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Chapter 5: Mechanics of rock blasting

5.1 Fundamental theory of rock failure

5.2 Blasting action of single charge

: Mechanics of rock blasting
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Section 1: Fundamental theory of rock failure €1)

Expansive action of
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Section 1: Fundamental theory of rock failure €2)

[ Expansive action of ] i
expansion gases

[ Tensile action of ] |

reflective stress wave

(a) (b)

Tensile action of stress wave reflection

omprehenswe action wit
expansion and tension
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(a) Wavefront of incident pressure wave
(b) Wavefront of reflective tensile stress wave
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Experiments for testing tensile action of
reflective stress wave
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;' g experiment blasting experiment of plate detonation experiment of
\

}r bars 1—b|as§hole 2—cr.ushgd zone cement plate
’q‘\‘ : 3—tensile zone 4—vibrative zone 1—wavefront of air shock wave
> ' *;" - \/I/ » 2

2—wavefront of shock wave in
_ cement plate

=/ e 3—cement plate
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Section 1: Fundamental theory of rock failure €3)
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Chapter 5: Mechanics of rock blasting 6

Essence of comprehensive action:

The initial crack is produced by shock wave and stress wave
and filled with explosion gases which force the crack to grow
further with quasi-static pressure. Quasi-static energy,
produced by explosion gases, is the main force of rock
failure.

By_A.H.XaHykaes , three classifications of rock :

(1) Rock of high impedance(MPa-s/m), from 15 to 25, is
failed main by incident and reflective stress wave.

(2) Rock of medium impedance, from 5 to 15, is failed mainly
by comprehensive action of incident stress wave and explosion
gases.

(3) Rock of low impedance, lower than 5, is failed mainly by
expansive action of explosion gases.
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(1) crushed zone

(2) cracked zone
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tangential tension
by radial compression
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Internal action

: radial crack 2—circumferential crack Formation mechanism of radial

-radi charge Rc —radius of crushed zone
R radius of cracked zone
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crack and circumferential crack
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external blasting action by single charge (2)=

External
action
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(2) reflective tensile stress wave makes radial crack grow’
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reflective tensile
stress wave
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external blasting action by single charge (3)

(3) analysis of stress field (consid‘erinq i|nf|uence of free surface) _
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Direction of O; and O,when tensile stress

Ostakes a maximum value
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Process of rock failure when blastlng hapB
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A Stage two

Slage one
. T : Expansion
'!gw Shock wave Reflective preisure of
2 makes rock stress wave explosion gases
~ | compressed makes spall makes radial
W -3% on radial fall ack grow
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Patterns of rock failure when blasting happens

@ Rock wall of blasthole is crushed by compression.

@ cracked on radial direction.

Five
patterns cracked on circumferential direction
of rock ' by unloading.

,,._f_a”ure Reflective tensile wave makes spall fall

and radial crack grow.

@ cracked by expansion stress of explosion gases.
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Patterns of explosion crater

a n =1.0
Crater of standard blastlng —
f for throwing rock e B
/ ~N
b V4 o i 27y
n>10 45 Y 45
Crater of strengthened 0
blasting for throwing rock
charge
0.75<n <1.0
C Crater of weaken blasting for throwing rock
(strengthened blasting ___—_—-__‘ -
for loosening rock) e RN
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d n <0.75
Crater of blasting
for loosening rock
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Section 3: blasting action of extended charge

o —orelge
© ° Theratio ¢ of charge length to its
diameter of cross section is higher than

a particular value.
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‘s‘ ater produced by
hole to free surface
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(a) (b)
explosion crater produced by

blasthole paralleled to free surface
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explosion crater produced by
an vertical blasthole to free surface

el S i aered

b



Sectlon 4: Characters of rock fallure When
detonating multi-charges

When detonating two adjacent charge, /\l\_/\
stress on the line of hole center will be A\./ \JB
strengthened. However, stress on two sides (2)

of middle section of the line will be reduced. /|\_/l/|\
O.S

line of hole centre

@
B | (©
Analysis on quasi-static stress
on the line of hole center
(a) tangential associated tensile stress
o, produced by A
b o, (b) tangential associated tensile stress
Supe “m, lon.of stress wave produced produced by B
by . onating two adjacent charge (c) superposition stress produced by A and B
N _— apter 5. Mechanics of rock blastlng 15
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Section 5: Principle of energy balance and
charging calculation

R o} 1/3
Principle of similarity I ||;* E — 6
A crushed zone cracked zone
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Blasting effect of external charge
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Principle of energy balance and charging calculation

With constant types of explosive and rock, the blasting volume of

Principle soil and rock is in proportion to charging. That is
of |Immm) Q=KV
volume For concentrated charge, the crater index n of standard blasting

for throwing rock is 1. That means r=W.
The volume of explosion crater can be calculated by following

formula. v ——W TTE
| 3
J """ The charging of standard blasting for throwing rock can be calculated
by following formula. 2
Q;: = KW
So:
= f (nN)KW?®
\ @ f(n) function of crater index
.« RS apter 5. Mechanics of rock blastlng 18
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Crater models presented by Livingston

(1) elastic deformation

| Of cra_tter are clagsified by !_ivingston J (2) shocked fragmentatior
_aceonoing to their deformation and failure patterns. (3) crushed fragmentation
1'33;'}' critical depth, optimum depth,
L S depth. ~ (4) explosion on surface
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A empirical formula presented by M.M.Bopeckob (app)eﬁ"to -
charging calculation of blasting for throwing rock ) : f

f (n) =0.4+0.6n°

Charging calculation of blasting for throwing rock:

Q, = (0.4+0.6n°)k,W*

{1 W < 25m

JW /25 W >25m
g calculation of blasting for loosening rock:

Q. =(0.33~0.5)k W?

’“".:ﬂ Q, = (0.4+0.6n°)kW? o=
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Charging calculation of extended charg’ef".““ ¥

»

m (' Extended charge is vertical to free surface. ) .

Q= kbf(n)W3

-

W=IO|+£Ie
2

( Extended charge is parallel to free surface. )

Q. =kW?l
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Unit explosive Consumption

Main parameters:

Kb — standard unit explosive consumption index, abbreviation of unit

explosive consumption index of standard blasting for throwing rock,
means the consumption of 2# rock AN-TNT containing explosive for blasting

- 1m? of rock or soil when crater of standard blasting for throwing rock (n=1) is

. _roduced by detonatlng a smgle concentrated charge

consumption of 2# rock AN-TNT containing exploswe for blastlng

or soil when crater of blasting for loosening rock (generally n<0.75)

~3
-

gtonating a single concentrated charge.
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Kb and Ks can
be taken

For normal rock according to unit Kb can be taken
blasting, Kb and explosive by experiment of
Ks can be taken consumption standard blasting
by lookup. used in for throwing rock.
analogous
project.

In exp"eriment of standard blasting for . Q
throwing roek, formula to calculate Kb is: "® (O.4+O.6n3)W3

2016/11/9
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explosive ratio

O
2 Explosive ratio, which is represented by g, means the ratio of total

charging quantity to blasting rock volume when detonating multi-

charges. The calculating formula is:

_2Q
1= 5v
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Resistance line (1)

Direction of the line —— general direction of crushing, thrO\’lng
and stacking

Principle of the line —— yg|ationship between throwing and the
line and between stacking and the line

=’ (b) (©)
Ine of least resistance for different blasting

A
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Line of least resistance I dS the
il
direction of rock crushing, throwing

and flying.

Pay more attention to choosing the
direction of the line and taking security
protection on the direction. Measure
value and direction of the line carefully
before detonation.

Because charging quantity Qis in
proportional to W3, wrong
! -f"ﬁg B2 initiating measurement of W always leads to
‘direction of the line Serious accident.

k._
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5. Vibration reduction

4. Crushing rock by collision

tres

| 3. Superposition of resid
P

. i‘k\
A r{'

a ,?“’J .
~ia,rat|ng new free ¢
..'/‘

.

'
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Calculation of interval® s =%
ﬁ) presented by

Changsha
Research Institute of
Mining and Metallurgy

According to interference of
stress wave

At = (20~40)Wo /f
2) presented by U.
Langefors (Swede) :
At = 3.3KW
3) presented by mining
department of Soviet
Union:

At =KW(24 - f) j
e
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According to the limit of vibration

According to empirical formula
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~ flensity. explosion hea detonation pressure utilization ratio
- \and explosion velocity nd explosion pressure of explosion energy

- difference: .
P il O O Detonation ressure on C-J surface
PN K o pressure P
. A Y N 4 ‘ v
Y ]

expansion pressure of explosive gases

VR

S N

Q& Explosion
pressure -

-
7 -
L\
'\
™,
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Action of free surface o

@ reflecting stress wave »
Stress waves are reflected when they arrive at free surface. The reflegttp"hakes -
compressive stress wave converted into tensile stress wave. The ten’lg'lle wave

makes spall fall and radial crack grow.

@ influence stress states and strength limit of rock

In infinite medium, rock is in three-dimensional stress state. However, rock near

free surface, which is in uniaxial stress state or planar stress state, takes uniaxial

i !
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Influence of free surface on blasting effect "

C A D
X I

B charge

(a)

Influence of surface’s quantity on blasting effect <4

| VS|

NNV

E

~
10
N’

| WiV

AV /77

NSNS

ace is under blasthole (d) surface is over blasthole
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Influence of swtablllty of exploswe to r'
on blasting effect

Wave impedance

(@)

(¢]

y
For rock or other medium, wave impedance means the product of
their density and P-wave velocity.

coupling charging Formula for calculating
decoupling charging decoupling index: Rd — i
de

Charging
structure g _() reducing the maximum shock
’ pressure on hole wall.
(2) prolong the time of stress wave
propagation.
) making the impulse of stress wave
to rock larger and well-distributed.

go R e O
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Influence of blasting technology.0n ““!
blasting effect

Action of damming

(1) Making explosive reacted completely. Releasing maximum
heat and minimum poisonous gas.




initiating methods

(1) initiation and indirect initiation surface
\ o~ | 2| //
\[ Yo t X/
- - - N \ B N
initiation | _

Indirect
initiation

D=7, . D>V D<V,
en initiation of detonating code

Qarge ——superposition of two types of explosive

with different explosion velocity
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