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OZET

Dayanim siniflandirmast i¢in saglanan bir sistemin onemi deney yon-
temlerinin niteligi, gerekli temsili numune sayisi ve deney ekipmanlanyla
vurgulanmaktadir. Bu calismada t¢ tip Misir kayaci : Degisik numune bo-
yutlarindaki Kiregtasi, Kumtasi ve Granit, tek eksenli basma, nokta-
yukleme ve Schmidt ¢ekici teknikleri kullanilarak tek eksenli dayanimlari-
nin belirlenmesi i¢in karsilastirmal bir ¢alismada kullanilmugtir. Deney so-
nuglar istatistiksel olarak analiz edilmis ve gozeneklilik, yogunluk ve ilet-
me hiz1 gibi bazi fiziksel 6zellikleriyle korelasyonu yapilmustir.

ABSTRACT

The importance of providing a system for strength classification is
emphasized by the diversity of testing methods, number of representative
samples needed, and testing equipment required. In the present work three
Egyptian types of rocks: Limestone, Sandstone and Granite with different
specimen sizes are used to carry out a comparative study concerning the
determination of the compressive strength using uniaxial compression,
point-load, and Schmidt hammer techniques. Testing results are
statistically analyzed and correlated with some physical properties like
porosity, density and sound velocity.
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1-INTRODUCTION

Rock blagting plays an important rolein determining the efficiency and economics
of the whole surface mining operations (Harries et al ,1975). Improving the blaging
efficency means lowering the rgected percent of the product. This portion is defined by

the size of fines and/or oversize according to the type of the product and end-user

regquirements.

Blagting efficiency can be evaluated by different design methods. The definition
of efficient blagting is based on the idea that increased energy expenditure is required in
blaging to obtain better fragmentation, but better blaging lowers the cost of loading,
hauling, crushing and protecting newly opened slope faces thus asssting the next drilling
and blagting operation. After Sunu et al (1988), the design methods which are available

for assessing the performance of blaging and fragmentation in a rock mass can be

categorized asfollows: -

* Phydcal and observational methods
* Empirical methods
* Analytical methods.

Physcal methods or reduced scale blaging in the laboratory or in the fied
provide experience in fragmentation assessment and results that could be used to
optimize the expensive full-scale fidd tests. However, at reduced scale, rock sructures
auch as bedding and jointing are exaggerated and can have an unregligtic effect ,(Sunu et
al, 1988 and Stagg,1987). Blagting is gill consdered to be an art. Selection of optimum
burden, or the powder factor, is gill a matter of experience. Very often the desgn
engineer or "blage in-charge' prefers to use smple empirical formulae for ther blag
designs (Paul & Gershon,1989) Analyticll methods include, finite dement, finite
difference, boundary dement and digtinct dement codes, are used to smulate blagting
and the effect of different rock paramees on fragmentation. Many investigations were

188



limited to two dimensond andyss, where some difficulties were observed in amulating
the effect of structural geologicad discontinuities on blagting which occur in a rock mass
three dimensondly.

Consequently, it must be borne in mined that the finite dement method should be

used together with empiricd and fidd studies to compare and improve the design
requirements, (Sunu et d, 1988).

Dedign of blaging rounds in surface mines depends upon the physcd and
sructura properties of the materid, the type of explosve to be used, and the distance of
throw (i.e., in case of cagting of over burden). Due to the variations in these properties
and different mine conditions, there does not exist a sngle theory or st of formulae
which can be used dfidetly for blagd desgn in suface mine operations,
(Peul & Gershon,1989).

Abddlah et d (1992) hed tried previoudy to present a computationa approach
with the objective to recommend an efficdent blagt pattern design capable to produce a
broken ore having a degree of fragmentation suitable for the processing plant. The
proposed mathematicd modd has failed because it is basad on hypotheticad assumptions
and does not take into congderation the red characteristics of the site.

2-ADOPTED METHODOLOGY

Since, the blaging, results are dways dte gpedific, the borehole pattern and
loading practices mugt vary with the rock formations encountered. Trid blasts and
computer Smulaions are the best means of determining optimum explosive loads and
blagt patterns for each st of conditions, (Singh, 1988).

The methodology adopted stated that for each Site:-
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2.1. A complete data base having al informations about fidd blasting operation. This
data base mug include geotechnical rock characterigics, explosive characterigtics, blast
pattern design and finally the size digribution of fragment.

2.2. The corrdation matrix is consulted first to test the correation between the different
variables.

2.3. A regression analysiswill hdp then to formulate the mathematical relations between
these digtinguished variables.

2.4. A modd is subsequently congtructed using these mathematical relations and tested
using the informations acquired in the data base.

2.5.1f modd results are acceptable (according to a certain confidence limit ) the modd is
said to be rdiable otherwise, further data are needed to improve the regresson analyss
and consequently raise the degree of rdiability of the modd.

2.6. If any other new parameters are introduced (new sSite , new face) all the procedures
have to be reevaluated to take into account these new conditions otherwise, the model

will fail.

3-CASE STUDY

A limestone quarry will be used as an example to illustrate the proposed
modelling methodology.
Among the parameters influencing the blagting efficiency, the following ones are of
valuable interest, these are rock tensle strength, powder factor, type and mixture of

explosive, and the geometric pattern,(Abdallah et al, 1992).

The methodology adopted isthen demongtrated by the following steps :
31 Table (1) gives the corrdation matrices of the variables. From which it is
clear that certain relationships between the % age of fines, the % age of oversize and the

different influencing parameters exist

190



siskpeuy eanspesg “()aandyg (uAs) 1014 13pod = 34
.Sossﬁnutii.a-o r..:?.:_u.aau_ae._.-mh

{w) naping » @ DUMOR=TX SN % = X MM

e ———————
]

YOVS960 | TX » EEOTL0 0+ ¥X o LOGTOT D~ 9608 ¥ =
payaspard
s ¢ E N * Lo1o SOS66'0 | IX o T651800+ VX o EP6650 0~ SPESYVLE =8
ARt Maaatansas s
; 1 " 905 $29866 0 X SSEOFZ+ SIL1 BT =D
e
m i i 1000 9955660 | TX o LBVL000- X 4 2100 + ZLLSOT 0=
v i " 7000 L5698 0 TX o b + AYSEOH - SEEOEE00 = BL/H
O VR TU0 TR T 4 1000 659260 1X » £ - FC9SSTL + € -ASI66R T = SI/)
a P wd seprayg e | WAL
v soarg papanys | vomepar eIntEY POTEIS Y
- - " ] - [ 1] | ]
aaas chaad tasis tanie dev o iani T
1
- P o L
H ! »
H ! 1 -]
. b ! v bl
T i -
U <00 FUUULIVOI VML SUP PV
IX Uo D jo sopasalen
() Suouds
- 956750 | vonig o (ur) eaping
- "
i} wetoo | vesseo o SHIPD
” 4 sosoa0 | 21660 | (uyBa)ionpuiispmog
- |
L ¥20160 | vesgeo- fmoy) piuang spses) |
e saprsnag, | s Iy
Zx wa g1 Jo usmslldyy 1X o §I jo usimsiliy

XLy uonEfR.£00) 3L (1) 2498l

191



32 Regresson andyss is then falowed looking forward the different possble
relations which could give the best correlation coefficient meanwhile the sandard error
of edimation is kept to the minimum possible attained. Results of this andyds are shown
intable (2) andfigure (1).

3.3 Asthe mathematicd relation between difféent variables are found according
to field experiments, the modd is then congtructed to fuifil the requirement of end-user.
Fgure (2) illustrates the dgorithm of thisblast modd.

34 This dgorithm is basad upon the determingtion of the tensile srength (as the only
avalable geotechnical parameter in our case sudy) and accordingly it caculates the
corresponding percentage of fines and overdze expected. The modd then gives the
powder factor, gelatine %age in the mixture (anfotgeatine), the burden and findly the
spacing. If the user wishes to have another % age of fines or oversize to fulfil production
requirements he has to define one of those parameters and the modd cdculates the
corresponding other vaue and finally proceedsto the cdculaion of other parameters.

4-RESULTSAND DISCUSSION

The modd was tested udng the avalable data of field experiments on the

limestone quarry . During the formulation of this modd ;two main problems were raised:
4.1.TheDataBase:

The only availdble information about rock geotechnica characterization is the rock
tengle drength. The data given for the chosen limestone quarry, was not suffident to
carry out aregression andysswith other geotechnica parameters. The determination of
Ste geotechnical mgp isamud. Naidu & Singha(1987), stated that for a given amount
of heave energy and a certain blas geometry, susceptibility of a rock mass to blast
cadting increase with a decrease in rock densty and with an increase in Y oung's modulus
(E). The nature, extent and direction of joints and bedding planes will contribute to the
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effectiveness of blasting. When major discontinuities are at right angles to the free face,
explosion gasses have greater opportunity to escape prematurey to the atmosphere
Where the magjor discontinuities are paralld to the free face, there is more interaction
between adjacent blagt holes.

The effect is clear in the presented mode where the tendle srength is used to calculate
the expected % age of finesand % age of oversize. Using these two expected valuesthe
other parametery gelatine %, powder factor, burden and spacing )are subsequently
calculated. Hence, the necessity of finding out another mathematical expression relating

different geotechnical parameterswith % finesand % oversize.

4.2.The Limiting Conditions :

This factor manifeted by some negative signes resulted from mathematical
relations. These unrealigtic results focus the light on the limiting conditions of each
mathematical reation. These limiting conditions are site specific as being results of
regresson analyss on field experiments data . Hence, the limiting values of each
parameter (lower and upper limits) must be claimed, during the execution of the model
and before any declaration of each value as shown in figure (3).It is clear from the
gelatine percent rdation (G) that more experiments are needed to lower the gandard
error of etimation which seems to be dightly high . Also, this relation imposed small
margins on the selected parameters This is demongrated by table (3).It was assumed
that the rdlation G = f (XI) is not defined for negative values of G (i.e 0<= G =< 100).
This condition gives awider range for the other parameters as shown in table (3). Onthe
other hand, if this last assumption was not respected and the mathematical relation of
gelatine percent istightly respected ,a very small interval is obligatory used (i.e. 0<= G

=< 4.8). Thisalso emphasizesthat morefield experiments have to be carried out.

Figure (3) shows the print-out of programme execution. The modd is tested

using the only available data of the consdered limestone quarries. The limiting conditions
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Table(3).Limiting Conditions

00 <+ G <" 100 00 <- G <* 48
303 <- TS <- 3449 303 <- TS <- 349
00 <- XI <- 1336 1141 <- XI <- 1336
00 <- X2 <- 3174 0.0 <- X2 <- 463
013 <- PF <- 037 031<- PF <- 037
281 <- B <-634 28l<- B <-333
30<-S <-672 30<- S <-3.53 |

Rock Tensle Srength (Kg/em™2) = 35.0
% Fines -13.44
% Ovegze= 295
Gdatine % « 50
Powder Fadtor (Kglom™3) «0.35
Burden (m) = 30

Spacing (m) = 32

TOUCH ANY KEY TO CONTINUE

|%Fines 2%0vers 3Gd % 4PowdrF 5Burden 6Spacng 7Disply 8Restrt 9Print 10Quit

Figure(3). Print - Out Of Program Execution
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imposed by the mathematical relations have to include a wider range of parameters to
givethe modd more flexibility . This could be done by carrying out more experimentsin
the same ste and in different dtes in the quarry and if possible in other limestone
quarries. Whenever possible that further data are available , the modd outputs are
becoming more rdiable. Also this will help in arriving to more general mathematical

modd applicable to any limestone quarry using the same techniques.

However, two factors were not included in the presented modd ; energy factor
and blag dday time. Energy factors were not included. According to Naidu &
Singhal(1987), powder factors expressed in Kg/m® are not a useful design criterion in
blaging. The reason for thisis that the gection velocity and lateral digplacement of the
burden rock are related to the weight rather than the volume of the rock. Because the
energy generated per unit weight of charge varies with the chemical composition of the
explosive, one should use energy factors rather than powder factor as a blag design

criterion. It is the amount of explosves energy (not the weight of explosive) which

controls the displacement of each ton of rock.

The influence of blast delay time has to be considered. The effect of delay time on the
interaction between shotholesis going to affect the fragmentation process. An acceptable
range of delay time provides the blas design tools useful for variety of purposes,
induding optimum muck pile displacement and vibration control (Stagg.1987).

5-CONCLUSION AND RECOMMENDATIONS

Analysis of present results confirm the fact that design of blagting rounds in
aurface mines depends upon the physcal , mechanical and dructural properties of the
material,and explosive's characterigics. Due to the variations in these properties and
those of job and management, the mining engineer prefers to use smple empirical

formulae for the design of blag pattern. Actually, there does not exist a single theory or



st of formulae which can be usad effidently for blast design in surface mine operations.
Therefore, the methodology presented basad on trid fidd experiments and Smuldion is
the best gpproach to give more redidic solutions.The flexibility of this modd depends

manly on the data gathered from fidd experiments which could impose either flexible or
rigid limiting conditions on the various parameters.

It isrecommended to :

- Cregte a data base containing dl the available informations about mining job
and management conditions, experiments, testing ....tc.

- Mine geotechnicd map is a mugt . The efect of discontinuity on blasting
effidency is obvious. Also, mechanicd and physicd properties of materid have greet
influence on fragmentation and must be incdluded in the modd.

- Energy factors and blast dday time must be considered .

- Extend the experiments al over different Stes and quarries /mines of the same
type of the materid extracted to arrive at generd mathematicd relationships.
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