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Drilling and blasting have numerous applications in the civil and mining
engineering. Due to the two major components of rock masses, namely the intact rock
matrix and the discontinuities, their behavior is a complicatedess to be analyzed.

The purpose of this work is to investigate the effects of the geomechanical and
geometrical parameters of rock and discontinuities on the rock mass blasting using the
UDEC software. To this end, a 2D distinct element code (DEM) odesed to
simulate the stress distribution around three blast holes in some points and propagation
of the radial cracks caused by blasting. The critical parameters analyzed for this aim
include the normal stiffness (JKN) and shear stiffness (JKS), spaaigle and
persistence of joint, shear and bulk modulus, density of rock, and borehole spacing.
The results obtained show that the joint parameters and rock modulus have very
significant effects, while the rock density has less a effect on the rockbtaatag.

Also the stress level has a direct relationship with JKN, JKS, bulk modulus, and the
shear modulus has an inverse relationship with the rock density. Moreover, the stress
variation in terms of spacing and joint angle indicates sinusoidal aridivepghanges

with the place of target point with respect to the blast hole and joint set. Also with a
decrease in the JKN and JKS values, the radial cracked and plastic zones around a
blast hole show more development. With increase in the joint pexsstire plastic

zores decrease around a blast hole

1. Introduction

Rock mass as a important material in rock
engineering,is constructed with intact rock and
discontinuties. As the rock mads not continuous
and the behavior otfhe discontinities such as
joints, faults, and bedding is so complicated, the
behavior of rock mashasbesn consideredo be
contrdled by the discontinuity behavior.
Demolition of hard rocksusing blasting usually
involves the drilling oblast hols, placement of an
explosive chargeand stemmingbeforedetonation.
When the explosive is detonated, an extrerhéjir
pressure pulse is generatashich is transmitted
into the rock mass adjacent to thHagast hols,

reflected and converted intotensile wave, which
may produce tensile cracking or cause spalling of
surficial slabs if the tensile strength okthock is
exceededl1-3].

The control of some phenomena such ths
ground vibration, fly rock, back breakand
unfavorable displacement produce exttensionof
the undesirable cracks, artie extended crushed
zone is so important itie blasting operatiorj4, 5].
By paying attention to the application of blast
operation that is used in the mining and civil
industries the control of blagtg, which plag an
important role inthe unsafety ofthe mining and

producing a dilatational wave that propagates away civil activities should be attendefil]. A lot of

from the charge. This may cauaelamage tdhe

researchworks, from 1950 until nowby presenting

rock, and when the compressive stress wave reachesthe mathematical, experimentgl and analytical

a free face or fissure (ndransmission), it will be
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models,havetried to control opredictthe blasing
consequences-38].

Some researchers believe that cracking is mainly
caused by the incident dilatational wave and any
reflectal waves, while other investigatorsave
consideed the action of the compressed gases
forcing its way through the cracks from thiast
hole more important. Until recently, it is generally
agreed that botkhe stress wave and gas pressure
loadings play arimportant role in the process of
rock fracture and fragmentatio®ur understanding
of the blasting process is far from thorough as both
the explosive and the rock are complex matefils
3]. At the same time, it is necessary to explore the
fracture and fragmentation processes through
numerical tools in order to obtain a better
understanding of the underlying mechanish.
numeical approacthas beemeveloped to simulate
multiple fracture propagation due tihe stress
waves and detonation gg.

For the suggestioa and controlof the blasing,
which areplaced andappen around the blast hole,
different methodshave been presented. In 1963,
Ash, for contrding the unfavorable ingredients and
improving the favorable resulof blasting has
presentedheexperimental models. thesemodels
using therelative density of rock and relative power
of explosion material, the radius die breakage
zonehasbeen obtained as a coefficient of blast hole
radius[10]. In 1973 Drukovanyi et alhaveusel the
llliyushin material behavior theorypresented in
1971 to analyzethe crack distribution around a
blast holewith theassumption that the rock medium
has been consideredontinuum and explosion of
explosive material in rockmedium has been
consideredas aplain strain[11]. Insistence irthe
use of lllyushin material behavior theory is the weak
point of these models. In 1973, evaluationtiué
crush zone extension around a single blast hate
been preseatl by Vovk et al.They used some
experimental testfor predicting the crush zone
around a blast hole aralsopresented an equation
[12].

In 1993, Szuladzinskipresented an experimental
equationin orderto predict the rdius ofthe crush
zone around a blast holeith respect tothe
hydrodynamical theory of explosion in rogk3].
The effective energy dhe explosive material was
used in this modelin which the precision of this
parametemwaslow. In 1999, Kanchibotla et ahave
expressed that thradius ofthecrush zonearound a
hole correlatesto the radius of hole, explosion
pressurgand uniaxial compressive strength of rock
mass, and witlithe use of these parameterthey
presented an experimental equation for prediatifon
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the crush zone radiyd4]. It is necessary to nai
that the value othe crush zone radiyswhich is
calculated fromthe Szuladzinski, Djordjevicand
Kanchibotla eqations, is more thathereal value
obtained fromthe blast operation. In 200Esen et
al. presentecaparameter callethecrush zoneatio
(C2z1) for predicting the radius ofthe crush zone
around a blast holes a result of 92 experimental
tess. In this researchvork a negative exponential
equation based othe crush zone ratiqCZl) is
presentedand the result of thas compared wit
the experimental equatiorfd5]. In 2010, the result
of concrete block explosion witle use of ANFO
was compaed with the experimental equationgn
this analysis the radial crack zone and the crush
zone around a blast holeere calculatedusing the
experimental equationgnd then the result of that
was compared with the result obtained frone
concrete bloclexplosion[16]. In 2009 ,the result of
thelverson et alresearctwork expressed that ithe
zones with more explosive mategahe crush zone
and the radial crackd zone were morethan the
other zones with low explosive matesiaBetween
the experimental models that Iverson et. al
analyzed the Ash experimental modelis more
realistic thanthe others inthe prediction of the
damagedzone around a blast hole.

The simulation results gave a better understanding
of the importance of discontinuities in the wave
energy absorption17]. The influences ofthe
loading and boundary conditions on the rock
fracture patternwere extensively investigatedby
Ma & An in 2008 [18]. The presence of the
discontinuities hasa significant influenceon the
responses of the rock mass to either static or
dynamic loading rendersand the numerical
simulations are more complicated[19]. A 2D
dynamic commercial code was employday
Sharafisafa et al. in 201 study the prsplitting
blast methodThe historief maximum stresses at
halfway between two blastholes in 0.2 Inasebeen
examined forblast hole spacing, blast loading,
blasthole diameteiand joint patterj20]. Kulatilake
et al.haveperformeda numericalmodeling with a
3Ddistinct element code (3DE@)ordertoanalyze
the performance focavern walls in terms of
displacement and to compute peak particle
velocities (PPVs) both around the cavern periphery
and atthe surface othemodels[21].

It is well-recognized that the properties of a rock
mass are determined by the properties of the intact
rock and the discontinuities such #se joint
structures and faultdn this work, the influence of
the geomechanical and geometrigeirameters on
stress level and radial craektensionof mudstone,
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which is located inthe Gotvand Dam projectyvas
studied usinghe UDEC software. To this end, 2D
distinct element code (DEM) was used to simulate
the stress distribution around three blast holes in
some points and propagation of radial cracks caused
by blasting in one holeThe critical parameters
analyzed for this aim includeithe normal stiffnes
(JKN) and shear stiffness (JKS), spacing, angle and
persistence of joint, shear and bulk modutensity

of rock, and borehole spacingwas found that the
stress levehad a direct relationship witthe JKN,
JKS,andbulk modulus, andhe shear modus had

an inverse relationship witlthe rock density.
Moreover, stress variation in terms of spacing and
joint angle indicates sinusoidal and repetitive
changes with the place of target point with respect
to the blast hole and joint set. Also with a dase

in the JKN and JKS valu the radial cracked and
plastic zones around a blast hole showed more
developmentwith increase irthe joint persistence,
and theplastic zones decreased around a blast hole.

2. Numerical moddling

In this analysis, for simulationf the blasting
process, the numerical analysigas conducted
using the UDEC softwae. The simulationrock
masswhichconsistedf threeblast hole (for stress
analysis) and one blast hole (tbe cracked zone)
was analyed This simulationconsistd of some
stagessuch asthe explosion model defineand
choosing areppropriate model fothe behavior of
rock mass and discontiries. Defining the medium
of blast hole, bouraty condition, static and
equilibrium conditionanalysis, viscous bouad/
conditiors for dynamic simulation, import dynamic
loading into the model, dynamic analysis
classification, and resaliverecarried out

It is well-known that the existence of
discontinuities in rock masses is a challenging task.
UDEC has beerspecially developed tmodel the
discontinuous problemslt can accommodate a
large number of discontinuitiegand permits the
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moddling systemto undergo larger geometrical
changs through the use of contact updating
scheme. In UDEC, thdeformation of a fractured
rock mass consists of the elastic/plastic deformation
of blocks of intact rock together with the
displacements along aratrossthe fractures. The
motion of block is characterized lilye Newtoris
second law of motion, which iexpressed in the
central finite difference formversustime. The
calculationsare performed over one tinséep in an
explicit timemarching algorithm. For the
deformable blocksa numerical integration of the
differential equation of motion is used to detene
theincremental displacements at the gomints of

the triangular constant strain element within the
blocks[22-24]. The increnentaldisplacements are
then used to calculate the new stresses within the
element through an appropriate constitutive
equation. The amount of normal and tangential
displacement between two adjacent blocks can be
determined directly fronthe block geomeyr and

the translation and rotation tfe centroid of each
block. The intact rock blocksvere assumed to be
perfectly elastic in the presanbrk. As for the joint
behavior model, many types of constitutive laws
may be contemplatg@2-24].

The JonedVilkensLee (JWL) equation of state
was used to model the pressure generated by the
expansion of the detonation product of the chemical
explosive. It has been widely used in engineering
calculationsand can be written 423, 24}

- n o agi
2= 0 |1 F— /%41 +
ls € "
9 11 F—
€ I €

207, N
K/ + €

where G, n, G, andr: arethematerial constants,
P is the pressure, V is the specific volume, aig e
the specific energy with an initial value of.€The
JWL parameters for the explosive UugBMT) in
this work are presented Trablel.

Table 1. JWL parametersfor TNT explosive [22].

Density (kg/nv) C(Gpa)

C»(Gpa)

R, R,

1640 373.78

3.23

4.15 0.95

Therearemany examplgof the velocity of blast
loadingthat areimported into the moddR2]. The
resuls of the imported velocity inthe UDEC
software in this researchvork areshownin Figure
1
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The damping in the numerical simulations should
attempt to reproduce the energy loss in the system
when subjected to dynamic loadinbhe Rayleigh
damping is commonly used to provide damping
which is approximately frequeneyndependent
over a restricted range of frequenciés.order to
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find the principal frequency of the input velocity Figure?2, the principal frequency of the blagave
history (refer td=igurel), a spectral analysis shoul is obtained viaafast Fourier transform algorithm.
be made beforthe simuations. Asit can be seen in

(e-003)

Figure 1. Explosion time history of dynamic Figure 2. Power spectrum of the input velocity
loading imported UDEC software. time history.

The dampingparameters are very important for the constanistrain finite-difference triangular

the UDEC dynamic analyse3.hey arealsorelated zones. Preliminary analyses show that the adoption
to the maximum edge length thietriangleshaped of a zone size of 0.14 m for the present problem is
finite-difference zones of UDE@odeling. Some small enough to allowthe waves to propagate

research works show that for an accurate accurately at the input frequency without distortion.
representation of wave transmission through a Another important item ithe dynamic analysis is
model, the spatial element sizel) must be smaller the reproduction of frequendgdependent
than approximately amtenth to oneesighth of the damping of materials at the correct level. Boil
wavelength k associated with the highest frequency and rock the natural damping commorfblls in the

component that contaimmappreciable enerdy0]. range of 2.85.0% ofthecritical value[10].
1 The geomechanical properties tfe Gotvand
¢ G IE Fg[ é 2) damsiteproject mudstonareshownin Table 2 and

the input geomechanical propertiegtué joints are
Again, in orderto satisfy the comparability, each depicted inTable3.
block in the UDEQmodeling was subdivided into

Table 2 Geomechanical parameters of @Gtvand sie mudstone
Density (kg/nv) Bulk modulus(GPa)  Shearmodulus (GPa) Cohesion (Mpa) Friction angle ()
2370 8.3 6.2 4.2 33

Table 3. Geomechanicalproperties of joints.

Normal stiffness (GPa/m)  Shearstiffness(GPa/m) Cohesion(Mpa) Friction angle () Angle with the x-axis (")

8e9 1.0¢ 0.1¢ 3C 12C
Also the geometry and boundary condisonthe The wave propagation mechanism in the basic state
model are shownin Figure 3. Three faceof the is shown in Figure 4. The stress changes in different
boundaries were considered dahe viscous conditions were compared by integrating the
boundaries (nomeflecting) to eliminatehe wave absolute value of stress in the strés®e diagram at
reflection. each pint. For example, the changes in the normal

The effect of changing the parameters on the stress along the modelaxises for point J in Figure
stress changes in different parts of the model was 5 follow the solid blue line in Figure 89n this
investigated at 0.5 ms after the explosion. The Figure, the horizontal axis and vertical axes
position of these points is referred to each section. represent the time changes and stress, respectively.
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Taking he absolute value of the stress, the graph to the integral below the graph. For example, the
turns to the dashed yellow curve. The final number integral below the graph for point J will be 34000
to check the state of stresses at each point is equalPa.s, acording to Figure 4.

Figure 3. Boundary condition and geometry of the model.

Figure 4. Wave propagation for the base model. Figure 5. Original and absolute value stresses at
point J.
3. Effect of geomechanicabarameters of joints JKSis 10times the base state (900 GPa/m for JKN).

The mean stress level for the three paimtisont of
theblast hols I, J, and Kareas shown irFigure?.
In Figures7 and 8,the x-axis and y-axis arethe
JKN-JKS changes anthe integral ofthe absolute
value of stresgespectively.This Fgure shows that
"Ihe stress increases with increasittte JKN and
JKS values in general.

The valuedor the joint parametersjoint normal
stiffness §KN), and shear stiffness (JKS) varied
from 0.01 to 100 times the original valueTiable 3
The effect of changes in these two parametetben
normal and shear stress changes was observed o
six different points as shown in Figure.@n this
Figure the wave propagatiomnferred as JKN and
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Figure 6. Position of points F to K relative tothe  Figure 7. Integral of mean stress at thee points 1, J,
blast hole and wave propagation in the 10x JKN and K with JKN and JKS changes.

and 10 x JKS cases compared to the base state.

As shown inFigure 8, in general, by increasing X and Y, due to closeness to the blast hole and
the valuedor JKN and JKS, the joint acts as a less placing between two boreholes, was higher than that
effective barrier against the wave, and the blast betweenthe points J and KThe amountof stress
behavior becomes closer to the rock without joint. changes for the three points H, J, and K was
The main difference between the three points G, I, negligible because theweereno joints between the
and F and the three points H, J, and K is that there points tothe blast hole The stress changes for the
is a joint béween G, |, and F and the location of the three points G, I, and F are such that vifitrease
blast hole The pointsH, J, and K indicate similar in the joint strength, the amount of stress in these
behaviorsagainst the variationsm JKN and JKS. pointsis also increased.

The stress level for point H alomgth the directions

@ (b)
Figure 8. Stress changes for six points (F to K) due to changes JKN and JKS relative to the base mode

In order to analyzehe influence ofJKN and the (Figure 9. As depicted inTable4, with a decrease
influence ofJKSin the extension of radial craeld in the JKN value, the radial craekl and plastic
and plastic zones around a blast htes analysis zones around a blast halereincreasednorethan
was done fora discontinuousmedium with one the amount of plastic zones and radial cracks that
joint, in which per section of this analysishe werecalculated fronmdecreasen the JKS value.

geomechanical property ohe joint was clhnged
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Figure 9. Influence of geomechanical joint parameter on plastic zorextension a) jkn = 2e7 jks=2e7, b) jkn=
2ell jks= 2e7, c) jkn=2e7 jks= 2ell.

Table 4. Overall result of geomechanical properties of joints in radial crackd and plastic zones.
JKN (Pa/m) JKS (Pa/m) Plastic zones (%)  Maximum of the radial cracked zone(m)

2e7 2e7 8.7 1.904

2ell 2e7 7.25 1.837

2e7 2ell 7.92 1.874
4. Effect of geometrical parameters of joints be seen in Figure l1lthese changes are also
oscillating,increasing, and decreasing according to
the position of the poigt blast hols, and joins.
The horizontal and vertical axés Figures1l and
12 representhe joint spacing and integral dhe
absolute value of stress, respectively.

In this section, the geometrical parameters of
joints such ashe spacing, number and persistence
thatplayedan important role itheinstability ofthe
structures excavated iherock werestudied.

4.1 Effect of joint spacing

In order to investigatethe joint spacing, the
amount of joint spacing was changed from .t
4 m. The effect of spacing changes in the joint set
wasobserved on six points. The position of these six
points (F toK) wasthe same as that presented in
Figure 6. Also the wavefornfor the male with a
distance of 1 mis ashown inFigure10. Until 0.5
ms, with decrease irthe joint spacing to 1 nthe
impact on the wave direction is more sensible as in
Figure 10 compared teigure4. The changes were
greater when the joint spacingas less than the e P
space betweerthe blast hols (i.e. 2 m) and Figure 10. Wave propagation at a Am spacing of the
thereafter, a more constant tresatured As it can joints from each other.

L 2500

L 1500

L 0500
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(b)

Figure 11 Stress changes for six points (F to K) due to changes in joint spacing relative to the base niode

The mean stress for the three points I, J, amd K
front of the blastholes changed as shown Figure
12 Thestress values were the minimum foR-an
spacing, whichincreasedfor a greater osmaller
spacing. The normal and shear stressebad
minimum values at distances of 1 m and 2 m,
respectively. Thigndicates that by increasing the
spacing relative to the distance of tast holsand
decreasing it, therock mass hasacted less
inhomogeneouy. Also most of the stress changes
are related tincreasing the distance from 2 m to 3
m.

4.2. Effect of joint anglewith model x-axis

The joint set angle was changed simultaneously
from 60" to 180 with a difference of 30to 60
compared to the main value in the model. The effect
of changes in the angle of the joint set is observed
on six points. The position of these six points (F to
K) is the same as iRigure6. The direction of the
waves according to the angle of the joint weis

is no change in theirectionof wave motion for the
joint anglevertical tothe x-axis due tothe equal
distance between thblast holeand the joints
(Figure 13b)). The mean stresshanges for the
three points I, Jand K are presented Figure14.

This figure shows the sinusoidand repetitive
stress changes according to the change in the joint
angle.The x-axis and yaxisin Figures14 and 15
arethejoint anglesand integral ofheabsolute value

of stressrespectively

between the joints set, where each joint acted as afigure 12. Integral of mean stress at three points 1, J,

free surface against the waigeeFigurel3). There

L 3500
L 2500

L 1500

T
-3500

T T T T T T T T T
-0.500 0.500 1500 2500 3500

(a

T T T T
-2.500 -1.500

and K with joint spacing changes.

L 3500
L 2500

L 1500

[_-0.500

T T T T T T T T T T T T T T T
-3.500 -2.500 -1.500 -0.500 0500 1.500 2500 3,500

(b)

Figure 13. Wave propagation forjoint angle with 60" (a) and 90’ (b) joints, respectively
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mean variation is between @ 180 and in a
sinusoidal form (Figure 14). The poitg-point
study of these variations is discussed in the
following. As it shown inFigure 15, the points F,
G, and H, which were not selectadfront of the
blast hols, have a similar oscillating trend due to
the angle changes. These changes are less for point
H because it is located between the blast hols.
The least change in vertical stress is for point J
becausehis point isin front of the top of he blast
Figure 14. Integral of mean stress at three points I, J, h‘_"e and the joint near "F passes exac_tly over the
and K with the joint angle with x-axis changes middle blast hole Poirt J is always subject tthe
same explosion even when the angle of the joints
Variations in the conditions of the joint set angle changes. The amount of horizontal streisanging
depend on the location of the selected point (F to K) atthetwo points I and K are paraboli€his can be
with respect to the blast hole and joints. In each step, attributed to the fact that by changing the ante,
with varying the joints tangle, the conditions of the horizontal stress moves from the middllest hole
target point vary versus the borehotelgoints. The ~ toward the other side.

(a (b)

Figure 15. Sress changes for six points (F to K) due to changes in joiahgle with the x-axis.

4 3. Effect of joint persistence orradial crack extension
The radial crack extension in a continuum the horizon direction and the number of zones that

medium, discontinuum medium with continuous reached the plastic behavior, due to dynamic
persistence and discontinuum medium with loading, was 252. In the discontinuumedium with
discontiruous persistence was analyzed continuous joint persistence, as depictedrigure
respectively. The geomechanical and geometrical 16(b), the maximum of radial crack that happened
propertiesare presenteth Table 5. was 1.264 m, which was located at \&#h respect

In a continuum medium, as depicted in Figure to the horizontal direction, and the number of zones
16(a), the maximum radial crathkat happened was that reached the plastic behavior was 152.
1.49 m, which was located at 52vith respect to

Table 5. Geomechaical and geometrical properties of joint sets.

Joint sel Dip () Spacing (m' Jkn (Pa/m) Jks (Pa/m)
1 32 0.5 2ei 2ei
2 72 0.5 2ei 2ei
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(b)

Figure 16. Plastic and radial cracked zonesaround a hole because of blasting inontinuum media(a) and

discontinuum media with contin

In a discontinuum medium with discontinuous
joint persistence (logical condition tfe problemn),
as depicted irFigure 17, the maximum of radial
crack thathappened was 1.323,nwhich was
located at 88with respect tdhe horizon direction
and the number of zones that reactlke plastic
zonedue todynamic loading was 200.

The compressive wave, which plays an important
role in fracture growth around a blast hole for
continuum (a) and discontinuum (b) joint
persistence is depicted in Figure 18, respectively.

(a)
Figure 17. Discontinuum medium with discontinuousjoint
hole.

1150

uousjoint persistence (b)

As shown in thesé&igures, the compressive wave
transmission in comuous joint persistence,
because of an extra joint persistence that defined the
rock medium too weak was lower than the
discontinuous joint persistence. Hence, the reflected
compressive wave in continuous joint persistence
was upper than discontinuous rjbipersistence.
Hence, the crush zone, which was not a useful
phenomenon in mining engineering was increased
in the continuous joint persistence.

(b)

persistence plastic zones and radial cracks around a
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@ (b)
Figure 18 Compressive wavdransmissionin discontinuum medium with continuous joint persistence (agnd
discontinuous joint persistence (b)

5. Effect of geomechanical parameters afock in Figure 6. Also wave propagation in the case
where the bulk and shear moduli are half oftthse
mode (5.56 and 4.17 GPa, respectively) is shown in
Figure 19. In Figures 20 and 2]lthe x-axis and ¥
axis arghebulk and shear matls changes arthe
integral oftheabsolute value of streggspectively.

he mean stress for the three point&ont of the
blast hols I, J, and K Figure 20) increasedwith
increase ithe values of the bulk and shear modulus.

The values of the two parameters of shear
modulusand bulk modulus changed simultaneously
from 0.5 to 2 times the original value in the model.
The effect of changes in these two parametetben
axial and shear stress changes was observed on si
points. The position of these six points (F to K) with
respect to the location of thast hols is presented

L 3500
L 2500
L 1500

L 0500

T T T T T T
-3.500 -2.500 -1.500 -0.500 0.500 1500 2500 3.500

Figure 19. Wave propagation in half of shear and  Figure 20. Integral of mean stress at three points I, J,
bulk modulus cases compared to the base state. and K with bulk and shear modulus changes.

As shown inFigure21, the rate of stress change location of the twoblast hols. The effectof
decreasedvith increase in theshearmodulus and changing the amount of shearodulus and bulk
bulk modulus.The stressvill belesssensitiveto the dedlast hok smaller changes (0.5 fotimes) was
shear and bulk modulus more thtre two blast more than the effect of JKN and JKS (0.01 to 100
holes, and no joint haseparated this point to the times) on the explosion.
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(@ (b)
Figure 21. Stresschanges for six points (F to K) due to changes liulk and shear modulusrelative to the base
modd.

The effect otherock density change on the mean between the twblast hols, pointH wasin front of
stress of the three pointsfront oftheblast holgis the middleblast hole andthe two points J and F
presenteth Figure22. Asit can be seen, the amount were0.5 m away from thewo-sideblast hols. The
of stress decreasgentlywith increase in theock position of these five points (F to J) for anil
density and lesenergy will reach the points around spacing of the holes & showrnn Figure 23.
theblast hole The effect of density onrssss is less
thanthe other factorsnvestigated so far.

6. Effect of blast hole spacing

The distance between thiast hols was changed
from 1 mto 4 m.The wavepropagation in the-1
meter spacing othe blast hole can be seen in
Figure23. The effect of changing the distance of the
holes was observed dive points with different
arrangements than the previous cases. The position
of the stress change monitoringipts wasselected
so that theyhad the same definition in different
spacing. In all casesthe vertical distance to the  Figure 22. Integral of mean stress at the three points

measuring pointvas1.5 m,thepoints G and ere I, J, and K with density changes.
Figure 23. Wave propagation for tm blast hole Figure 24. Integral of mean stress at three points 1, J,
spacing. and K with blast hole spacing changes.

Accordingto Figure 24 the maximum amount of  that with respect to the joint set angles, for spacings

stresswas obtained at 2 m distance bfast hols less than 2 m, point J has a distance of one joint from
from each other. In general, it can be stated that the the blast holeand hasa less stress compared to the
best explosiormodewith these conditions is-& other points. However, with increasing thiast

spacing.Therefore, from Figure 2% can be stated holespacing to more than 2 m, the amoohstress
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at two points between the tvinbast hole (G and I)
decreased sharplyhe xaxisand yaxisin Figures

@)

Journal of Mining & EnvironmenVol. 11, No. 4, 20z

24 and 25 aréheborehole spacing arttieintegral
of theabsolute value of stresespectively

(b)

Figure 25. Stresschanges forfive points (F to J) due to changes iblast holespacing

7. Conclusions

In this work, we usedhe UDEC software to
model the blast hole explosion in jointed rock mass
in order to investigate the influence othe
geomechanical and geometrical properties on the
stress distribution and radial crack extensidhe
critical parameters analyzed for this aim included
the normal stiffness (JKN) and shear stiffness
(JKS), spacing, angland persistence of joint, shear
and bulk modulus, density of rock, and borehole
spacing.

It was obtained that withincrease inthe joint
strength, the stress level in the points, whigkre
alsoaffected by a jointwasincreased. The results
obtained showed that stressincreasedwith the
increasing JKN and JKS valyes general. Also
with decreasen the JKN and JKS valu® the radial
cracked and plastic zones around a blast hole
showed more developmergtress changes by joint
spacing were also osdiating, increasing, and
decreasing according to the position of the point,
blast hole, and joint. The direction of the waves
according to the angle of the joint set was between

with increase inthe values of the bulk and shear
modulus. The amount of stress decreases gently
with increasing rock density. The maximum amount
of stresswas obtained ata 2-m distance of blast
holes from each otherand the best mode of
explosion with these conditiongasa 2m spacing.

Rock mass blasting is a function of variations
factors, and their design can provide the best
blasting pattern. In thigork, the effect of some of
these factors on blastingvere investigated.
However, studying blasting in a wider time horizon
can provide better results. Moreover, th&D
modeling of blasting allows a better understanding
of the effect of joint slope and wave propagation.
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