorne reflected back. but 
both waves remain compressional. When the acoustic 1mpedance 
ratio is 1. all of !he energy is transferred into material 2 and no 
reflected wave occurs. When the impedance ratio is greater than 1. 

then sorne of the energy gets transferred into maten al 2 as a com
pressive wave and the remaming energy gets reflected at the inter
face as a ten si le wave. When a compressive wave travelling through 
rock encounters an interface such as a free tace. nearly all of the 
energy will be reflected back as a tensile wave. lfthe burden distance 
between the free tace and explos1ve column is relatively small in 
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contrast to normal burdens for a chosen explos1ve. then most of the 
energy 1s consumed in spalling at the free lace. 

The mteraction of stress waves 1n the outgoing compress1ve and 
reflected tensile modes around discontinuities and flaws w1thin the 
roe k mass is an are a of mtense research and is considered to be qu1te 
1mportant in some of the newer blast1ng theories. 
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c. T3 - GAS PRESSURE 

Dunng and/or alter stram wave propagat1on. the h1gh pressure. 
h1gh temperature gases imparta stress field around the blasthole that 
can expand the ongmal borehole. extend radial cracks and ¡et into 
any discontmuity. lt 1S dunng this phase where some controversy 
ex1sts asto the m a in mechan1sm of fragmentation. So me bel1eve that 
the fracture network throughout the rock mass 1s completed 

whlle others believe that the ma¡or fractunng process is ¡ust beginn
ing In any case. it 1s the gases that ha ve ¡etted into d1scontinu1t1es and 
the fracture network that is e1ther fully developed or being developed. 
which are responsible for the d1splacement of broken matenal 

lt 1s not clear asto the exact travel paths that gases take w1thin the 
rock mass. although it 1s agreed that they will always take the path of 

least res1stance. Th1s means that gases will first m1grate mto ex1sting 
cracks. ¡oints. faults. and d1scontmu1ties. m addition to seams of mate-· 
nal which exhibit low cohes1on or bonding at interfaces lf a dlscontl

nUity or sea m between the borehole and free fa ce 1s suffic1ently large. 
!he h1gh pressure gases will 1mmediately vent to the atmosphere. 
rapidly reducing the total confinement pressures. and results in 
reduced d1splacement of broken and fragmented matenal 

The confmement time of gas pressures w1thm a rock mass vary 

sign1ficantly depending on the amount and type of explosive. matenal 
type and structure. fracture network. amount and type of stemming. 

and burden. ATLAS stud1es. w1th the use of h1gh-speed photography 
m full scale bench blasts. have shown that gas confmement times 
before the onset of movement can vary from a few mill1seconds to 

tens of mill1seconds 13 ' To date. confinement t1mes have been mea
sured to range from 5 to 11 O milliseconds for a vanety of materials. 

explosives and burdens. Generally. but not always. conf1nement 
ti mes can be decreased by employing h1gher energy explosives 
decreas1ng the burden. ora combmation of both. Th1s appl1es equally 
to material at the bench lace or at the bench top. as 1n the case of 
stemming blowouts or cratenng. Refer to Figures 12.35 and 12.36 

Vibration/ Airblast for specific examples of gas confinement t1mes for 
stemmmg blowouts. lt is ev1dent that only suitably burdened and well 
stemmed charges can del1ver their full potent1al of add1t1onal gas 
extens1on fracturing and mass movement. 

d. T4- MASS MOVEMENT 

Mass movement of matenal is the last stage in the brenk1ng pro

cess T11e mnjority of fra9mentat1on l1<1s already bee1i completed 
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through compressional and tensile stress waves. gas pressunzat1on 
or a combmation of both. However. some degree of fragmentat1on. 
although slight. occurs through in-flight coll1sions and also when the 
matenal impacts the ground. Generally. the h1gher the bench height. 
the greater 1s th1s type of breakage ow1ng to increased 1mpact veloci
tles of individual fragments when falling onto the bench floor Sim
ilarly. matenal e)ected from opposite rows of a .. V-shot .. des1gn u pon 
head-on collis1ons can result m mcreased fragmentat1on Th1s phe
nomenon was ev1denced and documented with the use of hlgh
speed photography of bench blasts. 

Mass burden movement of fragmented material is shown m Fig
ure 11-7 for a number oftyp1cal lace condit1ons encountered in bench 
blast1ng operat1ons Face profiles and velocities are based on the 
results of high-speed photographic analys1s performed at the ATLAS 
POWDER COMPANY. Where no subdrilling is util1zed. (a and b). two 
types of tace movement may be encountered. In 11-7a the ent1re 
length of fa ce burden. directly m front of the explos1ve column. m oves 
out similar toa plane wave and the tace veloc1ty at any point is con
stan!. This behav1or is usually encountered where mater1al 1s very 
competen!. quite brittle. and structured with well defined. largely 
spaced joints. m u eh greaterthan the spacmgs or burdens employed 
in blast designs When the material is soft. highly f1ssured. and/or 
closely JOmted as might be found in coal and some sedimentary 
deposits. tace profiles resembling that of flexura! rupture 1S more 
likely. In this case. the greatest displacement and veloc1ty occur 
adjacentto the center ofthe explosive column with the leas! amount of 
movement occuring at the toe and eres!. When 1dentical conditions in 
11-7b are assumed and when subdrilling is employed. tace move
ment results in· much the same way except that the toe burden 1s 
displaced upwards faster and ata greater angle to the horizontal. 

The first three cases assumed a relatively straight tace between 
the crest and toe. however. in many bench blasting operat1ons, the 
cond1t1on is more like that illustrated in Figure 11-7d. where toe 
burden is considerably greater than the crest burden The toe burden 
is too great for the explosive selected. hence. very little movement 
occurs at the toe while the greatest displacement results in the upper. 
half of the bench. 

Three options are available to increase toe movement: 

• Employ angle drilling in an attempt to maintain constant burdens 
from the crest to the toe 

• Use a higher energy bottom charge in the current vertical drill hales 
• Decrease the burden with the current vertical drill holes 
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In select1ng the latter. care should be exerc1sed so as not to 
decrease the burden to the pomt of obtammg the cond1t1on shown 1n 

F1gure 11-7e The toe burden is now correct for the explos1ve 
selected. but the crest burden IS substant1ally reduced Th1s may 
bnng about many adverse cond1t1ons near the crest burden such as 
flyrock. blowouts. and mcreased airblast compla1nts Because con
finement pressures are released near the crest (In this case. a path of 
least res1stance relative to the toe burden). restncted toe movement 
wlll result lt is better to use the same burden. but with a higher energy 
bottom charge near the toe This load configuration as shown in Fig
ure 11-71 tends to pressunze more of the burden mass for longer 
periods w1thout adverse effects. and adequate toe movement gener
ally results 

Where large leftover muckp1les are left against the lace. F1gure 
11 -7g, toe movement will be restncted and mcreased ground v1bration 
levels are likely. Unless the situation requires a buffer. such as when 
blasting 1n the v1cin1ty of m1ning equipment orto avo1d dilution of an 
ore blast adjacent toa waste muckpile. it should be avoided 

Where seams are encountered 1n a blast. Figure 11 -7h. tremen
dous gas ejections w1th velocities up to 600 ft/sec can occur. When 
such gas venting occurs. it will adversely affect other parts of the 
burden to displace adequately and inevitably leads to poor overall 
blasting results. A stemming deck immediately ad)acent to the sea m 
w111 give better results. 

e. TIME EVENTS T1-T4 COMBINED 

Up to th1s point. time events T1 to T4 ha ve be en discussed more or 
less as separa te 1solated events. However. in a real blasting env~ron
ment. more than one event can occur at the same t1me. 

Consider a single vertical hole in a quarry tace with the primer 
located near the bottom of the hole as is illustrated in Figure 11 -8 
Assume the explosive used is 40 feet of ANFO with a velocity of 

,detonation equal to 13.000 ft/sec. the material blasted is limestone 
with a sonic wave velocity of 1 5.000 ft/sec anda density of 2.3 g/cc 
U pon 1nitiation of the primer, it takes onl.¡ a few m1croseconds anda 
distance of 2 to 6 hole diameters up the column to forma full detona
tion head. When a full detonation head is formed. 1t travels up the 

, explosive column with a velocity characterist1c of the steady-state 
velocity. (in this case 13.000 lt/sec). lt takes approximately 3.0 ms for 
the 40 foot column of ANFO to be completely detonated. 

W1thin this 3 O ms. many other things ha ve occurred. Starting at 
the bottom of the hole and progressing up the ·column. borehole 
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expansion through crushing of. the borehole walls has taken place. 

This produces compresstve stress waves with tangenttal compo

nents emanating from the borehole walls and progresstng outward tn 

every direction with a velocity characteristic of the sontc wave veloc

ity of limestone. lt takes approximately 1 .O msec for the compressive 

stratn wavetotransverse 1 5 feet ot burden to the free tace. Behind !he 

stratn wave propagation some radtal cracks start to develop in the 
crushed zone regton of the borehole wtth a veloctty ranging Ir o m 25 to 

50% of the P-wave veloctty for lomestone. lf the intenstty of the com

pressive stratn pulse is high enough. new cracks and/or extens10ns of 
pre-extsttng cracks and flaws can be tnittated anywhere between the 

crushed zone next to the borehole and the free tace The greatest 
nllmh<>r ol crélcks F~re generé!lly tound closest to the horehole 

Whc·n tt1e cornpress1ve wHve stnkes ;.t frt:fJ fue e. 1t 1s lrTln1ed1ately 

converted to a !ensile stréltn wélve whtch slnrts at the free létce élnd 

tr;~vels l1é!Ck througt1 tt1e roe k rnass towe1rds tt1e boret1ole. Owtng to 
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the new fractures created from the outgoing compress1ve stram 
wave. the tenslie stram wave wlil take somewhat longer to travel the 
same burden d1stance of 15 feet lfthe burden 1s small enough and the 
intensity of the reflected stram wave is large enough. then so me spall
mg at the free lace or bench top IS expected. although no S1gnif1cant 
mass movement w1ll occur 

At 3 ms alter detonation and complete react1on of ANFO. the 
onginal high temperature. h1gh pressure gases ha ve reached a new 
equilibrium dueto borehole expans1on. Both temperature and pres
sure have dropped s1gnificantly resultmg m an energy reduction 
ranging from 25 to 60% of the theoret1ca1 energy ong1nally avaliable 
This remam1ng energy acts on the surrounding "precond1t1oned" 
rock mass to displace it in the direction of least res1stance Further 
fragmentation can occur at th1s stage from gases entenng and 
extendmg preexisting cracks or discontinu1t1es lt is at this stage 
where sorne blasting theories are contrad1ctory Some bel1eve that 
the major fracture network is completed within about 3 ms dueto the 
interact1on of stress waves on the surrounding matenal. while others 
believe that the ma¡or fracture network is just beginning. 

Regardless of which t1me frame is responsible for the develop
ment of a fracture network. mass movement and d1splacement of 
material at the bench top or lace occurs much later in time dueto the 
confinement of gas pressure within the rock mass The onset of mass 
movement depends on the material response in con¡unction with the 
strain and gas pressure stimulus generated from the explos1ve For 
typical stemmmg and burdens encountared in the field. bench top 
swelling occurs between 1 to60 ms. stemming eject1ons between 2 to 
80 ms and bench burdens between 5 to 11 O ms. Surface upliftmg 
velocit1es around the collar region of a hale occur between 5 and,1 20 
ft/sec. stemmmg ejections between 1 O to 1 500 ft/sec and burden 
velocities between 5 to 200 fUsec. Gas ejection veloc1ties at discon
tmuities ha ve been recorded as high as 700 ft/sec and often occur in 
less than 5 ms. 

3. RUPTURE RADIUS 

The degree of damage and fractunng around a borehole can be char
acterized by four zones as illustrated in Figure 11 -9. In the crushed zone 
immediately around the borehole. the explosive induced pressures and 
stresses exceed the dynam1c compress1ve strength of the rock by factors 
rangmg from 40 to 400. These h1gh pressures acting against the borehole 
wall w1ll crush. pulvenze and shatter the surrounding rock mass. causing 
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intense damage This zone is al so referred toas the hydrodynamic zone m 
which the elastic ng1dity of the rock becomes msignif1cant. (6) 

Next to the crushed zone is a region defined by a severely fractured 
zone referred to as the non-linear zone. Here fracturmg can range from 
severe crushing through partial fracturing. to plastic deformat1on Extens1on 

------- Legend 
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FIGURE 11.9 

of cracks can occur from previously formed cracks by the tangent1al com
ponen! (hoop stress) of the shock wave. 1nfiltrat10n of gas pressure and at 
flaw sites. 

In zones 3 and 4 (elastic zones) !ensile fallures and crack extens1ons 
occur in a less intense mode because the stress wave amplitude has atten
uated sign1f1cantly. Much of the onginal energy from the detonat1on has 
been consumed in the form of heat. friction. and fractur·ng in zones 1 and 2. 
The peak amplitude of the compressive stress 1s now much smaller than ''"' ~ 
compressive strength of the rock so no new fractures are l1kely 1n th1s wa •e 
type. However. the tangential stress componen! o! the wave 1s stlll substqr 
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t1ally larger than the ten sil e strength of the rock. Since the tensile strength of 

rock 1s about 1/1 5 to 1/1 O of the compress1ve strength. the tangent1a1 stress 

of the wave 1s large enough to cause radial fractures These new fractures 

are formed from the extension of cracks 1n the non-linear zone (zone 2) or 
from cracks mit1ated from m1crofractures and flaws inherent in a typ1cal 

rock mass. 

Once the tangent1al stress has attenuated below the cnt1cal tensile 

strength of the rock. no further breakage occurs beyond th1s po1nt as illus

trated in zone 5 (F1gure 1_1-9) Once the w<Jve or rl1sturhance p<1sses mto i'lnrl 
throllgh th1s zone. th8 inrl1vi<iL1<ll part1r:IP.s of tl1e rnP.dttll11 w11l osr:iii<Jte <~nrl 

v1hr;tte r-thout thetr rest r>OStltons wtttun tt1e el<lSttc ltn11ts of ltH-• roe k ;Hlc1 so no 

perrnanent damage results lt 1S th1s reg1on where Se1sn11c waves are c<Jr

rled considerable d1stances and are responsible for ground v1brat1ons. 

Table 11-2 gives an 1dea of the degree of max1mum damage found 

around the crushed and fractured zones 1n lerms of charge radii for a 

number of cond1t1ons Results are based on the works of many researchers. 

conducted 1n a number of d1fferent matenals w1th varymg exptos1ves For a 

g1ven explos1ve. the rupture rad1us 1s greater 1n soft rock than hard rock 

Given the same rock. the rupture rad1us is greaterfor higher strength expto

s·lves than lower strength ones. Thus. the degree of rad1al rupture 1s lnflu

enced by the explos1ve. matenal properties and structure 
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4. BLASTING THEORIES (Past & Present) 

_In thrs sectron. blast.nq theone-, of the past and presentare drscussed m 

concept form. Table 1 1 -:3 '"' ::> l•st of so me ot the more common thoughts 

regarding breakage mechdrll , ''" ::11rd tne r """'"''"'r"chers responsible for therr 
introductron This list is by IIL' '''"'""S curr¡._•ic-Le but rt does illustrate how 
certai n thoughts on blastir, ~ u ... -v. ' 'l,, i.,.0 ,v;t,, U re sr m pie reflection theory 

alter World War 11 and proyr t"'."C'-''-' tu \1 '"" ''''-'' ~· ~.-umplex nuclei or stress
wave flaw theory of the 1-Jre:.c."i 

Sine e ea eh theory Iras"'''"'',_,"[ srrer ,gtrrs and weaknesses. the mam 
concepts of ea eh theory ar t r_,e·Jt <=;plai neu wrth a brief descriptron. Blasting 

theones discussed are. 

a) 
b) 
e) 
d) 
'e) 

f) 

g) 
h) 

i) 

a. 

Reflectron Theory (Rt'fl8cted SLrPss Waves) 

Gas Expansion Theory 
Flexura! Rupture 

Stress Wavr·s & Gas E'.<p._,n,~iorr Ttreur l 
Stress Waves. Gas Expansrun & 3tr ess-Wave/Fiaw Theory 

Nuclei or Stress-Wave/Fiaw Thtory 
Torque Theory 

Cratenng Theory 

Cratering Mechanisms 

... 

REFLECTION THEORY (Reflected Str8ss Waves) (1 7, 18. 19. 20) 

One of the first attempts to explarrr. analytrcally. how rack breaks 

when a concentrated explosrve charge rs detonated in a borehole 

near a free surface was with the reflection theory. The concept was 

simple. straight forward. and based strictly on the well known factthat 

rock is always less resistan! in tensron than in compression._ 

compressive strain pulse rs generated by the detonation of 

A 
an 

explosive charge. moves through the rock in all directrons wrth a 

decaying amplitud e. and is reflected only ata free surface. Atthe free 
surface. the compressive strain pulse is converted into a tensrle strarn 

pulsethat progresses back toits point oforigin. (Se e Figure 1 1-1 0) Since 
rock is weakest in tensron. it rs easily pulled apart by the reflected 

tensile strain pulse and damage at the lace appears in the form of 

·spallrng. The hrgh pressure. expanding gases. are not deemed 

directly responsible for the majar degree of fracturing that occurs. 
A more detailed explanation follows: Detonation of an explosive 

charge in rock generales a large quantity of hrgh temperature. hrgh 

pressure gas m a very short time Typically. this occurs m a few 
microseconds for small cylindncal charges andina few millrseconds 
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DATE 

1949 

1956 
1957 

1958 

1963 

1966 

1970 
1970 
1971 
1971 
1972 

1972 
1973 
1974 
1978 

1983 

1983 
1983 

TABLE 11.3 
BLASTING THEORIES ANO 

THEIR BREAKAGE MECHANISM 

BREAKAGE MECHANISMS 

RESEARCHER(S) TENSILE 
COMPRES-

SIONAL. GAS FLEXUAAL 
AEFLECTEO 

STAAIN PAESSURE RUPTURE 
WAVES 

WAYES 

Obert, Ouvall (17) (18) 1 
"Hind (19) 1 
Ouvall, Atchison (20) 1 

Rinehart (21) 1 

Langtors, Klhlstrom (22) 2 1 
Startleld (23) 1 

Porter, Fairhurst (24) 2 1 
Persson, Lunborg, Johansson (25) 1 

Kutter, Fairhurst (6) 1 1 
Field, Ladegarrd - Pederson (26) 1 1 
Johansson, Persson (27) 2 1 
Lang, Faureau (28) 4 2 1 
Ash (29) 1 1 
Hagan (30) (31) 1 

Barker, Fourney, Oally (32) (33) (34) 

Winzer, Anderson, Ritter (35) 

Adams, Margolin (36) (37) 
McHugh (38) 

NUCLEI 
STRESS-

FLAW 

3 

1 

1 
1 

1 

for long cylindrical charges found in normal bench blastmg. Th1s gas 

pressure acting against the borehole wall generales a compress1ve 
strain or stress pulse of high ampl1tude which will crush and/or frac
ture roe k next to the borehole. This stress pulse travels rad1ally out
ward in all directions from the shot point at speeds equal to or greater 
than the velocity of sound in the medium. Dueto wave d1vergence and 
energy absorpt1on by the roe k. the pulse amplitude decreases very 
rap1dly. Thus. the extent ofthe crushed zone 1mmediately next to the 

borehole is rélatively small. 
When a longitudinal compressive stress strikes a free surface. 

two reflected pulses are generated. a tensile and shear pulse The 
amount of energy imparted to each depends on the angle of incl

dence of the compressional stress pulse. Of the two reflected pulses. 
the tensile one predominates in breaking rock as it moves back mto 
the rock. 
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The effective transfer of detona!lon pressure to stress m the rack 

depends on the tmpedance match of the explosive to rack A smaller 
explostve to rack impedance ratto was shown to provtde a more 

effecttve transfer of thts pressure to stress Tlle concept of reflection 
breakage is tllustrated in Figure 11-1 O The ttme arder of key events 
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PUL.SE ATA FREE SURFACE 

FIGURE 11.10 

Slabs broken off closer to the hale are displaced wtth lower 

velocittes. 
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b. , GAS EXPANSION THEORY (25) (39) 

The pressure act1ng on the walls of an explosive filled hole. u pon 
detonat1on. will be approx1mately one-half ofthe detonation pressure 
due to expans1on of the borehole This pressure will propagate out 
from the borehole into the rock as a shock wave The material 
between the borehole and the shock frontis compressed and flows 
elast1cally or plast1cally. dependmg en the pressure and strength of 
the rock So me radial cracks form next to the borehole wall startmg at 
about two hole rad11 out and then propagate rad1ally mwards as well 
as outward. The greatest frequency of radial cracks are next to the 
borehole. but a few extend farther out When no free lace ex1sts. a 
small number of these rad1al cracks beco me very much larger than 
the others. 

By the time the shock wave reaches the free surface. rad1al crack 
lengths formed are less than one quarter ofth1s d1stance. At th1s stage 
the longest of cracks have extended inwards and reached the bore
hole wall. Gas pressure is now capable of entering these cracks and if 
the pressure 1s high enough can reach out towards the crack tips. 
thus further elongating the cracks. This has the effect of aidi ng cracks 
that interact with the returning tenslle wave and cause them to reach 
the free surface Up to this pomt. acceleration of the rock mass 
between the hole and free lace has been neglig1ble. Only alter the 
cracks ha ve reached the free surface 1s the roe k accelerated by the 
remainmg gas pressure 

The key point of the gas expansion theory are: 

• Radial cracks are initiated not 1mmediately next to the borehole but 
about two hole radii out and extend mwards toward the holeas well 
as outwards towards a free tace. 

• Rock displacement does not o.ccur until pressurized radial cracks 
extend to the free surlace. 

c. FLEXURAL RUPTURE (A Gas Expansion Theory) (29) 

During detonation of an explosive confined in a borehole. two 
distinct pressures are formed; one from the detonation 1tself and the 
other from the highly heated gases acting on the borehole walls In 
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this theory. ninety percent of the total energy to break rock 1s in the 

latter Detonat1on pressure acts only momentarily agamst any one 

part of the borehole's interna! surface area. while gas pressure is 

sustained considerably longer until sorne form of cavity volume 

change occurs. Gas pressure. then. IS the major component respon
Sible for fragmentation and flexura! rupture. 

Radial cracks form only in planes parallel with the borehole axis. 

No cracks develop where the explos1ve is not in 1mmediate contact. 

thus most cracks form adjacent to the borehole wall where tangent1al 

stresses are produced with1n the borehole's wall as the cav1ty is 

pressunzed. Providing strain energies at crack tips are adequate. 

extension of fractures continue. Breakage by reflection of strain 
energy ata free tace is considered negligible. Gas pressure dnves 

the radially produced cracks through the burden to the free fa ce and 

displaces rock through bending and ín the direction of least resist

ance generally following naturally occuring planes of weakness lt 1s 

dunng this final stage where the major breakup of intact material 
takes place. 

Breaking of rock by flexura! rupture is analogous to bendmg and 

breaking a beam as 1llustrated m Figures 11-11 and 11-12. A rectan

gular beam 1s used to represent the field configuration of bench 

height. H, and burden, B. in the form of a modified cantilever beam 

model. The fixed end of the beam represents toe conditions while a 

roller. placed directly opposite the center of the stemming column. 

represents the stemming funct1on. The roller allows the collar reg1on 

to rotate and move longitudinal! y but does not allow deflection normal 

to the borehole axis. Although not shown for clarity of concept'. the 

beam thickness in Figures 11-11 and 11-12 is actually equal to the 

burden. Borehole pressure is represented as a load dlstributed along 

the length of blasthole contaming the explosive. Rock weight of the 

bench segment is cons1dered neglig1ble relative to the load resulting 

from the borehole gas pressure. Maximum contribution of total rock 

load acting at floor level is only ata ratio of about 1:100.000 or more 

compared to gas pressure. 
The degree of frag mentation is controlled by the stiffness property 

of the burden-rock mass. This stiffness depends on ex1sting restraints 

to movement. rock (Young's modulus). radially-cracked 

block's geometric shape as defined by 1ts average thickness. width. 

and length. In terms of blast configurat1on. burden. spacmg, and 

bench height are the controlling factors for any given rock. 
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To achíeve adequate flexural rupture. the burden to length (B/L) 
ratio becomes crítícal because stíffness van es wíth the thtrd power of 
thts ratto For a gíven explosíve díameter and reflectíve B value. 
decreastng the bench hetght L has the effect of. 

í) sttffeníng the burden rock 

íí) reduces fragmentation 

ííí) tnhtbits the necessary lateral and upward displacements needed 
to break collar maten al and remove toes 

Reducíng burden for a given bench heíght has the opposíte 
effect Doubling the bench height for a given burden. or reductng the 
burden by one-half for a constan! bench hetght has the effect of 
reducing the stíffness theoretically sorne eíght times. although tn 
practice a B/L ratio of 1/3 ís often adequate. 

d. STRESS WAVE ANO GAS EXPANSION THEORY (6) 

. ,. 

In 1 971. Kutter and Fatrhurst combíned the concepts of strain 
wave índuced fracturing and gas pressure as the main mechantsms 
to fragment rock Their experíments were performed wtth homogen
ous plexiglass and rock models. 

Alter detonatíon. an intense pressure wave is emttted into the 
rock from the impact of the rapidly expanding high pressure gas. This 
pressure rises immediately to its peak and can be assumed to be 
one-half to one-quarter of the detonation pressure. Due to cavity 
expansion around the borehole and the cooling of th.e gases. the 
pressure decays exponentially. In spite of the decay. the pressure is 
sufficient to exert a quasi-static pressure on the rock boundary for a 
relattvely long time. 

The amount of ener.gy in the shock wave is calculated to be only a 
fractton of the total energy released by the explosive. In granite thts 
was measured to range between 1 Oto 1 8 percent while in salt it was 
only 2 to 4% of the total energy released. The remaining energy is 
contained in the gas pressure. However. the compressional wave 
energy is sufficiently high next to the borehole to cause extensive 
breakage. 

A radially fractured zone is the first fracture pattern to develop 
around the new expanded cavity. Next to develop is a ring of wider 
spaced radial cracks. 
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This w1dth of radially fractured zone depends on: 

• the ten si le strength of the rock 
• wave velocity of the rack 
• input oressure of the explosive 
• detonat1on velocity of explosive 
• extent of energy absorpt1on in the rack mass 

The d1ameter of the fractured zone was theoret1cally calculated to 
be around six hale d1ameters for a spherical charge and nme hale 
diameters for a cylmdncal charge.lt IS m this expanded or eqUivalen! 
cav1ty that the gas pressure becomes active and not in the ongmal 
borehole. Thus cracks are pressurized and free to extend toward a 
free tace. The original stress wave functions only to precondit1on the 
rack by in1tiating (m tens1on) radial cracks at the borehole wall 

The main points of interest of the stress wave and gas expansion 
theory are: 

• 8oth stress waves and high pressure gases play an importan! role 
m fragmenting matenal. Neither the strain wave or gas pressure 
alone 1s responsible for rack fragmentation in blastmg. 

• Radial cracks originate at the borehole wall. 

• Pre-ex1sting cracks would reinitiate under stress. but no new cracks 
would form in the area occupied by an old crack. 

• Presence of a free surface favors extension of gas pressurized 
radial cracks in that direction. 

• ln-situ stresses affect the direction in which radial cracks travel. 

• For a given borehole size. an increase of explosive charge beyond 
an optimum amount does not 1ncrease the fractured zone. but 
results only in additional crushing around the cavity. 

e. GAS EXPANSION, STRESS WAVES, STRESS-WAVE FLAW, ANO 
REFLECTION - (Combmed Theory) (28) 

Stage 1 -On detonation of the explosive the high pressure shat
ters the rack manare a adjacent to the drill hale. The outgoing shock 
wave traveling at 9.000 to 17.000 feet per second sets up tangential 
stresses that crea te radial cracks wh1ch m ove out from the region of 
the hale. The first rad1al cracks develop in one to two mill1seconds. 
(Figure 11-13a) 
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Stage 1 (a) 
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' 
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Wave 
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FRACTURES OPENEO UP ANO PROPAGATEO BY GAS EXPANSION 
PRODUCING AN ISOLATED FRAGMENTED ROCK MASS OR CRATER 

FIGURE 11.13 

Stage 2-The pressure associated w1th the outgomg shock wave 
of the first stage is positive lf the shock wave reaches a free lace it w1ll 
reflect. but m··so doing the pressure falls rapidly to negat1ve values 

anda tension wave is created. This tens1on wave travels back into the 
rock and s1nce this material is less resistan! to tension than to com
press1on. pnmary failure cracks will develop due to the tensile 
strength of th1s reflected wave. ,11 these tens1le stresses are sufficiently 
1ntense they m ay cause scabbing or spalling at the free tace. (Figure 
11-13b) 

In rock breaking th1s spalling effect appears to be of secondary 
1mportance lt has been calculated that the explosive load must be 1n 

the order of 8 times the normal load to cause failure of the rock by 
reflected shock wave alone. 

In the f1rst and second stages. the function of the shock wave 
energy 1s to condition the rock by inducmg numerous small fractures 
In most explosives the shock wave energy theoretically amounts to 
only 5 to 1 5% of the total energy of the explosive. This strongly sug
gests that the shock wave 1s not directly responsible for any s1gn1fi-
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cant amount of rock breakage. but it do es provide the bas1c cond1t1on
ing for the last stage of the breakage process. 

Stage 3-ln th1s last stage the actual breakage of rock 1S a slower 
action. Under the influence of the exceedingly high pressure of the 
explosion gases. the pnmary rad1al cracks are enlarged rap1dly by 
the combmed effect of tensile stress induced by radial compress1on 
and by pneumat1c wedg1ng. When the mass 1n front of the borehole 
yields and m oves forward. the high compressive stress es w1thin the 
rock un load in much the same way as a compressed coil spnng bemg 
suddenly released. The effect of unloading is to m duce high tens1on 
stresses within the mass which complete the breakage process 
started m the second stage. The small fractures and threshold frac
ture conditions created in the second stage serve as zones of weak
ness to initiate the ma¡or fragmentation reactions. (Figure 11-13c) 

f. NUCLEI ORSTRESSWAVE-FLAWTHEORY (32. 33. 34. 35. 37. 38) 

This relatively new theory was formulated at the Un1versity of 
Maryland in the fracture mechanics laboratory. Laboratory tests 
were conducted in homol1te-1 00 models. both unflawed and flawed. 
by simulating many of the geolog1c structures and discontmuities 
(joints. fractures. bedding planes) typically found in large scale 
bench blasting. Results showed that stress waves were quite impor
tan! in the fragmentation process and ca u sed a substantial amount of 
crack 1n1tiation at regions rather remate from the borehole. These 
regions consisted of small or large flaws. joints. bedding planes. and 
other d1scontinuities that acted as a nuclei for crack format1on. devel
opment or extension. This new stress wave dominated mechanism of 
fragmentation is referred here as the nuclei theory. 

The theory and actual mechanisms of stress wave propagation 
and interaction in a flawed medium are quite complex. They involve 
many phases such as: (40) 

• detonation and crack nucleation around borehole 
• crushed zone extension 
• dynamic crack stability 
• activation of flaws 
• coalescence of wave velocities and strains 
• branching of cracks 
• interaction of cracks and reflected wave systems 
• instability of crack direction 
• random progressive failure 
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In more s1mple terms. the 1mportant points of the theory are 
explamed w1th the illustrat1on in F1gure 11-14 A borehole is located 

behmd a free lace w1th two d1scontinuit1es. a JOint plane and a small 
flaw. located between the borehole and free tace. Assume all other 
areas in the medium to be homogeneous and flaw free. 

In unflawed material. only 8 to 1 2 dom1nant cracks emerge from a 

dense radial network around the borehule These dommant cracks 
can travel signif1cant distances and consequently form large p1e 

shaped segments. that alone are not conduc1ve for good fragmenta

tlon. Stress waves contmuing away from the fractured zone around 

the borehole result in no further damage. 
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In flawed material or sect1ons of the matenal which contain flaws. 
fragmentat1on 1s qu1te different Cons1der the P and S waves propa
gatmg away from the fracture network around the borehole in Figure 
11-14b and 11 -14c .. Refer to Chapter 12-Vibration/ AirBiast sect1on 
for a d1scussion on Se1smic Waves. No fracturing takes place until the 
flaw (joint plane) 1s 1n1t1ated by the P wave ta11 and the leadmg front of 
the S wave. (F1gure 11-14c). The rema1nder of the S wave has 
suff1cient energy to keep the crack from arrestmg. A sim1lar effect 
occurs as the P and S waves move past the small flaw between the 
¡omt plane and the free tace. (Figure 11 -14d). lt is i mportant to note that 
cracks are in1t1ated at flaw sites re mote from the borehole reg1on by 
the combined action of the P wave tail and the S wave front Flaws 
mitiated in the 1mmediate borehole vicinity of these waves ha ve only a 
small effect Note al so. that the outward d~rected P and S waves can 
1n1tiate flaws anywhere independent ofthe presence of a free surface. 

When a P wave encounters a free tace (F1gure 11-14d and 11-
14e). it is reflected and travels back intothe medium as a ten sil e wave 
to meetthe outcoming S wave. Atthis stage. constructiva interference 
can occur which allows for further crack initiation or extens1on of 
cracks previously formed. New wave systems (PP. PS. SP. SS. PP. and 
S. PS. and S) will also form from the original outgoing wave system 
upon reflection at a free surface or discontinuity. These new wave 
systems can al so contribute to crack extensions. F1gure 11-14f and 
11-14g illustrate further crack extensions when all wave systems 
ha ve been reflected back towards the hole. 

The importan! points of the nuclei or stress-wave flaw theory are: 

• the fracture network spreads with the speed of the P and S waves. 
which initiate fracture around flaws remate from the borehole 

• in highlyflawed material, fragmentation results from the nucleation 
of new cracks at flaws and reinitiation of old cracks from the 
reflectad stress wave systems 

• gas pressurization does not contribute significantly to the fragmen
tation process 

Computational models incorporating stress wave/flaw interac
tion as a mechanism of nucleating and extending cracks is growing 1n 
popularity. (32-38. 40) Although the models differ in approach and/or 
details. the main idea 1s that shock and/or stress waves fragment 
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matenal and gas pressure acts to displace the broken material. 
Stress wave functions not only to initiate fractures at or near the bore
hole wall. but also init1ate fractures throughout the rock mass bemg 
blasted. 

Recent work in full scale production shots and 1n large blocks 
added further insight into this phenomena. (35) Stress wave mduced 
fracturing at flaws and discontinuities removed from the borehole 
was found to be considerably greater than either spall1ng or borehole 
radial tensile failure documented by earlier works. Gas pressurized 
radial fracturing. in typ1cal bench blasting operation. was found to be 
only a minar contributor to the overall frag mentat1on of the rack mass. 

Some key points of Winzer's theory and observations are: 

i) new fractures are seen to form at the tace at about twice the 
time it takes for the P wave to traverse the burden distance 

ii) old fractures are the loci of new fractures or are re-initiated 
themselves early in the event: they continue to be active for 
severa! tens of milliseconds alter detonation of the explosive 

... 

iii) fragmentation continuas in blocks of rack. following detach- ··;1 

ment from the ma1n rock mass. by trapped stress waves ,<;·. 

iv) the fracture pattern on the free lace IS well developed pnor to 
the expected time of arrival of rad1al cracks from the borehole 

v) in blasted faces from production-scale shots. fractures are 
observed to ha ve initiated at. and propagated from. joint and 
bedding planes. suggesting the same operating mechanism(s) 
as those observed in homolite models at the University of Mary

land 

vi) gas venting occurs through already open cracks relativ~ly 
late in the event. indicating that the majority of fractures 
observed on the free tace are not gas pressurized 

v1i) in more massive rock stress waves are transmitted with 
higher velocity and less attenuation. but fewer fractures will 
torm because there are few fracture sites. However. more 
radial fractures will form in massive rock. wh1le fewer frac
tures form at a distance from the borehole 
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viii) large fragments will form early in the event. andas they move 
and fractures open. large segments of the rock mass will be 
effect1vely isolated from further stress energy 

ix) in more heavily fractured rock. the stress wave velocity will be 
lower and attenuation higher. but there aré more fractures to 
serve as initiation s1tes 

x) the stress wave takes longer to penetrate the mass. and 
movement ofthe rock can be expected to be slower as more 
energy is absorbed by the rock mass 

xi) cracks open more slowly, and smaller masses of rock are 
1solated early in the event. so that later arriving stress waves 
can continue to increase crack initiation and propagation 

g. TOROUETHEORY 

The success of this theory is totally dependen! on the absolute. 
accurate timing of initiators. When two adjacent explosive columns 
are initiated simultaneously from opposite ends. a compressional 
shock wave from each column traveling parallel but in oppos1te direc
tions is formed. (Figure 11-1 5) The greatest stress 1s always directed 
perp.endiculartothe primary shock front. This stress is al so assumed 
to be greatest near·the detonation head in the explos1ve and dlmm
ishes with distance away from the detonation head. An u neven stress 
distribution is formed between explos1ve columns when the columns 
are fired simultaneously and from opposite directions. This action 
tends to toss the fragmented rock between explos1ve columns in a 
counterclockwise motion. Reversing the pnmers of each explosive 
column will toss the material in a clockwise motion. This action is 
precisely what is needed to obtain uniform fragmentation and avoid 
tight muck pi les such as in the case.of ln-situ retorting. For this theory 
to work. exact initiators are crucial: nothing less will do. especially 
when using explosives with very high velocity of detonation. 

h. CRATERING THEORY (41-45) 

The concept of cratering. its development. and resulting applica
tions were orig1nally proposed by C. W. Livingston and la ter mod1f1ed 
by others such as Lang and Bauer. (41) (43) (44) lt in vol ves a spherical 
charge of length to di a meter ratio of less than or equal to 6 to 1. 

detonated at an empiracally determined distance beneath the sur-
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lace to optim1ze the greatest volume of permanently fragmented 
matenal between the charge and free surface.This imp11es that given 
a spec1fic explos1ve and material, there ex1sts a burden d1stance 
between the charge and free surface which yields the largest crater 
(Figure 11-16d). This burden is referred toas the optimum burden or 
depth. Similarly, there exists another burden distance referred toas 
the critica! distance, which is too far below the surface to result in any 
crater or expuls1on of material at the surface. other than m mor radial 
cracks This IS the point where material at the surface just begins to 
show evidence of failure. (Figure 11-16b). 
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SCHEMATIC OF THE EFFECT OF OECREASING THE 
BUROEN ON CHARGES FIREO IN ROCK 

FIGURE 11.16 

Livingston determined. experimentally and theoretically. that 
there was a constant factor between this critica! burden distance and 
the cube root of the weight of explosiva and expressed itas: 

Stráin Energy Equation 
1 

N=ExW3 

where: 

N = critica! distance in feat 
W = weight of explosiva in pounds 
E = proportionality constant or the etraln energy factor 

which has no units and is constant for one given explo
siva - rock combination 

lf a sufficient number of tests are performed as illustrated in Fig
ure 11-16. then the strain energy factor could be calculated. For 
example tf the critica! burden was found to be 1 2 feet when using 40 
pounds of ANFO. then 
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1 2 
E = ----'-'=-:-

E = 

(40) 3 

1 2 

3 42 

E = 3.51 

Strain Energy Factor= 3 51 

This strain energy factor. E. will differ ifthe same explosive 15 u sed 
in a different material or the same material is blasted w1th a different 
explosive. When rock gets more brittle, E m creases and the optimum 
crater vol u me occurs at lower val u es of depth ratio. In softer material. 
E decreases and the optimum crater volume occurs at higher válues 
of depth ratio. 

The strain energy equation can be written in another form that 
relates the charge depth !ro m surface to the depth ratio. strain energy 
and explosive weight as: 

Upper Limit of Shock Aang~ 

de= 6 X E X W 3 

where: 

de= distance from surface to the center of grav1ty of the 
charge in feet 

6 = depth ratio= depth of burial 
critical depth 

W = weight of explosive in pounds 

11 deis the optimum burden that yields the greatest vol u me of 

fragmented material. then it is referred toas d 0 and the optl

mum depth ratio is referred toas 6 
0

. 
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Crater data can be plotted tn a number of dtfferent ways. Figure 

11-1 7 illustrates the effect of two explostves. A and B on the amount of 
fragmented matenal that each ts capable of achtevtng at dtfferent 

depths of burials Note that the higher energy explosive always frag

ments a greater volume of matenal at the same depth of bunal as 

explostve A. but that the opttmum depth of burial dtffers for each 
explosive. 

Explostve B 

...-'"T ..... 

,"""' 1 ' 
/ 1 ' 

/ : \ 
/ 1 \ 

/ 1 \ 
/ Exploolve A : \ 

1/ 1 \ 

1 \ 
\ 

do For Explosive A 
do For 

lncreasing Oepth 01 Burlal 

' ' ' ' 
VOLUME OF FRAGMENTED MATERIAL VERSUS 

DEPTH OF BURIED FOR TWO EXPLOSIVES IN 
THE SAME MATERIAL 

FIGURE 11.17 

Another method of representmg crater data on a common base is 

by plotting V/W on the y-ax1s and the depth ratio on the x-axis as 

shown in Figure 11-1 8. (44) V isthe vol u me of broken materialtn cubic 

feet. W is the weight of explosive in pounds. and the depth ratio has 

been defined as the depth of burial divided by the critica! depth The 

importan! thing to note is that the optimum depth ratio. ( 6 
0 

). varíes 

with each explosive-rock combination. The advantage of performing 

such field experiments is that one would obtain crater data speclfi

cally suited to the user environment for a number of different explo-

11-38 



1 

sives. Although the curves 1n Figure 11-18 are titted as smooth 
curves. one should remember that some scatter ot data is always 
present and it iS important to take this into accounttor crucial applica
tions ot cratering. 

60 

50 

40 

JO 

20 

1 

10 

r Th1n Bedded Magnellte 
, ' SO% G•anl Gelatln 

1 \ 
1 \ 
1 \ 

Granlte - 60% G•ant Gelatln 

1 \ 
1 
1 

/ lron Formation \ 

/ Slurry 

1 
1 

1 

.3 .4 .S .6 

ROCK REMOVED IN CU. FT. PER LB. 
OF EXPLOSIVE VS OEPTH RATIO 

FIGURE 11.18 (44) 

Frozen Yellow Ore 

Frozen Overburden 
ANFO 

Decomposes 
lron Format•on 

Slurry 

.10 

l. CRATERING MECHANISMS (4) (45) 

As the high pressure explosive gases expand agamst the medium 
immediately surround.ing the explosion, a spherical shock wave iS 
generated causing crushing, compaction and plastic detormation. 
(Figure 11-19a) For commercial explosives the imtial shock pres
sures are on the order ot 100 to 200 thousand atmospheres (one 
atmosphere = 14.7 pounds per square mch). As the shock tront 
moves outward in a sphencally diverging shell. the medium behind 
the shock tront is put mto radial compression and tangential tension. 
This results in the tormation ot radial cracks directed outward trom 
the cavity. The peak pressure in the shock tront becomes reduced 
due to spherical divergence and the expenditure ot energy in the 
medium For shock pressures above the dynamic crushing strength 
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ot the medium. the material IS crushed. heated and physically dis
placed. forming a cavity. In reg1ons outside th1s hmit the shock wave w1ll 
produce permanent deformat1on by plastic flow. until the peak pres
sure in the shock front has decreased toa value equal to the plast1c 
l1m1t of the medium This is the boundary between the plastic and 
elast1c zones shown in F1gure 11-20 
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FIGURE 11.20 

When the compressive shock front encounters a free tace. it must 
match the boundary condition that the normal stress or pressure be 
zero at all times. This results in the generation of negative stress. or 
rarefactionwavewhich propogatesback intothe medium(Figure11-19b). 
Thus the medium which was originally under high compression 1s 
put into tension bythe rarefaction wave. This phenomenon causes the 
med1um to break up and fly upward with a velocity charactenstic of 
the total momentum imparted to 11. In a loo se soil material. th1s spallmg 
makes almos! every part1cle fly into the a ir individually. whlle m a rock 
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medí u m the thickness of the spalled matenalts generally determtned 
by the presence of pre-extsttng fracture patterns and zones of weak
nessc As the distance from surface increases. the peak negative 
pressure decreases untíl1t no longer exceeds the tensile strength of 
the medium The velocity of spalled matenal al so decreases tn pro
portian to the peak pressure Thts breakage mechanism ts predomi
nan! only for charges placed at very shallow depths of bunal 

The two mechanisms descnbed so lar are short ter m. lasttng only 
a few milliseconds The gas acceleratton mechanism. however. ts a 
much longer lasttng process which imparts motton to the medium 
around the detonation by the expansion of gases trapped tn the 
explosion-formed cavity. (Figure 11-19c and 11-19d) These gases 
are produced tn the surrounding material by vaportzatton and che m-. 
ical changes tnduced by the heat and pressure of the exploston. 
Venting occurs because the material is no longer cohestve enough to 
contain the explosion gases. As the gases are released. fragments 
assume free ballistic trajectories. At depths of burial at whtch crater 
dimensions are maximum. the gases produced will give appreciable 
acceleration to overlying material dunng its escape or venting 
through cracks extending from the cavity to the surface At shallow 
depth of burials the spall velocities are so htgh that the gases are 
unable to exert any pressure before venting occurs. For very deep 
explosions the weight of the overburden precludes any stgntftcant 
gas acceleration of the overlytng material. Gas acceleration is the 
dominan! mechanism at opttmum depth of burial. With a constant 
weight of explostve. the optimum depth of burial varíes wtth the sur
rounding material. 

At deep depths of burial. the mechanism of overburden collapse 
(subsidence) becomes dominan!. This effect is closely ltnked to the 
crushing, compaction and plastic deformatton mechantsm which 
produces an underground cavity. At these depths of burial. spall and 
gas acceleration will not impart sufficient velocity to the overlying 
maten alto physically eject itfrom the crater Most throwout returns to 
the crater as fallback material. In a rock medí u m the bulktng actton of 
the rock, when 11 is disonented from its ortgtnal fracture pattern. could 
produce a volume greater than the underground cavity. Thts could 
result tn no crater ora mound above the ground rather than a crater. 

At even deeper depths of burial. about tw1ce or deeper of that of 
optimum. another type of subsidence occurs. In this case the spall 
and gas acceleration has no stgn•ficant effect on the overlytng mate
rial. Only an underground cavity is formed. When the pressure in the 
cavity decreases below overburden pressure. the roof of the cavtty 
begins to collapse. In most media this collapse will continue upward 
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forming a chimney of collapsed material. In soil. where the density of 
the material will not significantly change after it has fallen. the volume 
ot the undergrc und cavity will be transmitted to the surface. 

Figure 11-21 illustrates surtace time profoles after detonation of a 
40 pound equivalen! charge of ANFO. buried 8.0 feet in an unconsoli
dated, sedimentary type matero al. (46) Hogh-speed photography was 
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used to document the effects of shock and gas pressure The first 
observat1on was that of bnsance or the reflection of the compress1ve 
shock at the surface a few milliseconds alter detonat1on. Th1s 1s mdl
cated by the dotted eclipse 1mmediately above the charge hole or 
surface With suff1c1ent camera coverage and approponate viewmg 
angles. th1s shock ring can often be used to estimate. in rough. the 
degree of crater damage. In this case. suffic1ent viewing angles were 
not available and so only part ot the total reflected shock could be 
resolved. Because the charge was placed at a depth sign1f1cantly 
greater than the optimum depth ot bunal. no apprec1able spallmg 
occurred. Gas pressure was the dominan! mechanism responsible 
for upliftmg and ejecting material radially outward. 

As gas expans1on occurs around the charge cav1ty. the matenal 
above the charge 1s compacted and heaved upwards Between Oto 
45 mill1seconds alter detonation. the uplifted matenal 1s resli1ant and 
compacted enough to mamtain suff1cient cohes1on to conta1n all 
gases resulting from expansion. At 60 ms gas ventmg begms to occur 
d1rectly above the charge and cont1nues to expand in a well def1ned 
are with respect to time. lf the gas venting contacts at each end ot 
each time profile are connected with straight lines. the lines w111 most 
always point toward the top or the center of the charge. In th1s case. 
the gas venting angle was measured to be approxi mately 45 degrees. 
The gas ventmg angle is useful in determining how much of the top 
part of a cylindrical charge. as found in production holes. actually 
contnbutes togas venting, cratering and/or lost energy through la e k 
of stemming confinement. At either side of the gas venting angle. no 
gas ventmg occurs. but material fragments are diSplaced and/or 
ejected outwardly Matenal fragments are also eJeCted from within 
the bounds of the gas venting angle Owing toa charge depth beyond 
optimum. the fmal result 1s a mound rather than a crater The mound is 
indicated by the shaded section underneath the 60 ms time proflie 

The 1n111al mstantaneous upliftmg veloc1ty above the charge is 
generally h1gh but dilmn1shes to zero when the mater1al has reached 
its highest d1splacement. In reference to Figure 11 -21. the average 
in1tial velocity a long the vert1cal d1splacement vector up to 45 ms is 68 
ft/sec. The average veloc1ty from 60 ms to 239 ms is 54 ft/sec. The 

difference in velocity is attributed to the effects of gas ventmg and 
expansion beyond 60 ms. These velocities are dependen! on material 
type and structure. explosive and depth of bunal In general. the 
velocity w1ll decrease exponent1ally with depth for a given explos1ve 
and matenal type as shown 1n Figure 11-22 (46) 
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5. DECOUPLING 

Decoupling is generally used as a control to reduce backbreak to the 
final planned excavation limit for pit wall slopes in open pit mines. shafts. 
drifts. ditches. road cuts and mine benches. 

Since the borehole pressure is quite intense for a fully coupled bore
hole. exceeding many times that of the dynamtc compr43ssive strength of 
the rock. it must be reduced to avoid extensive damage. The three prtncipal 
modes of rock failure occur by exceeding the dynamtc compressive. shear 
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or tens;le strengths ldeally. the borehole pressure should be somewhere 

between the compress;ve and tens;le strength of the rock. so asto avo;d 
extensl\ e crushmg at the borehole wall. yet prov;de enough pressure to 

extend a smgle predominan! crack between any two perimeter holes m the 
control lme of holes. 

A good example of decoupl;ng in a1r and water in relat;on to fully 

coupled holes ;s ;llustrated in Figure 11-23. (47) The pressure ;mparted in 

the rock mass at 36" away for the same explos;ve is shown for tour 

conditions 

1) a 6" diameter explosive in a 6" hole 

il) a 2" diameter explos;ve In a 2" hole 

i i i) a 2" diameter expiOSIVe in a 6" hole (air decoupled) 

IV) a 2" diameter explosive in a 6" hole (water decoupléd) 

,....---------------------:;1\¡r------, 1.0 
36" 0.75 

- ~.. Oistance To Point l o. so 

Borehole 01 Observation 0.25 
Wall 
____________ __. """""' -0 

Explosive 1 ~ 
1 -E2"- Borehole Wall --------------~ 
1 

1 Explosive 

Borehole 

::~losive 
1 

1 -------------_ .. __ _ 
A ir 

1 ::~7:.,,. ------------
Borehole 

1 

1 

~ 
1 

EFFECT OF AIR ANO WATER DECOUPLING 
VS FULL Y COUPLED HOLES 

FIGURE 11.23 (47) 
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All measured stress levels are compared relative to the 6" diameter 

explosive in a 6" diameter hole. A number of importan! points are imme

diately evident. The greatest stress level was achieved with a fully coupled 
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explosive in a 6" diameter hole. The next highest stress level was achieved. 
again. with a fully coupled explosive. even though the hole diameter was 
reduced three-fold toa 2" d1ameter. Water decoupling followed next anda ir 
decoupling produced the smallest stress level. Thus. an air decoupled 
charge is the most effect1ve means of reducing borehole pressure and 
consequently the peak stress level within the roe k mass. 

A reasonably reliable method of calculating the borehole pressure is 
with the following formula which takes into account two decoupling rat1os. 
(48) (49) (50) 

~ 2.6 
pb = 1.69 x 10-3 x p x voo2 x L x:~J 

where: 

Pb = Borehole pressure in PSI. 

p = Density of explosive in g/cc 

VOD = Velocity of detonation in ft/sec 

e = Percentage of explosive column loaded expreosed as a 
decimal 

de = Explosive diameter (in.) 

dh = Hole diameter (in.) 

This formula is best suited for explosives which contain no metall1c 
elements or relatively small amounts. since the addition of energizing 
metals lowers the detonation velocity of the explosive and hence. the 
borehole pressure as calculated by this equation. Computer cedes su eh as 
TIGER and E~PLODE are used to calculate borehole pressures from 
explosives containing metallic elements. 
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7. UNDERGROUND BLASTING 

Fig. 7.1 Tunneling. 

7.1 Tunneling. 
Thcrc are two rcasons tn g• undcrgrounll and cxcavatc: 

to use the cxcavated space, e.g. for storagc, transport etc. 
to use the excavated material, c.g. mining.operations. 

In both cases tunncling forms an importan! part of the entire operation .. In 
underground construction it is nccessary to gain acccss to thc construction si te by 
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ALTERNATE VELOCITY 
LOADING TECHNIQUES ANO DETONATIONS 

IN A PRODUCTION ENVIRONMENT 
by 

R. Frank Chiappetta 
ABSTRACT 

A simple and cost effective technique to increase fragmenta

tion and burden velocities without making major modification 

to the overall blast design is with ALTERNATE VELOCITY 

LOADING OR BOOSTERING OF ANFO. The technique requires the 

placement of a cartridge or slug of explosive, having higher 

density and detonation velocity than ANFO, every few feet in 

an ANFO column. The greater the difference in density and __ 

detonation velocity of the Alternate Velocity Load to ANFO, 

the more pronounced are the results. Emulsions were 

selected as the Alternate Velocity test explosives because 

they detonate closer to ideal conditions than most other. 

commercial explosives. 

The emulsion explosives embedded in the ANFO column did not 

require additional boostering. Even a low order ANFO 

detonation, alone, acted as an effective primer on the 

Alternate Velocity emulsion explosive. It was also 

determined that ANFO efficiency suffers greatly, when ANFO 

is loaded in a dewatereq hole. 

Testing consisted of single and multi-hole production shots 

in full-scale environments. Analytical methods, testing 

procedures and a discussion of the breaking processes are 

described in detail. 
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INTRODUCTION 

The breaking and heaving processes resu1ting from single or 

mu1ti-ho1e detonations encornpass a comp1ex array of pheno

mena not a11 of which are comp1ete1y understood. However, 

with the advent of newer, more precise and sophisticated 

instrumentation, a better definition and exp1anation of what 

occurs within and around a boreho1e at c1ose vicinity are now 

possib1e. C1arification of such short 1ived phenomena in and 

around a boreho1e environment is inva1uab1e to us in our 

basic understanding of the breakage process. 

The ATLAS POWDER COMP~NY in association with other research 

organizations has invested heavi1y in researching specific 

areas of b1asting in an atternpt to produce more efficient, 

consistent and cost effective b1asting techniques for the end 

user. One such technique is described in this paper as 

ALTERNATE VELOCITY LOADING OR ALTERNATE VELOCITY BOOSTERING 

OF ANFO. The technique consists of p1acing a cartridge or 

s1ug of exp1osive, with higher density and velocity of 

detonation than ANFO, every few feet in an ANFO co1umn. In 

the 1ast few years, the technique has been used in a wide 

variety of materia1s stretching from very soft overburdens to 

the hardest of granites and in ho1e diameters ranging from 

2-1/2 to 12 inches. With a carefu11y designed b1ast 

uti1izing the proper amount and distribution of energy, 

optirnum se1ection of MS de1ay timing and ALTERNATE VELOCITY 

LOADING, exce11ent resu1ts can easi1y be rea1ized in terms of 



fragmentation and mass movement of burdens. Thus, ALTERNATE 

VELOCITY LOADING is equally applicable to overburden casting 

in stripping operations and to bench blasting operations in 

quarries. 

In order to understand sorne of the mechanisms responsi

ble for the success of Alternate Velocity Loading, a review 

of the basic breakage process is essential. There are 

basically four time frames designated as Tl to T4 in which 

detonation, breakage and heaving of material occur during and 

after ·detonation of a confined charge. The time frames are 

defined as follows: 

Tl Detonation 

T2 Shock or Stress Wave Propagation 

T3 Gas Pressure Expansion 

T4 Mass Movement 

Although each time frarne is treated as a discrete event for 

conceptual 9larity, it should be emphasized that in a typical 

shot hole or production blast, one event phase can occur 

simultaneously with another at specific time intervals. 

Each time frarne is first discussed separately and then in a 

unified explanation and meshing of events in conjunction with 

sorne of the more commonly accepted blasting theories. 

jf,· • . y ( ¡. 



Tl DETONATION 

Detonation is the beginning phase of the fragmentation 

process. The ingredients of an explosive consisting of a 

fuel and oxidizer combination; upon detonation, are 

immediately converted to high pressure, high-temperature 

gases. Pressures just behind ~he detonation front or head 

are in the order of 9 Kbars to 275 Kbars, while temperatures 

range from 3000 to 7000 F. The detonation head is referred 

to here as the primary reaction zone for the fuel and 

oxidizer mixture. 

Detonation pressure is generally expressed as a function of 

the velocity of detonation and density of the explosives as, 

P = (2.325 X 10- 7 ) X P X VOD 

Where P 

p 

= detonation pressure in Kbars 

= density in gjcc 

VOD = velocity of detonation in ft/sec. 

- ~ -

To change detonation pressure from Kbars to lb/in , multiply 

Kbars by 14,504. Generally, explosjves yielding higher 

detonation pressures are required to fracture materials which 

are massive, fine grained, hard, tightly bonded and strongly 

consolidated with heavy burdens. Typical values of detona

tion pressure for selected explosives are presénted in 

Table l. 
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TABLE 1 

DETONATION PRESSURES FOR SELECTED EXPLOSIVES 

Explosive 
Density 
(g/cc) 

VOD 
(ft/sec) 

Detonation 
Pressure 
(Kbars*) 

Pressure 
(psi) 

-------------------------------------------------------------
ANFO 
POWERMAX 420 
HI-PRINE 
"G" BOOSTER 

*1 Kbar = 14,504 psi 

0.81 
1.19 
1.40 
1.60 

12,000 
19,000 
20,000 
26,000 

27.00 
100.00 
130.00 
251.00 

391,600 
1,450,400 
1,885,500 
3,640,500 

The detonation wave ?tarts at the point of primer initiation 

in the explosive column and travels at supersonic speeds. 

Supersonic refers to velocities which are faster than the 

speed of sound in the explosive. Typical velocities of 

detonation for commercial explosives-range from 8,000 to 

26,000 ft/sec. This velocity, sometimes referred to as the 

steady-state velocity, remains fairly constant for a given 

explosive, but varíes from one explosive to another, 

depending primarily on the composition, particle size and 

density of the explosive. To a lesser extent, the steady 

state velocity is also affected by the degree of confinement 

and explosive diameter. 

Since the velocity of detonation is greater than the velocity 

of sound in the explosive, the explosive material directly in 

front of the detonation head is totally unaffected until the 



detonation head passes through it. In a typical 30 foot 

explosive column loaded with an explosive having a 

characteristic velocity of detonation of 10,000 ft/sec, -

complete detonation and energy release within the entire 

column would occur in about 3 milliseconds. For an explosive 

with a velocity of detonation of 20,000 ft/sec, detonation 

and energy release would·be complete in 1.5 milliseconds. 

Detonations of this kind are self-sustaining due to the 

inertia of the explosive itself that provides confinement 

· ·.necessary ·to·-,maintain conditions for fast chemical reaction 

rates. (1) 

Figure 1 illustrates a typical hole load configuration. 

Velocity of detonation within the explosive column was 

measured with the SLIFER system developed at SANDIA NATIONAL 

LABORATORIES. For a continuous 11 foot column of cartridged 

ANFOi the velocity of detonation was measured to be 12,200 

ft/sec as indicated by the slope of the straight line segment 

between points (a) and (b) in Figure l. The straight line is 

indicative of a consistent explosive composition, constant 

density and a stable velocity of detonation. As detonation 

progresses along the column, not only is a shock wave 

imparted into the surrounding medium adjacent to the borehole 

wall, but is also imparted into the stemming as indicated by 

the slope of the straight line segment between points (b) and 

(e). In this case, the shock wave velocity through the 

stemming was measured to be 2,900 ft/sec, or approximately 

1/4 that of the velocity of detonation. 
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In a stable detonation the detonation wave travels through 

the column of explosive ata constant rate, (Figure 1). This 

rate is strictly dependent on the chemical energy released 

and the density and the diameter of the explosive column. 

Although stable, this steady-state velocity of detonation is 

not necessarily the "ideal" or theoretical maximum that is 

possible for ANFO in a larger diameter hole. If all the 

energy is liberated befare the end of the detonation head, 

the detonation velocity is ideal. This is diagrammatically 

illustrated in Figure 2 for high explosives (TNT, RDX, etc.) 

where the thickness of the reaction zone iE relatively small 

and thin and the detonation front is relatively flat. 

The ideal velocity of detonation for any explosive can be 

calculated from the equilibrium thermodynamics and an 

appropriate equation of state for a given original density 

and chemical composition of the expected detonation products. 

When experimental results closely match with the predicted 

values, we can also say that the expl~sive is ideal. 

Based on ideal performance calculation using the BKW cede, 

(2), the detonation velocity for ANFO should be 17,700 ft/sec 

with a 73 Kbar (1,073,000 PSI) detonation pressure. However, 

experimental results in 3.9" ( p= 0.95 g/cc) and 7.9" 

( P = 0.90 g/cc) diameter charges with ANFO gave detonation 

velocities of 11,400 ft/sec and 13,500 ft/sec, respectively.· 

Finger et al (3) reported detonation velocities for 0.84 g/cc 

ANFO in the arder of 15,400 ft/sec. Measurements made by 
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Helm et al (4) also show that detonation velocities in ANFO 

are well below ideal conditions for large diameter holes up 

to ll.5w Persson(9) reported detonation velocities very 

close to the theoretical value of 17,800 ft/sec for 10.5" 

diameter holes when confined in rock. However, Atlas field 

studies for measurements in hole diameters up to 12" resulted 

in detonation velocities, at best, of 15,000 ft/sec. This is 

still well below our computer calculations of 17,000 - 19,000 

ft/sec for ANFO when using different cedes and equations of 

state. 

Clearly then, detonation velocities for ANFO in hole 

diameters less than 17" are less than ideal. When this 

occurs, the reaction in the detonation head is said to be 

non-ideal and takes the general (exaggerated) shape as is--

illustrated in Figure 3. Compared to an ideal reaction zone, 

the non-ideal reaction zone is not flat, but rounded at the 

front and somewhat longer. At diameters less than that at 

which ideal detonation occurs (such as in most production 

holes) the non-ideal regime holds. Under these conditions, 

the detonation velocities are less than ideal, and it 

suggests that an ANFO prill entering the detonation is still 

not completely reacted by the time the tail end of the 

detonation has passed (refer to Figure 3). This accounts 

for the reduced detonation velocity. 
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It also suggests that ANFO not consumed in the primary 

reaction zone may be reacting outside of the detonation head, 

that is, just behind the reaction zone at lower temperatures 

and pressures in the expanding gas zone. 

In addition to ANFO, most commercially used explosives are 

of the non-ideal type. This includes slurries, watergels and 

emulsions. Performance of slurries and watergels, as in the 

case of ANFO, is dependent upon charge geometry and confine

ment. Furthermore, a large fraction of the explosive energy 

·comes from the reaction of ·the oxidizer and fuel, which are 

in discrete phases whose dimensions vary. The larger the 

dimensions of these phases, the larger become the reaction 

times and the reaction zones. In the case of emulsion 

explosives, which comprise a better intimate mixture on a 

smaller scale, actual detonation velocities are very close 

to ideal. Thus, emulsion explosiyes allow a more efficient 

release of energy in the primary reaction zone. and for 

this reason have been selected as our test explosiye as the 

alternate yelocity load. 

T2 - SHOCK ANO STRAIN WAVE PROPAGATION 

The second phase, immediately following detonation or in 

conjunction with the detonation phase of Tl, is the shock and 

strain wave propagations throughout the rock mass. This 

disturbance or emitted pressure wave(s) emittéd into the rock 

mass results, in part, from the rapidly expanding high-



pressure gas impacting the borehole wall. The geometry of 

dispersion depends prirnarily on the shape of the charge. If 

the charge is shot, with a length to diameter ratio of less 

than or equal to 6:1, then the disturbance is propagated in 

the form of an expanding cylinder, (Figure 4). However, in 

a typical, bottom primed, cylindrical shot hole normally 

encountered in bench blasting, the strain waves originally 

formed near the point of initiation are already in progress 

and propagating into the surrounding medium, while the 

detonation is still progressing within the explosive column. 

Thus, close to the shot hole, strain wave propagation is 

neither perfectly spherical nor cylindrical but more like 

that shown in Figure 5. 

The pressure next to the borehole wall will rise instant-

aneously to its peak and then rapidly decay exponentially. 
~ 

The quick decay is due to cavity expansion around the 

borehole and increased gas cooling. Cavity expansion around 

the borehole can occur through crushing, pulverization, 

and/or displacement of material and can range anywhere from 

about one to three holes diameters depending on the medium 

and explosive used. Generally, extensive compressive, shear 

and tensile failure occur as a region of pulverized material, 

since the wave energy is at its maximum near the borehole 

wall. 

As the strain wave front proceeds outward, it has a tendency 

to compress the material at the wave front through a volume 

l -- -
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change. At right angles to this compressive front, there 

exists another component referred to as the tangential or 

"hoop" stress. The tangential stress, if large enough, can 

cause tensile failures at right angles to the direction of 

propagation. The largest tensile failures are expected to 

occur close to the borehole where the tangential stress is 

high enough for failure to occur. Both the compressive and 

tensile components of the wave front decay with distance from 

the borehole. 

When the compressive wave front encounters a discontinuity or 

interface, sorne of the energy is transferred across the 

discontinuity and sorne is reflected back to its point of 

origin.(S) For the most part, the partitioning of energy 

depends on the ratio of the acoustic impedance of the 

materials on either side of the interface, as illustrated in 

Figure 6. Acoustic impedance, z, for any material is defined 

as: 

Z = p X V 

Where: Z = acoustic impedance 

p = density of material 

V = sonic velocity of material 

In reference to Figure 6, where the ratio of the acoustic 

impedance of material 1 to material 2 is less than one, sorne 

of the wave energy is transferred into material 2 and sorne 

reflected back, but both waves remain compressional. When 

the acoustic impedance ratio is 1, all of the energy is 

- 15 --
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tiansferred into material 2 and no reflected wave occurs. 

When the impedance ratio is greater than 1, then sorne of_the 

energy gets transferred into material 2 as a compressive wave 

and the remaining energy gets reflected at the interface as a 

tensile wave. When a compressive wave travelling through 

rock encounters an interface such as a free face, nearly all 

of the energy will be reflected back as a tensile wave. If 

the burden distance between the free face and explosive 

column is relatively srnall in contrast to normal burdens for 

a chosen explosive, then most of the energy is consumed in 

spalling at the free face. 

The interaction of stress waves in the outgoing compressive 

and reflected tensile rnodes around discontinuities and flaws 

within the rock mass is an area of intense research and is 

considered to be quite important in sorne of the newer 

blasting theories. In order to effectively utilize the 

interaction of shock waves in a production environment, 

ultra-precise detonators with precisions in the order of a 

few hundred microseconds about the mean are suggested for the 

next generati~n of detonators. 

T3 - GAS PRESSURE 

During and/or after strain wave propagation, the high 

pressure, high temperature gases impart a stress field around 

the blasthole that can expand the original borehole, extend 



radial cracks and jet into any discontinuity. It is during 

this phase where sorne controversy exists as to the main 

mechanism of fragmentation. Sorne believe that the fracture 

network throughout the rock mass is completed while others 

believe that the major fracturing process is just beginning. 

In any case, it is the gases that have jetted into discon-

tinuities and the fracture network that is either fully 

developed or being developed, which are responsible for the 

displacement of broken material. Past, current and newer 

blasting theories are listed as follows:(6) 

1) Refleclion Theory 
2) Gas Expansion Theory 
3) Flexural Rupture 
4) Stress Wave & Gas Expansion Theory 
5) Combined Theory 
6) Nuclei or Stress-Wave/Flaw Theory 
7) Torgue Theory 
8) Cratering Theory 

It is not clear as to the exact travel paths that gases take 

within the rock mass, although it is agreed that they will 

always take the path of least resistance. This means that 

gases will first migrate into existing cracks, joints, 

faults, and discontinuities, in addition to seams of material 

which exhibit low cohesion or bonding at interfaces. If a 

discontinuity or seam between the borehole and free face is 

sufficiently large, the high pressure gases will immediately 

vent to the atmosphere, rapidly reducing the total confine-

ment pressures, and results in reduced displacement of broken 

and fragmented material. 



The confinement time of gas pressures within a rock mass vary 

significantly depending on the amount and type of explosive, 

material type and structure, fracture network, amount and· 

type of sternrning, and burden. Studies by Chiappetta et al 

(7) with the use of high-speed photography in full-scale 

bench blasts, have shown that gas confinement times before 

the onset of movement can vary from a few milliseconds to 

tens of milliseconds. To date, confinement times have been 

measured to range from S to 110 milliseconds for a variety of 

materials, explosives· and burdens. · ·Generally, but not 

always, confinement times can be decreased by employing 

higher energy explosives, decreasing the burden, or a 

combination of both. This applies egually to material at the 

bench face or at the bench top, as in the case of sternrning 

blowouts or cratering. It is evident that only suitably 

burdened and well ~ternrned charges can deliver their full 

potential of additional gas extension fracturing and mass 

movement. 

T4 - MASS MOYEMENT 

Mass movement of materials is the last stage in the breaking 

process. The majority of fragmentation has already been 

completed.through compressional and tensile stress waves, gas 

pressurization .or a combination of both. However, sorne 

degree of fragmentation, although slight, occurs through in

flight·collisions and also when the material impacts the 



ground. Generally,. the higher the bench height, the greater 

is this type of breakage owing to the increased impact 

velocities of individual fragments when falling onto the 

bench floor. Similarly, material ejected from opposite rows 

of a "V-shot" design upon head-on collisions can result in 

increased fragmentation. This phenomenon was evidenced and 

documented with the use of high-speed photography of-bench 

blasts. 

-
.Mass burden movement.of fragmented.material is shown in 

Figure 7 for a number of typical face conditions encountered 

in bench blasting operations. Face profiles and velocities 

are based on the results of high-speed photographic analysis 

performed at the ATLAS POWDER COMPANY. Where no subdrilling 

is utilized, (a and b), two types of face movement may be 

encountered. In Figure 7a the entire length of face burden, 

directly in front of the explosive column, moves out similar 

to a plane wave and the face velocity at any point is 

constant. This behavior is usually encountered where 

material is very competent, quite brittle, and structured 

with well defined, largely spaced joints much greater than 

the spacings or burdens employed in blast designs. When the 

material is soft, highly fissured, and/or closely jointed as 

might be found in coal and sorne sedimentary deposits, face 

profiles resembling that of flexural rupture are more likely. 

In this case, the greatest displacement and velocity occur 

adjacent to the center of the explosive column with the least 

amount of movement occurring at the toe and crest. 

- ¡Q 
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When identical conditions in Figure 7b are assumed and when 

subdrilling--ió-ernptoyed, face movement results in much the 

same way except that the toe burden is displaced upwards 

faster and at a greater angle to the horizontal. (Figure 7c) 

The first three cases assumed a relatively straight face 

between the crest and toe, however, in many bench blasting 

operations, the condition is more like that illustrated in 

Figure 7d, where toe burden is considerably greater than the 

crest burden. ~he toe·burden is too great for the explosive 

selected, hence, very little rnovernent occurs at the toe while 

the greatest displacement results in the upper half of the 

bench. 

Three options are available to increase toe movement: 

* 

* 

* 

Employ angle drilling in an attempt to maintain 
constant burdens from the crest to the toe 

Use a higher energy bottorn charge in the current 
vertical dril! holes. 

Decrease the burden with the current dril! holes. 

In selecting the latter, care should be exercise so as not to 

decrease the burden to the point of obtaining the condition 

shown in Figure 7e. The toe burden is now correct for the 

explosive selected, but the crest burden is substantially 

reduced. This may bring about many adverse conditions near 

the crest burden such as flyrock, blowouts and increased 

airblast complaints. Because confinement pressures are 

released near the crest (in this case, a path of least 

resistance relative to the toe burden), restricted toe 



L 

movement will result. It is better to use the same burden, 

but with a high ener-g-y--bottom charge near the toe. This load 

configuration as shown in Figure 7 f tends to pressurize more 

of the burden mass for longer periods without adverse 

effects, and adequate toe movement generally results. 

Where large leftover muckpiles are left against the face, 

Figure 7g, toe movement will be restricted and increased 

ground vibration levels are likely. Unless the situation 

requires a buffer, such as when blasting in the vicinity of 

mining equipment or to avoid dilution of an ore blast 

adjacent to a waste muckpile, it should be avoided. 

Where seams are encountered in a blast, Figure 7h, tremendous 

gas ejections with velocities up to 600 ft/sec can occur. 

When such gas venting occurs, it will adversely affect other 

parts of the burden/to displace adequately and inevitably 

leads to poor overall blasting results. A stemming deck 

immediately adjacent to the seam will give better results. 

T.IME EVENTS Tl - T4 COMBINED 

Up to this point, events Tl to T4 have been discussed more 

or less as separate isolated events. However, in a real 

blasting environment, more than one event can occur at the 

same time. 

- ~ ., 



Consider a single vertical hole in a quarry face with the 

primer located near the bottom of the-hole as is illustrated 

in Figure 8. Assume the explosive used is 40 feet of ANFO 

with a velocity of detonation equal to 13,000 ft/sec, the 

material blasted is limestone with a sonic wave velocity of 

15,000 ft/sec and a density of 2.3 g/cc. Upon initiation of 

the primer, it takes only a few microseconds anda distance 

of 2 to 6 hole diameters up the column to form a full 

detonation head. When a full detonation head is formed, it 

travels up the explosive column with a velocity 

characteristic of the steady-state velocity, (in this case 

13,000 ft/sec). It takes approximately 3.0 msec for the 

40 foot column of ANFO to be completely detonated. 

Within this 3.0 msec, many other things have occurred. Start

ing at the bottom of the hole and progressing up the column, 

borehole expansion through crushing of the borehole walls has 

taken place. This produces compressive stress waves with 

tangential components emaryating from the borehole walls and 

progressing outward in every direction with a velocity 

characteristic of the sonic wave velocity of limestone. It 

takes approximately 1.0 msec for the compressive strain wave 

to traverse 15 feet of burden to the free face. Behind the 

strain wave propagation sorne radial cracks start to develop 

in the crushed zone region of the borehole with a velocity 

ranging from 25 to 50% of the P-wave velocity for limestone. 

If the intensity of the compressive strain pulse is high 

enough, new crack and/or extensions of pre-existing cracks 
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and flaws can be initiated anywhere between the crushed zone 

next to the borehole and the free face. The greatest number 

of cracks are generally found closest to the borehole. 

When the compressive wave strikes a free face, it is 

immediately converted to a tensile strain wave which starts 

at the free face and travels back through the rock mass 

towards the borehole. Owing to the new fractures created 

from the outgoing compressive strain wave, the tensile strain 

wave will take somewhat longer to travel the same burden 

distance of 15 feet. If the burden is small enough and the 

intensity of the reflected strain wave is large enough, then 

sorne spalling at the free face or bench top is expected, 

although no significant mass movement will occur. 

At 3 msec after detonation and assurned complete reaction of 

ANFO, the original high temperature, high pr~s~ure gases have 

reached a new equilibrium due to borehole expansion. Roth 

temperature and pressure have dropped significantly rcculting 

in an energy reduction ranging from 25 to 60~ of thc theorc

tical energy originally available. This ren.aining energy 

acts on the surrounding "preconditioned" rock mass to 

displace it in the direction of least resistance. Furtt,er 

fragmentation can occur at this stage from gases entering and 

extending preexisting cracks or discontinuities. It is at 

this stage where sorne blasting theories are contradictory. 

Sorne believe that the major fracture network is completed 

within about 3 msec due to the interaction of stress waves on 
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the surrounding material, while others believe that the majar 

fr3cture network is ·just beginning. 

Regardless of which time frame is responsible for the 

development of a fracture network, mass moven1ent and 

displacement of material at the bench top or face occurs 

rnuch later in time due te the confinement of gas pressure 

within the rack mass. The onset of mass movement depends en 

the material response in conjunction with the strain and gas 

prcssure stimulus generated from the explosive. For typical 

stemming and burdens encountered in the field, bench top 

swelling occurs between 1 to 60 msec, stemming ejections 

between 2 te 80 rnsec and bench burdens between 5 to 110 msec. 

Surface uplifting velocities around the collar region of a: 

hole occur between 5 and 120 ft/sec, stemming ejection 

between 10 to 1500 ft/sec and burden velocities between 5 to 

200 ft/sec. Gas ejection velocities at discontinuities have 

been recorded as high as 700 ft/sec and often occur in les~ 

than 5 msec. 



CHARACTERIZATION OF ALTERNATE VELOCITY LOADING 

WITH AN EMULSION EXPLOSIVE IN ANFO 

It is evident frorn the discussion so far that the selection 

of conventional blast design variables can have a pronounced 

effect en overall results regarding fragrnentation and rnass 

rnovernent of burdens. Without making major modifications in 

the blast design, a simple and cost effective technique to 

further improve fragrnentation and/or increase burden 

velocities is with Alternate Velocity Loading. Alternate 

Velocity Loading is achieved by sparingly placing a cartridge 

or slug of ernulsion explosive every few feet in the ANFO 

colurnn (refer to Figure 9). Field trials conducted in a wide 

variety of rnaterials have generally resulted in irnproved 

fragmentation and increased burden velocities. It appears 

that when an explosive of higher density and detonation 

velocity (i.e., ernulsion) is embedded within the column of 

the rnain charge with ~ lower density and detonation velocity 

(i.e., ANFO), improvements in blasting results are the norrn. 

Whether the material exhibits physical and strength 

properties characteristic of granites, lirnestones and 

dolornites, or overburden, unconsolidated type rnaterials, the 

results are often dramatic and repeatable. 

In the course of implementing the Alternate Velocity Techni

que, a few groups in the industry believed that ANFO did not 

possess sufficient detonation pressure to act as an effective 
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primer on the ernu1sion exp1osive. They a1so stipu1ated that 

the technique cou1d not be cost effective because each 

ernu1sion cartridge or s1ug required a primer and detonator 

assernb1y for it to succeed. 

As an investigative approach to address these thoughts, the 

ATLAS POWDER COMPANY ernbarked on a joint research prograrn 

with SANDIA NATIONAL LABORATORIES where over 100 ho1es were 

fired under contro11ed conditions in a fie1d environrnent. 

· Instrurnentation consisted of continuous ve1ocity probes 

(S1ifer Systern), pressure sensors to rneasure gas .pressure, 

acce1erorneters to rneasure shock in the surrounding rock rnass, 

survey gear to quantify the extent of darnage, rnounds, craters 

and rnu1tip1e high-speed carneras to quantify gross rnovernent 

and gas venting. 

An A1ternate Ve1ocity test was perforrned in a fu11-sca1e, 

6-1/2" diarneter, production ho1e, with ANFO (p = 0.81 g/cc) 

as the rnain charge, and an Apex grade of cartridged ernu1sion 

exp1osive (5" x 301b, p = 1.25 g/cc) as the A1ternate 

Ve1ocity exp1osive. Boreho1e depth was approxirnate1y 40 feet 

and each ernu1sion cartridge was 3' -in 1ength. Continuous 

ve1ocity of detonation measurernents were perforrned by Sandía 

Nationa1 Laboratories using the S1ifer Systern for the entire 

1ength of the ho1e.(8) Resu1ts are i11ustrated as disp1ace

rnent versus time p1ots in Figures 9 and 10. 

Exp1osive 1oading, starting at the bottorn of the ho1e, 

consisted of a one pound ATLAS Cast G Booster, fo11owed by a 

··'• 



3 foot cartridge of emulsion, 10 feet of ANFO, a 3 foot 

cartridge of emulsion, 11 feet of ANFO, a 3 foot cartridge of 

emulsion, and approximately 10 feet of 1/2" - 1-1/8" of 

crushed rock for stemming. 

Figure 9 illustrates the actual, untouched and unfiltered 

results obtained from the field, while Figure 10 illustrates 

a filtered close-up of results in the bottom 20 feet of the 

borehole. The filtered close-up gives better resolution and 

·allows :for more accurate measurement of detonation velocity. 

Detonation velocity results are presented in Table 2. 

TABLE 2 

DETONATION VELOeiTY RESULTS FOR THE ALTERNATE VELOeiTY TEST 
(Emulsion and ANFO) 

eOLUMN 
POSITION 

A - B 

B - e 

e - D 

D - E 

E - F 

F - G 

G - H* 

eOLUMN 
LENGTH 

( ft) 

3 

5 

5 

3 

11 

3 

10 

AVERAGE VELOeiTY 
OF DETONATION 

(ft/sec) 

20,500 

13,000 - 2,045 

2,045 

20,000 

12,500 

9,000 - 16,000 

1,000 

* Shock wave velocity through stemming. 

eOLUMN 
EXPLOSIVE/MATERIAL 

EMULSION 

WET ANFO 

WET ANFO 

EMULSION 

DRY ANFO 

EMULSION 
ANFO 
STEMMING 

STEMMING 
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Many important and interesting points are noteworthy in the 

resu1ts. Between points (a) and (b), the ve1ocity of 

detonation for the 3 foot 1ength of emu1sion cartridge is 

20,500 ft/sec. Between (b) and (e), the ve1ocity of 

detonation in ANFO is quick1y reduced from 13,000 ft/sec to 

2,045 ft/sec and the ANFO detonation at this ve1ocity is 

sustained unti1 just before point (d) is reached. Just 

before point (d) is reached, or 6" be1ow the second emu1sion 

cartridge, ANFO is increasing in detonation ve1ocity from 

2,045 ft/sec to 4,900 ft/sec. ANFO with a detonation 

ve1ocity of 4,900 ft/sec and a density of 0.81 g/cc is 

equiva1ent to a detonation pressure of approximate1y 

4.5 Kbars. At point (d), the detonation head in ANFO 

encounters the second emu1sion cartridge, which when 

detonated, at 20,000 ft/sec between points (d) and (e), 

brings ANFO irnrnediate1y back up to its norma11y rated 

detonation ve1ocity of 12,500 ft/sec. Thus, eyen a 1ow order 

ANFO detonation can act as a yery effectiye primer for the 

emu1sion cartridqe without additiona1 boosterinq on the 

emu1sion cartridqe. 

The decrease in the ANFO detonation ve1ocity between points 

(b) and (e) is attributed to water trick1ing into the bottom 

12-1/2 feet of the ho1e from the surrounding rock mass. 

The dri11 ho1e was dri11ed one week in advance of 
testing and it had accumu1ated approximate1y 3 feet 
of water. Prior to testing, the water in the ho1e 
was pumped out and it was determine that in one hour, 
the ho1e cou1d accumu1ate about 2" of water in the 
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bottom. 
out and 
rock so 
water. 

The 2ft of water was again pumped 
the ho1e was backfi11ed with 6ft of crushed 
that the bottom of the ho1e wou1d be out of 

It took approximate1y one hour from the time of 
backfi11ing the ho1e to firing the shot ho1e. We 
fee1 that there was sufficient wetness and/or tiny 
amounts of water trick1ing into the boreho1e wa11s 
for the bottorn 12-1/2 feet of the test ho1e to affect 
the performance of ANFO. A1though the wet ANFO was 
not purpose1y p1anned as part of the test, it does 
i11ustrate that even a 1ow order ANFO .detonation of 
4,900 ft/sec can act as an effective primer on an 
ernu1sion. It a1so i11ustrates that when water is 
pumped out of a ho1e and the ho1e is 1oaded with ANFO, 
ANFO performance can sti11 be drastica11y affected 
just by the wetness on the sides of the boreho1e. 
Inadequate priming at the bottom of this ho1e wou1d 
have probab1y resu1ted in a fai1ure. 

A1though ANFO can to1erate up to a 10% water saturation 

1eve1, it does so at the cost of b1asting efficiency. If the 

center emu1sion cartridge was not present, one of two things 

cou1d have occurred. ANFO may have sustained a 1ow order 

detonation throughout the rernaining co1umn unti1 dry ANFO was 

reached, or it wou1d have soon fai1ed due to its unstab1e-

ness. Between points (e) and (f), the detonation ve1ocity in 

dry ANFO was 12,500 ft/sec, as expected. Between points (f) 

and (g), the average ve1ocity of detonation in the top 

cartridge appeared to f1uctuate between 9,000 - 16,000 ft/sec 

due to the combined effect of emu1sion, ANFO and stemming. 

For optimum resu1ts, the top emu1sion cartridge shou1d have 

been p1aced one to two feet be1ow the stemming co1umn where 

it wou1d have been comp1ete1y embedded in the ANFO co1urnn. 

Between points (g) and (h), the average shock wave ve1ocity 

through sternrning was 1,000 - 1,100 ft/sec. 
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ALTERNATE VELOCITY FIELD TESTS IN FULL-SCALE PRODUCTION SHOTS 

A study was conducted in a Southeastern granite quarry to 

evaluate relative explosive performance in terms of burden 

velocities for normal and Alternate Velocity Loading Techni

ques. Four full-scale production shots were made. Three 

shots were loaded conventionally, using a different type or 

grade df bottom charge, amounting to seven 2-3/4" x 16" 

cartridges or nine feet of bottom load and ANFO as a top 

load. The bottom loads in the conventional shots consisted 

of Powermax 440 (emulsion), Powermax 460 (emulsion) anda 

watergel explosive. The fourth shot was made with the same 

type and amount of bottom charge of Powermax 460 with four 

additional cartridges of Powermax 460 spaced at 6 foot 

intervals as the alternate velocity load in the ANFO column. 

All other blast design variables such as burden, spacing, 

hole depth, millisecond delay pattern, blasting direction, 

etc. were kept as constant as was reasonably possible in a 

production environment. High-speed motion picture 

photography was used to quantify, evaluate and compare 

results. 

Average face velocities were calculated for three areas of 

the face; at the toe, 12 feet above the toe, and 24 feet 

above the toe as illustrated in Figures 11 to 14. Analysis 

was accomplished by designating the first face profile as 

occurring at zero time to produce a plot of displacement 

versus time. 



Average burden velocities were calculated using linear 

regression analysis. Results are summarized in Table 3. 

Figure 15 illustrates the Table 3 values in graphical form. 

It is evident that the greatest average burden velocity is 

achieved with PMX 460 as a bottom loád and PMX 460 as 

alternate velocity boostering of ANFO in the upper load. 

PMX 460 as a bottom load and straight ANFO as a top load 

resulted in the second highest burden velocities, followed 

by the watergel and ANFO, and PMX 440 and ANFO. An error 

analysis between the last two, (Watergel and ANFO, and 

PMX 440 and ANFO), revealed that, statistically, the results 

are equivalent or in other words, there is no significant 

difference owing to an experimental error of ±5 ft/sec. 

A more detailed analysis has also been performed to compute 

the instantaneous velocity at any point in the time domain 

for movement at the toe and 12 feet above the toe. 

Displacement and time data were·fitted toa polynomial 

equation of degree five with a goodness of fit of no less 

than 99%. The fi~st derivative of this equation forms a 

velocity equation, which when plotted, yields the graphs 

illustrated in Figures 16 and 17 for the instantaneous 

velocity at the toe and 12 feet above the toe, respectively. 

Not enough data was available to perform an analysis to the 

same degree of fit and accuracy for face movement 24 feet 

above the toe. 
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TABLE 3 

AVERAGE BURDEN VElOCITIES 

BOTTOM TOP FACE LOCATION ANO VELOCITY (FT/SECl 
SHOT EXPLOSIVE EXPLOSIVE 
NO. LOAD LOAD TOE 1 2· ABO VE TOE 24· ABO VE TOE 

POWERMAX ANFO 48 46 28 
440 

2 POWERr1AX ANFO 72 67 48 
460 

3* POWERMAX POWEKf·lAX 83 90 60 
460 460 

EVERY 5· IN 
ANFO COLUMN 

4 WATERGEL ANFO 56 49 29 

" POWERf1AX 460 was used as the Alternate Velocity Explosive 
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In Figure 16, the PMX 460 bottom load with alternate velocity 

boostering of ANFO in the upper load generated the most 

dramatic velocity increase between 200 to 1000 msec into the 

shot. Beyond 550 msec, velocity for this load configuration 

exceeded all others. Movement at the toe in this case was 

attributed to the bottom load and to the bottom third of the 

upper column. Thus, toe velocity in this case was affected 

by both bottom and top loads • 

. If · the- bottom load is one o f .. much higher energy, i t w ill 

generate a larger crushed zone and improve fragmentation in 

that vicinity. It also creates a larger cavity for explos~ve 

gases to immediately migrate into and fill the new formed 

cavity. Gas temperature and pressure drop quickly and it may 

be for this reason that the initial toe velocity is somewhat 

less until the alternate velocity boostering temporarily 

reverses the process by releasing more of the available 

energy in ANFO as higher temperature, higher pressure gases. 

This dramati¿ late increase in gas pressure is evidenced in 

Figure 16 for the PMX 460 alternate velocity boostering from 

200 msec on and is sustained until well over 1000 msec. The 

key to moving burden material at higher velocities is to 

sustain these high pressures with appropriate energy and by 

the timed systematic and controlled release of such energy 

with precise MS delays. 

1 / 



Instantaneous velocities 12 feet above the toe (Figure 17) 

are attributed primarily to the upper column load. In this 

case, the PMX 460 with PMX 460 as alternate velocity 

boostering in the ANFO column achieved the greatest burden 

velocity for all times. 

It is not definitely clear as to the exact mechanisms and/or 

processes which actually contribute to increased burden 

velocities without direct and continuous measurements of 

temperature_and pressure within the borehole. However, based 

on direct measurement of burden velocities and the fact that 

it is gas pressure expansion in the borehole and in the 

surrounding rock mass that is responsible for mass 

displacement, certain logic can be suggested as follows: 

1) Since AN~O at best is only 60 - 70% efficient, 
complete reaction of the ANFO is not occurring 
as predicted in the detonation head. The 
addition of alternate velocity boostering may 
contribute to a more complete reaction of ANFO 
just behind the detonation head in the partially 
reacted and expanding gas phase of ANFO. 

2) The emulsion cartridges used as Alternate Velocity 
boostering may generate higher temperatures and 
pressures in their vicinity and thus raise the 
overall temperature and pressure of the combined 
emulsion cartridge and ANFO detonation in the new 
formed cavity. This would tend to pressurize the 
cavity at higher pressures and possibly for a 
longer period before the burden responds to mass 
movement. 

3) More of the ayailable energy in ANFO is utilized 
with the technique in production boles less than 
17 inches in diameter. 
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SUMMARY ANO RECOMMENDATIONS FOR FIELD USE 

Alternate Velocity Boostering of ANFO with emulsion 
explosives has resulted in the following benefits: 

1) The technique is simple to ernploy without rnajor 
rnodifications to the overall blast design. 

2) Irnproves overall fragrnentation, especially in the 
vicinity of the emulsion cartridge or slug. 

3) Definitely increases burden velocities and rnass 
rnovement. 

- 49 -

4) Increased burden velocities will result iri·increased 
cast distances, lower and looser muckpiles and 
minimal back break and spills. 

5) A loose rnuckpile will reduce maintenance ~osts on 
excavation equipment through less wear and tear on 
buckets and tires. 

6) The technique can be used in any application 
regardless of material properties or structure where 
the above mentioned benefits are desirable. 

7) The Alternate Velocity Emulsion explosive does not 
require additional priming. ANFO is more than 
sufficient. 

8) When ANFO is used in dewatered boles, the alternate 
velocity ernulsion can enhance and increase ~he 
detonability of ANFO. 

9) It appears that the greater the difference in density 
and detonation velocity of the alternate velocity 
explosive to ANFO, the more pronounced are the 
results. 

10) In essence, the technique allows more of the available 
energy in ANFO to be converted to useful work. It is 
cost effective, and a productivity increase should be 
realized over the short and long terms. 
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f THE VELOCITY OF DET~ATI~ RECORDER 

A NEW BLAST AND SHOCK llAVE DIAGNOSTIC TOOL FOR COHI'ERCIAL USE 

By 

Gary Kahn 

EG&G Special Projects 
2450 Alamo Ave. SE 

Albuquerque, NM 87106 
( 505) 243-2233 

The knowledge of how and when your explosives go off can help you make 

intelligent decisions regarding future application of explosives thus removing 

sorne of the black magic associated with blasting. The net result will be 

intelligently set-up shots with timing, explosive charges, and placement more 

accurately done. Lower operational costs can be achieved when the correct 

combinations are applied. 

This article describes a technique for accurately measuring explosive 

detonation time, burn rates, and shock wave propagation in a straightforward 

and simply implemented fashion. Further, application of this technique can be 

used to collect information from large scale blasting operations where there 

are multiple holes and sequenced firings of explosive. 

The technique has been used for many years in underground nuclear 

tests. The technology (Time Domain Reflectometry, TDR) is well understood and 

is a standard diagnostic technique in many fields. In the nuclear field the 

technology fielded is called CORRTEX for Continuous Reflectometry for Radius 

versus Time Experiments. Developed at and fielded from Los Alamos National 

Laboratory, New Mexico, its major use has been to estímate the yield from 

underground nuclear explosive detonations both in the U.S. and in the Soviet 

Union. This technology also has a useful and important role in the explosive 

industry, however, and will be particularly useful when high timing accuracy 

detonators are readily available. 

The concepts involved are similar to that of RADAR where a pulse of 

radio waves are sent out anda echo or reflected pulse is returned to give 

ranging information. The technique uses a coaxial cable to carry a fast rise

time electrical pulse back and forth. The time between the sending of the 
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pulse and its return is accurately measured. Knowlng how the time changes from 

pulse to pulse gives an accurate picture of the length of the cable in time. 

This is the underlylng concept for the CORRTEX and of the Velocity of Detona

tion Recorder (VODR), the commercial version of the CORRTEX. 

In the measurement of exploslve performance the coaxial cable ls laid 

out along the length of the exploslve wlth the far end of the cable near the 

detonator (see Figure 1). 

As the exploslve is detonated (and burns), the cable becomes pro

gresslvely shorter. The VODR accurately measures the time lnterval and 

therefore the length of the cable from moment to moment. 

The collected lnformation can then be processed into a useful form 

which may be tabular or graphical in nature (see Figure 2). From the displayed 

data both burn rates and timing information can-be obtained and compared to 

expected informatlon. 

To further understand the technology involved you need to know some

thlng about pulses traveling along electrlcal cables. Flrst they travel a 

little bit slower than the speed of light which travels at 299 million meters 

per second. Thls is many times faster than the fastest exploslve burn rate. 

Secondly, the electrical pulses are reflected back by discontinuities in the 

transmission line. Thus, a pulse is reflected at the point where the cable is 

crushed or severed by the explosive shock wave. The return .pulse then contains 

useful information about exactly where the shock wave is passing. 

To measure distances very accurately using time you must have a high 

resolution timer. For the unit designed, the resolution is down to 125 plco

seconds for a two-way translt distance on an electrical cable of about 0.6 

inches. The fine resolution is useful for examining events occurring clase to 

the detonator. 

The unit sends pulses down the electrical cable up to 100,000 times a 

second at its maximum pulse rate. Consider an explosive with a burn rate of 

6000 meters a second. 

burn about 2.4 inches. 

In the 10 microseconds between pulses the explosive can 

Thus, the time resolution of 125 picoseconds is about 

the correct resolution considering that most explosives have a significantly 

slower burn rate. 

2 
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COMMERCIAL CORRTEX 

The Commercial version of CORRTEX, the VODR is smaller and more highly 

integrated than sorne of the earlier unlts built for underground nuclear yleld 

monitoring. The commerclal unit is a self contained unit about the slze of a 

large suitcase. An external 2~ volt, 15 amp-hour battery is used for power 

allowing it to operate for about 5 hours. The external battery charger will 

allow the battery to be completely charged in about three hours from a 120 volt 

50 Hz source. 

An operator communicates with the VODR with a standard IBM personal 

computer keyboard. A graphics liquid crystal display permits both the display 

of alphanumeric characters as well as graphics. The combination of the IBM 

style keyboard and the display makes for an easy operator interface. A 5-inch 

wide thermal graphics printer allow easy hard copies of the data. 

APPLICATION OF THE REPETITIVE TIME DOMAIN REFLECTOMETER 

' For explosions involving multiple detonations, the cabling is laid out 

so the end of the cable is located where the first detonation begins and is 

then laid out so the next detonation and shock wave sequences make the cable 

progressively shorter ·to where the VODR instrumentation is located (see 

Figure 3). 

Often several different channels of data may be required to fully 

instrument a shot. Repetitive Time Domain Recorder has the capability to 

collect data frorn two different coaxial cables. The frequency at which each 

cable is.sampled is reduced, however. 

In addition to the time domain reflectometer capabilities the VODR has 
. 

remete analog recording capabilities that may be used for various environmental 

measurements having an influence on shot performance parameters. Examples of 

such data are temperatures and pressures. It is not intended at this time that 

analog recordings be made at the same time as the operation of the time domain 

unit reflectometry unit. 

3 
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FIBER OPTIC TIME DOMAIN REFLECTOMETRY 

Fiber optic cables use light waves for the transmission of data down 

a thin thread of glass. As with electrical cables, part of the llght is re

flected off the end of a broken fiber. The time between the transmission of 

the light and the return of the reflected pulse is a strong indicatlon of how 

long the fiber is; 

Except for the fiber optic cables and the special interface board the 

fiber optic system operates in the same fashion as the coaxial cable unit. 

At the present time the fiber optic version of the CORRTEX unlt ls 

under development. 

In the system EG&G has developed, we have considered the needs of the 

blasting engineer. Data is available in the raw form, and in a graphical mode 

both processed and unprocessed. Hard copies of the data are available from a 

5-inch wide thermal printer. Additionally, the data can easily be loaded into 

a lap top personal computer for permanent storage. 

For more exacting technical information, see the technicaJ. description 

note. 

"\:= EXPLOSIYE 

~ DETONATOR 

v" COAXIAL CABLE 

Figure 1. Principie of Operation 
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T!IE LAI·jS OF I:N::RGY DIVERGI:!!CE 

By Richard L. ~sh, P.E. 

Energy transr.;ittec through a homogeneous isotropic mediurn f::~'~ 
an exolo!:iion-induccc": confined source is dive:rged outl·!arc equally 1:c 
all c::lrections. '!'!le efíect is te reduce the unit energy at any en~ 
positior: 11ithin thc mctii~ as the C.istance!:i increase a••ay from U:'" 
explosion c~ntcr. This phenomenur. a!:i a!)plied to r..ass, volurnetric, 
or \Ieight considerations is described by what is kno1-m as the cu!:e
root la\1: ~1hereas, the decrease of the effective stress or pressur'" 
wi th ciistancc in any single é.irection is expressed by the squal·e- . 
root la1~. !.1oth of thP. t\~O laws servo as the principla ba!:ies for c.L. 
explosive-energy cesign critcria. rt is nost importantl thcrefc::~, 
that the laus be clea:t·ly clisting.uished from onc anothcr as to thc±.r 
specific applications. 

The fir.st assurrption ~ade in the use of the laws is that the 
explosion source consists of a single concentric or polnt chargc, 
i.e., o&e that is initiateC:: in its center and whose length-to-~i
a¡;,etcr ratio CLe{Cel is not r..ore t!1a:n 6. llouever 1 thc la~:s can !:e 
applied equally as well to the long-len~th cylin(rical charge nor
ll'.Ul'ly use<.! for the bulk of industrial blasting 1 pro'li<li n9 ene r'~c
ognizes tl:at only in the ple.nes of the chargc :'..E>nqt;1 Hill th·~ .;tféct~ 
differ fro~ those produce¿ by thc concentric charge. 

To comprchend the unique characteristics of the long-length 
charge it is convenicnt t~ c0nsi~~r that it is cs~entially no ~~=~ 
than a continuous series or succcssion of infividual poi::t charq~s. 
'l:hus 1 stress en.::rgy fro¡n cach :;eg:1e:-.t norr:>.alll~· wi :!. !:E.: relr.::.•:s.: :1 
a definit~ segu.:.nce or progressive or<2er, frcl'"'. t~,e ro'ir.t cf ini~i
ation an~ thcn prcccding te cach atjacent por~icn of the cha.g¿ ~~
r.l<'ini:~s in t:·,e colur.-.n. The resultant co!!loosite stress-fe~:"'. t::~r.~
tdtt~c. i:1':.0 thc surrounéling lltcdiUJ':• will vary in shape frc:- t:-tat e: 
a !;.~r.cr·~ te· that of a cylin~:er \-!Íth hcr.-ispherical en~s 1 ~epcndi:.'l 
on the r.-< t:1ot.. of ini tiation u sed an,~ thc prcp<arties o f l:oth t~12 ·'::
plosives an<· containing material. For the cylinclrical ~:ave te Íc:!::. 
í:n G::i'.r¡Jlc, al!. points alon<:¡ the colul'"n rust l.Je initi.:!r.eó sir•Jl-· 
t 'l:l~ous !y. 'rhis i~ highly irrprobilble fcr ::-c:;t ty!_)es cf b las~i~.s 
excc::d: for ver·' zhort cclunms that ilre ir:.itiatec. in the cent:r cr 
II'OdCriltC l,ength Charges that COntain Closely-spélCCC J;>rJ.r,ers H:Ü<:ol 
are all initiatcu by mcans of instantanecus electrical blastinn 
caps. Inste a • .", the cornposi te ~lave- form t:sually is ci ~her se~'! .t•J ~t:· 
of conical shap<= cr s¡:¡harical. T!1e conical ~1.3Ve resul t::; 1·rh.:n t!-.e 
re act ion ve lo·:i ty through the explol! i ·¡e col urJ1 cxcce ;:s t~e COT'l-· 
pressi.ve 1:nve velocity of thc surrouné.ing rrec~iun. In this inst~n,:·' 
stresses fror: the charge cnC:S in each of the planes intcrsectir." th-! 
axis c,f thc .::xplosive col\llnn will be :-.ivergcd lil:f!· t!".cse fror:1 tilé! 
spberic.:t.l cllarge •.1ith cham¡inq anolc'> o! incid•3nce at frce-fac·:• . .... .. 
pl.:l:;.t:;!j, HL1lle str~sscs. in t:1.e olan~;~ of ·t.~.c a:<i!J fro: .. tne c·Jn":..:-:".i 
portien Of thc Cvlur.m Hill be CÜrccted \>IÍt~ ::\ COIIStant a;DlC •ot" :.: · 
cid'-'llCc". Str.assce in the pla.ncs cf the c!1argf! (ia!!le':er =.~ . .: r;,~; ·,·- :-.·· 
cicular to the col=n axis, hOI!CVcr, •1ill be div::rqe:': n.:c!¡ i.r. i : .. ~ 
~2~e c:irc•llar tnanncr as those produced frcM ti;e :;oil"'ricJ.l no1n:: 
cha::ge. ¡ -
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For the i~ealizecl con¿ition of the single point charqe, as 
would be 'al so the case for each single segment ...,i thin the lonc¡
lcngth col1;r..n charge 1 t!:e civergencc of energy t..'lrough a l!'aterial 
propo:.gate:ü fro;o·. an explosion,.could !Jc consi.,cred te t<J contain8d 
within a sphere of influen~e whose voluree would be a function of thc 
cube. of t!1e d~stance of propaga tion a\·/ ay from the explosion 1 s c.•.r. t~::: 
or Vr,1 = ~3LJI:. It folloNsl then1 that fcr the energy to spreaol out 
\JÍthJ.n a volUI!\3 ~1hose rac;ius is twice that of the charge 1 the ex- 1 

ploliivc' s energy \>Joulci havc been dispersec throughout a volurne cqual 
to o til<'es that occupied oy the eY.plosive. In the event the radius 
of influence considered in ~~~ ~aterial is S ti~es the charne radius 
or d = SPc/2, thcn the volu~e of the expanded sphere of influence 
uoulu be 125 times that of thc charqe. In othe::: .,.,ords 1 the ideal 
&::agnitut:.c of tlíe energy contai:1e:.l t>Jithin one unit volu!".e of material 
at a C.istance of d fror.1 an explosion center (dQ¿) woulU. be equal 
to thc procuct of thc unit encrgy releasc¿ initially fro~ the ex
plosion (é.Qel TiilES the spccific ratio of the explosive's initial 
volurne to tnat of thc sphere of influence in the material affected. 
l~thcl!'atically, the general rclationship would be 

dQd = dQe(Ve/VJ). 

Decau::;e ti:c volUI"e of the ex'Dlosivc \·roulé! !::e a fu.nction of its char<?c 
C:.iaMetcr, or V e = ( De/2) 3, a:1d the volume of the sphere of inf lucnce 
in thc r..aterial being strcssed by thr: explosiva is pror-or!ional to 
thc '"istance a\/ay from th~ CX!'lGsion center 1 \·lhere Ve: = d~, it Ciln 
be cor.cludcd that ti~e frac~ion cf the explosion 1 s unit cncrgy con
taine~ vi thin a uni t volumc of the r.:aterial ~1ill be equal to 

cOd/cQe = (De/2e) 3
• 

In similar nanner, it can be reasoncd that for ~~y s~ccific 
spheric<:l ex:;¡losive, it:; tot:a:i "'cight and er:ount of availahlc 
energy •.;oulc1 ::..e!JenC: te a la.::aeo c:cter.t on its unit density (SG~) 
and c;1argc ~ia:;,:etcr (.:;,,¡, Frovh i:1g velocity effects are exclüccc. 
Thus 1 a point c:;arge .,.{t..l-} a 4-ir.c.J (·ianeter could be expc::t.:.: ':o 
ccntain :: t :.r.cs the energy am~ l·teigh 2 tif!'.es that of a 2-inc·h éi
ar.cte:r poi:1t charge of thc S::l!"C explosivo. HO'lever, tr.e t.c•>:·'l 
\reights \loulC.: t:if!er bet•,¡eer, a conccr.tric point ch·'ll.·ge and a hl:1g
length col..:r.n cha:o:ge •.:i th ici~ntj c;:.l charo e dia!~aters hy a factc:: 
equal to the ra-cio of their res!'ective l.Jngths; although the e¡¡ergy 
concentration p;:¡ FCOT OF ~¡·pr::c L!TG-¡o:¡ \IOUlC: l..e idcntic-:.1. 'I'!"IeJ , .... 
fore1 it is gen:)rally prefcrre...: to use thc uní t -::en,;1.ty (f,(ie) ~!. 
loa~ing ~cnsity (d,,) of an cxnlosive as the s~dll~ar~ fo~ co!"p~~~~~~. 
l:ilti:e= tha1: teta::. éhargc "reight. In t!:le e-vent the ex,lo:;;ive 1 s 
112lcc:ity does :iOT remain constant, it is t!".en necessary to acco~.:n-:: 
for its C:iffcrenca in orcic.:: to consic.cr the eneroy quantity f':lr 
each coar..l.tior.. !.s a general rule!, the relative energy (:;!:.) ~:::JUlc' 
!;,e a function of the proé.uct · of t!'lc loaCing Censi ty anc· rc.::..:tion 
\·<)loci ::y S']uare~, or üevc2. ':'her~fore, using the conccpt ()f ro: la ti 
cn~rgics from ¿ifferent explo~1ves and uncer different bl~stin~ 
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conC.itions, it is possiblE' to ~ake reasonable approximations of t!.e 
encrgy capabilities of various kinds of e~~losives anC: the estinateé 
lev~l of the transmitteC:: a trasses at any u1stance d from the ex
plosion center. llith respect to the relative enerqics of ex
plosives 1áth C:iffarent t!ensities but having a constant charge éli
ar.~eter ar,rl velocity of reaction, the follo~ring expression can be 
useC:: 

RE2 a FE1 (SGe 2/SGel) 

In tha c. ase ,.,he re explosi ves' c!ensi ti es 1 chargc c!ial'!!eters, ané 
reaction vclocities all differ, the general relations!1ip for making 
the comp~rison woulC: he 

RE2. • PEl (ee2ve2 2~delve12 l 
For all practica! consiC.erations, the co~parisons lioulc be reason
ably valiC. !or all center-initiat9d 1-ft long charges 1-lith C.iametcrs 
that 1-1oulC. var¡ fro!"'. 2 to 72 inch~s. This is because t:·,e range of 
values for L0 /De and its reciproca!, or ":"• 0 /LQ, HoulC: not exceed. 15 ,' 
which \·ras clefinecl earlier as the limitation ter a point charge. 

Thc significancc of thc foregoing rclationshi9s becores 
apparcnt ·,¡~en or..e consicicrs their ap9lication for craterin<:T in , 
materials. Tl1e problcn, in gist 1 is ene in vol ving the acccmr,llish-· 
ment of T:lcchanic.al Hork, 11hereb::¡ thc ener'jy su!)plieC: :>y the ex.:. 
plo;,ivc (Q0 ) i~ use~ for fracturing t~e roaterials by overccring 
their strenuti• properties and then displacing t~e broken ,arti:lc!.· 
In general, th~ require<.l divergP.ol value of óQe 1 or c'Q¿ at C:ista.r.c'3 
ü fror· t:1e explosion' s center 1 l·till lle unique for any qiven typc 
of r.:ateridl. 

The specific C:epth of c!1argc burial, lihich \tr-ulc -:crrr>;,r.on:l 
vith the r.:axin~,;m limit for distance el, at which optinum crat<:!" 
1·esu1·~:; 1-1ill be achicvcd is cr.llcú the burden, B. The volu..,e of 
thc .:':evelo~c~·, crater (V0 ), in turn, will al•.!ays he a function of 
B, as well üs thc explosivc's Ce· For exarnple, v0 for a sim9lc 
cone-ty~a crat~r with ene free surface is nr2B/3, but the value r~
the cratcr ra~ius r is óepen(ent on the ~aterial's properties anj 
is relatec. to D. Thus, as n general rule one can assur.:e t'1at 
V0 = n3 = Oe for npproximation ?Ur~oses. Fron the previous dis
cussions. it •:a3 sho~m that ':le = !'.Ee = SGe :: ceJ• Thercfore, for 
ar.y conf1ned explos1ve charge it can Le concludcC: that 

B " V l/3 = e· 
~.·~ l/3 __ ~e 1/3 0 ""' ., = e' e e 

In sut"!"\ation, the cube-root laH de5c::-iL1C!s the effect cf t!:-··.·: 
-:3imensional c;.i·¡~roence in rcc!ucin-r th"! stress energy procuced by ; 
confincc! explosiv~ chargc a~ the energy propagatcs in all rlirectt-•,· 

.. 
' 
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through a l'laterial. 1'.s a resul t, the ideal o~tim~ c'epths o f bur ial 
{or burC.en) and the resultant crater volumes procuced by confined 
explosive chargcs in a given tlasting environment will be propor
tional to the charge ciarretcrs anC. the cut;e root of th~ir rcs?.:J~t. ive 
relativa energics. 

The Square-Root Law 
'• ,. 
• 

~ecause the energy of an explosive is released as a prcssure 
or stress, i.e., Pe or ae, it 1'1ill exert itsclf. over Lhe cntirc. 
surfacc of t~. chargc. Por the concentric or p~in~ char~ü LnL 
total out~r surfacc at 1·1hich th.e pressure acts is eaual tu 
<rrr 2 = nDe2• ~hcrefore, the total energy fron the-cxplosion (Q0 ) 
wil! be equal to Oe(nD0 2), By similar analysis, froc the cxplosion 
center tha stress transnittcd through 3 material a distancc e Hill 
be cistributeC: over a surface area cc¡ualing 4wcJ2, in which the total 
cnergy at that location a~ tirees the area woul~ be relate~ in the 
form of 013. = a e ( 4nc2 l • Assu:'Tiing there are no lo!:! ses be cause of 
absorf>tion, etc., or Oe = Q¿¡, it follot~s then that 

a
8

(noe2 l a ad(Cnd2), 

or od a ae(De/2d) 2 • 

If u e B for the optim~~ cratcr produce¿, thcn 

B u (De/2) (ae/o5)~ 
~~cause the stresses transmitte¿ into a Material are ~ropor

tional to the pressure relcr.sec by the explosion, or a e = Pe,_ t~;e 
transmitted stresses for the Froducticn of a crater r.ust e~u~l vr 
excce¿ the naterial's strength prcperties, or Ot or Ts der~nóing 
on \lhich woulc..i be the most critical. •rhus, one can conclu,~e that 

B = P8~ = ot-~ or Ts-~' 

In brief, tho2n, the square-root la\~ of energy civergence, 11hen us::!<.l 
to prcC:ict requiremcnts for the pro"uction of craters, states tha1: 
the optir.:~ ci.epths of burial (or burcen) and the rcsultant. crJ.l< . .: 
vol~"'CS for confineC.: explosive c!¡arges in any given bl.o::;tir.'l cn
vironrncnt will vary tirectly ~1ith thc sq\lare root of tl".c.!.r re
spective ex-~1losion pressurcs an.:: inversely t'lith the square root 
cf the pcrtir.ent r~aterials' strengths. · 



SINGLE BLASTHO:.:t.: DESIGU ?ROBLE!~ 

A depos1t 1s quarried in 30-ft h1gh benches !or crushed 
ntono. Tlle roe k 1s qu1 te uusshro &.nd. ha e tho !ollow1ng !J.::cpcr
tiec: 

vp = 17,000 !pa, s} = o.7, 
Y = 45 t\og, ~= 25,000 pu1, nnd ~= 1750 poi. 

Blasted rock is londed ~Y R 5 cy front-end loader. Tha 
blastholcs ara dr1llo·i vcrt1cally und bull<: lor.ded (D0 :::.. D·:¡l 
w1th nu oxplosiva havin~ nn SO= 117, De= 1 in., an~ conii~~d 
velocitieD o! 12,500 !¡;o at 3 in •. and 1~,000 f¡;o a.t 5 in •. at:.;i 
lnrgcr oha.rge dinmo~ers •. Tb3 ralutionahip betwcen v, and ~a 
in tho 1 to 5 in •. rauge can be aooumed to be in the Lor~ of 

ex 

a + bx: 
41· -
~· - • 

Dra1naee a t the opera tl.on 1e suoh th.u t blasthole s gencrally 
aro ulHnya dry 1 and thare 1s no froe :partii!g ir. the roe k :.\·a.il
nble that ~a.n serve as a floo~. Por ent1mat1ng purposts tae 
average bla.~t aren l. of

2
aw.terial cra.tored by a oinl)le l¡la;;tr.clo 

would be e¡¡uul to 1 .43 • · -. 

A •. Consider1ng the foreso1ns 1nform~t1cn,, f1~d the tollow1~z 
propertie9 ter the 1ntact rock: 

(1) ti ,. f'.!ld (2} .Er• 

B.. :For charge d1ameters D~ o! (a} 2 1n.~ nnd (h) .!¡. 
u1ne eac~ of t~e follo~ing~estimate3: 

(1)v'.l'' 

(7) E, 

(2) pd' 

(8} w, 
(3} p S t (5) T, 

de ter-

(6) J' 

Oo At tito eiven bench helght L determina ~:la ra$~ca~~Vd D~ 
va.lues ths t define abch of tb.e follorring cun-.:l ¡;J,.;;::.s: 

(1) Tho B 1 that 1nau::-es all o! thu explosiv-a colu:r:¡ ;.;~11 
react before any crscks w1.ll have p¡oopa.;n.te0. to ar.y o¡:c::J. 
faco when ua1ng a a1ngla primer locatei ~t (a} ;'loor l.cvel, 
and at (b) Tha Oenter oí tho charge oolum::J.. 

(2) '.i'he :a" at whioh ovorbrnalc quite l1k'!l;r :n.."ly be¡:io to 
or.cur when the :¡¡r!.~::er 1s plo.co a t iloor lr. val. 

" .. 
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1 

l!ATERUL 1 S PROPERT!ES PRC:OLEH 

A certain ore deposit has been core-drilled and resulta 
f'rom laboratory "tests on the specimens ;;ere aa follows: 

SGr f'or solid ore = 3.0, SG~ for broken ore = 2.4, 
O(.= 24,000 psi, t:J:; = 2,000 psi,. Porosi-¡;y = 3 per cer."t 1 
ec: = 417 microinchcs/inch at 3,000 psi compresstve load, 
6t = 104 microinches/inch at 3,000 psi CoiZpressiva load 

, 
.rf' one can assume that the material 'a dyna:nic and static 

properties 1;ere similar, determine the followl.ng const;:;.nts 
expreesed in the !Jroper Ulli"ts :: · 

(a) ,¡(.( , (b) Er, (o) Gr, (d) K, (e) IS_,. (f') sf, 
(g) vp, (h) v

8
, (i) ~ ,. (j). e, m (k) 1$ , and {l) y • 

(m) Construct a graph of };ohr 1 s Failure EnYelope on the 

(n) 

assumption of a straight llne rela"tionship. 

Based on the assumptlon the above v~lues all apply to 
dry rock, estimate the possible e.ffect ;rater sata.::-a
t1on LJ.!.ght have on the valuas of the varl::ns c::nst::mtR" 
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ANOTHEFt 

~ 

~ 
EXCLUSIVE 

IN quarrying, the 
profitability of an 
operation is directly 
controlled by the 
blasting, because 1t 

is at the facc that 
the production 

cycle begins. Poor blast resuhs in
variably wili lead to econom1c diffi
culties. In addition, the frcquent 
changes and complcxity of opcrating 
conditions force opcrators to strugglc 
continually with their problcms, 
olten without rcachmg sausfa:tory 
solutions. Thc usual ll Lal-and-error 
approach as such is expensive ami 
often hazardous, and it rarely lcads 
to complete success because of a 
lack in flexibility of application. 
Abu. mformation that is generally 
av:.Jilable on blasting is not usually 
applicablc from the practica! vJew
point. 

For these reasons certain basic 
standards havc been developed to 
assist producers in the design and 
cvaluation of thcir blasting. It is the 
purpose of this discussion. therefore. 
to describe those guidelines and 
show how they can be applied, in 
order that normal blasting difficulties 
might be reasonably avoided. 

There are two fundamental effects 
from blasting that must be con
trolled: fragmentotion and displacc
ment. For the first effect, uniformity 
of particle-size distribution and the 
IJJnits of actual sizmg are the two 
important qualities. Usually reason
ably uniform sizing is preferred, too 
many fines or too many slabs being 
undesirable. Similarly, for the sec
ond efTect, rack movement, too little 
or too much displacement 1s not 
wanted for economic and safety con
siderations. The two effects always 
become problems if overbreak oc
curs. Air blast and objectionable 
ground vibration are also problems 
that can lead to serious difficulties if · 
uncontrolled. Thus. to direct these 
effccts properly and apply the basic 
standards successfully, one >hould 
first have a working knowledge of 
the blasting process itself. 

THE MECHANICS OF ROCK 
BREAKAGE 

Rocks are normally more resistant 
to failurc by compression, or crush
ing, than they are to being separated 
by tension. For example, limestones 
as a group may have compressive 
strengths of 3,500 to 25,000 psi, 

The Mechanics of 

Part 1 

but thcy may have tcnsile str~ngths 
as low as 500 to 2.500 psi. In ad
diuon. thc ordinary high cxplo~ives 
and blasung agcnts normJIIy uscd in 
blastmg produce very h1gh prcssurcs 
at extremely rapid reaction velocl
tres, which may be from 8,000 to 

1 

·-

OPEN FAC[ 

ENERGT SOURCE 

COMPRESSION 

- -·-·-- REFLECTION 

----- AEFRACTION 

\ 

\ 

Figure !-Energy reflection ~nd refr~dion 
force componenh ~t density interf~ces. 

26.000 fps ( 5.300 lo 17.000 mph). 
The rapidly dcvclopcd prc»urcs in 
blastholcs m ay be as low as 250.000 
psi or in cxccss of 2.000,000 psi. 
depending on the particular typc of 
explosivc ami the conditions under 
which it is used. The efTect of ex
plosives reacting on rocks, thcn, is 
one of impact. or impulse, from a 
quickly applied blow of extremcly 
high mtensity. 

When explosive charges are used 
in wcular blastholes, the sudden ap
plic;Jtion of high pressures into thc 
surrounding rack is exertcd equ~lly 
in al! directions along thc blasthole 
perimeter. The rack in that region is 
quickly compressed, usually crush
ing the rock ro, a limited distance. 

2 

1 he suJJcn ,tppilcatlon ~mJ follow
ing quid~ relea~e uf l11gh p1cssur~ 

introduces a comprcssivc ~trc-.:-;·\\'~L\1...' 
that quickly sprcads througltout thc 
rock mass as an d:J...,tiC wavc. Th1s 
action rcsults bec.tusc most roch 
are characterizcd hy SülllC briulc
ness and are tl11..:rduJ e -.omcwhat 
cl.~"tiC. Thc paittcul:lr ~pceJ at which 
thv L'ncrgy travcls through thc 1nck 
"' .t funct1on of thc rock's dcnsity, 
Jcn~er m~1tcrials transnuttmg com
prcssJvc-wavc cncrgy at high rates 
and the porous or lighter ro<.:ks al 

rdatively hn\' specds. 
For simplic:ity. onc nught visu~1l· 

IZC the W.JVC eiTcct as bt:mg simllal 
to that ach:cvcd by dropping a pcb
hle into a pond of water. As w1th 
the wavcs in water when thcy cn
counter a shorcline. sorne of the 
compn:ss1ve-\vavc cncrgy from th~ 

cxplosive transmittcd through 
the rock is reficctcd and refractcd 
( bent) at al! changes of dcnsity or 
structural discontinuities (Figure l). 

Any opcn face, change of rock type, 
etc., will produce this effect. Thc rc
mainder of the energy. however, 
tries to continue along its original 
travel dircction. Thc angle of travel 

--o o o 
--..-::: 0.) EX:::. G 

NON·COHESIVE 

COHESIVE ANO ELASTIC 

Figure 2-Energy frensminion in maferi~ls 
from impulsive loads. 



ROCK BREAKAGE 

direction of the reftected energy is 
the same in value but opposite to 
the direction of the energy imparted 
at the boundary, the direction of 
energy refracted into the next ma~ 
!erial being a function of the char
acteristics of both materials. Thus, 
at every change of density sorne of 
thc impulsive energy is reftected and 
refracted, the balance continuing to 
travel in its initial direction through 
the second material. 

The action of energy transmission 
is more casily understood if one first 
considers the ·material being blasted 
as being made of mar.y small parti
cles ( F1gure 2). lf a blow is exerted 
on one particle, we could expect the 
energy to be transmitted in the di
r<ct ion of the appl ied blow to ad
¡;tccnt particles, until the energy is 
C\t:ntually consumed as a result of 
work-performing etfects such as 
f riction, dampening, fragmentation, 
etc. Particles in a pilc of sand are 
noncohesive; so there is little or no 
attraction between the particles, 
even though each may ha ve a certain 
amount of elasticity within itself. 
Most rocks, however, are cohesive 
as wcll as somewhat elastic, thus 
promoting a ditferent etfect from that 
occurring in loase materials. 

For the noncohesive particles, the 
one on the outside of the pile, on 
rcceiving a blow from an adjacent 
one inside, would endeavor to keep 
lraveling ouiward, since there are 
no particles remaining to impede 
ib movement. The cohesive material, 
on the other hand, would have the 
outer particles held to adjacent ones, 
as if by springs. lf the blow is sutfi
ciently strong, the inertia of the 
outer particles will tend to keep them 
moving outward, once the energy 
has been applied to them, the springs 
then being placed in tension. If the 
!ensile strength. of the springs is ex
ceeded, they will break. The sudden 
releuse of tension will in turn cause 
the adjacent panicles toward the 
inside of the mass to rebound. A~ 
each particle is acted upon in this 
fashion, beginning at the open face, 

the springs will be broken in subse
quent arder back to the sourcr. of 
the initial blow. provided that there 
is enough energy rcmaining to ex
ceed the tcnsile strength of all of 
the springs. 

Thus, the stressing action of 
breaking rack begins al a free sur
face, or change in density, and 
moves back in toward the explosive 
charge. The problem for proper 
fragmentation. then, is to be certain 
there is sufficient <~pplied energy to 
permit travcl outward from the ex
plosive charge and return. with suf
ficient strcngth to exceed 1he tensile 
strengths of the rocks a long the en
_tire path of travel. 

Since blastholes are circular. thc 
enc1 gy propagation will sprcad out 
in di~tance from thc sourcc, or as a 
fa:1. This action causes the encrgy 
travel in particlcs to move in diffcr
ent directions. In addition, stresses 
developed in the W<~lls of blastholes 
will decrease rapidly as the energy 
pulses travel away from the charg.es. 
There will be only one direction, 
that perpendicular to a free face and 
usually called the burden, where en
ergy will be the strongest and first 
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to reach the boundary surface. En
ergy from the explosive charge will 
continually weaken and will reach 
outer particles along the facc at later 
intcrvals in progressive arder. 

Fly rack velocity will be greatest 
al the center point, whcre thc energy 
tr<tvcl distance is lcast; on either 
side. particles will have lcss energy 
imparted to them and will have a 
progressively greater lateral action 
as distance is incrcased from the 
center. The appearance of the face 
a;sumes the shape of a large bubble 
opposite the charge, with the outer
most edge stretched in lateral ten
sion (Figure 3). As a result of this 
action a crater forms, caused by the 
combination of tensile effects along 
the energy travel paths from the 
charge outward and those between 
particles /atera/ly because of the di
verging action imposed by the dif
ferences in energy travel directions. 

The outline of the excavation and 
fracture pattem within the cratered 
portian are inftuenced strongly by 
the structural planes of weakness in 
the rack mass, such as slips and 
joints. Whether or not there is 
enough energy to travel outward and 
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return must be determined for each 
blasting situation. If the amount of 
initial explosive energy is inadequate 
for the total travel distance. so that 
the tensile strengths are not exceeded 
both outward and on return, one can 
expect to find the unbroken rock, 
or very coarse breakage, inside the 
broken rock piJe, nearest the loca
tion of the blasthole. 

Where excess energy is used, the 
broken rock will be thrown farther 
out from the face, and there may be 
sorne overbreak in back of hales 
and on the edges. On the other hand, 
if slabs or boulders are found on the 
outside of the p'le after blasting, it 
is most likely because the ledge was 
cracked befare the blast was made, 
from earlier overbreak, or because 
mud seams or similar density 
changes existed in the rack mass. 
Cracks, or density changes, serve to 
reftect and refract energy befare it 
reaches the outer free face, with a 
subsequent reduction in energy 
Jevels passing through, the outside 
portions therefore being merely 
pushed out from the face. 

For most field blasting, more than 
one free face will exist. i.e .. a bench 
or ledge is present. The addition of 
a third free fa ce, such as a corncr, 
will alter the crater effect (Figure 
4). Since the relative distances to 
open faces from a charge determmes 
which face is stressed first, too large 
a difference in distances often giveo., 
humps, toes, or very coarse fragmen
tation in the area with the longest 
d1stance. Full cratering with over
break will occur on the other side, 
where energy travel is the least, even 
though a comer may be present. 

In that blastholes are much great
er in length than they are in width, 
the effects from the explosive reac
tion along the blasthole must also 
be considered, cylindrical rather than 
spherical effects being the usual con
dition. Figure 5 illustrates blastholes 
in a Jedge with pertinent termmology 
described. while Figure 6 gives wave 
forms in rock resulting from the cyl
indrical effect. 

lt is apparent from the sketches 
that the time when the compressive
energy wave in rock first arrivcs nt 
un open lace will be different for 
each bl•sting situation. The shape of 
the wave will vary from that of 11 

sphere to a cone, the actual shape of 
which is a function of the explosive's 
reaction velocity ( v.) to that of en-

.... ~ 
~ ..... 7~'''" , LIEOGE ', 

-

' , 

o 
COMPRESSION BULGE 

~ 
~ -~· 

/ \ s~tH~~~~c 1 "-

o 
CRATERING 

Figure 3-Sequence of actions in crdter for· 
mdtion. 

ergy travel in the rack (v,), usually 
eXpressed as the K, or velocity ratio. 

The primer location will deter
mine that portian of the Jedge which 
will be stressed and displaced first. 
As hale depths increase, the differ
ence in bias! effects will become 
greater. Collar priming usually pro-

T 
,___,----< ,...--- ..... __ _ 

COI'IIIUI CI'IATEI'IING 

AEGUL.UI CI'IAT(R 

Figure 4--lnfluence of free·fdce locations 
on crater position. 

motes a waterfall effect, with the 
broken rock left in high piles direct
ly against !he vertical face. Bottom 
priming tends to scatter, or spread 
out, the broken rack over a larger 
ftoor area. Center priming, on the 
other hand, produces a compromise 
effect. Collar and bottom priming, 
when used together in the same 
blasthole, will tend to lncrease the 
stressing in the ledge center, thereby 
intensifying the fragmentation and 
displacement actions. 

The inftuence of gravity, or static 
loading, has lit:le or no practical 
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effect on fragmentation under most 
blasting conditions. H0wever, for 
vertically drilled blastholes the high
er the ledge, the proportionately 
greater the resistance to displace
ment of rock at ledge bottoms. Since 
the pressure waves produced in the 
rock from every point along an ex
plosive column cannot rc~<.:h the 
vertical and horizontal free faces at 
the same time, it is most often pre
ferred that stressing begin at the 
base of the vertical free face. This 
" usually because of the need for 
adequate displacement to insure 
easy and safe d1gging. 

Blastholes that are mclmed ( Fig
ure 5) help to compensa te for weight 
effects as well as to extend the ef
fective area for stressing in the vi
cinities of hale collars and bottoms. 
Boulders most ohcn come from 
those areas. lt has been shown that 
the greater .the angle of inclination 
the better geometrically propor
tioned becomes the stemming zone 
for cratering, thus reducing back
break effects. But air bias! and pos
sible violence are more likely to 
occur since the volume of rack is 
appreciably reduced in the stemming 
region. Thus, less dense explosives ...... 
would be preferred in collar arcas. 
lt should be noted, however, that 
stressing in portions of the ledge 
other !han at the collar and ftoor 
leve! will be no different;· regardless 
of the hale inclination, provided 
that the bench face parallels the 
charge column. 

Figure 5-Biasth.ole terminology. 
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1 T is not enough just to understand 
what happen¡ during blasting. 
Probably the most importan! 

thing to the average persori is to 
know how blast effects can be con
trolled to suit the requirements of hi' 
operation. In this respect there are 
available five basic standards upon 
which lo evaluate blasts, all of which 
are unitlcss ( dimensionless) ratios. 
They can be applied to both under
ground and surface blasting with 
equal succes'i. For simplicity, how
ever, their use will be discussed as 
applied to surface (open-pit) blasting 
condit10ns. The standards are de
fincd as follows: 

The Mechanics of 
ROCK BREAKAGE 

STANDARDS FOR BLASTING DESIGN 

Part 11 of a Series 

l. Burden Ratio (K" )-the ratio 
of the burden distance in feet to the 
diameter of the explosive in inches.. 
equal to 12 B/D,. 

2. Hule-Depth Ratio (K")-the 
ratio of the hale depth to the burden, 
both measured in feet, or H/B 

3. Subdril/ing Ratio (K1 )-the 
ratio of the subdrilling used to that 
of the burden, both expressed in 
feet, or 1/B 

4. Stemming Ratio (K.,C)-the 
ratio of the stemming, or collar dis
tance to that of the burden, both 
being in feet, or T /B 

5. Spacing Ratio (K5 )-the ratio 
of the sp;;cing dimension to that of 
the burden, both measured in feet, 
or S/B. 

Burden Ratio The most crlt•ctl 
and important dJ

mension in blastmg is that of ¡he 
burden. Tht!re are two requirements 
necessary to define it propcrly To 
cover all conditions. the burden 
should be considcr~:J as thc dts
tance from a charge meaS1Jred per
pendicular to (he nearcst free face 
and in the direction in which dis
placement will most likely occur. Its 
actual value will dt::pend on a combt
nation of variables, includmg the 
rack characteristics. thc explosive 
used, etc. But when rock is com
pletely fragmented but displaced 
little or not at al!. one can assume 
the critico! value has been ap
pronched. Usunlly. ao amount 
slightly less than the critica! value 
ts preferred by most bbsters. 

Therc are many formuhls that 

Tahlc 1--Standard Blasting Ratio!> for '.'erlical Blastboles 
(AII Types of Surface 8lastin2, 20 Different Rock T}Pe!>, Hole Depths From S to 260 

fl., and Hole Diameters From Hla to 10% in. for All Grades of Explosi ... es) 

AJI Operations All Operanons but Coal Strippings 
K,. K., K • 1 K • T 

Group Frequency Group Frequency GtOU(l ftt'quency Group Frequenc)" 
0.10-0.19 o 

0.0-0.9 o 0~0-0~~ (, 

10·13 o 1 0-1.9 43 0.30-0.~9 1 ~ 
14-17 -' :::! O-:! 9 70 0.00-0.09 1.' o 40-0.49 1~ 
18-21 13 3.0-3.9 .'ó 0.10-0.19 IX 0.50-0.59 1~ 
22-:!5 ; 1 4 0-4 9 45 o :!O-O :!9 n 0.60-0.óQ :!5 
26-29 74 5 0-5.9 :!~ (1.30-0 JY 2n o 70-0.79 IY 
30-33 "" 6 O-tí.9 " o 4.)-0.49 :!5 o 80-0.8~ 13 
34-37 44 7 0-7.9 11 0.50-0 ~q 2 0.90-0.99 h 
38-41 :!O R 0-8 9 4 O.ñO-O.t\Y h l. OO. 1.09 14 
42-45 7 9 0-9 9 ~ o 70·0 79 2 1 10-1.19 7 
4tí-49 4 10.0-10.9 8 0.80-0 89 o 1.20-1.29 7 
51>-53 o 11 o, 11.9 ll 1 ;\0-1 J9 ' 1:! ().] 2.9 1 1 40-1 44 2 

1 50·1.59 2 
Total 28-1 Total 284 Total 125 Total !52 

Mean J(J Mean 4.0 Mr=:Jn 0.:!8 Mean 0.74 
!\.1ode 38 Modc 2.6 Mode 0,24 Mode O.h5 
MediHn 29 Median 3.4 Median 0.27 ~led1an 0.67 
•Note-Rf: Ash, R. L., and Pearse, T. E.-"Velocíty Hole Depth Related lo Bla\ting 

Results." Mimng Engmeerifl,l,'-September, 19ñ2. p. 75. 
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rrovidc approxtmatc burden values. 
but ;no~t requ1re c.Jlculations th:H 
are bothersomc or complex to thc 
average man in the fJeld. Many also 
require knowledge of various quali
ties of the rack and explosives, such 
as tensile strengths and detonation 
pressures. etc. As a rule, the neces
sary information is not readily av;ul
able, nor is it understood. 

A convenient guide that can be 
used tor esumating the burden, how
ever, is the Ku ratio. Experience 
shows tbat when K,~30, the blast· 
er can usually expect satisfactory re
sults for average flcld conditions 
(Table 1 ). Thus, for a 3-in. diam
eter explosive, a 7!1í-ft. burden 
(30 x 3/12) would be a reasonable 
approximntion. To provide greatet 
throw, the K, value could be re
duced below 30, anJ subsequent 
finer ~izing is also expected to re
sult. 

Light density explosives, such as 
field-mixed AN/FO mixtures, nec
essarily require the use of lower K 11 

ratios (20 to 25), while dense ex
plosives, such as the slurries ami 
gelatins, pcrmit the use of a Kn nea1 
40. The final value selected should 
be the result of adjustments mad•· 
to suit not only the rock and ex
plosive types and densities but also 
the degree of fragmentntion and dis
placement desired. 

To estimare the desired Ku value. 
one should know that densities for 
explosives are rarely greater than 
1.6 or less than 0.8 gm/cc. Also. 
for most rocks requiring blasting, 
the density in gm/cc rarely exceeds 
3 .2. nor is it less than 2.2, with 2. 7 
( 165 lb. per cu. ft. in the salid) by 
far the most common vuluc. Thus, 
by first approximating the burden 
make simple estimations toward 20 
at a Ka of 30, the blaster can then 

. ' 
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caused by humps and toes generally 
create problems for later blasting, 
as well as in loading and haulage 
operations. For most conditions, the 
reqmred subdrillmg (1) should never 
be less than 0.2 the burden dimen
sion, a K, of at least 0.3 being pre
ferred for quite massive ledges 
(Table 1). School of Mines and Metallurqy 

Univenity of Miuouri The amount of necessary over
drilling logically depends upon the 
structural and density charactenstics 
o! thc ledge, but also on the direc
tion o! the blastholes, in that in
clmed hales require less subdrilling 
and horizontal boles no subdrilling 
whatsoever. Under ccnain condi
tions no subdrilling is required also 
for vertical boles, as would be thc 
case for many coa! strippings or roe k 
quarries having a pronounced part
ing at floor leve!. However, for rela
tlvcly massivc rack drilling, at least 

( or 40) to suit the rock and explo
sive characteristics, densities for the 
latter exerting the greater influence. 

Thus, for light explosives in dense 
rock, use K8~20; for heavy ex
plosives in light rock, use Ko~40; 
for light explosives in average rock, 
K8~25; for heavy explosives in 
average rock, K8~35, etc. Figure 7 
illustrates the relationships between 
burdens and explosive diameters and 
can be used to approximate values 
for quick estimations. lt should be 
noted, however, that the burden 
must be more carefully selected for 
small-diameter blastholes than for 
the larger charges, a fact well con
firmed by field experience. 

Hole-Depth 
Ratio 

As a rule, a blasthole 
should never be 
drilled to a depth 

less than the burden dimension, if 
overbreak and cratering are 10 be 
avoided. The primer location and 
the K, ratio (Figure 6) have an im
portant influence on the mimmum 
required depth, in that the shape 
and direction of the wave form de-

K~· 112 
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BOTTOM PRIWIHO 

termines where and which face is 
stressed first. In practice, blastholes 
are general! y drilled from 1 \lz to 4 
times the burden dimension; and 
blasting is done most frequently with 
a K" value o! 2.6 (Table 1). 

One could then presume that 
when using a 3-in. explosive of 
average density in normal rack with 
a 7\l.z-ft. B, abole depth from lOto 
30 !t. would normally give satisfac
tory results. As the depth increased 
beyond 30 !t., displacement prob
lems could result, leaving toes or 
bootlegs ( part o! the hole left in
tact) because o! the failure to pul! 
the full lcdge height. lnclined drill
ing will help to eliminate sorne o! the 
difficulty. But a hale depth less than 
the burden, 8 !t., for example, could 
always be expected to be violent and 
10 produce overbreak in back o! 
hales. 

Subdrilling 
Ratio 

The primary reason 
for drilling blastholes 
below floor leve! ( or 

" 
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z -> o 
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K1• 20 
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grade) is lo insure that a full lace 
will be removed. Uneven ftoors 

Figure 7-Relationships between burden di· 
mension end explosivo diameter. 
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Figure b--Compressive stren wave-forms in 
mauive uniform roc:k. 
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O. 3 the hurden bclow the fioor will 
insurc that full lcdgc hcighb ar¡.; 
obt;uncJ, providcd, of coursc, that 
a propcr K u valuc is also uscJ. Thu '· 
tor thC )-in C\[1Jll~I\'C ami 7 1,1-ft 
hullk:n, thc hlasthok :-.hould be 
drilkJ at lc.1:-.t ~ ~-~ ft. bclll\\ lloor 
leve!. 

Stemming Ratio Collar and 
stcmmtng ;ttc 

-.,omcttmc~ thcd lll cxprc .... s tllc "<lllh! 
thing. HO\\'Cvcr. '>tcmnllng rekr ... lil 
thc lilling. Llf bla~thnks in thc coll.n 
n.:~ion \Vith matct Ja!-.. ..,u eh as dril! 
cutllngs to cunJinc th~.: cxpltJ~i\·c 

::a..,c-.. But .... Lcnlnlln':.! .~nd a111uunt ti 
("oll.u·. thc Ltttcr h~.:m~ thc unlo,u.h:J 
JHl!IJllll uf .1 bl.t:-.thok. pl!!Í0/111 othcr 
ltJJlctlon:-. m adJitulll to confining 
~.I'L'" Sincc :tn cncrgy w;¡ve wtll 
ti.I\CI llllh.:h ia-.,h . .:t in :-.oi1J tllCk than 
111 thc k-.<.. dcn:-.c uncon:-oliddtcd 
.... h.:rnming. Jll,¡kri •. tl. ~tre~-;ing will 
th .. ....tlr IIHH.:h c.~rl1er in th~ ~oliJ ma
tcl i.d than comp.tction of thc !-.tcm-
1\lln~ m.~rcn~ll cuu!J be accom
pli~hl.!d. Thu..,, the ,tmount of collar 
th:tt t">ldt (T J. whdhcr or not ~tem
rnmg 1:-. lhcJ. Jdcrminc~ thc dc~tc~ 
{/1 ... tJc..,s h.d,tn~c in th.H region. Thc 
u ... c uf ~tcmming matcri:1l thcn a..;
_..,¡..,h m conlin1ng thl.! g,Jscs by a dc
b~cd action that ~hould be long 
L'llough in tHliC duration to pcrmit 
t!tcir perlorming the nccC"SS~try \\Ofk 

hdotc rl1cJ..: nHH'CflH.:nl anJ ~tcmmin~ 
L'JL'dton c.tn <h:cur. For strc..,s bal
:lltcc 111 hcnch-bla'ittng of massivc 
lll.tlCI i.d. thc valuc nf T ~hould cqual 
thL· H dimcn-.inn (figures 5 and 6). 

lhually a Kr valuc of Jcs<.; than 1 
111 ..,,11Jd tock will cau-;c somc cr<Jtcr-

111~. \\ 1th b•u.:k h1 c.tk and possihh: 

' ' ' ----; 

violcnce, particularly for collar prim
ing oft:harge'\. Howcver, if th .. :rc diC 

-,tructur•d di..,LllllttnlliliCS in the c<~l
lar region. rclkctJon :md rdr:tcttun 
ol th~.: cncr~y \'.,t\'L':, rcJucc thc 
ellCL'h tn thL' dncctiPn of thc cll:lf~C 
lcngth. Thu:-.. thc J.\. 1 v:tlul.? c:tn h:.._· 
r~.:Juccd unJL"J -,uch ciJcunbt:JJh..:c-.,. 
thc amuunt Jcpcmilng up1ll1 thc 
d.::grcc o! L"nL·rgy rcducllon :tt the 
den:-. u y or ~11 u~lllr .. d iiHt.:l facl·~ hclJ 
C\pencn..::c ... hm\.., th.tt a 1-\. 1 \·,duc ni 
0.7 i-. :1 JL':t~nn.tbk ~ippro.\nll:lt 1 d:l 

!tlr thC LUIH!tli of aiJ bi;¡..,¡ ~1nd "'(JL'"" 

babnu.: m thL' coll.n 1 L'~lon t T:1h!..· 
1 ). Thu-.. !tlf thc J-111 c\pl•hJ\L' 

lhtn~ a 7~~-ft. burdcn.) to h ft o! 
coll.tr wlth -,urt~tbk -,tcmm1n~ i-. :;L·n

CJ ally :-,~ttt..,l ~~ctury. 

Spacing Ratio C o 111 111 e re i .t 1 
hl.!Sttn~ u.., u .tll: 

IL'\.jllilC" thC lhl' pf 111ll~llfll.: h!.J..,(

holc .... tn;tJ..:m~ ll ncL"c:-~.u y h11 hla ... t
cr~ to knC.\\ \\hL'thcr tll' not thc1c .11~ 
drl) ll\Utu.tl Clk ... t:-. bCI\\CCil ch:tr~c-.. 

lf adj:tcent dtar~c.., are JllJII.ltCJ 

..,cp:Jratcl) ( 111 ..,.;qucm:L'). \\ ith .t 

tilll~·-.:kl.i\' lll(L'I \.ti of ..,¡¡ITjL·IL'TH 

kn_:,:th !Oj1L'IIl1Ít (',¡.._·h ch.ti~C hl Clllll

pktC lh L'n!IIL' hl;t~(lrl~ ,IC!iPO. thL'IL' 
\\ i!l hL' 110 lll!L'J,J...ti<IJl bCI\\L'L'Il thL•j¡ 

Cih.'rg~ \\.t\L'.., ( ¡·l~lli'C S). 

HtH\C\\.'L ¡( thc time JlltL'J\,tl ft)r 
mill:lting .tdj:t...:cnt clurges 1:-. rc
duccd .:o111pk' ciTccts will IC~ult 

The1 e mt~ht h..:- tclnf~lrCL'Illcnt tlr ctn
ccll.tlltlll of lnrcc .... depending uplln 
thc f..,¡,·,.: lll,\~nrtudc"' :tnd dirc ... ·t¡m,.., 
at tht.:JI potnt of intcrfcrencc. Fo1 
ch:trgc.., Hlll"Jtcd ..,¡multanCLHI..,ly. or 

•, o o~ 

....-· 

at cxtremcly short-de!Jy intcrval~. 
the reinforcemcnt action increasc~ 
\\.'tth brgcr anglcs of force collision 
Th1s action promotes grcatcr ground 
\'ibrauon forcc-clfccts. Howcvcr. as 
dcscribcd eJr!lcr. thc encrgy levcls 
of stresscs m thc rock are reduccd 
by thc fan cfTcct as d1st:tncc from 
thc sou1 L~ of energy increa~cs. The 
mutu:tl rcinforccmcnt actJon thcn 
tL·nd" partJally to minimizc thc cn

Ct~y rcduLllon hcctusc of !.11! cffcct 
reJu...tlllllS. thus pcrmittin,t.: grc~1ter 
~p;tcink!~ to be used bctwccn bl<l!->t

ho\e~ initi:1ted !->t111Uit,tneou-;ly th:m 
\\ hcn dl..'bycd. 

Thc manner tn wl11ch thc zonc of 
tn...:J..: betwecn ho\es is hrnkcn dc
p~nds then not only on thi.! particu
l:¡¡ initi.ttton-timln~ system uscd but 
,¡J..,l) on thc sp.1cin~ dimcns1on. Ideal 
cncrgy habncing bctwccn chargcs is 
Lhu:tlly acCLllllph~hcd whcn thc ~p.l<..:
ing dimcns10n is nearly cqual to 
'!nuble that of thc !· .. ,den (K,~2l 
\\'hcn ch.trges are tnllJatcd SJmultan
L'Ou..,Jy. For long-intcrval dclays. thc 
sp.tcing ~hould approxirnatc the bur
dcn. nr K,~ l. For short-period de
];¡~:-.. the K.; valuc will vo.ry from l 
tn 2. depcnding upon thc interval 
u..,cJ. Howevcr. smcc structural 
pL.tncs of wc.tJ..:nc~s such :1s joining, 
cte., are not actually perpendicular 
tn one another. thc exact valuc for 
K, nnrmally wdl vary from 1.2 to 
I.B. the prefcrrcd value of which 
must be tailorcd to local conditions. 

Most ditficultles resultmg from 
hla'lting can he ~ttributed to the 
use of an unsuitablc Ks rclationship. 
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PLAtJ VIEW- TWO VERTICAL BLASTHOLES !N LEDGE 

F1gure 9- Compreuive-puhc 
wavc·pos•tions o!Jt instdnt ere~· 

tering bcgins. ( Simulto!!neous 
1n1tJ.:dion cf mulhple charges 
with unbalanced K~. ratios 1 
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For example, from Figure 9, illus
trating compressive-pulse wave posi
tions, one can see that when 
fracturing bcgins for simultancous 
mitiation, extended spacmg--. (Ks 
greater than 2) always lcad to hori
zontal cratering. The action alw;:¡ys 
!caves humps at floor lcvcl bctwecn 
the blastholes. Too clase a spacing, 
on the other hand, causes prcmaturc 
... hcaring between hales. This condi
tJOn produces ftnely broken rock be
tween hales, providing all thc explo
sive reacts, but with boulders or 
slabs formed in the burden zon~. 

Premature shear and related loss 
of conllnr.::ment further promotes 
volumc changes, with subSL"t.1UCnt 
pressure drops in the blastholc re
gion, which for the relatively insen
sitive blasting agents may kili the 
rcaction completely and result in a 
misfire. The action also usu~11ly 
loosens stemming too early and per
mits thc relcase of gases out through 
thc collar regions. Unless de!Jberate 
shcaring is desired, as for pre-split
ting when charge loads should be 
reduced and fairly sensitive explo
sives are used, normal blasts e>..liibit 
vertical cratering, overbreak, violcnt 
fiy rock, nonuniform breakagc, and 
toes at fioor leve!. 

lt can be generally assumed that 
uniformity of sizing is a dircct re
sult of the Ks ratio. If on liring a 
single hale the rack is satisfactorily 
broken and cleanly removed wuhout 
excessive displacement, it may be 
assumed thc burden is satisfactory. 
Too often blasters reduce the burden 
rather than extend thc spacing in 
their desire to eliminatc boulders 

or to make rock sizmg more uni
form. 

The b:1sic principies for spacing 
selection apply to all multiple-charge 
blasts, as long as al! ho!cs are drillcd 
parallel and m thc samc dtrcction 
relativc to onc anuthcr. Figure 1 O 
il\ustrates the baste drdl pattcrns for 
mo~t lield condttiOm ami may be 
summarized as foll<m·s: ( 1) for se
qucnce dclays m thc same nm:, thc 
K, should be near 1; (2) for sunul
l:tneous initi~uion of holcs m the 
~.tme row. the prcferrcd K, is ncar 
2.; (3) for scqucnce uming m the 
samc row and simultancous initia
llon lateral/y bct\\l'L'll hules in adj.t
cent rows, thc cntirc bl.tst should be 
drilled in a squarc arr;.¡_ngemcnt m 
arder to avoid stress unb;..dancc; and 
( 4) staggered drill p.rtterns are prc
ferred between row:-. \\ ithin which ~ti\ 
charges are imtiatcd ~nnu\taneously. 

lt should be notcd that the actual 
( or true) burdcn m ay be diiTcrcnt 
from that norm<.~lly considered for 
cach separate b\asting condnion. if 
we takc intu account the fact it 
should be me~tsured in the direcrioll 
in which di~placcmcnt occurs. For 
examplc. in Ftgure 5 thc uue burden 
for an inclincd hole is nnt actually 
thc horizont~ll dt..;tancc. sincc sttc:-...;
ing from W~\'C travcl will occur 

carliest :Jt a point on a !inc perpen
dicular to the free facc ( ll'). Thus, 
the normally con ... idcrcd horizontal 
burdcn can be extended by inclin
ing thc bl.1sthok C\'Cn though thc 

true burden \\Ould be thc samc as 
that drscusscd previously (K,~20 
to 40). 

Tablc 2-:'\'ormal llriii-Pattcm Dimcm.iom for ,\'cra¡.:c Hla~tin~ Condilions 
(AII \'alucs in Fcct E'\:cept for E,p(u.,he Diamclcr) 

E•tuh alcnl Pattcrm 

ur: 
StaggL'rt'd Squarc 

L (Simultancous (Scqucncc 
luche~ 8 J T (.\1:1\..)' Timing) Timing) 

2\-2 t 2 10 21/Í X 4 3 X ) 

2 5 2 4 20 5 X 9 7 X 7 
3 1V2 2 ~-í 5 30 7V2 X J3 JO\ JO 
4 tO } 6 40 10 X 18 13 ·' 14 
5 121;í 4 S 50 ]2i,.'Íx2:! 16 X 16 
6 t 5 5 10 60 15 X 27 10 X 20 
7 171/l 5 1'Í 12 70 17V2X31 2.3 X ::!3 
8 20 6 14 Hll 20 X ]6 26 X 27 
9 22 7 15 SS 12 X 40 29 X JO 

10 24 71/í 16 96 24 X 41 3:! X 32 
1 t 261/l 8 18 106 ::!.6V2 x 48 -~ 5 '( 3 6 
12 29 ~ 20 lió 29 X 52 38 X 39 

•Note-Minimum L=B 

----·--- --=--=== 
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Fig .. , d 1 0-B,utc drill-pdltern reld!ionship1 
(Ideal blcnling condtlions.) 

From Figure 10 onc <:.:n '\t::C th.1t 
tiJ¡,; p1dcrred K~ nevcr chang~:--. 11.> 

gardless of conditions, with a K..: 
ncar 1 for ..,cqucncc and ncar 2 ftlr 
stmultaneous initiation p;ttterns. Bc
c.:use movemcnt is about 45 Jcg.rccs 
\\ tth the opcn facc for scquence tim
ing, whcn hales m adjacent Jows 
mcasured later;;li\y are in1tiatcJ a 
thc s;.¡_mc time, tlu::ir truc actual bor
den must be considcrcd as measured 
latcrally since movemcnt is perpen
dicular to that direction. Thus, for 
difi'erent drill patterns but us1r1g thc 
s:une Kn value, the actual are a ( or 
volumc) of rack blasted should not 
change. 

Th!S can be explained by the ex
ample of the 7 1/2 -ft. burden for a 
3-rn. cxplosivc, where a 10 x 10-ft. 
squarc pattern is desirablc for sc
quc.:ncc timing in the same row; but 
a 7•,; x !3-ft. staggercd pattcrn 
would work equa!ly wcll whcn ;rll 
holcs in the samc row are fircd tu
gcther. A typical 8 x 12-ft. pattern 
ofwn followed in the ficld is merely 
a compromisc between thc two more 
des u ahle arrangements. Howevcr. 
thc pattcrn invariably gives non
unifurm breakage, particularly in 
llJ.t..,~ive rock, no mattcr what tim
ing systcm is used because of stress 
unbJ.Iancc, and resulting ovcrbrcak 
1n corners. 

Undcr ccrtai11 ¡,:;onditions thc } 
ratio controls displaccment to au 
advantage. lf the timing system is 
properly selcctcd to give a desired 
blast eiTect, slight adjustments can 



be m a de to thc; K~ ratio ~o as to place thc broken 
rock in an other-than-normal position. but wJth sdme 
sacnlicc in uniformity of rock s1zing. For example, for 
a K, of 0.7 to 0.9 (whereby the spacing actually bc
cnmes thc burdcn) the use of sequence llllling ct~uses 
broJ...cn rock to move parallc\ or along thc lcdge Lt....:c 
~mJ not out unto thc !loor, as 1s the clfcct oftcn desircJ 
in coa! ~tripping On the other hand, a Ks of 1.2 to 

\A fur Jdayl:d ch;uges movc~ the braken rack f;.¡rthcr 
.nvay frum the ledgc. 

SUMMARY 

Mo:-.t bl;1~tmg difTiculties occur because of a lack m 
undcr~tandmg of how rack is brokcn and the u~e o! 
nnpropcr chargc-placcment and mitiatton-timing prac
IJCC~. Thc clues as to what could be wrong are oftcn 
Jcvc;¡\cd by ob~en·ing hov/ a blast performs: whcthcr 
11f not nonuniform brcakagc resuhs. toes are leh. ovcr
hll.:ak and violcncc occur. and similar umksirable ctfccts 
cxJ-.t Pru\·JJcd that the propcr explos1ves are employeJ 
fur thc upcrating conditions, certain standards can be 
.1pplicd, tu hdp in the cvaluation af blasts. The~l: 
~t.1nJan.b c.m also as~1st in providing guJdchne:-. a~ to 
w!J¡~.;h d1rcctiun adjustmems :::,hauld be made for cor
J~:l·ting any d1tficultics. The ~tandards are practical and 
:-.1111ph: to apply, bemg based on two fundamental. 
lJ:-.u.dly k.nuwn 4ualiucs. explo~ive diametcrs and lcdgc 
ilL'Ight. Thc standards are as follows: 

K"~20 to 40 ( 30 avg.) 
K 11 = 1 Yi to 4 (..: .h avg ) 
KJ =0.3 mínimum 
K,~o.s to 1 (0.7 avg.) 
K:-,=1 to 2 

A~ a rule, the K 1• Jdationsh1p is thc first standard 
to ~~pply, since it prov1des the burdcn dimensJOn. An 
c.\<.:cptwn 111 this is for blasting extrcmely hw. or vcry 
high lcdgcs. In such cases the ratio must be ,1djustcd 
to ~un thc ledge heighL For normal conditJOn:::, and 
u~ing a 2-in. cxplosivc, for cxwmplc, the burdcn \I.'Íil 
avcr.~gc ncar 5 ft. tor holc depths not k~s than 7 1/:! 
nur more than 20 fL, with subdrilling of at fc¡¡st 11;i 
11. and 'tcmming near 3 1/z ft. The ledge height ( L) 
cuuiJ thcn be from 5 to 6 ft. up to about !~ 1,2 ft. 
Tahlc 2 lists data for normal opcrating condiuons. 
Huv.-cvcr, thc spacing valuc for adjacent charges w¡JI 

th:pcnd cntirely on the timmg system used :md on thc 
roe J... :-.tructural features; but it will vary from 5 to 1 O 
lt. for the example given. 

For ledgc heights less than the minimum, smallcr
Jiametcr C\plosives shoulJ be uscd; otherwise, ovcr
Jo;.¡dmg and possJblc violencc will occur. For very high 
f:Kc~. thc burdeos must be reduced ar thc cxplosivc 
di.Jmcter~ increased. The latter can be accompllshed 
by dlillmg larger vert1cal hales, springmg or cnlarging 
holes at thcir bottoms. usmg additional snake, or hori
znntally drillcd, hales in the toe region. inclmmg thc 
dnll hule~, etc. 

An additwnal problem often present in blasting is 
that of cap rock, or hard massive loyers ot the top of 
a lcdge. Using less than norm<l;l stemming does nothing 
but promotc violcnce, since this .solution only aggra
vatcs vertical cratcring, with subsequent overbreak. 
lnstead, an additional short hale should be drilled in the 
block center, with part of the normal explosive charge 
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;·\,r the dcepcr hales dividcd equally between a smali 
dock chargc, loaded near thc collar of the deep hale 
but separated from the mam ch.Hgc by stcmming. and 
a small charge pbccd in thc extra short hale In thl" 
manncr the lcdgc hcight Jimitations are satisficJ, with 
thc cap rock and remaindcr of thc Jedge thcn hc1ng 
considcred as two separare bcnchcs. evcn thouch thcv 
are blasted at the same time. ~ · · 

The standards will be found to be qUite convemcnt 
and useful. after vcry l1ttlc practicc. not only far thc 
initial de~tgn of blasts but also in provtding guidelint::-.· 
upon which to correct normal blasting difficultics whtch 
invanJbly occur from time to time. Howevcr, eme must 
realize that the standards m thcmselves are not <.:urc-alb. 
since bbsting as such dcpcnds heavily on cu~t and 
safcty considerations as wcll as on thc explosive grade' 
uscd. the material's charactcnstics. and blasting tcch
niqucs empluycd. 



1 N selectmg an explosive upon 
which to base a particular set of 
blasting standards, the choice 

will depend largely on the cost and 
properties of the explosive and its 
adaptability to the materials to be 
blasted. Since blasting efTectivcness 
from any explosivc 1s controlled by 
its chemical composit10n and the 
efTects produced b) i ilc field condi
tions under which it 1s used, the u ser 
should have a working knowledgc 
of the various cxplosivcs products 
available and thcir particular prop
erties. In this manner he is then 
bctter able to make a practica! 
choice to suit his own operating con
ditions. 

An exp!osive can be cons1dered 
simply as a too! for performing 
work, designed to accomplish a 
specific job. Thc work performed 
is made possible by the gas pres
sures produced when the explosive 
reacts. The ideal explosive would 
be one in which only gases are 
formed from the original ingredients. 
However, if sorne solids are also 
produced by the reaction, the gas 
pressures would be correspondingly 
reduced, with the explosive then be
ing capable of producing less work. 
Since there are many difTerent field 
conditions with which to contend, 
manufacturers offer many different 
types and grades, many of which are 
nonideal and designed to have their 
own qualities that make them differ 
from one another. Part of the dif
ferences are chemical, part are phy
sical. However, since explosives are 
chemical compounds, it is from their 
original composition that all basic 
qualities are first determined. 

lngredlents 
and Composition 

Most commer
eial explosivos 
are mixtures of 

compounds containing four basic 
elements: carbon, hydrogen, nitro
gen, and oxygen. ather compounds 
with additional elements such as 
sodium, aluminurn, calcium, etc., 
may a!so be included to produce 
certain desired effects. As a rule, 
manufacturers design their products 
to be nearly oxygen·balanced. This 
means thnt there is the correct 
amount of oxygen available in the 
mixture so that during the reaction 
all of the hydrogen reacts to forro 
only steam (H2a), the carbon re· 
acts to ferro only carbon dioxide gas 
(Ca,), and the nitrogen released 

The Mechanics of 
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forms only free nitrogen gas (N:2 ). 
lf thcre are other than the basic 

four clem~nt~, c.g .. sodium. solids 
would be cxpected to be produced, 
and for thcsc there must be mcludcd 
suffJCient additional oxygcn to com
bine wJth thcm. \\'hen there is <.m 
excess of available oxygcn. how
ever. certain othcr compounds Jrc 
produccd, among which are thc 
highly po1sonous nitrous-oxide fumes 
(Na¡Na"). The>c particular fumes 
are easily detectable by thcir ob
noxlüus odor and red-brown color. 
an the other hand, if there is an 
oxygen shortage, the deadly car
bon-monoxide fume (Ca) will be 
formed, as well as certain other 
compounds, depending on the in
gredJents. Unfortunately, carbon 
monoxide cannot be detected by 
odor or sight. In addition to the 
formation of poisonous fumes, an 
exccss or deficicncy of oxygen will 
yield a lower heat of explosion, with 
a subsequent rcduction in prcssures 
produced. 

It should thercfore be recognized 

that if one is to cxpcct safe and 
efTicient rcsults from cxplosives, 
thcre should be a suitable initial 
chcmical balance, w1th thorough 
mixing of ingrcdicnts to cnsure that 
311 matcrials are in intimate con
tact, maintenance of the dcsired 
mixture while in storage, and thcn 
proper use on the job. The follow
mg chemical eljuations may help to 
illustrate the cffccts from oxygcn 
balancing, using an AN-Fa blasting 
agent for an cxamplc: 

( 1 ) Ba/anced jor oxygen: 
3NH.1Na;¡ + CH" ~ 
7H"a -t- ca" -+- 3N" 

( 2) Excess oJ.-_vgen: 
5NH 1Na"-+- CH" ~ 
!IH"a + Ca 0 

+ 4N"-+- 2Na 
( 3) De{icient oxygen: 

2NH 1Na,-+- CH0 ~ 

5H"a + 2N 0 + Ca 

It is not nccessary for an explo
sive to contam nitroglycerin (NG), 
nitrmtarch (NS), TNT, and similar 
explosive compounds. The individ-

Table 3---.."omc lngredicnts of Exploshes 

!\'ame 
-------
Nn•oglyccrm (NG) 
Trm!lrotolucnc (TNT) 
Dm1trotolucne (DNT) 
Ethylcne glycol 

dmitratc (EGDN) 
N•trocellulose 
Ammonium ntlratc (AN) 
Pota~~ium ddor~ttc 
Potas~mm pachlorate 
Sodium nitrate (SN) 
Pota~~ium n!lrate 
Wood pulp 
Fucl oil 
Paraffin 
Lampblack 
Chal k 
Zinc oxide 
Alummum metal 
Magne~ium metal 
Kieselguhr 
LJqUld oxygen 
Sulphur 
Salt 
Organic nitro compounds 
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Chcmical Symbol Function 

C~H,(NÜJ), 
C .. H-(NO~hOr 
NH,NOJ 
KC!O, 
KCIO. 
N<.~NO, 
KNO .• 
C..H\oÜ·, 
CH1 
CH, 
e 
caco, 
ZnO 
Al 
~lg 
S•O~ o, 
S 
NaCl 

Explosivc base 
Explosive base 
Explosive base 

Explosive base, antifreeze 
Explosivc base, gelatinizing agcnt 
Explmivc ba~c and oxygcn carricr 
Explosive base, oxygen carner 
Explosive base. oxygen carri~r . 
Oxygen carricr, reduce freczmg pomt 
Oxygen carrier 
Absorben!, combustible 
Fucl 
Fucl 
Fue! 
Anllacid 
Antiucid 
CutalylCr 
Catalyl.cr 
Ab~orbent, anti-ca~ing material 
Oxygen carrier 
Fu el 
Flame depressant 
Explosive base, but used primarily to 

sensitize, reduce freezing point, and 
as anti-caking material 



ROCK BREAKAC;E 

By RICHARD L. ASH. P.E. 
School of Mines ollnd Metallur9y 

Univenity of Minouri 

ual characteristics of each ingredient 
determine whrther it may be desir
able for use j¡, a mixture. Table 3 
g1ves a partial listing of the many 
ingrcdients that might be included 
in an cxplosive. It can be recog
nized that certain compounds may 
be highly explosive by themselves 
or may be normally inert; but when 
combined, the entire mix may form 
L~n explosive. For this reason the 
compounding of explosivos should 
not be attempted by the average 
person. 

Explosive To be an explosive, the 
Reactions change in form from 

liquid or salid, or a com
bination of both, to that of a gas, or 
gas and sol id, must be an exothermic 
reaction, or one from which heat is 
rcleased. For most explosivos, the 
quantity of heat released is quite 
large (Table 4). The gases formed, 
in turn, quickly produce very high 
pressures, with the reaction being 
callcd either deflagration or detona,
uon. 

The distinction between the two 

types of react10n is that det1aeration 
consists of a burning actio~ at a 
high rate uf speed, the chemical reac
tJOn of which e<~ uses gaseous forma
tion and pressure expansion alvn~:? 
with the burning. Thus. a heaving 
action from the pressures produced 
is expcrienced at nearly the same 
rate as that of the burning. This 
type of rcaction is characteristic of 
low explosivos, of which black 
powder is one panicular typc. 

Detonation. on the other h<md. 
consists of the propagztlion of a 
shock wave through the explosJve. 
accompanied by a chemical reaction 
that furnishes energy to su:-.tain the 
shock-wavc propagation in a stJblc 
manner. with gascous formatJOn foi
lowing shortly thcreafter. Thc shock 
wave i~ charactcnzcd by a vcry sharp 
risc in pressurc ( F1gure 1 1 ) , in 
front of which there is a zone in 
which all immediate mattcr is ion
izcd. The pressures developed by 
de10nat1on (shock) are nearly 
double those produced by the gase
ous exponsion that follows. All high 
cxplosivcs are designed to detonatc, 

Talllc 4-A"ailable Hcaf Energie~ (Q) ror Cerlain Sclected F.~plosh·e.o. 

Explo.!!in SG se Q (Cal ·~ml 
·---··----·-- ·--------

Nitroglycenn (NG) 1.6 88 1420 
PETN 1.6 88 1400 
RDX 1 6 88 1320 
lompo~llion B 1.6 88 1 140 
Tctr}'l l.ó XX 1010 
NG gehHm 40% 1.5 94 820 
Slurry (TNT-AN-H 20, 20/65/15) ¡; 94 770 
NG gelatm 100% 14 101 1400 
NG gelatin 75% 1 4 101 11.10 
AN gclatin 75% 1 4 1 () 1 990 

...-?> NG dynamitc 40% 14 .- 101 __.~no -·· 
AN gclatm 40% 14 101 HOO 
NG Uynamue 60% 1.3 109 9')() 

PETN 1.2 ¡¡g 1:!00 
Scmigelatin 1.2 118 940 
Extra dynamite 60% 1.2 !IX ~HiO 
A muto!, 50/50 1.1 121:1 MIJO 
RDX J. O 141 12HO 
DNT J. O 141 960 

- ·-> TNT-AN. 50/50 111 141 900 
TNT 1 o 141 870 
AN·FO. 94/6 09 157 890 
AN low-der.~ity dynamite o.x 176 880 
AN 0.8 176 350 
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Figure II-Ct.lr',e1 of C.o!dcul~ted prenure 
developed by some selected eiplosives un· 
der perfect confinement. 

..tlllow explosivcs will dcflagratc; and 
blasting agents may cxhibit one or 
the other typc of reactJon, ac"cording 
to thcir spectli~..ltions and conditions 
of use. The important thin!t' w re
mcmber about the rcaction'i-·ts that 
the effects of one type are very much 
ditfcrcnt fiom those of the other, 
detonntion producing higher energy 
and much higher velocities. ·--

To accomplish a desired fC.action. 
certain temperature and pressure 
conditions must be met, most explo
sives being designed for use under 
confinement, e.g., in blastholes. lf 
the tempcrature required for a pro
per reaction is not present, no 
detonation may occur. with only 
burning or possible deHagration re
~ulting. In practica! terms, this 
mean" that evcn though thc dl'signed 
chemical composition calls for det
onation, inadequate ínitial hcat from 
an initiator or primer or a loss in 
confincment conditions can result in 
lower blast energy being developed 
from the explosive charge. ur even 
in complete failure, causing a mis
tlre. 

For this reason. control over thc 
confincment and the sclectmn of 
primers with adcquate heat energy 
and initiating powcr are particularly 
importan!. One should recognize 
then, which of the explosives need 
strong priming and which need very 
little heat for initiating their reac
tions, not only for reasons of blast
ing efficiency but for safely con
siderations as well. (Turn page) 

., 



To better understand the require
ments just described, Table 5 illus
trates the approximate temperature 
characteristics of two basic ingre
di~nts used in many commercial 
explosives. lt should be noted that 
at a very low temperature NG begins 
to decompose, boiling occurring 
shortly thereafter. Flame from a 
fuse, heat .released by blasting caps, 
a relatively warm blasthole ( such 
as one just recently drilled), friction 
from metal objects. and similar 
effects can all provide quite easily 
the relatively low temperature need
ed to provide dangerous conditions. 
If the NG is confined, e.g., in a 
blasthole, the initial decomposition 
will be accelerated to result in det
onation. 

On the other hand, AN requires 
a fairly high temperature before it 
will begin to decompose and fume. 
necessitating a large amount of initial 
heat. However, once decomposition 
begins, detonation or deflagration 
will follow with a very small tem
perature rise. By combining the two 
ingredients, as is done in the am
monia dynamites, a compromise 
effect is achieved, the grades having 
the most NG being the easier to 
initiate. 

lmportant 
Properties 
Of Explosives 

Most manufacturers 
supply catalogs and 
other information 
concerning the 

specifications of their products. How
ever, certain properties are par
ticularly importan! to quarry blast
ing. A review and explanation of 
their practical aspects should there
fore be of special interest to the 
operator. 

Water For all explosives, the 
Resistance presence of water in 

blastholes tends to 
promote chemical un balance, as well 
as retard the heating reaction. Water 
supplies additional hydrogen and 
oxygen and requires additional heat 
to be vaporized into steam. If water 
is flowing through the ground, a 
Leaching action can occur, whereby 
certain salts that may be easily dis
solved could be removed from the 
cxplosive mixture. Explosives may 
be protected internally from water 
action by gelatinlzing the mix or 
externally by cartridging .. The in
gredients added for gelatinizing are 
usually included in the chemical bal-

Table 5-Comparison of Approximafe 
Reaction Temperatures (•F) of 

NG andAN 

NG AN 

Detona te 420 460 
Boil 290 
Dccompo!>e 140 410 
Freeze 50 340 

ance, as with the use of nitrocellu
lo,e in the gelatin grades. 

Similarly, the papcr, wood fiber, 
paraffin. or polyethylene used for 
externa! cartridging are generally 
includcd in the chemical balance. 
For this reason explosives that are 
made for use in cartridges should 
not be removed if prescrvation of 
the oxygen balance is to be main
tained. 

lf an explosive is properly com
pounded initially, but detrimcntal 
etTects occur from water, the 3ction 
will be nouceable by the formatiori 
of brown nitrous-oxide fumes and 
a low blasting action. lf these effects 
are observed, the explosive grade 
should be changed or other appro
priate action taken. Primers must of 
necessity possess unlimited water re
sistance. 

Fumes Most explosives are given 
a fume rating, the classi

fication of which is based on the 
amounts of poisonous gases pro
duced by the explosive reaction. 
Limits are set by in,a'ny of the states, 
the U. S. Bureau of Mines, and 
certain other agencies. Where in
adeguate ventilation and exposure 
of personnel to toxic gases may exist, 
care must be taken to ensure that 
the explosives used give amounts 
below the established limits. 

This property is particLilarly im
portan! for underground blasting; 
but for opcn-cut operations the prob
lcm could also be quite serious. 
Fumes m ay líe inside piles of broken 
rack. Such material, when stirred 
up by loading eguipment, ii ill re
lease the fumes, to contaminate the 
air in which men are working. The 
problem may be aggravated by at
mospheric conditions, deep cuts, 
and similar factors that hindcr air 
cir~ulation. Men will become ill 
and nauseated if this sltuation is 
present. 

A person should understand thc 
distinction between fumes and 
smoke, the latter of which is com
posed of liquid or solid pa:-ticles 
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suspended in the air. Usually when 
white smoke is observcd from blasts, 
it is quite likely composed primarily 
of the steam from the reaction. 

Sensitivity This property actualll 
refers to two related 

characteristics. lt defines the rela
tive ease with which an explosivc 
reacuon can be initiated and the 
relative ease with which the reaction 
is prop.~gated through an entire 
charge. Severa! tests are used to 
ratc sensitivity, thc most comma·n 
of which is . the minimum booster 
reguired for initiatJOn. Usually thc 
total number of No. r. 'trength blast
ing caps required h1r initiation is 
used to classify sensitivity. 

However. an explosive may in
itiate easily but in small diameters 
the reaction may not propagate and 
dies out. For this reason explosives 
may not be manufactured below 
specific diamcters. A critica) diamc
ter, or that below which propaga
tion of a reaction will not continuc, 
exists for practically all commercial 
products. Sorne blasting agents havc 
a large critical diameter; most high 
explosives have a small one. By 
definition, blasting agents cannot be 
sensitive to initiation by a single 
No. 6 blasting cap, while high explo
sives all are one-cap sensitive. 

On the other hand, an explosive 
may be quite insensitive to initiation 
but propagate easily when above the 
critical diameter. For safety reasons 
this situation is the more desirablc; 
it is a definite advantage offered by 
many of the blasting agents. How
ever, adequate priming is mandatory 
for their use. If propagation is 
difficult or impossible through a 
column of explosives, boosters may 
be used to sustain the reaction. But 
it should be recognized that both 
boosters and primers must be sen
sitive to initiation. 

The sensitivity of an explosive is 
a function of the ingredients, their 
particle sizing, the charge diameter, 
the degree of confinement, and cer
tain other factors. For example, 
ammonium-nitrate explosives may 
become quite sensitive in time by 
particle degradation due to the proc
ess of cycling. AN has the charac
teristic whereby it will change its 
crystalline form with changes in 
temperature; two o( the changos often 
encountered in normal field blasting 
are at O and 90 deg. F. Constan! 



+ changes through those temperatures 
causes the particles to break into 
smaller sizes. The smaller particles 
offer more contact surfaces between 
ingredicnts, making it easier for 
particles to be consumed by the 
explosive reaction. The result is to 
permil L"asier initiation and sub
sequent more rapid propagation 
through a charge. Blasting agents 
that would normally be insensitive 
hccomc quite sensitive to initiation 
by a single No. 6 blasting cap, simi
lar to that expected of high explo
~ives. 

Larger charge diameters also prop
aga te rcactions more easily because 
of the greater surfacc arca available. 
Confincmcnt tends to conccntrate 
the rcaction's force a1ong the charge 
length rather than permit the actiOn 
to spread. 

eertain hydrocarbons ha vean ad
verse effect on sorne types of explo
sives, principally those with free NG. 
as do the straight and extra grades 
of dynamites (Table 6). Since sorne 
of the blasting agents have liquid 
hydrocarbons as one of their ingre-. 
dients. e.g., FO, one should be 
particularly cautious in his choice 
of pnmer explosive. Under certain 
conditions there could be an accu
mulation of the hydrocarbon in the 
hlastholes. pnrticularly at the bot
toms, which in turn may lead to 
misfires when charges are bottom
primed. This situation can be avoid
cd by using gelatins or simigelatins 
or high cxplosives containing no NG 
for priming. Furthermorc, it is 
~imply good practtce to avoid the 
use of excessivc FO in any blasting 
agent, to avoid upsetting the oxygen 
balance. 

Density Explosives are manufac-
tured and sold on a weight 

basis, the densest explosives usually 
being the strongest. The density, 
or weight per unit volume, of an ex
plosivc is therefore one of its most 
importan! propcrties. In industry 
this property may be specified in 
threc ways: (a) by specific gravity 
( SG) expressed as a unitless number 
or in gm/cc; (b) by stick count 
(Se) or the number of 1\1.\ x 8-in. 
cartridges per 50-lb. box; and (e) by 
loading density (d.) or the pounds 
of explosive per foot of charge 
length. The value for the loading 
density, however, is a function of 
the explosive's charge diameter 

Tahl.: 6-Percent by \\ .·i1..:;,¡ of 
Diesel FO AdditiVl• ''ha~: 

Detonation Faih 
Pcl. Qc. FO/Ib. 

Explosin Add. of Expl. 
~~-------------
Extra dyn •• nnle 40% 1.5 0.008 
Extra dynamlte 60% ~ 5 0.014 
Low-density dynamuc 4 O 0.02~ 

iSC 120) 
AN scJ.1tm hO% g o· o ns• 
NGgelatm60(;ó 390$ 021'" 
'".A.mounts applied. bu¡ detonat10n suc
cc~sful, no failures. 

( 0,.), which should then al so be 
specitied easliy for clnnty. 

The v:1rious mcasures for density 
can be t..!culated caslly for rap1d 
use in thc tield, provided that the 
charge diameter (D .. ), expressed in 
inches, and one of the dens1ty values 
are known. The relationships are 
as follows: 

ct,. ~ 480 .. "· se ( 1 l 
d, ~ 0.340,."(SG) (2) 
SG ~ 141 ;se (3) 

These formulas prov1de a very 
convenient means for estimaung ex
plosive quantittes, in that most ex
plosive manufacturers supply the se 
or SG for their products. For ex
ample, if a free-ftow AN-FO mixture 
with an Se of 176 were lO be used 
m a 10-in. diameter blasthole, one 
would expect · slightly in excess of 
27 lb. per foot of hole ( or d, ~ 48 x 
10' dtvided by 176 ~ 27 1b.jft.). 
(The relationsh1ps are illustrated 
gr:tphJcally by Figure 12.) 

lt wlil be noted that an st of 176 
corresponds to an SG of 0.8, which 
could also be determined from 
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Figure 12-Rel•tionships between densities 
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Express ion ( 3), above. Since the 
SG of water is 1 and its equivalen! 
Se value JS 141, any explosive With 
an SG greater than 1 or an se /ess 
!han 141 could be expected to sink 
in wet blastholes. It shou1d be point
ed out, however, that D. is the 
diameter of the explosive, not that 
of the blasthole. These d1ameters 
are equal only in the case of free
flowing explosives or charges com
posed of cartridges that are thor
oughly tamped. 

Because certain ingredients may 
be includcd in explosíves that do 
not contribute to the energy pro
duced, there is no distinct relatton
ship between density and pressures 
developcd. In fact, sorne manufac
turers make a 40 percent Extra type 
dynamite. for example, that is den
ser than the 60 perccnt of the same 
type of explosive. Similar1y, a 90 per
cent gelatin is lighter than a 30 per
ccnt gelatin. But as a general rule 
it is reasonably approximate to re
late the energy developed by explo
sives hl their relative densities. This 
is because explosives ;,rt: character
ized by general density groups that 
corrcspond to their various types, 
e.g., gelatins. dynamites, etc. The 
dcnser types as a group produce 
more energy than the lighter ones, 
even though there may be exceptions 
to the rule between grades within 
the same type. 

Velocity The rate. usually express-
ed in feet per second 

(fps). at which a reaction propa
ga tes through an explosive is con
sidered by many as the most im
portan! qua1ity of an explosive. It is 
often called the detonation velocity, 
but this i' not always technically 
correct. Its importance can be 
better appreciated when it is under
stood that the energy produced by 
any explosive is a function of the 
product of its density and velocity 
characteristics. Since the initia1 
reaction for most explosives used 
in commercial blasting is detonation 
with subsequent gaseous expansion, 
the action would be considered dy-
namic. · 

Thus, impulsive and momentive 
forces are produced as a result of 
the kinetic energy of the reaction, 
which cnn be expressed by the rela
tionship KE ~ 1/z Mv,•, where M is 
the mass and v, is the ve1ocity of 
the explosive's reaction. The re1a-

' 



tionship is given to illustrate that 
the value of the velocity is squared. 
Thus, energy releases are affectcd 
much more by changes in velocity 
than by changes in density. For 
cxample, if one of two different 
exp!oSJves has double the density of 
the other but both have the same 
velocity, the denser one could be 
eYpected normally to produce twice 
the work. However, if both explo
sives have the same density, but one 
has double the ve/ocity of the other, 
the faster explosive would produce 
four times the work possible from 
thc other. 

Contrary to common belief, al! 
high explosivos do not react with 
high velocities, which may vary from 
about 24,000 fps to as low as 5,000 
fps. The velocity of an explosive is 
rclated to the sensitivity in sorne re
spects, being dependent on the par
ticular ingredients used, their par
ticle sizing, the density, the charge 
diameter, and the degree of confine
ment under which it is used. As ex
plained earlier, the smaller the par
lides the greater the density., which 
in turn usually increases the amount 
of energy-producing material per 
unit of volume and the number of 
contact surfaces between particles, 
thereby increasing the over-all rate 
of reaction. The combined effect is 
to increase the energy potential of 
the explosive. 

Explosives are given two velocity 
ratings, one for use in the open or 
unconfined, the other if it is con
fined. For many grades and types. 
the unconfined velocities are 20 to 30 
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pcrcent lower than those achieved 
under confinemcnt. In a practical 
sense one could then assumc that 
an cxplosive would produce only 
60 to 70 perccnt of the total work 
possible if used unconfined. 1t is, 
thcrefore, parttcularly important to 
know which veloctty value is speci
fied for a product. 

The technique known as cushion 
hlasting utilizes the princtple of re
duced vc!ocit1e" re'\ulting from le~s 
confinement. h c.m be used to prc
vcnt ~hattering. In this method an 
annular air space is leh around the 
explosive, if u~t.:d in cartridges. or 
air pockcts are Jeft at prescribcd 
intervals betwccn deck chnrges 
placed along the length of a blast
hok. 

Strength The leas! under,tood and 
often thc most improp

erly specified property for describ
ing an C\plo~ivc is its strength. It 
is usually expressed as a perccntJge. 
and it was originated when all com
mercial high cxplosives cont<.lincd 
NG as the primary energy-producin 1! 

ingredient. In the bcginning. the 
percentage meant the actual amount 
of NG in thc total weight of cxplo
sive. which would be applicable for 
most of the str~light dynam!tes. How
ever. for al! other types of explosives 
other ingredir.:nts may be used to 
supply a pan or al! of the energv. 
In addition. there are two strength 
ratings given to explosivcs; and un
less this is clearly understood by 
users. it can lead to very serious 
ditficulties. 

The fiN method for rating
weight strength-means that a 
pound of a p;_trticul.tr explosivc can 
do the · Same work as a pound of 
straight NG dynamtte of equivalent 
stren!:!th when u.;;ed under certnin 
spccificd cond1t1t lfl"i. Sin ce dcnsitics 
of cxplosi\'e~ varv con-;idcrablv 
although the explosive or hlasthole 
diamcter may not be changed, a 
rnethod for mting: strcn~th on an 
cqual volumc basis would be neces
sary. 

The bulk. cmtridg.c. or volume 
strength rat1ng p10vidc'! thc neces
sary compari~nn. but its v.Jiue is 
determincd by calculation. Thc two 
strength ratings, by weight und by 
volume, are considercd equa! when 
the stick cnunt (SC) is near lOO. 
as it would be for most straight 
dynamites. To assist in the correla-
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tion between the two ratings, the 
nomograph in Figure 13 can be 
used. 

lf the weight strength of an ex
plosivc having an se of !50 is 60 
percent, a pound of it w11! prov1de 
energy equivalent to that of a pound 
of 60 pcrcent straight dynamite. 
However, from Figure 13, the cart
ridge strength is indicated as only 
30 percent, which means that if the 
explosivc was used on an cqual 
volume basis, it would have thc 
energy of only a 30 percent straight 
dyn¡mllte. Unfortunatcly, sorne ex
plosives are sold and designated by 
weight strength, and others by bulk 
or volume strength; and still othcrs 
are specified by lcttc1 or number, 
w1th a weight strength g1ven for 
thc general class or typc of explosivc 
in which it is but one of the grades 

The operator can undcrstand that 
he could be badly mistaken if he 
wcre not careful to distinguish be
tv.:cr.:n thc two strcng:ths in using 
this property as a primary basis for 
..:;electing :m explosive. To avoid con
fusion and po ...... ib\c serious difTicul
ties, it is generally much simpler to 
judgc an cxplosive's relative strength 
according to its dcnsity and velocity-·~
charactcristics. The quantities of 
both are "·:ually availablc from the 
manufacturcr's information. 

Correlatin9 
Explosive's 
Properties to 
Blasting Standards 

Since the 
burden is 
the most 
important 
single di

mension for successful blasting, and 
that upon which the design stand
ards are based, its determination 
must take into account the individual 
characteristics of the particular ex
plosive selccted for use on a job. 
A convenient method for cstimating 
its value is to employ thc relative
encrgy comparisun technique. Be
cause all properties may be con
sidcred rclative for comparison 
purposes, an cxplosive with an SG of 
1.2 anda v,. of 12,000 fps could be 
considered the standard, or one with 
characteristics near that, for 40 per
ccnt to 60 pcrcent Extra dynamites, 
which long have been considered 
appropriate cxplosives for quarry 
blasting. However, it should be un
dcrstood that any standard might be 
used for making a comparison, 

To estimate the relative energy 
poten tia! of an explosive, the diame
ter (D,), density (SG), and velocity 



(ve) must be known, or approxi
mated. Furthermore, to simplify 
calculations, one can assume blast
holcs would be filled acrO!)S their en
tire dJametcr, or D,.=DJi. This con
dition cnsures illtlc or no cncrgy 
losscs, or dampcning. for n complete 
cm:rgy transfcr f ro m the cxplo:-.1\'L 's 
1 :..:actJon m tu the !)urrouuJing ro,· tn 
be bla,lcd. 

The relalive cnergy (RE) and lhal 
cxcrtcJ to thc rock could thcn he 
cxprcssed by a simplificd kinetic
cncrgy rclationslup, or RE= 
a(SG)v, :.!. Thc "a'' is a conver~ion 
factor lo pcrm1t thc use of specilh.: 
gravlty in:-.tcad of ma~s. and 11 ao.;
\lHncs that thc cxplosJvcs will be 
u::.cd JO thc ~ame d1ameter. For any 
~d uf similar rJdd conditiuns the ''a" 
wdl b~.: a particular cuns.tant number, 
111aking it thcn possible to omit it 
from thc rcl..tuonship \\'hen explo
o.;ivcs are comparcJ undcr identical 
liclJ conJit1o~s. Thus, the followJOg 
cxprc:-.s10n can be uscd for compar
mg two or more cxplosivcs, based on 
thc1r encrgJC!): 
RE".'RE 1 ~(SG,) ( v.") "/ 

(SG, )(v .. 1 )' 

lf Explo,ive No. 1 represenled lhe 
average cxplosive (SG 1 = 1.2 and 
v. 1 ~ 12.000 fps) and Explosive No. 
2 had SG"~~l.5 and v"0 ~18,000 
fps, the rclattve energy of thc second 
r.:omparcd to thc first according to 
Expre,;ion ( 4) would be as follows. 
REjl ~( 1.5) ( 1 R,000)2j( 1.2) 
( 12,000)'~2.~ 
Tite RE value 'hows then lhal lhc 
':.Ct:ond cxplm.ive has 2.8 times thc 
cncrgy pokntwl of the standard 
cxplosivc. Since the comparison is 
madc bctwecn explosives used for 
hla!)ttng the ~ame material, the com
parative blast rcsults in the rock 
would vary as thc cube root of thc1r 
rclativc cncri;y value. The cubc root 
i:-. u:-.cd rather than the direct ratio 
bccause of lhe spherical fan effecl 
lor cncrgy propagalion through ho
mogcnous materials. This relation
~hip thcn telb us that the Ku ratlos 
and lhercfore lhe burdens will vary 
in proportion to the cube root of 
thc cxplosivcs' relative energies. To 
provide a simple formula for illus
lraling lhe relalionship, the follow
wg ·m ay be u~cd: 

K,,~KHI (RE,; RE,) l/" 

1f one assumes that average rock 
will be blasled, a Ku value of 30 
would reprcscnt the average explo
sive (Figure 7). The burden used 

Figure 14-Relo!dionshipS between burden 
dimensions for explosives according to their 
rel.,tive energy "nd when used under fie1d 
conditions. 

would b..: 71/2 ft. for a 3-in. dtamcter 
explo::.Jvc, since K 1: 1 ·-=JÜ=12B 1 D .. 
which gP/CS B1 =30Dj 12=30 x =Jí ".! 

or 7 1./:> ft. 
For Explosive No. 2, thcn. using 

Expression (5), onc c;.m appruxun~tc 
lhal K,,~42, or K,.,~30(2.8)'1". 
Thc burdcn for thc :-.ccond cxplo:-.ive 
would th~.:n be 10 1/2 ft., since B::= 
420.! 12~3!1:! x 3. For dtrecl cal
culauon of the burdens for cxplo
~1\'CS u~L"d JO the samc diamctcrs and 
unda identical ficld condillnns thc 
folll)\\ JO~ may be us~.:J. 

B,~B,(RE, RE,)':" 
Thc relationship~ gtven by E\prcs
"ons (5) and (6) are shown on Ftg
ure 14. which pcrmits onc to deter
mine thc ?pproxlmate new burden 
for any explosive as campa red to thc 
average explosive when uscd undcr 
ident1cal f11dd conditions. 

Allhough the example given illus
tratcs ideal cond1tions and one 
should recognize that many variables 
entcr into makmg thc final ~election 
of a Ku ratio and its related subse
qucnt burden dimensJOn, the rela
tivc-cnergy comparison technique 
g:¡ves a reali~tic approximat1on. As 
a matter of intcrcst, for most cxplo
sives used in blasting the maximum 
dcnsily varialion is from U. 7 lo 1.6, 
wilh a vclocily varialion from 8.000 
lo 20,000 fps, lhc heavier dcnsilics 
having lhe highcr rcaclion rales. 
Therefore, the weakest explosives 
possess only 26 pcrcenl of lhe energy 
available. while lhe slrongest have 
370 per.:cnl of the energy available, 
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as compared to that available from 
the average explosive. Converted to 
K 11 values and usmg a K 11=30 for 
the average explosive m average 
rack, thc lower and upper limits for 
Ku valucs would be 19 and 46, re
spccltvely. From Table 1 il can he 
seen that these values satisfy rcsults 
from actual fic!J experience~. 

·' 



The Mechanics of 

ROCK BREAKAGE 

MATERIAL PROPERTIES, POWD ER FACTOR, BLASTING COST 

MATERIALS PROPERTIES ANO 
INFLUENCE 

MOST materials requiring 
blasting are not homogene
ous nor are their properties 

the same throughout.· Of all the 
physical properties, there are essen
tially fiv.e that predominantly influ
ence blasting results. These include 
m arder of their importance the 
following characteristics: ( 1 ) struc
ture, ( 2) resilience, ( 3) strength. 
( 4) density, and (5) velocity of 
energy propagation. Blastab!lity, 
elasticity, hardness, toughness, and 
other terms may also be used to de
scribe a material, but often such ex
pressions are too indefinite and diffi
cult for the ordinary quarry nr <~l 

to understand. Drillability, or ease 
of drilling, should in no way be con
fused with the manner in which a 
material can be blasted. 

Structure The structural features 
of a material usually 

have the greatest influence on blast 
effects. To better understand their 
importance one should recognize 
that rock, as we think of it, is es
sentially an accumulation of small 
particles bonded together. The con
stituents are oriented in definite 
structural patterns, established dur
ing the formation and alteration 
processes. Of primary importance 
to blasting is compression jointing, 
existing within all rocks ( igneous. 
sedimentary, and metamorphic) and 
composed of planes along which 
there is no resistance to separation. 

. Igneous rock may also have tension 
jointing, formed during the cooling 
process. 

Sedimentary rocks are unique in 
that they have stratificatton planes 
(in addition to joints), which were 
originally horizontal and formed by 

Part IV of a Series 

interruptions in the imtial dcposition 
of sediments. Stratification and 
jointing are not the same thing. For 
metamorphic rocks, the relationsh1p 
of their jointmg to schistosity is 
simtlar to that between jointing in 
sedimentary rocks and their stratifi
cation, both in angular position and 
mct:.:hanical development. 

Jointing is usual! y easily detected, 
the planes being generally smooth 
and often short distances apart. One 
set of planes is parallel with the dip 
and strike of the rock formation, 
with two or more sets bcing nearly 
perpendicular to the first set. Rocks 
when broken will separate into 
blocks of a shape characteristic of 
their particular jointmg pattern, and 
the new faces produced from blast
ing tend to follow the jointing direc
tions. (See Figures 3, 4, ~. 10, 
and 15.) 

For the sedimentary rocks there 
is one panicular direction a1ong 
which jointing is the most pro
nounced, the other planes being lcss 
dominan!. The horizontal angles be
tween thc vert1cal jointing planes are 
usually near 75 and 105 degrees, 
which form rhombohedrons when 
the rock is brokcn. lgneous rocks, 
however, have jointing planes of 
uniform strcngth, thc angles between 
planes being most often near 60 
degrees. The fragments produced 
from blasung are gcncrally hcxa
gons or pyramids in shapc. 

Jomting directions can be found 
quite easily if it is recognized that 
most faults, cliffs, mud se:.~ms, caves, 
etc., produced by weathering and 
the other gcologic actions tend 10 

By RICHARD L. ASH, P.~. 
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Figure 1 S-A reprE-sentative pl<11n sketch of 
<1 qu.,rry ¡n <11 1ediment<11ry rod form<11tion, 
sho ... ing hght ( 75-degree)-•nd open ( 105-
degree J corner1. 

follow the jointing planes. It JS par
ticularly importan! that the blaster 
endeavor to locate the planes befare 
laying out a dril! pattern. Blast
holcs Jocated in tight corners will 
generally overbreak, opening Jarge 
cracks in the ledge. Subsequent 
blasts will · usually do no more in 
those areas than give large boulders, 
and pos>Jbly be quite violen!. lt 
can be seen from Figure 15, which 
illustrates a representative quarry in 
a sediment:.~ry rock formation, that 
there are. tight (75-degree) and 
open ( 1 05-degree) corners. This 
means thi.lt normal blasts under 
those conditions should be directed 
out of the open angles in so far as 
possiblc, or toward the east or west. 
Jf blasting is done in the other direc
tions. or to the north or south, 
cracking of the salid ledge will occur 
along the planes forming the tight 
anglcs. 

Another structural feature that is 



very importan!, particularly to rock 
fracturing, is the type and strength 
of the bonding between individual 
grains. For example, rack may have 
pronounced jointing al widely sep
arated d1stances, but the material 
between joint planes may be strongly 
bonded, or massive in character. 
Large boulders invariably result 
when blasting is carelessly done un
der this cond1tion. On the other 
hand, rocks may be highly laminated 
or str.Ltified, or the bond bctween 
grains may be very weak, so that 
fragmcntation is always eas1ly ac
complished by merely movmg the 
material from 1ts original place. 

Resilience This property, sorne-
times called spongi

ness or toughness, refers to the elas
ticity of a material. It is used to 
express the capabdity of a rock to 
resist shock and recover its original 
position and shape without bemg 
ruptured. If a rack on be1ng 
dropped, for example, makes a dull 
thud and does not rebound, it would 
be very difficult to break by impact. 
Brittle rocks, however, shatter easily, 
particularly those types having a 
high silica (quartz) content. A 
blaster can gcnerally determine 
quite easily whether or not a ma
tcri<..ll will break into small sizes or 
largc coarse fragments by conduct
ing a ::,implc drop test. Furthermore, 
thc test provides a clue as to the 
energy absorption power of the ma
terial, which is important for esti
mating the amount of additional 
charge, or energy, that would be 
ncccssary to overcome expected en
ergy Josses. 

Strength Of the charactcristic 
strengths of matr.:rials, 

blasting is normally concerned only 
with that of tension. Most rocks are 
vcry weak in tension, more resistant 
to shcar, and strongest in compres
sion, having approximately only one
tenth the resistance to tensile rup
ture that they have to failure by 
compression (Table 7). However, 
shear is not actually a force by itself 
but rather thc result of two forces, 
either two tcnsile or two compres
sive forces, or a combination of one 
of each, which act along different 
lines and directions. 

To know the actual strengths of 
a material, samples must be tested 
in a laboratory. (Regular tens1le-

Table 7-Properties of Various SeleCCed Materiab 

Compressit'e Modulus Speci6c Density Longitudinal 
Streogth of Rupturc Grat'ity (d,) Velocity (v1) 

N ame and Location (p•i) (psi) (SG) (ton/cu. ft.) (fp•) 

Amph1bohte (fine gram, 
7,400 3.12 0.097 19,000 India) 61.400 

Basall (New York) 46.600 ~.ooo 2.94 0.092 18,700 
B<~salt (Michigan) ...... 33,400 3.~00 2 S5 0.089 t5,200 
Bc..~alt glass 2.81 0.088 2t,OOO 
Dw.b;,::.e (fine grain, 

2.9-l 0.092 t6,700 M¡ch!gan) . . ........ 44.200 5.300 
Doloml(e (M 1::-~ouri) ..... ~.~oo l,UUO 2.80 0.087 
Dolomite (Tennessee) .... 46,700 3,800 2.84 0.089 t7,900 
Gabbro (altercd, Ncw 

2.93 0.091 17,600 York) 40,200 5,400 
Granite (Georgia) 2~.000 2,000 2.64 0.082 8,900 
Gramtc (Vermonl) 33,200 2,900 2.66 o 083 11,100 
Granite {Nevada) 39,500 3,900 2.63 O.OS2 t4.500 
Grannc (N•· ·lt C.nohna) . 30,400 J,hOO 2.60 0.08t 8,000 
Greenstone 1:\I¡~·1,J~..tn) 45,500 3,300 ) 30 . 0.103 16,600 
Gypsum (lmh;,n.u 3,2UO 1,200 2.3~ 0.072 
L1meMone (Ohio) . ~l:UOO 2,YOO :!.bY 0.084 15,400 
L1mestone (Utah) 2~.000 2.200 278 0.087 15,900 
Limestone {fos~illferous, 

2.31 0.072 12,400 lndmna) ......... 10.900 1,600 
L1mestone (WI!::.t Virgmia). 23,000 1,900 2.68 0.084 16,400 
Marble (Maryland) 30.800 2,800 2.37 u 074 13,700 
Marble (New York) 18,4UO 1,700 2.72 o 085 14,500 
Obsi:lian . . . . . . . . 2.35 0.073 16,t00 
Quartllte (taconitc, 

Minnesota) 91.200 3,400 2 75 0.086 t8,200 
RocJ... salt (Louisiana) .. 5.000 NcgilgJble 2.50 o 078 
Sand~tone (ÜhiO) 10,400 
Sand~tone (We~t Virgima). 19,4()0 
Sand~tone (Ut..th) ........ 11,500 
Sand~1110e (Alabama) 26.~00 
~h:.tle 1 Ut.Jh) . 31.300 
Shale 1 We~t \'¡rgmm) 11.600 
Syenih: tNcw York). 3-t.JOO 
Ailuvium. broJ..L:n roe l.., 

loe~~ 
Clay ......... 
A ir .......... 
Water 

strength tests are usually ditficult to 
conduct.) Howcver, tests for what 
is known as thc modulus of rupture 
are much easier to perform; yet they 
provide informat10n that is just as 
useful in providing tensilc-strength 
data of equal practica! value. In 
fact, the laboratory test for the 
modulus breaks samplcs m tension 
by bending test slabs until they frac
ture, much in the samc manner that 
rack is stretchcd and broken nt an 
open face during blasting (Fig
ure 3). 

Quite often it is impossible or 
quite .impracticable for quarry op
erators to have tests conducted. 
Also, test results on samples may 
not necessarily prov1de information 
on the over-all stre!1gth of a rock 
deposit, except when the material i' 
homogeneous and very massive. 
Nevertheless, if tests could be made, 
the data would aid greatly in deter
mining the stress Jevels (psi) re
quired for fracture. 1t is the resist
ance to tensile rupture that must be 
exceeded by the energy pulses at 
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500 2.06 0.064 5,600 
3,400 2.50 0.078 t2,900 

620 2.17 0.068 8,400 
2,200 2.76 0.086 12,500 
2,500 2.81 0.088 14,900 
4,200 2.40 0.075 IJ,600 
2,HOO 2.72 0.085 14,500 

t.J-1.5 0.044 2,300 
2.58 0.08t 5,900 
0.0012 t,080 
1.00 0.031 4,750 

the free faces, and thus, if known, 
could also give an approximation of 
the required burden dimension and 
the explos1ve pressures needed for 
proper breakage. In the event spe
cific test data cannot be obtained, 
the operator may find the informa
tion in Table 7 quite useful. From 
the various moduli listed for many 
of the representative rock-types, a 
practica! estimate can be made that 
will approximate the characteristics 
of his particular deposit. 

Denslty Denser materials require 
greater amounts of work 

energy to be satisfactorily broken 
and displaced, and heavier explo
sives or Jarge charges will therefore 
be nccded. However, from Table 7 
it can he concluded that for most 
rocks thcrc is a very narrow range 
of density ditferences, with SG values 
varying from 2.3 to 3.3 in most in
stances. The materials generally re
quiring blasting have densities con
fined to the 2'.5-2.9 SG range. This 
can be interpreted to mean that the 

. ' 

., 



inlluence of rock densitY alone has 
a limited ef!ect on blasting, the ex
treme canditions being within 15 
percent of the average 2.7 SG. One 
may then reasonably assume that 
rock density by itself is of little im
portance to blasting and would not 
appreciably affect a Ka value or 
burden dimension. 

Its importance, however, lies in 
the fact that it does influence costs 
and the other physical properties. 
Althaugh densities are most often 
given by specific gravity, for calcu
lations in costing and powder factor 
determinations it is more convenient 
to use the dcnsity ratio, dr. ex
pressed in units of tans/cu. ft. af 
salid material. If the d, value is 
not knawn, one can utilize the fol
lowing expression for converting 
ony SG that m ay be given: 

d,~SG(62.4/2000)~ 

0.0312(SG), tons/cu. ft. (7) 

Yelocity The velacity af energy 
transmission in rock. vr, 

is like the reactian velacity for ex
p1osives, v .. , in that it increases as 
rock density becames creater. The 
denser rocks are often the least por
ous and are gene,clly comoosed of. 
small ~rains, which permit easier 
propagatinn of energy through the 
m<~terial. For this reason most dense 
rocks have smaller energy losses due 
to damoening, and they often have 
a tendency to sh~tter rather than 
break into slabs. Most brittle rocks 
also transmit energy at very high 
rates. except in the unique case of 
certain sandstones. The character
istic low ve!ocities of many of the 
sandstones are due to a peculiaritv 
in their composition: the matrix 
bonding the sand grains may be 
clay, lime, or other energy-absorb
ing substances. However, if the 
matrix is silica, the velocity is quite 
high. 

Vclocities for materials are usual
ly specified as longitudinal velocities, 
v 1, as are also those given in Table 
7. But these values are normally 
slightly lower than the velocity of 
energy propugation, v,. The two 
velocities are related by the follow
ing expression: 
v,~v,[( 1-¡<)/( 1 +l'l ( 1-2¡<) ]'• 

(8) 
Becaus: p., or Poisson's Ratio, is 
usually considered as 0.25 for esti
mation:;, it is more convenient to 

convert velocities by using Yr= 

1.095v1 for appr .. lXimations. f low
ever, it is more pr<tctical ;-¡nd will 
not introduce any great errur if the 
two velocifes are considcred equal. 

The importance of velocity in 
rocks on blasting is th~lt it has a 
strong inftuence on the amount and 
manner in wh1ch a material will be 
stressed. In arder that the momen
tive forces be conservcd. there 
should be nearly perfect coupling 
of the energy from an explosivc's 
reaction with the surrounding ma
terial. Thc m~tch:n:; of thc momen
tive energies is considerc .. J nccessary 
theoretic:Jlly for the most efficicnt 
blasting results. This condition is 
known as acoustical coupling. Since 
the energy required for stressing 
strong and dense rocks would be 
relatively large comp1red to that 
needed for lighter rnaterials. the use 
of den ser, fast-reacting explosives 
is gencrally advisable. 

The velocity of a rock will deter
mine the time it takes the stress 
energy to reach free faces and return. 
The velocity of an explosive. on the 
other hand. will determine the total 
time it takes for an cntire charge to 
complete its reaction. The rclation
ship of the two velocities. called the 
velocity ratio or K,=v"/vr, has a 
very important inHuence on the 
manner in which an entire blast will 
function. This is beca use the K, ratio 
defines the shape of the composite 
wave produccd by oll the individual 
stresses introduced into the rock 
from each point along a charge 
column ( see Figure 6, PIT ANO 

QUARRY, Scptember, 1963, page 
119) the primer positions thus con
trolhne. which faces are fractured 
first a~d thc direction in which the 
compositc wave will travel in the 
rock. 

The K. rotio. primer location. ond 
general dcStgn features of a blast 
must follow ccrtain dcfinite relation
ships. if results are ta be satisfac

. tory. In particular, the inftuence of 
rock velocitv is such that there will 
be a ccrt;_¡fn optimum of critica! 
hole dcpth for each blasting situa
tion. For example. whcn a charge is 
bottom-primcd. thcre will be a spe
cific minim11111 hole depth. lf the 
depth .is le>S than the minimum 
value, hlast effccts will begin ncar 
the collar rcgion, which qui1e likely 
may promote violencc and air blast. 
In sorne imlances, toe will be left 
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Figure lb-A graphic preuntation of the 
relationship between minimum hole depth 
and burden dimension. 

at the !loor. However, when boles 
are deepcr than the minimum value, 
stressing and rack movement will 
always begin at the ledge bottom be
fare action occurs in the collar re
gion. Thc particular minimum re
qutred depth of hole can be deter
mined from the following expres-.,. 
SIOO: 

Hm,~K,[(B'+l') '··-TJ+ T (9) 
The relationship is illustrated graph
ically in Figure 16, in which 
KT'---0.7 and K,~0.3 are considered 
average conditions. The values for 
the Hmln represent balanced stress
ing ot both the toe and collar re
giOns. 

lf charges are collar-primed, 
stressing will always begin in the 
collar region, unless the amount of 
stemming used exceeds the burden 
dimension. Even undcr that condi
tion, collar overbreak and air blast 
may occur, with possible toes re
sulting, if a particular maximum 
hale depth is exceeded. This limit
ing candition can be determined 
from the fallowing relationship: 

Hm,.~K,(T-B)+T (10) 
From a practical viewpoint, the ex
pression shows that under no cir
cumstances should the stemming di
mensmn be less than that for the 
hurden in blasting massive rock. 
Otherwise, collar cratering and ai· 
blast can be expected. The cond 
tion becomes particulady critica\ 
when detonating fuse is used and 
initiation is done on the surface, 
since the fuse on detonating has the 



tendency to loasen the stemming. 
For deep hales, collar priming would 
definitely be undesirable under con
ditions where massive cap rack oc
curs in the collar region and where 
column loading is practiced; i.e., the 
charges are continuous from just 
below the stemming to the hale bot
toms. 

An unusual situation exists when 
the K, is less than 1, or when the 
rate of travel of the compressive 
strcss-wavc in thc rack cxceeds thc 
spced of the detonation wave in the 
charge column ( F1gure 6). Stress 
wavcs will reach free faces befare 
thc explosive ha" complcted its re
action, with rack ar the faces being 
rcpcatedly stresscd by the pressures 
produced by the still react'ng ex
plosive column. The action rCI!l

forces thc stresses and reduces the 
rcsistance of thc rack to fracture, 
giving the impression thut the explo
SIVC is stronger than it actually is. 
Unde.r certain conditions, blasts ar~ 
cxtrcmely efficient, but they are 
usually dillicult to control. produc
ing g1cater hcave or throwing action. 

Since there are critica}· hale 
depths for each blastin·; cond'tion, · 
the best results can often be in
sured by flrst estimat~n~ the particu
lar K, valuc for thc conditions pres
cnt, ;md thcn placing prime-s ac
cordingly. Control for very decp 
holcs, for cxample, is achieved by 
u~ing primer:-; both near the collars 
and in the hule bottoms; or primers 
111:1y be placed at str:ltegic intervals 
th~>Jughout thc columns, with or 

.without lht: use of deck chargcs. 
Eitha dctonating fuse or close-in
tcn·al dclay blasting caps can be 
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used for initiating the primcrs, those 
near the collar being preferably of 
a longer dclay. The composite effect 
of u~mg primers at both the collar 
and hale bottom is th.rt it extends 
the optimum hale depth and better 
dtstributes the stresses in the ledge, 
not<Jbly m the toe and collar regions. 

POWDER FACTOR AND ITS 
SlGNlflCANCE 

A gutdeltne used by many for 
esumattng and cvaluating blasting is 
thc Powder Factor. Pf. an expres
sion wh;ch relates thc yield of mate
rial blastcd to the quant1ty of ex
pl<~sivcs used. For quarry work 
<Hld mining. the Pf ts most often 
stated in tons/lb .. or vice versa, 
while for most con~tr uctron excava
f!On it is customarily l'xpressed in 
lb./cu. yJ "'cu. yd./lb. The latter 
ratio is abo common!y used for 
much of the work in overburden re
moval for coal and metal-ore opera
t!Ons. Of all the diiit!rcnt ratios in 
common use, only• thn<>c utrlizing 
weighb. e g .. tons ,.lb .. takc into ac
count any of the propert"cs of the 
materials being blastcd. 

Bccause of its extremely variable 
charactcr Pf is not normal! y a sound 
index upon which to jud~e blastmg 
cffictency or design bl.r~ts. as many 
believe. Diflcrent values will be ob
tained by mercly changing the blast
holc p:ntcrn or configuration. and 
values will also chan';e for othcr 
rcasons. such as variable hale depths 

Figure 17-These s•etche~ show four possible 
wiJys cf bliJsting ... ith iJ single chorgc ond 
Ul potte;-ns utili:ing a V-cut orrongemenl for 
mu!tiple charges. 

~---- --u'-----

and deck loading. Also, the many 
diiTcrcnt standards employed tend to 
confuse rather than assist persons 
in evaluating results. The most prac
tica! v .1luc of Pf is in cost analy~is, 
because explosives are sold by 
weight, and payment for materials 
mmcd or removed is generally m;Jde 
on a weight or volume basis. 

One of the ways in which the 
pt~wdcr fac10r can vary is shown by 
thc L"\amples given in Figure 17. 
Thcsc sketches Jl!ustrate four pos
sible ways of blasting with a single 
charge tmd six differcnt patterns 
utilizing a Y -cut arrangemcnt for 
multiple chorges. All the bLJsts are 
conducted under idcntical conditions 
except for the relative positions of 
open faces. Pertínent data for Fig
ure 17 are g1ven in Table 8. The in
formation there given is merely rep
resentative and used for comparativc 
purposes. lt may or may not fit 
actual blasting situations. 

In determining the possible yields 
given in Table 8 for the various 
blasts shown in Figure 17, the sur
face bhlst arcas, A, were aj:>proxi
matcJ bosed on the locations of 
open faces, assumed rack structural 
features, and the particular me
chanics of how each specific blast 
would be expected to function. The 
excavation volume would then be 
the product of the blast area and the 
ledge he1ght, L, not the hole depth, 
H, as sorne might assume. Simple 
conversion to tonnage yield, W, was 
accomplished by multiplying the 
volume by the material density, d, 
using the following relationship: 

W~AL(d,), tons (11) 
The quantity of explosives used, E, 
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Table 8--Chaoge in Powder Faclor (Pf) With Yariation 

In Driii-PaUern Coofiguration (•) 

(For blasting lime!>lone with d, = 0.084 lon/cu, ft. !tol h) E..:tra 60t;i d_u1amite, 
1> .. =2 inchesCcl, and blastholes located according to avera~e KB ratio of JO «d 1 ,) 

Total Po\-\dcr 
Total T"\o. 
Blastboles 

Total 
Yidd 
(tons) 

1-:\.pl. 
Used (lb.) 

1-".Jl"IOr 
(ton.,/ lb.) 

Smgle charges: 
(B) Center cut-hole (.:! free facc!>). 
(C) Corner hole (3 free f~cc!>) ... 
(0) Center !>hear-hole (4 free facc.'l) 
(E) Block hole (5 free faces) 

Multiple c..h~rgcs: V-type through-cut· 
(F) Single row 
(G) Double row 
(H) Tnplc row 

Multiple chargc!> 

(1) Smgle row. 
(J) Double row 
(KJ Triple row 

V-tvpe !-oitlc-cut 
y 
y 
y 

f>Ú 
66 

132 
2.6~ 

52 S 
..t62 
396 

22:; ~-~1 
"----1 .:! Yl 
::!2..7 H2 ,. -- ' 11.64 

2.05 ~58 
2.05 2.25 
205 1 9) 

205 2..90 
2.05 3 06 
:w~ 2.. Yl~ 

Note!>: (af -Sce Figure 17 for ue~ign ~pl'L"Ifi::atiOD'

fl,I_Rf. Table 7 
'' •-Rf F1gurc 12 
1<~•-Ri. Table 2 

would be thc· product af the expla
~ivc\ Joading den~ity, d,., the total 
average -length of one charge, PC, 
"nd the toWI number af blasthales, 
N, calculatcd as follow~: 

E~(d,)(PCIN,Ib. (!:') 
The powder factor, Pf, wauld then 
be the rmio of the above two ex
pressions, or 

Pf~ W 1 E, tons/lb. (13) 

the errors produccd would be cven 
more senous and costly whcn bJ~ed 
on a ~ingle-hale Pf. Tlus ~~ be
cause thcn:: is an autom<.~tic climin<«
tJLm of potent~al tonnage for onc 
complete row of hales. The ro\\ 
may be con~idercd as <;Crvmg merely 
to ~hear the cut out of the soltd 
without achievmg: any etiectJve pro
ductwn It is <.Jiso vcry important to 
recogmze that in ~11 blastmg. when 
rows are added into the soltd. w1th 
a subsequcnt reduction m tht: num
ber of opcn faces. the Pf valuc will 
continue to changc tmvard lower 
yields even though all athcr funda
mental bi<Jsting relationship<; and 
thc rcsulting rock fragmentation 
may rem:!in substantially thc same. 

In surfacc or open-p;t bl;1stmg 
the hole dcpths may vary \\ ithin a 
p;uticular cut or cxcJv.atinn. with 
no othcr ch;mges bcing made in any 

of thc other dr.:sign dimensions. lf 
column loading is practiced, the Pf 
w1ll change with thc holc-depth vari
allans. The trend is illustrated by 
data given in Table 9, m which lhe 
valucs represent condmons for the 
9-hole blast shown in Figure 17F. 
The cause for thc Pf vanauons is. 
thc rcsult of changes m the ratiO 
of the amount of hole used for 
stcmming rclativc to thc total hole 
dcpth. To countcract the lowering 
of yields, deck la"díng could be 
uscd, a practice commonly followed 
for decp hales particularly Th1s 
pmctice produces no dctnmcntal ef
fccts on fragment:ltion when thc 
dccking is done propcrly. 

Blt.~sters should be cautioned re
garding difficuhies that may rc~ult 

from rcducing thc explo_SJVC loading 
density as <1 mcans for improvmg 
thcir Pf. or use of lighter grade~ or 
smallcr diametcr explostvcs. At
tcmpts to cxtend drill-pattcrn di
mcns1ons by increasing burdcns, 
etc., will prodw.:c -..1milar dilficulties 
for thc same rca~on. RJthcr than 
sacnfice good fragmcntation and 
displacemcnt cficcts by decrc<.~sing 
the cxplosive energy, adjusting lhc 
bi~Isthole Jrrangement 1s gencrally 
prefcrred. This can be done by re
dcsign. so that more free faces are 
made available and charges are lo
cated more advantageously. 

COST OF BLASTING 

Thl! pnmary concern of thc 
quarry opcrator is to make a profit. 
To do lhis. costs must be kepl lo 
the minimum. Sorne costs, however, 
;¡re interdependent. so that no ~in
gle cost reduction may necessarily 
guarantee an over-all decrease in 
production expenses. It is the com
pasite cllect with which one musl be 

In sludying Figure 17 and Table 
8, it will be noticcd that the number 
of free faces has a vcry pronounced 
inllucnce an thc valuc af the Pf. 
For multiple-hole bla;ts, whcn thcre 
1s a free facc added on onc s1de, the 
ovcr-all Pf's for all blasts will usu
ally be the same as thal for a single 
corner or cut holc. However, the Pf 
m"y be alfected by the initi"tion
timing pattern employed, which may 
ch;::mge thc blast arca outline, as 
shown m Fi!!urc 171 anJ line J of 
Table 8. Fa; thc particular blasl in 
point, the addilianal tonnage results 
from overbreak in the tight corner 
of thc secand row af hales. lf a 
!.:tcr-interval initiation delay were 
used in the corner hale, 1he blast 
would then be expected to cut 
sguarely withoul any averbreak, lo 
give the same yield as far the ather 
two ex"mples (Figures 171 and 
17K). 

Table 9-Ch::mge in J>o\-\der Factor (Pf) With Variatioo 
of Holc l>eplh (lf) 

Estimating or evaluating an en
tire blast on a single-hale Pf basis 
can be very misleading, but unfar
tunately it is a praclice often lol
lowcd. For lhe dcsign and evulua
tian of underground face-blasÜng, 

(9-holc 3inglc-rm\- \'-t)pe thrun~h·cut, u..in~ E\.tru 60% d,ynamite whh 2-in. Dr columo 
loaded and drill pallcrn dimcmiom* con.,l.ant for blasting limestone witb SG of 2.69) 

10 
12 
14 
ló 
IX 
20 

A,·g. 
re (ft.l 

; 
7 
9 

11 
1 J 
15 
17 
19 

Á\g. 

l. ([J.) 

> 
10 
12 
14 
lú 
IR 
~u 

Total Yield 
Expl. Uons) 

llsed (lb.) Total 

79 2ó4 
1 10 330 
142 396 
173 462 
205 528 
236 594 
2tl8 660 
300 726 

Note: •Sec Figure 17 for drill patt:rn spcc¡ficallons. 

20 

PI 
(loas/lb,) 

3.34 
3.00 
2.79 
2.67 
2.58 
2.52 
2.47 
2.42 



conccrned. In this respect many dif
fercnt costs and their effects on one 
anothcr must be considered, sorne 
of which include the following: 
drilling. primary blasting. secondary 
breakagc. loadmg. haulage, crush
ing, sct...: ... :ning, ~hxkpiling ami rc
claimmg, loading and weighme. for 
dclivery to customers, super~ision 
and engmeenng. maintenancc, 
cquipment and materials purchases 
and replaccmcnts, insurance, deple
tion and depreciation allowances, 
sales and other administrative serv
Jces, royalties. stripping expenses 
( induding ground breaking and re
moval). and. laxes Of all costs or 
expenses, the first scven ( and in 
sorne instances those for stripping) 
gcnerally constitutc the majar por
tJOn of costs for quarry production 

The percentage of total produc
twn costs attributcd to drilling and 
blasting may. be as Jow as 10 per
cent or as high as 40 percent The 
rclative importance of primary and 
~ccondJry breakage co~¡..; to Joad
mg. haulage. crushing, etc.. will de
p¡;nd largcly on thc properties of 
thc depos1t. cquipment and plant 
opcrating characteristics. and re:-.ult~ 
achicvcd from the pnmary blasting. 
Studics on quarry efficiency show 
that in most cases hourly production 
ratcs for weH-blasted material are 
ncarly double that achieved for 
poorly blastcd rack. Similar result~ 
are obtained in the a·ther types of 
mming and in hcavy construction 
work. Crushing: and screening costs 
are likewi'c apprcciably reduced if 
thc material is wcll blasted al the 
vcry hcginning. Because of these ef
fccts the trend loday is lo spend 
rnorc for primary blasting. becau~c 
thc savín!!!-i· realizcd from all the 
othcr production ph~tses more than 
compensa te for thc initial added cost 
for blasting. This fact is evidenced 
hy thc lmvcr pov.:dcr factor yiclds 
óhtained in a great many operations. 

Prim<:~ry blasting expense is nor
mally considered lo be composed of 
cosls for bolh drilling · and explo
:-.ivcs, including al\ char~es for labor 
and matcriul used. Befare the ad
vcnl of thc new high-speed highly 
mobilc drills 1 the respective costs 
for drilling and blasting were about 
cqual. But with the new types of 
drilling equipment, drilling costs of 
many operotions are only half as 
much as !he. explosive with conven
tional high explosives. 

Table 10-Bia~tin~ Co~t Analp•·· .. lw\\"·ing Etfech from Changing tbe Type of Explosive 
(\'-t)pC ~ide-cut 1~1 for 'erll~al hole~ in ~ lime~tone ledge with constant Pf) 

:'\ :\~~umed Condu10ns: 

11) 

()) 

(4) 

Kept cnr.~t:J.nt ue K r = O. i. 
K 1 ::_.: O 3. Ks = I.U. D. = 
D11 = 3 m . L = :!U fL. and 
d, = o m;.; ton 'e u. ft no~ 
[, = Ex11.1 ó0'7á Jvnamttt.' wtth 
SG =-=: 1.2r: and v. ~ 12.20tt 
fps (e J 

E~ = fidd·mtxed AN-fO. 9..;/f\ 
wtth SG =o 85 ~tnd v = 11.100 
ip.:;I.JI 
All hok~ drilkd with ·H'~ ·in. 
hamnh:r tr;~~._·l-·mountcd atr-dnll 
Wtlh 500 .:fm ~umpressor at av
crat!e drdltng ratl' of 400 ft per 
8-hour shtft 1 ~·~ 

C Bl.ütin.[.! n..~ta L..~kul:Jtton~: 

[. ( Exlra 60l'r dynaml\c) 

RE,= ( l 2SH 12 ~()()):' = 191 X ]{)(• 

lf KB· = 10. lht:n B = 7 1.'~ ft fnr 
eqll\\aknt Jrdl p:.iltt:rn of 10 x j(l 
ft '11 

T, = h::H, = t07)(7.5) = 5 ft 
J, = h:dl =(O Yl(7.5l = 21.":! ft 
H.= L - J.= 20 - 2~'~ ::..;.. ~:'t:: ft 
PC. = H - T = 22 1 í - 5 = ¡¡t.~ 

ft 
Stnce the hb~t cons1~b of 3 rows of 3 
holes cach. or l'., = 9 holes then 
W, = :\ Ltd,J = 10(10)(9)(20) 

(0 084) !¡l 
or \\', = 15 1 O lons 
If d : = 3 IJ lh .'f¡ n 1 and 

E =d lPC.)N, rt1.1hen 
E.= IJ.~i(17•,; 1(9) = 615 lb. 

Thm. if P1. :.= W,/E,Iml, then 
Pf, = 15JO;óJ5 = 2A6 tomilb. 

Th_· tot<tl rcqttircd drill fo0tage. or 
H N.= ( ~~ 1 ·! 1(9) = 203 h. 

l\ Unit Cosb ~ni 

(1) Dnllmg al $0 363/ft (r\ 
(2) Extra 60S"'o at SO:'~ !Jb. 
(3¡ AN-rO. 94/6 a1 w.05!lb 
(4) 30-lt MS delay EBC at SO 62 
(5) 6-fl. inslant EBC at $0.17 
(6) Regular Prtmacord al $0.32/ft. 
(7) MS dday Pnmacord connector at 

$0.50 
(8) Cast bomter (!,·~-lb primer) al 

$0.50 

E~ (Ftdd-mn:e,l Al'-FO. 94/6) 

RE, = (U 85) ( 11. 1 00 F = 105 x 1 (Jo 
RE./ RE, = 105/191 = O 55,~~~ or 

Ks. = 241/2. (hl 

Thus.' B! = 6 ft 1•) for equivalen! 
square dnll pattern of 8 x Ml,í
ft. 1 f) 

T, = K,B, = (0.7)(6) = ~ ft. 
J, = KJB, ==' (0 3)(6) = 2 h. 
H~ = L + L = JO + 2 = 22 ft. 
PC2 = H~- T2 = 22 - 4 = t8 ft. 
To dnlt a complete pattern thcre 
should he 4 rows of 4 holes each, or 
N1 = 16 holes. 
Thus, w, = A,L(d,) = 8(~Y\)(16J 

(20)(0.084) ,,, 
or W, = \830 tons 
If d,.2 = 2.6 lb./ft lkl and 

E 2 = d.~(PC2 )N 1 1tl, then 
E,= (2 6)(18)( 16) = 750 lb. 

Thus. if Pf, = W:/E_Iml, then 
Pf~ = 18301750 = 2.44 tons/lb. 

The total required dril! footage, or 
H,N, = (22)(16) = 352 h. 

D Bi<t'>ting C o .. t Compari .. on (C.dculated from B and C. above); 

E. 11::>-:tra 60\o dynamttc) 

:O.lethod of 
lnltt.Jtion· Ek.-tric Nonclcctric 

Dnllmg: (203"¡ S 73.69 (203') S 73.69 
Explostve~· 

Oynamitc (6151+) 135.30(6\5:;;) 135 30 
AN-FO .. . 
Primers _ .. . 

lnihators 
JO" MS EBC. 
6' Inst EBC 
PTJmacon\ 
PnmacorJ ~1S 

connector~ 

(on!lecting 
WJre 

Labor for 
lo.HJmg ¡¡nJ 
finng hi&Z~t 

Total hhi\ting 
co.-.t 

Cmt per ton: .. 

l'l) 5 58 

1 ~5 

2.UIJ 

)~ 17 l'l:! 
tl.l-t4 

(:! )' o 34 
(300) 

(9) 

9.60 

4 50 

1.80 

$225.~3 

0.149 

E Percent:1~l' DJ'>trJbulion of Rla~ling: Cosl'>' 

Drilling :13 b 3~.8 
Explostve~ 

(Excl. pnmcrs) 62 2 60.1 
Primers 
lniliators 
Mise 

Total ... 

21 

2 6 
1 4 

100.0 

6 3 
08 

100.0 

E, (fteld-m¡xed AN-FO, 94/6) 

Elcctric Nonelectnc 

<352') $127 7X (352') Sl27.78 

050;:) 37.50 (750#) 37.50 
(16) 8.00 ( 16) 8.00 

( 16) S 1 ~ 
(2) 0.34 

(505") 16.16 

(16) 8.00 

1.25 

3.50 3 00 
---
) lhfl 15 S200.78 

() 102 0.109 

68.6 63.7 

:o.t 18.7 
4.3 4.0 
4.4 12.1 
2.6 1.5 

100.0 100.0 



Speciall'íores-Table 10 
ticular properties of thc e;. •.• ~·-~~ves 
thcmsdves. since the !J• · :.:le 

i•l-See F1gure 17K for general dril! patlern anr.i inlt.:~tion-timing ~ystem 
lbl-Rf. Table 7. the final requircd drill )' ,,_ 
lcl-Rf Table 1, p 63, Blasters' 1/andhook. l~th eJ1110n. E. L duPont de Semours 

& Co. 
mensions, i.e., the K 11 • Fu:; ··· 
~ome explosives simply \' · :·:.Jt (dl_Rf. F1gure 6. p. 8, Techmc:>.l Hulkt1n AG-2. !'O\ 1 ~60 \lon~o..~n!O Chcmic:d 

Co be suitable for use undct :.. .. :~ tJin 
rd-Rf. A Fu•ld Alan's Gtade In Dnllin;; Co~ts. A. \\'. Fo~ter. Atla~ Chemi..:al quarry operating condiiiu;' Onc 

lndustnes, lnc. 
lfi-Rf. Table 2 
~~•-Rf. Formula (4) 
Ool -Rf Fo~n~t~la ( 5 J 
l•l-Rf. Formula ¡()) and f1gurl! 1~ 
111-Rf. Formula lll) 
1ld-Rf Formula(::!) an~ f¡gurc 12 
tll_f{f Formula (l:!J 
lnd_({f. Formula ( 13) 

:\hould, thercfore, recogniJ.'. fnr 
makln!! a cost analys1s. l'" .11;1] 

v:1lues for expenses and ·~,e~ 

of m.nenals peculiar to ti.: ,uL·;¡\ 

ctrcum<.:;t:mccs should be ll ~:·~ nPI 
~ene¡,¡} cstim~ltcs. :1s Wd' f:11 

"' ~-Explo,¡ve unn cos•s bo..~..,ed on "ch:-dulc 1 'J6(J pn..:cs Tao le 1 O data. 

With the introduction of inexp~.:n
stve AN blasting agents, however, 
the dnllmg-explosive cost ratio has 
been reversed. Even though the less 
dense blasting Ltgents apprcciably in
crease the cost of drilling becau::.c 
of the in~.-11.!ased number of blast
holes reqUJred, the over-all drilling 
and blasting cost in most mswnccs 
has been m¡_¡taially rcduced Thts 
is beca use of the tremendous s<~vtngs 
in costs of explo~ives. Such blasti;. ~ 
agents often cost only 20 to 30 p¡_:r
ccnt as much as the conventiDnal 
l11gh cxplosives. 

To illustrate the effccts of the 
various components that determine 
primary drilling and blasting cost. 
Table 10 presents representattve 
data for a typical quarry blast Only 
the type of explosive has becn 
changed, with the powder factor. 
dnll-pattcrn general arrangement. 
and initiation-timing system kcpt the 
same. It should be noted from the 
data, however, that for conventional 
dynamite, i.e., Extra 60 percent. 3 

typical 10- by 10-ft. pattern is use d. 
In order to use a regular AN-FO 

94/6 blasting agent ( field-mixed), 
the pattern dimensions are changed 
to an 8- by 8Y2-ft. arrangement. 
This is done according to the prin
cipies outlined enrlier in the dJs
cussion on correlating the properties 
of explosivos to !he blasting stand
ards. In this instance, the net rcsult 
is that 16 blastholes are requircd 
for the AN-FO blast, compared to 
only nine holes for when Extra 60 
pcrcent is uscd, Because of the dif
fcrencc in the requircd truc-burdcn 
dimension, other design dimensions 
necessarily must be adjusted to give 
a properly balanced blast. How
ever, the basic KT, KJ, Ks, and K 11 

ratios are kept closely to the same 
values for both blasts, only the Ku 

ratios bcing adJti'\h.:d 11.1 !'IUit tho..: 
V<.1nuUs charactCJJ:-otl...:.., of thc explü
stves. 

From the costs inJ¡cat~.:d 1n Table 
1 O. onc would logH.:ally con elude 
that cveryonc should changc to 
AN-FO blasting agcnts. However. it 
must be kept in mmd that tndivtdual 
Clrcumstanccs may greatly ch~mge 

th~ over-all co~t rel:Hion..;hips. The 
factors thar have thc grcatest m
flucnce on thc Ílnal values would 
he thc unn cml'i for dnllin~ :1nd ex
pi, ..... ivc" matct 1:d' u-:cd and thc par-

Thc influcnce of the P''', ·, llf 
cxplo.-,ivcs on f1n~ll co..,b l':II•Pot he 
o\crcmphastzcd. this is tll' • iiCU-

\¡¡rJy of thc vcloc¡ty of lhL' • ·.¡.·e. 
Sllh.:C it has a vcry promin~ ·. !r::ct 
on the most de..,ir:1\lk dr1;·. · · !_\.1'11. 

Ao.; describcd carlJt:f. the :1. ,·,ufac-
turer's '\pCCific:ttlOflS m;¡~ 
lv deÍinc v.:hethcr thc vei 
uncPJ:I'Ined or conftncd {-;, 
\l,:hich ch~1rge dt:t[neter :q- . 
one c.m scc frnm T:1hle 1 l 
ca11on' vary consJdcral'h 
whH:h in turn grcath· ;~!1· · 

111:111. ... [, '1 dc..,i~ntnl! hJa.._¡. 
cncr~y WHCntial (RE) of 

'::Jr
i:: r 

"" , 1 l.:Ci11-
f;tct 

(: ..;¡ i-
l ()\1 

,;Id-

Tahlc 11-:\ Comparbon of Puhli~hed E,plosh·e~ Spccilil·:ttiol'. 

(For compelitive ¡::radc~ cquh·alent lo 60% ammonia d)namit~ 
when mcd \\ith n.=3 in. and ba.<.cd 011 publbhcd data) 

A m tri-
Ohn(ll 1 roj.anlgl cdn(a) Apache(lll D" Hercu-

A m· .-.land· Atl.i,.ftl l't~~tlld) le\(~) SJlt-· ''~l'.nd· 
munia .trd t-:\tr.a R<d t-:11.tr.a ciai "' n,na· Ulna- [)y na. Cro'~ n,n.a- Dyn:. •. ,;n. 
milt mue mUe Eur::~ mue mit• )l t 

Velocity (fps) lll.XOO l~.HOO 10,000 1 ~ ~00 1 ~.~50 13.6\':' .,r>IHl 

Open (0) or Not Not N11t 
confincd (C): ':1 1 L'O 10) (O) !;1\0.::1 ( 1) l gl\ ,'" (()) 

Ch·trgc dmmctcr :--.;' tl( Nn: 
1 inchco;): J:!ÍI'L'Il 11 í 1'' 1'. 11'¡ g¡v,_:· 

Stid. count: .. llll 11\l 110 ll() 110 1!':: 11(, 

Spc...:Jflc gravJtr l.>: 1 :?:X 1 2H \ 2X 1 " l. ' " 
RE factor (XlU6J 14" ,:0[() ~~~ ¡y 1 1"8 ! ~3 
Re\ativc cncrgy 
R.ltJO (RE,/ RE.)· 'h 1 11. 7X 1.10 o 67 1 () ~) 1 0-1 1 e .. 1 01 

Adju~ted burdcn 
(1!, '" i..:et l: Id h.:Í x n (i ':?: 7 5 7 7 X ' 7 j 

E4111V:dent drill 
P:JIICrn f ~qua re): H '<J \11' 11 ~\H [ lh [\) lllx 1 l 1 \:\ i . .' .\ 1 [) 

·---
Rekrcnce'> 
t:d -p ~. Ammonio..~ D~ namit..:, ~rel·lft..::ltlon ~h.:..:t :\·:! 1 ~ l-~00-4/6 ¡. "\lllCI k.m 

CyanamiU Co. 
n ~--r 16, •\p.1chc E\p!mivl·~ L'll.dOf. th1r.l IC\i\ion :\p.IL'hc Powdcr f',: 
<<1-p :::¡ t\tl..J\ l.:'i.plo~l\C' P1odu..:t~ C.11.tll'g N(¡ ll 1'157. Atlas Chcm¡:.;·.: '<~~trie,. 

In e 
ldi-p. 111, T:-~hlt: l. /ll!nt!'rl, 1/cu¡,/l•oo~. 1-Ith cdi110n. !())!\,E. l. du Pon: :, ·.·:nwur3 

l\ ('o 

1•1--p_ 4. llcidli.'~ L\fllo~l\'~\. llla~ting :\g~nt' and Bl..1~11n!! ~upplics, ::: .. ::, l'J5'J, 
HcrLul.:~ Powdcr Co. 

111-p 9 Olm E,plm1\'L'~ Pwdu~·¡.., ,·o~t.tlog, fourth cdiiiDíl, ]l).'i5, Olin M.nhiv ... n Chem· 
cal Co. 

1~·-p. 4. Troj,m (xplü'>l\'C:-o ;m,l Bl:.:sting Suppl1.:'>. Catalog No 101. Trn¡.,ll ··;·dcr Co. 
•1·•-Rda\1\'C !.'ncrgy f,lllll~ <:.il..:ul.licd on h~tw~ of Du Punt RcJ Cros~ 1:··-. :"J(l% as 

un1ty. 
ld_f1gures 7 and 1-1. wnh KB=3<l for Du Pont Red Crm ... E\tr<l 60~;, 
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uc:. The suggested drill-pattern ar
rangements will not give the same 
powder factor yields but should pro
duce comparable blast results, if the 
published specificauons are not in 
error. 

The expenses for primas and ini
tiators may have a greater infiuencc 
on final costs than one might ex
pect, from the data indicated in 
Tabk 1 O. For blastholes with deck 
charges and those having extremely 
short depths, the costs for primers 
and initiators may constitute a con
siderable share of the over-all cost. 
Nevcrtheless, under such condit:ons 
the inherent sav:ngs resulting from 
higher powder factor yields usually 
cornpensatc for thc added costs. As 
experience has clearly shown. it is 
simply good practice always to use 
the best primees available. As a rule, 
the total required quantity of power
ful high-encrgy primees is much 
smaller than that needcd when 
che<lpcr low-energy explosives are 
used for priming . .Initiator costs are 
also normally relatively low; so if 
improved blasting rcsults can be in
sured by usin~ ti.dditional mitiators: 

the added expense could be con
sidered insignificant, as compared 
to the bencfits receivc:d. 

As powder factor yields are re
duced, costs will be increased pro
portionately. But irrespective of thc 
actual powder factor value. blasts 
should always be designed to givc 
thc vteld most suitable for m~xi

mu~ production at the least ex
pense. In this respect, the percent
a!.!e of usable material from a blast 
n;u~r also be given consideration. 
Wcll-blasted rack does not mean 1t 

must neccssarily be pulverized. On 
the contrary. the requircd parttcle 
sizmg and Jts uniformity must ~e 
such that max~mum recovery 1s 
ach:eved. lf. for example, 1 O per
cent of thc production is lost duc h1 

sp01l;ng or waste, which in quarry
ine, is quite common. the loss must 
b; included in the final cost analysis. 
lf recovery is reduc~d in orde'r to 

increr:se r:.!tes of production, the 
v:.1lue of the wasted material should 
logically be less than the savmgs ac
compllshed from the lower operat
ino costs for thc materii.ll salvaged. o 
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CONCLUSIONS 

Effective blastmg depends largely 
on a knowledge of how material.. 
fracture, the particular characteri~
ttcs of those matcrials, qualities o( 
the various explosives that may be 
used, and recognilion that the se
cret of efficient, economical, and 
~ . .tfe results !tes esscntially in thc 
suitable pl,t~.:..:ment of charges whcre 
they wdl do the most good. Since 
explosives are merely very powerful 
tools for performmg work. they 
should always be used accordingly. 

As has been shown by these dis
cussions. there are no easy, simple 
methods for solvmg blasting prob
lems. The mcchanisms and factor:; 
involved are too complex and nu
merous to permit clear-cut solutions. 
Each situ<ltJOn must be handlcd ac
cord:ng to lls own requirements. 
wirh the prudent use of one's be~;t 
judgment However. with a reason
able amount of study and undor · 
standing of operating conditions, 
blastcrs can cvJ!uate results and 
make adjustml'nts tnward improve
ments by using certain basic stand
ards. lt has been the pÚrpose uf this 
article, thereforc, to outline those 
standards :ond explain how they can 
be adjusted to apply to on-the-job 
conditions. But it must be re<.ilizcd 
that there can be no substitute for 
initial tests to ~scert:.lin what may 
be expected. 

The burden dimension is the most 
critica) of the important factors in 
blasting. Its value must suit the 
characteristics of the material being 
blasted and the properties of the 
explosives, and it must produce the 
desired degree of fragmentation and 
displacement. All other blasting 
standards are controlled by the bur
den value, and they should be de
signed on that basis. lt should be, 
therefore. of primary concern to all 
blasters first to establish the best 
burden for their particular needs. 

It has been shown that the powder 
factor as such has little meaning 
cxcept as a relative basis for cost 
comparisons. For many years it has 
been used all too frequently, and 
unfortunately, as a means of judg· 
ing blast efficicncy. But under no 
circumstances can it be uscd as a 
reliable index for judging what one 
can expect in rack breakage or con
trol of throw. Its value in costing 
is even questionable under many 
conditions. 

.. 
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5 

SINGLE BLASTHO::.E DESIGll ?RCBLE!~ 

A depos1 t ts quarried in 30-ft high benches !or cru~!".ed · 
ntono. ~he roe k :ts quite lll.lBsi·,re and has "'ho !ollo·r<ing p:-cp:::r
tiee i 

SG r - 2.9, vp = 17 1 000 !pa, p::: 0.25, 

Y = 45 <\og, V'; = 25, 000 pu 1 1 r.nd Gt = 1 750 po 1. 

Blasted rock is l~aded DY R 5 cy !ront-end loader. The 
b).astholcs arEl dr1lle.i vcrtically und bulle loElded (D

0 
~ ]).:'\) 

w1th nn explosiva hav1ng an SO= 117, D~ = 1 1u., an~ con~ine~ 
valocities o! 12,500 f~o at 3 in •. and 15,000 f~o at 5 1n •. anj 
lnrger oharge diama~era •. The ralst1onsh1.p bet1·rcen vP,. ant! :;)a 
in tho 1 to 5 in •. rauge can be asoumed to ba in the .lorm of 

if· -.,.. - ex 

a + bx 
• 

Drainage a t t. he ope:ra tl.on ie suoh tr..u t blasthole a gencrally 
ar~ ulwa.ya dry, and there is no frile parting iu the roe k 2.\·o.il
nb1e that can serve ns a floo~. For aotimating purposes the 
average blaot area l. of2~~:e.terj.al cro.tored by.a sinc;le lJlaotC.c.le 
would be equal to 1 .4B .• 

A.. Considering the !oregoins infcrm~ticn,, !1~d the !ollow1n~ 
properties !or tue intact rock: 

(1) 'f'i 1 . E'.Ild {2) Er• 

B.. For charga diamet.ers D~ of (a) 2 in • ., and (h) 4 
mine each of the following~estimatea: 

{1) v
13

,, 

(7) E, 

{2) Pd, (3) l'6 , (4) Bl (5) T, 

{8) w, (9) tr, and {10) t 1 • 

de ter-

{6) J, 

O~ At the glven bench height L daterroine ~~e ra~,ca~lV3 D., 
va.lues that define eE.c.:h o! the folloHing con.:l t;L:::.:.s: • 

{1) The B' that 1nsures all of the explosiva coluon w~ll 
react before any cracks w1ll have propagated to any opc~ 
faca when us1ng a single primer located .at (a) Floor 1cvel, 
aud nt (b) The Oenter o! the enarge oolu~n. 

(2) The :a" at wh1oh ovorbr!'!alc quite l1k9ly :n..'ly 'beg1n to 
oocur when the pri~er is placú at rloor levol. 
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(R) Pe = .Z ¡;.,;, 

(ó) 

e /3) ,CrPn-r ~. 4(.6),.. 

• 33/ Ot.~O ;<>'/ 
.1 

~ = ~ /.z ..... 
Th.::!-

1 
t':fl) 4: = 2,:..-,

1 
A.n;{ CbJ 0..: = 4 ,:..,.., .> 

~ -= i'3s;ooo/z = 41~ s-eo¡'>'¡ 

Fr~,., #)· ~s; 

,.¿-8 

,e" rbnr E¿. 7 J 

= .;lo(;l,;.o-)-f(- ..$~e)f(; Ve )~ 
d,. /. 3 .I:Z IJDO 

. -. . 

<= 

d,.. • ~2.4 (sc.,.) = t2.-4/.?.'l) ,. 11"1 ~e/ 

or k::" =. .2 e:-(~ ) ~ el' l.;l, <>DO 
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1 e (7) ,;:-,.~,.. ~- .3 .._.¿,e-,.~ ~ # a. 3-fl. P.., 2 (.::ce) 
'1?~- 2.J r;>,....,,~,.v :3Z_, ;ve o.f. :r...,~;.., w.he.n. 

e=_ de (Pe}-= o. 34-CJ.:. z.(sc,..)( L. :r .:r- r) 

Pnt:/ /'¡>;n¡;_,_.,.,;_j 
¡_: 30 ¿ff_. 

( óJ 4: '=' 4 ,;.,, 

E= <f>·-41{4) .. (:::o-3,4-3)= (~.s-&)(zt..t.) .. ll-? 1/. <=-

.a (f) 7Ar/.4óz. 

(n) Pe = 2 ,';.;, .. 
(.ó) .Oe = 4,~ 

IV: 3.4(-4)._ : ~ 1 _,N7S 

)V" a .3. f {;ó.3),_ '= 4 0,2 -,1..,_. S 

<
~ 

B (e¡) F,_ ~· l!i'_. 

-'l' z]. .. 8/s;t- 1 ~c.,;) .. 

Jj -:: lj.. /3 = 1 ~ .::lOO /3 : S~ 70 ft.s 

{(1) ~ = 2,--_.) i.J' = 4.-f,'?o = o. " r.-..s 

(D) .Oc : 4~.. -/;f = le'}),-, ~o "' l • .s-.-.s 

1 

~1 

4= 

B (1c) .7J" -6' ,. o. o o 1 B¡ ;tt.. 

(tJ) o~ = z,;..¡,) -t¿- = a.óo¡ (4) " 4,a -s ~ 

rt..J " 4·.;., _~,· -=o.oo¡ ~o.,': /0.3 '".S .d: L".l Ve:. . • i -.;: (' -v.; ,. 



l. r?.l ~ '= S"~;.;".) 

.B~• 3(3o)/(/r•O.ffr-/) ~ '?O/I~.f = .:S:4 ¿('1-. 

H-nn.-- ¡;, 6 /e. e:: /3 • .s- tfr. 1 . 

·a .. ~ "'"e-A J'#4/~ 7%4-...
c;:.., k ñ-H<d ,s,.,,./~, 

2. ,?;r 4 = 3~~-.J 

• 
B" ~n~Gqh'b. ,.¿~~u .k../ 
... e.) e> e ~ ~ /3 • .s-> s. .;. . · 

S'= .3(ao)/ (/bll.7<1n) = 9o,.,'l4.3 = ~- 3 ¿',.. . 
.Cn-r 7:1¿~ B • 7 tfl-: 

}';/#eS 1{' <3 .. .,¿¡ d; ~ 1JPN>;.<",_..;~~j :J~<.-:?/ ,....;~. 
8 >e' .., .so~n.,// _."""'~"Tj .w,f,¿A., ,.:.s ~.r_,.,....;,-/c:J. 

Tfu,¡,¡ j<U...; w & c. · ~ . = 3 ,~. <-=--

jl/()r,r 7/t.t, /'r'Y.I;V..{ ~o.Ju*~ &-. k_, :Jo/ved' Ó~''/ó 
s~77 6.7 _,p/orhj.:,11 n•k.t .~u .s,/~ ~Á.t-<.~: 
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Table IX.2. Sta tic Elastic Moduli, Pois.c;on Ratios, Velodties cR andel and Strenglhs o{ Sorne So\\ds. 

(Average) 
Modulus (dyne,./cm 2 ·1 o·l O) 

Poi:\"'lln 

Refer- Den~ity Ratio '2 't Average Sta tic Strength 

So lid 
en ce Bulk Shear Lame Voung's (kb) 

(g/ ce) K G A E 
V (km/,.c) (km/sec) co So To 

Aluminum a 2.7 78 25 61 (19 0.36 6.4 1.2 2.0 "' ~ Copper a 8.85 J02 46 JJJ J24 0.37 5.0 2.0 3.0 ;,.. 

SteeJ a 7.8 168 80 J20 200 0.3 5.9 JO JO :S 
• (5 .4) §; 

Lead a 11.35 37 5 J] ló 0.43 1.96 0.1 0.1 o"" 
(O.J5) 

.,§; 
"'""" Plexiglas a J.J8 6.6 J.4 S.lí 4 0.4 2.68 (0.8) ~~ 

Glass b 2.5 58 21.5 40 10 0.3 6.1 (0.5) t>,:j 
t:lO 

J>yrex a 2.32 39.7 25 23 lí2 0.24 5.64 ,:<: 
Marble e,d 2.7-2.9 20-35 tíO± 40 5.3-6.4 3.3 0.6-2.5 [o 02 ;,;::-., (' _::;; 

0.06 ~o () 
Limestone e,d 2.3- 2.5 35-40 40 ± 30 0.24-0.32 2.9-5.0 2.0-3.0 0.3-2.5 0.15 [0.03 Vj~ 

ro.2-0.5) 0.08 ~~ 
Granile e,e 2.6- 2. 7 J0-3J 70 ± 20 0.2-0.33 5.6 1.5-2.9 0.22 0.07 r-

IC)~ 
(0.3-0 6) o 

S~ 
Sandstone e 21-2.1í 25 ± 20 3.05 0.3-2.4 O.J7 0.09 o· 

(0.2) 
v,:.. 
S:§ 

S hale e 2.7 70 - 1 00 0.21í 0.7-2.3 0.08 ti 
Greenslone e 3 02 35 RO O. 1 S 5.2 3.0 "' Basa JI e 3.0 25 85 0.33 6.6 3.0 o 8-3.6 0.3 0.15 o 

r-

Taeonite e 3.23-3.44 91- 102 0.26-0.24 S.J-5.9 3.2-3.7 3.3-4.4 0.2-0.3 t; 
Quartzite 2. J7 29 69 0.28-0.15 5.0 3.3 3.8 (O 6) O.J8 "' e 
Chal k f 2.0 3 5 2.3 0.13 

a Gfay,D W,Am lmt Phy:f /la~ldhook.McGraw-ltiii,N.Y (1957) d. Clark.'G. B .. Mm. ReJt'arc11, VoL 2.1}crgamon Prc.ss. N Y. ( 1 1Jtí~) 

b. Lindocoay, R. B .. flrniral Mechmrin. D Van Nm:!r;md Co. N Y ( lf)~O) e. Papne. J, et al, /)rilfahilitl' StudirJ. Rur. Minec;. RI68RO ( J(}(,(i) 

c. Oberl, L. and W. l. Duvall. Roe/.. Mullamn. . Ioim Wiley & Co .. N Y f 1 l)(.7) f Duvall. W 1. and T. C. Atchison. ibid., RISJS6 ( 1957,1 

"' Va luce:; in 1 ) for S0 were taken frnm relerrnce 1 O f01 7.Crn conlining prt"'"tHe ... 
V• 
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1<- B -~ 
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T VERTICAL BLASTHOLE 

. ' 
) LEDGE 

L 

' 
~ 

. B' 

~ 

FLOC~ \1 

J 

T 
NOTE• 
B' =TRU::: 3URDEN 
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B:: E·'.J~C:::N, P'= PRI:V.S:R, T=STEM:V.lNG, 

L=BC:NCH H:::IGHT, J=SUGD~lLLING, 

PC = CHARGE LENGTH, H= HOLE D:::PTH 
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THE S~fELL AND OOLIJI.PSE OF DP.OKEN MATERIAL 

t-IHEN NEITH.Ell EEAPED OR THROHN DEI,IDERATELY l!'OR A DENOH BLAST 
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z- (1/2s/>[Loot~ .¡. 2y(1- s/>] 



MECHANICS OF CRATER D:::VELOPMr=NT 

Formation of Comprcssion Buloe 

OPEN SURFACE -?uxMitwr~ 
. fiX..\ V JI\' VIX\0)/\\Q/1\\0.rl ~/W/Il"7 ~! ~ -=-~?!-zJ:~'<i""I~'""<~""II""'WJ.,.,.li"'\\""'vi""'J\\""'v¡"""ll(..,.,ll"""tW""fl""•<"'VV\=,=v=<'fiC• . 
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TIME 1 

L=5B 

' > 

Ve =Vp 

COLLAR PRIMING 

I(X\W(\\V//\WIA<vn«Qil\i'J//\t\11 

¡ 

' 
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• 

TIME 1 

L=5B 

Ve =Vp 

FLOOR PRIMING 

TIME2 

TIME 6 
,,. 



SATELLITE 
CHARGE -~~JI 

'" 
CAP ROCK 

~.w'N.~ '~>~'>~~~~ 
~ 

~ MASSIVE 
~ LEDGE 

- EXPLOSIVE 
COLUMN 

MASSIVE 
OVERBURDEN 

i 
+-EXPLOSIVE 

COLUMN -
ié 

. ~,0»5 '~!(f:.,V/¡&¡YAA'fk\01~' 
~ SOr-T MATERIAL 

'fm.;:»~>WJI\tVIXI\QillvYÁ.f}>'ff..vH!f:c'>Wi\\Yf/;,~'1!/A'YJif}*fll.(, 

L0f4DING OF BLASTHOLES FOR "~E!':ii.\L END CONDITIONS 
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PROGRESSIVE Tlr,ilNG, S=l.¿> .. s 
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SIMULTANZO'JS iT<.m~G, 5=1.48 
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90-DEG. CRATERlNG, PROGRC:SSIVE DELAY, SQUARE ( D) 
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SO-DEG. CRATERING, SIMULTANEOUS, STAGG::;:R;::D 
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90..:0SG. PROGRESSlVE DELAY, STAGGERED (G) 
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120-DcG. CRATE:RiNG, PROGRC:SSIVC: DELAY, STAGGE:RED ( H) 
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MULTIPLE BLA.STHOLE OI'EN-CUT DESIGN I'ROBLEH 

A magnetita ore deposit with a tight nearly equilateral 
vertical jointing system is mined by open-pi t benching.. The 
ore is quite abrasiva, massive, and tougil with ¡fA= 0.30 and 
vp = 18,.000 íps. Horizontal jointing is present but tight. 

About 30,000 tons is blasted each day :for each shovel, 
which supplies a 10 % overrun oí broken material íor loading 
over 3 shi:fts. A power shovel works an estimated 6 hours per 
8-hr shi:ft with an average operating cycle time of 45 sec •. 
Trucks are used for haulage to the primary crushing unit •. 

Blastholes are drilled by rotary units,. which vrork 7 hr 
per 8-hr shift •. Each shovel normally is matched with one 
drill. For estimating the penetration and footage rates for 
a drill the following per:formance characteristics can be usad 
when using an 8-inch diameter bit and 30-:ft sectional steels:; 

Operation 

n 
AS 
RS 
M 

Total Time 

DRILLING TIMES IN }ITNUTES 

Total Depth of Hole Drilled (H, 

10 gg_ ~ 40 2Q 60 1Q - - -
2 8 18 32 50 72 98 - - - 2 2 2 4 
1 2 3 5 6 7 9 

' ' ' 3 3 3 3 
' 6 13 24 42 61 84 114 

ft) 

80 -
128 

4 
10 

3 

145 

The explosi ves used consist of mr:E cast booster per hole 
to be located at the :floor level •. Each blasthole contains a 
bottom 5-:ft load of slurry having an SGe o:f 1 .4 and a n;a:;:i:::.u:n 
v. o! 18,000 íps. rT1th D9 =.3 in •. the v 9 = 15,000 fps; ata 
5~1n. and largar the maximum v9 1s attained. For the balance. 
of the powder load AN-FO w1 th an SG9 o:f O .9 1s u sed. The ál{
FO exhibits a ve oí 11,000 íps at D

9 
= 3 in., reach1ng its 

max1mum v9 of 1~,000 :fps at D9 = 6 ~n. and largar. 3oth the 
AN•FO have a D of 1 in. · For est1!:!ating purposes the relat1on
ship o! v9 . witfi D9 in the respective variable ranges can be 
assumed to be o! ~he follow1ng form; . 

For initiation o! the cast booster 
usad in the usual manner. 

-1-

7 ex • 
=a+ bx 

Primadet 1'.5 Delays w1ll be 

- ( 
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4. BLASTING THEORY 

---
- ; -

Fig. 4.1 

Thc rock is offcctcd hy a detonating cxrlosi\T '" thrcc rrinciral ''"~e,_ 

In thc first stagc. starting from thc initiation roint. thc hla>tlwlc cxrands hv 
crushing the blastholc walls. This IS dueto thc hig.h rrcssurc uron detnnatmn 

In thc second stage. compressivc stres~ wnves cmanatc m al! d1rcctions from thc 
hlastholc with a vclocity cqual to the sonic wavc veloctt\' in tbc rock 
Whcn thcse compressive stress waves reflcct ag<nnst a frct: rock facc. thcy cau~c 
tcnsilc strc"es in the rock mass hetwecn thc hlasthnlc and thc free facc Jf thc 
tcnsilc strcngth of thc rock is cxcccdcd. thc rock hrcak" in thc hunh.'n arc;1. 
which is the c;,_¡sc m a cnrrcctly designcd hle1st. 



Pulverized 

In th~..·thlld ''.J~L·.th~..· rck·;,,~,.·d 
,!-!;¡-. \ 1 llllllll . .' .. L'IllL' 1-., .. [ iJ L' L'l ;¡C~ 

hlllll:I\Hlll U111.k·r lut-!11 pr ~ .. : .... ,u

ll'. L'\p:nhlin~ thc I..T.iL'J..:-. 11 

i!JL' ¡j¡..,[;¡[IL\.' bL'\\\'L'L'Il ihL' 

bJ;¡-.tlhlk' ;¡[J¡j tl\1.: lfL'I,.' I.LL'L' ¡, 
~,.·¡ •n L'1.:1 l: 1.. ;dnd.ih.:d. t h~..· rnd .. 
11\,t...,..., lh:I\\I..'L'II ¡IJ~,.· hl.,-.thnk 

:11id tlh: lr~..·c la~o:\.· ,,¡[¡,,~.,·Id :~nd 
b~..· tllltl\\'11 1111\\.tld 

.... . . .. ·,.;:.~ .~ 

. '· .. -
. . . . . . ~ . ,.. 

•!: 

lt.t.,' -1-J (;11\ fJt'llt'ffllflu/1 uf t /ti• /... funll,lfion 

l'lh: L'\ph•,l\t..'' IL'.IL'lhlll Jllllh: ,,~,,,¡jlllk .... \L'f_\ ·l.t"-l.LihlthL' dkTil\1..' \\tld, PI tlh_ 

L'\pltl,lh' 1"'1 1..\lii..,ILkiL'd ullll¡'kl\.'d \\lh . .'ll [IJ~,.· hl.t,lihlk' \l.dllllh . .' h;¡-., L',\p.111d1..·d lll 

IIJ liiiiL''' 1[..., u¡¡~JII.d \'HIIlllh: \\llldl l.tJ...L·.., .l¡JJ1111\.) llh. 

j h1..· [t~]lt >\\ 1 11~ 1-!1 o~pl1 -,j¡l 1\\' j¡p\\ t !JL· L' \ jl.lll'\11 Hl l d t ilL' [l].¡,[ lnd,: ¡, 1 L'l,duJ 1\1 [lllll' 

1111 
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o 0.1 

V cxpamlcu hla>tholl' v·nlumc 
V,, ori~inal hlaqhplc \'Oiui11L' 

2 
1 

0.2 0.3 0.5 1 

3 

2 3 

1 
1 

1 

5 

· Ftg. -1.5 Blasrlwlc c.tpansion m rclation tn timf' 

1 

10 ms 

lnitiation nf shockwavc Tn roe k cru"hln¡.!. Thc hla..;thnk L''\p:tnd' In dnubk Íh 

on!!1nal volumc (2V,,). Thc hlastholc wdl ..,¡;¡.'- at tlw .. V<llllnH: lor rl'laiJ\'-'h· 
long time (0.1 10 0.4 ms) hcforc radial crack-. 'I;Jrt tn opL'Il 

Bc..;idcs thc natural cracks are nL1\\' crack.' formcd mainh h\· TrllL'TactJon 

hctwccn thc <;;trcss fiel<...! around thc hla\thok .lrHI tcn,dc :-.trc,,c!'- lnrmcd lw 
rcnection nf thc outgmng. shnckwavc at thc free tace Rcaction prnduc" 
cxpanu frnm hla>thnlc lwhich volumc now ¡, quadruplcdi ml<> lhL· rrac~' 
Fragmcntation ~o,tart:-. . 

.l (1;1' .. c.xpand~ lurthcr and ;Jcn:-lcraiL'" thc rnrl.- ma'' 

<>1 

. -~ '\<(' 
·-· ... 

.. 
,.: 
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5. BENCH BLASTING 

-·= 
Ftg 5 (!uarr\' h!tt\ting tn .'úveden 

5.1 Crnual 

lknch bi;P .. tlll!! h thL' mo ... t comnwn 1-..tnJ of bl.tstlllg work. lt Ltll hl' delllll:J a ... 

hla~llll!! ol \L'rtn.:al \lf L'IO~L' 1<1 VL'rtiL"..tl hla.\thnk~ tllt>lh: llf~L'\L'ral row~ hi\V.trd~ a 

lrL"L' ">url.h . ."L'. lllL" hla .... thok:-. L",lll h<t\L' ÍJL'l' hrL'akagL' or IL\L'd hotlll!\1 

h2 



1~ 

• 
1 i• ... : " ,· h 1 nff,, '"' 1111 

Mo't typc' <'1 hl;l' .. trn~ c;rn he l'<Jil"tLkr~..·d ,~, hcnch ¡,~;¡..,,,11!-!. 

Trcnch hl~rqrng tnr Pl!'L'llllL'" r~ al'P .t 1-.ind o~l hL'tll'h l'l:t'-llllt-!. l'lll ,t, llw JllL'~ r·. 

more C\111:-trictl.'d. 11 rcqlllrc~ ;r hrghL·r "J'L'Crllc \:h;II~L· ;rnd llllltt' ~.:111'-l'l' ... p:tL·nl 

drilhng . 

In tunnchng. aftcr thL· cut h;r .... hccn hl;p,JL·d. lhL· '"'P'Il!-! tn\\;tnJ, thc crll ¡, .r '' p¡,· 
11! hcnch hhi"-1111_!2 

Rod .. ¡.., .1 rnall'rl.li \\rth \\ILkl\' \;tr:rnt! p!IIJ'l'tliL'' lt,!L'n-.rk·. LPilJilTL''-"1\L' .tnd 
'he a n n ,L! ~ tr en )21 h" ,. a ry w ti h d 11 k re nt J.. rn d' ' ,¡ ' • ~d .. ; 11 H 1 m, n ' :11 ' ' ' i 1lun t he '· t n w 
hla~t t\" thc n1ck'" tcn~!lc ..;frcn~th ha ... IP hL· L'\ú'L'tkd rn onh..·r tn hrc;rJ... tlw 
rncL it~ g~·olnpcal prupl'rfiL'S will afkct ih hlt~'\l:rhdrt~ 

Rock lorrnation" are rarel~ hDmng.eneou:-. -,he JPcJ.. lilllllatlnn 111thc hla .... t ;IIL'.I 
m ay con._¡,¡ ni different tyre' uf rncJ... FurthclllltlfL'. l;nllh and dl!1-"t..';llll" 111.1\ 
chan~c thc ~..·ffcct of thc cxrln,1vc 111 1hc hl.J"t. Faul1y rn~,.·t.. Ctlnt;nnlllJ..! \oíd" 
WIJL'J e 1 he ~;l'>l''> pe llL'I r;¡ 1 L' Wlllltlll l ~Í\ 111~ lLJ llL·l kL 1 111,1\ ilL' d 1 fl 11..'1 d 1 1 t l hl.1'>l l' \ L'll 

thnugh thc ro~..·k may ha\'L' .1 rclati\'L'IY ltn\ IL'll'ik qrcng.th 

Thc rcqui..;¡te 'recJflc charge. (kg/cu m.) pr(l\'ldc:-. .1 tir,t-r;ttc nH-'il"lllc 111 tlw 

hlastahility nfthc roe k. By using thc srcctfic ch.1r~c a~;¡ ha''' fpr thc calrulatiPn. 
it is poss1hlc tn calculatc thc chargc \\'hich 1' o..:u¡tahll' fnr tht..• rock cnnccrncd 

·1 he dJ:-.tnhutinn o! !he L'\plo"Jvcs 1n thc n~ct.. ,..., ni tht..· utmP..,¡ 1111J1Prt;l!ll'l'. :\ 

clo.,.cly spaccd rnund wtth smnll Jiamctcr h!:J:-.thnlc.., ).!1\'l'S rnuch ht..·ttt..·r lr;lg.
mcntatinn of thc rnck th:1n a rnund ot Wllkl\ ... r;lt..'Cd lar¡_!c thamctc¡ bl.l"thPk". 
p1nv¡dcd tlwt thc :-.ame :-.p~.:cll'ic ch;1rgc ,..,u..,cd (\t..T t 'h;1plt..'l ),(, ha).!1111..'!ltal1tlll.) 

Thc lollnwin).! calcul;¡f¡nn.., art..· ha-.cd nn .1 "J1t..Tdlc rh;llg.c 1ll O -1 1..,!.!".'11 111 11l 
E ~·1 u LITE 1 )() In 1 he hnttom rart of t he 1 nund In 1 ht..' CP!l"' rictcd ,,; llll )111 p;¡ rt pf 

{13 

·' 
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tl11.: hl.t..,thnk. th1~ ~p~..·cift.: 1.:har~c 1!'-. n.:cLit..:J lll -.hatlL'r thc hurdctt. hut 111 th~..· 

Ctllumn par! uf th~..· lwh.: 1.-'tHbtlkf<thly le.::-.:-. L'\.pltlsin.·:-. ar~..· llL'\.:J~..·d lll ht~,.·ak tlll.' 

nh..:l-.. Th~..· ;¡VI...'J.tgc ~rc~.:itlc charg~..· o! tlh.' r~.ntnd lhuk) ..,..,.¡¡¡ he k..,.., th.tn tl...t 

1-.g/ru 111. 

Thc valuc .tpphl..':-. ltl hurd\..'Ib bdWL'L'Il l.tl and 10.0 m anJ can lk' lhcd lor mu:-.t 
1-.mJ . .., u! tut.:k. Tl11.: ha...,¡.., tll thc L'tllllpuUttion:-. tll hL'nch hla:-.ttng \\'iil he Ltltg~..·

hlr..,· · lollnul.t: 

d~,, 
Blll.l\ ~- --

.\.1 l'·f-E,\ 
\\hL'\L' 

B 111 ,,~ m,L\.IIltlllll hurd~..·n 

d -- L\¡ant..:lL'I 111 tlh: hut\1 Hll tll thc hla~tllllk 

1' p;u.·h.tn~ dt . .'!!fL'L' ( lu.tdlll~ dL'lhll~) 

\\1.:t~ht ... u~..·n~tll 11\ tl11.: ~,.·,plo...,t\'L' 

1\h,:l-. l.'llll'-l:llll 

~· ,.._- ~.: -r- 11.11) lt.H B 11 ,." h.:tw~-.·~.·n 1 -f and l) O lllL'kt:-. 
:. dL'!.!IL'I.' i.ll lt\.tlli.lll. \.lJ Úlr \L'f(h,:;t\(hlk:-. 

and lllJ) h1r lhl[L.., \\ ith tndlll.ttlt.lll 3·1 
~. B r.tttl.l 1,11 ..,pa~.·tn).!' 11.1 hllld..:n 

1 lll) 

1 ll\111 1 
1 k¡!ilitcrl 
IL~ILJIITI' 1'11 11 •J:i¡ 
{ ¡._~¡'L'll 11\ ) 

·¡ h~..· t\hltk·rn 1 ..:dmiqu..: 1.11 Klh.:l-.. Bl:t..,llng. Llllg_~.·ft¡t:..iKih\..,¡¡~·~~n 

In th~.· li.l\hl\\tflg ~.·;tl..:ulatiun:-.. Langdur~· ldrmula ~~ :..tmpltl!~.·d lt.l: 

B,,," -~ -~' \' !~·. h>r Oynam~..·x M 

Blll.l\ ~-' \ 'l¡, ll>f EmulitL' l:il! 

B,"·" )() \' l¡, h )[ .-\1'\FO 

WllL'I L ] ¡, ¡-., t\11.· fL'lJlll"itL ¡..·harg.L' L'll!l('('lltr:ttii.H1l k. g/ m) of thL' .... d.:cLL·d L'\J1li.l!'ll\ l' lll 
th~.· lhllli.llll pall or' tilL' hl:t:->thi.Jk· 

Thc tlt>k· JllL'illl.tti~.m 1:.. a:..:..um..:J 11.1 hL J.l ,tnJ th~..· rucl-.. l'i.llblanl e 1:-. tl.-f. ThL 
h..:nch h~..·tght K ,..., ;?:2 x Bnl.l\ 
1 i.ll i.llhl'l \',t[u~_·.., tll lhdL' 1\ldtl\:l{li.lll :tlld llld, L'lll\..,(;tlll L'tlfrLL'Iitlll f:tl'(tH'.., :ti'L' 

u...,,.,:d 

Th..: ch;llg_L· L'llllL'Llltt:ttJull tkpcnd:-. un th~..· di.ulh.:t..:r ol th..: hJa..,thnk and thc 
utiiiiJ\Íllll ni the huk 

L\.plu:-.iv~.·-.tn pap~..·r c~trtnJgL:... which .tr..: normally tampeJ with a t.tmpmg n1d 111 
... m.dl di.11nL'Icr hb ... tholc-.. ~.·an 111..· t.1mp..:J tl> an utthzauon nt up tll lJ{J ':; tll th~.: 

h!a..,t!Hlk: 11 l,Uilj)illg_ 1:-, C.l[lt('J liUl ,¡({L'I thL' lllltdJUL"lÍllll 1.d L'.JLh l..';lr\IÍd!!l.: 11 
t:tlllplll!! i:-. ~_·,trricd out aún evcry 1\\o ur thrce cartriJg..:~. lh~.· charg.L Ci.ll1l'..:ntra~ 
1 1n11 \\' 1 q hL· L'UJhid~..·, .1 hl y J~, l\\'1.' r Pne u m a ttc chargmg m a eh tn..:" gt VL' good t ampmg 
lll p.tp ... ·t ~_·;¡¡ tnJ~L.., wnh htgh utiliz~tlHlll ul tlh . .' hla~tlll>k VtJlum~.· 

l:\ph1"iv..::-; 111 plasuc hu:-.~.·~ Y.t:r..: tntruJw:..:d lor th..: convcnit:IKL' ut t'a:-.t charg.ing 
.111d ~.·a:-. y handling. DruppeJ into thL" hla:-.thuk. thcy are intt:nlkd tu fil\ up tht: 

111 lk wcll HO\\ t:\ ~-.· r. Jifkr~.: nt t~unpmg ch.tractt.!'n:-.t ics o f J il k n:nt ..: xpll 1..,1 VL'"' gi vt: 

v<~JYiilg IL':..Ulh l:muJitL' ¡;a¡tltdg.~.:~ 111 pl~•..,tt~.· ho ... c~. wludt are cut.thlllg. th~_· ..,¡dL·. 

lill up thL" huk alllh>"l comph:tdy hy unpact. whilc Jynamll..::-. anU w:tlL'rgd ... Wtth 
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thcrr qjffcr consisrency Jo rwt fi/1 ur !he hok th.rt \\cll.t.·,pccr.tllv rnthc v.intcr. 

Jt ,_.., imrnrtanl whcn ch.ll!!lrl_!.! \\'L'I b/;rqht~k' that !he hule .... lit.' llu,hcd .md 
ckancd hcfnrc ch;¡rf111g lf tht.· hl.t'-lhnk" conLun \\akr. tht.· pad.111!! ul thc 
~.·xrJn...,i\'l' wdl.hc almoq nll and tht chargc C\mccntr;r!Hln ni tht.· c;rrtnd,ec~ ,hnuld 
he rr..,nl for tht . .' calcubthnl\. Bu/l.. C\rJn,l\t.'\ whrch .rrt.· pumpcd. ;ru_!.!t.Tcd Pr 
rnurcd into thc h/;¡sthnlc utili7c thc '"'l:r--rhnlc \olumc (ll /011 (; 

·¡he calcular ion .... th:rt t'nllow \\!I/ involvt.· thc lnllo\\111~ t.'\pht:--i\t.''-

Dvnamcx ~1 
Emulllc 1 ~() 
ANFO 

wh ich ;rrc c\rJo..,r\'C<.; wl! h dll'fcnn!! ch<~raclt.'rr\1 IC'- r L'_!-!:11 d111~ \\ ~.·rght "' rt.·n,et h :1 ;·,d 
lkn,rr y. 

¡\_.., thc rna.\irnum hurUcn. B,,,". r:-. a/<..n dcrcndcnt Pll tht.· lr\atron dc!!rl'c :rt thc 
hPtlnm part of thc hiastholc. thc cnmputatHlll' \\ ill in\·niH· dr rllin).! wit h inclln.t
tinn J. J. which dccrCíl."l''- thc CP!l'\IIICIIO!l 111 thl' hottnm p;trt (lj tlll' hnk f·or 
ntbcr inclina! ron.'- corrL'Ctinn factor..- cu1 he "'cd 

Thc racking dcgrcc (utilizatinn pf lhL' hla~thtlk) nt thL' L'\rltl'-1\L' 111 thL' bnttom 
part nf thc hlasthoiL· ¡.., ;l.;;sumcd In "L' q_.;; r r for Fmnii!L' 15!! 111 pJ.r,trc hP'-L'' .llld 
l)f) r·; lor 0\'ll:illll'\ ¡\f Pnurcd r\NFO lllld rumpcd 1-.nllllrtL' lill trp !he hnk !ti 

lfiO r·;. 

lt "''-'L'ry importan! fnr tlll' hlastrn~ rc,ult that thL·ch.rr_!..'L'L'nllcL'Il!l.rti(ln(lhtarnL·d 
l'y thc c:dcul.rtrnn~ '"' ~rchrcH.'d rn pr.tctrcc. 

f'hc formuJac U\l'd in thc CaJcuJatiOil'- :rrc l'lllrllll';rl, hut ;lfl' Jl;I'-L'lllllllllfPJill:l· 

trnn lrom rhnus;rnd .... (lf hl;r'-1.'>. ThL' L'\f1Cricnl·L' (ll l.;lll~L'Itll'-. c.rkul;rlilllh ¡, ,,, 
!!Pnd th;Jt it cnuld he cnrhH.krL·d unnccc..;..,,rry rnrn'''-' hl.1'-lin~ OJ'L'J.rtinn ... tnm,rl-.c 

lnal hJa,h. Hnwc\'l'r. lncrlctltHIItHIII' m;l\ Fll;,J..t· rt Th.'ll'''·ll\ jiiF rhl· pl.ll'IFL·al 

opl'J.Jinr lo tc.'-1 thL· tiH:nretrc.rl ctlcuLrtron" rn thc Jil·ld. 



ERRA fA 

The formula on page 64 should be 

d p. S 

Bmax =-
33 e· f · S/B 

We regret the inconveniences the error may cause. 

Yours sincerely 

Stig O Olofsson 

--- -- - - ---
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5.2 Char¡.:l' l"akulaliuns. 
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/ 

Column 
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/ .... ~ .. e MJOrf<' 

llk ltdln\Vlllg ,,..,..,umpll\)11:-. all..' madl.· tnr thL· ('~Jh:ulatlolh . 

l'\. ~:-- L'qtJ.d 111. 111 llliliL' than ~ :·. B 11 ~." 
L \pln..,t\'L' l.muluc 1 )O 

Rnd, ~·ulhlalll e 
llllk' tlldttl.t\ll.l!l: 

( ',dcuJ.t\HIIl piliL'L'dliiL': 

I.J5 1 ( 

1 15 ' •• 
11 ~ 

-~ 1 

I'IIL· maximum hurdcn 111 ihL· 

huillllll u! !IIL' hl:t'>lilllk l.k· 
Jk'lld'> 1111' 

WL't,!-!111 'I(I'L"Il!!illPI th~· .tdll· 

,¡( L'\jlllhi\'L' ('>) 

ch~11 !!L" í..'llllL'L'Iltr:illllll ( [ 11 ) 

toLlo- ~ou-.l:tlll {L') 

L'l 111'>( l'll'\ H l[J t l\ tilL' hb.'l\ ht 1k 

( 1<' J 

D\ nalliL'\ 
lJtl ,., 

~5 ~--~ 
11.~ 

1 1 

,·/ 
/.' 

~1 .·\N FO 
l (1() 1 ; 

11.~ •s 1 
11 ~ 

' ·'· 

Type of rock 

Constnct1on 

Charge concentrat1on 



As mentioncd before. the maximum burdcn Bm ... is ca\cu\atcd from Langcfors· 
formula. which has becn simplificd to: 

for Dvnamex M Bm,.. .n vio X R, X R, (m) 
for Emu\ltc 1~0 Il"'·" = 1.45 V1~xR 1 xR, (m) 
for ANFO Bm ... = 1.3ó vi,xR,xR, (mi 

whcre lh = charge concentration. kg./m as pcr pnint l. as follow~ 
Rl = CClrrection for holc inclination othcr than J: 1 as pcr rnmt 2. a~ 

follows 
R, = corrcct•on for roe k constant othcr than 0.4 '" per pmnt 3. as fol\ows 

\. Detc:·mination of chargc concentration. \0 . 

a/ For tamped cartridges and bulk explosives 

lo = 7.R5 d'xP 

whcrc d = blasthole diameter. dm 
P = packing dcgrcc. kg/iltcr 

Chargc conccntration for differcnt blastholc d1amctc rs and diffcrcnt cxplnsivcs: 

Blasthnle diametcr (mm) 51 M 7ó R'l 102 127 1~2 

ANFO. kgim l.n 2.n 3.h 5 o h.) 1 o. 1 14.5 

Emulite !50 (cut and dropped 
into dry blastholes). kg/m 2.3. 3.7 5 .(J . 7. 1 9.3 

Bulk cmulite. kgim 2.-1 3 9 5.3 7.5 9.9 15.3 21.'1 

Dvnamcx M (charged with 
pncumatic chargmg machinc 
and ROBOT). kg/m 2.6 4.0 5.6 7.~ 10.2 

Charge conccntrat•on. kg/m. for drill series JI and 12. Tampcd explosivcs. 

Blastholc diamctcr. mm 
27 2R 29 30 3\ 32 3.1 ·34 35 3h 37 3X 39 

E m 150 0.6ó 0.71 o 7ó n. R 1 O.R7 0.92 O.'IR 1.114 1 11 1.17 1 . 24 un U7 
Dx M O.ó9 0.74 0.79 O.R5 0.91 0.9h 1.03 1 . ()<i 1.1() 1.22 1.29 1.36 1.43 
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bl Chargc ~:onc~..:ntratinn. lh. tor t:xplostvcs in plastic hoses at diffcrcnt Uegrcc~ uf 
coJit;Jres~IOn. 

DYNAMEX 1\1 EMULITE !50 
Hu~~: 

diaml!lt:r 
(mm) 

Chargt.: concL'ntration Chargc --HH.:cntration kg/m ut a 
kg/m ut a comprcssuJn of cumprcs~10n ot 

(} l/~ 5 r:-t. 10% U% lO C:ó 20 o/c. 25':é 
43 l. Y:'i 2.05 2.15 1.75 l. 'IU 2. 1 () 2.20 
50 2.65 2.XO 2. 'IU 2.35 2.60 2.SO 2. 'JI) 

55 3.20 L\5 3.5U 2.S5 3.10 3.40 3.55 
60 - - - 3.40 3.75 4 05 4.25 
65· 4.40 4.60 4.SO 4.00 4.4U 4.SO 5.00 
75. - - - 5. :lO 5.SO (1.3) h.60 
~u ó.5U 6. su 7. 1 () - - - -
YO H.UO H.40 s.xo· - ~ - -

125 14.50 15.2U 16.0U - - - -

Rack constant c.- O .3 

1.0 2.0 30 4.0 50 6.0 70 8.0 9.0 10 
Charge concentration, lb, kg/m 

41 32 40 51 64 76 89 102 

Emulite 150 p. 120 

~ 51 64 76 8,9 102 

Bulk Emultte 

t 51 64 76 89 102 12 7 

ANFO 

~- 32 40 51 64 76 89 ·-

Dynamex M. P • 1 25 

5.-1 The influence of c)wrge concentratiun un maxmwm burdcn, 81110\' 

.' 
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' Correction of B m;11 for different hole inclin;¡tion' --
lncli- Vertical 1 111: 1 

natlon 

R, 
1 

O. 9) 
1 

ll. 9h 

~- Correction of Bm.n for dif
fcrcnt rock constant e 

l Le IIJ (1.-J (). :' 
' 
L R. 1 1:' 1 (lf) () <}1) 

----
j;j 

Suhdrillin~ = 0.3 X maximum 
hurden. at lea't 10 x d. 

(m) 

The subdrilling is necessary to 
""oid stumps above the theo
rctical grade. 

~: 1 
1 

J·\ 

o uK 
1 

1 . tlll 

• .u 

2·1 1:1 

1 . ti.> l. 1t 1 

0.3·Bmax 
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U<plh uf the hole = bench he
ight + subdrilling + 5 cm/m uf 
the depth uf th<! blasthuk due 
to J: 1 inclination. 

H = K+U+U.U5(K+U) 

11 = 1.05(K+UJ (mi 

lndinl!J holL:~ havc a t.avor
.thlc anglc ol hr~.:akag~.: hl'
tw~o:L'Il thc hule~ ~•nJ thc Jll

tcm.h.:J bottum. thu~ lÍI.!l'n.:a~
ing tiH.: cun:-,tnclton 111 thl' hot

tum part l>f th~.: holc~. 

Faully drHling l.:Oil~l!'lh ut: 

Cullanng error= d (m mm 1 
Alignmcnt t:rror = ll.tl~ m/ m 
ol the bla>thole Jepth. 

d 
E =-·--+0.03XH tml 

1000 

lt has tu be takcn 11110 au.:ount 
that 1t os ¡mpo>Sibk to dnll a 
ill>lc cxactly 111 accorJ~trh:L' 

wath thcort.!th.:al cumputa
tion~. 

Buth the machines u>ed and 
the >kili of the oper"tor aflect 
the accuracy uf th<! Jrillmg. 
Thc error should not be al· 

h>wcJ to cxcccJ E as cdcu
lali.:J in arcurJancc with th~.· 

ahnVL' lormui<.J. 

711 

K 

u 

S 
• 

.!5 
'<> o -· 

" 
.:2:' 

1/ 
/! 

1! 1 , 

I
¡.L ~ 

1m 

3m 



Whcn thc practica! hurden is 
calculatcu. thc error in unll
ing h;l'-' tn he lh:ductcd. 

R = Rm:n;-E lml 

Thc rule nf thumh. 13 = d. 
\\he re B (hurdcn l i~ cxprcss~ 
cd tn metef' anú u (hlastholc 
diamctcr) i" cxprcsscd in 
mchc~. can he uscd to check 
the calculations. 

Thc hurdcn · is thc distancc 
from thc hlasthnlc to thc ncar

cst free face at thc instan! of 
th:tonatinn. In multtplc rnw 

hl<t~ts new faces are crcatcd at 
cach Uctonation. 

Praclical hole spacin~ S is cal
culatcd frnm thc rclattPil 

S = 1.25 X R lml 

Sracing is thc distancc hc'
t~Wccn thc adJaccnt hlastholcs 

m a row. 

lf thc ratio S!B is changeu 
without thc srecific unlling nr 
the srecific chargc bcing 
changed it will rcsult in thc 
fnllowing: 

S/B> 1.25. fincr fragmcntat1on 

S lB< 1.25. coarscr fragmcntatlnn 

S 

/1 
-~ 
lí 

'' 
'· 

11 S 
// = 1.25·8 

1 
71 
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Specific drilling IS th~ drilling 
nccded lo bla>l 1 cu.m. or 
roe k ami can be expressed as: 

nXH 
b =----- im/cu.m) 

nXHXSXK 

for LJuarric> and opcn pit 
lllllll!S. 

in ruad cub l.!tC. wherl! hla:-,t
ing 1s pcrformcJ w1thln a hm
llcd area, the >pecihc drilling 
1~ G .. dculat.:d p~:r row: 

nXH 
b =---- tm/cu.m. 1 

whl!Tl: w i:-. thc w¡Jth ol thL· 
rounJ . 
Thc IC~ttcr vc¡Juc will be highc·r 
duc tu thc intlucnce ol thc 
eLige holc>. 

Charging the blasthole. 

ln urder to loo~cn anJ hrt:ak 
thc rock in thc l:llnstricted 
hottom pan or the bla,tlwlc. 
the ¡.;h¡¡rg~: cmH.:entrauuu uM:J 

fnr the calculaLHill ot B
111

." 

>hould be u>cLi: 

lh = chargl" ctmccntr~tiun 

U!oJed for dctl'rmination of 
HmM,. 

Height ot· !he buttom charge: 

hb = 1.3 X 8 111 "'' 

72 

tm) 

·, 

n-H 
w-B·K 

1.3·Bmax 

w 

•' 
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The hottom charl(e will then 
be: 

(ml 

Stemminl(. 

The un \oaded par! of the 
b\asthole. the stemming. is 
normallv cqual to the burden: 

(m) 

The stemming should consist 
of sand or grave\ with a parti
cle sizc of 4 to 9 mm Rcsearch 
has shown that this size givcs 
the best confinement of the 
explosives gases. Drillfines 
should he avnided. 

lf h" < B. thc risk of flyrock 
from the upper surface in
creases. hut the amount of 
bnulde" decreascs. On the 
other hand. h.,> B. it woll give 
more hou\dcrs hut superficial 
throw will he less or elimi
nated. 

6 

l ~ /' 
' 1 

t 

7J 
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To break thc rock abovc thc 
bonom chargl.!, a column 
charge is apphed. A> this pan 
of the blasthok is kss con
stricted. the charge con
centration may be ic>S. 

(kg/m) 

Thc hdght or the column 
chargt: is thc rt!maimng part ot 
the blasthok. 

(mJ 

The column chargc is then 

(kg) 

74 

1 

= 40 to 60 'Yo 
ot lb 

ho . 
. 1 



~ot~· ~· -ill=illnll•ili"'I"IIII*Pii'ii*iil''íl*lli-iíl"ll!l-t/if'MJ•il-.-¡¡¡··-lll'llllil' .......,. -" ~ · · ~ •••~a- ·- ·-" SR 7 v•·,_,,.._,.,..~ _ _....,. .......... ..,,... .... ,_,._, o-'"'"'"'--"""' 
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The total charge pcr hole is 
the bottom charge plus the 
column charge. 

Q,., = Qh + Q, Ckgl 

The specific charge may be 
calculatcd in the same manner 
as specific drilling (b). 

nXO,nt 
q = (kg/cu.m.l 

nXBXSXK 

for quarries and open pit 
m mes. 

In road cuts cte. whcrc hlast
ing is performed within a lim
ited arca. the speciflc charge 
is calculated per row: 

nXQrot 
q = 

wXBXK 
(kgicu.m.) 

where w is the width of thc 
round. 

The valuc of the specific char
ge will he higher due to the 
innuence of the edge hales. 

' 

n-Otot 
w·B·K 

75 
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EXAMPLE SHOWING HOW THE CALCULA TION FOR BENCH BLASTING 
IS CARRIED OUT: 

Cunditions: 

Bcnch height: 
Width of thc round: 
Blastholé J!amcter: 

. Roe k constant: 
Holé indination: 
Explosivc: 

Charging condition: 

Calculation of drilling pattern. 

l. Maximum burden. 

!3,.., = L45y¡;;-

2. Subdrilling. 

u =U J X H 111.u 

3. Dcpth of blasthole. 

H= L05(K+U) 

4. Error in drilling. 

d 
E =-- + 0.03 X 

1000 

S. Praclw<ll burden. 

B -= l:3m.n. - E 

(J. Practica! spacing. 

S= 1.25 X B 

H 

K = 15m · 
w =26m 
d = 76 mm 
e = 0.4 
3:1 
Emulite 150 in 65 mm p1astic hoses Jropt into 
tht: hule. 
Dr} holés 

Chargc conccntratiun. lh. i~ lounU m table la 
anJ IS in this case 5.0 kg/m. No corrcction for 
hok lnchnallon or ruck con~tant . 

. _ll,,_" = 1.45 v')ll = .1.24 m 

H = 1 ll5( 15.ll+0.97) = 16.76 m 

7(1 
E = -- + U.UJ x 16.76 = 0.5~ m 

1ll00 

B = 3.24 - U.5~ = 2.66 m 

S = 1 25 X 2.66 = 3.32 m 

7. Adjustment for width of the round. 

w 26.0 
-- = 7.83 = S spaccs 

S ].32 

76 
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width 
s,"; =------

No. of spacesirow 

2n n 
= -- = 3.25 m 

8 

Note that thc numhcr of holcs m a row is thc numhcr of space" +l. 

R. Specilic drilling . 

nxH 
h =---

BxKxw 

Calculation of charges. 

<Jx In 7n 
h =----- = 0.14:' m/cu m. 

2.óó X 15.0 X en.O 

9. Concentration or bottom charge. 

1" = 1" for thc dctcrminatinn 1" = 5.0 kgim 
of Bm:n In accordancc 
with tahlc 1 a . 

10. llcight or thc hottom chargc. 

11. Wcight of bottom charge. 

0, = J, X h, 

12. Stcmming. 
\ 

h .. = Fl 

0¡, = .J X .>.24 = -1.20 m 

0 1, = 5.11 X 4 cll = 21 11 kg 

D. Cnnccntration of column chargc. 

14. Hcight of column charge. 

h, = H - h, - h,. 

15. Weight of column charge. 

0, = 1, X h, 

16. Total charge. 

o .. ,= o,+ o, 

17. Specilic charge . 

4 BxKxw 

h, = 16.76- .¡ 211- 2 6ó = 9.911 m 

O,= 2.50 X 9.911 2-1.75 kg 

q 

2J.(Xl + 24.75 = -15.75 kg 

9x45.75 
= 0.40 kgicu.m. 

2.hhx 15.11x2ó.ll 

77 
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ltthc bla>l ¡, not ilmitcu w a ccrtain are~. thc spcc1f1c drillmg anu >pccific chargc 
wall he lowc.:r. 
In thc.: ...1buvc.: cxamplc, the ~pcL"ltiL" ~.:hargc will tlh.'n h..:: 

Ü1uc ~5.75 

4 
UxS:.cK 

4 
2 ob:<3.:12x !5.0 

= IU5 kg/cu.m. 

In 4uarr~'1ng thcn: 1s nu net.:d to aJJUSt thc sparing hl!twccn the hules and numhcr 
uf huk~ in acL'unL.wcc Y~-lth thc wiJth t)f tht: cul. 

Summarv 1.JI nnportalll Jat;¡ · 

l3~..:ndl Hok Bnuum Column Spcc1fic 
hc1ght Jcpth Burucn Sp.lL'I!lg chargt: chargc drililng chargc.: 

111 m 111 111 kg kg. m/cu.m kg/cu.m 

1 :i .11 1 1 (J K 
1 ~ h5 -' 2." 21.11 2-l.X 11. 1 ~5 11.~11 1 

l>rillin~ and ..:harj.!in~ tablt:!!l. 

Thc hlllnwmg tahil·.., g1vc.: thc compuh:J k.cy Jatu hn J¡f,fcrent blastholc dia~ 

lllL'(L' f~. 

Thc tabk~ g1n= thc valuc~ lor hctll.h hc1ght:-. h1ghL·r than ~ x Brn.u·lowcr bctKhcs 
wdl be ucalt with ,cparatcl) (Scc Lc,clingl 

Thl: úr~t two tahks ~tvt: thL key Jata tor Jnll s12nes ll and 12. These series are 

lkvelop~:Ll m.unly fur lll.Jllu:.d Jnlling. 
Th~: ~enes~~ d ~erll.:~ ot Jnll nKb \\'lth LarbtJL-ttppcJ bits, inue~ismg o.g m in 
kng.th anJ Jt:crL.t~ing l mm m JJ..illlctt:r bc.:Lwe~:n une Jrill rud anJ the next onc . 

.- ,-, - . -e- -.-
E 

<Xl o 
E 

~ ~ 
E 

034mm 
... _ 

E "' N 
M 

'-

1 
1 

033mm 

'-L 

032mm 

·-~ 

03tmm 

F1¡;. 5.5 l>n/1 .1enn //_ 

~.._..._,.. ........ ' ~ ¿'t··~· ~.· .. -~,--
~~~~~'Sl;;< 



l 
Thc drilling and charging tahlcs for Emuli te 150 mav al so he u'cd for Dvnamcx M 

[)nllm2 .md ch.trl'lnl! t.thk fnr drdl '-l'Til'" 11 

Hla~lh••k tlt,tmt·tt.:r .U-~h mm. 

E'<rln .. t\T 

1 lnk tndm.llt~>n· 

fknch hcu:::ht 
fiPk th.uw.:tcr 

l'r.ttttcd hurtlcn 

l'r:~etJC.tl "r·•unc 
"\tcmnttlll! 

Hn1tnm ch.tTI:L' 

( Pnccntr,tlt"n 

lki¡::ht 
W{·t~ht 

Cnlumn lh<Ht.!l' 

(·,,nccntr.ttl<tJl 

lkteht 
Wct!!hr 

l'tll.tl l h.lf!-'l. 

Spn·dtl' dnlhrH: 
<.;fll'ltlt( l·h.ITf,:L' 

r mulrll' 150 

·'· 1 

...:: lnt) 

d /mm) 

H lml 

1! 1m l 

\(ml 

h lnll 

1, lml 

h !mi 

u. ( ~ !;-) 
O .. l~cl 

h 1 rn Lll ''' 1 
q 1 \..~ ut ml 

~ !1 

11 

111 

111 

11 ,.-

' ' 
11 

~11 

11 .._., 

1 .:;¡1 

1 1" 
1 l'-

1' 

p_..,, 
1 .,,, 

].JI! 

..l \11 

111 

111 

111 

( 1 ;¡, 

_J f>il 

111 

111 

n ih ,,, 
1 =--

5.10 

()'i 

"' 
[)'> 

11 71 

r h'' 
l. l." 

1 _1M 1 

'"' 
[1 71· 
1 fJI 

1 1 < 

n q~ 

l ..:u 

!1 hh 

1 1 w' 

,,..¡_¡ rtll ltJI ~~-~·" r•':-. ~~~" olr, H.n 
f!tiO n¡;; r;<n 13" 1.'<~ 2J" '1111 ~¡,-. 

11 1111 11 \11 11 ~~~ 11 '111 1\ "711 (l l)f! 1 ¡¡<; 1 ~~~ 

1:•• ¡w 17tt ¡;.:; 111" ~n<; ::n :~o 

11 -.:1~ 11 ~,-, n -:¡n 11 "."r.t n7-:1, n :nr.1 11 .-..:q(, !1_ 1h:fl 

11111 11<r, 11<.1 ¡¡n 111.' ou tl~'i O'" 

The reductinn nf thc <ha meter nf thc blaqhnlc fm c<JCh dnll rod u'cd has tn be 
takcn intn accnunt in thL' Urill and ch;lr!!,C calculatínns. 
Drdl1n~ antlch.trl!ml! r:~hlc f,,r drdl "l'fiL"~ 1~ 

Bl;¡qhnlc di.mll'tl'r -lO-:.'ll mm 

Expln~t\'t' 

l!Pk lndln.Jiu'n· 

llcnch hl'l.J.!hl 
link th:tnll'll'T 

IIPk- tkprh 

Pr:~ctrcal !">urden 
Practrc:tl "r-tnn!! 
Stcmmm~ 

lln1111m ch.Lrgl' 
Cnnccntr.llttlfl 
llc1gh1 
Wcr~ht 

C(llumn chargc: 
( 'nnccntratHm 
llc1g_hl 
Wcn::ht 

FmuliiC ¡.:;¡¡ 

_\_¡ 

" ( 111 1 
d lrnml 

11 lml 

B (m) 

S (m) 

h .. (m) 

'~ ( )..~.'nl) 
h~ lml 
ü, lkgl 

1, (m) 

h, (m) 

Ü, (kg) 

o .... lkgl 

411 

411 

(7 

2 1111 

2 ;o 

11."(,1 

fl.:.'." 
(l]'i 

-1 ~11 

:.' i() 

j 11 

-l ill 

111 
:.' 1 ~~ 

1 rt.¡ 
1 on 
:.' (1(1 

()1))< 

_1)1) 

)1)(} 

o ..)1) 

2 'i) 
1 2" 

.1.15 

11liH 
1)(1 

1.411 

0.-lll 

_1 1) 

l.<:;) 

J -l) 

(,() 

.~:.' 

(1 75 

1 15 
1 J5 
1 1< 

o -llí 
.~.HO 

1 75 

_1-l) 

7 ,, 

15 
,-l!l 

1.'> 

11 CJ2 

~~~ 

1 7!1 

J 711 Tot;tl : har_gc 

Spt.:clfJc dnllm~ 

Spccrfll' ch:~r_gc 
h (m/cu ml 11 .itl7 n ~11-..: n ."ll n ..-;_..-;n o 5~l1 o.n.11 O-h75 11 :on 
q (lo-.!!'cu ml n _n o .1.' 11 ·'-' n .~.1 ll 3.1 O .15 tU) 11..\h 

[f excavJt1nn IS not carneO ~)ut bct\\Cc:n lhc rounUs. 1t may he ncccss;try to 
in crease the spcciftc chJrge. 
ThJS can be dnne cither hy dcn,cr.drilling nr hv mcrcasmg thc conccntration of 
thc column chargc. 
Normal\y thc lattcr alternatr\c will o;;ufficc. 

7ll. 
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Fllt hoh.: im:linattlHl~ otht.:r th;_¡n 3: 1. th~ ClHf~f..:t hurdcn B anJ spaclllg S are 
l>hlalllc.:U hy muluplying by thc appropri.Hc rcJuction factor tn tahh.: 2. pagt.: 6i.)_ 
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For hole inclinations other ihan 3: l. !he corree! burden B and spacing S are 
ohtaoncd hy multiplying by thc appropriate rcduction factor in tahle 2. pagc 69 . 

l:11:rto"""c: 
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1 f11k mclrn.llinn 

lknch hl'll!hl 
llnll' 11ianll'll'r 
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EXAMPLE OF CHARGE CALCULATION FOK HENCH HLASTING WITH 
ANFO IN VERTICAL HOLES. 

ConJitions: 

lknch hctgln
Wtdth uf thc rounJ: 
Blastlwk Jiameter: 
Hule 1ndm.ltiun: 
Explo>iv~: 

Charglllg ú>nJJtllln: 

Cakulatiun uf drilling pattcrn. 

l. 1\laximum burdcn. 

U1n.u = 1.3óV~x K 1 

2. Subdrilling. 

u = () J X ulll.ll 

3. Ucpth of blasthulc. 

H= K+ u 

... Error in drilling . 

J 
E = -- + lJ.UJ X H 

lli<XI 

5. Practica! borden. 

U = 8 111 ,1,- E 

6. Practical spacin~. 

S- 1.2) x B 

K = IK m 
w=.¡Om 

d = 102 mm 
Vertical 
ANFO. pourct.l into the bla>thole 

Dry holcs 

Charge CtHH.:t!ntralion. lh. is founU in tablc la 
and i:-. in th1s c.1:-.L' ó.S kg/m. Curn:(tiun lor 
vertical Jnlling ts found tn tabk 2 and is O.Y5. 
No currcct10n fur ruL:k con~tant. 
8, ... = I.Jti x y¡;:-:~-x O.YS = 3.24 m 

U = U.3 X 3 2Y = U. YY m 

H IK.O + lJ.YY = 1'1.00 m· 

1112 
E = -- + 0.03 X IY.tJU = U.67 m 

llJlJl) 

H = J.2Y - 0.67 = 2.62 m 

S 1.2:i x 2.62 = 3.27 m 

7. Adjustmcnt for width uf ruund. 

w 

' 

s.idl ~ -----· 
No. o! :-.pa(¡,;~/rdw 

K2 

40 

J.27 

s.U..IJ 

12.23= 13 spaccs 

411 
= -- = 3.U7 m 

1.1 

.' 



Note thet thc numhcr of holcs in e row 1< thc· numhcr of' speccs +l. 

R. Specilic drillin~. 

nx H 
h =-----

11xKxw 

Calculation or chaq~c. 

IJ x 14fUI 
11.141 m'cu.m.' 

2 he X 1 X X 411 

lf"! thc C<t'\C of ANFO thc chargc cannnt he dividnl into hottom chargc and 
column chargc ;¡.;; it cons1"'" of only nnc cnlumn of chargc with thc 'ame chargc 
concC n t ra t ion 

<J. Stemmin~. 

h., = 13 

10. Char~e concentration. 

11. 

12. 

IJ. 

lh = lh fnr JctermmJtlnn 

of Bm .. ~· Accord1ng 
to tahlc 1 a. 

Hei~ht of char~e. 

h = H- h., 

Wci~ht of rhar~e. 

Ü = !,_ X h 

Spccilic rhar~e. 

n x ü 
q 

BxKxw 

Summarv of impnrtant data 

11cnch Hnlc 
height dcpth 13urdcn 

m m m 

IR.O 19 o 2.A2 

h., 

lt = 1'1.1111 - 2.A2 = 1 A.-'R m 

q 
1-lxlllhS 

--- = (l 7'1 kglcu.m. 
~. (l~ X 1 X X 40 

Snccific 
Spacing Chargc dnlling chargc 

m kg m/cu.m. · kglcu. m. 

J.m !OA.5 O. 141 0.79 

The high spccific chargc dcpends to a largc cxtcnt on the ovcrcharged column 
part of the blest. 
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Drilling and ~har~;ng t..Jbk::; hlr bla:;thoks charged wuh ANFO. 

For hole ínclínatíons olher than .1: l. the corree! hok hunkn B arH.i >pacrng S are 
ohtamei.l by mullrplyíng by rhe appropríate reJuction factor in tabk 2, page 6Y. 

Ortllutg . .u\J ... h.Jr~JII~ 1.~hk tur ht..~,th"k d1.lmt:1cr ut tH mm 

[.\plt"l\0.: .-\."..;Hl 
flok III~IIII.JIIUO. 1 1 

lknd1 h..:1~IH K lml lllt 7" .'i u ,, ll liJO II.U 1~ u 1~ o lloh: Jl.llll<:l ... ·r d l 111111) 
""' 1>4 ""' .... 1>4 1>4 ""' .... 

llolc Jq11h H(rnl 7 lH 1 /'i 110 4 111 111 10 11 ~ll ~~ ~u IJ Jo t:'i ~u 
Pr.¡.._·¡l.,.·..~t hurJ.,.·n B (m) 1 '/() 1 '111 1 l'i) 1 xu 1 xo 1 75 1 70 1 h'i 
Pr:..~ ... ·1u •. 11 ~p..~uu~ ~(m) 2 -lll 2.35 ~ .\ll 2 .\ti ~ 25 ~.211 2 20 ~ 10 
~[Cillll\1111.! h .. (111) 1 '1() 1 '1<1 1 Si 1 so 1 su 1 75 1 711 l.h5 
( 'h.H!!C :\1\.f{) 

Ctlll\CIIIf..llltH1 t .. l~g 11\) ~ t>l) 2 ¡¡j¡ 2 hO 2 hO ~1>0 2 hU 2 htJ 2 hU 
Hct~ln h liH) -1 loO i hO (\ 7". 7 ;-;u X '!ll ').•15 " 111 l.l 25 
Wc1~ht u ll¡!) 12 CICI l-1 ¡,tf 17 (11) 211 .iO 23 111 25 '.lt) 2X l/11 3-1 5o 
Pruncr l:ruu!n.,.· 1 iU iu. 55ll mrn ;o 1 111 1 _;o 1 JU 1 J(l J.JtJ 1 JU 1 Jo 
·¡ ut.d d1,H¡!l' (),' ( l¡.:¡ ¡; \11 1 ~ <)1) 1·'-' ')IJ ~1 ('111 2-1 -10 27 20 Jo 20 1~ 1".11 
!':1¡11..: ... ¡1¡~· drdlm¡; ¡, llll ~u lll/ 11 .2"/l u 25n 11 2n7 n ~71 0.277 U 2X/'i 11 21Jó 11 J 17 
~pc ... ·Jtll dl,_¡Jgc qllgulfll/ 11 .,!<) lt i¡ (1 it> {1 i/'i o (¡j] 1Ul4 (1 ó7 1) 74 

Thc spccíf1c chargc incrca>cs w1th lhe hok Jcpth as thc unchargci.l part of the 
hule (>lcmming) i> long curnparei.l to lhe bench herght in lowcr benches. 
The use of pnmer wrll nol et'kct the huri.len <>r spacing unless the primer is of 
con~idcrable ~ize. 

Drlllmg .UIJ .,.J¡.¡r~ln¡; l.Lhk lnr hi.L~thuk ,l!,.,u~ ll r t>l 711 111111 

Lxplu'1~~. A N ro 
Huh: JlldUl.IIHlll .11 

lkn..:h th.:;ght "-1111) ~u llJU 12 lJ I·UI 15 u 16.0 IH.U ~o.u 
Hule tiJ.Jill.._·tcr J {111111) 7tl 71> 71> 7ó 71> 76 76 76 
Hule Jcpth 11 t m J ') 211 1 J .lO IJ -*ll 15 5ll Jó bO 17.00 !'J. 70 21 KO 
Pr.u.:tJul hunh:n H(m) ~ ~o 2 211 2 ¡¡¡ 2 05 2.00 200 1 'JO J.H5 
Pr.lL'IL!.:.ll \p.Jt:lll!! S (m) 2.;->IJ 2 70 2 t>5 2 55 2 50 2.-15 2 -10 2 JO 
Stcmm1·1~ h. (!11) 2 211 ~ ~l) 2 10 ~.115 2.011 ~.00 1 '1<1 l.HS 
Ch..trg.._·. ANI·O-
Con..:cntr.LLLun 1" (lgrm¡ ; nll J 011 J hO J h(J J 60 

3 "'' 
J O() )ó() 

Hc1ght h lml ¡, i(J S í11! ll!.KO 12 1}5 1-J 10 15 IU 17 .Jtl !Y 45 
WcJ~dH V ikgl 2.\ -10 JI oo JX.':IO ~(¡toO 5u r-:o 5~ 411 ó2.JO 70 1.111 
l'runcr Lmultll· lill . t>)-< jiu mm 2 ~11 ~ 2o 2.2tJ 2 211 2.20 2 20 2 211 ~ 211 
1 tH:..~J ... harg..: V, .. , tlgl ~i t>O JJ ~~~ 4 J. JI) -IX.XU 53 110 5() bU 04.50 72.2U 
Spl.!\.'llh.: Jrdlmg h (mr..:u m) () t.•i7 () Jl)IJ o 200 1) 212 IJ 221 11 224 0.24-0 U.25ñ 
Spc...:tllr.: ..:hargc q l._g.. .... u lll) u .'i~ () .'ih () (d u ó7 0.71 on 0.7Y U K5 

o4 
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Drilling and charging tal'>lcs for nlastholcs chargcd with ANFO. 

For hole mclinations other than 3: l. the corrcct hurden R and spacing S are 
ohtaincd hv multiply1ng hy the appropnote rcductH>n factor in tahlc 2. pagc fi9. 

F~piP,I\C 

IIPk tndtn,ltu•n· 

lknch hctcht 
1 IPk lh,nnt•tcr 

1 lnlc dcpth 

rr.ll"ttc.d hurdcn 
l'r.t~ltl:tl 'p.tnn~ 

'>IL'!nnllll~ 

< h.HCl' ANI ( l 

( 'nnu·ntr:lttnn 

!ktt:ht 
\\'et.c.ht 

rPtaJ Ch,lTCC 

Spce~frc drt!hn.c 
\pccd1e ch;-¡rcc 

r~r'(l"'"c 
llnlc tncltn.lttnn· 

lknch hc1ght 
1 lo le ~hamctcr 

ll(•k dcpch 

Pr.\C!Ic:d hurdcn 

l'racttc.tl "fl.lung 
Stcmmm_c 

Char~c. A N rO· 
Cnnccntratron 
llctght 
Wetg.ht 

A~H1 

1 1 

~(m) 

d !mm) 

H fm) 

Rlml 
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h lml 
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h /m) 

f) 1 k ,el 

O .. ,fl. .. _!!l 

h lm'ru.ml 

qllcruml 

ANFO 
1 1 

Klml 
J {mm) 
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H /m) 
S (m) 

h, (m) 

k (k!!'m) 
h {m) 

o il~) 
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2 ifl 2 Nl 2 5" 2 ~0 2.-10:. 2 JO 

t>ll .l~!l ~~~ J!ll l!O tiHl 

27!1 :hrl 2"5 "'1 :-1" 2-111 

5rNI '\{lf! _';1111 '>1~1 '\(111 

h :11 ,1\ Jll 1115-\ 1: "ifl 1.17" 

t¡ m .e 1~1 52~~~ 6.~ "1! h.'\.711 

5 00 

1~ 1111 

7-t "" 

1'- n :nn 
S\J )-111 

2.'" :;tn 
2 ¡¡e, :!. XC. 

1<; : lO 

" 110 
17 !J'i 

,1.1 <; lO 

5.1111 

l't :n 
%011 

.1.1.211 JJ :o ..-~m h".71t 7fi. 1IO 7h 711 t-~.7 .:"11 \JH )1 

!1 J.l2 11 1.1-l O IJI o 1~" O ¡.n ll.l"" fi. 15\J 11 lfVi 
ll-17 11'>2 llq llf,J llh2 1)(,¡ 1170 07" 

10() 
1112 

IJ fl 

1112 
1" 11 
1112 

]11 11 

lil2 
IX O 
1112 

211.0 
1112 

~::.o 

Jo: 
t t NI u 111 15 sil 111 "o 11 941 :n.oo :: 10 2-t ~n 

J (1() 

l Sil 
JIN) 

2 ()(! 

1 hll 

2.<11l 

: ¡;;, 
J 511 

2 75 

tt ~n 

1ft 75 

2.711 
J JO 

:.70 

tl 50 
IX.90 

2 h5 
J JO 
2.h5 

f¡ 50 
21 Oj 

lí 50 
H 10 

'i1 IWI 

lí 50 
1n .25 
h7 on 

(1 .:"11 

1: Jll 
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Dnlltng an charg111g lahlcs for llla>lhL>Ics chargc<.l wnh ANFO 

For hok· lnl'lmJtulns uth~r than J: l. thc corrc..:ct hun..fen 13 anU spac1ng S ..Jrc 
~lbi..HilL'J hy mult1ply1ng hy th(..' .1pprupnatc rcJuctiun fa~.:tor in tabk 2, p;_¡gc.: ()lF. 
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Thc main prohlem when i'>lasting w1th ANFO !S thc hreakagc m the hnttom par! 
of thc hla5t as thc hottom part of thc hla"tholc. more oftcn than not contain" 
water. If the ANFO is contained in plastic hoscs. thc diameter nf the explm¡vcs 
column wall he rcduccd anl.l thc chargc cnnccntratwn v~:d\not he htg cnnugh to 
break thc cnnstrictetl hnttom par!. lf the t\NHl" pouretlllltn thc wct hlastholc 
it will dcterioratc rap1dlv and the dfcct w!ll he thc same 
t\ c.:;hortcncd hottom chargc to rcanfnrcc thc pnming nf thc ANf-0 ha.~' ~hov.-n to 
he cffcct!VC. Thc hcight of thc rcinfon.:nl prlmlng 'hnuld hc O Jx Bm .... givmg il 
hPttnm chargc which ic.:; c.xtcndcll ahnvc thc thcorctlcal .!!radc. Thc rcmforccd 
pnmcr makc" it pnc.:;,,hJe. tomcrcac.:;c thc hurdcn and ..,p,tcing \\'lth 7 r:;. cach. Thc 
~:wings in cost:-. nf drilllng and ... ccon~bry hb,.tmg of thc toe are ..,ufficicnt tn 
JU"itify thc htghcr con..;umption nf hig.h cxpJo,tq~s in thc hJ;¡~t. 

Thc following char~ing tahlcs give the guidc linc> fnr hlasting \\lth Emul1tC 150 
ao:; rcinforced primer and ,\~FO as column chargc. 

For holc inclinatH>ns nthcr than 3: l. thc corree! hurdcn B and <pacing S are 
ohtamed hv multiplying hv the appn,pr"tc rcduction factor 1n tahlc 2. pagc 69. 
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for holc inclination-"' nthcr than J: l. thc corrt.:ct hurdcn B and ~racing S are 
ohtaincd hy multiplying hy thc arrrnpriatc rcduction ractor rn tahk ~- pagc (1l). 
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Lcvcling "'th drill scnc• 11. 
Dnllm_c ;md ch:rr¡.:m.c l.rb!c fc 1 r drlll<.nrc' 11. 
BJa,thPic íh.rmctcr' ~.J-2fl mm 

E'<pln,r\T rmuillL' J'in 

!!ole iru:lrn,llr~>n ~- 1 

Bcnch hc•,!!ht K (m) r r _::o 11 :Jr " 111 n 1111 n sn 1 '" 
llt11l' tk11nctcr d 1 mml 1.j " 1j 1.j ~ ~ n 
link dcrth H (ml o¡,¡¡ 11 h!l n h/1 n.qr¡ 1 111 !. .. jj 1 

Practrt·.ll f,unkn Blrnl t 1 jf) (! _lf) 11. j(l 11 '\rt 11 flll n.:-:n 
Pr.tctic:.ll 'racrn_!.! S fm) n _;;n n ..;o n ." r 1 11 (,..; n 75 1 ,1 H 1 

Bnt!om ch.rr~L' 

( lllll'L'Illr.llrPn 1 .. 11-.l.!'lll) 1 '" 1 "' J IHI 1 011 1 Clfl 1 1111 

lki¡.:ht h .. {m) n r r::. 11.1 r¿; 11 n:; 11 111 11 _:rr 1 1.-lll 

Wcq:.ht <),lk~l n n¿: o¡¡.:; 11 ll:' 11 111 n :n 11, .tn 

Cc,Jumn ch:tr!.!L" Ü, ( ht.:l () 0!1 111111. 11 1 H 1 11 1 H 1 r 1 or 1 11,1111 

Tnr.d rtnrcc O .. 1'!'1 11 115 n tr.::. 11 ll." 11 111 o ~n ll Jll 

Sh.:mmm~ h. 1m) 11 51l r J . ..;n 11, .'!1 11 Sil 11 !JO 1 ,11!1 

"J,l:l'rlic dnll.rn).! hlm'"ljllll -~ 1 H 1 ~ 1\0 .\ ( 141 2 ,'\1) .: _¡::; 1 r.;; 
Spccifl(.: dur¡.:c q (~!!:"q ml () .: .:; 11 _:.;; o ~5 11.11 (1 ...f.;; !l,'ill 

Srccd~r d1.1r~t: q' (I..!!'CU lll) 1 2." n '·\ r 1 11.\ 0.5! n 5r, tJ 'i( l 

Thc ~rec1f1c drilling and .'-rl'Clflc ch.1r~c :1rc c;dculatL'd m rclat1on to the hla..,tcd 
;¡rca cxprco..;scd m mi"q m. and h.~i"q m 

fhc con"umpllon pf dcton;IIPr" and cxphl'-Í\t.''- i.-. high in IP\\ hcnch hlasting. Thc 
Cll'-1 ni Jrill!ng i.'-. !11gh duc In thc close drilhn~ panern 

lf thl' hntltHll of the cut ~~ nnr re,trictcd to .1 L'L'rt:lm le\ el. it ¡..., cconon11cally 
fa\'nrahlc lo 1ncrca'c thc ~uhdrillm~ :1nd qi/-,,cquL·ntly incrca..,c thc spacing 
hctwcen thc bltl.\1 hok'. 
,\\ <1 COTl"il't¡U!.:TlCC nf thc dcerL'r drililn~. thL' fl<.,l._ ni ll~fOC~ \\ÍIJ he fCdUCCd. 

A 'llitahlc dnll dcpth IS 1 1> m wh1ch is 1hc kn~th pf thc 'l'l'<•nd drillrnd in thc 
mtcgral o..;cnc" No. 11. Thc <.llame ter of thc dnllhit '" 3.~ mm. 

Cnmpari,.nn nf consumption nf cxpln"J\'l'" :ulll dct,,natnrs ao..; \'o:ell as .-.pcc1fic 
dnllmg for a hcnch hc1ght ol O ..t m whcn drilkd corncntH,nall~ and \\ 1th 
mcrcac.;cJ <.;uhdrilling. 

fknch hc1ght 
Hnlc dcpth 
Practica! hurucn 
Practu:al o;;pacing 
Chargc nf cxplosrvcs pcr hole 
Ch<~rgc nf cxplosivcs pcr "4 m 

·Nurnhcr nf dctonators pcr 't¡ m 
Drilling pcr '4·m. 

Ct 1m L' n 1 rnna 1 

tU m 
fl.h 111 

ll~rn 

0.5 m 
11.115 ~~ 

fl.~) J...g 
:- (1L'' 

:; () 111 

1 ncrea..,ed 

"uhdrilling 

11.4 m 
1.6 m 
ll.lJ m 
l.lm 
11.~ k~ 

o 5 k~ 
1 re 
l.hm 

'll 
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Onllinp: .111d ch.~r_!!ill)! !ahk ft,r lnw bcnchn 

Hla..,thnk dr;un":IL'r 76 mm 

rxrln ... ivc f.mnlitc 1 :'ll 
link Hll'iln.lttnn: .\. 1 

fknL·h hL't)!hl K~ml no ~ llll _\.!Jil .l 1111 :\ _(ll\ (,_1)1) 

link d!.tnll'IL'f d lmm) lh 7h -;,, -;'(, /(, /h 

link dcpth 11 lml "' ~ 11(1 ~ ,"'ill :\ 1111 (, .:n 7 .lll 

Pr:ll"IIC.II hurdcn Jl lm 1 l. 111 '" :;n 1 711 ~ IHI .: (lfl 

Pr .ll't rL·:rl "r:rc• n _1.! _~-, r rn l ·.\f) 1>11 ~~~ ~- lfl _:;o 3 .:n 
Flottnm char~c 
Conccntratll,n L. n.{m 1 1 :'1 511 ~ .l/1 ~.-111 \ _:;¡¡ j '\!) 

llcr~ht h~ fml 11 .. \S ()() 1 111 ~ 1111 2 .llll 3 llfl 
\\'l'tj.!ht ü. ,,~, 11 :'7 _ _.:;11 2 (ll 1 .l.~~~ 7.1111 13 :"11 
f.xplo ... i\'C" drtnL'n<;ron (rnmJ .)11 -lll _:;o _:;o (,1) 711 

( t'lurnn char¡.!L' Ü, 1 ,~1 () 1 !( 1 f) 20 fl {10 ti;-.:¡¡ \ (u l _, (111 

Tot:d char~c o ... ,''~' fl _:;: 7() \ ~~~ _:; ,,¡¡ 1 11 1 K 1 1 ~- 111 

Stcmmin~ h .. lml 1 .:n 11) 1 _:;¡¡ 1 711 ~.00 2 (,() 

Spl'crfrc drrUm[! b (m/nr n11 1 12 1 l (,_\ !1.47 11 " 11. 2:' 11 1) 
Srcclfrc ch;rrgc 1.1 (k!!-lcu m) 11 .JII ·11-ll 11 .j[ 1 11 N 11 .JII f) ."6 

Lc\'rlinc uith mini-holr techniquc. 

Nitro Nohl.'l ha" dcvL'IPpL'd .1 ncw tcchn1quc tnr rnrk hla~tlll!! rn 'cnsit1vc cnvi
rnnmcnto;; Thc ncw tcchniquc. hla..;tm!! wJth ~2 mm hla~thniL'~ and small chargcs. 
'" rre<...cntcd in dcrth 111 Ch:1ptcr 1~ lll1\1m!-h(lk hla\trn~ 
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5 . .; Sccundary blasting. 

Se~.:~'llLL.uy hla~llng mean~ lhc 1re.~1rnent uf huuiJer~ rhal are ~lill con~idcrcJ btg 
L'lhJugh lo c.tu~c ob~tru~.:tlon Ul ~uh~cyucnt uperaliun:::, hke cxGtVattl>n. trJn~port 
.. .111J cru~htng 

Thc h .. 111Jimg ot huuiJcr~ 1~ normally vcry c.xpcn:::,ivc .. md !he aun in all hlasting 
llf1Cfai1Uib lllU~I hc tu J\'UiJ ~cconJ,lfy bla~ting. C~uduJ pJanning and CXCCUtion 

ol a hla~l m ay Lh.:cn.:a~c tht.: .nccU of scconJary Olaspng lo a minunum. (Sec 
Ch~1ptt.:r) 6 Fraglllcntation.) 

:\.., 11 •~ 1111f1o~:-.ihk hl compkt~..:ly avo¡J b~.JuiJcr~ 111 bla~ting upcration~. lhc 
prohiL:m h.t:-. ID hL" t~1lo..cn carL' ol by hl.t~tmg. 

The llhJ~t WH.kly u~~.:J mclhuJ ot hla~ling houiJcJ:-. 1~ by Jrilling une or more.:: 
hJ.~...,tihJic~ 111 tht.:m. ThL' hl.~~thold~ 1~1urc JnllcJ ~o that thc e\plo~1vc can be 
pl.tL·cJ in lile ccntcr nt thc m~¡~...,~~~ thc hou!Jcr. wh11.:h rcyutrc..., a hoh.: ~ltghtly 
Jccpcr lhan h..tlt tht.: thid,nc~~ ut lhL· huuiJL·r. 

A~ lllluiJL·r~ 1c~ulting trum hi.J...,Iing havc h\..·cn c.\po~cJ to ~trc~ses Junng 1hc 
hla~l. lhey Cllntalll a 1{)1 ot 1111cro...,cop1c crack~. thu~ maku1g thl!m rdativcly t.: a~ y 

tu hla .... t L·omp~~r~d \\llh n.Jtural 'otOilL'~. ·(SL·c Chaptc:r 12.1 Ulasung ot natural' 
houldcr~.) 

fllf hl.t~tlng ~,,¡ bnuil.kr~ fL''ollltlll_:! lrorn hlasb. a ~pt:CIÍIC charg~ uf apprnx. 
tJ tJh ~gtcu m. h llcl.'JcJ 

S~:c,umJar} hla~ting. 

Size ol Tlllcknc~..., 

hllUIJL'f ol houiJL·r 
L'U .lll. 111 

11 ) 11 S 
1 .11 111 
211 111 
1 11 15 

Dcpth ol 
hl~1~thuk 

111 

JI~) 

o 55 
()55 
o,'\() 

Numhcr of 
bla>tholcs 

, 
o 

Chargc 
kgiholc 

U.03 
O. Oó 
().lió 

11.1)') 

\VhL·n :-.L'VL'f.d hla~lholcs are u..,eJ in a houiLiL·r. th\..· initiation ~houlú he carricú 
~1u1 Ydth llbt;.Jntancou!'l J.:tonator~ ~,,r Jc.:ton.uor~ with the same imerval numbcr. 

' 'r 

' 

' ·~ "\ /" L. 
~~~ ·~ e .. - ,, .Y ¡.- y 

Fi¡; 5 ó Secondary blusung. 
')~ 

,, 
,, 



5.5 Opening of the hench. 

Gene rally. hcnch hla"iing i~ unJcrstoll<J tn he hla~ttng. of vcrta::al. pr cln..,c: tn 
vertical. hlasthnlcs t0WéHl1'\ a free facc. 
Occa.;;¡onally. no free facc ¡,.él\ ;uhhlc and thc cnnditum" fnr hL·nch hJaqtn!! h,J\T 

to he crcall'd. 

Thc simples! \\ay lo Un thi"> J"i by u'i"!:! a l:n1 cut pf tlll' t~pc 'htn\·n hc~P\\'. 

Thc dnllín~ rattcrn and charging of thc hla.'iholc ucrcnd uron thc hla,tholc · 
lhamctcr and C'<plo<..ivc uscd. GuicJc valuc' for dnlling ami chargc c;llcult~tlnn" 
are fnund m Chaptcr :'- 2 Chargc calculatinn .... 

Nntc that thc hurdcn mu..;t he calculatcd 111 rl'l.llinn lllthc chargc conn .. ·ntr.Jtion 
tn thc hnttnm nf thc hok. 
Thc fan cut CTC<IIC'\ él ccrt:lln fl"ik of nyrnck. C;m: muo.,t thcrcfnrc he taJ...cn cln ... c In 
inh.tb111:J arc<l". L''pcciall: 1f thc hla ... thok· di.nnctcr ¡.., f.TCalcr th.m -W mm 
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Fig 5 7 Opcning o{ tll<' hmch 
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Ftg 5.8 11/u,r a·tfh :.!.oud rod ... Jragmeflfatlun, IL'\ult of h/ast m Fi~. -1.1. 

5.6.1 Small rock fragmenlalion. 

liuoJ r~h:k lragnh:nt~tll>n i:-. a .,uhjcl'tlve maÚL'r anJ UepL"nds on thc cnd use of 
thl..' ru~.:k. 

Thc; J~.:~1rcJ ~ ... h:grl'c of fragnH:IH~Ition abo JcpctH.ls u pon of the type and ~ize of 
l..'t¡uipmcnt whH.:h 1~ uscJ for thc ~Ub.'lcqucnt handling of the ro('k. 

L11gt.: loaLh:r:-.. trucb ami cru.'lhcr:-. can allow larger fragmcntation. but it is a 
~umnwnllll.'ll'onception that largc1 lr.¡gmcntatll)n can he alluwed because largc 
loathng. transpon amJ L"rU.'Ihing eqUipment i.'l used. Thc large stze equipment is 
Jc.::-.1gncJ ll> hatH.lk largL' vulumc.:s uf material, nut large SIZC material. 

Tllc ¡J~.:~.dly 1 ragm~.:ntcJ rot..:J... l.'llhc ruck th...1t n.:ed:-. nu lurthL'r trcatmcnl aht:r thc 
hla'lt. Th~:rcfore. thc param~:tcrs for the subsequcnt opcra(Jons are thc guidc 
lutc:-. tor UcciJIIlg on thc..: Jl!~lr!.!U fragmcntatiun uf the roe k. lf thc roe k is just to 
be.: tran~portcJ toa dumpmg arc.:a. 11 :-.huuld be c..:a~y to load and transpon. Hthc 
rock 1~ intc..:nJc..:J for cru:-.hmg. thc sizc nf the l;ugcst houlders should not excecd 
75 p~..:r cc1H uf tht.: lcngth nf thc :-.hurre:-.t ~idc of the opening of thc pnmary 

c.rusher, thus allowing a f~úW ¡hrough-the. pian t. . . 

Sn1cc thc ~IZt.: ol thc hroh.cn-ruck 1:-. ol thc utmo~t unpurtancc lur thc subsc4ucnt 
operati~~n~. all po~siblc cffort~ h;_¡vc tu be muí..k tu kcc.!p thc stzc down. 
l)() 

::~.:~~ ·~~;~·: <~~~~.:;;·· :~.!·~·=·'c~· .. k:)¿~_,:.';.:¡;~~t~~.:t ~~:}f~!: 



In hench hlastmg. thc fr~gmcntatinn '' influc.:ncnl hy thc fnlltl\ .. mg factnrs: 

Thc gcnlogy nf thc rnck (f;Jult'. \Pid' \.?te.) 
Srecific drd1ing 
Srccific charge 
Dn11mg rattcrn 
ri n 11 g. ra ti(' rn 
llok ITlchn;tt¡on 
1 hllc dcvt;ttlon 
Si7C pf thc round 

Hy cnn,idcrin~ thc ;thn\'C lactnrs dunng thc drilhn~ ;¡nd hb,tin!! Ppcr:ttinn. 11 ¡, 
pn'-"'lhk lo mOucnCL' thl' fr;t!!llll'lll.ttinn 11(}\\l'\'L'f. it ¡, nnt pn-.,Jbtc to m;tkl' a 

cnmpktd~ rchahlc calcul.l11nn hl'IPrch:tnd Tc"l hl;¡qjn~ nl '-t'nlC ro\\"¡..,;¡ !!nPd 
\\,1! tn nl,t.tlll -.omc imprc,..,inn PI th~..: blc~-.t111~ ,,:h,lr.tLIL·ri"ill'" ni thL· rPl'~. 

The J!Cnlng~.: ol thc roe~ frL'qucntly afkch thL' fr;¡gmcntatinn more th;m thc 
c\pJo..,i\T uscd tn thc hla"'t. Thc propL·rttes that tntlucnce thc rL'"'ult ni thL' hla'-1 
are cnmpres"uln '-lrcngth. tcn..,dc strcn!!lh. dcn"1ty. prPpa!!aiJnn vcitlCIIy. lwnl· 
nc'" and ~truclurc. 
Moo.;t roe k" h;!\C a tcnsilc ~lr<.•nglh .wh1ch ¡.., ~ ltl !lltllnc..,lowL'r th:mthc compn·s· 
o;oinn "trcngth. Thts propcrty t~ an 1mport.lnt L!L'tnr 111 roe k hla,tin~. Thc roe k·~ 
tcnsllc <.:trcn~th ha:-; tn hc cxcccdcd. nthcn\I"L' thL· rock \\di nnt hrcak. 

Cnmprcs.~inn and tcnsile strcnJ:Ihs or dillerrnl rocks. 

(; r:n111 c 
f)¡;¡hii'L' 
~1arhk 

l.imc\tonc 
~and,tnnc (hanl) 

Cnmprc~'1on strcn~th 

kf!·\q.cm. 
2111111-_1hllll 
2111lfl- Jf)f)() 

1 <1111- 1 <11111 
L~!lo-::nn~l 

arrrox. _1111111 

Tcn"dc 'trcngth 
~~/sq.cm 

11111-:lllll 
1 ')1)- _11)11 

J.< o- coo 
1 70- _1110 

aprrox .. 1110 

Rnck Wlth h1~h rtcnsity '" normally hanlcr tn bl;¡~t th:111 a low dcnsity rock 
bccnJ<.;L' the hc:1vicr rock ma""'L'' rcquirL' llHliT L'\f1JP,t\'L'' tor thL· di~ri;JL:cment of 

thL' rock. 

Thc prnpagation \'Ciocily varics with diffncnt ~indo, nf rocl.. ridd tc\ts havc 
~hnwn tlwt h¡¡rd rocks with high propagatinn \Cloc¡t~ :tre hc~t fragmcnttd hy an 
cxp\n\1\'C Wlth hi!!h vclocity nf dctonat1nn (VOJ)) In C(lno;ocqucncc a rock with 
low propag.;--¡tion vclocity may he hlastcd w1th cxplosi\T' \Vtth \ow VOD. E~1U· 
LITE ond DYNAMEX Wl!h a VOD of <111111 !o (1(11111 m/scc. are suitahlc for 
h1asting gronite. morhle and d1al""e (rrnra~atu>n vel<>elty 40!Kl !o 70!Kl m/sec.) 
whilc ANFO ¡._ qlitablc fnr limc~tonc. szmdstnnc etc with Jow propag.ation 
vclocitiCS. 

Thc hardness or hrinlcneS' of !he rock can ha ve a ~real dfcc! on thc h1asting 
rcsult. Soft rock is more "forgiving" than hard rock lf ,oft roe k is somcwhat 
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unJ~.:H.:ilargi..'J. tl wdl "'llll h~.: mw . .:k..ihk ;_¡nd il tt i~ ·:'\umcwh<~t \Jv~.:r<:hargt:J. 

1..'.\1..1..'~'11\'l: thruw ra1t.:l)' ocL"ur:-.. On thL' othcr tunJ. unJ~.:n.:harging ~JI hurJ rlh .. 'k 
frc4uc.:ntly rl.':-.uh:-. 111 a ught anJ hlu('ky muckpllc that 1s tough to t:\c;_¡v~ttl.'. 

On:n:hargtng ol ha ni roe!.. may ;.:.tu:-.~.: llyrock anJ airbla~t. Thc dc~ign ol bl.t~b 111 

harJ llh.:"- r..:quuo ttgh!L'r L't.llllrol than 111 ~ult rnck 

Gi.lllit~o:. gn~.:t'>:-. and marhlc rl.'prl.'scnt th!.! hdrd nKk wlulc :-.t.)lt Jime~tunc :mJ 
:-.hale arl.' L'lllhtJt.:rL·d ..,~,JJt 

Thl.' ... nucturL' ol thL' rnck 'lhuuiJ he do~.·un11.:mcJ hdlHC thL' hla~ting worko.; stan. 

rhc Llifl.'C(It.lll. '\l.'\'l.'fity and "fl•l(lllg hdWCCI1 th\..' JOillt ~L.'[S :-.houJtJ he.: lll:Jpp~..:J OU( 

:-.o that Jrdltng .tnJ ltring pattcflh c.tn ht: adiu:-.h.:J to thc prcvailing cotHJttion:-.. 

ThL' planlllll~ lll thc.: Jnl!Jng WJth r~..·...,pcct td thl.' dm.:ction of thL' Jlllllb 1:-. \'~.:ry 

11npu1 l:tlll 

:\d\anlagc!) 
l~tl~.:cttv~.:ly L'\plnib thc L'lll:rgy 111 
tiH.: L'Xplo:-.1\'L' Cllllld d!:-.p[.JCL'IllL'lll 

ol th~..· h!a .... t~.:J ru~..:k gt~oJng gund 
lhg.gtng C~lnJittlHb. Nurm;tlly llll 

-.;tump:-. tn thc.: huuom part 
( nu tuc-prohkm) 

L>bad" anta¡.:cs 

llack hré.l~ 

/·¡g, 5. y 

~dvantagcs 

Rc:dw:L'J nvc:r hrcak. 

Uisadvantag:cs 
lkad displacl.'m~nt with llghtc.:r 
muckpik. R1~k lor stump~ in thc.: 
hntwm pan. Ovcrhang may occur 
in the bad .. ruw 

\Vhcn tliL' flld, 1:-. lulllll I.JUlt:-. amlt!KOmpc.:tt.:nt ZOTH!~. much l)l thc cxplo:-,ivL"·s 
c.:nc.:rgy i~ Ju...,t 111 th~..· bulh uJ...,tc.:.ad llf hcing u~~.:U lll hrL'ak thc rol'k. Altl.!rnatL' 
zonL·:-. ni compctL'tlt anU incDillf11.!1L'nt nh.:k. 11\.Jrmally rt:sult in too blocky frag
mc.:ntattull Jf¡giJ~.:r .... pccillc chaJgc.: \\ tll rar¡,;ly curr¡,;ct thi:-, prubkm; it willlllll)

llll.'rca:-.~ thl' rt:-.k uf flyrock.. Thc hc...,t \\ay 10 h.::-.scn thc prohlem is w u~e smallcr 
hla~t!'illk~ w11h .a dll~LJ dnlllng pattL'rn in unkr to ohtalll bclll.!r J¡:-,lfibution uf 
thc cxphlstvc .... in thc- fllck. ThL· c\plo:-,ivc ¡,:hargl.!s :-.houltl he concl.!ntratL'U in thc 
compl.!tl!nt rock wl11k thi.! faulh anO incompctcnt zunc~ should be stcmmed if 
po~~tblc.:. 

lJX 
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Stemming __ 

Joint 

hg 5 /0 Srcmming o{ tncom¡)('ltllf .:onC\ 

ThL' cnlhr par! ni. thc hl;l' ... thnh:. '' hrL·h cPnt;rrn-. thc '-lcmmint!. ha.., ;m unf:l\·or-
;rbk L'lkct Pll tlh.: rnck Ir .l!!mcnt;rtlon ~ • 

:\'-a gcncr.ll ruk :1 cnll:1r drq;nlcc cqu.il f(l rht.· hurdcnr..,lclt uncbargcd ln.tough 
IDL'k and rock '''lth hnn7tl0t;d planc'. thL· unch.1r~L·d p;rrt of thc hPic will c;ntsc 
rrnhlem ... 111 lnrm o! :rn incn..:.r ... cd :lllltllllll tl! bllllhkr ... TPI!llf1TO\'l' thc bla"-1111!! 
rc,ult. thc follo\\tllg <.dcp.., m;1y hL' t;rl-.cn: 

Shortcn thc collar (_li,Lrncc. thtl'- char~rn!! l11gher 1r1 thc hla,tholc. 

Drllling of rel!cvcrs in thc "lL'Tllllllll!! 'L'Ctron of tht.· hla..,t. 

llighcr charges in thc bla.;;;tholc can onl\' he rt.TPilllllCIHkd \\ ht.•n a larg.c arca can 

he L'"acuatcd ;rnd no dl'iicatc <qructurc' are 111 thL· \'ll'lllllv of thc hla"t. duc to thc 
incrc;p.,cd nsk nf nvrnck. 
( kc;¡<.,¡nnally a ..,mall chargc 1n thc ~t~'lllll1111!! "L'L'tinn of thc hla~thok can i111prnvc 
thc rc,ult PI thc hla'i. 

Thc drilling. nf rclicvcrs hctwccn thc mam bl:tsthnk" hclps to break thc uppcr 
p;1rt of thc round. 

Thc rcJ¡cvcr' ;¡re 'hnrt holc~. normallv wlth "m;:JIIcr thamctcr than thc main 

l"'lasthole'. 
Thc drilling. of rciiL'\'CTS hL·twccn thc hlaqhok" dncs nnt u..,ually makc cconomic 

SCfiSC. ~forc oftcn than no t. it ¡, adn~ahlc In tnlcrtltC a ccrtain amount nf 

hou!tkr' from thc hla"t and break thcm hy ~ccondary hlastmg or (Hhcr mcthotl. 
t)t) 

----------· -- ~· -- - --- .. -- ~- ' - - ~ . . .. - .,_ - ~ .... 
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50 mm 250 mm 

Cost ot muck.ng, 
transpon and 
crush1ng 

Coat ot dulllng 
and blast1ng 

/·i,t.!,. 5.1 ~ 1)/t'Cl o} \11/!1/1 und {¡ugt' duunerer hlwtlwles un cu.~t. 

Spcl:tlk drilling. 

l'hc '\IZl: di thL· hl.t~tiHlk h iht.: ltr:-.1 L'lllhtlk·ratilHl of any bla~t dcstgn. Thc 
bla:-.thnk· Jt.tlllL'lt.:r tngL·thcr \\tth tlli..: L':\phbtvc u~cJ v.·¡JJ Lktcrnnnl.' hurdcn. 
~paL·tng ,IJl~ huk dcpth 
Pr.tcttcal hoiL· Jt.Jmctcr~ fur hcnch hl.t'\ltng rangt.: frum JO mm to 4UO mm. 

Gcncr.tll; thc.: L'O:-,! llll~trgc Jtallll.'ll:r drilllng 1~ chcapcr rcr cuhic mder rock th .. m 
Small JialllL'ICf JriJJmg f.urthL'fllll>fC, cht.:.JpL'f bJa~tlng agentS t.:an be U~L'd In 

idrgc Lli.JlliL'IL'r bla:-,thuk~. 

11111 
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Thc lar~c lhamctcr hlasrholc rattcrn ~Í\'C'\ ;¡ rci;J(l\l'ly low dnllin!! ami hlasting 
Ctl'\l Hnwcvcr. in gcnlogu:ally diHicult 'ttualHln' thc hl;p,tcd matc.:rial w 111 h~ 
block y. rcsulting in high mucking. tran,pnrt .md cru,hing co-.r ;p., wcll ;¡" rcquir
mg more 'ccondary hrc~1kagc. 

Tht..· !!l'PingJCal '-fructurc ''a m~qor f.1ctor 111 LktL·rminJng thc hl;t,thnlt: tll.unetcr. 
lnint" .111d planc" tcnd t<l ,,pfatc largc hiPck-.. ol rnd, tn thc hunkn ;m.:a. Thc 
largcr thc dnlling pattcrn. thc grcatcr thL' n'"- that thc~c .trc kll unhrolo..cn. 

f lighcr "PCCJfic drilling wilh 'malkr diamctcr hi.J'-Ihok·, dJ"-trihutc.'- thL' c'\pln~ 
,jvc ... hcllcr m thc rnrl.. n.· ... ultm!-! m hcttcr rn,:J.. fr;J¡.!I11C11LIIHlf1 

(.;¡tcfv. huttnn hit" h;l\c rcpi.!CCd Íll\Crt hlh tn .1 ,!!Tl.'at L'XfL'Tlf th;tn!..' In thcrr 
e \l.: e llc n 1 d r illmg charact e n"ucs an t! cnn' en tL' ncc 1 n tt 'L' (e ,t,H.: r ,h:t rpL' n in!-! nf 1 he 
brt and lnnf!cr tnlcn·.tl" hci\\CL'Il thc ~rtmllng<.,) . ..\ddcd to thc .tbP\'C advanta~c' 
'" ;t lik "ran ''-hich ¡,. twrcc that nf an rn:-.crt htt 
Jkcau:-.c nf thc cnnc;;tructl\)fl nf thL' huttnn htL thc thamL'lcr dccrt . .'a'L'' wrth wcar 
.tnd '' hcn thc htt ¡, wnrn out. thc diamc!L"f 1' up tn 1 ~mm 'lllallcr tllan that of a 
ncw htt. 

11' thc c;;;m1c hurdcn and 'P·tc
ing ¡.., maint.tincd during thc 
enlire hfc <ran of !he h11. !he 
fr;t_l.!mcntatinn tcntt... tn he 
hlnckicr al thc cnt! nf thc lifc 
'r:tn. duc to thc 'malkr Lh.t
mctcr rc,ultm_¡.: tn :1 ... m.tlkr 
'rcctftc char~l'. 

Spt.'dnc charJ!r. 

Frg. 5 13 ( nnt{'rllf\OII n/ dwnl('/l'r n/llr'lt' ant! 

lt'nrn /ltlff(lll h11 

Rnck Wtll he hrokcn ur more tf thc "PCCiitc char~L' l ... 111Cfl'd't.'d and thc drilling. 
p:tttcrn m;nnt:uncd 

Thc hnrtnm part nf thc hla.q U"ttally ha:-. thc nptim:d :-pcctlic charg.c and thc 
fra!-!Tlll'Tlltlltnn !Tl thi' rart "normally .<.;tlt,f.tcfnry. 

Thc mcrcao.;c 111 ~rccifrc chargc t~tn only he done m !he cnlumn ami stcmming 
r;¡rts uf thc hla~t. Thc fragmt:ntatinn \\:ill thcn hL' ht:ttcr hut ;¡ greatcr forward 
mnvcmcnt of thc roe k ha~ to be c:"<pcctL'd a" wc!l a' an mcrcascd nsk nf nyrock. 

Orilling pattern. 

Thc typical drr!lmg. p;lttcrn ha' a "J1:tcmg-'htJrlkn ratio of 1.2~ (SIB= 1.25). which 
has rrnvt:d tn givc good rnc!.. frot!;nll'nt:tttnn 1n mu!tiplc rnw hl:l'ting. 

IIJ 1 
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In thL' 71b. lL'~t:-. \\L'IL' • .. ::1rriL·d out 111 S\\~JL'n with wi<.k-'lp.!CL' hok bl.bting Wlth 
Sr B ra!Ju:-. grL'aiL'f th~Hl 1.~:' ThL' fL',Ulb llf thL' IL'.'-11.'1 'lhll\\'L'd unprovcd frag.

lllL'Illallilll up tll .111 ~, B Lltlu uf;~ Th ... · m...:thud e, ::u\\ L'lllllllHHl practit.:L' 111 

S\'-L'dl'lh i.jU.IffiL':O. 

ThL' hurJL'n ,,nJ '~pacing mu~t he nurmal1n thL' fir~t ru\v. othL'rwi~~ thL' hurdcn 
\\di he too 'llll..tll. in .... TL'.I'IJ!lg thL' rbk ol Jlyrock 

• • • • • • • • • 

• • • • • • • • • 

• • • • • • • • • 

• • • • • • • • 

r S ~LJs S/8 ; 1.25 
1 • • • • • • • 

[ [ ~ 
.. 
] ~( r~¡~rl~]~ 1 

J l -
f-tg 5 1-1 Xonnal tlnlltny, paucrn. 

• • • • 
• • • 

• T • • 
B S/B = 5 

• S ----' • -----, 

• • • • 
• • • • • • • 

1 ~ 1 ' 1 

• 
Ftg 5.15 H'idt'-Space hlasung. 
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Firing patt~rn. 

Rcnch hla<atn~ '"normal! y c:~rrict.l nut :1s o;;hort del a! hlastm!! Thc firin1; pattcrn 
h:1' tn he dc,tg:ncd ~n that cach hlastholt.: h:1..; lrcc hrc:J!..<t!!l' 

ThL' dcl;1y t1mc bct\\CCn hJ.p,fh,,k.., and hL''''L'L'Il rP''" h;,, to he lnne L'I10ll!.!h to 
nc;ttc 'pare f,,r thc hl:l\lcd roe~ !11H11 thc 'liLTLTdrne rtm... · · 

lh:rnt l.ar,,nn nf 1\ llrtl ;\oh el ha' qudiL·d thL' dkd ni thc dci.J!' ttmc on mult 1rk 
rO\\ hl;p,fJn¡.!S. He "fall'" that thc rPck mu't he :dln,,cd tn mn,·c 1 l.' pf thc hunkn 
dto.;t.mcc hcfnn: thc nc'\t nm '" :JIIo\\t:U tn dctnnatc. Thc dcl,1y 11m e hctwccn thc 

rn\\''> m:1y \ary lrom 10 rnv'm (b:trd rock) tn.10 rn''m (:-.nft rnck) hut g:cncrally 
1:' mo;;/m nf th~· hurdcn lh'!ancc ¡,a guod t:.ttidL· \'aluc. 

Thlc.; kngth of dcla! ~1\'L'" ¡2Dnd fragmcntatHll1 and contnll" nyrnck. lt .ll ... n !!Í\'C'\ 

thc hunkn from thc rrc\ IOti"'Y fircd hnks cnou!!h 11111(' (tl 1110\'l' fnrward .to 
accommndate thc brnkcn n)ck frnm .;.;uh,cqucnt nm'. 

11 thc dcl;1y hci\\Ccn thc rm'·" ''ton "hPrl. thc roe k frnm the hack rnw~ tcnds tn 

t.tJ...c an llfl'' cud thrccunn mqcad tlf a hon?nnLII On thc nthcr h.tnd. too lonf! ;¡ 

de/;¡ y m a~ Clll"l' rlyrnd .. ;urhla...r ami houllkrs. a.;.; thc protcctton frnm rrc\ :ou,Jy 

f,rcd row' d!'appc;¡f', Jue to ton grc:tt ;¡ rtH.:/.. nltl\Crncnt hct\\CCn dctnnat1on:... 

·1 he 1ncrca'c 1r1 hnuldcr-.. ¡, duc to thc bct th;~t thc hlaq in tJw.., c1~l' may he 

cPmp:1rcd w1th :1 'ln!.!lc ro\\ hla~t 

Frg 5 /(1 Ton '1/rorf a dday h('fH'f'C!I rrnn 
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Ftg 5 17 l,nject cleluy hetwern rowL 
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l·tg. 5 18 Futng pallertl, muluple ruav hlasling. 
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SunpiL: tiring pattc.:rn tora l.tll.:rally c~mstncted multiple row round. All hales in 
the fl)W h..tVL' th~: ~ .. Hlh.: Jdd).L'XC!..!pl rhe penm~.:ll.:r hok~. wh1ch are dclaycJ on..: 
111terval numher tn aVl)Íll exci.!~SIVt.: overhre<Jk oubJde thc JimJts of the cxcava
t iun. 
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Ftg. 5 /V Ftnng flfl{fcrn. 

Thr" lrrm~ pattcrn ~1\'l'' hettn lr.r~mcntatrnn. Thc rt~ttn hct\\.'LL'Il truc 'fl;rcin!! 

.trHI lfl!L' bunkn. S:fL hL·cnrnc'" mnrc la\'nr:ablc (Scc \\'l<.k-..,paCL' dnllm!! 
fl:t!(L'rn.) 

Onc dr,ath :rntítgL' wrth thc ah<n·c frnn!! r;rt!L'rn , ... thc n..;k that thc ccntcr holc In 

thc 'l'Cond r11w of thc hl;l' .. f nn.\ detona te hl'lnrL· thc dctnn;rtor' rn thc lront rnw 
wrth thc ,,rmc tk;l.1y numbcr. duc (() thc -.cattcr wrthin tite dl'lay 11l1crval. 
Thc hnk \Vdl thcn he qurrc con..,trrctcd crrl' .. rng mcnmpktc hrL·;rka!!c which will 
lnrrn hnuldcr' ami pn..,..,rhle l,uth .tho\c thc thcorctrcal grade. 

• • • .. -·- ·- ·- • • m 9 8 ' - 6 7 -- 8 9 10 

.- • . - • ~ ~---- ·- • -. -. A 7 ---· -- 5 5 -- 6'- ' 8 

.- . - .- • _,~ .......... ·- .. -. '• 6 5 -'4 3 3 ' ' 
4' 5 6 

-.- . - . - ·---- -·--- -· -. • -. " J 2 1 2 3 4 

Ftg 5.2n Ftring pattcrn. 

This f~ring rattcrn rrovidcs scraratc dclav t1mc fnr rractically all hlastholcs and 
g1vc.., ,cnod fr;1gmL·ntatinn a' wcll a~ good hrcakagc in thc hottom part of thc 
ro u IHf 
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Hule indination. 

1 nt..:llncJ ho!t.:s with an im:linat10n of apprux. J·J rcJucc thc h~h.:k hr~.:al-. ..tnJ thc 
dlll\lUill tJI hou!Jcrs from thc uppcr pan uf thc bla!)t. 

/-¡g 5.:'/ 

Hule th.•\ iatiou. 

Prc~.:i~1on 111 dnlllllg 1:-. llllpllrl:tnt h1r thc bb:-.ung n.:~ult. 

PlHlf pn.!L'I:"!IOn 1n Jnlling will lorrn htJuiJcrs du!.! to irregubr bun..lcns and 
~p<.H.:IIlg .... 

1-ig 5.22 
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Ftg. 5 23 

Size of the round. 

lt 1" a knt)\\'n f;lct that rnnq nt tllc houlder' m a hla ... t come trnm thc frnnt row. 
rhcrcfore. mult1plc fOW hlaq\ gi\C prornrtlon;lily fL'\\Cf hPultlcr\ than \Ingle 
fl)W hl;¡<q..; 

llo\VC\Cf. thc lcngth of thc hla.;;t ..,hould not he f!rcatcr than :-\0 ';; uf thc \Vidth 

5.6.2 Large si7c fragmentation. 

í-rcqucntly largc 'IZC fra~rncnt.Jtil)!l '' rcqutrL·d In thc conqruction nf pPrts. 
largc 'IZC rock ¡, tl'cd for thc cnn,tructlnn nf hrcakwatcr" 

Thc hl;1qing to produce laq;c '\li'C roe k m ay he.~ ... dlif1cult ;¡.., producmg 'm;dl l\17l' 

fragrncntation. Thc gcnlo¡.!y of the rnck m ay form thc _!!rcatc..;t oh~o;taclc tn nhtam 
a gnod hlaqmg rc,ult A hnmngcnou-. rnck 1" prcfcr;Jhlc 111 Jargc fragmenta! ion 
hJa..,tmg to ;__¡ fl..;surcd rock. 

Thc mcthnd nf hla"tmg larg:c \17Cd hlnck" '" 'OrTlC\\h;lt d1ffcrcnt frnm normal 
hcnch hla-.ting. 

The srectflc charge has to he lm'. . 
Thc spacing!hurden ratto (5/B) ;hould he lc;s than l. 
Rla"'ing nf onc row ata t1mc. prcfcrahly m'-lantancou..;ly. 

Thc srcciftc chargc shoulu he dccreased uown to 0.20 kg rcr cuhic meter (and 
nccts1nnally lowcr) which may he sufficient tn lno'icn thc rock hut not mnvc it 

forward. Rock fragmentatton wtll not occur to anv large cxtent. Thc charge 
o;;hould he wcll '-11-.tnbutcd m thc hlnsthnlc wnh a rca¡,onahlc hottom chargc 
although smaller than normal Duc to thc >mallcr hottom charge. a ccrtain 
sccondary hlastmg of the hottom has to he tolcratcd. 

Thc choice nf Jargcr hurdcn than "-racmg. wdl dcf1n1tcly givc hlockier fragmcnta

ttnn wtth an nrtimum hlastmg rcsult wllcn thc Slfl ratio" hctwccn 0.5 and 1.0. 
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'1 hL' tlhLtllldflL'llLJ..,IIItll,:! rc ... ulh tnl.tr~._., IJ:t.,!!lliL'lll.tlhlll th.tn ">hurt Lkl.ty hl.t~l· 
tng . .J.., thc h:~tnng hLt'"-t:t.:n thc hl.t~thuh.:~ hcl'llrtll''l k:-.-,. 

A nHnhmalllHl ul low :-.p~.·ctfic' 1.:hargL'. S/ U rattu lll (J .:'i tu 1 O. anJ ~ingk· fllW 

llhtant<.~fh.:ou:-, bl~t~llllg.. JH>rm~dly n.:::.ult~ 111 largc ir<.~gnll:ntJihHl. 

Th~..: lullow111g ..,kctch gtn.:s an L''\;.unph: how ll) hJ;..¡:-.t to oht;_¡¡n l;.trgL' hlul'k::. 

Bl.t:-.thuk: Jt;ttllL'b.:r 7ó ll11ll 

lknch hctght 1.\ 111 

BurdL'n 3.2 111 

~p.tL'IIlg 1 hm 
(. 'h,IJ gL' 

B111 ll 1111 S o kg 
( 'ldlllllll JI ll kg 
~J1L'U!t•,: ·-h.! r~ ·~· l) 2! 1-.gicu 111. 

Emultk l)U. )O,<)")O 111111 ,,.., hutt1llll charg~.:. 

(·mulllL' J)(), ~2JO )")[) 111/ll l.ljlL'd 1111 ,¡ J(l t!LlllÚillL'k'l dL'[Illl.lllll!! L'OHJ ,t..,l'Oilllllll 

ch.tr~~.· 

ltH[J.ilHIJl I)L'il!ll.!ltllg Lllld . 

• 
• 

r--• 
. S • 1.6 

_t__. 

¡._ _ _!3 • 3.2 m 

• 
• 
• 
• 
• 
• 
• 
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S. 7 Swellin~. 

Whcn thc rnck i~ frJgmcntcU hy a hla..,t. 11"- \o\ u me lllcrca'c' con••dlierahly. up to 
<;fl <;-;-, thi< i< ~nown as thc <wclhn~-

•Thc mcrcascd rnck vol u me nccd" more ~racc .md 1f thcrc '' not ... pacc cnou!:!h in 
frnnt of thc round. thc rock mu~t mnvc urward.., 

Thc ..;ame appllc' to long hla"l\ \\he re thc rncl-. rllL'\ ur In front ol thc lf'lllld a ... 
thc hl<l~t procccJ, nw.· hy rnw. 

r\' mcntumcd ín Ch;tptcr "-~ Chargc c.tlculatum. thc 'rcclilc char!!c ..,hould he 
lnt.:rca,ctJ tf thc hla"img' are carncd out \\lthntJI muck1ng hctwc~:n thL· hi<~~I'-

According to Lang.cfor .... in hí.., hoo\.- Rt1cl-. hl;l' .. tmg. thc rcqut..,llt.: L"Xtra 'rccif1c 
char~c tn compcn..,atc fnr thc clc\'atlnn ni thc hl;l'·-tL·d roe k m.l''l'' '' 11 0-l x K 
(hcnch hc1ght) 1f thc incllnat¡nn pf thc hla-.thtllc ,.., ~.1 lf thc hok n1cllnation ¡.., 
"tccpcr. thc compL'Il"atron ol thc "rculrc l'11;rrgc ha" to he rncrc;r ... cd ami ¡.., 
(1 OS x K al a holc mclinalmn nf ' 1 _ 

\\'hcn no C\cavatrnn i.-.; carncd out hct\\CL'n thc hlaq..,_ thc hnk mclrnatrnn mu...r 

not he le<.. o;; than 3:1. Furthcrmorc. thc hL'rKh mu"t not he too high Hi~h hcnchc~ 
muq h~r\C "uch a high "rccrfrc char!!L'In compL'rl"diL' fnr thc ... wcllrng th;rt thc ri~;.k 
nf flyr(lck m:rkc" rt prohrhrtr\T 

For long hla"'"· thc rule of thumh ¡.., th~rt thc L'k\ation nf thc '\\l'llrng ha.., tn he 
cnn ... rtkrcd '' hcn thc kngth nfthc l'la"f cxu'l'd" .;;;o'; ol thc wu.lth ExpcricnL'l'd 
hl;r~;,tcr" lt"llally compcno...atc tor thc "\\cllrn~ h~ rrlCrc<l"rng thc chargc in thc hack 
rnw'\. 
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Fi¿.:. 5.2ó ,\Juxi111wn jun,·,¡rd mtH't'fiH'III a.\ u jwtCIWII oj .\¡Jretjic: dwrgt'. 

5.!! Thruw, tl)Tu<:l... 

In hcn..:h hl..t~ting \\'C h:Jvc lo JJiktcntiat~o: h~..:twccn twu typc~ot rock muvcmcnl. 

F1r~tly wc ha ve: thc ft)fW:.ud muvcmcnt ~1f the cntart.! rock mass which is mainly 
horizunt;_¡l. 

Sccundly. thc tlyrock. which "SCJttcr from thc roe k surface anu the frunt of the 
bias t. 

Thc forwaru movemcnt of thc ruck ma>s is dependen! on the specific charge. 
Rc;carch performcd by SVEDEFO· >huws that a spec1fic charge of0.2 kg/cu.m. 
does n,Jt cause .1ny forward movcment uf the rock, but only breaks the rock. 

A normal spec1fic charge of 0.4 kg/cu.m. moves the rock forward 20 to 30m, 
wh:ch " thc cxpccted normal displaccmcnt uf the rock mass. 
Tuu short a forward muvemcnt causes a tight muckpile wh1ch is hard to excavate, 
wl11lt: ext:e~~IVC torward movement sprc<.HJs the muckplle, resulting in highcr 
lo.Ldmg t:ll~t~ 

Thc forwarJ movcmcnt of tht: rtKk mass rarely represents any hazard 10 the 
bla~ting upc:ra11on but m;.ty ctu~c incunvcnicnce when miscalculated. 

Flyrocks are rocks OJectcd from thc bias t. Thcy tcnd to travellong distances and 
;.trc th..: ffi;.ttn <.';.tus..: of un-~itl.! fataluies <..~nd Jamage to cquipment. 

Flyruck 1s mostly caused by an improperly designed or improperly charged blast. 

Rescarch performcd by SVEDEFO shuws that the maximum ejection uf flyrock 
is a funct1un uf the blasthule Jiameter. 

L = 260 u" 
which ">alid fur a giVen speciflc charge. Fig. 5.27 shows the ejection distances 

• Swed¡sh Detonu: Rescarch Foundation. 
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of nyrock aS a function of'the'·spccifié charge at hlasthole diameters of 2) (O 

100 mm. 

A hurdcn nf lcss than 30 ttmcs thc diamctcr of thc hlastholc givcs too htgh a 
spcetfic chargc. cspcctally tf thc explosivc ts pourcd or pumpcd mto thc hlast
holc The cxccsstve explnStves content m thc hlastholc may rcsúlt in rocks 
travcling lnng dJo:;;tanccs. 
Too largc a hurdcn m ay cause nvrock if the cxplmtvc cannot hrcak thc hurdcn 
and thc gases vcnt through the collar of thc hole creating cratcr effccts 

An in;1rprnrnatc firin~ pattcrn m ay cause thc .;;ame cffcct as a ton largc hurdcn. 
Thc gases from thc hlast tcnd to vcnt through thc collar if thc hlastholc docs not 
have free hrcakagc. 

E 700 -
¿ 
2 600 ü 

O 75 kg/cu m 

~ 

" 500 
o o 56 

~ 400 
o 43 

"' o 
• ~ 300 o 35 

200 

100. 

o ·-
o 25 50 75 100 

Diameter. mm 

Frg 5 27 ;\laxmwm rrm·clmg dntancc of flyrock as a functwn of hlastholc 
dtametcr for dt{fcrent 'f'Cct{tc charges 
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0.;__ __ _ 
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1:_· __ 
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/ 
/ ----------d • 25 mm 
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Specitlc charge, kg/Cu.m. 

Ftg. 5.28 Ma.nmum tra••cling dwance of flvrnck as a ftmction of the specific 
chtirge for 50 and /110 mm hlasthole diametcrs. 
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Fig. 5.2'J Crata t'/le< r. ~·t'rttca/ !toles walwut free_ breakage. 

Tuu "'IH>rt ur hHl ]di\~ a JL·l.1y ttlllL' h~twr.:en thr.: hla~thoks m ay also cause tlyrot:k. 
Too :-.hort .1 J~lay ttnH: l'rL"atc.:'i .m dkct ~hownm f1g. 5.ltl. The travehng Jistance 
JS rl.'iatJvc.:ly lirnJtc.:J A mort: '>t:nuu~ h..JZJrJ appcars when the dt:lay t1me be
twt!c.:n thc hlastholes 1~ tou long In a corrcctly Jesigned finng pattern. thc rock is 
hdJ lt>gdhr.:r anJ thr.: rt.ll.:k trum thc frunt ruw~ act~ as a protcction when thc 
charges in thc:: tollowing fl>W"' Jc.:tunate IJ thl! Jclay bctwccn thc rows or s1nglc 
hJ,¡~thoJc:-. 1~ (00 Jong. thc proiCCIJVt: L'IIL'L'I l'o not Jl..:hiC\'CJ. 

Oclay tim~s b~tw~~n adjaccnt bla!)tholes must not ~xceed 100 ms if th~ burden is 
lt:!'t!'t ll1a11 1 m. 

\Vhcn largl! thamt."tcr h!Jsthok ..... trl! u:-.cd. longcr JeJa y hctwccn rows/hule~ must 
ht: u!:lr.:J Jur.: tu thr.: ~luggt~h 1\lo\t:nh:rll lll tht! large ro...:k ma~:-. bl.!twcc:n the 
row~/holt."s. 

· Bla~ttng of h)w bcn~.:hc: ..... lc:vL'img. normal! y causes tlyrock becausc of the fast 
muvr.:mcnt lll th~.: ruck ma~~ ·¡ hL· km.· b.:nchr.:s and thc ~hort burdens make it 
ncccssary lll u:-,e ~hort Jcl;,.¡y ttme~ hctwccn th~ bJ;,¡stholcs. Leveling blasts should 
al 'o'. ay~ he L'llvcrcd wllh hcavy l'uvcr a~ wc:!l ~t .... ltght ~plilltt:r-protcctivc covcnng. 

V.~nuu~ lllVt."~tig.llllHl~. both 111 thc: U.S A. ;,¡nJ Swcden indicatc that tlyrock is 
more: lrc..'ljUCnt whr.:n thc: bla..,tho!t.: i~ tup-tnitJatcd than when 1t 1~ bottom
initiatr.:J. (Sl!c F1g. 5 ~Y.) DL'Ionattng t..:l>rJ \vllh high cure load top-inlltates the 
r.:xplostv~ anJ tcnJ~ lO bh1w pan ot the ~tcmrning material out of the hule thus 
luwcnng thc cunt'in~.:mcnt ot thc cxplo~Jve 

As rnl"ntHHlL'J 111 Chapt~.:r) 2 Ch.1r~c cakulat1on~. th~ stcnumng :-,huuiJ ha ve ..1 

parudc: ~IZc uf -l tu lJ mm fur bc'>t (Ullftncmcnt. Thl! be~t matenal for stcmmmg is 
cru~hc::r run 

¡¡~ 

...- --·· 1 .~. .;,-, .. ~ .' ·:;~.~·:~.~ ~ .. ·· .. _·~ 
-~----



Volda contalnlng 
exceeal~e charge 

lncompetent rock 

Weakened zon-a from 

pmvlous blaet 

Crater ellect ot the collar 
Too ehort etellnmlng 
Uneultable atemmlng material 
Largo bluthole dlorneter 
Top lnltlatlon 
Too ahort borden dlatanee 
Too large burden dletance 
Too ohort delay lime 
Too long delay time 
Too hlgh apeclflc cl'targe 

frg 5 .. W Causes offl\·rork. 

Fl\ roe k" 0ften caused hv incnmpctcnt roe k where the gases mav hreak through 
ca<.;liy duc to leso;; rcsistancc than tn thc mnrc compctcnt parts of thc n1ck. 
Necessarv e are must he taken dunng the charging nf the hlast. especwllv.the first 
row. 
The incompetent znnes mav he natural hut alsn causeJ hv the previous blast. 

C'-'pCctally m thc he a\ il~ chargcd h{1ttom part nf thc hnk 

If thc hla¡;;thn\co;; are drilkd "tth pnor prcct'-'ton "n that thc hurUcn ¡, con,ide .. ahly 
"mallcr than thc calculatcU nnc tn thc firq rnw. thc 'rH.:ciftc chargc willlocally he 
htgh. A UC\'Jatton of 1 m for a 7h mm hJaqht>lc dccrcascs thc hurJen from 2.70 m 

(Lmuhte 150) '" 1 711 m Thc spcCiftc ch,trge '"11 locallv he inereased from 
O ..!() kg/cu m. tn tl h.\ 1..~/cu m :1' an avcra!!c f, 1r 1 he holc Thc hottom part of thc 
hnle wlll havc C\'Cn ht~hcr 'rcciftc char!!l.' J'hc pn"'lhlc rc,ult of such an 
overchargc may he cvaluatcd from F1gurc" 5 27 and 5.2X 

llow to 3\-'0id nyrork. 

Clc:-~n thc rock o;;urfacc from loo'c "tone'-' whtch m ay cjcct ca..;ily 1f gasc' vcnt 
through thc collar of thc hl,tsthnlc. 
AvntU stcmmmg ~hortcr than thc hurdcn lÍI'tancc. ·¡ oo "hort stcmmtng may 

crcatc era ter cffects 
U'c f!00d stcmmmg. material. No dnllfinc'. 

• Check that thc drilltng pattcrn iscorrect and thc~t thc hJa,thnle' are Jrilled with 

cnrrcct mclinal\on 
OeSI~n the fmng rattern so that cach hla-tholc has free hreakage and ad

cquatc delay time hctwccn cach other. 
Loo k out for incompctcnt zones and voiJo;; anO chart!c with e are. stcm incom

rctcnt parts of thc holcs. 
Chargc the ftrst row carcfullv Look out for hack hreak which shortcns thc 

hurdcn. 
11:1 
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Fig. 5.3/ Uuck jiom fJrtTWW ¡,¡,J\l 111 frutlf o( the Jau: prt!\'CIIl:o. j('t-'rvckfrumthe 
hnH·tly dwrged hotlom pan uf !he hole 

• Check 1ha11he righ1 :lfllllUIH of explosivos is used. When tlyrock is a problem, 

Jo NOT U!\C lrc.:c tlu"ing t:\plu~Jvt:s unlc~s confmeJ in pla~uc hoses and 
wc1ghtcd 

• Lea ve roe k from !he prc•ious bias! in fronl ot !he face, up to t/3 of the bench 
heighl 

In budt-up an.:a~. í.'Ovt:r the hla~t. 

5.9 Cm·ering. 

To funher pn>1ec1 aga1mlllyrock. !he bias! m ay be mvercd by encrgy-absorbing 
cuvcnng~ wh11:h are pl:.H.:cd on thc tup ul th~.: hla~t. Th1s me asure can be u~ed for 
smallcr hlasts with small diameter hi.J'\Ihoks. k~s than 76 mm. 

Bias" wi1h IMger diameler blaslholes. are praclically impossibk to cover 
dfic1en1ly. However. largc U1ame1er blaS!holes are rarely used where tlyrock ts a 
problem. i.e. clase 10 populaled arcas. Ülher limuing factors such as ground 
v¡br<Hlon levds anJ airblast lcvcb wlll n.:~trict the amuunt of explosive that m;_¡ y 
be delunated tn each blas1hole lhus m¡¡kmg large diameler blastmgs impracllcal. 

The general rule for cowring a bias! 1s 1ha11he covering material should ha ve the 
samc wctghl JS !he bla;~ed rock. This is valtd for Jow benches, kveling, whcn 
~mall ruck ma~~e~ .JfL' hlo~clh.:d aud thc t..h~rancL· frum rhc charge to the rock 
surtace 1s ~hl)rt. 

Fur nurmal bcnch bla,ling, \,·here !he liench hc1gh1 is mure !han twice the 
maximum burden (K;,2xB,,,"), il is hardly possibk 10 use such a heavy 
cuvcnng 

Whar wc ha veto strivc tor in this case i~ to shortcn the forwanJ muvcmcnt of thc 
ruck mass anU to av01J tlyrock. 
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The forward movement m ay be shortened hv well-haiJnced charging of the hlast 
and bv lcaving hlasted roe k from the previous blast in front of the roe k face. 
The nvrock can he storped hy placing covcnng material over thc hlast and hy 
wcll-pn1scd <>tcmming 

/ 
Twn typcs of covcnng ~re uc.:;cd <1nd should he uscd tng.cthcr: 

* Hcavy cnvcrin!! . 
• Splmtcr rrotcctive CO\'Cring. 

The hcavv covenng is intendcd to hold the hlast t<'gethcr so that no rart of it 
co-cares whcn the round is fired. 

The srlinter rrotectl\e covenng "in tended to rrevcnt nyrock frnm thc surface 
o;;cctton nf thc round. 

Hcavy cnvcring material. 

Ruhhcr hlasting mat' m~dc nf c;;crap tircc.:; which are cut intn scct1ons 

and twincd together "tth stecl wircs. 

The sizc of the hlastmg mal should he arpwximatcly J x -1 mcters and 
ha ve a \\'Cight of around 1 ton. SmJIIcr mats which can be conncctcd 
to~cthcr to largcr uni.t.., c:\n also he u~cd. 
1\fats macle of IPgs shacklcd togethcr 

These hlaqing mats are heavv and cnergv ahsorhing (al lea>t thc ruhher mats). 
The gases produced hy thc hlast vent through the mats without disrlacmg thcm 
In any grc<~tcr cxtcnt 

Srhntcr rrntcctivc CO\L'rrng m~IICrial· 

Industrial kit 
Tarpaul1n' 
1\fcsh ncts. 

Thc hcavy covcrin~ ,¡1uu!J he placcd closcst tn thc rnck surfacc with thc lightcr 
"Piintcr protectivc covcring on top 

Thc covcring wtth heavv mats should start frnm tht hack of thc hlast and work 
forward. eath mat overlapring the previous 
When the hlast is ftred. the mats ripple and do nnt follnw the hlast forward. 
V. h1ch mav harrcn ¡f the hlast.is covercd from thc orrmttC dircetion. lcaving the 
hack rows without covcr. 

Thc cnvcring wnrk w1th hcavy C\lVCring material h<Js to he carricd out with a 

crane or a retro excavator. For smaller-scale wnrks small ruhher mats may be 
used. hut must be connected togethcr with hooks to form covering units that are 
largc enough. 

Thc srlinter rrotectivc material \S thcn rlaced on top of thc hcavy covcring. 
qarting frorn the hack ~11H.i wprkm!! forwarti. 
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Ftg. 5.32 l~rillctple uf co¡,·ermg. 

Ftf{. 5 33 Covering u,.uh heavy llre mais. 
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Fig 5.34 8/asting with heav\' cm-cring in Abha, Sawli Arabia. 

Note that nn roe k travcl" any grc;-~t Ji"tancc. Al\ roe k rcmains within 5 m of the 
hlast. 

117 

-· --- - .. -

:- ... 

;·. 

"' 

• 
' ·i ..... 
i 
1 

~ 
' ·¡~ 
_., .. 
·.~ 
~ 

'· ii 

... 



- -. •' 
. -.. 

5.10 IJiasting economy. 

Economic a;pect> on blasting operatwns. 

In orJcr tu ~.:v~lu~tc th~o: t..:o::.t oí thc bla~ttng opcr~twn. it t::. not r~taon~I tu tsol:..~rc 
thc Jrilling anJ bl~~ttng opcr~ttons from the subse4ucnt operaüons in tht: work 
e y de. 

All uperatllln> in the work cycle have to be con>~dered: 

dnlhng 
charging ;_¡nJ hla::.ting 
hnu!Jcr hJ;_¡sting 
mucking ( cxcav;_¡tiun) 
tr;_¡n::.pon 
cru::.htng 

lf the co>t uf the Jnlling anJ bla>ting uperalion "mmmuzed. there is a great nsk 
uf incrcascJ costs 111 sub~cqucnt operatwns. which m:.1y gtve an increased total 
cust. 

The factor that afkct> must un the operations followmg the blasting opcratton is 
that uf rock fragmentation, wluch has to be con>~LiercJ whcn thc cust of drilhng 
anJ blastmg IS calculated 
To qu~nllfy thc ruck trJ.gmcntation in rc!Jtton to thc b!J.sttng operation and rhe 
>Ubscyuent uperatJOn> ( boulder breakage. loadmg. transpon and crushing) is 
qUJtc a pmbkm. 
Harnt:s ~nJ ,\h.:((cf h ... \.~ Vi;,u.d¡z.:J th~ relauon .... h!p betwecn hlastmg cost, 
transpon and crushmg to ruck trJ.gmcnt;Jtion m thc iollowing way: 

-.. 
o 
(.) 

------------------------~T:o~t:at~c:o:•~·-----------------------------

Coarser 

Mucking, tranaport 

and cruah•ng coat 

Drilllng and 

blaatmg coat 

FRAGMENTATION Finer 

Fig. 5.35 Rdt.JtWn.llllp hetween bla.YWlJ5 cu~t t.md ~ubsequent costs ro rock frag
merwuiun. 
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Dcspitc thc ahovc. we willlook mto the cost of the drilling and blasting opera
t1on and waV' of lowcnng thc hlasting costs 

The drillmg and blaqmg wsts may he lowcrcd hv usmg h1ggcr blastholc día
meter.;; 

Thc coc;t rcr meter hlastholc incrca'\eS with thc Utamctcr 

-"' o 
u 

o 50 100 150 200 250 300 
Blasthole dlameter, ·mm 

· Ftg. 5 3ó Rclafli'C dn/1 roH pcr mcrcr hlastlw/c. 

Thc cost pcr \Piumc of thc hla-.tholc decrcat..c" \\Jth larg.cr diamctcr hlastholes. 

;;. 
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Fig. 5.37 Rcla/ive_ dr~/1 cost pcr lrter of hlarthole. 
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\Vh~n large Lii.Jml!t~:r hlasthok~ are usc.:d. le~~ c.xpcns1vt:: bla~ting agc.:nb may 
be u!'.cJ 1n thc hla~thulc~. luwc.:ring the total cu:-,t ot the Jnllmg ¡,¡nd bla~ung 

uperauon . 

As mcnlll>rlcJ in Chaplcr 57 Rock fragml!nlallon. largc J¡ameler bla>lhoks 
h:nd to give a tight anJ blucJ...y rnuckpik. rcsultmg in mure Jiflicult lo.JJ1ng anJ 
lramporl. Funhcrmurc. 1hc hanJiing uf hou!Jcrs has a Jc1rimen1al dkclon 1he 
work cyde. 

More often th;.m not. thc crushing opcratiun ¡:-, the bonkneck of the total 
work~..·yl'k' The free tlow through thl! crushcr can 111 such C.i!'.CS ha ve such a grr.:at 
intlucncc. that extra l!xpc.:nJilure on thc Unlhng i.HHJ blasttng operallun mJy be 
the unly way tu a!'.~ure full capacity in the plant anJ improvcJ uveral! econumy. 

The Ilhl!\l cllecuvc utihzation lll thc e\plosive charge is nhu.unl'J when thL' 
maxunum hurJcn is J) (ANFO) tu 45 (Dyn..imt:.\ f'v1) timt:s thc blastholc Uiu
mc:ter. A:-. thL' hld::,thuk· diamela i~ Hh.:rc::Js~J. tht: burJt:n <.~pproachc~ the 

Jun¡_:-n:-.ion ... of thc. hL'JKh hL'1~ht. making thc L'Xpiosivc~ wurk less efficJcntly. 

Su~.:h largc.: hurJcn~ u bu incrc.:;.¡:-.c thc risk of tlyrock and <1irblast as a stemnung 

d¡::,tancc.: ~AIIh thc :-..lnh.: JilllL'Il~Jon as th.t: hun.kn 1s impo::,~Jbk to obtain. 

In the II.JSOs Jt ha:-. hecn .1 trcnJ arnong thc roe k protl.uccrs to ahandon tht: u~c of 

large J¡amc.:tc.:r hla:-.tholc:-. 1,1 m·~.·J¡um :-.IZL' huks. The trend i~ opposue in nu~hing 

c.:4ulpm...:nt. the manut\u.:turt:t::, are gumg lur larger e4u1pmcnt. Larger c4uip
ment ha:-. hL'L'Il instalkd. hut ,¡, menUlHH:J L'arlier: "Big: crushing e4uipment is 

dc!r!igncd to handlc lar~c <JIIlounts ul' ruck material, nut large ~izc material u. 

Thc hcm.:h hc.:ight wdl ab~) mtlut:nce thc economics of the blastmg opcrat10n. 

Wc krH>IA lrum c:xperiL'IlCL' th.tt dnlling J¡.;vJatl.!:-. from thc thcoretiCt.d Unll linc. 
Thc magnituJL· ot th~.: Jcvialhl/1 liL'pt:nJ'~ on thc skill and care of the operator as 
wdl a:-. thc Jrlllmg l!qulpmcnt u~t:J. ·1 he !;eologH.:al characterist1cs of thc rack 

may abo inllul.:'nct: thl.:' .Jnlling precJsion 

In normal h!..Jstmg opl.:'r;.Hinn::, wc calcui:.Hc \ .. 'llh a deviation in dnllmg of 3 cm pcr 

mt:tl:r ot' bla~thoh.: lkpth Th~ JcvJatlnn. ha::, to he: cumpcnsated for 111 the drilling 
pallern . 

. Th< highcr lh< bcnch - th< mor< clo>dy >paced lhe drilling pallern. 

Th~ h1gher ~pcl'lli~.: Urilling IIH.TL'a~cs the co::,b of the operation. 

11 lhe Jnlhng pallcrn is no1 aJju>led fur 1he Jeviation in drilling, the hollom 
pan uf 1hc bla'l will mo'l ccnainly nol be hla,led lo the inlenJeJ leve! (lOe· 
problcm). This will aJJ cx1ra cos1s 10 1he subseguent mucking operalion, 
as thc lo<.u.hng e11uipment will ha ve a prohkm loadmg becausc of stumps. The 
::,cc~m~ary hla::,tmg uf the toe aJJs unnccessary cost to the operauon. 

lt is uf VltaJ¡mportance tu the economics of the blasting operation that the right 

cxplosl\rt.: i::, u::,cJ un c.Jch OCl'aSIOfl. In dry conditions, cheap blasting agents can 
be u,cJ wilh cxcdlenl rcsulls. ANFO has become 1he mosl useJ blasling age111 in 
lhe wuriJ Juc 10 1ts availabilily anJ economy. In dry condi1ions no explo>ivc 
bcals ANFO in ovcrall ecunumy induJmg dnlling. hlasung. secundar y blasling. 
luaJing. lranspun anJ crushing. 
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Whcn the hlastholes contain water. ANFO shnuld not he uscd. at least not in the 
hottom rart nf thc hnlc ANFO deterioratcs fast and should he rcplaccd hv 
Emuhtc 150 or Dvnamex M which ha ve excellent water resiStancc ¡noperttes lf 
the bottnm port of the hnle is charged up twcr thc thcorettcal ?rade wlth 
Emulitc 1 '>Oor Dvnamcx M mstcad of ANFO. the ri·.k ofstumps in thc hlast will 

he practte.tll\ elimmated. Furthcrmc>rc. thc roe k fragmcntattnn "'111 l">c tmprovcd 
hccauo;;e pf grcatcr effcct¡vcnc<;;s nf thc cxplns¡vc. 
Tc"t~ carncd out hy Lan_ecfnr" (The mndcrn techniquc nf Roe k Blao;;ttn¡.!) shnw 
that 1t ts poo;;sthlc tn mcrcao;;c thc hurdcn and spncmg wtth 7 ~·;-. cach if thc hottom 
chargc of ANFO io;; rcplaccd hy ;¡more pntcnt cxplos1ve "uch a" Emulitc 1::¡0 tn ;¡ 

hc1ght of O 4X Hm.n· 

Thcrc are ovcr;-tll cconomtc heneftts from su eh a pntcnt charge 1n thc hnttmn part 
nf thc hlast. The chargc shnuld he cnnsidercd a rctnfnrccd primer rathcr than a 
;-cduccd hottnm charge The advantage" are clcar· 

Reltahlc intttattnn nf the hlasting agent. 
\Va ter rco;;io;;tant exploq\'C 10 thc water contaminatcd ht,ttnm par! nf 
the hlast. 

Gnod hrcak;l!!C m thc cnn,tnctcd hnttom part nf thc hlao;;t. 
Le" stumps ahm e thc tntendcd grade. simrhfving the loadtng opera
! ton 
Lco;;s dnlhng. 
L(n\CT conq¡mpt1on 0f ftrmg dcv1cco;; 
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7. UNDERGROUND BLASTING 

Fig. 7.1 Tunnclinf<. 

7 .l Tunneling. 

Thcrc are two rca!'ons to go undcrground and cxcavatc: 

to use the excavated space. e.g. for storagc. transport etc. 
- to use the excavated material. e.g. mining operations. 

In hoth cases tunncling forms an 1rnportant part of thc entire operation. In 
underground constructron it rs necessary to gain acccss to the construction si te by 
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runneltng. butlh~ tunnd can be a purposc 1n 11>t.!lf c.g. ruad. water. cable tunncls 

dC. 

In mining opcrauun:, tunnels an: ust!J as aJit~ to the mming :-,itc anJ for prepara
tory wurk JS wdl as fur Interna! commumc;..t.tlon. 
Tunncb are Jnvcn mainly 111 hon:lontal or do~~.: tu hunzontal Jircctlon!'. but abo 
inchnc.!J, frnm vcrtically upw;ud!:l to vcrtu.:ally downwanJs. In thc folluwmg. 
tunncltng, ra1>c shails and sin k shalt> wdl be de ah wllh in detall whilc swrage in 
rock can:rn~ anJ maning v.dl he tlc.!alt wuh more hnctly. 

Tunndmg is thc ffiO!:,t tn.:4ucntly o~..:urring undcrgruunJ opcration whu.:h also 
forms part ot the con!:,trucuon oi roe k chambcr!:, etc. and is normally ;.m mtcgral 
part of mining operations . 

Tht.:: Jcvclopment of tunnt:l Jnving tcchni4ues h~1s bl.!cn tn:mendous during thc 
last t'cw ycar~. Tht: lirilhng ll.:chniqucs havc Jevclopl!J from pnt:umatic dnlling 
machmcs 10 clcctro-hydraulic únlhng JUmbos with a very h1gh capac11y. The 
chargmg of thc hl:.t!)tholt:!-1 can he carricd out 4uickly cirhcr manually wHh pi:Jsuc 
pipc chargcs or rncchanically with pneumat1c charging c:4uipmcnt. 
Thc dl..:'vclupmcntot cxpllh!vcs has moved in thc J¡rcctwn of !-. .. Ücr pruJucb with 
bcttcr fumes charactcnsucs. Mt~dan cxpiO!'~i\'l:S likc [mulitl: and Dyn;.aml:x ~~ 
are: wcll oxygcn-h.ll;tnccJ wuh :J lllinunulll \ll nuXlllU!-. lumc!). 
lniuating !-.Y!-.lcm~ likc NONEL h;.~vc !'~honcncú thc chargmg time and addcJ 
furthcr ~afcty tu thc hla:"~tlllg upa;.~tiun duc lll thL'If in!'lusccplihility to electncal 
hazards. 

Th~ modern dnlling cyuipmcm h." shonencd the drilhng time. l,he NONEL 
!'l)'!'ltcrn h;b 11\.JJc '-·onnc.:ct1ng lll thL" JctonallHS sa_lcr and fa!) ter and Emulite. with 
its excc.:lknt Jumcs characteri!'ltÍC!'I. has shoncned thc ventilation-time. 
All thc abovc úlntrihutc tu;¡ tastcr \\.Of~ cydc· 

drilling 
charging 
bla~ting 

vcntil:.tuon 
~c.thng 

grouung (if ncCL.•ssan) 
loading ;.~nJ tran!'lpurt 
sctt1ng out for thc: nl!v"· blast 

Thc shorter work cycle ca lis for bl...'lll.:r wnrk plomung as wcll a~ bl.!ttt:r prt:CISIOn 

and acruracy in thc Jifkrcnt upcr~ltwn~ ol thc wor~ cydc. 
·¡n !he fullowing. thc drilling. charg1ng anJ bla,ring opcrations wdl be de ah wllh. 
lt ~:~ llbVIl)US that it IS of thc utmo!-.t importancc that the holc!'l ~hould be drillcd at 
thc nghtlocatiuns anll wJth thc nght uh.:lmatlon. The markmg of the hales on the 
ro..:k facc a!'~ well as collaring ;_¡_mi Jrillmg must be carned out accuratdy. 
Langcfors in "Th.: mod~rn technique of Rock Blasting", says abo u! drilling 
prcci!'IIOfl: "The ~caltering of the drill hules as a quantitative factor is often 
disrc¡:arded. 11 i> includcd quite inddinild} in thclechnical margin log<lher with 
thc roe k factor. In discussin¡: blaslin¡: a> a whole il would be a great advanlage if 
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attention could he paid lo !he drilling precision in c:llculating !he charges and in 
constructing !he drilling pallcrn; for !he htasting of !he cut it is cssential." 

Thc m:1m (,llffcrcncc hctwccn tunncl hla.::.tlng and hcnch hla"ttng i.::. that tun'hcl 
h!ao:;tmg lo,; done lP\\ardc:; onc free ~urfacc whdc hcnch hlastmg 1'- done tnwardo; 
two nr more free .::.urfaccc:;. Thc rnck ts thu:-. Tll(lTC conqnctcd m thc ca.;;c nf 
tunnchng: and a sccond free face has to he crcatcd towards whJCh thc rock can 
hrc:-~k and he thrnwn away from thc c;urfncc Th1" .::.ccnnd facc ,.., prnduccd hy a 
cut in the tunncl facc and can he cithcr a parallcl hoh: cut. a V-cut. a f;m-cut or 
othcr ways of npcmng up thc tunne\ facc. 
Aftcr the cut orcning "maJe. thc <~ormg tnw;mb thc cut Wlll bcgm Thc 'torin~ 
can he comp~lred '" 1th hench hlasttng. hut 11 rcquircs a highcr spcciftc char¡::!e duc 
tn h1ghCr drllllng dn·i;ttton. dc..,JTc for gond fragmcntat10n. and ah,cncc nf holc 
inclin:1t1nn. In add1tH1n. nvcrchargc of a tunnc\hla~t dnc" nnt h;we the ~ame 
di,:-t'-ITPll" cffc~·t ;¡¡, 1n an oren :liT h]a,t. whCTC hif!h rrcci,ion 1n ca\cuJatinn jo; a 

mu"t 

(.._.-.:t.._ 
,. ••"""'"------....:::::""-<oo.,~--------Roof holes 
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Stoping holes 
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o f.-- Wall holes 
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1 • • o 1 Cut • 1 • 1 1 . . . ·--- -· . . . 

. T. ~· -x.,..-r ~. --.1<~·~1<-1 
_L._ ____________ floor holes 

Fi¡; 7.2 Nnmenclat11re 

In thc case of V -cut< anJ fan cut<. the cut holes wlll occurv the major part of the 

width of thc tunncl 

Thc contour holes- rnof holcs. wall holes ami floor holcs- havc to he angled 
out nf thc contour. '"look-ouf'. "o the tunncl w¡\1 reta in it' de,igned area. Thc 
""lnok-out" should onlv he htg cnough to allnw sracc for thc drilling cqu:pmcnt 
fnr thc commg rnund. A' a ~u1de va\uc. thc "look-our· "hould not cxcccd: 

lil cm + :1 cmim holcdcpth 
whtch kceps thc "\ook-out" tn around 20 cm. 
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Look out (L) 

l'i'g 7.3 /.ook-uttl. 

·1 h: l'dlhumpuon llfl'\ph,:o.i\'l.'"lll tunnd hl.l .... tin!! 1s hi!!ht:r than 1n ht:nch hla...,ting. 
Th<.: ~pt:l'Jfh_'ch:tr_;.!L ¡..., J lll !ti tunt.::o.IHght:r thdn th;¡t tor ht:nch bla.'ltln\;. út:pr.::nJing 
m~unly un rt.:.l...,l)lh llll.'lllllllh.'d ~dhl\'t.: il~t: largl.' J¡¡Jhng scallt:r. l11ghcr lix<Jilon of 
thl.· hHk ..... ILco~n· L~IJl,\\LI llH.:I.. up\\,11\h to cJI:-.ur~.· ...,wdl anJ Ltd ... ull.'oopr.::r.umn 

ht.:t\.\.t.:t:ll :idjdl.l..'lll hld.'l[thlk:-.. 
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Fig 7 5 StJCn/i·<. ¡J,i/ling _lor di((crcnr llffillel orca.\. 

Thc L·on...,umrunn nf L'"<pi<''IH'~ wtll he &rcatc"-l rn thc cut arc:1 ofthc hla~i A 1 x 1 

m arc;t .lf(lllnd thL: cmrt~ hnk:" in a paralkl cut\\ 111 cnn"ttrnc approx. 7 k~/cu.m . 
. tnd thc ...,rcctfic ch:tr~L' ,~¡¡¡ dccrc.t'L' wtth thc dt..,Lmcc lrnm thc cut until it 
rc.t\.hl'' .1 lllllllllllllll vahtL' tlf .1btllll O q ~.l!.'Cu m 

7 .l. 1 Thc en t. 

Thc moq cnmrnnnly used cut in tunncllTlf! toda y '' t hL' circular cut nr large hole 
cut a" mo<,t nf thc modcrn drilling equipmcnt ¡, dc,tgncd for horizontal drilling 
rcrpcndícular lt> lhe rnck facc. (Üihcr CUI> will he dcali Wllh In lhe end of lhÍ> 
chaplcr.) 
All cut hlllc~ m thc largc holc cut :uc drilled p.1rallcl tt' cach othcr ami thc 

hla~ting '" carrict.l out t<)\vttrds <'In cmpty largc dril! hnlc wh1Ch acts asan opcning. 

Thc r-tr.tllcl h<>lc Clll "" dcvclormcnl pf lhc hnrn cul. wllcrc ;illihc hok' are 
parallcl and normallv nf lhc <ame d1amclcr Onc ht>lc ín lhc míddlc ís gíven a 
hcavy ch;¡rgc and thc four holcs around it are lcft unchargcU. in nthcr cases the 

míddlc hok ís ldl unchargcd and lhc four holc> are charged. 

Hnwcvcr. thc hurn cuts gcncrttlly TC"'Uit in lcss advance than the large holc cuts. 

Thc hurn cut wlll thcrcf(1fC he di"rt.~gardcd and only thc larJ!e hole cut.s wil~ be 

dcall Wllh 
Thc cut may he rl;1ccd atan: locatllm on thc tunncl facc. hut thc locati(~n ofthc 

cut inOucnccs thc thrnv,·. thc cxpln~ivcs' conqJmptJon and gcnerally thc numhcr 

of hnler.; 111 thc rnund. 
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lf the cut is placeJ el ose to a "all, therc 1s a prubabdity of better expluna{Ion of 
the <.inllmg pattern with kSI holes m the ruun<.l. Furthermore. the cut may be 
placeJ alternauvely un the nght or kll s1Je thus placmg the cut in relatively 
undisturbed fl)('k. To ohtaJn good forY.an..i movemcnt and centering of the 
muckpiie. the cut may he placeJ approxunately in the middle of the cross section 
.md yunc luw Juwn. Th1s pusHIOn will g1ve less throw and less explusive' 
cunsumpt10n bcc;Ju~c of more ~toping Juwnwards. A high posttwn ot the cut 

g1ves an extended an<.l ""'1ly l<>aJeJ mud.pile, but higher explosives' consump
lil>n anJ normally more Jnllmg Jue to more upward~ stopmg. 

The nyrmal lucauun <>f the cut IS un the first hélper row above the !loor. 
As mentiune<.l bdore. the large hule cutis the most common cut toda y. Thc cutIS 
compo;ed of une or mure uncharged large d1ameter hules wh1ch are surroundcd 
by small diametcr blastholcs wuh small burdens to thc large hole/s. The blast
hult.!:-, ~re placcJ m ~4uarc~ JfUUJH.1 tht.:: openmg. 
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The nurnher nf ~.,qua re" m thc cut¡, lim1tcd by thc fact that thc hurtlcn in thc last 
"quarc mu<\t nnt cxcccd thc hurdcn nt tlll: ..,¡opin!! hule..; for a !!lvcn chargc 
conccntrat1on m thc holc. ·- --------- -----· 

" / 

/ ' 
/ ' 

/ ' /•--.--., 
/ 1 1 \ 1 ' 

/ 1 /( )\ 1 ' 
.- 1 • • 1 '. 
-, 1 \( )/ 1 / 

', 1 \ 1 1 // 

'·--· . --· / ' / ' / ' / ' /. './ 
·---------------· 

Ftg. 7 9 Tite complcrc cut. 

Thc cut holc" occupy an arca of apprnx. 2 sq.m. (Sma\1 tunncl arcas. as a matter 
of fact. consist only of cut ho\es and con tour holcs.) 
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\Vhcn th!~lgnmg thc cut. thc lollowmg paramder~ JfL' l)f tmportJnce fur a gouJ 

1 ~.::-.ult: 

thL' JiJmctl.!r nf thc l..trgc hui.: 

~--• thc bun.h.:n 
• thc chargc ClHH:cntralllHl 

[n aJUnion. thc Jrdhng prcL:I
~IlHl ¡:-. uf thc utllllhl nnpurt

ancc. c~pt:CIJII: lur th!..: bl.!~t

huk:-. clü:o,t::-.t lt> tht: ldrgc 
huh.:/~. "1 he ~ltghtc~t Jc\t~ttlun 
CJ!l 1-.'...LU\C thL' hJ..t'llhuJc h 1 

mcct thc l.1rge hule or thc bur
tkn tu bccomc c\ce...,:-.Jvt.:ly 
b1g. Too b1g .1 hurdl.:n \\llllunly 
cau~c bre.tk.tge l)f pla:-.tJc lk
lorm.JtJun Hl th.: L'ut. rc...,ultJng 
111 ..1 "m.tlkr ur grL'.tll'r lo"~ 111 
,¡J\ ,..¡~L'C 

a' 2.1 <P 

e 
• • 150 ~ • • 
"' • 100 ~ u 

a • 
e 
• 
• 50-
" 
'? The holea meet 
u o 

o 50 100 150 
Q¡ameter ot empty hole, mm 

1-tg 7 /U Rnult u:hen hlu.HlllM from ~·ary111g 

dt.\fllflce~; f<H\'ard.\ an t:mpty hule uf ~·arJ·ing dw
tnt·fer 

(/he Jlodt'lll 1i.•chnu¡ue o) Hot khla.\llll~) 

One ul tllc p.1r.unctcr:-. lllr guoJ .td\.lllLC lll the hl.i~h:J ruund 1~ thc Jiamcter of 

thc l.Hgc L'mpty huk Thc l.trgcr thc Jtaml.'ter. thc dcepcr thc rounJ may he 
JnllcJ ,¡nJ .t grc.ltt:r aJvanL·e c.m ht: t:\pcded. 

One ul thc lllU'It~..·omnHHl I.:J.U'IL''> 1.ll 'lhllfl ..td\allct: 1~ tuo snwll an cmpty hule in 
rdatwn tu thL· th>k dcpth. 

"' 100 ~ ~--~-- ~-~----~----~~~~~~~~ 

'O 98 
~ 

96 " o 94 e 
' 

" 92" 

" 90 ~ 

"' 88 : " 
162 mm 

~ 86 ~ .. 
> 84 'O 

127 mm 
102 mm 

76 mm 

< 82 ~ 
80 
78 
76 ~ 
74 ~ 
7 2 ~ 
7 o ---t------~~-

2.5 3 3 5 4 4.5 5 5.5 6 
Hola depth, m 

h¡; :. 11 Tlze relulwll beMem wh·u11ce 111 per ce111 of 1/ze dril/ Jepllz anJ Jlfferent 
t'mpty hule. Juunt:lt'rL 
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/\s c:111 be o.;ccn frnm thc g.raph. an ad\ :mee nf apprnx. (){) r:;.. can he cxpcctcd for a 
hok dcrlh of 4 m and onc emrlv hnle WJih 102 mm dJameler. · 
lf o,;c\'cral cmpty hnlco;; :trc ll"l'Ú .• 1 ftclitlous l.llamctcr ha' tn he calcul:llcd. Thc 
fictitlous di;mlL'Icr of thc opcmng. may he calculatnl m accordance \l.'ith thc 
follnwmf! formula: 

[) d \ -,;-· 

whcrc D = ftctitiou" cmpty larg:c hcdc diamctcr 
d = diamclcr nf cmrl\ brgc holcs 
n = numhcr nf hnlco.; 

In ordcr 10 calcula te !he hurden 10 !he fir>l square.lhc diamcler oflhc large holc 
¡.., uscd tn thc case of nnc largc hnlc amJ thc fictttiouo..; t.ltamctcr tn thc case nf 
~C\'Cral largc holco;;; 

caiculatinn of the 1st .'\quare. 

lf \\'C hH1k at thc graph 7.\ll v.:c ftnU that thc lhstancc hctwccn thc hlastholc and 
!he [ar)!C Cnlf'J\' ho[c shou[d nnl he grcalcr !han [ ) v) for thc npening to he c[can 
hlastcd. lf thc di<:;tancc ¡, lon¡!cr. thcrc '"mere! y hrcakag:c and whcn thc distancc 
¡.., o.;hprtcr. therc ¡o;;; a grcat nsk that thc hla..,tholc a1HJ cmpty holc will mee t. 

So thc pos11inn of thc hl:t<.,~hnll'..; in thc ht ..;quarc ¡.., cxprcsscd as: 

a = 1 'i O 

Wherc a C-C disJ:mcc hc1wccn !he lar~c hok and the hlastholc 
O = diamctcr of !he largc hok 

ln thc ca<..c of severa! large holes. thc rclation is cxprco.;o;;;cd as: 

a = 1.5 D 

\Vhcrc :1 C-C di . ...rancc hc:wccn thc ccntcr pnmt nf thc largc holc.:; and thc 
hlaS!holc 

[) = ficlitious diamelcr 

Charging or the holes in the 1st square. 

Th'c holcs closest to thc empty hole/s must he chargcd carcfully. Too low a 
chargc conccntration in !he hole may nol hreak thc rock. whilc too high a charge 
C0nccntration m ay lhrow !he roe k aga~nSIIhe oppo'JIC waJI of !he Jarge hofc wilh 
such high a vclnCity that thc hrokcn roe k '"di he rccompactcd thcr.c amJ not 
hlown oul lhrough !he largc holc Full advancc is lhcn nol ohlaincd. 

139 

,. 
:: 
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2 E 
....... --

203 ~1.8 --
c"1.6 
~ 1 .4 Large hole 154 

t11 L diameter, mm 

~ 1.~ ~ 
~ 0.8 r 
~0.6 t 
~0.4l 
u0:2 i 

1 

,. a • 1.5$ 
~ . 

o~, --F-~~~4-~--~~--~ 

o 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 
Max e - e distance, m 

Fig 7.12 Tite ffllfllltztun rl!qwrr:d dwrge cuncenlralivn (kgltn) und maxunum 
C- C di.ltw" e (m) fur d(tferent lar!{ e hule dwmeters. 

The rct¡ui~itc charge com:enrratiun for JifÍ'erent C -C Jt~tanccs bctween thc 
large hole anJ lhe neare>l bl">lhokl> m"y he found 1n graph 7.10 for Lhlkrent 
large hok diameters. The normal rdallon lm lhe Jistance is a= 1.5 0. An 
llli..:n.:ase lllthc C- C Ji~tance bctwcen the hüi!.!S wiiJ cause subsequent mcrcment 
ot the ch<..~rge conccntration. 

Thc cutis often somc:what ovcn.:hargt!J to compensa te for error in drilling wluch 
mily cau~c too ~mallan angle ut brcJkage. Howcver, too h1gh a charge con
~.:entration may cau~e rccornpacuon in the cut. 

Cah.:ulatiun of thc rcmaining .!t(.(Uarcs of the cut. 

Th~ cakulation methucJ for the remaimng s~uares of the cut is essentially the 
same as for thc 1st !'lt¡uare. wuh thc <.hfferem:c that thc bre.Jkage i~ towards a 
rectangular opcmng 1n~teaJ uf a cm.:ular. 
A> is the ca>e of the 1st ,~uare. the angle of breakage musr not be too acure as 
small angles ol breakage can unly he compensa red ro a certain extent wirh higher 
L:hargc cunccntratmn. 
Normally the burden (8) lor the remaming >quares of the cutis e~ual ro the 
wiJth (W) of thc openmg. 8=W. 
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E 1.6- - e: W• 0.6 m 
' • W • OA m 
C> ' 

.X 1.6 e- 1 <:>~'/ r::;' /.w O 8 m 
o ' B ' / 1.4 e- . / - .. " --~ / 

"' /_ 
~ 1.2 ~ w • 0.2 - m • -ti w • tO m r::; ~ .... 
Q) 1 L_ 

/ 

CJ 
.... 

r::; ~~w 
12m 

o / 

CJ 0.8" ......... 
Q) 

/ 

~ 0.6 ~ ·a_· o.& '14 "' ~ ' 
(J 0.4 L 

0.2 '-

o 
o 0.1 0.2 0.3 OA 05 0.6 0.7 0.6 0.9 tO 

Max. burden, m 

Ftg. 7 13 Thc reqlllrcd mtn1m1m! chargc 1 on(r'l1frflt!on (/.:.glm) ami matimum 

hurdcn (m) Jnr drllcrcnr Htdth~ nf rhc opcmnr: 

Thc charJ_!c cnnccntratlPn Pht;Jmcd m !!raph 1 12 '" that nf thc column of thc 
lwlc In nrder to hrc.tk thc L'IHl\lnctcd hnttnm r.Jrt. a hnttnm chargc"wlth tWICC 

t he ch:tr¡.!C cnnccntLJtlnn .11HJ .1 hc1!!ht nf 1 "x B ,Jwuld he use d. Thc stcmming 

p;trt of thc holc ·h;l" .1 lcn_cth nf O .:'x 11 
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lk>ign of cut. 

Thc: iollowing forrnulae an.· ust.:Li for thl! gc.:mnc.:tnc t.k.'ll):!.ll uf thc cut arca: 

The cut: 
a 

bl .!t~uarc: J = l. 5 {:) . -• 
w, = av·2- .;_o. 

0 mm 76 SY 111~ 127 !54 .-;• 

a mm 1111 130 150 1 YO 230 
w,mm ISO loo 210 270 320 ·-· ... ' 
2nd >quare: 13, = w, ~~' 

·W.c:"' 
c-e= uw, . /,- -· w ' 
w, = 1 :'iW 1 V2 

·-2-· 

O mm = 76 SY 1112 ID 1)4 

W 1 mm !SU lXII 2111 2711 32ll 
c-e 225 ~711 ,\ 111 41~1 4KII 
W2 mm = 320 3~11 441) 51111 671) 

• 
Jrd >quare: 13: = w, c-e 

c-e= 1 )\V~ []· : w, = UW:\'2- • - _B 2- ~ 

O mm 7(1 SY 11)2 127 l:'i4 '· . 
-1-z---' w ' ....... --2~ 

W2 mm .1211 3Kll 4411 5(111 n711 
,_;> ' ' 

c-e 4KO )711 noll X40 J(l(lll • 
Vtr'_~ mm = 6711 KOll YJO 1 1 KIJ 14<•1 /A-. 

• -,.· . •• / 

4th >quare: B, = w_, ,.V / 
V_ .. 

c-e= 1 .sw, <b'> 
/ 

w, = l.SW,\/2 / 

/ • ' O mm 76 SlJ 1112 127 ' = ~ 
;<.", 

V W,mm ó71J XlKI YJO JI Sil / 
c-e = IOIJO 12UO 14110 17511 
\V-1 1r.m 1400 171)(1 IYSII 241111 

·- - - - -. 
------- __ w4 ___ 

Th~ abovc Jt>tanccs apply to JX mm bJa,thok,. lf largcr blasthoks are uscd 
which can aL\.:omm\llJ; . .Jtc.: more c:xplosivc.:s. thc valuc.:s can he aUjusted. 
HtJWcvcr, an 1ncn:a~cd amount uf cxplo~¡vcs 111 thc cut hoks m ay nut 1ncreasc 
thc bun.kn to ;.m y grcah:r cxtcnt 
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7'.1.2 Stnpin~. 

Whcn rhc cut holc" have hecn calculatcd. thc rc-.;;t nf thc tunncl round may he 

calculatcd. 
Thc round ¡,. lhvidcd intn: 

flnnr holc~ 
wall holes 

rnof holcs 
stnptn? IH>icS with hrcakagc urwards ano htlfiWntally 
.;;toping holc" with hrcakagc dnwnw;1rd.;; 

To calcula te hurdcns (13 1 ,¡nd chargcs for thc thffcrcnt parts nf thc rnunu thc 

follnwm? graph (7.1~1 mav he uscJ as a baSis. 

E 1.2 
¿ 
~ 

'O 

::> 
"'1 

09 

08 
o 6 

¿ / 

/ 
V 

V ""' 
08 10 1 2 14 16 18 

~ 
,-

V ./ 

. 

20 2 2 2 4. 2 6 

Charge concentration. lb, kg/ m 

Blaslhole 30 35 38 41 45 48 51 
dtameter. mm 

Emulite 150 1n paper cartr1dges Pack1ng deqree 1 20 kg!ltter 

:Jiaqthole 30 35 36 .:!~ 45 48 51 
dtameter. mm 

Dynamex ~ in paper cartridges Pack lng degree 1.25 kg/llter 

29 39 Ploe charoe dtameter. mm 

38 41 45 48 51 Blasthote dtameter, mm 

Fig. 7.1-1 Tlu• hurden R in rclation to tite conccntration of rhc hounm charge for 
t!rffcrcnt holr· (Unmctcn antf dt/fcrcnt c.\plosn·cs 
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~. 

1 ~)r [muiHL' 1 )() 111 J1df1L'r C.JrtnU~~"· th~ UJ1fK'rmo~t bla~thok th.Jmt.:tcr rabk ~~ 
u:-,~J a~ 1nput J.Jta 

fnr [mulllL' LilJ ~1nJ DynJmcx :\l111 pla~tiL' p1p~ l..".lrlnJge~. the pipe J 1amcter 1 ~ 
U'II..:'Ú a~ mpur Jat..J .tnd lllf :\.t\FU rht.: lllwc::-:.r hla~thok JJ..Jmctcr t..Jbit.: 1s u~ed a~ 
lllpul J.Jt.L 

Whcn thc burJcn (B). thc hule Jcpth (H) JnJ thc wnccntratJun ui thc bottum 
ch.1rgc (lt>J .trc k.nown. thc hlllowmg t.tbk wdl g1ve thc Jnlllnl! anJ ~.:harl!llll! 
gcumctry ot rhc rounJ ~ ~ ~ 

Hc1ghr Ch;uge 
Pan ot bottom cvncerHrJtJon 
thc UurJcn Sp.IL'Jilg ch•Hge Buttom Culumn Stemming 
ruurH.l' 1m) (lll) 1m) (kg11n) (kg/m) (m) 

Fluur 1 xH 1 I<H 
1 

1/.lxH 1¡, I.IIXI¡, 11.2XB 
W,dl IJ~xll 

1 
1 1 'll 

' 
LDX fl 1, 11 ~X l¡, IJ.)X[l 

Rvdt 11 YX ll 
1 

1 1 X IJ 1 J. hX H l¡, O Jx lb ll:ixB 
Stop1ng 1 1 

Up""'J' 1 X Jl 1 1 1 ., ll ' l/Jx H l¡, ll:iXI¡, 

1 

1 

11 5 X B 
HonLont..tl 1 X Jl 1 1 xll 

1 

ldxH l¡, IUXI0 0.5xU 
Downw.nJ.., 1 X Jl 1 .2>< B J:.lx H l¡, 0 ) X lh U.5xU 

Thc ÚL''11gn ut thc Jnlitng p.HlL'rn can no" he carncJ out ;,tnJ thc cut locatcJ in 
the L'Jll'l,.., \L'L'IHHl 111 .1 'lllJt.lhlc \\.;¡~ 

7 .1.3 Thc cuntuur. 

ThL' ulliluur ul ttJL• tunnt.:l 1'1 dt\ JdL'J Jlllll tlulH. hule\, wall hu k~ ;,¡nJ roof lwk:-:.. 
'J hL· hurdL'll ,¡nJ :-.pdLI/l~ lllf thL tllh.lr hule:-. arL' thc ~am~ a~ for thi.! stopmg hules. 

How~.:vLr, the ltnllf huk:-. .JIL' 111ore hcavdy L'h.1rged th.m the ~toping hules to 

cumpL'CI:-...Jtc Jor gr..tvll) .JnJ lur thc \\Lrght u!Ihc rock mas~~~ trom thc re~t ot the 
fllUrHJ w.hH.:h l..ty ovLr them .. u thc HhtJilt l>l JL'lunauon. 
l ur !hL' w.JIJ anJ ruot hule~ t\\o vanant" ni colllour bl.t;-.tlng are u~ed, normal 
prulilc bla,ting anJ .,muoth blasting. 
\\:'Hh normal profilc bla.\ting nu patiJL·ul.tr ~.:on..,JJL·ratwn 1~ grvcn tu thc appear
.tncc and L'lHlÚitJUil ol the b!.J...,teJ L'tlnluur Tht: .... amt.: explus¡vl.'S a~ 111 the re~t of 

the round .JfL' ut11izeJ (hut \'.lth .1 k·~...,L'r chargL L'llill'L'Iltratum) and thc cuntour 

hu k~ .tre \\tJdy ~pact.:J. '1 ht.L'linwur ut tlle tunnL'i bLcome~ rough: 1rregular anJ 
crackcJ The Mlloolh bla.\ling r~.:chn14UL' ho~.., ht.:en Jeveloped to obtJin J 

~ntlh>lhLr ..tnJ.'Itrungcr tunnd prulde. 
Snwoth bl.t~tlng 1'1 L'arrl~.:d out hy Jnlling the con tour boles rathcr clo:-:.c to eJch 

uther .llld u:-.lflg wc.tk.er cxplthtVt.:\ (Gunt J7x)OO mm anJ Gurit JI X4ú0 mm 

hJve hLen ~pLL'l.tlly dcn:h1pcd tnr the reLJUifL'fllL'Ilb ol ~moorh bla~ting.) 

Smuoth h!<.~~llng 1:-:. tuJ.ty ;,¡ L'OlllflllHl techruyuL 111 unJergroun<.J n.H.:k excavatlon 
;JS 11 rruÚUCC~ IUilflL'b With ,¡regular protilc, fl?ljUiflllg ~Ub!:\talltJaiJy k~S rcin

tnn.:cmerH than 1t rwrmal pruldi..! bla~tmg 1~ u .... cJ. 
SmLhlth bla:-:.tJng h Jr:alr wnh rn Jetad lfl Chaprcr HA Smooth bla'iting, whr:rc 
dtJrgtng tahks t_ur ')llllllHh hla~ung can be lounJ 
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7. 1 A Thr !irin~ patlern. 

Thc finn!-! pattcrn must r~ dc.;;igm:·d o;;.n that í..'.!Ch hnlc ha' free hrcakagc. Thc 
,1nglc pfbtcakagc is "mallc.;;t m thc cut are:-~ whcrc tt '" around "il(' In thc stnpmg 
ar~:l thc finng pattcrn '\hould he <.k..,tgncd o;;.n that thc ang\e nfhrcakagc docs not 

fall hclow '!W 

~-·~) • • 
• " " .-- ., 7•• • • / J'l • .. • '!' • .~ /.'•' " . ' ' • • ~ .. 

/10 • • ,,, 
).~;., .-]() " • • • '" ~o• •n• .,(l 

'" ,, 
'" ' • • • .. '' ;>·· " • " ! •., '" • .... • • • • .., . ·'" • ., ., . , 

' 1 '· " ~ .. • • ,., . 
• 

'0 
• ,, .... .. " ... 

•.. , 
'" •. , '" 1'•• 

1]. 

~ .. ...• 
¡ ' ·•¡; ,, 

" oc • /" .. • • • • • ' 
' L-. ' ' ' 

____ __. __ , 
• • • 

hg 7 15 finng .\tqucncc (nr rwmt·! 111 numen( al urt!cr. 

lt ¡, tmpnrtant 111 tunnl'i hlaq¡ng In havc long cnough time dclay bctwecn thc 
hnlcs In the cut arca. thc deJa y hctwccn thc hnJc, muq he long cnnugh to allow 
lllllC for hrcaJ...at!C ami throw ofrock thrnugh thc n.tffPW cmrty hoJt.:. lt is provcd 
th.1t thc roe k m oves V\lth a veloclly nf 40 to !JO mete" rcrsccond. A cut dnlled to 
.J m Jcrth would thus reqUJrc a dclav time of hll to 100m' to he clcan hla,tcd. 
Nnrmallv dclay linlC'-' nf 7~ to 100 rns are u~cd in th~ cut 

In thc l¡rc;;t two o;;;quarcs of thc cut only onc lktonator of cach dclny ~hould he 
'"e d. In the followmg 2 squarcs two detonators nf cach del ay may he u sed. In the 
o;;;tnrm.c arca. thc c.Jclay t1me muo;t he long cnoug:h for thc movcmcnt of thP- roe k. 
Normally the dclay time IS lOO to 500 millt>econds. 

For the con tour holes thc scattcr 1n delay hetwecn the holes should be"' small as 
rmsihlc to ohtain a good smooth hlastmg effect. Thcrcfore, the roof should he 
hlasted w1th thc samc mtcrval numher. normally thc secnnd highcst of thc series. 
Thc walls are al so hlastcd w1th the samc rcnod numher hut with onc del ay lower 
th.111 'that nf thc n,of. 

Dctnnators fnr tunncling can he clectnc nr non·ciL·ct nc. 
Thc clectric detonator; are manufacturcd '" MS ( mdli;ccond) ancl HS (half
'CCPIHJ) dclay dctonntnrs. 
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Th¡; non-c:kcrnc Jetun.~tor~ are: rn.lnufacturc:J J:-. Jt.:cl-...,t.:cond J.nd half-:-.ecnnd 
dday JcwnallH:-.. 

Ih:commcnJt.:J J~..:tonator:-. fl)f tunnt:hng: 

Eh:ctnt...· Jctonatur:-.: 

lntcrval "'ll. DL"Iay tmw 

VNf\IS _1 25 ms 
V A; MS .¡ HkJ ms 
VAiMS _]__ 175m> 
VA/f\IS .l!l_ 25U m:, 
V Aif\IS 1 , 

-·-' .125m::, 
VA/!\! S _lQ_ .JUU 'm 
VAi/'.IS llL -150 ms 
V A/1-.IS .20 _')( ){) 111:>. 

VA/HS e 1.0 ,ce 
VA/liS .1 1.) ~L'C 
VAtHS .¡ 2.0 ~L'C 
VA/HS 5 ~ 5 ~t.:C 
VAiHS h ~ O ~ce 
VA/HS 7 3.5 ~ce 
V.·\iHS S .J.O ,ce 
VA! liS ') -l 5 ~ce 
VA1HS 111 5.0 St.:C 

VA/liS 11 5 :=; ~ce 

VA1HS le b.U·~ec 

The MS anJ HS :-.c:rics g¡v~..· llJ pcnnJ!'> which J'i sulf¡cient m most cases. The 
V A/~~ts <.~nJ V A/HS Jc.:tt>n;.HlJI :-. m.ty ht.: u~c:J 111 thc- :-,ame: ruunJ, as the dcctric 
charactt.:risllc~ of tht.: V A 1..ktonator:-. are tht.: ~ame, indcpcndent of the JL'Iay 
ttmt.:~-

Rt.:commc:nJc:J lcgwin.: kngth:-, for a -i m hok th.:pth an: 5.0 and 6.0 m. 

Noncl GTif 
Nuncl GTrr 
Nuncl GTrr 

Noncl GTrr 

lntcrval 
nunllll.:r~ 

1) 

1-12 
I.J. 16 
1~. 20 

es . . >o. 35 
-lll. -15' 50 

55. 60 

Delay time 

25 ms 
ILIU-1200 ms 

I.JOU-2000 ms 

e5Ull-h!Kl0 ms 

Debv lime 
bctwccn 
intcrv;JIS 

100 ms 

200 ms 

Th1~ tunnc! ~cnc~ givc.:s 25 Jiltercnt pt.:noJ~ ;..¡nJ 1~ rhus e ven more versaule than 
thc ckctnc tunncl :-;cnt..·s. 
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7.1.5 Cut> with angl<d hule>. 

The \'-cut. 

Thc mo~t comnllm cut wlth .mgkJ hLlk:-. ~~ thc V -cul. 

A ~.:t:rt;Jifl tunnd w1Jth 1~ fL'ljUirL'd 111 ordL"r to ilCconunLH.LHL' thc Jrilling L'lJUÍp

mcnt. l"urthermLlfC, thc ..tdv.tncc pcr rounJ mcre;_¡sc~ Wllh thc w1dth anJ an 
aJvuncc ot ..JS tll 50 1 é Llt the tunncl w¡Jth 1~ <.tChJCVJblt:. 

Thc <Wgh: ol the ..:ut mu~t not be too acutc anJ should nut be Jcss than 60". More 
<.JCutc angle~ rCLJUirc h1ghcr charge cunccnrration 111 thl! holl!~. 
Thc cut normal! y l'i.Hl~i~h ll( two V:s but in Lkcpcr rounJ~ thl.! cut may L'Oll~i:-.t Llf 

triple or 4uaJrupk Y:> 

Each V 10 thL' cut ~hou!J he f1rcJ wllh thc ~:..tllh..' intcrv.¡J JJUJ!lbL'r u~ing f\.·tS 
Jc.:ton.tlllf~ tu cn~urc: l.'ourJmatio_n bt.:!Yw'ccn thc hbsllwk~ \\'Íih rL"ganJ to hrt:ak
ugc. A;, c.u.:h V¡.., hlastcJ ...t~ :..~n cntlty onc uft¡,:r th¡,: lltht:r. tht: Jday hdwet:n th¡,: 
Jlltcrenr V·-' -'huuJJ he 111 lhL" ürUt:r vi 5U m-' to allow llllll.' fur Llisplaccmcnt .HH.J 

.\WCJI!llg. 

J.! K 

- --- ·-

T o o 
o o 

o o l. .r·· . 'k .. e 'X 

~~-~---===--/~ 
1 /..,.-

1 u 1 

1 / 

11 1 
1 / 

1 / 
1 / 

1 / 
1 / 

1' / 
// 

¿/ 

-- -. --

o o} 
o o o e 
o o 
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~~ 
1 
1 
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'\ \ \ \ 1 

'\ \ ', 1 1 
"\ \ \ 1 

' \ \ \ 1 
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'\ \\ 1 
''~1 "' 

1 
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Rcwmmcndcd tune length< for hunch hla<~ing wtth Nnnel are n 11 to 7.~ m 

• . , . ' ' • • • 
• A (1•8•1 !le 

••• . ' ' 
• 
" 

... 

¡; 10 

F1g. / /{¡ Tr¡ncal finng parr<'m for NO :V EL (iTiT 

• ; 
u 2 ~ • . . . , !•8·~ , . 
• • • 
"' '" '!' 

' • 

T~e undertrned figuree denote 
\Cii.-"9 detor'letore Ttle reet are 
\Cii.-HS detonatore. 

Fig. 7.17 Typical firing pnll<'m for VA!MS ancll'AIH,\ cletonator.<. 

In thc 4th square of thc cut. fnur llnth ofVA/HS intcrval No. 4 are used. This is 
rnadc rossinle by wicfc ranec nf scattcr (±~011 ms) within the tntcrval for HS 
dctonators. -
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C:ilrnlation of the V-cut. 

Thc follnwmg graph (7 1 '1) giw' thc hcight nf thc cut {C) and thc hu;clcn> ll 1 ami 

ll: fpr thc cut. 

Et9 
¿ 
"'1 7 
1" 
&: 1 5 

1 3 

t 1 

09 

07 

1 1 

1 
H

1
eight of the cut e 

' Burden tor the cut hales 81 

1 ...---
~urden for the nt 

etser hres 8 

"'/ 

V 
...,..,.... ~ -

o 5 
o 6 08 f.O f 2 14 1 6 28 20 2 2 2 4 2. 

:::harge concentration. lb. kg/m 

B!asthole 30 35 38 41 45 48 
dtamP.ter, mm 

Emulite 150 1n paper cnrtridgos Packing degree 1 20 kg/liter 

fJIRslhole 30 35 38 
dtameter, mm 

41 45 48 
1 

Dynamex M 1n papcr cartridges Packinq degree 1.25 kg/llter 

29 32 
1 

39 Proe charge dtam ... tPr, mm 

Emulite 150 in plastic tubes 

38 41 
' 1 

45 48 
! 

ANFO. pneumatically charged 

51 Blasthol!" dtameter. mm 

51 

51 
1 

6 

Fig 7. fl.) Thc hurdens B,. R~· Ollll tl!r Cfl( hrrght e {11 rrlation ((} rhc hottom chnr¡!C 

/nr dt((rrcnt hlmtho/c diamett'rs ami dtffercnr n¡Jio.\1\ e~ 

Charging !he cnt holes. 

The charge conccntration m thc hottom of thc cut holcs (lh) can oe found in 
groph 7.19. 

The hcight of thc hottom chargc (h0 ) for all cut holcs '" 

1 
h" =- x H whcre H = hole dcpth (m) 

} 

Thc conccntration of thc column chargc ( ll.) is: 

1, = }O to 50 <;;. of lh 
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Thc unchargcJ pan (stc.:mmmg) uf tht: hok~ 111 the cut (h.,} i~: 

h.. = ti J X ll 1 

Tht: unchargcJ part fur the n.::-:.1 llf tht: t.:ut 1~: 

h .. = ti :i X ll 2 

fllf lht: rt::-.1 ot the rounJ. lhl' nh:thuJ ut t..:.Jkul:.ttilHl b thr: .-.¡¡flh: a~ th..illll Cho.1pter 
7 J.c Stoptng. 

Thc fan cut. 

Thc f.an cul 1:-:. an othc:r t.''umplc of 

<.~ngkJ cub. L1ke the V-cut. ..1 certam 

"¡Jth of tunnd b rt:Ljuirc:J tl) accom
moJatl.' thc Jrillmg t.'LJutpmr:nt to at
t;un Jcceptal)k aJv • .HKL' Jk'f rounJ 

Thc pnnC!plc ol the fan cut" tll m.tkc 
a tren eh l1kt.' upc111ng ..tero~~ th~..· tun
nel ;JilJ thi.! charge calcul..ttnln~ :He 
~1m liar tu thtl~t.: 10 Chaptt:r 5 h Oren
lllg the bc..:nch. Due tu tht.: gr:umt.'t
ncal Je~ign ofthe cut thr: LnJhtrl\_·u~m 
ut tht: hok·~ 1:-. not l..trgl:. m.¡J..¡ng thr: 
cut r:asy tn hl.1~t 

J'ht: Jnillllg .tnJ ch~1rglllg uJ tih.· l111k.., 
are ~imdJ.r to that lli thc L'LH ]hile'> 111 

the V-~..·ut 

l 5U 

Ftg 7.20 Fan cul. 



7.1.6 Exumple oF calculalion. 

Thc rroicct !S a 1.51Kl m long rnad 
tunncl with a crno.;o;; .;;cction arc:-1 of SX 

sq.m. 
A hl<l"tholc diamctcr of JX mm ¡, 
choscn as thc tunncl con1our is to he 
smooth hlastcd A largcr hl:"thnlc 
di<tmctcr might Clli"C' ovcrhrcak 
frorn thc stoping part of thc round. 

Thc Urllling cqt~~pmcnt is :1n electro 
hydrauilc IUmhn with -l -~ m o.;tccl 
lcn~th anJ fccJ lr<lvcl of .1 9 m 

Thc cxpcctcd aJvancc JS 95 r; of thc 
hlastholc tlcrth. 
Thc cxrlo<.,JV~ 1~ [mulitc \)() In .24 
and 25 mm c:lrlrodgcs fnr thc cut. 
stopmg and noor. Gunt \7x51JO mm 
m plac:;tl(: cartridgcs is U'Cd for thc 
con tour. Noncl CJT;T J'\ ll"cd for mJ· 
tiatmn 

To ;1rt:1in an ;Jdvancc nf llltlfC th;lll 

110 r:;-. nf thc hl;¡<.;tholc dcpth. -~ lJ m. ;1 

lar!!L' hnlc dtamctcr of 127 mm :-.lwuld 
he cho,cn. 
2 x S<> mm lar!!c hn]c.., can he ;m ;dtcr
nativc. 

1st square. 

Thc distancc from the ccntcr nf thc 
lar.l!c holc to lile n:ntcr of thc do..,c:-.1 
hla<tholc os: 

a 1.) 0 
:o 1 .5 x 127 = 190 mm 

Thc wodth of the 1st squarc is: 

W 1 = a\''2-

\\'1 = 190\/2= no mm 

Thc rcquisitc ch:ugc conccntr:Hion 
for the holes in the 1st squarc os 0.4 
kgim of Emulite 150. For rractical 
rcasons Emulite tn ~S x ~no mm cart
ridges are uscd giving a charge con
central ion of 0.5.' kglm. 

~ 
16.0 

1 

-1-
126 

~--~--~--~~__L 
1 ' 12.0 ' 
¡--------------

" .. 

• o~$ . - , 

' . . . 
l-lole depth, m 

203 

o o 1 o 15 o 2 o 25 o 3 o 35 o 4 o 45 
Max e - e dtstance. m 
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. r, 
1 ,. 
jo--,. 

g 
• 

.-\11 tl\ crchdr~t.: of thl''> m.t~lliiULÍL" 

dPt.::>, lid( t..:aU:-,t: any lnCOO\L'IllL'Ih.L' 

lliL' unch.~rgr.:J part of the huk 1:-. 

l..'l{U.d {~) thc.: C-C di:-,taflCL' h"=,¡ 
Tht: chargc ufth~..: hült.: t') thL· k:ngth ol 
thl.' chargL" H- h., tllllL'S thc .1\.:tual 
ch;tf!_.!l.' CllflL'L'Iltr .!lll)ll 

o 
o 
o 

UH-h .. l 
(1 'i:\(.1 'l-1) .:') 

:2.0 kg 

Kt.')' dala fur lhc bl !'14uart": 
a=O.I~m 

W 1 = 0.27 m 

Q = 2.0 kg. 

2nd ~4uarc. 

Tht: hl...t:-,llng ultht.: 1st ... qua re ..:rt:.ltcJ 
;..¡n dpr.:mng ut {J.27 All.27 m Thc: hur
dcn in thc 2nJ :-,qu.trL: i:-. L't¡u.t! tll thc 
w1dth ut thc op~..·n¡ng crc.tll:d 

B, = W, 
B1 :::: tJ.:27 m 
c-e 1..1w, 

e ··C = o . .Jo"' 
\\.',::::. )\V

1 
\·-2. 

V¡- ti )ú m 

Thc rcqui:-,Hc chargc úHlL'cntr..JIHHl 

ll'f thc hdk~ u1 thL' 2nd :-,4uarc ~~ 

apprux. () .17 kg/m. 
Emuiltc: l'ill 111 2'ix200 mm pdpt:r 

cartndgc:-. 1:-. u:-.c:J m<Jkmg tht: pr..tcti
cal ch.1rgc CtlllL"r.:mrauun 0.55 kg/m 
·1 hL urh .. ·iwrgr.:J pan ol the hu k· 1:"1 
IUx ll · 

O UH-h .. ¡ 
0 11 5:\(J.Y-U l'i) 
o c.o kg. 

Key data for the 2nd "·Juare: 
8 = 0.27 m 
\\" 2 = 0.56 m 

Q=2.0.kg 

• 

'.' 
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Jrd :"quan•. 

The o¡•cr11ng has now a 111dt h 
\\'=0 ¿;h m. Jhehunkn B'"equal In 

W:-

B, = w, 
u, = ll . .'fi m 

c-e 1.sw, 
C-C=IlX~m 

.5W, \'T 
l. IX m 

Thc rcqlll"ltc ch;1r~c conccntrat1Pn '" 
arrrox. O h:'i k~/m. Now tht: ~¿;x::oo 
mm C<lrtndgc~ do 11Pt rnn idc \llffi
CICnt chargc cnnccntrat1nn toe mure 
hrcakag:c A l.1r!-!er d!ml'rl'IPn of 

Emullll' 1 ~~~ mu"t he u'ed un le"" thc 
cartridgc" are tamrcd 

Emulitc 21) X 2011 mm 111 r:lrcr 
cartndc:c.., gt\l' a ch.trge concentra

!lnn ni O tl() k!..;/m Thc hnk \\111 thu..; 
be ovcrchargcd 

Thc unchar~cd p.1rt pf thc hniL· ¡, 
!1.5 .< H 

o 1,(11-h,) 

u - 11 ()(){.~. q- () J) 
() ."\.2 k,, 

1\ry elata fnr the Jrd squ:rre: 
11 = ll.:'h m 

\V,=J.IMm 
Q = .1.2 kg. 

~th square. 

The width of thc nrenrng is now 1 1 X 
m. lf B is choscn cqua1 to W. thc 
hurden wi11 he grcatcr than that nf 
thc storing rart of thc rnund Thcrc· 
fnre. lhc hurden must he ad justecl 1<1 

that of the stnrrng ·rart and the 
chargc calculat10ns are madc a~ fnr 

'toring ho1es. 

Thc hurtlcn ts chnscnlrnm thL· g:rarh 
7.1-1 In 1.0 m. 

11 
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Thc ~h.Hgl! ~l>O('l!ntral!on ut thc 
huttum ~h.uge IS fuunJ m the ~ame 
gr,ph 10 b~ 1.3) ~gm1. 
rrtH11 thC aJjlllnlllg tahk lht! charge 
uf the huk can he ~akulatcJ. 

lto = 1 35 kgtm 

h" 1i3H 
h1, = U.33x3 Y 
hl> = 1.3 111 

Üh = JhXhn 
Üt> = usx 1.3 
Q. = 1.75 kg 

In the buttom 1.:h.ugc Emuht..: in 
p...tp~r cartnJgc~ W1th 2lJ mm J¡a

meter JS u .... eJ anJ tampeJ well 

The C1Jiumn durge JS: 

!, = 0 5 X lh 

1, ll.5 X J.J) 
J.. O. 6 7 kg-/m 

The rruJuct "-llh Jmh:JlS\()Jl"o •• :lu~c~t 

to th1~ 1~ EmulllL' 1511 • .?.Yx2UtJ mm 
with an 1, =U.lJU kg1111 

l'r.Jcllc"1 1, = IJ YO kghn 
h., = U.Sll 
h., = ti.S x l.U=IJ S m 

he= H-hh-h,, 
h.= 3 Y-1.3-IJ S 
h .. = ~.l m. 
(}, = 1,Xh, 
O = IJ Yllx2. 
o. = 1 y ~g 
Üct>l = Üh+Q, 
0,.,, = 1.7S-rl y 

Q,,, = J.b5 kg 

Kcy data for thr '"'1 h ~qum·t>: 
U= 1.0 m 
\\'4 = 2.2 11_1 

Q = J.65 kg. 
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Aftc1 thc cut has Meen dcstgned. thc 
rcst ni thc rounJ JS calculatcJ. 

Thts ¡.., mnl\t "imply done tn thc fnJ. 

lowtng nrdcr: 
flnnr lwlt:o;;;. 

, Wall boles 

:1. Rc>of hoks. 
-l. Stnping. upward..; and hnr11n11Ltl. 

S. Stnptng downwards 

Thc re a son for ..;tarttng \\ ith thc pe· 
nmctcr hnlcs is to dcctdc thc hurdcnc; 

and spaCin!!S fnr thc outcr hounda
ncs of thc rnund. 
\Vhcn thc~c calculattPns are cum

plctcd thc cut ami thc <..tnping hPks 
may he lncatcd m accordancc with 

thc rar:mlckrc; \\htch arrly tn thcm. 

l. Thc flnur hoiL·~. 

In thc calculattnn nf ;tll pcrimctcr 
hnk!-. thc "lnok·out .. ha..; In he tal..cn 
tntn ;¡n_·ount. ,\s mcntÍPI1L'Li carltcr. 
thc ··lnnk-nut" ..;hnuld not l'XCL'Cd 10 
cm + .1 cmlm of holc dcrth. In thiS 
case thc "lnok-out" shnuld be limitcU 
tn 20 cm. 
Thc hurden is 1.0 m accnrding to thc 
gr:1ph and thc ~pacin,:: is 1.1 xR. 
Duc to "lnok-nut". thc holcs a hove 

thc nnnr hnlcs are sct out O.X m nMn· 
ve thc nnnr. Thc spacing is 1.1 m. 

Hnttom chargc: 

lh = I.JS kglm 
h" = 11:1x:1.~1l=l..111 m 
O"= 1 .. 1:\x 1 :1= 1.7) kg 

Column chargc: 
1, = l¡,= 1.3:> kglm 
h, = ll.2XIl=ll.2 m 

h, = H -h¡,-h,=2 .¡m 

Oc = l.J5x2.-l=3.2:=i kg 

Tot<.~l ch:uge: 

O = 1.7H:I.25=:".0 kg 

.. 

¡, 

li 
1 .. 

1 

1 ··- h _l__ ____ j_ 

1 -~ 
! 
1 

1 1 

IJ ,. 
......... '•· . .,.~ 

_ . .J'__ .2__'l . ~ _ 'i ___ ~.L-,--•L· 
r-, • "' -,.,, •. •''""''' ••• .,~.,~"1'""':o••l''''"' 

' . ,. . . "' . . .. ·~ ~' 
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1 ' .' -· j":_··_.:::_·.:::·~·. 
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"•Y dala fur lluur hui<>: 
11 = 1.0 m 

.S=I.Im 
(.} = 5.0 ~g. 

"' The \o\all hull'~. 

In tlw .. partJt:uLtr C.l:o.L' th.: w,¡J¡.., .LfL' 

n:ry lo\1. and Jo rllJt mak.: a gLHJJ 

~.::-. .. unpk tur tht: Jt:..,rg.n ut thc dr tllrn~ 
anJ ch.¡rgrng pattL'rn 
·¡h.: Jrtlhng p.ttlL'rn J\l.il-.yntrtHlltht: 

!)muoth bla.-,tin~ t.1hk ~~nd thL: hurdl'll 

1~ L'hO.'>L'll [ll tl S 111 .111d tllL· '>p.n.tllg 111 

11 (¡ lll. 

·¡ !JC Ufl(/¡.¡f~L'J r~ll { lll lhL· IJldL' l ... 

o 2 lll 
Thc ch.1rgc L'llOLL'ntr:HHJll 1t1r (Junt 
17x)lJU mm~:-> 0.23 1-..g:m ·¡ hL lh1k:-. 
will hL" chargL"J "nh 7 tulk· ch.1rgL'..., 
.uhJ 1 :-.t[¡,.·k ut Emuiite 1:'0. ~5>-:2tJtl 

mm 111 thl' huttLHJL 

Buuom ch~Jrg.c 

o, = 11 11 kg 

( 'ulunlll ch.1rgc 
0, ~. 7XIJ 11)=11 XI kg 

Total chargc. 
0 = ll.li+IJ KI=IJ.Y2 kg 

Thc ''lunJ..-out" ha.-. to hc CLIIhrLkrL"d. 

:-.u tht: hurJL'll to he.: ~t.:t uut un thc l.tu: 

"ll.H-U.C.=!I o m. 

lüy dala fur lh< wall hule;: 
U = ti.M 111 
S= 0.6111 
Q = O.Yl kg 

l:io 

. ' 
• .• 
• 

• • • • • • • • • • • • 
.l ''l. 

"··· 1,¡." """"" :>¡,.,, " '·'. ,. ,·. 

' " '" e,. .. , " 
,, . " •e " e J._, " ~\) " ·" " '" ,,~· ' " ' ' " ::•) 

.. '"'" r " ''"'" ' ' ' " "'' " " 
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J. The ruof holes. 

The conchtinn.;; f<n thc rPof h0!es nrc 

equal to th<"C nf thc wall hnlc' Thc 
hurdcn ts chn"cn to O ~ m and thc 
sp;1ctng to Oh m 

Thc chargc cnnccntr;lt H m 1' t he '"me 
a' fpr thc wail hnlc" 
The "h)ok-nut'' mu"t he comJdcrcd 
in th1" ca<:.c a" \\el] 

Key data for lhl' rnof hole<\: 
R = 0.8 m 

S= 0.6 m 
Q = 0.92 kg. 

4. Stoping upward' and hori1ontally. 

Thc o;;tnptng hrdc<:. are calcui<ltcd in a 
"1mdar v .. ay tn thc tlPnr hcdc<:.. hut [c..,, 
c"<plo"t\T"i are nccdcd \Vhdc thc 

tlonr hnlc..; muq he char~cd l1' com
pt.?n..;atc for gravlty ami hca\'agc <'f 
hrnJ...cn roe!... thc "tnpmg ho\c" can 
nnnnallv cnntam ]c..,.., l''\rln.;;I\'C" ,~._ 

thc d!rLTiton ol hrL'.Ikagc J<, hortlnn

till flr cln"c tn honZilllt.ll 

Charp.c: Bnttom. tampcd Emuhtc 29 
mm. 1,.~ 1 .\S kgim. 
Chargc: Column. EmulJtC ]()mm m 

rapcr cartmlj!c> w¡th 1, =0. 411 1-gJrn 
Thc hurdcn B ts 1.0 m. accnrdmg tn 
thc grarh 7.1.J 

Thc spacing S wdl he l. m accoruing 
tq ad¡oming tahlc. 

Bnttnm chargc: 

1" ~ 1.35 kg/m 
h¡, = I/.1X3.91l~I.Jil m 

0" ~ 1.35 X I.J ~ 1.7S kg 

Column chargc· 
1, ~ O 90 kg/m 
h, ~ ll.5x 8~0.5 m 

,o 
e e e e e e e. 'O .. ·. . . ··:: 

• • • • • • . : : . 
• • .. ' . • • 

; ---

• • . , . .. ....... • • ¡' 00 ' ' • • •· . 1 ... ... • • , 1 DO 1 ...... • • • • --- • • 
110 

"'"'1~1 
Dv1 "' ""ll'lm 

"'•' n,,,,,,." ~ •• , "'<1 fl""""' • Í<lhomr ~'""'""•"'1 •('.,.,, 
.,,.,, 

" ' ' " 
IOq"'l , lk'Jml ¡m¡ 

'n. r.. ; o 2 ·e . w,,, ,.,, 
" ' " ' e " , 'l 1 "•· · o~· n ,,,.,,, ,,, 
" ' '· " : (1 J '· 1 1) ~. f1 

:0,l(lf""'1 

hl = H-hh-hn=2.1 m 

O,= 0.90x2.1~1.9 kg 

*'llowv<'" ' " H . o~ ', o~. fl 
n~~·o~-A 

o '• :., o~. fl 
*'"'""·"'"'~' 

,, 
' " f'""'""''~' " " ' " 

Total chargc: 

o ~ 1.75+ 1 9=3 65 kg 
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Key data for stoping holes upwards 
lUid horizontal: 
B = 1.0 m 
S= 1.1 m 
Q = 3.65 kg 

5. Stoping downwards. 
Thc: dc:>~gn of thc: dnlling pattc:rn for 
stopmg downwards ts stmilar to stup· 
ing in othc:r directions with the dtik
rence lhat largc:r spacing may be per
mttted. The chargc of thc hules i, the 
same in all stoping. 

Key data fur •toping hules do" n
wards: 
8 = 1.0 111 

S= 1.2 m 
Q = 3.65 kg 

SUMMARY 

, f'<1rl Ol · oonom : 
B .. ov.~" 1 .:,Pd<.,,._ u-.. &rge , B.Jnon·. , Cu'"'"" .:.temm•"'i 

,m¡ 1m¡ [ ¡m¡ • '"9"'' : 1oy.m_o "''' 

¡¡.fj II•BIIJ•Hr 10 10·1,1\ll·B' 
1 0~-0 1 I•B ~ Lii•H: 'o, ; 04•10 '0~·8' 
: 0\l•B 11•8: 16•H OJ·..,: O~·B ~ 

' ¡V~,.,110~ 1•8 II•BilJ•H, 10 
"""1011\d' 1•8 , 11·8: l)•H i 1~ j 0'>·•< 'íl'>·B 

lllt0...:':"':~.;3_~ •... 1_:6__._~-~-:_~ _ __:_~-?-·':1_~~ ~---L o:._:_·~-.:_~~-a J 
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The round consists of 127 blastholes with 38 mm diameter and 1 large hale with 
127 mm diameter. 

The round is charged as follows: 

Pan of the No. of Kind of explosive Weight per Total 
round hales hale 

(kg) (kg) 
Cut 
1st '4uare 4 Emulite 150, 25 mm 2.0 8.0 
2nd square 4 Emulite 150, 25 mm 2.0 8.0 
3rd square 4 Emuhtc 150, 29 mm 3.2 12. ¡¡ 
4th square 4 Emulite 150, 29 mm 3.65 14.6 
Floor hales 12 Emulne 150, 29 mm 5.0 60.0 
Wall hales 8 Emulite 150, 25 mm 0.11 0.9 

Gurit 17 mm 0.81 6.5 
Roof hales 30 Emulite 150, 25 mm O.ll 3.3 

Gurit 17 mm 0.81 24.3 
Stopio2: 
Upwards 8 Emulite 150, 29 mm 3.65 29.2 
Horizontal 16 Emulite 150, 29 mm 3.65 58.4 
Downwards 37 Emulite 150, 29 mm 3.65 135.1 
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Consumpt1on per round: Emulite 150. 25 x200 mm 
Emulite 150. 29x200 mm 
Gurit 
Nonel GTff 

20.1 kg 
310.1 kg 
30.R kg 

127 units 

Thc expected advancc per round IS over 90 %. lt is assumed to he 3.55 m. 

J(, l. 1 
Spccific charge: = l.ló kg/cu.m. 

3.55xRR.O 

Explnsh·cs ·cnnsumptinn for the whnlc projcct: 
Numher nf rounds: 1500/3.55=425 · 
Consumption of 
Emulitc 150, 25X200 mm 20.2X425 = approx. 9 tons 
Emulite 150, 29X200 mm 310.1 X425 = approx. 132 tons 
(:urit 30.RX425 = approx. 13 tons 
Nonel GTff 127X425 = approx. 54000 units. 
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Fig. 7.21 Drilling and firing parrern. 
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7.2 Shafts. 

In rninang, shafls form a sy~tcm uf verucally or 1ncllneU pas~ageways wh1ch are 
u~cJ for transpurtation of ore. rl!fill. p~rsunnd, t:yuipmt!nt. air, eh.:~.:tricity, 

vcntilation etc. 
In un<..lergrounJ construct:on. shol"t> are <..lriven ior thc building of pc·n,tock;, 
cable >halts, ventilatton and eievJtor shatts. surge chambers etc. In a<..l<..lition. 
shatts are driven ;_¡s "glory hulcs" for tran!)portatiun of matenal wh1ch 1!) not 
üCCt:!)Siblc by otht.!r ml!ans than vcnical ur cluse tu vertical tunnds. 
Shaft> are enher dnven Juwnwanls, sink >hafts, or upwards, raise shJfts. 

1-ig. 7.22 Typ1cu/1unnd >YSIWI in u hydroeleccric power plan/. 
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7.2.1 Sink shafts. 

Sink c;;hafts nre pac;;s;-¡gcwnyo; sunk from thc c;;urfacc downw;-~rdo;; or undcrground 
from t>nc lcvel to a lowcr onc. Thc majoríty of the sínk shafts are drívcn 

vcrticallv. 
·Shaft c;;in.king is 0ne ofthc most difficult ;1nd ric;;ky hlnstmg johs ;-¡s thc wnrk arca ic;; 

normal! y wct. narrow and no1sy. Furthcrmorc. thc drilling and hlasting crcws are 
cxposcd to falhng objccts. 
Thc advancc is slow as thc rock has to be removed hctwccn cach hlast wíth 
spccíal cqutpmcnt whích has ltmitcd chgging capacity. The blastcd rock must be 
wcll fragmcntcd to sutt the excavation cquípmcnt. · 

The dcsígn of thc cross scctlon of thc shaft rríncipally dcpcnds nn thc qualíty of 
thc rock. Nowadays moo;;t of thc shafts are madc with a circular crnc;;s scct10n 
whtch gives hcttcr distrihution of the rock pressurc. thus dccreasíng the nccd for 
rcinforcemcnt. espcciallv in dcep shafts. 

Thc mnst common drílling and hlastíng methnds are hcnching and hlasttng with 
ryramid cut. 

The hrnching mcthod. is a fast ;¡nd efficíent method as thc tímc-consuming 
clcaning of the floor bctwcen the bia!'!lS .:an be minimi?.!!d. It 1~ al so easy to kecp 
the shafl lrce frnm water as a pump can alwavs he placcd in the lnwer hlasted part 
of thc shaft. Thc drilling and chargmg pattern is similar to that of smaller surface 
blasting". 
Thc hurdcn ond spacili~ s·;¡n· s\lth thc hole diometcr hut the drilling pattern is 
more closcly spaced than flH surfacc hl~"ung duc to h1ghcr constriction. 

., . ,, 
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Fig. 7.23 Shaftsinking by benclung. 
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Fig. 7.:!..1 Shajl Imktng wuh pyrumiJ cUI. 

Shait smkmg with pyramid cuts IS >tmilar to tunnd blasting with V-cuts. The 
drilling ts done with a "Jnll-nng" whtch ¡, compo>cd oi a Circular 1-beam to 

which the drilhng machine> are ftxed. The "dnll-nng" may be fixed to thc shaft 
walls wllh bolt>. Due to the constructton of the "dnll-ring". the cut "ill be 
coPical. 

Thc explos1vt.:s useJ in ~hall s1nkwg must ah~· ay~ be water resistan t. E ven if the 
ground ¡, dry, thc llu>htng water irom the drilling will always stay in the 
bla>tholes. 
For tht~ rea:,on t!\plosivc!) w1rh cxl:dknr W.Jter resistance properties are pre
krred. Emuhte !SU ami Dynamex ,\tare easily tamped to utilize the hok volume 
wdl, thus dccrca>ing the numbcr ot hules and the drilling and chargmg time. 
Thc spectfic chargc in shJft sinking is rather high. ranging from 2.0 kg/cu.m. to 
4.0 kg/cu.m. 

The inittation of the blast may be done wtth ekctric detonators or non-elcctnc 
dctunJ.tof!). As a smk shaft 1~ a Smi..ill t:ontmed arca, thunderstorms are a 
particular hazard as stray currents tend tu be transmtttcd down the shaft on pipes 
and cables. To avo1d problems wnh éVacuatlllll of the blasting crew during a 
thundastorm. NON EL detonators >hould be used. 

7.2.2 Raise shafts. 

The Jrifttng of raise shatts - >hafts whtch are driven from blasted underground 
chambers or tunnds. venically or incline u upwards - is one of the most difficult, 
most costly and most dangerou!'l undenak.mgs m mining and construction. 
As the Jriftmg of raise shafts has mcreased 111 the world, new mcthods ha ve been 
devdoped tu make the work more mechanizcd, cheaper and safer. 
Ratse shafts were dnfted 111 more or less the same way for decades until the 
1950's wh.en new typcs of ratse shaft ekvators werc taken into U>e. 
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Varions r:ti'f shaft driftin2 methods where blastin2 is part or the method. 

Oldcr m,·thods: 
Tttnhered shafts 

• Open shafts 

Modcrn mcthods: 
Soliden elcvator tvpe Jora 

• Alimak Raise Chmher 
• Longholc dnlling 

To start with the older methnds. the timbered shaft mcthod was thc mosl 
commnn mcthod in Swcdcn until sorne .JO years ago and is still occasionally uscd 
for shorter shafts. The raise shaft 1s driven vcrtically and divided inlo two 
sections by a t1mbcr wall wh1ch is 
extended hcforc each hlast. When 
thc round is fircd. one scction is fillcd 
wllh rock. Thc hlastcd rock willthcn 
acta o;; a working platform for thc next 
rnund. ln ordcr to mamtain the 
w0rking hcight atthe face s0me roe k 
has ICl he excavatcd after each blast. 
Thc 1\CconU ~o;cction is used as a lad
dcrw.1v and for tmnsportation of 
cquipmcnt. drill stecl. explosivcs and 
ltmher The vcntilat10n is al so placcd 
1n this scct10n which is covered dur
ing hlao;;ting. 
Timhcrcd raise shafts havc rccn 
dnvcn up el ose lO 1 fJO m. OUt norma)
Jy thc maximum hcight should not 
cxcccd AO m. Thc cross section arca is 
usuallv -1 sq.m. and the advance pcr 
ronnd approx. 2.2 m. 

Fir;. 7.25 Timhered raise shaft. 

The hmbcrcd shaft mcthod was replaced bv open shaft mcthods when the cost of 
timhcr hccame too high. In onc of these methods a working platform ofplanks is 
la id on llmher which is supported by holts in !he shaft walls. New bol! holcs are 
drilled in thc shaft walls when the round is drilled so the platform can be moved 
upwards as the work proceeds. 
Ano,ther open shaft method is to use steel tubes instead of timber. The steel 
tnhcs are holted to the shaft walls and thc tuhes support the platform. 
The open shaft methods are rarcly used and when used. only for short raiscs. up 
to 25m. From a safety pomt of vicw none of the opcn shaft methods is to be 
rccommcndcd. 
The cross section is normally 4 sq.m. and the advJncc approx. 2.2 m. 
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The JOKA lift method. 

Kaisc shafting U>tng a hft cage hanging on a wire which runs through a large 
Jrillhok has be en u>ed m Sweden and uther cuuntnes sine.: thc 1 Y4U's. but it was 
not until the IY5U's whcn Bolidcn AB devclupeJ thc JORA lift, that the method 
carne inlO Wilh:r u~e. 
A large hok, Jiameter 1 10 to 150 mm, is drilkJ from an uppcr kvd in thc ccnter 
of the mtenJcJ shaft. Through the holea w~re is sunk down to the lower kvd anJ 
a working platform wuh a hft cage is fas tened to 11. By a lifting gear thc platform 
i> ckvated up to the shaft face by 
remole cuntrol from the lift cage. 
The Jrilling and charging are carrieJ 
ou1 from the platform on the top of 
thc lift cage anJ some scaling can be 
done from the cage wilh the prutcc
tinn of thc platform. During the scai
Jllg, Jrdling and charg1ng opcrations 
thc platform IS fJXed with bolts to the 
shall walb. Before bla>ling thc plat
form" lowereJ down and placcd on a 
skJge likc vehick anJ towcJ aSILic. 
The wirc i> liftcJ up through thc large 
hole bdurc bla>ttng. The largc hok is 
uscd as cut hok m the bl~sting of the 
round. Due tu the l..uge ~izc vi tht: cut 
hok, aJvanccs of up lO 4 m are ob
tained. The arca is approx. 4 >q.m. 
anJ the maximum height is lOO m. 1n 
this mcthoJ it IS necessary lú have 
free spacc abovc the shaft for the 
Jnlling of thc large hale and for thc 
placmg of the lifting gear. 

The ALIMAK Raise Climl>er. 

F1g. 7.26 The JORA lift. 

Thc Alimak ra!Se shalt dnvmg mdhud was introduced in 1 '157 and beca me the 
must utdized system m the world beca use of its tlexibihty, safcty, economy and 
spccd. 
The e4u1pment consists of a raisc climber with a working platform, which covers 
practically the entire are a of the shaft. Undcr the platform there is a cage for the 
transpon of personnel, matenal and equipmcnt. The raise climber is propelled 
by a rack anJ pmion systcm along a >pccial guide rail. The rail system incorpo
ra tes a tubc system for thc JI'. anJ water >Upply to the Jrilling cquipment. The 
system als9 proviJcs air ior thc blasling with NON EL and to venlllate the ra1se 
aftcr the blastmg. 
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The platform is cquippcd 
with a protcctivc roof undcr 
which thc ni aster stands dur
ing scaling and drilling op
cratinns. lf thc inclinar ion of 
the raisc o;;haft ¡, ó0° or lco;;s 
thc scaling mav he done 
gradually dunng thc aseen! 
undcr the protection of thc 
previouslv scaled hanging 
wall. 

The Alimak mcthod can he 
uo;;cd f0r vertical ao;; wcll as 
inclincd shafts. Thc lowcr 
limit of thc inclination de
pcnds on thc anglc of repose 
of thc roe k. 
Unlikc nthcr modcrn meth
nds for raisc shafting. the 
Alimak nccds only onc pmnt 
ofattack. thc lnwcronc. The 

Fig 7.27 Thc A LIMA K Raise Climher. 

urrer hrcak-through point mav be prcparcd while thc raise is driven. 
Thc lcngths which may he dnven are onlv limitcd hy the lime which is at the 
blasting crcws disposal fnr aseen t. scaling. drilling. charging. deseen! and blast
ing. For an R hour shift. the upper limit should be around 2.000 m. The lengths 
are a\so limltcd hy thc typc of drive. The air-drivcn nusc climher m ay he uscd for 
up to 1 ~n m shaft lc11~th. elcctric drive up to 9()() m. For longer shafts diesel
hydraullc drivcn cllmhers are used. 
The arca IS normally 4 sq. m .. but mclmed shafts ha ve he en driven full fa ce app to 
31i sq.m. 

Drilling and charging patterns are the same for all above mentioned raise 
shaft1ng methods. Normallv a raise shaft of 4 sq.m. is drivcn upwards and then 
the shaft is stoped to 1ts final arca. However. somet1mes the shaft is driven 
.. fullface .. andas mentioncd carlier arcas up to 3ó sq.m. have been successfully 
hlasted. 

The drilling and finng pattern for a ra!Se shaft docs not differ from that of a 
horizontal tunncl of the samc size. 
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The Ahmak work cycle: 

Drilling: 

The dnlling and charging ts carried 
out from thc raise dimbcr's plattorm 
undcr a specially dcsigncd protective 
roof. Both air and water to the dnll
ing machines are supplied through 
tubes in thc guidc rail scctions. 

Blasting: 

After dnlhng and chargtng the 
round, tht! raise climber is llrivcn to 
the bono m and undcr the roof of the 
drift. Dunng the blast, thc climber is 
therefore wcll protcctcd from falling 
roe k . 

Fig. 7.28 Tite A LIMA K work cyc/e. 

Ventilation: 

After blasting thc raisc is venulated 
and sprdyed wllh water. The top of 
the gutde railtS protcctcd by a hcadcr 
plate whic.h abo acts as a water diftus
cr dunng the venulation pha~c. 
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Scaling: 

Scalmg of the roof and walls of the 
ratse is done from under thc protec
ttve roof which gives the workmen 
good protectwn ... 
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Gencrally large hole cuts are uscd and the dcsign of thc cut varics with the 
diametcr of thc large hale. (Sce 7.1.1 The cut. in Chaptcr Tunneling.) 

Thc normal hole depth is 2.4 
m and lhe cxpcclcd advancc 
2.1 lo 2.2 m. 
The drilling is done with 
stopers. which are designed 
for raise driving. overhcad 
drilling and roof bolting or 
drilling machines with jack 
lcgs 
For lhe hla<tholcs drill senes 
11 (34 lo 32 mm) IS u sed and 

the large hole diamcter " 
normally 75 mm. 
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For the slahilitv of lhe walls 
and to avnid ovcrbreak. the 
wall~ of thc rai'\C are normal
ly smnolhhlasled. The 
smnolh blasting method is 
also uscd if the shaft is lo he 
wtdencd at a latcr slage in 
nrdcr to avoid exccssivc sca
ling :md tn dccrease thc nsk 
of rnckfall. 

F1g 7.29 Dnllingandfiringpattemfor4sq.m. 
raise shaft 

A normal pilol shaft has an area nf 4 sq.m. Normallv one round is drillcd and 
hlaslcd pcr shift with an advancc of 2 2m. Wnrkmg 2 shifts pcr da y. the advance 
shnuld he 4 4 m hui laking chsturhanccs tn the wnrk cyclc into account. the long 
term advancc is approx. 3.5 m/day or 70 tn 90 m per month. 

Shart raising hy long hole drilling. 

In this method. all drilling is done downwards with parallel hales and thc wholc 
arca is drillcd at the same time: 
Great prcc1S10n in drilling ami charging is a mu<t and the lack of precision has 
carlicr limitcd the practica! height to 25 to ]()m. Now. with new drillrigs e.g. 
Atlas Copeo Simba. the drilling can he carricd out with great precision in any 
d~rcction from vertical to 50'. With the Si m ha thc deviation can be kept under 
0.5 % for holcs up to a length of 50 m 

The long hale drilling method is al so advantageous from a safety point ofview as 
all drilling and charging work is carried out from a safc location. 

Two diffcrent cuts are used: 

- largc holc cut (blasting towards a 
largc hole ). 

- cratcr cut (hlasting lowards thc 
lower free face of the raisc). 
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Fi¡;. 7.30 S1mba. 

The large hok cut carne llrst anLI ts stillthe nwst common onc. 
Tht: drill hoks tn the rounLI ha ve a dtameter of 50 to 75 mm and thc ccntrallarge 

hok is rcamed to a diameter of 102 to 203 mm. 

14 8 14 

• • 
4 2 6 

• 
12 O• o •1 

• 7 
• 3 s. 

14 9 14 

Large hole 153 mm 
Blasti·,ales 64 mm 

Fi¡·. 7.31 Fir111g :let.¡u.ence jur 4 ji.J.m. 
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Fig. 7.32 Round sequence for raises 
wich lurger cross seclion. 
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The desi&n and charging of the cut fnllnw the same principies a< de,crihed in 
Chapter 7 11 Tunnelin¡r. Thc cut. Thc firing sequence depencls on !he bultv 
drillinr. sn the hnle wtth the smaiiest teal hurdcn is fired with the lnwcst period 
numher. lt is thercforc necessary to map every hnlc with regard to !he faulty 
drilling. 
The charging ts done from the upper leve l. !\ piece nf wood is Jowered dnwn 
nn :1 rnrc ~nd \\·hcn thc wond p:1¡¡;Scs thc lnwcr mnuth nf thc hnlc thc rore is 
tichtencd anrl the píccc of wnod forms a plug for thc lower part of the hnle. The 
chargcs are lowcred In the bnttom of the hnle. The hnle should no! he stcmmcd 
os the stemmin~ mav sinter and hlock the hole for the sübsequent l·last. The 
h0les mav he relativcly overcharged compared with a tunncl cut as the charges 
are n0t confined at ctther end. Furthcrmore. the hlasthnlcs are n0rmally of 
lar&er diameter than !hose uscd in'tunncls. The risk of rccornpacti0n of thc rock 
in !he cut seclton can he considcred as low e ven if thc. h0lcs 'tre conside'"hlv 
<'vcrchargcd. 

Cratcr hl,.ting. 

Thc hlasting nf a long h0lc drillcd raise con olso he carried out towards the free·· 
lower surface of the raise with a crater cut. No largc diamcter cent~r hole is 
needed hui the hlasthnles normally ha ve a larger diarneter than in the previous 
methnd. The era ter hlosting methnd ts used nnly for thc cut scction to open a hole 
nf approx. 1 sq.m .. then normal stoping will follow. 
Thc croter cut conststs of fivc hnles. nne ccntcr hnle and four cdge holcs. The. 
ccnlcr holc is hlastcd first whcrcupnn !he cdgc hnlcs are blasted onc hy onc with 
diffcrent delays. 

Bcfnre charging. thc hnles are 
pluggcd with a ptecc ofwood which is 
lowereu down from the uppersurface 
nn a rope and sccured to the lower 
rnck surfaec. The hole is then filled 
wtth >and to the calculated lcvel of 
the explosivcs charge. The charge 
shnuld have a diamcter closc lo that 
nf thc hnle. 
Thc charge is then stcrnmed with 
w~ter. (Any other stemmmg may 
sintcr and block the hnle. making 
suhsequcnt blasting operations im
possihle.) 
Thc rcquisite chargc weight and 
depth of thc charge are calculated 
from Livingstone's theories as fol-
lnws: 
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/ 

Fi¡;. 7.33 Dril/ing. charging and Jiring 
pattern for crater cut. 
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1. The lcngth of the charge shall be 6 u mes thc blasthole dtamc:ter. 

1 = 6xd 

2. The optimum depth of the charge ts 50 % uf the critica! dc:pth. 

lupt = U.5X L~,.n 1 

J. The cnllcal depth dcpcnds un thc charge wetght. 

L~ 01 :;;: S X QLJ 

whne S = the strain cnergy factor approx. 1.5 (Jepcnding un the 
explo>ive U>cJ anJ the typc uf rock) 

O = charge wctght in kg. 

-l. Tht! chargc \\t.:lgiH 1~ thcn 

J X J' X 7i X p 
o=----'-

whcrc p = chargmg Jen>ity ( 1.2 kgllner for Emulitc 150 and 
1.35 kg/lttcr for Dynamcx ~1) 

(mm) 

(mm) 

(mm) 

(kg) 

5 Thl· optimum ¡,;harg.: d~.:pth is then rt:i.Jh.:d tu ¡,;harge weight, explusivc!) 
dens1lY, bla:,thuk J¡am~ll . .:r anJ :,train cnergy factor as follows: 

1 .. ,, = U.SxS x ~ xJx 10 (mm) 

Thc cr Jlcr thcory i> valtJ only fur tl:c ccntcr hule. The chargc uf thc oJge hules is 
placcJ so tha< thc burJcn LS Ic,s than the chargc Jcpth uf the crater hok. Thc: 
1..'h.1rgc dqnh liH.:JC..I~I.!:> with lll tu 2U 1...'01 bdwccn cach hule . 
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Fig. 7.3-1 Cumpurison uf eruta cut and ;·tundurd /urge hale cut. 
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The advantages with crater cut compared to large hole cut are: 

1. Lowcr co~t fnr drilling and explnsives as le~~ hales are dnllcd in the c·Jt. The 
same hole diametcr is used in all hnles. 

-2. Drilling precisinn i~ not a~ es~entwl as for large hnle cut~. 
3. Simpler blasting pr<1ctice with le" need for well traincd per~onncl. 

The disadvantage with the crater cut method is the rei<Jtivcly ~hort rnunds that 
may be shnt cach t1me 

7.3 llnderground chamhers. 

The militarv dcfense forces started earlv to utilize snlid rack for constrJction of 
f0rtificatinns which gave many adv<Jntages over surface cnn~truction. S0hd rock 
1s difficult to pene trate and undergrnund chambers are difficult to di~cnver and 
e;1sy to f!Uard. 
The ficld nf applicat10n is huge: Protectinn fm guns. ammunition and soldiers. 
pr0tect1on for suhmarines and smaller warships. stor~ge for material. !ucls and 
fnndstuff; and not lea~t as air-raid shelters for civilians 
Oil v.as initiallv .stnred in surface tank~. but after WWII stmagc in unlined 
~torage chamhers has hecome the most cnmmnn method. Thc increased cxploi
tat¡on of sub-surface stmage has tn a great extent been due tn the rapid develop
ment of roe k hlasting techniques. The increased mechanization of the operations 
ha e; rcsultcd in rcl:1tively unchan!!cd construction costs ovcr a numher of years . 
while at thc >ame time the pncc nf land has increased considcrahly. 
Cnmmnn to all type~ nf undcrground chamhers is that the} urc well protected 
frnm a military pnmt of vicw. They are well camounagcd and more difficult to 
darnage than surface storage faCilities if attacked from the a ir m overland. They 
reqUire httle land: ~urface ~pace i~ onlv necded for acces~ road~. ventilation etc. 
From an cnvironmental poirit of view suh-surfacc storage is safer. a~• leakage 
does not often occur from underground chamhers. It is safer than surface storage 
in case of f1re. a~ the supply of oxygcn 1s often insufficicnt to allow a bigger fire to 
de,elop . 

Underground chambers have many fields of application: 

- storage for different products 
cold storage for food. wines. water. oil etc. 

- garages. telephone exchanges. swimming pools 
military and civil ~tares and workshops 
<Jir-raid shelters for people 

aircrafts 
war~hips 

archives 
- .storage for lightly contammated nuclear waste 
- storage of nuclear residue 
- hydro-electric powerstations 

Sorne of the applications may be comhined. In wartime. the space which is 
normally used for garages. workshops or swimming pools can be utilized as 
air-raid shelters. 
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The baSis for underground chamb~rs is a qualitative ;ound roe k to build in. Sorne 
economic aspects ha veto be constder~d. lf the chambcr is located at too >hallow 
a Iovd, the cost of rcmforcing the roe k may be high as the quality of thc surfa..:e 
roe k is normally poorer than rock at dc~per k veis. Howcver, d<!cp location 
results in long access roads, which may cau>e probkm both dunng construction 
and when the chambcrs come into use. 

From the point of vicw of rack bla;ting tcchniquc>. th<! constructton of undcr
ground chambcrs Jocs not dtffcr from that of tunnds ot the samc magnituJc. 
Thc width of und~rground chambers cannot be too gr<!at Jue to thc inabtltty of 
th<! rock to support thc roof by its own strength. For otl ;torag" chambcrs and 
madunc halls for hydro-clectric powcr-plants. widths of 20 10 24 m ha ve b<!en 
construct~d wtthout nced for hcdvy reinfo"emcnt. Th~ hetght of thc chamber> 
may be up to 40 m. 
Small undaground chambcrs, with a hcight of k.s than S m are blasted as 
tunnds. ln larger chambers, tht; operation h:..~s to be LliviJcJ into ~evt.!ral ~tages of 
drilling and bla;ting in which different methods are used: 
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pilot tunnel wtth >ide >lopmg 
honzontal benching 

• vertical benching. 

Fig. 7.35 Drifling swges in undergruwul chamber. 
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The pilot tunnel is drifted at the roof of the chamher to fac11itate scaling and 
reinforcement. The side stoping to full width is then carrieo c,ur. Scalmg and. if 
necessary. belting and shotcretmg of the roof are done simultaneousl y to avoid 
futurc cxpcn~ivc reinforccment work. 
Thcn blasting is carried out in one or severa\ benches. lt is common for the first 
bench to be a horizontal bench utilizing the drilling eqUJpment for thc tunne\. 
Sorne rock chamhers are also designcd in such way that no space is availahle 
clase to thc wall for the boom of the vertical drilling equipment. The disadvan
tage with horizontal benchmg is that thc height ancl depth of the round depends 
on the dri11ing eqUJpment. The height is normally limitcd to R rr: and the dcpth of 
the round to 4 m. Other limJtation on the blast design is that the ll\astho\e 
diamctcr can rarclv cxceed 51 mm. 
Excavation of the blasted material must he carried out hetween each ll\ast. 
Vertical benching is the dominan! mcthod for llcnching in rock chamllers. The 
advantages with vert1cal bcnching is that dri11ing and cxcavation may be carricd 
<>ut simultancous\y. Thc bench height may be varied within a widc range and 
largcr blastho\es mav be used. often with llctter economy as a consequence. 1) 
is also eao;;¡er to obtain a smoother contour \Vith vertical bcnches than with 
horizontal. 
·me charge calcu\atJons fnr the pilo! tunncl. sidc stoping and horizontal benching 
are the same as prcsented in Chapter 7 Tunncling. whcrc the side stoping is 
calculated· as stoping holes with horizontal llreakagc and the vertical bench as 
stoping holes with upwards brcakage. 
Thc vertical bcnching is calculatcd in accordance with Chapter 5 Bench hlasting. 
lf excavar ion is not carricd out hetween the hlasts. the spccific chargc has to be 
incrcao;;cd in arder to compcnsate for movcment of rock from prcvious rounds. 
Sec 5.8 Swelling. 
Acccss tunnels are rcquired for cach llcnch for thc transport of rock and 
cqu1pment. 

In ccrtam cascc;;. rc~trictions due to 

~cological reasons. ground vihra
tipns etc .. m ay affect the exccution of 
the work. 
In Fig. 7.3ó the rnnf must he bolted 
with R m long bolts anc\ spraved with 
concrete before any sidc stoping can 
be done. 
·me vertical bcnch JS limited to a 
height of 4 m which makes it fcasiblc 
to make a raise shnft. "glory ho\e". 
for the transport of the h\astcd roe k. 
The raisc shaft is a long hole dri11ed 
one. from thc uppcr \cvcl and thc 
b\asting starts at the \ower leve\. Sce 
Ch;~ptcr 7.2.2. 

.. - ' 
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Fig. 7.36 Drifring srages for machine 
hall in hvdro-clecrric power plant. 
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10. CAUTIOUS BLASTING 

Fi¡¡. 10.1 Cawiuus blu.Htng. 

10.1 General. 
The <.kvelopment of blasting techniques has made it possible to carry out 
advanced blasting operations dose lo and unJer existing structures. 
In the las! decades, blasting activiues in populated arcas have increased dueto 
thc need tor beller communications like metros, !Un neis for telephone cables as 
well '" IUnnels for water supply, sewcragc, elcctnc cables etc. 
Anothcr area of cautious blasung IS the expansion of existing hydroelectric and 
nudcar power plants, where tt is of the utmosl importance that power produc· 
tion is no! disturbed during the construction period. 
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Thc mcrea<ed prices of land in urhan are as ha ve al so m a de it fcasihlc to utilizc 
thc "bclo\1.' strcct lcvcr· c;;pacc for various purposcs such as f!arage". officcs. 
homh <hcltcrs cte. 
Jn all thcc;;c hlac;;ting npcr;"ttinns. ground vihrationc;; and to a ccrt:1in cxtcnt air 
shock wavc< and flvrock con<titutc a thrcat to propertv and lifc and it is thcrcfore 
ncccsc;;ary to control thcsc haz;uds to a\·o¡d d;1magc. 
Tt " pnmanlv the ground vihration< which affcct ncighhoring structures hut 
<pccial attcntion has lo he ~tvcn lo thc pn><ihlc nccurrencc uf flvrnck. which is 
thc main cau<e of on-<~te fatalttics and damage to equipment. 

10.2 Ground ,-ihrations. 

10.2.1 The'theory of ground vihrations. 

GrounU v1hr<ltions are scJsmic mnvcmcnts in thc g:round c<tuc;;cd hy roe k blac;;ring. 
rlitng. traffic. excavntion. vihration compaction cte. 
Ground vthration<. whtch are a fnrm of cncrgy transport thrnugh the ground. 
may damagc adjaccnt <tructurcs when they rcach a certain lcvcl. 
Sorne nf thc cncrgy rclcascd frnm a hl:lst prnp,gatcs in all dircctions from the 
holc as scismic wavcs with diffcrcnt frcqucncics. The encrgy from the'c scismic 
w;-¡vcc;; ¡, úampcd hy di<:tancc ;1nd thc wavcc;; with ihc highcst frcqucncy (lfC 

damrcd f,1Stcst. This mcans that the dominan! frequcncies from thc hlast are 
hif!h <H short dic;;t;mcc~ and lowcr <tt lon~cr dist~nccs. 

Thc ~izc of thc gro.und vihratinns dcpcnds on: 

quantity of co-opcrating char~cs 
con"triction 
charactensttcs of the rack 
distance from the blasttng Sttc 
gcology of covcring earth deposits 

· Bv selccting the right hlasting method and corrcct drilling and firing patterns the 
size of the ground vihrations can he controllcd. 

~ = ~-,·v Rock characterlstlcs 
" \V Constrlctlon factor 

fif(. 10.2 

14 201 

., 

·¡ 



Ground vibralions are a complicated type of seismic waves and consist of 
difieren! kinJs of waves: 

• P·wave. The P-wave ts 
abo calleJ the prtmary or 
~ompfl!!)sional wave. It is the 
l...1::tlc:~t ~;,¡ve: through thc: 
grounJ. The particle> in the 
wavc: move in thc: ~ame: Ji
n.:~..:tion a~ thc: propagatiun ul 
tht! w..1ve. thc dcn~lty ut thc 
material will change whcn 
tht: wavl.! PJ~ses. 

• S-waH. The S-wavc: is 
abo calkd the seconJary 
or shear \lrave. lt movc:~ 

through thc medium at right 
<.~ngle tu thc wave propaga
ttan but >lowcr !han the P
wavc. The S-wave changes 
!he shape llf !he matertal bu! 
no! the densny. 

Abbreviatiúns: 
SH ; Shear wave, horiwntal 
SV ; Shear wave, vertical 
R ; Raykigh wave 
P ; Compressional wave 

Ftg. /0.3 Setsmtc waves. 

Thc.: common Jcnom~n:..tiun fur P-wavcs anLI S-waves is boJy waves. 

• R-.. ave. Tite R-wavc (Raylctgh wave) i> J surface wave which faJes tasi with 
Jepth. 1! propagate> more >luwly !han the P anJ S waves and the parttcles move 
dltptically tn thc vertical planc anJ tn !he >Jme Jirectwn as the propagation. At 
thc ~urface tht: movemcnt ~~ rctrograJe to the movcment of the wave. 

Thc rne:Jsunng ut thc: grounJ nbruttons ts usually Jone at one or severa! points at 
grounU lcvd. Fur a total ¡m .. dy:,is. the practu.:~ is to mt!asure in three Uir~ctions: 
vcrttcal, longitudtnal and transvcr>c. Normally the vertical componen! is domi· 
nant at short~r thstanccs. lt i~ thercfun:, u:,ually suft!CICnt to me asure in the 
vertical Jm.:ctwn. For v1brOJtion anal y~¡:, ul thc mea~ u red valucs, thc vibraüon 
¡:henumcnon m ay be rt!curJcJ a::, a functiun ur u me - time history. Then the 
Ji~placcmcnt. p.uuck vdocity and accckrat¡un can be rt!cordcU. 
Tite ba,ic rule is that !he vibration vdoctty ts mea;urcd on structures (buildings 
et~.) wlth a g~.:uphonc anJ tht: accd~rallon on lll~tallations (computers etc.) wtth 
an accekrometer. 
lf thc vibra !ton vdocl!y ts mcasured, thc accdcration can be calculated and vice 
ver>a. Whtch of thc>e parameters that ts the most interesting dcpends on the 
uamagc criterion tor the structure to be protc.:tcd. lf thts is known, it is normally 
sufficu::nt to mt:asure th~ p!.!ak value uf the 1..Ít!~1rcJ parameter. 

10.2.2 Damage criterja and recomnu:ndation.s. 

Expericnce o ver many years oi mcasunng has shown that the particle vdocity of 
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lhc ground ,·,t>rations affcctmg a f0unda1ion comlitutcs the be<t parametcr for 
thc ri~k criterion for damage. Ac;; ground vihratinns is approximatcly a sme 
formcd vihration. the rart1clc velocitv can he calculated in accordancc wJth the 
following formula: 

v = 2nfA 

whcrc v = particle velocitv (mm/sec) 

f = frequencv (periodsisec) 
A =.dJSrlacement in mm 

From the above formula. the acceleratinn of the vibration can he calculated: 

a = 4n'f'A 

wherc a = accelcratJon in g (9 .q l'm/scc') 

A= d"placemcnt m mm 

Control of the particle vcl0citv is •mportant. as it has been shown to be directly 
rrnpnrtional to lhe stress to wh•ch the budding material is exposcd. 
The rclaiJonsh•p hctwecn part1cle vclocily and Slress m an ideal case. when a 
planc shock wave ra'Ses lhrough an infinite ela<tic medium can be expressed as 
fnlln\\'S · 

V 

V -
e 

whcre v = shcanng angle (mm/m) 
V = rartJciC VCIOCJIV (mm/scc) 
e = propagation vclncitv (miscc) 

To rccommend rcalistic permntcd 
levels of ground vibrations for huild
ings. engincers with extensive experi

encc of rock blasting and vibration 
mcasuremcnt cvaluation should he 
consulted. Anv restriction in the 
form of reduced vibration le veis will 
in crease the cost of drilling and hlast
ing considerahly. 
For that rcason it is important to c;;tart 

all hlasting operations in populatcd 
areas with an mspection of surround
ing buildings. This will be followed 
by a risk analysis in arder to assess 
the sensitivity of the bwldings and 

foundations to ground vibrations. 

··~--------·----- - ~-

H 
11 

1 

o 

Frtte blaellng 
1 1 1 

18 25 35 100 
Admltted vlbratlon veloclty, mm/sec. 

Fig. 10.4 The effect nn cosr of differ
enr levels of vihration veloclly. 
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Th~ most 1mportant parameters are: 

• Vibrauon r~sistance of the building matenals. 
• The general conduion of the building. 
• Durat10n and character oi the ground vibration. 

• Presen.:e of cyuipment scnsiuve to ground vibrations within the 
building. 

• How the founc.b.twn i~ ~un~tructed. 

Thc yuality of the foundat10n. 
• The velocuy o! the waw propagauon in rock. sol! and construction 

material. 
Thc lollowing table shows the valucs that are normall y pcrmltted ami wh1ch are 
useJ to cvaluatc the poten tia! damagc nsk through gruund vibration to standard 
rc..:~u.JcrlliJ.I hou~mg. 

Althuugh thc Vlbratiun wlocuy is statcd as thc permitted value 11 is thc shcanng 
angle which detcrmmes the dimensions. The accuracy of the values in the table 
has becn conflf!ned by hundrcds of thousands of readings over more than 40 
yc.Jrs. 

Vibration velocitits normally recommended in apprabing ground 
vibration damage risk to residential buildings with respccl lo 

lhe roundation or lhe building. 

Wave 
vclocuy 

e 
m/!)cc 

Y1bratton 
vclucuy 

V 

mm/!)cc 

2U4 

1 ()()()- 1500 

SanJ '{grt.~vel 
day and 
ground 
WJ.ll!f 

y 

13 

IH 

30 

40 

60 

~uou- Juou 
Morame 

si ate, suft 
ltmcstone 

IS 

25 

35 

55 

115 

4500-6()()() 
Granite, 

gnc1ss. harJ 
ltmt.:stone, 

di..Lb:..t~l! 

quanzae. 
~anJswnc 

35 

50 

70 

lOO 

!50 

225 

.. 

Result 
111 

typ1cal 
huusmg 

~trUI.:tures 

No 

VISibk 

cracking 

Fine 
cracks, 

fallmg 
plasta 

Nutice- · 

able 
cracking 

Se ve re 
cracking 

Lcvcl al 
c=4500 
tu 6UUO 
m/scc. 

0.008 

0.015 

0.03 

0.06 

0.12 

0.25 

...; 
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In thc c"'e of older huildings of poorcr quolitv. rt is cu;tomary to dccrease the 
pcrmis~iblc vihrarion vclocJty frnm 70 mmtsec. to 50 mm/<;;cc .. m h._¡ildmg" of 
light concrete it should he decreased to '~ mmlsec. Cnnversely. there have been 
occa,ions \\he re vclocit~· values nf m0rc rhan 100 mm!scc. wcrc attamcd without 
damo~e to buildings. In the case of indi,·idual hlasting opcrations. sturdy con
cn~tc structurc" can stand valucs C'<Cccding 150 mmlscc. 

lf the limit values in the tahle a hove rcgarding "no visible cracking" are trans
fcrrcd into a thrce-partv groph. the curve will lonk hke in Frg. 10.5 curve .1. 
Howcvcr. in the curve the hmit volue for huildings founded on rock has hcen 
reduccd from 70 mm/scc. to 50 mm/,cc Curve 3 can he said to rcprc<;;cnt thc 
recommcnded llmit value" for normal rcsitlcnt¡al arcas. For frequcncie" cxcecd
rng .JO Hi the particlc velocitv IS thc cntcrion fnr damage hut at lnwer frcqucncics 
the displacement rcprcscnts thc criterion. 

The dommant frcqucncrcs for vihratrons passing through soft kinds of rock. 
moroine. san d. grave!. clay etc. are lnwcr than for exomple granite. This is shnwn 
in thc a hove tahlc and curve' renccts thiS for lower frcquencics where displace
ment is used as the cntenon. Curve 2 m Fig 10.5 rcpresents values at which 
hutldrngs rccerve drrect damage. (Langefors and Kihlstrüm. 19fi7.) 

lt must he pomtcd out that curw :1 onlv indicares thc recommcndcd limiting 
valuc and exrcrt Judpncnt 1s nccdcd to detcrmmc more nccuratcly which uppcr 
limit valuc" ..,hnuld he "ct fnr "tructure" ;ltlFlCcnt tn hlasttng nperations. 

Fig. 10.5 
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Criteria for damage and recommendations: 

Curve 1: Recommendcd upper limit for IBM computers with a durauon 
of vibrauon Jess than 5 >ec. 

Curw 2: DlfcCt damage from vibrauons tú buildmgs during blasting. 
Cun·e 3: Recommended upper limH for blastmg. 
Cune 4: Vrbrauons Jrsturbing tú human hcmg>. 

Ir. connccuon wnh bla,ung opcrauons clo>e to tdcphone and rclay >tatrons or 
buddings contalllll1g uther ~c.:n~ative e4u1pment ~uch a~ cumputc.!f!l., ekctron 
mJcruscopc:s. turbines cte. con~iJeratlon mu~t be givcn tu thl! accdcrauun in 
on .. kr to avoad Ji:::,rurbances. 
The recommendcJ pcrmi,srbie valucs for ground vibration close tú this typc of 

t:4uipmcnt are;;: 

• Tclephone - rday stations 
v=SU mmlscc. and a=U.J -3.0 g depcnding on typc of station. 

TV -stations 
v=35 mmi>CC. and a=3.0 g. 

Cnmputcrs 
a=U.25 g. (Fur ccrtam parts of thc computcr.) 

Ula,ting clo'e to computcr imtallation' (not mKru computcrs or PC:s), where 
thc.: manufacturc.:r prc~cnbes a m.J.ximum accc!t:ratJon ut' U.25 g. is úitfi~.:ult and 
Ull\.Ít.:f ct:rt.JIIl carcum~t .. mcl.!~ lntpl)~~abk, if :::,pt.:cJal arrangeml!nb are not maJe. 
Nitro Cun>ult AU, " >Uh>rdrary ut Dynu Industrie,, Nurway. has thereforc 
d~vdupcd a >pccial mcthud tll dampcn thc>e installatruns, thus rcducrng thc 
vi braliun:::. cum10g iuto the e4u1pmcnt. lJ.Jmpenmg :::.hu u Id always be fullowcd up 
wath vibr;_¡tiUn nlL'4.1~UrL'm~.:nt. 

1 he.: ~tzc.: llt the grounJ vJbrJtJon~ J~.:pc.:nJ~ lln: 

numbL'r ot co-opl!r:ttJOg ch.1rges 
thr: con~trictwn uf thc biJ~t 

the ch;_¡f;_¡L'tt.:risucs of thc roe k 
thr: Jt~tancc from the biJ~tmg ~ltc: 

' thc gcolugy uf the >urroundrng gmund 

For tht.: pl;_¡nmng uf b!J~tlng upt.:ratiun~ Yw he re gTllunJ VlbTJtion probkm~ occur. 
lt 1~ tmpurtant tu be ...twart.: of thc relat1un~h1p bc.:twc:en (hstancc. charge :1nJ 

gruunJ Vlbrauun 

2Uo 
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Usin~ Lnn~cfnr' formulo fm dctcr
mming. thc ch;ugc leve! thc \'thratJOn 
vclocity can be calculatcd: 

Q 
Chnrcc leve\ = --

" R'' 

v. he re O md!CltC" thc charge in nne 
hnlc m kg or c;;cver~l instantancnuslv 
fircd char~cs at the samc Ji>tancc R 
m mctcrs. 

Vthr:ttinn vclocitv: 

\' 

'"he re O =inst~ntaneous\y 
ing chnrgc 

dctonat
(kc 1 
(m) R =diStance 

v =\ibratton 
\ocitv 

(parttclc) vc
(mmiscc) 

K =tr<msmic;;o;;ion factor. cnn
stant dcpcnding on thc 
hnmngcneity of thc rnck 
and the prescnce of faults 
and cracks For hard Swc
dish granitc 1t is aprrox. 
.JOO hut it JS normally 
hnvcr. 

( 

\ 
J· 

Fig. f() 6. 

----·· ·~········"''" """'Q~ ~ ....... ,~ 101 

Fig. /0. 7. 

Thc rclation"htp hctwcen charge/dío;;tancc <tnd g.round vihration can he used to 
makc a simple tahle which may serve "' rcady-reckoner for thc planning of 

blastmg oreratinns. 
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Oistancc Charge in kg (instanwneous dctonation) 

m Lcvd: 0.008 0.015 0.03 0.06 0.12 0.25 0.50 

0.5 0.02 U.U4 O.US 0.16 
1 0.008 0.015 u m 0.00 U.l2 0.25 0.50 

2 0.023 0.04 O. !JS 0.17 U.J4 u 68 1.35 

3 1) 04 o.ux U.lb u 32 il.h5 1.30 2.60 

4 U.UO 0.12 o 24 O 4S l. U 2.0 4.0 

5 U UlJ U.l7 tU5 ü.7U 1.4 :! . H 5.6 
() o 12 0.22 u 4-l U S!> l.~ 3.7 7.3 

í 1). 15 O 2S 0.56 1.1 o o 4.o ~.2 

~- o .1 o 0.34 o óo 1.35 2.7 5 7 11.3 
y 0.22 0.4 U.S 1.6 3.2 6.7 13.5 

IU 0.25 0.5 1.0 2U 4.U s.o 16.0 

12 tU o.o 1.2 2.5 5.0 l!J.-l 20 S 
14 0.4 us 1 t) 3.1 b.3 13.U 26.0 
lt 1 J. 5 1 . o 1 ~ 3.8 7.7 ló 32 

·~ 
1) o 1.2 2 3 4.6 lJ.2 IY 3S 

20 U. 7 1.3 2.7 5.-l 10.7 22 -l4 
25 l. U 1.~ .1.S 7.5 15 31 6' 
Ju 1.3 o -_,) .¡ y lJ.S 20 41 82 
.¡u· 2 o J.S 7.h 15 30 63 126 
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Thr n.:l:1tion~htp chJr~e'dist;~nce :Jnd \ ihratirm velnctty can aiS<1 he expres,cd 

gr<!f'h JC,tll V· 

~100f~~~~~~,,~~,~~~~~~II~~~~~ ..- fi --K • 400 ·¡::_ · 1·" 70 mm/sec 
0 50 , 

1 1 
tt ·t---T- ¡ -l-L 7150 mm/sec 

(1) +--__J:-+: --J-..1: _J:_g:t 1 ; ; : ;z' ( ¡' 'tf""' 
~ 1 1 1 ·,1 11 1 1 1 J ---1-~.--- '1 
~ ' 1 '--/.,' ,: 

.r; 1 1 111 1 1 i ! ~ 1 J .·-- 1 1 ¡l 
o ~~~~~~~~1~¡§,~§:1~~~---~·· ~~~!1 0'1 1 o e ~-· - . -r-i"/-t , -- =i 
Ct; 5 : :r-1- 1 ' :.~ ¡_ >-j=i 
~ t---~--~~~~~~~~~i+I~ __ _L7/~; ~~~~~-~~·~·~,qi ~--~r-~-~J 
~ i llfl :/ i 1: ! .. : ¡ 1 ! 1 iJ 
o i ! 1 : ! ¡¡ '/ ~:í ¡ l 1 : 1 1 ! 1 

8 1~~~~~~~~~v~~~r~y·¡~~l~.~"~"~~-~~~~§~~ 
0.5 +=- ' 1 :J-; : .. : ; 1 : : i : ,:::J 

1 1 / ! i Y[ , .:_--+1--+

1

1_t±ttll 1 

1 

. . ',{ 1 1 re 

+--~-!,11-L 1-11 ;,1_,_, !,JI • 1/í /í ¡ .. :·nl--+--!1--1 11 t-1--t--t-H 
o. 1 ...___.'--J..Ll-.1.:.:.;.~-..l.....~..W.~l---+....!..-H 

1 5 10 50 100 500 

Distance R, m 
Fir: tn 8 Chnrr:c rQJ r1~ a funrtrnn nf d;(rnncc ( R J fnr diffc•rc·nr /r\•r/s o( l'Ihration 
l'rlocrty. Rnrk rrrmsmi.urnn (artnr 1\ =.JOn .. , r a dürnnrr r~f 20m. rhr ch.1rgc mus/· 
nr't r.rrccd 1 3 k~ tn en~urc a t•rhrat/0'1 l'c/n( it\' nf les~ tiran 50 mmlscc. 

Thc di~tancc and ch;-~r~c t:1hlc~ which are ha~cd on thc dctcrmincd rock trans
mi'-'Sinn factor K should he u.;;;cJ w1th carc clo~c to huildinw: wherc thé foun-. 
dauon is unknown e g hulldings huilt rartly on rock and rartlv on soil and 
huildin¡;~ foundcd on wondcn p11L-s in el ay etc. Thc valuc nf tht.: roe k transmission 
f.H:tnr K \\.·di al so ch:-mct.: dcpcnding on rhc charactcristic.., of thc ~round and thc 
di~tanct.:. Lon,cr m.1tcnal~ ~uch a' mPrainc and clay ha ve !owcr K valt1cc; than 
homngcncous hard rPck. Thc rnck tr<lnSml~'i<m (;1ctn~_ K i~ also lowcr in 

wcathercd and fi~~urcd rnck~. 
Thc actual value of thc factor K is hcst dctcrmmcd hv test hlo,tin~s at thc actual 

site. followed ur hv scrupulous vihration me"'urcmcnl. 
Tn evaluare the test hla<ts. thc cnnstriction t>f thc hlast must he considere<l c.g. if 
thc test h0le has free hrcaka~e. if 11 111<1 cracks thc rnck or if 1! dPc< not affect the 
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rock at all. To evaluate a test blast correctly, experience of test blastings and 
knowledge of the fidd uf ground vibrations is necessary. 

When the roe k transmission factor K is determined. the graph in fig. 10.8 m ay he 
a<.l:,ustcd accordmgly and the reaiJStic relauonship between charge/dístance and 
vtbrallon vdocity adaptcd to thc local wndtllons. 
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Fi¡'. /U. Y Chur¡;e ( Q) as a }ÚIICIWII of di>tatlce 1 fl¡ jcJr dijjáelltlevels of vtbration 
~~duclly. Ruck tran.Htlisswn factor 1\ = JVU . .-\tu JtstúiiCI! uf2U m, the cJwrge nwst 
twr cxct't.'J !U kg w ensure u vtbrurwn ~·ducay of In.~ rhan 50 mmfsi!C. 

The cumpari!'lon uf thc.: rwu gr..1ph~ with ruc~ tr..tll~lllb:O:.!Un factor~ K=4UU anU 
K= IUll rcspccuvcly shows thatthe dampenmg ctlcct is highcr in the softer rock 
(K= IUO) ami the vibrallon vclucny·JS luwcr 1f the rdallunslupdtarge/dJStance is 
mJint • .ti'nc.:J. 

10.2.3 Gcolo~ical facton intlucncing ground ~ibratiuns. 

Su,ls ami rucks are porou~ matenab wlth a rdativdy rig1d skeleton of particles. 
Tht: purt:s are filkJ with water ur :.a ir. In suil. thc ::,uli ~kch.:tun f..:onsists of mineral 
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grains which are hcld tngcthcr tw fnctional and coheSive forces In sed1mcn!ary 
rocks thc mineral grJm" ;-~re cemcntcd tng.cthcr and in magma rocks and meta· 
morphnus rocks the mincrals havc crystallizcd !o a rockmass which usuallv 
contains watcr-hcanng fjo;;o;;urc~ and joints. In practicc it may he (ilfficult tn st.ate a 
prcci<>c propagat10n vc\oc1ty nf thc sc1smic wavc in (hffcrcnt ..-;olls antJ rocks. 

Clay D 

C\av. sa!urated D 

Sand. gravcl 
Sand. saturatcd D 

Morainc 
1-.lorame. soturatcd 
S.md.;.;tonc. sch1"l 

Granite. gneis..-; 

shc;-¡r wavc 
comprco;;sional v.a\·c 

mise e 

- li i 

1 . , , 

1 4 bd 1 
' ' 

F1g. ¡n ¡n The prnrwr.minn l'l'lnnr.'· o( cnmprcs'iiinnnl and shear waves thrnugh 
diffcrcnt wil.< and mcks. 

The rrnpagat1nn vcloc!tics of thc Ra\ lc1~h wavc dcpcnd on the frequency and 
are lowcr than thno;;c of thc shcar wa\'C 

Evcry geolo~ic<ll environmcnt h:1o;; its nwn _l!rouml vihratmn chnrélcteristics which 
affcct thc prnpag.atton nf the vihratHln wavc. The ~rnund v1bratinn charactcris
tic.;; dcpcnd on thc follnwing. rrnrcrllc.;; pf thc ground: 

thc dastic. constant~ of the .erPund (clastic and shcaring. moduli) 
which determine !he rropaga!\On vclocity of thc wave.,, 
!he tvpe of soil and 11' dcpth which determine the predominan! range 

nf frequcncy and !vpe of waves. 
• thc mni.;;tnc.;;s of thc "oil and thc g.round water lcvcl. 

thc topngr<~phy and mnrphnlngy. which m ay lead !o fncusing of 

SCISmlc waves. 
thc damp1ng ch<uactcristic.;; of thc ground. 

An cxamplc of gcnln!!ICal factor.;; mf1ucncing thc roe k hlasting opcration is thc 
d1ffcrcncc in permlttcd ch<~rges a! d!ffcrcnt distances m Sweden and the U.S.A. 
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Scaled distance U S A 1 
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Distance R, m 
Fig. /lJ./ 1 Cum¡)(lnjofl uf tflltlllfl!_\ ·tli\l¡Jt/i\' rd,lli~,,nfii¡H fur \'fJt.YI/it:d ~-,z/HL'S of 
~·lhrutw'' ¡·dot'll)' 111 ~')¡\.·edc:/1 und U.\ ..\ 

In u S.-\. tht.: htghc..:~t pcrmlltcJ \'Jhrat!Ull vclu...:ily ~~)O mm/~c..:. and thc bl..t~t
tngs mL~t b..: flllluwcJ up with g.rounJ Vlbralhlll nh:.t~urcnll.:nt if thi..! chargc..:
Ui~tancc gr.tph ~~ u~eJ. In thc..: 1..:.t!'IC ofhla~llng wlthuut grduuJ vihr.Jtiun nh:a~ure
mc..:nt th...: 1 cgul..ttllJn:, p~..!rnllt thc..: bl..t~h:r lo u:-.1..' .1 :-....:;.¡,kJ dt'>LHh.:C c.=quattun in~tl.:ad. 

Thc :-,,_:..tkJ ¡J¡...,¡;m..:c !.!L{Uatton ~~a~ tdlluw~ 

S.D. = 0/V"' 
wherc S D. 1~ thc :-,¡,:;..ah.;J dhtalh.:c 

l) ~:-> tllL' J¡~t..tiH.:e 111 ket lrum hl<~~llllg ..,¡te lll thc ~lructurt: in 4ucstiun. 

\V i~ thc maxunum charge "'ctght 111 pnunJ~ pt.:r Jelay. 

Thc '''~.uiJIÍúlh s.1y thal .1 ,c.J!cJ J,t.~ncc ul 511 ur mu1c wdl pmlccl againsl 
VlhratiOib g1catc.:r thun 5U 111111/!)l!l..' A:-. m.ty he :-.c~.·n lrt>lll Fig. 10.11, thc ~cakd 

diStaflL'I . .''l!4UJtaJn g1Vt.:'l rathcr clln~c.:rv;..¡tivc \.duc:-.. 
Fíg. W.ll ab,> >hm" that thc ma.\lmum pcrmincJ ch.~rgc in thc U .S.A should be 
llJ kg at ..1 J¡:-.ta!Ke lit 30m compar~.:J lt' ~.tl ¡..g tn Swc.:Jcn. Ata dt:-.tanu· of lOO m. 
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the char~e should he 195 k~ tn the U .S. A and 15.ti kg m Sweden. The US .-alucs 
are consrderahlv hi~hcr than thc Swedish. hut on the other hand a vihration 
velocity of 70 mm,'s !S generallv rermitted in Swedcn. which gives charge woights 
twicc thosc pcrm1ttcd at ~O mmi!"cc. 
The S"edrsh values are stlil con<rdcrahly lower than those of the U.S.A. The 
reason for that is that thc rr'cks rn U.S.A are diffcrent from thnse in Swedcn. 
They are gcnerallv softer and the proragation velocitv nf the vihration woves is 
lnwer Furthermorc. and equallv impnrtant. the vihrations are damped fastcr 
and thc vrhration \el0citv is thus lowcred. 

1 0.2.4 Plannin~ of hlastin~ operations. 

At the planning stage of the hlasting 0reration. attention must he paid tn thc 
gcnlogic~l charactcristics of thc- rnck. If thcrc are zones of wcathcrcd and 

f¡o;;;o;;;urcd rock hctween thc hlastmg si te and nhjccts <~cnsitivc tn vihrat10ns with a 
damping cffcct on the ~rnund ,·rhrotions. !he gcological charoctcristics of thc 
roe!.. m;,y changc to more homn~cncouc; rock ;1s the work procecds. increasing 

thc ~round nhratinn< lt mav !han he nccessarv to dcercase the charge to. avnid. 
damage. 

Thcrcfore !he test hlastin~s shnuld he me;rsurcd to make a seismic profile wherc 
thc c,;cismic w;1vc' are mc;-~c;urcd at v;-ninu" pnintc,; g1ving infnrmation on how thc 
charactcnc;;;tics of thc rock \·;nie"i. 

When rtanning and exccuting thc hlasttng "rcration. it is impc.ctant that thc 
conslricl!on of thc round is minrmrzed hy corree! drilhng and firing patt·:rns . 

~ : • : • • .~ • • • • . ., 
" 

,, 
" " " 

: : • • • • • • • 
' • • • •· " 

• : l : • • 1 • 
' • ' • 

• • .. . • : • : • • • . ' ' ' ' ' ' • ' 

• • ' • • . . • f ~,~;·"' ~ • • • ' ' ' ' ' ' ' ,. ' • ' i l~l~r,.~l ~U"''"~ \ ... , .... ,,, 
t • ' • • . : • : ~ ~ • ' ' ' ' ' ' 

S' l ~/ 1~ ~/ l 1 8 
Fig. 10.12 By changing the(inng pattern. the illlernal burden may be minimized 
and thc constriction lm•·ered. 
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The v1bration veloCily also dcpentls 
on the indination of the hale. Stecp
er hole mclinations or other conLII
tion~ llli.:'rt:as¡ng tht! l.:'on~triction uf 
thc bla't (nusfircs etc.) may cause 
cun~llkrablc mcreíbt! uf tht: vibra
tion vdocaty. 
The grou~d vibratiom w1ll also in
crea>c if thc bla>l fdib lú break the 
rock down tu the intemh:J lcvd. 

~ 400-

\ 
• e 
E 
> 300-

\ 
\ 

200-

0------------------------
'O' " 

,., 
" HOie mc11nat1on 

Fig. JO. 13 Vibruliu11 ••e/ociry 111 re/a-
11011 ro hule i11cli11aliu11 with the same 
burden a11d exp/osive clwrge (1re11clz 
b/asWIIJ). 

Thc fir.t rountls blastetl ata work >lle must be considere ti as test blastings and the 
vibration mea~urc:mcnts shuuld be u~ed as a guidance for the planning üf an 
opumum blasting operation. The results from the v1bration measuremcnts 
should be utilizcd dunng all blasung operations to fmd thc most economic 
dnlimg anJ firing pattcrn. Howevt.!r, a certam margin to the permitted vibration 
veloctty ~huuld aiw..~y~ be ma1ntaJnt!d as the ground v1brations may increasc 
>harply 11 the blast does not go accord1ng to plan. Th1s can b.: diff•cult m cases 
whcn the dnlhng" lar ahcad of thc bla>tmg opcrauon. but usmg the result of thc 
1111tial risk dnalySIS anda thorough follow-up Junng the blasting operation, the 
dnlhng pattern m ay be sélcctcd 111 >uch a way that severa! chargcs may be us.:d in 
each hok 1f thc Vlbrauon velocity valucs become too high. 

J nvt!~tlgauun::, ::,how that p~:uph: in 
gen~:ral react to v¡brauon valu~:~ far 
bdow the hm1t tor Jamage on build
mg!'!. lt h..1.~ ; . .d~o bcen Lh:·mon..,trateJ 
that bla:::.tmg opcrauon:::. whkh an.: ex
ecutcd 111 a :::.hurt lime are bettcr ac
c.:pted h> peuple in the area than 
opcratllln::, la~tang fur a long lime, 
e ven it thcn; are long gaps bt:twccn 
thc b!Jsts. 
Thc b.:st w.1y to tore>tall compla1nts 

"' 1f thO>é responsible for thc blasung 
L'pcratlons givc comprchcnsivt.: in
tJrmatwn to thc people atfccted. 
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The ekctromc instrumenls available are: 
peak parllck vdocity in>truments 
vihralilHl tunc-histury rccurJ¡;r:, 
¡,;:umbtncJ mstrumcnt:, {ground VibraiJUn anJ a1r pr..:ssurc) 

ULTKALETTE JS a mulu-channd 
sy~tcm for tlmc-hi~tury rccuHilng 
wh~eh 1> U>tcl Jli mcr thc woriJ. Thc 
ubtrunh:nt 1~ not autumatic anJ thus 
hJs tu be hanclkJ hy pcrsonncl trJin~ 
cJ fur the purpu~c. lt cun~1~ts of a 
light-wcight. ~m.11l ~iz~.: rccunkr wlth 
plug-1n sign..1l cunJuwnmg modules 
anJ externa! "docuy tran::,Juc~;:r~ tur 
vertic; .. d J.!ld honzuntal mc:.t~urt.:

nlt!llb. Thc rc~.:urJcr c:..tn n.:gt::,tcr 
p!..!;_¡k v1bratiun vdul'll)'. acct:k·r..itiUn, 

frt:ljUCIH.:y ;.mJ .. unphtuJL'. 
Thc UL TRALETfE 1s abo 'u1tabk 
fur thc.: measurcmt:!ll ut thc pn)pag.a
tif..-'li vdol:HY uithc.: ::,ci::,mi~.: \-\.<JVc, anJ 

cv; .. du.JtluO ut ll:::,t bla::,tmg::,. 

Fig. JO. 16 Ultru/eue. 

Cuiilbin~:J ubtrumcnts for tht: Jt.:gJ~trJtJun of ground VJbrJtiOnS and sounJ 
pn;:,:,ur~.: are LOG 1 ..1nJ UVS 1-W-L 1 hc~c t\\U .u..: ~.:umputcrizc.:J in:,trumcnts for 
~..:a;-,y anli al:L:ur.tte u:,c. 

Thc LOG 1 ¡,a portabk >ti>mograph 
for thc mumtunng anJ rt:curJmg uf 
::,ci::,mic anJ suunJ ::,¡gnab trum bla::,t

inss anJ ::,m11lar upcratiuns. hs Jc
::,¡gn uses muLkrn micrucumputcr 
tc.;hnulugy, rc::,ultmg 1n mdximum 
accuracy .1nJ vcr>allilty. Thc LOG 1 
!.:Jll h~.: u~~.:J lor vn-th!.!-:-,pol 1\ll.:a~urc
m..:nb ur ior unancnLicLi upcrauon~ 
tn mJu~tflt.:~ ~uch as ..:unstructiun, 
m11Hng. 4uarry111g Jnli tran~porta

liün. 
Thc LOG 1 rccorJ, peak values 1n 

thq:c Jircclion:, and llmc-histllri..::, uf 
~c..:i:,mH! v;t:;rauon:, JnJ ~uunJ prc:,
surc. A full alphJnumeric keyboarcl 
" built in allow1ng the opcrator tu 
in:,crt any rnc:,sage 1n1o the computer 
memory for 'ubseyuent pnntout with 
!he recorclcJ elata. 

2Ió 

Fig. 10.17 LOG l. 
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More often than not it is a good investment to employ a consultan! at the 
heginning of a. hlastmg operation. The consultan! will take ca re of the primary 
risk analysis and befo re hlasting starb point out thc prohlems which are likely to 
occur. Using the knowlcdge gained from the risk analysis the hlasting operation 
can he better planned hoth technically and economically. lt is normally chcapcr 
to prevent prohlems than take measures when they arise. 

1 0.2.5 lnstrumentllii to me asure J!round vihrations. 

Different types of instrumcnts ha ve heen developed for ground vihration meas
urcmcnt~. 

The carly instruments were mechanical. They were fixcd to the object which 
was suhjected ro ground vihrations. The principie was that thc instrument 
contained a heavv weight which was suspended in a spring. acting as an incrt 
mass. During the vibratton the instrument moved but the weight did not. The 
movement of the instrumcnt was recorded on paper and the leve! of ground 
vthratton could he evaluatcd. Thc mechanical instruments have nowadays bccn 
rcplaccd by elcctrontc oncs. 
In the elcctronic instrumcnt. the mechanical vibration is sensed and converted 
to an clcctric Stgnal by an electro dynamic transducer callcd a geop'honc. This 
transducer givcs an elcctric signa! which is direct proportional to. the particle 
vclocity of the vihration. which is the parameter bcing recorded. 
The geophone consists of a spring 
( 1) loaded - moving mass (2) svs
tcm. A coi! (3) is wound around the 
movmg mass. The systcm movcllii 
frecly in a magnetic field created by a 
pcrmancnt magnet (4). When the 
C(lil rnovcs in the mngnctic ficld an 
electric current is induced with a 
magnitude proportional to the vclo
citv of thc coi l. 
1 n the geophone in use. thc coi! is 
steady whilc the magnet mountcd in 
the Outer case moves in relation to 
the reccived mechanical .vibration. 

1 -

Fig. /0./5 Basic design of geophone. 

There are instruments available for the measurement of vertical and horizontal 
components at one or severa! measuring points. As regards '>lasting it is the 
magnitude of the vertical componen! that is' importan t. The instruments m ay 
also be supplemented with an accelerometer to measure the acceleration. 
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The printout is done nn a dot matri'( printcr and can be used for furthcr analysis if 
rcqwrcd. 

Thc UVS 1404 i~ a fullv elcctronic instrumcnt for continuc:ius momtonng of 
vihratiom and shock waves from mining. constructinn. traffic cte. 
Thc UVS 1.\0.\ is a completcly new conccpt for ground vihration mnnit0ring. 
This fully clcctromc instrumcnt has heen rcferrcd to as thc third gcncration of 
vihratton monitors. fnllowing thc mechanical and electromcchanical ~encra
tions. 

Low tcmpcrature and htgh humiditv have always been a pr0blematic combina
tino fnr electro-mechanical mstrumcnts. cspecially for thc huilt-in printers. The 
UVS 1.\0.\ has no moving parts. which mcans that thc m a in so urce of opcrational 
anJ maintcnance prohlcms is climmated. \Vide temperaturc rangc compnnents 
(- ~O"C lo +RO"Cl and a hcavv-duty. waterproof aluminium case with huilt-in 
humidity ahsnrhcrs contrihutc 10 make the UVS J.\0.\ insensitive to harsh 
cnvironments and rough handling. as wcll as normal wcar and tear. 
The fnur channcl UVS l.\0.\ measures and records peak valucs of par)iclc 
vclncitv. acccler"t'on. atr shock wavcs etc .. dcpendmg on the type nf sensor u sed 
for each channel 
Thc rccordcd data is prcscntcd on a dual LCD (Liquid Crystal Display) systcm. 
A cnnttnuous graphtcal diagram along a hnriwntal time-axis is given nn the 
primary LCD. ami ;t]ph;tnumenctnformatinn (date. time. graphical sea le. hatte
rv cnndition. max. rccordcd valuc. channclnumhcrctc.) on the secondary LCD. 
Tite UVS I.JIJ.J has a complete ~1 Jay< mcmory. which is continuously updatcd 
with !he lates! information. lt is rnwcreJ by 2 standard typc batteries allowing 
unattcndcd monitonng for one month. 
Thc values rccorded in cach channel are storcd tn thc memnry in 2-minute 
pcriods. No tnggcr lcvcls havc ro he sct in advancc. cvcrytbing including zero 
rcadmgs 1o;; recordcd. Thio;; climinatcs thc risk of thc mcmory hcing cluttercd with 
undco;;ircd informatinn hccausc of too low tnggcr lcvcls or misscd low rcadings 
hccausc of ton high levels. 
In add1t1on to thc normal 
LCD prcsentation. a corrc
sponding paper cnpv can he 
obtained at anv 11m e. Bv 
connccting a Hewlett Pack
ard THINKJET printer In 
the digital outlct. anv sc
qucnce of mformalion with
in the total mcmorv capaclly 
can be rrintcd on A4-shccts 
for dctailed study and lnng
term documcntation. 

lf large volumcs nf mca
surement recnrds ha ve tn be 

handlcd and storcd. an nr-

15 

r; 
.1 
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Fig. 10.18 UVS 1404. 
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tional system for automatic data colléction and report printmg is avallable. The 
memory is tappcd from the UVS 1~04 ( on si te or elsewhere) into a Hewlett 
Packard portable disk drive. One smgle disk can store data from four channels 
covering five .:omplete 31-day>' periods. Proccssed by a Hewlett Packard HP71 C 
the llata i> automaucally printed by the THINKJET in atable formal report. 
Furthcrmurc, a buffl!red analog outlct givcs Jirc.!ct acccss. tu the input sagnals, 
thu> rnak111g ti possiblc 10 transkr full llme-history records lo a >eparate tape 

recorder or e4uivalent. 
~tost cummon geuphoncs for vc.!looty mea~uring as wdl a~ a variety uf ~ensurs 
::,uch as accdcromctcrs and air shock wavc microphune!) can be directly cunnect
ell to the UVS 14lJ.l. Thc instrument prcsents cach rcalling llircctly in the 
prc->clcctell untt (g. 1\!Pa, llll etc.). 

10.3 Charge calculations. 

10.3.1 General. 

When bla;ting dosc to buildings anJ othcr mstallattons scnsitive to vibrations it 
is not alway> po»iblc to ulllize thc bla>tholcs tn the same way as in normal 
blast111g opcrations. The ground vibr .. ilion!) which always ocCur in blasting opcra
L¡ons dcpcnd on the maxunum co-opc.!raling chargc weight. Thus, thc charge 
wctght for cach del ay mu>t be kcpt within ccrtain limits for difterent distances. 
Howcvcr. ior big bla;ts anlllong llt>tanccs thc total amount of explosive> may be 
.J Jt.:tcrnllmng fao;.;tor for thc !)izc uf thc vabratlon:,. 
Thc n1n::,rriction uf thc: bla~tts anuthl.!r tactor which afkcts thc: stze of the gruunt.l 
vibrattuns. A cun~trJctt.:d charge g1vc:~ higher vibratú.ms than one w1th free 
hrcakagc. 

Thl.! max.unum co·operating 
charg~.: c .. w bl.! Jett:rmtni.!J 
frum thc ch.trgt:/Jt~tance 

graph. Knt>wing thr.: t.listancc 
tu tht.: ~r.:n~itive objcct 11 ts 
ea~y to determine thc cor
rc:ct chargc: wetght. 
The charge wcight llep~ntls 
un thi.! p~.!rtnJtteJ vtbration 
vdocity ;,tnJ tht.: rock trans
mtssiun factor 
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The max1mum cn-operating: charge cm he rcduccd in the following way: 

The firing rattern. 

The numher of hole< with the <ame reriou numher" reduced '" the 
ma.x1mum co-orcrating charge is not cxcecdcd. 
Reduccd drilling ¡>attern. 
The t>la<thole volumc i< not utilized 10 the maximum for thc cx¡)Jo
<ive< charge a< in normal hlc<ting. The drilling rattern i< more .:lmelv 
'J'3Ced Wtth Jes< CXJ'fO<iVC< in each hoJe. 
Div1<Jed charges. 
The requi<~te charge amClunt for the hole i< divideu into severa! 
partial charges fircu with different delavs. The charges are scrarated 
hy sand stemming. 
Divideu henches. 
The bench is nnt hla<led to t!s fu JI depth in one go hut divided into 
severa! Jo" cr henches. 

10.3.2 The firing paltern. 

In cnutinus hlasting it m:1y he ncccc;;~ary tu dt:crea:'e thc co-opcrating chargc. 
Th~> can he done hy decreasing thc numhcr of detonators with the same period 
numhcr. 
Detonators wnh the same reriod numher always have a ccrtain scattcr. In other 
words. the de la y time of the dclav elemcnt is not exactly the samc for detonators 
with thc same pcriod numbcr. This means that only sorne of thc dctonators 
within the penad will co-operare. 
Thc co-operation within thc period or hetween various pcrioüs depcnds nn !he 
frequencv of the grClund vihrations. For hard hnmogcncous bcdrock the fre
qucncv is normally over 60Hz and he re the followmg practica! rule for co-opera
! ion will arply: 

Detonator tvpe Pcriod numher CCl-operation within period 
(rcduction factor) 

VA/MS 1-10 1/2 
Noncl GT J-111 f/2 

VA/MS 11 -20 f/3 
Nonc1 GT 11-20 f/3 

None1 GTtT 1-20 f/4 
25-óO f/ó 

VA/HS 1-12 lió 

Thc tah1c is bascd on thc scattcr within thc pcriod which is 1owcst fM MS 
dctonators hut may he as high as 200 ms for HS deionators. 
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AccorJing to Langefors, the nsk of co-operation is greater at 1ow frequenc1es. 

Less than 60 Hz: 
VA/MS 
VA/MS 
VA/HS 

Lcss than 20 Hz: 
VA!MS 
VA/HS 

1-lU 
11-20 
1-12 

1-20 
1-12 

112 
116 

1 
113 

Thc low fn.:l}ui.!OCIC~ occur 111 ~oft rocks and whcn bla!)tlflg at rclativc.:ly grcat 

dJ')tanct:s. 
At thc 1owest freyucncies it m ay theorctically be co-operation bctwecn d1ffercnt 
pcriuJ nurnbcr:.,. 
1 n the U. S A., with it> ;oftcr rocb, the charges are supposed toco-opera te if the 
Jday between them i> shorter than Y ms. 

The foll<>wing cxdmp1e shows the dkct of the reduction factor in cautwus 
bbsting: 

Cond1Uons: 
Ro <:k, granue 
Bench b1a;tmg 
Ulasthok diameter. Jnll ;encs 11 (34- 2Y mm) 
Uench he1ght 4 U m 
Charge per ho1e l.Y5 kg 
MaXlmum pcrmllted co-operating charge 5.0 kg 

A. Ula!)tmg without cun:.,iJcnng thc rL:JU\.:tJun t~h.:tllr. 

2 x l. Y5 kg = 3 9 kg 

Com.:Ju~¡un: ~L.t.ximum::! bl.J!)thulc!) may cu-opcratc:, which in this case im
pllcs 2 dctonators pcr pcnod numbcr. 

B. Bla~ting con:.,¡Jcnng thc reJuctiun lactor. 

1\lS detonators with penod numbcrs 1 to 10 ha ve a reduction factor of 112, 
which means that on1y ha1i the detonator> wuhm the samc period are 1ikely 10 

C<H.Jpcrate. 

lf 4 Jctonator> w1th the same paiod numbcr are uscd on1y 2 wll1 co-operate. 
Thc.: lllJ.Ximum chargc whu:h Y..lll Jl.!tonatc ubtantüneuusly is thcn 
(4xi.Y5)xl!2=3.Y kg. lf for cxJmplc 5 dctlln"tur; are used in thc samc 
pcnuJ thcre i!) a rb~ uf ovt:r-12hargulg, a~ 3 llf tht: 5 Uctonalors are iikdy to 

co-opcrate (Jx l.Y5 kg=5.o5 kg). 

Co1iclu>ton: 4 Jetonators MS 1 tu 10 may be u>d in the same period without 
n~k of ~Xl.:~~~1vt: c~arg~. 

MS detonators wnh penud numbers 11 tll 20 have a reduction factor of 113, 
mc&nmg that onc third ol the dctonator; w1th1n thc period are 1ikdy to 
co-op~o:r..1tc. 
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If A detonators are u sed with the same period numhcr only 2 will co-opera te. 
The maximum chargc which will detona te instantaneously is (fix 1.95)x 
113=3.9 kg. 

Conclusinn: A dctonators MS 11 to 2n m ay he u sed in the same periou withnut 
risk of exccssi,·e charge. 

If a firing pattcrn starting with 4 pes MS No. 1 is changed to one st:irting with ó 
pes MS No. 11. it will not increase the co-operating chargc. 
In the case of drfferent amounts of explosives in the blastholes. the lcast favor

able case has to be recknned on. that is. thc holes with thc biggcst amounts of 
cxplosivcs will co-operate. 
When the numher of dctonators within each period is limited hccéuse. of 
rcstricted ground vihrations. rt may he a prohlem to obtain enough periods for 
the hlast. In cases lrke thiS it is practica! to use NONEL UNIDET with its 
unlimited numhcr of dclays (Sce Chaptcr Jb.2.4 NONEL). 
In blasting operatinns ver" clnse to oh¡ects which are scnsitive to ground vibra
tions. where vibr;-¡ticms O\'Cr thc pcrm1ttcd limit may result in scvcre damagc. no 

rcduction factor should he uscd and only thc real number of detonators per 
pcriod takcn mto accounL 

10.3.3 llench hlasting "ith reducrd drilling pattern. 

When the maximum permitted cn-operating charge is smaller than the requisite 
charge for the blasthole. it is no longcr possihle to reduce :he co-operating 
charge with the firing pattern. One po.,rbtlitv to reduce the charge is to reduce 
thc hlasthole diametcr. which gives lcss cxplnsives in each blasthole. Then 
normal drilling and charging tahles may be used for the actual blasthole día
meter. 
llowever. it is nften practically impo<>ihlc to change the drilling cquipmcnt. In 
thcse cases a reduced dnllrng pattern is uscd. drilled with thc existing equipment. 
where the pcrmitted charge determines the drilling pattern. 
The reduced drilling pattern increases the specific drilling which naturally in
creases the cost. To what degree thc specific drilling may increase from an 
economic point of vicw must he decided upon in each case. 
One basis for forming a jud~mcnt is to comrare with the specific drilling when 
the blasthole is fully utiltzcd: 

Holc drameter 
mm 

Drill series 11 
34-27 

Drill series I2 
40-29 

51 
64 
76 

Specific drilling 
m/cu.m. 

O.R-1.3 

0.6-0.9 
0.3 
0.2 

o. I5 
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To calcula!.: !he: rc:duced drilling panc:rn, !he permined co-operating charge 
musl be known. Thc: permined co-opc:raling chargc: may be found in the charge/ 
distance !abk or m !he: graph lU.S. Knowing the v¡bralion velocily which is 
perminc:d for the ob¡c:cl 1n 4ucs1ion and the d1stance LO the blasling ;ite, 1he 
actual permmed co-operaling charge will be found. 

The corrc:cl permincJ vibration velocity 1s founJ m thc table on page 204, wh!Ch 
shows thc: vibration vcloclly that!S nurmally pc:rmi;;~bk for re>idential buildings 
for the kmd uf materi•l un whtch the building> are built. 

The ba;~s for thc cakulations is thatthe ;pec1fic charge >huuiJ be 0.4U kg/cu.m. 
Thi> value "the normal value and changes m ay be needcJ duelO the blastability 
of thc rack. The chJnge uf spec¡f¡c charge dues nol change the calculation 
proceJure. 
By carrymg <>ul te>l bla>tS followeJ by analySIS of the V1bralion measurcmenl 
resulls, il is often po;;ible lll u;e more explu;¡ves than mdicateJ mthe graph thus 
luwcnng thc bla;ling co;t. 

Charge calculation proccdure. 

Specific charge 
.Pf.!rnuttt!d co-opcrating ¡;hargl! 

Orilling pallern. 

l. Thc vol u me of ruck wh1ch 
is bla>teJ by cach hule: 

Ore, 
Yolume =--

4 
(cu m.) 

2. Whcn the vulume is 
knuwn, the Jrilling pallc:rn 
can be cJiculateJ. 
The surbce area each blast
hole can cuvcr: 

vulume 
Arca=---

K 
(sq.m.) 
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3. Practica! dtilling pattern. 
When the surface area for 
the blastholc is known the 
practica! hurdcn is: 

B ="'- ¡;;:;;;; v-us-
Practical spacing: 

S = 1 25x B (m) 

The rractical spacing should 
be adju<tcd to the wtdth of 
the hench if nccc<>ary. 

4. Hole dcpth 
The holc dcpth H may he 
cstimatcd from tahles m 
Chapter 5.2 Charge calcula· 
tions. 

5. Spccific drilling 

BxSxK 
(m/cu.m.) 

(m) 

An csttmatc should be carried out tn <ce if the specific drilling is acceptahle. lf 
not. thc use of divided chargcs in thc holcs e>r scvcrallower bcnches should be 
considcred 

lf the specific drilling is acceptahle. thc calculations continue as follows: 

6. Drilling error. 

d 
E = -- + 0.03K (m) 

1000 

7. Subdrilling 

U=O.J(B+E) (m) 

8. Hole depth 

H=a(K+U) (m) 

a = 1.05 fN inclination 3:1 
and 1.0 for vertical hales. 

9. Maximum burden 

(m) 

• Bmax - E 
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Boltom charge. 

10. Chargf>! conccntrarion 

Bm .. l: 
-- for Dynamex 1\1 ( kg/m) 

" 
nm .. l~ 1.15 

1" = -- x -- for Emulllc 150 
2 1.25 

11. Hctght 

h" = J.JxU"'"' (m) 

1:~. Wetght 

Culumn char¡¡e. 

13 Wctght 

(kg) 

o,= 0,~,-0b (kg) 

l..J. Stcmming 

h .. = B (m) 

15. Hctght 

h,=H-h.,-hh (m) 

16. Chargl.! ~:on~:cntrallon 

1..: -
h,. 

(kgim) 

1,. ;hould be at Jcast -lll 'lo of 
1". Explo>tves uf ;uitabk Jj. 
mcn~1on~ ~huuiJ be ~dcctcJ 
lor thl! chargc. 

17. Total charge wetght 

o .. ,= Oh+O, (kg) 

Che.: k that 0,.,,.;0 1~,. lf this is not thc ca;c. thc wlumn chargc should be 
rctlu·cetl. lf that is nut pu"iblc thc tlnlhng p.1ttan must be reducetl further. 

JS. Spcctftc dnlhng 

number of drilled meter; pcr ruw n x H 
b = =----

vulume pcr row wxBxK 
(m/cu.m.) 

llf. Spcciftc charge 

q = = 
T uta! chargl.! per row n X Ü 1,H 

(kg/cu.m.) 
Volume per ruw wxBxK 

. ,,¡o:· .. ; ; .. ·•• 



Calculation .-ample. 

Cnndition": 131;-~c:;ting tn ~e carricd nut clno:.;c tn a TV tran~mJttmg statJon. 
Thc pcrmtttcd vihratinn vclocity '"' ~5 mm/sec. and thc distancc to thc hlasting: 
sitc 1s ~n m. 

Blasthole diamctcr: 
Bcnch hcight. 

Drill series 11. :14-27 mm in this case 31 mm. 
:! .. 'i m 

Holc inclination: 3:1 
Wídth of thc round: 12m 
Rock transmission factor K: 4flll 
Explosivc: 

Spccific charge q: 
PcrmJttcd cn-npcratmg charg:e 
(in accnrdancc wtth graph Fig 

l. Rock volumc per hnlc. 

Ür-n 0.6~ 

Dvnamcx ~~ 
Gurit 
0.4 k~icu.m. 
ll.ó5 kg 

10 ~) 

Volumc =~~=~~= 1 óJ cu.m 
q 11.4 

2. Surfacc JfCJ pcr hnlc. 

Vol u me 1 ó.' 
Arca -- = ll.A) sq.m 

:.5 

:1. Practtcal drilling pattcrn. 

Burdcn: 

n =""' ~=""' (ñffi= 1) 72 m V 0' V¡;--
Spacing: 
S= 1.25x0.72=0.90 m 

Adjustmcnt of the spacing to thc width of thc bcnch. 

Number of hole spaces 

s.,d¡ = 12/14 = (] ~ó m 

12.0 
-- = 1:1.33. that is 14. 
o 91) 

Numbcr of holcs pcr row 14+ 1 = 15. 

4. Estimate<l hole dcpth 
From tablc m Chaptcr 5.2 Charge calculations 

H", = 3.05 m 

3.05 

5. Specific drilling 

Hc.~t 
--------'- = 1.97 m/cu.m. b =---

BxSxK 0.72xO.R6x2.50 

The specific drilling for drill senes 11 is O.R to 1.3 m/cu.m. when the blasthole is 
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fully utilizéd. Th~ 'P"cific Jrilling is somowhat high in this case, but may be 

accepteJ. 

6. Drilling error. 

J Jl 
E = -- + U.OJK =-- +0.03x2.5=0.1l m 

lOW lOW 

7. Subdrilhng 

U= 0.3(l3+E)=U.3(U.72.,.U.ll)=0.25 m 

~- Huk Jcpth 

H = a(KtU)=I.05(2 5+0.25)=2 ~~ approx. 2 YO m 

9. Maxu11um burJcn 

B"'"' = B+E=U.72+U.ll=U.~3 m 

Bottorn ch<.~rgc. 

lU Chargc conccntration 

8 111 ..~/ U.SY 
10 = --- = -- = 0.35 k>!o'm 

" 1 -- -
ll. H<.!ight 

h, =l.3xB.,,.,=l.3x0.~3=l.U~ apprux. l.lli m 

12. Wct¡;ht 

0 0 = l,,xhh=U.35x l.lU=0.39 kg 

The buuom charge mJy COibtst of 4 \:artnJgc::, of Dynilmt:x rvt, 22x20U mm with 
a wctght uf U.l kt~ cach = U.4 kg. 

Thc prac~tcal hcightuf thc bottom chJrgc. h,. wdl be li.S m. 

Culumn chargc 

l3. Wcight 

0, = 0"..,-0,=0.65-0.40=0.25 kg 

14. Stcmming 

h_, = B ='. O 72 m 

lS. Hcight 

h, = lt-h,-h,=2.\IU-U.SU-0.72=1.3o m 

16. Char::;e com.:c:ntralion 

o. 0.25 
1, = -- = -- = U.IS k~/m 

h, l.JS -

The cunccntratwn uf thc column chargo >huu!J be at leas! 40 % of the con
ccntraltun of thc bottom chargc, wh1ch is tounJ tú be thc case. 
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The cnlumn mav he chargcd with 2 cartridges of ,Gurit 17x~OO mm w1th a 
cartndge wcight of 0.11 ~ kg each Total weight O 23 kg. 

The t0tal Jcngth of the rnttom charge. O.R m. and the column charge. 1.0 m. w¡ll 
le ave a stemming Jength of l. 1 m wh1ch m ay cause sorne houldcrs from thc upper 
part of thc round. 

17. Total charge 

0, .. , = 0".¡_0,=0.-l 1 +0.23=0.ó-l kg 

IR. Spccific drilhng 

nxH 
b = 

wx[lxK 

15x2.90 
------- = 2.01 m!cu.m. 
12.0x0.72x2.5. 

19. Specific chargc 

nxQ1('!f 

q 
wxBxK 

= 
15xO.M 

------- = 0.4-1 kgicu.m 
12.0x0.72x2.5 

Summarv of importan! data: 

Bench Hnlc 
hc1ght dcpth 

K H 
(m) (m) 

2.5 2.9 

• • 10 • 

• • 7 5 

• • 4 ' 

Burdcn Spacmg Bottom Column 
chargc chargc 

B S oh O, 
(m) (m) (kg) (kg) 

0.72 o Rli 0.40 0.23 

• • • • • • 9 " 12 13 

• • • • • 3 5 • " 12 

• • • • • 1 ' 4 7 10 

11 mAy be usumed that only half tPle 
number or detonators wt11 co-operate 
wlthln the oerlod numbera 1 • 10 and 
1/3 wlthln the perlod numbers 11 -20 
See oage 219, Chaoter 10.3.2 

Fig. /0.20 Firing pattern. 

Specific Specific 
drilling charge 

h q 
(m/cu.m) (kg/cm .m) 

2.01 0.44 

• • 14 1S 

• • 13 ,. 

• • , 13 
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¡013.4 B~nch bl..,ting with divided charg~s. 

In blasting operations, 11 is common thatthe drilling is carried out well ahead of 
¡he blasting opera !ion, wnh the resultthatthe drillmg pa!lern is fixed and cannot 
be changcd 1f 11 "loumJ thatthc re4Ui>1tc chJrge tor !he bla>lhok is high.;r than 

the penmtted one. 
In c...a~c~ h~c 1l1i~. thc ch • .Hgl! m;.ty he Jiv¡JcJ intu two L>r mure: ~m •. dh:r ~.:hargt.:~ 111 

the hok which are >hüt wnh dittcrent penod number>. Thc uppcr charge mu>t 
then alway> be ÍO!llated wnh the lowcr penad numbcr 
An mtc:rmcJJ<.ttl: ~and ~tcmmmg <.Ji vides thc chargt:~ fn.Hn co .. H:h utltt:r tu avoid 
tla~h-uvcr br..:tWI.!Cn the chargc~. An cxplosivc:'s ::,uscepHbility 10 na~h-ovcr dc
pcnJ~ un par.Jmt:tl.!r~ likc Jgl:! ut the e.\plo!)J\'t!, tcmpc:ratur~.:. chargc düimctcr. 
4uali1y and kngth oí !he s1cmm1ng. Thc kngth oí the stcmm1ng nccded between 
chargc~ vari~.:~ trum 0.4 m ft>f dnll ~cri~.:~ 11 (34-26 mm) to :!.U m tur a bJ._¡:-,tholc 

Jiamclcr ot 150 mm. Too long intcrmcdiate stcmming .:ould rcsull in more 

Jifticult hrcakage for the lower bonom charge resulting in h1gher vibration 
values. Thc he>! >tcmm1ng mataial has a paruck size of 1/IU of the bla>thok 
diJmctcr ¡ior Jiameter> up to IOU mm). 

· Charge calculation proct:dure. 

Drilling ¡>attcrn. 

l. Maxunum burdcn 

Hrn ... .-. lh:penLb un Üpcr .!JHJ ¡~ 
found 111 tabk P ,. 

, Ch:.ugt.: cuncl.!lllraliun. 
it> Jqh:nJ~ tlO U111 _,, and IS 
found 10 tabk · P 1. Chos~ 

~uitaok t.:.xploJ~tvl.!~ unit~ 

t..:un~tdenng th..: lh 

3. Subdnlltng. 

U= U.3xl31ll.L:\ 

4. H•Jk Jepth. 

H = a(K+UJ 

(m) 

(m) 

a = 1 .05 tor hok 1nchnation 
3: l a11d l.U ior venicJI hoks. 

5. El mr 111 Jnlhng 

J 
E = -- +ll.li3H 

lUUU 

12S 

(m) 

TAill.E P, 

Dr.:tr.:rmtn:.tli1m nf H.,,,. • .mJ 111 v.Jih 
rr.:g.H1.b l1l Op-r 

l'!.!rnuur.:J 
~.-h:.trgc 

~g 

01"' 
u 25 
05 
1 u 
1 .) 

20 
2 5 
3.0 
-UJ 

50 
n.o 
7.0 
X O 
y ll 

lO U 

12 o 
!-LO 
1 o () 
lh u 
2U () 
25.0 

i\l.t).LfliUitl 

burJ!.!ll 
·m 

ll.,, ,, 
07 
t) y 

1.2 
l .\5 
1 5 
In 
1.7 
1 S5 
2U 
2.1 

' ' 
:! 3 
2.-4 
2 5 
2 oS 

. 2 l-1 

2 1) 

JO 
3 15 
.1 4 

Clt~r~r.: 

l.:llll~!.!ntro..~

ttPn ~gtm 

1., 
u.2.5 
IH 
ll 7 

O. Y 
1.1 
J. 25 
1.4 
1.7 
.::.u 
2.2 
2 4 
7,.7 
2 y 
3.1 
].5 
3 y 

-L2 
4 5 
5 u 
5.~ 



a 

6. Practtcal drii!Jng pattcrn. 

Practica! burdcn: 
B=Bm"-E (m) 

Practica! <pacing: 
S=I.2SxB (m) 

Thc hnle <pacing is adiu<led 
to the width of the rnund. 

Char~in~. 

Lowcr partial chargc. 

7. Wcight 

o,= 01'<., (kg) 

R. Hcight 

h¡ = J .. 1. X Bm.1~ (m) 

0. Length nf the intermedi
atc stemmmt:. h •. JS hctwccn 

0.4 ami : n m dcpenclmg nn 
the hnlc diametcr. 

Upper parttal charge. 

10. Residual chargeahle 
length of hla<thnle. 

h,=H-h 1-h, 

Upper hottnm charge. 

1 J. Weight. 

(m) 

Oe,=07'ixQ 1 (kg) 

Le"s hnttom chnrf!C IS re
quircd a< thc chargc has free 
brcakage which is nnt the 
CJSC In thc Jn\\Cf ch;lf!!C 

12. Height 

hhu = 1 . .3 X Bm,l' (m) 

Upper cnlumn chargc. 

13. Stcmmmg part. 

(m) 

The Jength of the ~temmin? 
may be adiu<ted depend111g 
on the chargc concentratinn 
in thc column. 

;,:;zmeca.c .. IISZ 

O bu 

fstemming hs 
1 
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!4. Height. 

h,. = h,-h0.-h., (m) 

!5. Concen!ra!JOn of column 
charge. 

Üpcr-Ühu 
lcu = --'---

h,u 
(kg/m) 

J uLlgt.: i f thc..: (akul.J teJ ¡;hargc.: ~:o m: entra ti un 1n thl! col umn is ~ufflcic..: nt m rt!lauun 
tu th~: bonom ~.:h:.~rge. 1t !)hou!J be i.H lcast 40 <;e of thc cunccntrauun uf thc 
buttom ~.:hargt:. lf tht: rcmainmg charg!.! we1ght t!) not !J.rgc enuugh to obtam an 
an:·.:ptabk charg~.: cunct.:ntratJon m thc culumn, ;1 thin.J chargc must be..: u:-.cd in 
¡he hok. 

16 Total ch~rgc.: wc1ght -
upper panial charge. 

o.= 0,.+0,. (kgl 

Check that Q.:sOr_,· 

IU.J.S Uench bla>!ing with di•ided bcnchc>. 

Th,· hla>llng oi !he arca cio>e>t lo a builc.llng oiten means !ha! !he methotls of 
n.:Uuú:J dnlling p;.tttt.:rn or divJLh.:d ~.:hargc~ WJII nut suffic~.:. but the bl!nch hcights 
hJvc tu he rcJuccJ. 

Ovc..:r :-,hort Ui~tanC\.::-,. umkr 5 m. thc..: grounJ VJbration~ are only shghtly 
tlampeJ >O ¡he value; in !he chargeltl!>WilCe graph ;houltl be followed. Thc 
bla~.tmg:-, mu:-,1 abu be continuuu~ly fuliLlwc..:J up wtth grounJ vibratiun rneasure
mcnt. Any dwnge ol the vihrauon vt.:loctly mu~t be taken mto at.:cuunt for the 
pla11ning ot subse4uen1 hlas!s. 

Fault> antllllcumpe!en! zones may 
cau-,e UIH.:xpecteJ probh.:m~ in thl! 
imml!Ji;Jh! vJt..:tnity uf bui!Jmg., by 
Jisplaccml!nt uf ~urlacc ruck ur gas 
expan;ion untler !he building. 

·¡he rount.ls ciu;e lo !he bui!J1ng 
shouiU ha\c trcl! breakJ.ge to avuiJ 
upwarJ muvemt.:nt uf the ~urtace 

roe-k. The bJaqhoks cio>e>l lo !he 
bullJ1ng ~hl)UIJ havl! weak rulumn 
charges whKh cut ott tht: rnck thus 
pn:venting had.bn.:ak. 

IO.J.6 The >lot drilling mcthod. 

6 5 2 

gt--t--t 1 

8 4 

111---+----l 
3 

2 10 7 

Ftg. /0.2/ !Jiwting arder clou to 

butld111gs. 

Llldy S KAN SKA (Ma¡or Swet.l1>h mn!rac!or) ha> pa!etl!ctl a mc!hod of rctluc-

2.10 

ad 
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Fig. 10.:2 The SI<:A.VSKA slnt drilling method. 

ing ground V!hrations frnm hbsting ciÓsc tn c'isting huildings. 
A slnt 1s drillcd which scparatcs thc building from the blastin~ si te. The slot 

cons1sts of hnles drilled in parallcl to fnrm a fullv open slot. The slot must he free 
from drill cuttings and water and extcnd a certain d1stance outside the ohject to 
he prntccted to g¡vc the hcst rcsult. 

Ground vihr~t1on mcasurcmcnts han": shown that thc slot acts asan cffcctivc 
dampcr nf grnund v¡brat1ons. This implics that !he drilling and hlasting costs can 
he rcduccd. ns more cffcctivc drilling and charging pattcrn' can he uscd. 

Furthermore. thc mc!hod may 1mply furthcr savmgs as the nccd to reinforee 
thc rock TS rcduccd or in ccrtr11n C:I'\CS cllm1natcd. 

10.3.7 Trench hlastinc with reduced hurden. 

A lo! of todav"s !rcnch blasting !S done in populated arcas and consequcntly in 
thc immediate prn'<im1ty of hutldmgs. 
Due tn the incrcased constriction of thc rock in trench hlasting. !he ground 
vihrations increasc and conscqucntly thc ri"k of damagc. Thereforc. it i~ of thc 
utmost importancc that the hlastmg <'peration is planned aru cxecuted in a 
scrupulous way. 
The charge calculations for cautious trcnch hlasting will gencrally follow the 
samc pattern which is u sed for ncnch hlasting. As in hcnch hlasting. !he has1s for 
!he calculation is the reqUlrcd specific chargc in kglcu. m. 
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Churge culculatiuns proc~dure. 

Orilling pa!!~rn. 

l. Number of hales tn each 
row. n. IS founu in the urill· 
mg and ~.:harging tabh:s fur 
trench bla>llng. Chapter b. 

2. P~rmancd ch.Jrgc: Í:, tuunJ 
in chargi.!/Ja!:lt~lh.:t: graph anJ 
thc chargc pcr ruw ¡:,: 

Ünh" = nxOp .. :r tkg} 

3. Hok uepth. 
1-1 (m)" founJ in the urilltng 
anJ chargmg tabk for trcnch 
bJa,ting, Chaptcr 6. 

4·. Spcc1fic charge. 
4 (kg/cu.m.) i> luunJ m 
graph R1. 

5. Practica\ burden. 

qxl-lxw 

Char~in~. 

b llullum chargc. 

(m) 

Ür, 111 ; .. H.:curJanL·c wilh gr.Jph 
R, 
7. 1-h.:tght dt buttum lhargc: 

Q, X \[)()() 

J' 
(m) 

~- Hc1ght ul stl!mmmg 

h.,= B (m) 

h., 'huuld be .tdapted tu the 
hun.kn B anJ the cutH.:~o.:ntm
tiun uf thc ¡,:uJumn ch~.ugt:. 
FnHn ...1 gruum.l Vlhratiun 
punlt ut vu:w 11 1~ l...tvurahk 
to havc ::,lwrt ~tc.:mnung 

(highcr culumn charge) un 
cum.litwn that thruw can be 
cuntrulkd by cuvc.:nug thl! 
l>\a,t anu that the requ~reJ 
chc.1rgc.: cunccntrattun J::i 

obt:uncJ .. 
23~ 

,_ ... · ··, ... ' 

GRAPH R1 

Speclfic charge as tune· 
t1on of depth and wtdlh. 

E 2 ¡·----------
~ 1 Wldth, 

.... 1 
~ 1 m 
g¡; 1.5 í 1.0 

:;¡ 1 
.e:; ' 
u 1 L 
,!,! 1 

ü 1 

~ ! 
C/) 0.5 ,-

o-·---L--~--J---~--~~ 

0.0 1.0 1.5 2.0 2.5 3.0 3.5 
Oepth, m 

GRAPH R2 

E 1.0 K • 1.0 m2.0 3.0 4.0 

"' ~ 0.9 
~ 

:t 
aJ 0.8 

·o.7 

0.6 

0.5 
Bottom charge, kg 

0.2 0.4 0.6 0.8 1.0 1.2 

0.5 

0.6 

0.7 

E 0.8 

.:" 

"' 0.9 
'C 
~ 

:t 
aJ 1.0 

K • 1.0 m 2 .O 3.0 4.0 
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9. Weight of co1umn charge 

O,= Orc,-0, (kg) 

10. Height of co1umn ch~rge 

h, = H -h,-hn (m) 

11. Conccntration of co1umn 
charge 

h, 
fkg!m) 

12. We1ght of column charge 

(kg) 

13. Total charge weight 

o ... ,= o,+o, (kg) 

Check that O,.,,,;Orc•: 

TAIJLE R, 

Rccommcndcci charge conccntrotJon of thc column charge in rclation to the 
pracucal hurdcn in trench blastJng. 

Pr<~ctical 

hurdcn 
B (m) 

0.3 

0.4 

0.5 

O.tí 

0.7 

n.R 
0.9 

Min1mum rcqUirctl 
charge conccntrat:on 

1, (kg/m) 

0.05 

0.07 

0.1 

o 1) 

0.1S 

Gu 11* = Gurit. 11 x.J60 mm 
Em 150" = Emu1itc 1)0. 25x200 mm. 

16 

_¡¡ OiUJ4 4 ·~- 4L44. QQ J 

Suitahle Real charge 
cxplosive concentration 

1, (kg/m) 

Gurit. llx4ó0 mm O.OR 

Gunt. 11x460mm O.OR 

Gu 11• + 1/4 Em 150* 0.12 

Gu 11* + 1/2 Em 150* 0.15 

l/4 oartr. Em 150* + 0.20 
10 cm wooden stick 

1/2 cartr. Em 150* + 0.25 
1 n cm wooden stick 0.25 
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10.3.8 Tronch blast.ing with divided charges. 

The mcthod of using divided charges in trench blasung can be used when the 
holc deplh excccds 2.0 m. This is bccausc thc intcrmed1a1e stemming and the 
normal stcmming occupy a minimum lcngth of l.U m. 

Char¡;e calculation procedure. 

Drilling pallern. 

l. Thc numbcr of hales 1n each row is found in !he dnllmg and charging tablcs for 
tren~.:h bi.J:)ling. 

2. Hale Jcpth. 
H (m) 1s faund in the Jnlhng anJ charg1ng !"bies far lrench blasling. 

3. Pr"Ciical bunlen. 
H (m) is founJ 111 graph R, 1f thc lowcr bouom charge is e4ual to 0~"',. 

Char¡;ing. 

Luw~:r buuum t.:hargc. 

4. WcighL 

ohl = 01"', 
5. Hc1ghL 

(m) 

ó. Hc1ght ul 111tcrnH..:Jiatl: :-,h.:mming. 
h~ = 0.4 to l.U m. Th~.: valu!.! JL:pcnJ:-, un thc cin:um:-,tancf.!s, e.g. the blastholc 
lh.Jmt.:tcr. 

Upper parlial charge. 

7. Residual chargcablc heighl ulthe blastholc. 

h, = H-h¡,1-h, (m) 

Uppcr bonom chargc. 

X. Unly 60 % of chargc Q¡,1 is nceded for the breakagc of !he uppa par! as !he 
hok ha:) lrce brcakagl!, 1.c. no ~.:unstriction. 

Ohu=0.6X0bl (kg) 

9. Hc1gh1. 
hhu is C:)timatt!d from thc choscn chargc unll. 

U ppcr column charge. 

10. Charge conccnlration. 

1,0 from tablc R 3 

11. Stemming. 

ho~B 
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Adjustcd to thc charge cnncentrat10n in thc cnlumn of thc holc. 

12. Height. 

he= hr-hl->u-hn 

U. Weight. 

(m) 

(kg) 

14. Total charge wetght. 
Uppcr partía! chargc. 

Üu = Ühu+Ücu 

Check that 0,"'0"", 

(kg) 

10.3.9 Cautious tunnel hla.sting. 

, 

An incrcasing numher of tunnds are heing constructed undcr huílt-up arcas 
whcrc thcv pass under tnhahtted huildings as well as buildtngs with equipment 
scnsltlvc tP p:rnund vihr;1t10ns. 

Cauttous hl;tsting followed up wtth ground vihratinn nlcasurement has subse
qucntly hccnmc more commnn 
The hlastholcs in a tunnel round are very constrictcd. To decrease ground 
vihrations. it ts nccessary not onlv to lowcr thc co-opcrating charge. but also to 
cndcavm lo reduce constricttOn of thc rock. This mcans that drilling pattem. 
holc depth. charge pcr holc and finng pattcrn have to he adjustcd so that thc 
pcrmtttcd co-operattng charge is not cxceedcd and that all holcs have free 
hrcakage 
Sorne of thc most 1mportant pomts to considcr are: 

Chotee of hlasthole dtameter and cxplosivc. 
Chotee of largc hole dtametcr. one or severallarge empty holes in 
thc cut to decrcat;C constriction and the risk for flash-over. 
Accuracv tn drilltng. 
Suitable finng pattern which minimizes the co-operating charge and 
guarantees m0st favorable angle of breakage. 
Dtvtdtng thc round tnto parttal rounds. 
Reductton of the dtstance hctwecn the holcs so the charge in each 
hole can he reduccd. 
Reductton of the hole depth. 

Thc finng pattcrn ts of the utm0st tmportancc in cautious tunncl blasting. The 
constnctton 0f the hlastholes can he decrcased hy using the right pcriod numher. 
so that cach holc has an angle of breakagc of at leas! 90° in the stoping part of the 
round (Sec Fig. 7 15 in Chapter 7 Underground blasting). lf the tunnel round is 
of such a size thatthe numher of periods docs not sufficc without cxcceding the 
permitted co-opcratíng chargc. the blast mus! he divided into two or more partial 
blasts e.g. blast the constríctcd cut holes as a separatc blast. then the stoping 
holes and finally the contour holes. In order to obtain the best rcsult in the 
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cantour, the perimeter hales (except the flaar holes) should be blasted with the 
same periad number. This is normally no problemas the contour hales usually 
have very low charge concentrauon. 
In cauuaus blasting, certain types of cuts like V -cuts are nat suttable beca use 
af the risk of ca-aperation and flash-over between the large number of hales in 
the cut. Large hule cuts ha ve e"rher been con>idcred to gtve ri>e to large ground 
vtbratlon;) but mt:a!!lurements of ground vtbration~ analyzcd ovr:r a long pcnod 
contradicts thi>. A paralld holc cut with two or more large hales " a very 
pwctical way of rcJuclfig constricuon and unsucce»ful breakagc "nJ is thu> to 
bt: n.:~omm..:ndcd. 
It IS uften more advantagcous to drill nhHC hules in a round with rcduccd charges 
than to shorten the hale dcpth, thu> matntaining normal advancc of the round. 
Howevcr. sorne limes the hole depth has to be reJuceJ in order to keep the 
co-operattng charge within the permittcd linuts. 
A continuous folloY.-up of the blasting acllvities by gmund vibratton mcasure
ment may be bencflcial by Jisclosing more favorable practica! gruund vibration 
valucs than rho~c dctermincd by thcorctJcal calculation;). 
Tht! aLI..!ptation or thc bla~ting opcrataon w the measurcd rt!sult~ means an 
op:imum rate of drifllng on the ba>is of vibration measurement. 
Probkm> with tlyrock and air shock waves do occur in the inillal stagc of the 
tunneling operauon anJ conslltute a rt>k when thc work ts started lfi populated 
arcas, whteh ts often the case nowadays. Thcrdore. it is importan! to investigate 
thc roe k with iegarJ to fis,ures and lficompetent zones and than cover the blast 
wcll. The atr shock wave IS troublesome not only in the imtial stage of the work 
but abo whcn the dritllng has aJvanced further lfito the rock, especial! y 111 the 
dtH.:t:llun ut thc tunnd. 

10.4 Blasting clo•e lo hardening concrete. 

Blastlfig works are often carried out stmultaneously wtth constructiqn work 
which giw rt>e to probkms wtth blasting clase 10 hardemng concrete. 
The problem has been studied by the Ontario Hydro, Concrete and Masonry 
Rc~carch Scction and tht: followang n.:cummcndations are givcn for concrete 
wtth STD ccment, wtthout entenng too dceply into thcories and research results. 

lf it is presumed that concrete which hardens in a tempcrature of +5' e can stand 
a peak pa:~tde velowy of 100 mmi>cc. alter YU Jay>, the followmg vibration 

velacity values are recommended: 

236 

Hardenmg 
time 
days 

2 
3 
7 

2H 
90 

M~xtmum permitted 
vibrat1on vdocny 

mm/S!;!C 

8 
11 
35 
HU 

IOU 

.,-. 



a =-•x a::;:aw> 

Note: Up to 10 hours after casting. the concrete can stand ground vihrnt1ons of 
up to 100 mmisec. Bctween 10 and 70 hours aftcr casting no hla<tings shnuld he 

undertaken clo<er than :10 meters. 

On the other hand. 1f it is presumcd that the concrete is hardcning in a tempera· 
ture of +21' C and that the concrete stands !PO mmiscc of ground vihrat1on after 

90 days. the following is rccommended: 

Hardening 
time 
davs 

2 
J 
7 

:s 
90 

·Maximum permitted 
V1hrat10n vclocity 

mm/se e 

1~ 

.10 
~o 

AO 

R5 
lOO 

Note. Thc concrete c:m <tand ground v1hrations of up to 100 mm/scc up to 5 
hours :1ftcr CJstmg Nn blast111g.s .;;hould he undcrtaken closer than ~O meter~ 
hclwccn ~ and 24 hnur" :Jftcr cacaing. 

10.5 Flyrock. 

Cautious hlasting does not only mean thc control of ground v1hration hut abo the 
control of tlvrock. 
The contwl o( tlvrock and its prevcntion has hcen dealt with thnroughly in 
Chapter 5.8 Throw. tlywck. 

10.6 A ir shock waves. 

The immediate effect of hlasting is not only to cause ground vihrations and 
throw. hut also an air ~hock wavc. · 
In mnst routinc hlastings. in which the explosivcs are cncloscd.in hlastholcs. and 
which are designed fnr grnund vihratinn vcloCitics of 70 mmisec or le". the 
hlasting docs not cause a ir shock "aves nf the magnitude that m ay cause damagc 
tn huildings. 
However. a Jow leve! nf a.r shock wavc overpressure docs play an importan! role 
in distressing neighboring residents hy rattling windows etc. Thcreforc. cnm· 
plamts m ay be rcduced by taking actions to reduce overpressure from air shock 

wavcs. 
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Air shock waves are pres
sure wavcs whu;h radiate in 
the alf trom a detonating 
charge. Th~ ontensity of the 
pres>urc depend> on the soze ~ 
of the charge and on its de- ¡ 
grcc ul ~:untmement. Whcn : 

.... 
c. a prc:ssure wave passes a 

givcn pu:::,ition, thc pressurc ... 
of the air mes vcry rapidly ~ 
to a value ovcr the ambient O 
atmospheric pre.sure. lt 
then fa lb rdatiwly >iowly to 
a prc~surc bdow the atmus
pheric value betore rcturn-
ing to thc atmosphenc prcs
::,urc: aftcr a ::,eries of oscilla-

Time 

Fig. /0.23 Pressurelllme curve fvr utr shock 
wave. 

tuJns. The maximum pressure is known as tht! peak air ovcrpressun.!. The a1r 
::,huck wavc~ are within a widc rangc of frc.:4uencic:!), typu.:ally bctwccn 0.11-lz and 
cliU Hz. In the portion of thc >pectrum lyong over 20Hz the air shock waves are 
audoblc and known as no ose, whtk concussion is the portoon under 20 Hz and 
inaudtblc. 
Thc lowcr, onaudible, frcquenctes are damped more slowly than the highcr, 
audibk, frt.:4ucnc1cs and cause overprc~surc ovcr greatcr distances. The~c low 
lrc4ucncit!~ can uccaston..illy cau:,e dtrt:t.:t Jamage unto structures, but can more 
conHnlwly mdw.:c: highcr fre4ucncy vibrat!Un!) wh1ch are noticcd as noasc in 
wuHJuw!), ~uOf!), crockery cte. UnJcr :-.u~h Clrcumstancc~ 1t is impossible tu 
d.:tcrmtne whether the ground vtbrauon or aor shock wave is betng perceived 
wnhout monitoring the blast. 

Thc: ;,ur overpre:-.!'~Uft: is 
lll•:a~un.:J as unlls or pre~
~urc anJ U!'lually pn.:!'l:-.urt: 
unll mollihar (mbar) ts U>Cd. 

The unns decibd ( JB) and 
kolopa>cal (kPa) are abo 
u~ eJ. 

·-: 

Thc dectbcl unllts expre>Sed 
as: 

p 
dl3 = 20 Iag--

Po 
wherc P ¡, the mea>ured 
pt essure and Po the refer
t:lll.:l: prt.:!'lsure ut U.UOUU2 P:.L 
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Knowmg the charge weight Q (kg) and the distonce R (mito the charge. the 
overprcssure can be calculated from the formula: 

0\'~ 
P = 700 -- (mbar) 

R 

The relationship appltes to TNT. which means that for civil explosives type 
Emulitc !50 and Dynamex M the chargc we1ght shoulc.l be reduced bv 25% when 
used in the formula 
The 'relationsh1p appl1es to unconfined charges. 

Thc unconfined charges ~ 100 

,; --· ::___::'-::.:f Fi=.::,L' ~~t~ 
1--t--t---l/A§~..,.!t , -=±.o-.:: . whtch cause rrohlcms in 

rorulatcd arcas are cnncuo;;. 
sinn charges (mudcapping). 
trunklines nf c.lctnnating 
cord. wclding of powcrlines 
with cxplosivcs. presplitting 
w1th unstcmmed hnles etc. 
As can he secn in F1g 10.2S. 
a trunkllne con"l';;ting of ton 
m 10 gr dctnnating cord can 
cause hrokcn window' at a 
distance nf up to 100 m. 
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Fig. 1n.25 Charf!e as a frmction nf distance for 
diffrrrnt lr•·els of a ir nverpre.uurc. 

The propagation of thc a ir shock wavcs" influenccd hy atmosphcric conditions 
where the wind direct1on. wind vclocitv. tempera tu re and a ir pressure ha ve a 
grcat cffect. 
Reflexions in the atmosphcrc mav he causcd by tcmperature invcrsion. where 
the air shock wave is reflcctcd against thc boundary !ayer of air strata with 
diffcrent tcmperatures. Tcmperature inversmn frequently occurs nn cloudless 
cvening<i. nights and morning.s. Thc phcnomenon can cau~c local amplification 
nf the a1r ovcrpressure. wh1ch is grcater than that which would normally have 
been expected ata certain distancc. 
E ven if the a ir ovcrpressurc is kept under the threshold -~al u e for huildings (0.4 
kPa). it is not always sufficicnt to safeguard against complaints. The blasts 
should therefore be designed for thc mmimum practica! leve!. 

Air overpressure in confined spaces. 

In the case of blastmg in undcrground chamhcrs anc.l tunnels. diffcrent condi-
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tions prevail a:, the pressure wave is confaned and in the case of tunnels concen
trated in one direction. This mcans that the pressure is amplified comparcd to 
blasts in an open space. 

kPa 

100000 -=="e ;;;e -"'c.i= .: ; '"· =c:o..;:!~::.. -'·'; ;. 

~r;t: -;·=~~-¿*~-E_::~~ 
• ' ' :1 1' 1 1 1 

-~-¡¡¡-;¡-· -· -:-· ;:-:· ---:::;·· -;-;--~ 
10000 "-'-::;':'·' ;::· -· -·· .. ==-----"': :::: ··-· -· 

10~~~~~~--~~-----. ~ 
5 "'--:....;...; __ ..._'--'-'--'-'-= 

0.001 0.01 0.1 10 

Q/V, kg/cu.m. 

--

P = prcssure 
O = charge 
V = volume of confined 

space 

Fig. JU.2ó J-lreHure us u jimclfofl uf clwrge t.md vvlume frum u detumuiun in u 
cunjinr:d .".f>LH.t!. 

Thc prulclpal :-.uun.:cs of :.air uv~rpr~.::-.~ure are: 

Dewnatwn uf unconfincU charg~.:~. The most common are concu:-.sion charges 
(pla>lcr chargc>), trunkhne> uf uncuntincJ Jctunatlllg corJ, blastwciJing of 
powcrlincs anJ prc>pllltiOg wnh unstcmmeJ hules. 
Tuu ~hurt ~t~o:mmang iliH.I/ur wrong ~tcmmmg mah:nal. ln~ . .u..lct¡uate stcmming 
might nut coniane thc: explo~1vc un Jt.:tunauun. 
Vt.:ntmg uf h1gh \.dUL'Ity ga~cs m:.ty un:ur 10 plJorly Jc:-.1gncJ bliJ:o-.ts wht.:rc no 
L'lHl:-.IJcrat¡un bas bcén g1vcn to incumpdcnt zonc:-., princ1pally in thc: bunkn 
arca Ovcn.:harging uf¡_¡ bla~thuk cuuiJ cau:-.1.! thc: :-.ame cfft::ct. 
Thc ~uJJcn muvcmcnt ot thc bl<.~s.tc:d ruck m a,:-,~ towarJ:-. thc free facc ur faces 
wlll ra1~1..: th!.! ¡,¡¡r pre~~urt.:. 

In orlier tu control the a1r shock wavc>, the follow1ng stcps shouiJ be considcreJ: 

Dcs1gn thc: blilst 111 such a way that thc amount uf cxplo:-.ivcs as in accordancc 
w1th bla~l:"~ rc4uircmt.:lll~ and ffillllffiUm a1r ovcrpn::-.:-.urt::. 
Pay particular attcnt1on to mconip~lt.:nt zont::~. ovcrbrcak from previous 
'ruunJ, muJ~cam~ etc. through whi~.:"h gasc~ may vent ¡_¡nJ causl.! ovcrprcssure. 
Accuratc: dnlling 1s nc:ce~!'lary ro maintaan thc Jcs1gncJ blasting pattcrn. Too 
bi~ a burJcn couiJ cau;c vennng 111 the collar part oi the hule. Use >ctbacks to 
Jctcrmmc the burJcn ot thc lll!Xt round. 
Bortom initlallon dccrca~cs vcnting 111 the stc:mmmg area. See Chapter 5.8 
Throw. tlyrück. 
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Rcduction of thc size of the round tend to reduce the air ovcrpreS<ure. 
lf posqhle. the development of the henches should he such that the hlasted 
material jo; thrown away from rcsidt.:nlt.li .ueas. 

The stemming material should he of suffic~ant quantity and quality to confine 
thc cxplost\C~ on detonation. Crushcd stonc material size 4 to Q mm gi\cs 

hetter ce>nfinement than dril! fines. 
Check thc ·nsc of thc exploSives column during charging to minimize thc risk 
of ovcrcharging in anv void or fault. 
i\void e'cc"ive dclavs hetwccn holcs to prevent undcrhurdening thc holes. 
In m u !tiple row blast!ng thc delav bctwccn thc rows shoulóhc longer then the 
delavs betwecn thc holes in the f<1W. In dccp rounds. thiS promotes forward 
rather than upward movement of the hurden 
Dn not use concus¡;;ion chargcs in populatcd arcas for secondary hlnqi,1g and 

houlder hlastmg. 
lf misf1rcd undcrhurdcned hoks ha ve tn he fircd. use screening materia le;; e g. 
sandha~s or loosc s:1nd tn co,·er. The thickness of the covcr has to be 
sufficient hoth to an,td flvrock ami w damp the a ir shock wave. 
Surhce ltncs of detonating cord should he avoidcd in rcsidential areas. lf 
electnc finng is not allowed nr pnS<ihlc the non-cleetric firing system NON EL 
should he used. lf dctnnattng cord IS the onlv firing devtce a,·ailahle. trunk
hnco:.; and cnnnccting linc<:. shou\U he covcrcd with at lcast óOC mm of absor
hcnt matcrtal. prcfcrahl: qnd. 
r\o:.; o:.;pccd :-~nd dircction of thc wind are ma¡nr mnuenccs on thc magnitude of 
"" ovcrpre"urc. hlastmg should. tf possihle he avoided when the wmd is 
h](-¡\vin!l t0w<1rds cntical arc<11.1. 

111asting should he ovoided m eorlv mnrnings. late oftcrnoons and evenings 
whcn tcmpcrJturc mvers10ns ;1re likcly t0 occur: 

Schedule hl;1<;ts tn t1mc~.; whcn thc nni~.;c leve! from surrounding: sourccs is at 

1ts hl!!hc~.;t ;1nd whcn the nc1!!hhnr' are ·hu o;; y or C'<pcct hl:-~~.~tin!; to nccur 

Emplov an audible worning wstem tmmcdiately hcforc evcry hlast. lf the 
h!al.ilmg 1"- an ¡~.;nlatcd occurrencc. g1vc "rcc1fic warning indicating: aprroxi

matc ttme of the hlost 
Maint;:¡m gn0d puhlic rclatwns. Givc gnnd and adcquatc information ahout 
the work. duration and d"turhonces to he expected. The most stringent 
mca~urc.:; c1~;1inst ;11r O\crprc~.;~.;urc c;:¡n he rcndercd u~elcss without good 
rclollonshtp hct\\'ecn the hlosting crew ami the netghhors. 
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Finite Element Modelling of Crack Propagation 
in Presplit Blasting 

D. FRANTZOS 

Acres lntemational Ltd, Niagara Falls, Ontario, Ganada 

A. BA UER ( deceasecf) 

Queen's University, Kingston, Ontario, Ganada 

Abstract 

.Pressure·time histories were 
recorded for low density ammonium 
nitracejfuel oil, detonated in long 
heavy walled sceel cannons of 
various bares. !hese were then used 
in a finite-element model of a 
horizoncally layered limescone rack 
mass to predice che crack 
propagacion limits in presplit 
blasting for a range of borehole 
diameters. Apare from showing very 
good agreement wich field resulcs, 
che model clearly demonstrated che 
scrong dependence of che results on 
che pressure·time curve. The 
importanc elements were che peak 
pressure, che rise cime to it and 
its duration. Control of chese 
characteristics offers che 
possibilicy for opcimization of 
crack propagation distances and 
borehole spacings for various ground 
conditions. Also, che results to 
date provide che basis for 
investigating che characteristics af 
Che explosivas presently used in 
presplit blasting, and finding ways 
to modify chem wich che purpose of 
optimizing che field results. 

Some years ago in a comprehensive 
review article Mellar (1975) 
summarized che state af che are on 
prespliccing in che form of graphs 

relating blasthole spacing to hale 
diamecer. As pointed out in che 
review, che published data suffered 
from a lack of physical rack 
properties and struccural detail. 
Later a static model was developed, 
CANMET (1977), Bauer (1982), which 
yielded che following expression for 
presplit hole spacing when multiple 
hales were fired simultaneously. 

where 

r - borehole radius 

~ - pressure at che borehole wall 

uc - rack tensile strength 

If che pressure at che borehole wall 
is matched to or is less chan che 
compressive strength of rack (ucl 
then localizad crushing can be 
avaided. Figure 1 is a plot af che 
daca presenced in Mellar ( 1975) 
alang with che scatic model 
predictions far various values of 
che ratio af che compressive co 
censile rock strengths, ucJuc. 

\lhilst che use of chis static model 
ar che empirical rules af chumb 
afeen give good. results chey are 
non e che les s de ficienc when new 
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FIGURE 1 - RELATIONSHIP BETYEEN 
HOLE DIAHETER ANO SPACING 
FOR PRESPLITTING 

sir:uat:ions arise. More realistic 
models should be able to predice 
accurately the influence of changes 
in the pressure-time curve within 
the borehole, on ground response and 
cracking limits. In addition, it 
should be possible to quantify the 
effect of joint frequency, 
orientation, and properties on the 
presplit hole spacing. 

The research described in this paper 
consisted of the measurement of 
pressure-time curJes for low density 
AN/FOs detonating in long heavy 
walled small bore · steel cannons. 
These curves had to be modified to 
represent the larger charge and 
borehole diameters employed in 
field. Then they were used in a 
two-dimensional finite element model 
to predic t the changas in stress 
distribution with distance and time 
in a 1 imes tone rock mass. This 
allowed the crack limits radiating 
from a single borehole to be 
determinad as a function of borehole 
diameter and dri ving force. !hose 
factors which contributed strongly 
towards maximiz ing this distante 
were identified. 

Hodel Deflnltion 

The dynamic behavior of rock under 
the action of time-dependent 
pressures was simulated by means of 
a versatile computer finite element 
code, Hibbitt et al (1982). The 
code had incorporated one of the 
modern incremental theories of 
plasticity, Chen and Chen (1975), 
which are based on a close 
relationship between the plastic 
strain increment, the current state 
of stress, and the stress increment. 
In the particular theory adopted, 
all stress distributions that can 
cause yielding are described by a 
single function which represents a 
surface· in stress space (yield 
surface). In the same fashion, lt 
is possible to determine a failure 
surface. The shapes of the above 
two surfaces are determinad through 
experiments on specimens under 
different loading combinations. : A 
succession of surfaces between the 
yield and failure surface represents 
the different stages of loading 
after yielding and before fail,ure 
(loading surfaces). Such surfaces 
depend on the plastic strain 
history. The form of these loading 
surfaces, which is an evo lution of 
the yield surface, is determinad by 
the hardening rule best fitting the 
material behavior. 

How the plastic strain increment is 
connected to the state of stress and 
stress increment is decided by the 
flow rule; its choice plays a very 
important role in the generation of 
reliable results and it ls guided by 
experimental procedures. 

!he incremental theory of plasticity 
can be easily adopted in order to 
predic t the response of materials 
with high comp_ressive and low 
tensile strength such as plaln 
concrete, rock, soils, etc, under 
the action of loads. 

·'· 
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rhe modal geometry. boundary 
:onditions, stress distribution and 
:haracteristics of the analysis in 
the present study were dictated by 
the physical and technical aspects 
of presplit blasting and also by the 
physical rock properties. 

The limestone considerad was free of 
joints, isotropic, linear-elastic, 
strain-hardening, plastic-fracturing 
with high compressive and low 
tensil~ strength (F~gure 2). 

FIGURE 
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In the model, only one hole was 
considerad. This is because in the 
field, between holes fired together, 
there is always delay time long 
enough to allow complete crack 
formation before any of the adjacent 
holes is initiated' 

Because of the existing symmetry 
with respect to hole center and to 
every straight line passing through 
it, only a 10• wedge of the area 
surrounding the borehole was 
analyzed. 

Borehole radii considerad were equal 
to 1.0 in. (25.4 mm), 1.5 in. 
(38.1 -> ancl 2 in. (50.8 10111). On 
the other hand the external radius 
considerad depended on the expected 
crack propagation distance. 
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The· area was divided into a number 
of elements. The number of these 
elements depended on limestone 
properties, Valliappan et al (1983), 
Yhite et al (1979), on how fast the 
pressure changed, and how long the 
crack was expected to be. The 
elements were 0.10-in. (2.5 mm) 
thick and had 8 nodes. The stress 
.distribution corresponded to plane 
strain. Up to 700 elements were 
used. 

In compliance with the existing 
symmetry only displacements in the 
radial direction were allowed. The 
outer boundaries were restricted in 
both directions. The time-dependent 
press.ure acted internally as a 
uniformly distributed load. 

The results which were given in the 
form of stresses, displacements, 
ve1ocities and elements cracked were 
computad every 0.25 - 10 psec. 

Comparison between p1ane strain and 
plana stress distribution in the 
wedge model yielded the same 
conc lus ions. The relative 
insensitivity to the type of stress 
distribution 19 attributed to the 
self-containing nature of the 
material sma1l Poisson' s ratio 
0.1. 

Input Data Requirements 

Apart from the model geometry, node 
location and division into elements 
the other required data were the 
1imestone, mechanical and physical 
properties, and the pressure-time 
profile of low density AN/FO. 

The limestone properties were 
determinad in the laboratory from 5 
in. (127 mm) long, 2-1/14 in. 
(57 mm) diameter rack cores. taken 
fro11 rock blocks in -three mutually 
perpendicular directions relativa to 
the bench face from which the blocks 
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were selected from regions 
uninfluenced by blasting. Uniaxial 
compression te!ltS determinad the 
yie ld stress and ultima te failure 
stress, while Brazilian tests gave 
the tensile strength. The measured 
physical properties were: 

Density: 
(2.7 gjcm3) 

0.00025 lb-sec2/ft 

Young's Modulus: 
\34.5 x 106 kN/m2) 

5 x 10 6 psi 

Maximum uniaxial compressive stress 
at zero plastic strain: 18,000 psi 
(124,110 kN/m2) 

Uniaxial compressive strength: 
18,300 psi (126,180 kN/m2) 

Maximum plastic strain at !Jeak 
compressive strength: 0.5 x 10" 

Uniaxial tensile strength: 1500 psi 
(10,343 kN¡m2) 

Poisson's Ratio: 0.1 

Since the finite element code 
determines failure when a certain 
material dependent surface is 
reached, additional parameters 
defining this failure surface were 
requirad. Some of them wera assumed 
on the basis of similarly behaving 
mat:eria1s, Chen et al (1975), Chen 
(1982), and, some were measured as 
stated below. 

These additional parameters were: 

Ratio of each biaxial compressive 
strength/uniaxial component: 1.16 
(assumed). 

-Ratio of uniaxial 
tensile/compressive strength: 
0.082 (measured). 

-Ratio of a plastic strain 
component at failure under biaxial 
Colllllrassian ta the plastic strain 

. at failura under uniaxial 

compression: 1.28 (assumed). 

Ratio of plastic strain at failure 
under uniaxial tens ion to plastic 
strain at failure under uniaxial 
compression: 0.01 (assumed). 
This ratio was varied in one part 
of the analys is in arder to study 
the effect of plasticity in 
tension on the final results. 

The next step was the determination 
of the pressure-time profile of the 
explosive. This step involved the 
de ve lopment of a new experimental 
technique and new instrumentation. 
Both these are described in the next 
section. 

Experimental Pressure-Time 
History Determination 

,, 
After determining the limestone 
properties . in the laboratory, to 
determine the pressure time curves 
for AN/FO at densities of 0.16, 0.20 
and O. 24 g/cm3 a series of fully 
coupled, cylindrical charges was 
detonated. The charges were placed 
in 4-ft (1.22-m) long, thick walled, 
steel cylinders having internal 
diameters of 3/8 in. (9 .S mm), 5/8 
in. (1 59 mm), and 1 in. (25.4 mm) 
with corresponding external 
diameters of 2-1/2 in. (63.5 mm), 3-
1/2 in. (88. 9 mm) and 4-1/2 in. 
(114.3 mm). 

The explosiva was ground to -lOO 
mesh, for adequate sensitivity at 
these diameters and was blended with 
microbubbles to yield the required 
densities. 

Four high-pressure quartz 
transducers, capable of measuring 
pressures up to 150 000 psi 
(862 000 kN/m2) were placed in small 
diameter cylindrical hales drilled 
perpendicular to the cannon bore. 
The gauge t:ips were in cont:act: with 
the explosive for direct pressure 
maasurament (FtRure 3). 

'. 
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FIGURE "3 - SKETCH OF EXPERIMENTAL 
SE'I'Ul' FOR l'RESSURE-TIME 
RECORDING 

!he end of the cannon where the 
charge is initiated was closed 
airtight by .means of a plug, while 
the other one was left open. !he 
explosiva was placed in the cannon 
and initiated from the closed end, 
with a No. 8 electric blasting cap. 

Special mountings were developed for 
.the transducer to eliminate self
induced vibrations caused by 
precursor waves in the cannon walls. 
!he gauge fi.ttings also included 
insulators to stop heat reaching the 
transducers and rubber and brass 
plugs to prevent gas leakage. 

Resu.lts 

A t:ypical pressure-time profile is 
shown in Figure 4. '!he first 
16 ¡<sec af the profile a shown in 
Figure S, to demanstrate its 
characteristics more clearly. 
Nocwithstanding the many precaut:ions 
that had be en taken, mechanical 
vibrations set up in the transducer 
assembly itself generated out:put: 
that was superimposed on that: due t:o 
the elqllosive. 

'!o det:ermi.ne t:he input pressure-time 
profil& of t:h& &Xlllosive, the 
t:ransducer s:t:ruct:ure vas modelad 
with three-dimensional finite 
elemants, 171 in total (Figure 6). 
It was then subiected t:o a number of 
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FIGURE 5 - l'RESSURE-TIME 
(FIRST 16¡.¡ SEC) 

PRO FILE 

FIGURE 6 - 3-D FINITE 
O F THE 
STRUC'IURE 

FT FMFliT MODEL 

TRANSDUCER 

different: pressure- t:i.me profiles. 
The pressure was applied against t:he 
external surfaces of t:he t:ransducer 
t:ip elements in a sequential fashion 
to s.iau.late c:loaely th& t:rue 
c:ontinuou.s app lic:ation. Through 
trial and error it was possible t:o 
det:ermine the pressure- t:ime pro file 
(Figure 7) which, when applied t:o 
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nGURE 7 - INPUT PRESSURE-TIKE 
PRO FILE 

che cransducer tip, produced a 
pressure- t:ime hist:ory very close to 
che recorded one (Figure 8). This 
is the input: pressure-t:ime profile 
of the explosive. 

Through t:hese experiments, it became 
possible to determine thac che ideal 
or t:heoretical velocicy of 
det:onat:ion for a densicy of 
0.20 g/cm3 is 4813 ft/sec 
(1467 m/sec) and this was obcained 
in diamecers of 5/8 in. (15.9 111111) or 
greacer; for O. 24 gjcm3 it: is 
5660 ft:/sec (1725 m/sec) and was 
given ac diameters of 3/8 in. 
(9.5 111111) or greater. 

The corresponding true pressure-time 
curves for ideal det:onat:ions were 
che ones used in the analysis aft:er 
certain modifications. 

Application of the Determined 
Iuput: p-t: Prafile in the 
Fi.ni.te E1ement Analysis 

Befare proceeding with the analysis, 
certain assumpt:ions and 
modificat:ions had t:o be made 
concerning t:he ex'Plosive and its 
pressure- time profi.la. !hese 
assumpt:ions were: 

First, the charges were assumed ca 
have a densicy of 0.24 g/cmJ. 

... -·-,_._u,.. 

'" 

... .. 
nGURE 8 - COKPARISON BET'ilEEN 

COMPUTED ANO RECO&DED 
TRANSDUCER OUTI'UT 

Second, because· crushing around che 
borehole walls is of primary concern 
in presplitting, the peak pressure 
had to be reduced to a level 
(17 600 psi or 121 352 kN/m2) noc 
exceeding the compressive rock 
strength (18 300 psi or 
126 180 kN¡m2) . In the field, chis 
is accomplished by decoupling che 
charge to various degrees. A 
constant: coupling racio of 0.92 was 
kepc in all cases. 

In addi tion to lowering the peak 
pressure, decoupling changes t:he 
characcerist:ics of p-e profiles. 
Consequent:ly, cerca in modificacions 
had co be made in che decermined 
in"Put: profile of che explosive to 
accommodace chese changes. 

These modifications were: 

1 - The first peak was eli.minated 
because ic is associaced with 
the detonacion head and it does 
not exist: even within the 
eX"Plosive behind it. Yit:h more 
reason it: is not t:ransmitted 
through the gap becween che 
charge and the borehole walls. 
In support: of that come 
recordings of decoupled tharges 
(upper rlght: comer Ftgure 9) 
having 0.340 in. (8.6 111m) 
diamecer in 0.375 in. (9.5 mm) 
diamecer cannon bares. 

1'.,;.'1 
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·z - The rise ti'me (tr) to peak was 
increased to 1SO ¡¡.sec (upper 
right cerner Figure 9)and it is 
expected to increase with 1arger 
hole diameters, and 

3 - Also, the stay at peak pressure 
(tdf) increased in the 
neighborhood of SO ¡¡.sec (upper 
right cerner Figure 9). 
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FIGURE 9 • PRESSUR.E-TIME CURVES FOR 
COUPLED AND DECOUPLED 
CHARGES 

The modit"ied input profile with 
already lowered peak pressure 
consisted the first part of the 
forcing f'..lnc-:ion accing againsc ~,e 

borehole ·•alls· during the numerica1 
simulation. The rest of the forcing 
function ·.;as made of the recorded 
pro file ( ?i.gure 4) , after the par:: 
e o rresponding ca che unmodified 
input prof:.le was removed and the 
remaining ?ar~ Yas ~ranslaced to che 
right by "= ~ taf - 200 ¡¡.sec. 

The beginning of the descending part 
of the profile was also shifted to 
~he r.~gn~ as a result of ~he 

b o re hale ~ eng th. This shit":: 
location :.s depencient: and equal te 
che cime -:hat: ~~e detonacion neeci.s 
-:o ~ravei ::!le dist:ance becween ::!le 
point in question and ~~e end of ::he 
charge, ?ius che c:.me it: t:akes che 
pressure drop to !:'each the same 
point. This shift is IIIUch longer 
than che ::~e wi~~in which the crack 
is compi.eted (- ISO ¡¡.sec) and 
consequently does not: affect -:he 
final =esul:s. 

Drop in boreho1e pressure due to 
expansion of the wa11s was not 
considered at a11 because the 
failure is associated with an 
insignificant 0.035 in. (0.9 mm) 
increase in a 4-in. (102-mm) 
borehole diameter. 

Larger ho1e diameters are expected 
to have a more pronounced effect on 
the p- t:- profi1es of decoupled 
charges, demonstrated main1y through 
changes in rise time and stay at 
peak, even for the same coupling 
ratio. Consequently, the crack 
propagation distance is affected by 
these changes and their influence on 
it was demonstrated in chis s::udy. 

Results - Predictions 

The ana1ysis was carried out in cwo 
parts. These dea1t with the effect 
of rock and explosive properties on 
crack propagacion distance <Lcrl-

During the first pare of che 
analys is, the rise cime, stay at 
peak and ho1e diameter were kepc 
conscant ( Cr - 1SO ¡¡.sec, taf 

SO ¡¡.sec, ~ - 4 in. or 102 mm). The 
rock tensi1e strengch, the rock 
compressive screngch, the modulus of 
elasticicy and che degree of 
plascicicy were varied. The 
findings are presenced be1ow. 

(a) The effect: of macerial t:ensi1e 
st:rength on crack lengt:h is 
il1uscrated in Figure lO. For 
t:ensile screngch of 1500 psi 
(10 343 kN/m3) the crack lengt:h 
is 22.6 in (57.7 cm). Reduccion 
of ~~e censile scrength by lO% 
Cae - l3SO psi or 9300 kN/m2) 
resulced in a crack lengch 
increase t:o 24. S in. ( 62. 2. cm) , 
( a.n 8~ i.ncrease), whiLe 
reduccion bv 33% (at - 1000 psi 
or 6895 kN";m2) yielded a 37: 
increase to Jl. 3 in. (79 c:m). 
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FIGURE 10 - EFFECT OF TENSILE 

S TREN GTH ON CRACK 
PROPAGATION DISTANCE 
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FIGURE 11 - EFFECT OF COMl'RESSIVE 
STRENGTH ON CRACK 
PROPAGATION DISTANCE 

FIGURE U - EFFECT OF PUSTICI'rY ON 
CRACK PROPAGATION 
DISTANCE 

(b) The magnit:ude of inter.,-,al 
pressure or rack compressive 
strengt:h affects che crack 
prapagatian lim..ics in a.. si mj 1 ar 

fashion (Figure 11). A 25t: 
decrease in t:he magnitude of 
the above quantities reduced 
t:he crack lengt:h by 22::. 

(e) The final dist:ance of crack 
propagat:ion is rat:her 
insensit:ive t:o changes in 
modulus of elast:icit:v (E) for 
st:iff mat:erials. A 101 
decrease in E result:ed only in 
a 21 decrease in Lcr· 

(d) Oepart:ure from t:he linear 
elast:ic behavior in t:ension 
wit:h t:he same Young' s modulus 
as in compression and 
iñt:t'oduct:ion of plasticitv 
reduces Lcr (Figure 12). The 
re1at:ions bet:ween crack lengt:h, 
t:ime and amount: of t:ensile 
p 1 as t: i e s t: rain a t: fa i 1 ur e 
expressed as a percent:age of 
compressive p1ast:ic st:rain at: 
failure (Figure 2) are shown in 
Figure 12. A SOl t:ensile 
p1ast:ic st:rain at: fai1ure 
p roduced a S4l decrease in 
crack 1engt:h, whi1e a 1001 
produced a 661 decrease. 

In t:he second part: of t:he ana1ysis 
t:he effect:s of rise t:ime and 
pressure st:ay at: peak on crack 
1engt:h were st:udied. 

The importance of ·r.;se·t:irne from 
zero to peak is demonstrated in 
Figure 13. The st:ay at: peak was 
SO ~sec. The rise t:ime changed from 
10 ~sec t:o SO, 150, 2SO, 3SO and 
450 ~se e. The dist:ance of crack 
propagat:ion increased at a 
decreasing rat:e and when plot:ted as 
a function of rise t:ime (Figure 13) 
it: demonstrat:ed an upper 1imit: which 
is approached asympt:otically. This 
1imit: states that for each mat:eria1 
there is an optimum rise time t.hat: 
can maximiza the crack lengt:h, all 
ot:her explosiva characterist:ics 
being constant. 

·-
FLnally, t:he effect: of pressure stay 
at: peak is shown in Figure 14. The 
rise time was 150 ~sec in all t:hree 
cases, ( tdf - SO, tdf - 150 and 
Cdf - 250 ~se e) . A total increase 
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FIGURE 13 - EFFECI OF RISE TIME ON 
CRACK PROPAGATION 
DISTANCE 

af 200 ~sec can cause a 20% increase 
in crack length fram 25 in. 
(63.5 cm) ta 30 in. (76.2 cm). The 
crack length will increase at a 

' decreasing rate up to a certain 
point beyand which further increase 
in stay at peak will not have any 
effect due to the barrier imposed by 
geametric damping. 

Comparisan to Field Results 

The mase cammon diameters in 
presplitting are 2, 3 and 4 in., ar 
51, 76 and 102 111111. In addition to 
these a 10-5/8-in. (270 111111) diameter 
was cansidered in the analysis to 
disclose the spacing-diameter 
relatianship. The crack lengths 
associat:ed wit:h these diamet:ers are 
plotted in Figure 1 . 

The following , t:able shaws the 
ultimate crack propagat:ian dist:ance 
from the borehole center versus hale 
diameter. 

Hale 
Diameter 

(in.) 2 
(mm) 51 

Crack 
Propagat:ian 
Dist:ance 
(in.) 15 
(cm) 38.1 

3 
76 

20.5 
52.1 

4 
102 

26 
66.0 

10-5/8 
270 

42.4 
107.7 

127 

·-·-

--
FIGURE 14 - EFFECT OF PRESSURE • DURATION ON CllACK 

PROPAGATION DISTANCE 

!he results are plotted in Figure 1, 
campris ing field data where hale 
spacing is correlated to hale 
diam.eter for variaus ratios af 
campressive ta tensile strength. 
!he agreement is very gaod and i t 
becames evident that the crack 
length per inch diameter is langer 
for smaller hale diameters. It is 
warth mentioning that the crack 
lengt:h ar hale spacing does nat 
depend anly on the ratio between 
compressive and tensile strength as 
it is implied by the carrelatian af 
field data in the above figure, but 
alsa on the ·absoluta magnitude af 
each of them. 

Conclusions 

The input p-t prafile reveals the 
trua behavi.or and the 
characteristics af an explosive 
charge in the same way the sttess
serain curve does for a certain 
material. 

This analysis shows clearly that the 
crack prapagation dist:ance dependa 
firstly an the characteristics af 
the explosive and secandly on the 
material properties. Conttal of 
t:hese charact:eristics thraugh 
dacoupling or change in sensitivit:y 
W<luld malta it: possibla t:o creara th& 
most: suitabla pressure- tima pro file 
far a givan ground, in carms of 
opt:imum field results. 
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The explosives st:udied in t:his 
research had low densit:y. However, 
t:he explosives generat:ed pressures 
t:ha t: we re sufficient: and of such 
profile that:, when used in t:he 
finit:e element: · analysis, predict:ed 
crack propagat:ion dist:ances of t:he 
same magnit:ude as the enes achieved 
in t:he field. In the fut:ure, ot:her 
explosives wit:h similar low 
densit:ies could be produced and used 
.in presplit:t:ing. 

The field pract:ice employs 
explosives of higher densit:y and 
unknown charact:erist:ics. Evaluat:ion 
of t:hese charact:erist:ics on t:he 
basis of t:he present: findings will 
be inst:rument:al in developing ways 
t:o madi fy t:hem and op t: imize t:he 
resul t:s furt:her. Increases in ho le 
spacing and reduct:ions in borehole 
diamet:er and amount: of explosive 
used should yield considerable 
savings. 

On the ot:her hand t:he applicatian af 
advanced rack failure t:heories and 
t:he ir implement:at:ian in finit:e 
e1ement: cedes wi11 make t:he.behaviar 
of rack more predict:able and che 
design of s1opes ar undergraund 
openings safer. 
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FIG 1.34 Relación entre abertura, B, concentraci6n de ·carga y bordo máxi 
mo, V 

ciamientos de los barrenos de cada una de las zonas del túnel que se seña

lan en la fig !.38. 

-Barrenos ayudantes con proyección horizontal o hacia arriba 

El bordo o distancia entre los barrenos y la cavidad central no debe •er aa 

yor que la mitad de la profundidad del barreno menos veinte centí.etros. No 

deberá tomarse esta condición como base para el calculo. 

El espaciamiento de los barrenos debe ser igual a 1.1 veces el bordo. 

3.7.65 
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11.1 

tad de la concentración de la ear&a de fondo. La zona de 

i¡ual a la mitad del bordo. 

TABLA I.12 Carga espec~fica de fondo 

retaque debe ser 

lr~~ 
D~ 

.¡! .• -. 
!..!·~·' Diámetro de 1 os barrenos, Carga especifica, 

en kg/m 3 en rrrn 

30 ' 1.1 
40 1.3 
so 1.5 

En la tabla !.13 se muestran los espaciamientos calculados de acuerdo con 

i 
' ~ 

:( 

' 
i 
1· 

i 
·. 
1: 
' ' 
' ' 

. i 

~ • 1 las cargas específicas de fondo necesa:-ias, considerando explosivos de 

volumétrico de 1.3 g/cm 3 y el diámetro de barrenos de la tabla !.12. , .. i4~., j 
bar~~ ~of' 0 1 TABLA I.1:, Espaciamientos y bordos e~ funci·ón de los diámetros de los 

nos 

Di~metro de barreno, Are a por barreno, Bordo, Es~ciamiento, 
en• en m2 en m en 11 

32 '. 0.91 0.90 1.00 . 
35 1.00 0.95 1.05 

38 1.15 1.00 1.15 

45 1.44 1.15 1.25 

48 1.57 1.20 1.30* 

51 ... 1.71 1.25 1.35* 

* Estos espaciamientos son s6lo para tüneles de gran diámetro; en el caso de 
áreas menores su magnitud es menor como se muestra en las gráficas de la 
fig I.34. 

Las concentraciones y cargas de fondo y de columna de la tabla 1.14 han sido 

calculadas a partir de las recomendaciones anteriores, en función del diám~ 

tro de loa barr~•· Estos datos han sido obtenidos de la práctica e inclu 

yen los errorea uoraales de perforación. 
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FIG I. 37 Número de barrenos en función del &rea del frente 

AHvro di 
la bÓwda 

Altura del 
has ti al 

8orrer.oa de lo bÓVeda 

-+--t- lorronoo oyudanloo 

lorr- do loa haalloloa 

13--+--1-+-coo~~a 

L _ _j __ =t:==rt- c:ontrocullo - t ;: l._ 

J..._L---------=::::::::lf-Barronoa del ploa 

FIG !.38 Zonas de d1stribuci6n de los barrenos 

La carga de fondo ocupa el tercio inferior del barreno con la carga eapéc! 

fica de la tabla 1.12. 

La concentración de la carga de columna en kg/m puede tomarse igual a la mi 

3.7.67 
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The n!lationslup can also b• used !or the •cut spr .. dor" holes above the hol .. 
1n the cut. the Wldth of the fre-e surface corTesponding to the diameter of the large 
hale as follows 

V= 0.7 .< B 

The !oosemng section should be so \lr{lde that the stopmg hales have the pos

stblilty ~o break out at :he nght angle whH~"'. tmphes:! ;.., V~10 p 1 n¡ holH· 

The burden !or the hales tn =he cut must not be confused wlth the centre-to

centre dlStance normally used. r.-te tabie below can serve as a gutde: 

e t/JV4 
Large hale d1ameter 

mm 

jj 

76 

76 
2 :< 57 

2 X 57 

2 X 76 

2 X 76 

100 

100 

125 

Small hale dtarr.eter 

32 

32 

45 
32 

~5 

32 

45 
45 
51 

51 

Centre-to-centre 
Burden d1stance 

mm mm 

.¡o 85 

53 lOi 
53 113 

ao 125 
ao 131 

106 160 

106 167 

70 143 
70 146 

18 176 

In tho caoo of oas>ly blastod rodt. tho centr~t~ dis~ may need to bo 

C. UÑA 
Exporience s.hows that tho nearest boles in the cut c:an bo charged as follows: 

Dnll hole di.omrtft Charce eonct11tration Suitable lar1e hale diameter 

mm k& m mm 

32 0.25' 57:.. 2 X 76 

35 o 30' 76-2 X 76 

38 0.36' 76-2 X 76 

45 0.45 2 X 76- 12~ 

46 0.55 2 X 76- 125 

51 0.55 2 X 76- 12~ 

1 2S mm Don.a.nt 1 can nonnally be u.ed ll1 sptte ot the !.act that it corresponds to a 
Ge.l.atine Donant 1 d'l.ar¡e o( 0.46 k&/ m. 
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A mrular form of cut with double l&rg• holl!3. diameteT 71 mm. has been used 
a great de~l: 

-"'- ~ 

·J g t ' 
1 

j '. l 

• 
F19. 9.1.3 

The hgure also shows the make-up o( :he -cut spreader- hales outslde the cut. 

The d1.arge 1n the -cut spreader- hales :.s :.arge beca~ of the great constncuon. 

Column char¡e. K¡. m Wlth d1am .• mm 
Burden Bottom char1e l:Z :11 45 41 

m k& 

o 20 0.25 O.JO 0.45 0.60 0.75 
0.30 0.40 O.JO 0.45 0.60 0.75 
040 0.50 O.l5 0.50 0.70 0.80 
o.;,o 0.65 o ..;o 0.70 1.00 1.15 
OliO 0.80 0.50 0.70 1.00 1.15 
0.70 0.90 0.50 O.iO 1.00 1.15 

Undlar¡ed section = 0.5 X V. 

Loosening holes Wlth burden greater th&n 0.70 m are d\arged in the s;lme way 

as stopm¡ holes Wlth honzontal breakage ¡...., -=tron 9.1 enutled Char¡e calcu
lations). 

Fig. 9 2.4 shows a cut m~ up of large gauge holes and the c:ut spreadfi section 
(or v~rious drill hole ~iamrteTS. The outf"'"'most holes in the cut spreader S«1.1on 

can be describe<! as stoping holes but they have been adapte<! to oome extent 
geometrically so that they rit tnto ttv p1cturr more easlly. 

140 
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Dnll hole Depth o! Hole Unch;uged 
dt•m. hole Burden spacme Bottom dlarge Calumn c:harge sect¡on 

--- ----- ·-- -- ------------- ·--- --
mm m m m k& k¡ m kg k&: m m 

33 1.6 o so 0.70 o so l.l o o 30 o ~o 0.30 
32 2.-1 0.90 1.10 o 80 1.00 0.55 0.50 0.~5 

31 32 0.85' 1 10 1.00 0.95 o 85 0.50 0.~5 

38 :!.-l 0.90' -1.20 1 15 l.H 0.80 0.70 o. su 
37 3.2 ~.00 1 1.:!0 l. SU 1.36 l.l5 o 70 0.50 
.S 3.2 1.15' HO 2.:!5 2.03 1.50 1.00 0.55 
~8 3.2 1.:!01 U5 :!.50 :!.3U 1.';0 1.15 O.SO 

48 4.0 1.:.!01 us 300 :!.30 :!.-15 l.l5 o su 
·;¡ 3.:! 1.:!5 1 1.50 :!. 7u :! 6U 1.~5 l 30 o su 
51 4.0 1.:.!51 1.50 HO 2 6U 2.70 1.30 0.60 

1 In tunnel.s w1lh a crosS·5ectlonal uea o( more t.han 'i'O m=. Uw burd~ and hole spactn& 
can otten be tncreased cons.tderably smc:e t.be dnll holes break mudl more eastly. 
Blaslln¡ then becomes surular to be'nctl blasllnc.. 

In most cases the burden can be Lncreased by lO u, u so th.at the holé spac1ng lS' 

also constderably greater. 

The specing of tl":~ stoplng holes can be LOCreased to larger are-as with respect 
to the c:rou-section.al area of the tunnel. It can also be saad that m ma.ny cases 
wlwn rodt ia euy to b1ast, the hale spacmg .t\own in the lable INIY be loo close. 
1n pract10r a lowcrr durge con~ntrauon in the bouo~ secuon is often attaaned 
lhaD lhat lhown in the table. This implies ~~ in the case o! eUlly blasted roe!<. 
lbr bole _.;nc lilown in the table can be used even if the chMie concentrauon 
.. ~ower. 

Norma)}y lhe waDs and roo! of !he tunnel are smooth-blasted (see secllon 9.5 
entitled Smooth blast.ng). Tbis 'l:akulation a>ncerns cases where no smooth blast

ing is arned out. 

The burdm induchng -look-in- or "look-out- is selected as being 0.9 X the 

bul'den lar the stoping hales. 

Hale spacing = 1.2 X V. 

The height o! the bottom c:harge IS reducrd lo I/& X depth o! hale. 

Uncharged section = 0.5 X bunl<-n. ~ concentration al the column charge is 

reduced lo 0.40 X the concentralion o! the boctom c:harge. 

l:U 
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D~ PAR.~ O 
Example 

Drtll hole Depth of Hole Und'larged 
d1am hoJe Burden Sp.óiClnl Bottum dlar¡e C.Jlumn diarge ~t10n 

-------
mm m m m kg k¡. m kg k¡¡. m m 

33 1 6 o 55 0.65 O JO l.! O OA5 0..15 O JO 

31 ~ 4 O BU u 95 0.-10 100 o 65 0.-10 o -10 

31 3 ., u 80 0.95 0.50 o 95 0.90 0.-10 0.-10 

38 ~ .¡ o 90 1 1 u o 60 1.+1 0.85 o 60 0.-15 

37 3::! 0.~1 1.10 o ~5 1.36 l. :!O 0.55 0.45 

-15 3 ~ lOO 1.::!0 l.lU 2.0J 1.80 0.80 0.50 

48 3 ~ l.: o 1 30 1.~0 2 JO 2.00 0.!10 o 55 

48 -I.U 1 1 u l JO 1 su :!.30 :!.50 0.90 0.55 

51 3:! 1.15 l.-! U l.-! U ::!.60 ::!.10 1.00 o 60 

51 -10 1 15 l.-10 1.70 2.60 2.70 1.00 0.60 

Calcu.lattng zhe dtarge tn rouf hales 

T1w holeo spacmg lS carned out as for the wall boles. The column dlarge is 

r~\X"'e"d to 0.30 X the concentration of the bottom char¡e. 

Dnll bolo I)oopth of Hale Unchuged 
daam. - Burden spaclllC Bottom char¡e Column charae .ecuon 

mm 111 m m k& k&! m k& k&im m 

JI 1.1 0.!>5 0.65 0.30 1.10 0.35 0.35 0.30 

32 2.4 0.80 0.95 0.40 1.00 0.50 0.30 0.40 

31 3.2 0.80 0.95 0.50 0.95 0.70 0.30 0.40 

38 2.4 090 1.10 0.60 1.44 0.70 0.45 0.45 

37 3.2 090 1.10 0.75 1.36 0.90 0.40 0.45 

45 32 1.00 1.20 l.! O 2.03 1.30 OliO O. SO 

48 3.2 1 10 !.JO 1 20 2.30 1.45 0.70 0.55 

48 4.0 1.10 1.30 !.50 2.JO 1.95 D.to 0.!>5 

51 3.2 1 15 1.40 1.40 2.60 1.70 0.10 0.110 

51 4.0 1.15 1.40 1.70 2.60 2.25 0.10 0.60 
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D~ PI .50 
Example. 

::)nll Dnl1101 Hole Unc:nar¡ed 
dtam. depth Burden Sp.iClnl Bottom cttar¡e Coiumn char¡:e 5ecUon 

---- ------
mm m m m k& kc·m k& ir:¡. m m 

33 !.6 o 60 0.70 O 6U 1.10 0.~0 O. 7:; 0.10 
32 24 0.90 l.OU u.8u !.00 1.00 0.70 0.:!0 

31 3.:! 0.90 0.9:; 100 0.95 1.30 0.65 0.20 

38 2A 1.00 l. lO 1.15 !.H u o LOO 0.20 
3; 3.::! !. 00 u u !.50 1.36 1.80 0.95 0.20 
45 3.2 1.15 1.:!5 :!. :!5 203 :!.60 HO 0.25 
48 3 2 1.20 L3U :!.Su :!.30 3.00 L60 0.25 
48 4U l :!O J.Ju 300 230 ... :s 1.60 0.25 
51 3 2 1.25 1.35 2.70 2.60 3.20 !.80 0.25 
51 4.0 1.25 1.35 3.4U :!.60 •. 75 1.80 0.25 

SulCt! t~ dnll holb requare ~ fvrce for sweJHng and furthermor~ are 

~lpo-ct by the lo= oC gravuy. the spr<:>hc c:harJe in the bouom secuon can be 
.-..duced to . 

DriUbolo-
-------------------

mm 

Speclfic: maree 

k&.'m1 

LO 
1.2 
1.4 

Hole spacmg can be mcrea.sed to 1.2 X burden. Othft"'Wis,e the cakulauon is 

m.de up m the same way as for the stop1ng holes descnbed nrlier. ln the case of 
tunnels w1th small cros.s-sectwn areas. burden and hole spiiC'ing a~ decreased 

accord•ne to the geometrtcal condltJons. 

The hole spacing indicated in the table applies on conclition that the c:harge 

c~tratton m the bottom sect10n attatns the value in the table. lf the c:harging 

me1hod used results in a lower concentratton. then the hales must br more closely 

space'd !O that the required spec1lic durge is attained. 

--------- ------· ______________ ..._... 



SALII!~ !:~IZ. y NAU~ ;AIIAIBA 

The ~ntration and st -ength of the bottom c:harge and the column d\arge 
can be calculat~ from the relauonshtp menuon~ earlier: 

Dnll hole Depth of Hale Und'lar¡ed 
dum. hale S urden spacin¡ Bottom charce Column d'!.ar¡e se-ctton 

--··--·-- --~ -
mm m m m .. k¡,'m k¡ k¡. m m 

33 1.6 0.60 0.70 OliO 1.10 o 30 0.~0 o.:o 
32 :!A 0.90 1.00 0.80 1.00 0.55 0.50 0.~5 

31 3.2 0.90 0.95 1.00 0.95 0.85 0.50 0.~5 

38 2.-4 l.OO 1.10 1.15 I.H 0.80 0.70 0.50 

37 3.2 1.00 1.10 1.50 1.36 1.15 0.70 0.50 

45 3.2 1.15 I.Z5 2.!5 2.03 1.50 1.00 0.55 

48 3.2 I.ZO 1.30 1.50 2.30 1.70 1.15 0.60 

48 ~-0 1.20 1.30 3.00 2.30 H5 1.15 0.6U 

51 3.2 1.25 1.35 2.70 2.60 1.95 1 30 0.60 

51 4.0 1.25 1.35 HO 2.60 2.70 1.30 0.60 

33-38 mm covers the range for both dnll s.ertes 11 and 12 and d.lso full-l~ngth 
dnll rods with 33 and 38 mm btu repecuvely. 

Burden and hole spacing are those used in practiCO - faulty drillin¡¡ ts mcluded 
in the basic calculation for tunnel blasung. 

The table shows that faully dnlling and nvellinc requtrements are compen
aated for by larger bottom dlarges as hole depth is inaeased. Full utilizatton of 
the largest di&meter holes implies large d>arges per hole whidl. from the view

point of rock technoiOIY, is unfavourable. 

CAlculating th• charg• in th• f!oqr hol•s 

The burden and spacing for the floor boles can be calculated in tbe same way 
as for the- stoping hales mentioned above. However. it is important for the ""look
in• or •took-out"" to be included in the burden dimensions. Since .. look-out"" is 

included in the burden. the drill holes clase to tbe noor must be collared for bur
drn and "look-out". For example witb a burden of 1.00 m and -look-out" of 0.20 m. 

the boles in the round must be colla red 1.00- 0.20 m = 0.80 m above thr Ooor loo le 
collann¡¡ pomt. The unchar¡¡ed section is taken to be 0.2 X burden. The column 

dlar¡e concentration lS increa.wd to 7o•. or lhe bottom ch.arge. 

/~2 
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TABLA I .14 

B.I 
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Cargas, espacla~ientos y bordos en~b~a~r~r~e~n~o~s-=aLyu~d~an~t~e~s~con pro-
yeccl6n horizontal o hacia arriba . . ¡ ,;J....Co 

Profund i Espaci! Carga de l de columna Di.!metro Bordo fondo yarga Zona de 
barreno. dad ba:-

DI 
miento 

1 

re taque 
11111 rreno, m m kg kg/m kg kg/m m 

33 1.6 0.60 o. 70 0.60 1.10 0.30 o. 40 0.30 

32 2.4 0.90 1.00 0.80 1.00 0.55 0.50 0.45 

31 3.2 0.90 0.95 1.00 0.95 0.85 0.50 0.45 
38 2.4 1.00 1.10 1.15 1.44 0.80 0.70 0.50 
37 3.2 1.00 1.10 1.50 1.36 1.15 0.70 0.50 

. -)45 3. 2\ 1.15 1.25 2.25 2.03 1.50 1.00 0.55 
48 3.2 1.20 1.30 2.50 2.30 l. 70 1.15 0.60 

-~ 

• 48 4.0 1.20 1.30 3.00 2.30 2.45 1.15 0.60 
51 3.2 l. 25t 1.35 2.50 2.60 1.95 1.30 0.60 

51 4.0 1.25 1.35 3.40 2.60 2.70 1.30 0.60 

-Barrenos de piso 

El bordo y el espaciamiento de estos barrenos debe calcularse del mismo modo 

que los barrenos ayudantes. Sin e.barzo, debe considerarse en el bordo una 

corrección debido al emboquille de preparación para la voladura siguient_e_. 

Por ejemplo, con un bordo de 1.00 m y un margen para emboquille de 0.20 a, 

la segunda fila de barrenos del piso debe estar 0.80 m arriba de la entrada 

de los barrenos de la primera fila. La zona de retaque debe ser de 0.20 ve 

ces el bordo, es decir, mucho menor que en los barrenos ayudantes y la con

centración de la carga de culumna se fija hasta de un 70 por ciento de la 

concentración de la carga de fondo. 

En la tabla I.l5 se presentan las concentraciones de carga de fondo 1 de co 

lumna, el espaciamiento, el bordo 1 la zona de retaque para distintos diáme 

' 

1 · tros de barrenos. 

• ¡ 
l 

' • 
i 

' • 

-Barrenos ayudantes con proyección hacia abajo 

Debido a la ayuda de la gravedad, estos ban·enos requieren una menor carga 

espec!fica que los anteriores. 

de la tabla 1.16. 

La carga especffica de fondo puede .ser la 

3.7.69 
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TABLA 1.15 Cargas, esp¡ci .. ientos y bordos en birrenos de piso 

~14metro Profund1 Bordo Espacia Carga <2 fondo Carga <2 co 1 urma Zona de 
barreno dad barre miento- reta que - m rrm no, m m kg kg/m kg kg/m m 

33 1.6 0.60 0.70 0.60 1.10 0.70 0.75 0.10 
32 2.4 0.90 1.00 0.80 1.00 1.00 0.70 0.20 
31 3.2 0.90 0.95 1.00 0.95 1.30 0.65 0.20 
38 2.4 1.00 1.10 l. 15 1.44 l. 40 1.00 .0.20··. 

-
37 3.2 1.00 1.10 l. 50 1.36 1.80 0.95 o. 20 

/ 45 3.2 1.15 1.25\ 2.25 2.03. 2.60 1.40 0.25 
48 3.2 l. 20 1.30 2.50 2.30 3.00 1.60 0.25 

. 48 4.0 l. 20 l. 30 3.00 2.30 4.25 l. 60 0.25 - - -
51 3.2 l. 25 l. 35 2.70 2.60 3.20 l. 80 0.25 

51 4.0 l. 25 1.35 3.40 2.60 4.75 1.80 0.25 

TABLA 1.16 Carga especifica de fondo ~ 

~,;;;~· Diáletro de los barrenos, Carga especff1ca, 
en 11111 en kg/ml 

30 1.0 

40 1.2 

50 1.4 

El espaciamiento de estos barrenos puede ser de 1.2 veces el bordo. Las de 

más características son las señaladas para los otros barrenos ayudantes • .. 
En túneles de sección trasversal pequeña las cargas deberSn aumentarse y el 

bardo y el espaciamiento dis-inuirse de acuerdo con las funciones de las grá· 

ficas que se presentan en las figs 1.)4, 1.)6 y 1.37. 

En la tabla 1.17 se presentan las cargas, bordos y espaciamientos de estos 

barrenos. Los espaciamientos indicados son aplicables siempre que la con-

3.7.70 
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centración de carza en el fondo alcance, aaimi~o, el valor señalado. Si 

la concentración de carga resulta menor, el espaciamiento deberá reducirse 

para obtener la carga espec!fica requerida. 

Los valores de espacia~ientos y bordos indicados en la tabla I.l7 pueden a~ 

~entarse, partic~la~ente cuando la roca es fácil de excavar y cuando los 

túneles tienen un área de más de 70 =z También es frecuente en estos casos 

utilizar los espaciamientos señalados pero con menores concentraciones de 

carga_. 

TABLA 1.17 Cargas, espaciamientos y bordos en barrenos ayudantes con proyec 
ci6n hacia abajo 

Di~metro Profundi Bordo, Espacia Carga de fondo Carga de cclumna Zona de 
barreno, dad barre miento-;- retaque, - m kg kg/m kg kg/m mm no, m m m 

33 1.6 0.60 0.70 0.60 1.10 0.30 0.40 0.30 

32 2.4 0.90 l.IÓ 0.80 1.00 0.55 0.50 0.45 

31 3.2 0.85 1.10 1.00 0.95 0.85 0.50 0.45 

38 2.4 1.00 1.20 1.15 1.44 0.80 0.70 o.5o) 

37 3.2 1.00 1.20 1.50 1.36 1.15 0.70 0.50 

45 3.2 1.15 1.40 2.25 2.03 1.50 1.25 0.55 

48 3.2 1.20 1.45 2.50 2.30 l. 70 1.15 0.60 

·48 4.0 1.20 1.45 3.00 2.30 2.45: 1.15 0.60 .. ~- "' . . .. 
• 3.2 1.25 1.50 2.70 2.60 1.95 1.30 0.60 51 . 

51 4.0 1.25 1.50 3.40 2.60 2.70 1.30 0.60 

-Barrenos de los hastiales 

Las vol-aduras de los hastiales y de la bóveda corresponden por lo c0111Ún al 

tipo ~e voladuras den0111inado recorte o poseerte perimetral (inciso 7.2.1.5~ 

In esta sección se tratan los casos que no son voladuras de recorte. 

El bordo, considerando el emboquille de 

te, se toma igual a 0.90 veces el bordo 

3.7.71 
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1.1 

!l eapaciamiento que mejorea reaultados ha aportado en la práctica es 1.2 

veces 'el bordo; la longitud de la carga de fondo un sexto de la profundidad 

del ?arreno; la zona de retaque la mitad del bordo; y la concentración. de 

la carga de columna de 0.40 veces la carga de fondo. La tabla I.lS está 

elaborada con las especificaciones anteriores. 

TABLA 1.18 Cargas, espaciamientos y bordos en barrenos de los hastiales 

~i.Smetro Profundi Bordo Espacia Ca roa de. fondo Ca roa de columa Zona de 
barreno dad barre miento-

1 

re taque m nm no, m m kg kg/m kg kg/m m 

33 1.6 0.55 0.65 0.30 1.10 0.45 0.45 0.30 
32 2.4 0.80 0.95 0.40 1.00 0.65 0.40 0.40 
31 3.2 0.80 0.95 0.50 0.95 0.90 0.40 0.40 
38 2.4 0.90 1.10 0.60 1.44 0.85 0.60 0.45 
37 3.2 0.90 1.10 0.75 1.36 1.20 0.55 0.45 
45 3.2 1.00 1.20 1.10 2.03 1.80 .0.80 0.50 
48 3.2 1.10 1.30 1.20 2.30 2.00 0.90 0.55 
48 4.0 1.10 1.30 1.50 2.30 2.50 0.90 0.55 

~-

51 3.2 1.15 1.40 1.40 2.60 2.10 1.00 0.60 

51 4.0 1.15 1.40 1.70 2.60 2.70 1.00 0.60 

-Barrenos de la bóveda {tabla I.l9) 

En estos barrenos la carga de columna se reduce a 0.30 veces la concentra

ción de la carga de fondo. Las demás características son iguales a las de 

los barrenos de los hastiales. 

b) Resumen de las características de los barrenos que no pertenecen a la 

cuña 

Nomenclatura: 

V bordo o aeparación de la cavidad previamente abierta, en m 

bordo práctico, en • 

3.7.72 
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H profuDdidad del barreno, en m 

q car&a espec!fica, en kg/m' 

d dii.etro del barreno, en mm 

Qbk concentración de la carga de fondo, en kg/m 

Qpk concentración de la carga de columna, en kg/m 

~ al:ura·de la carga de fondo, en~ 

h longitud del retaque, en m o 
E Distancia entre barrenos, en :::J 

TABLA 1.19 Cargas, espaciamientos y bordos en barrenos de la bóveda 

Di-1:metro Profund i .Bordo Espacia Carqa de fondo Carga de e o 1 u m na 
barreno dad barre miento -- m mm no, m m ltg ltg/m ltg ltg/m 

33 1.6 0.55 0.65 0.30 1.10 0.35 0.35 
32 2.4 O.BO 0.95 0.40 1.00 0.50 0.30 
31 3.2 0.80 0.95 0.50 0.95 o. 70 0.30 
38 2.4 0.90 1.10 0.50 1.44 0.70 0.45 . 
37 3.2 0.90 1.10 0.75 1.36 0.90 0.40 
45 3.2 1.00 1.20 1.10 2.03 1.30 0.60 

'48 3.2 1.10 1.30 1.20 2.30 1.45 0.80 
. 48 4.0 1.10 1.30 1.50 2.30 1.95 0.90 ---·· 

51 3.2 1.15 1.40 1.40 2.60 1.70 0.80 
51 4.0 1.15 1.40 l. 70 2.60 2.25 0.80 

-Barrenos ayudantes con proyección horizontal o hacia arriba 

d ( 11111) 

30 

40 

50 

q(kg/m 1
) 

1.1 

1.3 

1.5 

H/3 

V < H- 0.40• 
1- 2 (ésta es Una condición y no es una base 

de cálculo) 

3,7.73 

Zona de 
re taque 

m 

0.30 

0.40 
0.40. 

0.45 
0.45 
0.50 
0.55 
0.55 
0.60 
0.60 

(I. 4) 
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e) Cuñas de barrenos paralelos 

Debe calcularse la separación entre el barreno Yac!o central y loa barranca 

cargados de la cuña de manera que el área del barreno vacto sea de cuando 

menos un 15 ?Or ciento del irea de influencia de los barrenos de la cuña 

_su_e_~ispar_a.I\_e_nprimer térlllin<? (inciso 7.2.1.3a, fig I.3l). La separación 

asi calculada no debe rebasar la que se muestra en la tabla 1.20. 

TABLA I. 20 Separaci6n entre los barrenos vacíos y cargados de la cuña de ba 
rrenos paralelos 

Diámetro del ba Diámetro de los Bordo o separación Distancia entre 
· rreno centra 1-;- barrenos cargadc, entre barrenos, centros, 

rmt rmt rmt rmt 

57 32 40 85 
76 32 53 107 
76 45 53 113 

2 X 57* 32 so 125 
2 X 57* 45 80 131 
2 X 76* 32 106 160 
2 X 76* ' 45 106 167. - - -100 45 70 143 
100 51 70 146 

::lzs1 
. 

51 SS 176 

*Dos barrenos centrales. 

Las cargas que se presentan en la tabla 1.21 son, en general, adecuada& para 

loa barrenos ais próxi.os al barreno central. 

Los barrenos denominados~~-contracuña, situados fuera de ¡sta, son adapt~ 

dos al irea de la sección trasversal del túnel • 

. 
La carga de los barrenos de la contracuña es wuy el&Yada debido a su gran 

confinamiento. La fig 1.39 muestra la disposici6n de la contracuña para 

una cuña de dos barrenos centrales. 

3,7,75 
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TABlA 1.21 Cargas asignadas 1 los barrenos m~s próximos al ce~~-a) 
Di~.etro de los barrenos Carga asignada Di ~metro de 1 barreno 

cargados, nm (kg/m) · centra 1, rrrn 

32 0.25 de 57 a 2 X 76 
35 0.30 de 76 a 2 X 76 
38 o. 36 de 76 a 2 X 76 

·--> 45 ·-·'! 0.45 de 2 x 76 a 125 - - -48 0.55 de 2 X 76 a 125 
51 0.55 de 2 X 76 a 125 

En la tabla 1.22 se-presentan valores de cargas que han dado buenos resulta 

dos en barrenos de contracuña. 

TABLA 1.22 Valores empíricos de carga en barrenos de cóntracuña (l~w:f~n\e!>) 

Bordo o separación Carga de Carga de columna en kg/m para 
entre barrenos fondo 

m kg 32-

0.20 0.25 0.30 

0.30 
_,.. 

0.40 0.30 

0.40 0.50 0.35 
--) (> . ' 

__ 0_...5.Q 0.65 0.50 

0.60 0.80 0.50 
-----

0.70 0.90 0.50 

,.., Ln.,~ÚI.k\ ":1'<1 c.t~r:':, ~,t.,r/)' 1 -:: o.': Y. 

d) Cuña en V 

los barrenos caroados 
38m 45 11111 

0.45 0.60 

0:45 0.60 

0.50 0.70 
J • ... • . ~ _ .. 
o. 70 1.00 

0.70 1.00 

0.70 1.00 

diámetros de 
de : 

48 mm 

0.75 

0.75 

O.BO 
1.15 ,/' 

1.15 
1.15 

En esta sección se proporcionan reglas generales para el cálculo de cargas 

ce 1siderando una cuña de vértice interior de 60". Si este ángulo es menor 

1-, carga debe incrementarse. 

La dimensión V de la cuña (fig 1.40} es función de la cantidad de explosi

vos que pueden cargarse en los barrenos con arreglo a su· diá.etro. En la 

'ter 
3.7.76 
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~~c ......... , .... -o---· 
• e BarrtPIO c~ado 

FIG !.39 Cuña de dos barrenos centrales y contracuña 

1--
1 
1 
1 zv 
1 

FIG !.40 

-----1 

Cuña en V 

1 

1 
1 
1 

tabla 1.23 se proporcionan valores que pueden servir de orientaci6n en la 

determinación de la dimensión y carga de la cuña en V. 

En cuñas en V la longitud de la carga de fondo debe ser de cuando. ee~os un 

tercio de la profundidad del barreno. La carga de coluana debe ser igual 

a la mitad de la carga de fondo. La zona de retaque debe ser un tercio de 

la dimensión V de la cuña, pero debe ser adaptada al espaciaaiento de los 

barrenos de manera que no haya exceso de carga en la parte de la columna. 

3.7.77 
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FIG 1.41 Distribución típica de retardos en un túnel 

que la roca fragmentada ya ha sido desplazada, ofreci~~oles un eapacio de . 
alivio suficiente. Este alivio permite una voladura del bordo final con un 

sacudimiento aíni.o. 

En la tabla 1.24 se proporcionan valores prácticos .recomendados de espaciA 

mientos, bordos y concentraciones de carga promedio para dos diámetros de 

barreno, utilizando explosivos de 1.2 a 1.3 g/cmJ de peso volumEtrico. 

TABLA 1.24 Poscorte perimetra 1 

Diámetro barreno Espaciamiento Bordo Concentración total 
de carga k:~ -el barreno IT1n m m k 111 

38 - 45 0.60 0.90 0.18 - 0.38 - - -
51 0.75 1.05 0.18 - 0.38 

3.7.79 

., 
' ·' / 



I.I 

Los cartuchos largos de diámetro pequeño de explosivos de baja densidad, 

peraiten una distribución adecuada de la carga a lo largo del barreno. Los 

cartuchos de 20 cm de longitud se ban emplP.ado con éxito en voladuras de 

poseerte perimetral utilizando espaciadores entre cartuchos para reducir 

la carga total en kg/m; sin embargo, este procedimiento da como resultado 

concentraciones de carga relativamente altas en distintos puntos. 

7.2.1.6 Precorte 

En el precorte los bar=enos de contorno se dis~aran antes de efectuar la 

voladura propiameñte dicha. ~1 precorte produce una gri~ta entre los ba

rrenos de contorno. Esta grieta evita que las ondas de choque de la vela 

dura principal se trasmitan en toda su intensidad hacía la pared terminada 

y ~inimiza la.profundidad de la fragmentación en la roca. Como los barre 

nos están muy próximos entre sí, las grietas se forman siguiendo las lí

neas de barrenos, y los mismos barrenos constituyen el inicio del agriet~ 

miento. Esto significa que la inclusión de barrenos vacíos entre los ca~ 

gados, puede mejorar los resultados. 

En la tabla 1.25 se indican algunas cargas y espaciamientos en función del 

diámetro de loa barrenos. 

Si no existen limitaciones en las vibraciones del terreno .e utiliza el • 

encendido instantáneo; por lo contrario, si es necesario liaitar la .. ¡ni 

tud de las vibraciones del terreno se utilizan microretardos. La for..! 

ción de grietas resulta menos eficiente que con la iniciación instantánea, 

a menos que se reduzca el espacio entre barrenos. Si el tiempo de retardo 

es muy grande no se logra el precorte. 

TABLA 1.25 Precorte 
-D1ametro del barreno !:. s pac 1am i en to Concentracion de carga 

11111 m ka/m 

25 - 32 0.20 - 0.30 0.08 
25 - 32 0.35 - 0.60 0.18 

* 
0.35 - u 0.18 
0.40 - 0.50 ~ 

64 0.60 - 0.80 0.38 

3.7.80 y c. -
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100 noll":A MODI:I.JU Ot: VOlADUU DI lOCAS 

TULA 7·' 
C.n~Ut~rr.IOÓII JI lG CG"''a, m ~·"'· para di'V"seu ptcdrz 1 V; y armnon ! B, <Ú lll 

cara !lbr~: rD.bÚJ p-rtiUrun.ar¡. 

('...-¡a 
Pudr.J G.:xlcrn 1 raocm dt 1a .:ar p. l¡ m Wrut< 
m u 1 /.&¡m 

V 
""' B 0,10 o,q o..:o O.l~ O.JO 0.]5 o~o o,so o.6o o,..lo 1 .. "' f'W"'" m O,] o,_{ o.; o.4 ' !J ',] 1,; J .l,; f,; jt u~>« 

iciD 

0.10 O,ll 0.08 o.o6 
0,15 0,]0 O,J8 0,1] 0,11 .,., 
0.20 0,6o O,J5 O.l< O .lO 0,16 O. l .. 0,1:: 

O.ll 1,0 0.00 0.]5 0,)0 O.l6 ~l 0,18 
0.]0 I,J 0,9 o.6o o. so .:),]5 .. JI O.l6 o,.;l o,J8 
O,JS l.l 0,9 o.hs o .. s 0..00 0,]5 0,]0 O..l1 

0-"' 1,6 l.l 0,9 0,1 o,6 0.50 0.,.¡0 O,JO 0..U 
o.so '"' 1.6 I,J 1,<) 0,1 o.,6o o,so o.)6 O.f) 
0,00 , .. 1.9 1.6 !,J !,O 0,1 o.s• O.J7 
o. :-o '·l l.l ... !,) 0,9 0,1 0.21 
o.So J.l , .. r.J 1 .. ID o.6 0,]: 
1,00 . .., ),O , .. , .. 0.9 o,s 
1.20 ... ¡,1 '·S , .. 0,7 
1-"' s.<> ),6 1.6 0.9 
1,60 ... , .. !,! 
lDO ..., 1.9 

~ afrtu 11111 lht·pv ,_ ~ J • .t. afrQ/J Jl'aTG Atr a. 

en la que los subindice> 4 'f • K rdicT= 1 las figuras 7.5 a y b re>pec
tivamnne. La rclacióo (7.4) te e>tudiari m el próximo capirulo; la rcla
cióa (7.5) ,., da m la tabla 7.1. 

Estas ecuaciones difieren solamente m el valor de la constante, que 
en las voladuns con una salida circular es un 6o 0 

0 mayor que con una 
rectangular, debido a la mayor constricción en el primer caso. 

Las anteriores relaciones abarcan los datos experimentales acrualn, 
pero las voladuns con una salida rectangular deben esar sujetas 1 ul
tenore> consideracione> teóricas. Sin embargo, la parte experimental de la 
investigación ha 1lcanz:~do una etapa que suministra bases para la dis
cusión de algunos de los pnncipales puntos involuaados: la determina
cíen del diámetro ópumo de los barrenos DO cargados en las voladuras 
de cuele paralelo, la construcción de los esquemas de perfora6ón y el 
cilculo de la c:~rga con miras a la colocación de los taladros y a la dis
persión real de la perforación. 

Las c:~rgas dadas en la tabla son sufJCicnre> pan la rorun pero no 
comprenden necesariamente los valOI"C'S limites; muchos de los valores 

Yf 
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T..au 1.1 
~/'7"lJ.o'Ofl di 14 CDrta ( 1) m lfl:,. /)dra ~~In t:tlindrict~r .v ~ di.n471a4 ~ 
JI dupartl ~. bcJ,.,.nwJ vaoor ""' dJ~trrn cDWfprntduicts """ • z . 57 y 
zoo JIIJ'D'n td rtpr~J.ntta ~1 diam~rro del barrnv> CQrt.Jd(l . l...J potnta4 r~/QtttJa rill n-

piMn·o ~~ s ::. J,O. 

• mm 50 2 • 51 15 13 100 2 . 15 110 125 150 200 

32 0.2 0,3 0,3 o,Js 0,4 0.45 0.45 0,5 0.6 0,8 
37 0.25 0,35 o,Js 0,4 0.45 O,SJ 0,53 0,6 0,7 o.9s 
45 O ,JO o .u 0,42 o. so 0,55 o.6s 0,65 0,7 o,ss 1,10 

1 mm 90 150 130 145 175 200 190 220 l~O 330 

Hay que: señalar, ~pccalmc:nrc con barre: nos \'ac:ios de ¡xqueños 
d.J.imc:tros, lo mucho que hay que: aumentar la carp cuando se incrc:
menta la distancia entre centzos. Para ¡, = 30 mm se ~ta una carga 
de 1 ,o kg m par:a una distanca entre centros de: 1 1 an y mn1os de: la 
autad de la concenuación de carp pan una disunoa de: 8 an. Este es 

~% 
4.0 

l. O 1.0 

h. o 
V 

1.0 

1,0 

0.5 
0,, 

D. S 
0.3 

0,4 

D.l o 

1.2 

1.1 

0.1 
o 11111 2CXJ Jtll 41111 Mm -----

FI< .... 
R<lacQc ...... lo aatidod * ..... ' lo -- ..... loo ........ - .. ..,_. boca 
\El ban-mo 'l'aOD am _, ' DO • )1>1,0 _. • • • • Gai J A • - .... pamos 

de"' ficun • ,. o--* ............. c.rpdos : J2 -· 

1 



TABLA 1.6 
CwkJ m dohk cpirol """ ti::rwrsoJ Jumvmn dtl barrmo tliiiiiCiD (•;. DGun ocord~J 
'"" ¡¿, ¡pQ 1.1o. LJJJ c.arw:n~trGi'10'Vl di cmra l. y 1: ~~ rqin01 o J.os bttnTmt:Js JnQr

CDdDs "'" - y • rttpc.e~t~. 

4 mm 15 •s 100 110 lll 150 zoo 

• mm 110 IZO 1)0 140 16o 190 •so 
b mm IJO 140 16o 170 190 lJO JIO 

' mm 16o 175 l'n li.O ..., 190 38o 
d mm l70 >90 3>5 350 400 
/, qm O,JO o,Js o""' 0 .. 5 0,5 0,6 o,8 
/, q:n o,65 0,7~ o ,.S~ 0,9 1,1 1 ,J '· ";' 

baiar aprcci.ablemen<e el avana: medio. El encendido de los diferentes 
ba:T=os del cuele debe efc:cnw-se segUn La secuencia dada en Las ti
aura> 8.10 Y 8.11. R.e.pccto 1 los cueles de doble cspu-a.l, Tiby y Coro
m.ant, el enecldido de los barnnos aum. 1 y l ceo dnooadores instan
táneos puede mtiorar los '"'ultados. E.:Ros detonadores lllStaDUneos deben 

· situarse en la boa del barreno. Pan eviur el riesgo de decapitación de 
las otns c:u¡a.s, los demas detona~ deben coloc2nc en el fondo de 
loo barreDas. No deberian llevar carp de fondo los 6-8 barrenos mas 
pró:o:imos al barnno vacío. 

a) Cw/n &ililtdria>s 

Cwttks 011 ~ ISpiral (fig. 8.10 a) 

El aqucma de barrenos en espiral proporciona !JI abertura lllllb amplia. 
Sin anbor¡o, cuando se pretendan obtener grandes aY'IDCOS cSebcri uoanc 
d doble eopinJ de la figura 8.10 a, adoptando la separacióa cutre t.rreDos 
J !JI ~ de carp de la tabla 8.6. Coa el aquema c:u doble 
espinJ oe time la ventaja de que pueden iniciane sucesivamente los 
buTcDos opuestos, ron lo que se obtiene una mejor liwpiua de la obcr
tun. Además, !JI se¡uridad en el avance aumenta, J11 que cada occción 
de !JI doble espiral puede romper cco independencia. SqUn los datos 
de annces tncdios dados en la tabla 8.3, el cuele en doble espiral es de
finitivamente l1lpcrior a los dcm&s tipos de cueles, ceo un avana: por lo 
menos un :zo • • 111o11yor que: los dcmas de barrenos panlclos. Una des
ventaja en la prictia es el becho de que los dos barrenos tnás próximos 
al vado de IOC>-110 mm sólo· distan 13D-140 mm de ru c:enuo y en la 
perforación con estructUras estacionarias y cnn el equipo actual se pre
ciu una distancia de 16o mm. Esto lleva ronsigo La necesidad de aumcnur 
el diámetro del ba:T=o vacio basta us mm, con lo que la distaDCia al 
a:DtJO puede incrementarse basta 16o mm y, si se desea, aumentar el 

------- --- -------------- ~~-----~-~---- --------------
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ing rock. These !actol'S are not controlled by any single 
propcrty of the explosive, but the tolal energy content is 
a very useful chaructcristic by which to rate explosives 
relative to one another. Table 1 shows this figure for 
some explosives. This table al:;o has a· column showing 
charact.eristic imped.ance. This is den.::3ity times veloc· 
ity of detonat10n, and its use is discussed la ter when we 
di.::.cuss the impedance of rocks. 

Tablc 1 
~LEASUREU EI'ERCIES 

Total 
~vec1ñc 
Crll't'LI)' 

Tut11l 
l::no:r¡¡:y 
Wo:111ht 
u ..... 

Eroer¡y Ddun11tiua Ch~ar~&cteri~tic 
\ ulo.uue V o:luclty ImpedanCI 
'U1uio 

Amnwnaum. 
~llralc 
Fue! Oil 
(AN/FO) 0.80 0.55 0.53 1.08 54 12.500 

Gelamitc-61 l 1.28 o 46 0.45 0.91 75 17,700 

50~~ NG 
Oynumite 1.3 0.62 0.61 1.23 103 18,000 

40~~ Extra 
Dynamtt.c 1.3 0.44 0.48 092 75 15,800 

60~~ Extra 
Dynamite 1.24 0.48 0.51 0.99 77 17,350 

Penloltte 

1 

J 

1.55 0.56 0.55 111 107 24,000 

Whcn the dcnsity o( an explosive is relatively high, 
it.s grains are clo:::;ely packed in contact with one another 
and the shock front of dctonation is conununicated. 
from grain to grain more efficiently than if the grains are 
loaoely packcd to give lower density. The ef!ect o( this 
is shown in Table I, where velocity o( detonation is di~ 
rectly related to density (expreosed as specific gravity). 
High velocity o! detonation is important in break.ing 
many rocks. 

In the blasting o! rock, breakage is directly related 
to the amount of energy traibferred. from the explosive 
to the rack. U. S. Bureau of 1\-lines investigatorsiT found 
that within the range of their experiments the amount 
of energy transferred to a given rock was a linear func~ 
tion of thc characteristic impedance of the explOsive (see 
Table 1). They concluded that "explosives that had the 
larger characleristic impedance, or impedance more 

• 
11 
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1 
neurly matching . the characteristic impedunce of the 
rock, transferred more encrgy to the rock." 

In thls connection, the mdhod of packing explo~ives 
into boreholcs becomes a factor, sint-e the impedance of 
both rock and explo>ive is oC the arder of 10,000 times 
that of air and 1,000 times that of water. This very large 
c:ontrast in imped..ance calL')e:S serious eneCgy losses if 
there is air or water between the explosive and the rock 
surrounding the hole. 

Dclay Caps 
Short-period dclay caps have been used success(ully 

to reduce vibratiorui from blasting. Delay dctonation 
separa tes the pressure fronts and the bundles of energy 
which lhey dclivcr lo the rack, se thal breaking the rack 
is done as a series of events that are clo:;ely spaced 
but indepcndent. 

Practical result of this technique has been to improve 
fragmentation and to reduce appreciably the amount of 
leftovcr cnergy that is carried by vibrations to surround4 

ing territory. 1'he grealetit amount of energy that r~aches 
:;;urroundmg ground and building::; 'crom a dclay blast 
is rchHcd to that relcased by the most explosiva on any 
one of thc dclay intervals. 

Ftgun.>S 8 and 9 show the effect of millisecond delay 
firing in reducing cla;;:;tic waves recorded at a distance 
of 2,500 ft. from blu~l.::i of approximately thc same size 
at one quarry. 

Figure 8 Record, no delays 

OISTANCE 2.500 FT. ::, 

__ ____::_:_:___~-.,--- .:i 
SECONDS O O 1 5 ., 1 1 

111 v----··1 

MAX. AESULTANT AMPLITUDE 
.0317 IN. : .. • .• 

1 

¡ 
;, 
' 

·-- ---·------ -~ 
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Figure 9 Record, with delays 

DlSTANCE ·2.500 FT. 

SECONOS 0.0 o 5 1 o 1 5 20 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

------~~~---------~~--------

MAX. AESUL TANT AMPllTUDE 
0021 IN. 

Uock Charactcrhtics 

When explosivcs are u~ed to break rack, joints often 
control the pattern o( rupture. There have been places 
where, in spite of hale layout and explosive distribution, 
breakage has lx-en poor due to it.s following the pre· 
blast joint planes. Also, if the dominant joint.s in a 
blasting Cace are steeply inclined, there is a hazard 
of ~lides o( rack ma~es boundL>d. by joints arid loosened 
by blasting. 

There are two other charactcristics of rocks that are 
important lJ1 detcrminmg their response to an explo
sive. These are elasl!clty and characteristic impedance. 

Elasticity is qu~liwtively indicated by hardness- the 
harder, the more cl~tic. It is measured by the speed, v, 

Table li 
COHPI!ESSIO:\'AL WAVE SPEEDS AND 

CIIAKACTEIH' IIC IMPEDANCE 
t'Oll CEIITAIN 1\0CKS 

\'o:lu~'ll)' oí Cbaracteristu: 
Ho~;:k ComprcuJunal \V11.vc.'1 lmped~~.nce 

ft./•cc. Jb.-)CC./In,J 

Granitc 1~.200 54 

Marlstone• 11,500 27 • 
Sandstont: !O.GOO 26 
Chatkt 9,100 22 

S hale 6,400 15 

•A h~rd~ncd lni>IUre oí cl.1)' Ulollcri"'!~ .:.ud culc¡um c¡ubonllt~J normally 
cuntJIUalil :!5 lu 75% c!Jy, A ty¡x: ul luuc~IOue. 

t A very >Oh lune•IUne. 
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LEY FEDERAL DE ARMAS DE FUEGO 
Y EXPLOSIVOS 

La Ley Federal de Armas de Fuego y Explosivos (LEY), fue públicada en 
el Diario Oficial de la Federación de fecha 25 de enero de 1972. Las 
disposiciones de esta LEY se consideran de interés público. 

La aplicación de la LEY corresponde a: 

l.· El Presidente de la República; 

2. La Secretaría de Gobernación; 

3. La Secretaría de la Defensa Nacional; y 

4. A las demás Auton"dades Federales en los casos de su 
competencia. 

La LEY consigna que las autoridades de los Estados, del. Distrito Federal 
y de los Municipios, tendrán la intervención que la LEY y su Reglamento 
señalen: 

El control y vigilancia de las actividades y operaciones industriales y 
comerciales que se realicen con explosivos, a11ijicios y sustancias químicas, 
será hecho por la Secretaría de la Defensa 1\"acional. 
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Por lo· que se refiere a los explosivos, la LEY establece tres tipos de 
permisos a saber: 

l. Permisos Generales; 

2. Permisos Ordinarios; y 

3. Permisos Extraordinarios. 

Los tres tipos de permisos que señala la LEY son de naturaleza 
intransferible. 

La Secretaria de la Defensa Nacional tiene la facultad discrecional de 
negar, suspender o cancelar los pennisos mencionados, cuando a su juicio 
las actividades amparadas en los permisos puedan causar peligro a las 
personas, a las instalaciones o alterar la tranquilidad de la población. 

Los Permisos Generales, se cor:zcederán a personas que se dediquen de 
manera permanente a las actividades reguladas por la LEY, tendrán 
~·igencia durante el año en que se expidan y podrán ser revalidados a juicio 
de la Secretaria de la Defensa Nacional. 

Los Permisos Ordinarios se otorgarán en cada caso para realizar 
operaciones mercantiles con personas que tengan penniso general vigente 
o con comerciantes de otros paises. 



Los Permisos Extraordinarios se otorgarán a personas que eventualmente 
se dediquen a alguna de las actividades regulas por la LEY. 

Las sociedades que pretendan dedicarse a la fabricación y comercialización 
de explosivos, podrán permitir en su capital una participación de hasta el 
49% de inversión extranjera, en los términos que establece la Ley de 
Inversión Extranjera. 

Este porcentaje de inversión extranjera no incluye a las sociedades que 
adquieran y utilicen explosivos para actividades industriales y extractivas. 

La Secretaria de la Defensa Nacional, tiene la facultad de practicar visitas 
de inspección a las negociaciones que se dediquen a las actividades 
reguladas por la LEY y a solicitar los informes necesarios respecto de estas 
actividades. 

Las negociaciones tienen la obligación de prestar todas la facilidades a las . . 

autoridades militares para la práe,tica de las visitas de inspección. 

La LEY considera como sanciones la fabricación, almacenamiento, 
transporte, comercialización, entre otros, sin el permiso correspóndiente. 

OCTUBRE 1996 



Permisos de Explosivos 

Información general 

Si usted requiere el uso de explosivos para romper roca en cualquiera de sus obras. será 

necesaria la obtención del permiso correspondiente de acuerdo a los recuerimientos de la 
Dirección de Armas de Fuego y Explosivos de la Secretaria de la Defensa Nacional. 

En el anexo No. 1 se podrá observar copia del Oficio No. 17221, girado por C. General de 
Brigada D.E.M. Jaime Palacios Guerrero, el 19 de junio de 1991 a esta Cámara donde nos 
proporciona los tipos de permisos que existen y los requisitos a cumplir para la obtención de los 
mismos. 

Detalles del procedimiento 

Polvorines: 

El constructor que requiera el uso de proquctos explosivos por neces1dc.c de su operación 
deberá construir polvorines que reúnan las caracteristicas solicitadas por la Secretaria de la 
Defensa N3cional a través de la Dirección de Armas de Fuego y Explos1v.Js. s1enoo éstas las 
siguientes: 

Lugar: 

Los polvorines deberán ser colocados oe acuerdo a 13 t3bla de Seguridc.::: ce Q,stc.:lcia·Canticc.: 
que viene en el Regl2mentc de Armes ce Fuego y ExplOSIVOS de la Secreta;;3 de 1:; Defensa 
Nac1onal. la cual se puede obser:3r en el 3nexo No 2. 

Capacidad: 

La capac1dad de los polvor~nes deber:; est::~r en lunc,ón ce las neccs1d:1ces ccl usc:2C~O y 3 la 
autorizac1on de I.J. SecretariJ de lJ Ot:ter,sJ. N.:iCIOrl.ll 

.. 
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En este caso se recom1enaa que la caoac1dac ceba ser calculaaa ae acueroo a los consumo5 
diarios de explosivos. al tiempo que se requiera para la obtención de los permisos para compra. Se 
debe tomar en cuenta la ubicación de la Zona Militar a cuya jurisdicción corresponda la obra. Otro 
concepto que se oeoe tomar en cuenta es la u01cacion de los proveedores y el tiempo de entrega 
de los productos una ·vez que se cuente con el permiso para compra de los mismos. 

Todo lo anteriormente mencionado es con el propósito de que el usuario tenga en sus 
polvorines la cantidad de inventarios que le permitan mantenerse en operación evitando paros por 
falta de productos explosivos. Estos inventarios pueden ser para la operación de una semana, dos 
semanas o en algunos casos para un mes normal de operación. 

Almacenamiento: 

Antes de iniciar el almacenamiento de explosivos en un polvorín, se debe obtener el permiso 
correspondiente de parte de la Secretaria de la Defensa Nacional. 

El almacenamiento de productos explosivos deberá ser de acuerdo a la tabla de 
compatibilidad para· materiales empacados o envasados que vienen en el Manual de Armas de 
Fuego y Explosivos de la Secretaria de la Defensa Nacional. Esta tabla se puede ver en el anexo 
No. 3. 

Ejemplo: 

Agente explosivo = 
(anfos) 

Estopín elec. = 

Mecha clover = 

Construcción: 

Alto explosivo (godyne, emulsión, etc.) 

Fulminantes 

Cordones detonantes 

La construcción de los polvorines. es recomendable hacerla de la siguiente manera: 

Cimentación: De mampostería (Piedra braza) 

Muros: Tabicón cemento-arena ó tab1que, reforzado lo anterior con castillos a cada tres 
metros de distancia. de 1 5 cms. x 15 cms. de concreto armado. 

Puertas: Deberán ser de madera de 4" de grueso con bast1dor de metal (tanto en la base 
soporte como todo el perímetro de la puerta). (En el anexo No. 5 se puede ver el 
detalle de una puerta) 

Techo: 

Altura maxima de 4 mts .. altura mínima a las orillas de 2 70 mts .. de;ando resp1radero entre la 
pared y el techo de 20 cms . el cual debera ser protegido con algún t1po de malla metálica. para 
evitar que an1males pequeños se Introduzcan al polvorín. El matenal utilizado debera ser de lamina 
de asbesto. 

La parte mas baja entre el techo y el piSO debera ser de 2 7 mts. de altura como se muestra 
en el anexo No. 4 Los polvonnes poor3n tent.'r un techo 3 una o oos <1¡;uas. 
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.Farallón: 

El polvorín deberá estar rodeado por la corteza de algún cerro o en su defecto deberá contar 
con un farallón de tres mts. de altura y 15 · mts. de largo a terminar a flor de tierra y teniendo entre . . 

el frente del polvorín a farallón cinco o seis metros como mínimo. 

Características que deben reunir los polvorines 

En general éstos deberán cumplir con las especificaciones complementarias que se muestran en 
el anexo No. 4. 

En el caso de la construcción de polvorines se sugiere hacer el diseño de los mismos de 
acuerdo a las necesidades de su operación, asesorándose con personal experimentarlo en este 
campo. 

Una vez que se cuenta con los polvorines, construidos de acuerdo a las tablas de distancias 
de seguridad de la Secretaría de la Defensa Nacional, es necesario conseguir las autorizac1ones 
por parte de las autoridades correspondientes como son: 

1 . - Certificado del luaar de consumo exoedido oor la orimera autoridad administrativa 
(Presidente Municipal o Delegado Político en el Distrito Federal). M<;>delo No. 4 (anexo 6). 

2.- Opinión favorable del Gobernador del Estado o del Jefe del Departamento del Distrito 
Federal firmada por el titular. (Anexo 7) Esta opinión se debe solicitar por escrito acompañada por 
el certificado del lugar de consumo expedido por la primera autoridad administrativa (Punto No. 1 ). 

3.~ Cuando se cuente con las autorizaciones antes mencionadas, los documentos originales 
se deben adjuntar a la siguiente documentación que deberá ser presentada en los módulos ·· 
correspondientes en el edificio de la Secretaria de la Defensa Nacional, en Lomas de Soleto, 
siendo estos los siguientes: 

-Solicitud, modelo anexo que se proporciona gratuitamente. Modelo (anexo 8). 

- Referencias del lugar de consumo, se. proporcionan en el anexo 9 . 

. -Para personas fis1cas. cop1a ceriificada del Reg1stro Civil del Acta de Nac1miento del 
solicitante. 

- Para personas morales. Acta Constitutiva de la empresa 

- Plano de coniunto a 1 COO metros alrededor del :uoar de consumo v a escala de 1 :4000. 
en la que figuran en su caso instalac1ones m1litares. vias de comunicac1ón. lineas eléctncas. 
telefónicas. telegráficas. acueductos. aasoductos. construcc1ones para casa-hab1tación. obras de 
arte. zonas arqueológ1cas. h1s1óricas o instalaciones Industriales. que pud1eran ser afectadas. con 
los principales accidentes t2;:-ogralicos E¡emplos (anexo 1 0). 

-Plano Circunstanciado a escala adecuada para la local1zac10n de sus mstalaciones con 
especificac1ones 



Si la solicitud incluye almacenamiento 

- Certificado de seguridad y referencia de los polvonnes. modelos anexos aue se orooorcionan 

gratuitamente. (Modelo No. 2 anexo 11) 

Se recomienda adquirir el Manual de Armas de Fuego y Explosivos de la Secretaría de la 
Defensa Nacional. 



SECRETARIA DE LA DEFENSA NACIONAL 
DEPARTAMENTO DE REGISTRO Y CONTROL DE ARMAS DE 

FUEGO Y EXPLOSIVOS 
Lomas de Sotelo, D.F. 

Tabla (13·1) de Seguridad de Distancia-Cantidad 
(Matenales :Jeb1dament.:> empacados o envasados) 

DISTANCIAS EN METROS POLVORINES CON PROTECCION 
Kilos Edilicios Vías Caminos Lineas de Entre 

Descripción del material De a habitados férreas carreteras alta tensión polvorines 

1. 01namita. explOSivos al ni- 000 500 126 100 100 100 1 1 
trato de amonio. pólvoras 500 750 146 100 100 100 13 
negra y s1n humo. 750 1,000 . 160 100 100 100 14 

1,000 1.250 170 100 100 100 t5 
1,250 1,500 180 100 100 100 1 7 
1.500 2.000 200 100 100 100 18 
2.000 3.000 230 100 100 100 20 
3.000 4,000 250 100 100 100 23 
4,000 5,000 260 1 1 o 100 100 25 
5.000 6,000 270 1 1 7 100 100 26 
6.000 7,000 275 122 100 100 27 

2. Artificios (fulffilnantes. esto· 7,000 8,000 285 127 100 100 28 

pines. conectores MS. cor· 8.000 9.000 295 132 100 100 30 
aon oetonante. etc.) 9.000 10,000 305 137 100 100 31 

10,000 12.000 330 148 100 100 33 
12.000 14,000 350 154 105 103 35 
14.000 16,000 370 160 1 1 o 105 36 
16.000 18.000 390 168 116 112 38 
18.000 20.000 405 173 121 118 39 
20.000 25.000 445 185 135 130 43 
25.000 30.000 480 200 145 140 46 

3. Por lo que respecta a los 30.000 35.000 510 208 155 150 49 
"artifiCIOS". únicamente se 35.000 40.000 535 218 160 .1 55 53 
autoriza el almacenamiento ~o.ooo 45.000 550 226 166 162 56 
en cada palvonn lo equ1va· 45.000 50.000 565 240 169 166 63 
lente a 4 toneladas. 50.000 60.000 575 250 1 71 168 66 

60.000 70.000 585 262 175 172 73 
70.000 80.000 605 274 182 178 80 
80.000 90.000 620 284 186 183 86 
90.000 1 OO.OOC 635 294 1 9 1 188 93 

100.000 125.000 675 378 210 208 1 1 7 

4 N1~roceiulosa (30· 70) ósea 000 se: i i 5 100 10G 100 10 
30 p¿:r1es en ceso del sol· 500 750 iJS 100 100 100 1 2 
vente por 7 O partes del pro· 750 1.000 1. ~ 

~~ 100 100 100 14 
dueto. con una n1trac16n ce 1.000 5.0CC 235 100 100 100 23 
1 2.2~ó como max•mo Clo· s coa 2s.oc: 400 170 122 120 40 

ratos. lósforos. etc 25.0JO 50.00C 500 215 15E 150 50 
50 000 7 s.oc: 535 242 165 160 70 
75 CJO ~ JO.OC·C· 570 275 170 166 85 

1 ce ·:oo : 2 s.oc-: 607 340 19C 188 110 
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5 Trin1trotolueno. crclon,ta. 
fulm1natos. Picratos. etc 

6. Artrl ic1os. pirotécnicos. 

A. Fabricantes. 

7 ArtifiOOS prrotecntcos. 

A. Comerc10 

S Almacenam1ento de mun1-

c1ones en pequeño cal1bre 
para armas de fuego y para 
usos 1ndustrrales. 

000 500 152 125 125 125 15 
500 750 1 75 135 135 135 20 
750 1.000 192 150 150 145 25 

1.000 5.000 312 165 165 160 35 
5.000 25.000 530 .222 180 175 50 

25.000 50,000 675 283 200 200 75 

000 500 100 100 100 50 35 
500 1,000 160 160 160 100 45 

1.000 5,000 200 200 200 150 55 
5.000 10,000 250 250 250 200 65 

A. La cant1dad de ar1ific1os ptrotécnicos que pueaan tener en ex1stenc1a es ae 50 gra· 
mas DOf' cada metro cub1co de espac10 l1bre en el depós1to de almacenamiento. en la 
1ntel1gencia de que en los 50 gramos mencionaoos estim 1nclu1dos la mezcla explosi-
va y la 1nerte. la capac1dad total de segurtdad sera determ1nada segun la ub1cac1on oe 
los oepós1tos y las d1mens1ones de los m1smos. 

1. l2. cantrczd de mun1ciones que pueden tener en exrstencta las perscnas o negocr2-
c:ones aue se ded1quen a esta act1v1dad es oe 500 gramos par cada metro cub1c0 ae 
esoac10 hbre en el almaceno depósito. en la 1ntel1genc1a de que en los 500 gramos 
está 1nclu1da la materta explos1va y la 1nene. as1 como la caosula. 

2. Cuando se almacenen CGflucnos que solamente tengan colocada la cápsula. se toma
rán 85 gramos del explOSivO que contengan d:chas cápsulas por c:ada metro cub1co 
oe esoas1o ubre. 

3. s; las negociaciones están establecidas en calles ae mucno transito. solo se permtttr¿ 
almacena' como máx1mo 50 kilogramos coc,:en1da en canucho 

NOTA:. Las d1stanc1as arnba 1n01cadas. son para cuando los polvorines o depósitos se encuentren proteg10QS por obstacu· 
los naturales o art1fietales. en caso c::mtrarto las d1stanc1aS aumentan en un "c1en por c1ento 11 00%)" 
En el 1nterior de las f2::mcas uniCGiTlente se autonza el almacenam,ento ce nitrocelulosz en u:1a cant~dad maxr;-;-.c 
de 5.000 Kgs observando las d:st2X1as de la presente tabla. d1Smtnu1c2.s en un ochenta por c1ento (80Só) 
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COMPATIBILIDAD DE MATERIALES EMPACADOS O ENVASADOS 
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POtvora x¡ 1 1 1 1 1 1 1 1 1 1 1 1 
Acido OtCnco lXI 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
Oin.trototueno 1 1 lXI 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
N"rtroalmldones 1 XI 1 1 1 1 1 _j 1 1 1 1 1 1 
NiiToglocema 1 lXI 1 1 1 1 1 1 1 1 1 1 1 
Nitrocelulosa 1 1 !XI 1 1 1 1 1 1 1 1 1 1 1 1 
Nitroguanldrna 1 1 1 lXI 1 1 1 1 1 1 1 1 
Tetri 1 1 1 1 lXI 1 1 1 1 • 1 1 1 1 
Pvlmnato de mercuriO 1 1 1 1 1 1 /XI 1 1 1 1 1 1 
Nitruros ae Olomo. ota:a y cobre 1 1 1 1 1 1 1 lXI 1 1 1 1 1 1 1 
Estrtanato ae olomo 1 1 1 1 1 1 1 1 1 1 lXI 1 1 1 1 1 1 1 1 1 
Clor-atos. perdoratos y perOXJdos 1 1 1 1 1 1 1 1 1 1 1 X 1 1 1 1 1 1 

Sodio rnetanco 1 1 1 1 1 1 1 1 1 1 lXI 1 1 1 1 1 1 
~gnes.o en ootvo 1 1 1 1 1 1 1 1 1 1 1 1 1 XI 1 1 1 1 1 1 1 
Aluminio en OOIVo negro u ooaco 1 1 1 1 1 1 1 1 1 1 1 1 XI 1 1 i 1 1 1 1 1 ·., 
FOsforo 1 1 1 1 1 1 ¡ 1 1 ! 1 1 1 1 lXI 1 1 1 1 1 1 1 1 1 1 1 1 1 
P.E.T.N. 1 1 1 1 1 1 ! ! 1 1 1 1 1 1 1 1 /XI 1 X lXI XI 1 ~XI XI lXlX 1 1 
T.N.T. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 X! ' 1 1 1 1 1 1 i 1 1 
Oinamrta y ama101es 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 IX 1 1 x lxlxl 1 1 1 XI lXlX 1 1 1 

Nitroc..art>onrtraros hUmeoos 1 1 1 1 1 1 1 1 l 1 1 1 1 1 1 1 XI 1 X! XiXI 1 ! lXI IX lXI 1 
N"rtrocaroorutraros secos 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 XI 1 XiXIXI 1 1 lXI 1 XIX! 1 
Nrtroc:.aroorutraros acldos 1 1 1 1 1 ¡ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 IX 1 1 1 1 1 1 1 
~eno 1 J 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

., ! 1 lXI 1 1 1 1 
cctonrta l•o•l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 IX 1 1 ! ! 1 1 lXlX lXlX 1 1 1 
lruc13dotes ae alta oresion de!onantes ¡ 1 1 1 1 1 1 ! 1 1 ! 1 1 1 1 1 !XI IX IX lXI 1 iX IX! 1 XI XI 1 
Oeronantes tes10omes ca:Jsutas) 1 1 1 1 1 1 1 1 1 ' ¡ 1 1 1 1 1 1 ¡ 1 1 1 1 1 iXI 1 IXIXIXI 1 
Mechas de seGundac ' 

1 1 1 1 1 1 : 1 ! 1 1 1 1 1 IX! iX :X 1 XI 1 lXI X1 1 XIXIXIXI'XI 1 ! 1 1 

COfdones detonantes 1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1 lXI JX :x:x1 1 IX IX 1 lXI XI 1 1 
Cordones encenaeaores de mecha 1 1 1 1 1 ! 1 1 1 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 XI XI lXlX XI J ' 
Conectores cetonantes 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ; 1 1 1 1 1 ¡ \XI lXI 1 1 ' ' 
Conectores encendeoores 1 1 1 1 1 1 1 ! 1 1 1 1 1 1 1 1 1 J : 1 1 1 1 1 1 XI 1 tx XI 1 
Ant1f1C-os plfotecntCos 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ! 1 1 i 1 1 1 1 lXI 
Catga5 ndustn.aJe! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ! ! 

1 1 1 1 1 1 1 1 1 1 1 
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ASUNTO~ Se le 1nfonnan los requisitos p.:ra la obtenc1ón 
de Penn1sos para el uso de explc-sivos. 

Lomas de Sotelo, D.F., a 19 de junio de 19;1_ 

C. PRESIDENTE DE LA CAMARA NACIONAL 
DE LA INDUSTRIA DE LA CONSTRUCClON. 
A~BORADA NUMERO 100. 
COL. PARQUES DEL PEDREGAL. 
14017- MEXICO, D.F. 

POR ACUERDO DEL C. GENERAL SECRETAR !O Di: LA DEF ENS;. :u.: I ONA~, se i e 
manifiesta a usted, que debido a la desinformación que los :;versos orgcnls
mos tienen ace:-ca d~ le Ley Feder.:l de Amas de Fuego y :,~losivcs _v l::s 
requisitos que deben cu:r.p!¡r L!S personas f!s:cas y morale; p::r:: e: o:or;o
mie~to de los Penniscs pcr.: el uso de explos¡vos, se le inf:·.,.:~ le-s re~~:s:
tos que la Ie:;!sla:1tn v¡gen¡e solicita. 

l. PE~MISO GENE2A~.- Par.: ·a:¡ividades permanentes. 
!l. PERMISO EXTR.!,OR:Jlt-:.;;;:¡Q_. Pera Actividades EventJales (C::r wn!cc vez;. 

Ill. PERMISO O~Dlt>A;\!C..- ccrc comercii:l¡zaclóo. en:re empr~s:s o ;>ar:::~~¿-e; 
con Permiso Gener¿l \ig2~:e (Incluyendo Im~or¡¿:iones! ~~JJr:~::cnes}. 

Los requisitos p.:r.: le o::ención oe ellos so~: 

- So!1citua, mo~2l~ ¿nexo que se propor:icn¿ g~21u:te~~~:E. 
Opinión F.:voraD:e ce! GJt:oernador del E:o:.:dJ o oel Je~o G~! :'e:·cr::o~·='•· 
to del Distrnc ::e:era: f¡rcada po:- e! :1t~lcr . 
Cer:if1cado oel lu;.:r Cíe consum:J e.'-J-?Jidc. por le ::!f7":::r:: .=u¡_c:-1:::::: 
a:J::nnzstrcélvc (?:-es!C:ecée ~:~n¡c¡p.:l: Jeleg.:Co Po!í·.::c e". e: V:s;_·:
to Federal) . 

- Re!~tenc¡as del lc;~r ce consu~c. an~x:s que tdnbtén se ~;:~~:~:;:~~~. 
Pera Perscnas Fis¡c.=s. ccp1c c2rt1fJ:::.=·.:.: del retJis~ ... :: e:·•:: =-=~ c.::..: 
de nac¡m¡ento del s-Jlic::ante. 
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ASUNTO:: HOJA NUMeRO DOS. 

- Para Personas Morales, Acta Constitutiva de la empresa. 
- P 1 ano de conjunto a 1000 metros a 1 rededor de 1 1 uga r de consumo y a 

escala de 1:4000, en que figurarán en su caso: instalaciones mi 1 ita
res, vfas de comunJcaCJ6n, 1 ineas eléctricas, telefónicas, telegrHi
cas, acueductos, gasoductos, construcciones para casa-habitación, 
obras de arte, zonas arqueológicas, históricas o instalaciones ind~s
triales, que pudieren ser afectadas. con ·los pnncipales accident~s 
topográficos. 

- Plano circunstanciado a escala adecu.:da oara la local izac¡ón de s~s 
inst.:laciones con es~ecificaciones. 

Si la solicitud incluye almacenamiento. 

- Certificado de seguridad y Referencias de los l)olvor¡nes, modeles 
anexos que se proporcionan gratuitamente. 

Entregc:dos los documentos debidamente requísitadCJS y aoe la zona m¡!¡;_¿
correS:JO'lGiente haya inspeccioncdo Gue reu:1en las r.í¿~;Gas d;, centro!, sec~·;
dad y v¡g¡lanc;a para el uso de explosivos, esta Secre:aría, Sl estc:n co~:le
tes y correctos l:Js d::.:ume;~:cs, normclmen:= entrecc les P-=:-:-;-dS:)S e qu1~1~s 
los hay::r. soiici!cdo, en un ¡:dazo no mayor de 10 dCas n¿)¡;e:. 

Por lo an:er!or, se !e' a~rad::.:erS r~cc::~lo del conccti7".¡en~c· Ge 5._~ 
agre;:¡icdos; en~c:~zcn~: que le :.crocnzc es !e obte.::;:.n ~-= los docurn~-.:c~ 
que san ex~ed1dos en c:r¿s G¿pendencies. 



CARACTERISTICAS POLVORINES 

1 . - Pendiente en Banqueta 
2.- Oren Penmetral 
3.- Pala y Pico disponibles 
4.- Bote de Arena 
5.- Extinguidores (2) 
6.- Puerta de Acero y Madera 

con Chapa y Candado 
7.- Tierra Fisica 
8.- Rejilla de ventilación con 

prolección antirroedor 
9.-·Libre de Humedad 

1 O.- Pisos pulidos y líneas de accesos 

4m 

Cor:e Esquemai•CO 

14 

ANEXO No. 4 

/ 

2 70 rrí 

__ I/ 
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11.- Separar estibas de paredes 
12.- VIGILANCIA (24 Hrs.) 
13.- Cercado 
14.- Pararrayos 
1 5.- Aplanado y Pintura 
16.- Ta-ima de madera 

20 cms. 

" 

L ~ 

-----
1 

1 

1 
1 

1 

1 1 

1 1 

1 1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 

1 1 

1 
1 

1 

l 1 

Planta Polvorín 

1 7.- 20 mts. l'bre de mat. orginica. alrededor 
18.- Talud o protecc natural 

1 

~ 
L.. "' o 

(") 

3 
"' 



19.- Iluminación APE Nema 9 
Controles por fuera 11 O volts 
- Conduit de Pared Gruesa 
-Sellos EYS 

..... . 
... • • .- 1 ' .. ·:., ~ 

-1 ¡.·· .. .. . 
' - . -- ' 
/" ·., 

._,· ... 
'· .. . , . . 1 .... 
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- . ·1: . ...:. 
•• .•• l 

. . . '· 
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/
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' . . . .. :.-/ 
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• . ! .
:· ... . 

1-". .. . . . 
' 

- _¡--. 
·;:. ·1 

.-, ' 
Carbón Activado . ,- _ • ,_ . . ,. ; 

... "'; .... 

11 

Lamparas Especiales 

20.- Libro de reg•stro de en:r2cas y 52i•das 
21.- Copia en cuadro oel pen7liso 
22.- Límite m2.ximo oe persof1Cs (letrero) 
23.- Anuncios· 

24.- Tambores de 200. con c;:ua 
Polvorin No 
Peligro Explosivos 
Prohibido Fumar 

-··. .. 
l --

- -

Var"la de Cobre 

(Coper Weld) 

Detalles de llerra fJs•C-3 



REJiu.AS DE BANQUETAS 
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CROQUIS SIN ESCALA DE LA DISPOSICION 
DE LAS REJILLAS DE VENTILACION 

/1 



"' 
o 
z 
o 
X 
UJ 
z 
ct 

t, 

l 

MARCO DE PUERTA 
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SECRETARIA DE LA DEF. NAL. 

EL SUSCRITO 

QUE LOS POLVORINES UBICADOS EN: 

DESTINADOS PARA ALMACENAR: 

MODELO No. 4 

CERTIFICADO DE SEGURIDAD 

DEL 

POLVORIN O ALMACEN 

. (Nombre y Apellido) 

HACE CONSTAR Y CERTIFICA 

ANEXO No. 7 

DIR. GRAL. REG. FEO. ARMAS 
DE FUEGO Y EXPLOSIVOS. 

No. 

PRIMERA .. .UTORIDAD. 

(Referidos a puntos conocidos del terreno para su facil localiZación) 

(Pólvora, d1namita. explosivos al nitrato de amonio, 

artifiCios, dorato, nitrocelulosa. nitrato de amontO, etc.) 

OUE SERA UTIUZADO POR: 

CON DOMICIUO EN: 

Localidad 

EN LA ACTIVIDAD DE: 

pinturas. etc.) 

(Denominación o razón social) 

Muniapio Estado 

(Explotac1bn de canteras. industria de la construcc,bn, minera metaJurg1ca, cerillera, de 

POR SUS CONDICIONES, SITUACION Y MEDIDAS DE SEGURIDAD, SON ADECUADOS: NO PRESE:NTAN PEUGRO PA· 
RA MANTENER EL ORDEN PUBUCO, EST AN PROTEGIDOS CONTRA ROBOS Y GARANTIZAN LA TRANOUIUDAD DE 
LA POBLACION. 

a de ___ ___.:__:_:_ __ _ 

EL PR:OS:::JENTE Mur~ICIPAL 
¡i'i" .. '.IA Y SELLO) 

/9 

de 19 __ _ 



ANEXO No. 6 

SECRETARIA DE LA DEFENSA NACIONAL 
OIRECCION GENERAL DEL REGISTRO FEDERAL DE ARMAS DE FUEGO Y EXPLOSIVOS 

LOMAS DE SOTELO, D.F. 

CERTIFICADO DE SEGURIDAD DEL LUGAR DE CONSUMO DE EXPLOSIVOS. ARnFICIOS O SUBST ANClAS QUIMICAS 
RELACIONADAS CON LOS MISMOS. EXPEDIDO POR LA PRIMERA AUTORIDAD ADMINISTRATIVA. 

El SUSCRITO PRIMERA AUTORIDAD 

ADMINISTRATIVA DE. 

HACE CONSTAR Y CERTIFICA: 

QUE 
(Denom1nación o razón soc1al) 

CON DOMICIUO EN. 

CALLE NUMERO CIUDAD, POBLACION O LOCAUDAD 

MUNICIPIO O DELEGACION ESTADO. TERRITORIO O DISTRITO Z.P. TELEFONO 

-
EMPLEARA LOS MATERIALES SIGUIENTES: ,. 

(pólvora. dinam1ta, explosivos al nitrato de 

amonio, artificiOS, nitrocelulosa. clorato de pctasio, etc.) 

TRABAJOS QUE EFECTUARA PRECISAMENTE EN EL LUGAR DE CONSUMO UBICADO EN 

(Referido a puntos conocidos del_ terreno péfa su facil localiZación) 

EL CUAL POR SU SITUACION. NO Fi:Oi'RESENTA P::UGRO PAR,O LA SEGU;o:IDAO Y TRANOUIUDAO. PUBUCA 
' 

_____________ a 
de ___________ de 19 __ 

Sello y f~rm<J 

2o 



ANEXO No. 8 

SECRETARIA DE LA DEFENSA NACIONAL 
DIRECCION GENERAL DEL REGISTRO FEDERAL DE ARMAS DE FUEGO Y EXPLS 

SOUCJTUD DE PERMISO GENERAL PARA DEDICARSE A LA COMPRA Y CONSUMO DE EXPLOSIVOS, ARTIFICIOS Y 
SUBSTANCIAS OUIMICAS RELACIONADAS CON EXPLOSIVOS (ARTICULO 42 FRACCION 1 DE LA LF.AF.Y.E.) 

A DATOS DEL SOUCITANTE: 

ApeRido Paterno Apellido Materno Nombre (S) 

Fecha de Nacimiento Sexo Lee Escribe Profesion u Oficio Nacionalidad 

Calle Número 

Ciudad, Población o Lcicalidad Código Postal. 

Municipio o Delegación Estado, Distrito Teléfonc 

Referencias del Domicilio cuando se reQuieran. 

C. DATOS DE LA NEGOCIACION. 

Denominación o ·Razón Social 

---------------------:. · .. 
Calle 

Ciudad, Población o Localización 

MIXIicipio o Delegación 

Actividad a la que se dedicará 

EXPLOSIVOS SOUCITAOOS MENSUALMENTE: 

ALTO EXPL()SIVO 

AGENTES EXPLOSIVOS 

ARTIFICIOS 

SUBST. QUIMICAS 

OTROS 

Lugar y fecha 

Número 

Código Postal. 

Estado o Dstrito. · 

Teléfonc 

(CANTIDADES) Y (llPOS) 

F1rma Autonzada. 

2/ 

,, 



ANEXO No. 8.1 
SECRETARIA DE LA DEFENSA NACIONAL 

DIRECCION GENERAL DEL REGISTRO FEDERAL DE ARMAS DE FUEGO Y EXPLOSIVOS. . 
LOMAS DE SOTELO, D.F. 

SOUCITUD DE PERMISO EXTRAORDINARIO PARA LA COMPRA DE POLVORA DE EXPLOSIVOS DE ARTIFICIOS 1 

DE SUBST ANClAS QUIMICAS RELACIONADAS CON LOS MISMOS (ARTICULO 57 DEL REGLAMENTO DE LA LEY FE· 
DERAL DE ARMAS DE FUEGO Y EXPLOSIVOS). 

DATOS DEL SOUCITANTE: 

PRIMER APEWDO SEGUNDO APELUDO PRIMER NOMBRE SEGUNDO NOMBRE 

FECHA DE NACIMIENTO NACIONAUDAO SEXO LEE .ESCRIBE PROFESION. OFICIO 

OCUPACION CALLE NUMERO CIUDAD, POBLACION O LOCAUDAD 

MUNICIPIO O DELEGACION ESTADO, TERRITORIO O DISTRITO Z.P. TELEFONO 

REFERENCIAS DEL DOMICIUO CUANDO LAS REQUIERA 

DATOS DE LA NEGOCIACION 

DENOMINACION O RAZON SOCIJI.L 

CALLE NUMERO CIUDAD. POBLACION O LOCAUDAO 
.. , 

.. 
MUNICIPIO O DELEGACION ESTADO, TERRITORIO O DISTRITO Z.P. TEL 

ACTIVIDAD A LA QUE SE DEDICARA 

. 
CANTIDADES. Y CLASES DE MATERIALES EXP..LOSIVOS POR COMPRAR 

TIEMPO EN QUE SE CONSUMIRAN LOS MATERIALES SEÑALADOS E1'< EL PUNTO ANTERIOR 

/:. ·,' . ''··: .;~: 
PROTESTO. OUE LOS DATOS ANOTÁDOS SOi\I·VERIDICOS. QUE LA FIRMA ES AUTENTICA,'( LA_ UNI.C~·qUE UTIU· 

ZARE EN LOS DOCUMENTOS QUE D.IRIJAA LA SECRETARIA DE LA O:OFENSA NACIONAL. ·· · -:.: ;' .; 

Lugar y Fecha 

22 



ANEXO No. 9 

SECRETARIA DE LA DEFENSA NACIONAL 
DIRECCION GENERAL DEL REGISTRO FEDERAL DE ARMAS DE FUEGO Y EXPLOSIVOS. 

LOMAS DE SOTELO, D.F. 

REFERENCIAS DEL LUGAR DONDE EL SOUCIT ANTE CONSUMIRA O USARA LOS EXPLOSIVOS ARTIACIOS O SU& 
T ANClAS OUIMICAS RELACIONADAS CON LOS MISMOS. EN LAS OBRAS. OPERACIONES INDUSTRIALES O EXPLO· 
TACION MINERA QUE SEÑALA EN SU GESTION PETITORIA. 

(Denominación o Razón Social del petiCionario) 

SITUACION EXACTA DEL LUGAR DE CONSUMO: 
(Referida a puntos conocidos del terreno 

.. · '· 

para facilitar su localización). 

UBICADO EN: 
Municipio Delegación 

DISTANCIAS MAS CORTAS, EN SUS ALREDEDORES A:. 

MTS. MTS. 

Carreteras Vías Férreas Uneas eléctricas 

"EXISTE 0 NO" BARRERA DE PROTECCION A:. 

Carreteras Vías férreas Uneas eléctricas 

LUGAR Y FECHA 

Estado 

Casas habitación 

MTS 

Distrito· 
':· 

.. .Polvorines . 

Casas habitación 

.. , 
Polvorines 

.. '•' .. ~ . 

MTS. 

MTS. 

. :. _iC.- -~- , 

FIRMA DEL INTERESADO 

.. _.,. .... 

NOTA: "BARRERA DE PROTECCION". SIGNIFICA CUALQUIER ELEVACION NATURAL DEL TERRENO MURALLA AR 
TIFICIAL DE ESPESOR NO MENOR DE UN METRO CONSTRUIDA CON TIERRA, ADOBES O SACOS TERRE· 

:.- 'NOS:-o BOSQUE DE TAL DENSIDAD QUE LAS PARTES CIRCUNDANTES OUE REQUIERAN PROTECCION NO 
PUEDAN VERSE DESDE EL LUGAR DE CONSUMO-DE EXPLOSI.VOS .AUN CUANDO LOS ARBOLES ESTEN 
DESPROVISTOS DE HOJAS. 

23 
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ANEXO No. 10 '-'\. 
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EJEMPLO DE LA. · .. , -'--
LOCAUZACION DE UN 
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SECRETARIA DE LA DEF. NAL MODELO No. 2 

ANEXO No. 11 
DI R. GRAL REG. FEO. ARMAS, 

DE FUEGO Y EXPLOSIVOS. 

REFERENCIAS DE POLVORINES 

REFERENCIAS DE POLVORINES DONDE EL SOUCITANTE ALMACENARA EXPLOSIVOS, ARTIACIOS Y/0 SUBSTAN
CIAS QUE UTIUZARA EN OBRAS, OPERAOONES INDUSTRIALES, COMERCIALES O EN LA EXPLQTACION MINERA. 

POLVORINES No. -------- (o AI.MACEN) 

NOMBRE 

RAZON SOCIAL ------------------------------

SITUACION EXACTA DEL POLVORIN 

UBICADO EN 

Referida a puntos conocidos del terreno para foolilar su colocaci6n. 

6 
Municipio o Delegación Estado Distrito Federal 

TIPO 
.· .· 

Supeñocial Semi-enterrado Socavón de mina 

DIMENSIONES INTERIORES ___ mts. 

Enterrado 

mts. mts. VENTILACION -----
Largo Alto 

MATERIALES DE CONSTRUCCION DE ----

Cimientos Muros Piso Puertas Techo 

DISTANCIAS M.AS CORTAS DEL POLVORJN A: mts. mts. ------
Casas habiladón carreteras vías 

mts. No. mts. SI O NO EXISTE BARRA DE PROTECCION A; 

férreas polvorín 

------ mts. ------ rr.ts. mts. --------- mts. del polvorín 
casas habitación carreteras vías férreas r.neas eléctricas 

ARTICULO Y CANTIDAD POR ALMACENAR: ------.,..-------------

•. 
'¡ 

tratandose de explosivos, se teiidra en cuenta: ~ y tablas de "compatibilidad" y distancia cantidad 

VIGILANCIA Y SEGURIDAD: 

CASA PROVEEDORA 

Lugar y f ectlá-

r· 

:-. : . ........ ' 

(de~itiiiias¡- · ... 
. -~ .. -' 

'"/: . .:.:· - } 

PERMISO GENERAL NUMERO --+----'"------'"--.,-:--
-~: . :~~ 

.. ·.-- .' 

AUTORIZADO· 

NOTA: "BARRERÁ DE PROTECCION". SIGNIFICA CUALQUIER ELEVACION NATURAL DEL TERRENO MÚRALLA AR
TIFICIAL DEL ESPESOR O MENOR DE UN ME: TAO CONSTRUID~ CON TIERRA. ADOBES O SACOS TERRE· 
ROS O BOSQU[ DE TAL DENSIDAD QUE LAS PARTES CIRCUNDANTES QUE REQUIERAN PROTECCION NO 
PUEDAN VERSE DESDE El POLVORIN, AUN CUANDO LOS ARBOLES ESTEN PROVISTOS DE HOJAS. 




