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Abstract 

In quarries or open pit mines, the production of 

stones of different fractions (0.3, 3.8, 8.15, 15.25 ... 

etc.)requires a technological chain in which the 

fragmentation of rocks by explosive then their 

crushing primary, secondary...etc.In this work, an 

analysis of yield of primary crushing according to 

particle size of blasted rocks will be studied in order 

to propose an addition of a scalping equipment 

installation and to minimize the crusher jig for an 

optimization of cost price of the desired 

granulometries. 
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I. INTRODUCTION 

Stone Crushing Industry is an important industrial 

sector in the country engaged in producing crushed 

stone of various sizes depending upon the 

requirement, which acts as raw material for various 

construction activities such as construction of roads, 

highways, bridges, canals etc. [1].There are three 

main steps in designing a good crushing plant: 

process design, equipment selection, and layout. The 

first two are dictated by production requirements and 

design parameters, but the layout can reflect the 

input, preferences andoperational experience of a 

number of parties.These can include the owner’s 

engineering staff, safetypersonnel, operations and 

maintenancepersonnel,equipment manufacturers, and 

the engineering consultant[2].In addition, quarry 

operation is the most common surface mining 

activities in the world, which involve the production 

of dimension stones and aggregates for the purpose 

of construction, ornamental and interior decoration. 

Rocks such as granite, limestone, marble, dolomite 

etc.are exploited for production of different sizes 

aggregates and slabs [3].In locating economically 

viable deposit for aggregates production, the factors 

to be considered include, the available tonnage, 

mineable quality of aggregate, nearness to market or 

distance from major use areas, transportation cost, 

government regulation and operating cost. The 

energy required to crush rocks into aggregates is 

proportional to the amount of new surface area that 

is created; hence, a very important percentage of the 

energy consumed to produce constructionaggregates 

is spent in producing non-commercial 

fines.Controlled Rock Fragmentation means suitable 

size distribution of the fragmented rock after 

blasting, for higher efficiency and lower costs in 

loading, transport and crushing of the blasted rock at 

mines, quarries and construction works. Oversize 

(boulders) should be minimized, and sometimes 

undersize (fines) to increase the product value from 

quarries etc. [4]. Rock fragmentation from blasting is 

dependent on a number of factors especiallyblast 

pattern design elements that include burden, spacing, 

powder factor, stemming length and type, holedepth 

and diameter, sub-drilllength,and delay timing of a 

blast [5]. 

In open pit or underground mines and quarries, 

especially in mountainous terrain, the choice of 

perfect place to install a crushing station requires a 

decision finalized by a detailed study of areas close 

to quarries such as water drainage, morphology of 

deposit, installed capacity, opening mode of the 

deposit etc[6]. 

The aim of this work is to optimize the chain of 

blasting-primary crushing to increase production and 

minimize the cost of one ton of granulate produced. 

So it is based on a study of size of heap of blasted 

rocks and the performance of primary crusher in 

order to propose an addition of a scalpinginstallation 

to achieve intended target. 

A. Stages Involved In Aggregate Production 

Aggregate production involve various stages [7] 

which include the development of quarry by taken 

coordinate of the site, stripping, drilling, stemming, 

blasting (its accessories), mucking and loading, 

haulage and crushing.These stages also refer to unit 

of operation of mining. The sequence of unit of 
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operation utilized to accomplish mine exploitation is 

called the cycle operation. 

B. Development and Planning of quarry 

Quarry development involves the excavations 

needed to establish the infrastructure necessary for 

stope production and to prepare for the future 

continuity of operations. 

C. Stripping operation 

As a first step, a producer is required to designate a 

detailed stripping procedure for each and every 

deposit that is mined. The overburden is stripped 

with an excavator, and is placed in large dump trucks 

known as haul trucks. These lasts are designed for 

earth moving across rugged environment. 

Overburden is a waste rock consisting of 

consolidated and unconsolidated material that must 

be removed to expose the underlying ore body. It is 

desirable to remove as little overburden as possiblein 

order to access the ore of interest. 

D. Drilling operation  

Drilling can be define as an artificial creation of 

cavity or hole in an ore body for samples collection 

for further analysis, for casing sinking and for 

placement explosive. Drilling is very important in 

mining and it determines the cost of production. 

Some factors influencing the rate of bit 

penetrationincludes: type and size of drill, bit size; 

bit type and condition, drill mounting, torque 

capacity, compressor pressure, flushing medium, 

lubrication, thrust, rotational speed, rock type and 

structure. Drilling is of different types: 

- Primary Drilling: This is done on in situ rock with 

drilling machine of different typesuch as ROC 

601,ROC 301, CM 348, which are powered by 

compressors. Primary drilling must give a definite 

operation in order to carry out primary blasting such 

as diameter of the holes, bench heightof the rock, 

burden and spacing on the rock. 

- Secondary Drilling: This is done on already 

fragmented rock of larger sizes (boulders) for 

purpose of size reduction by the means of secondary 

blasting. It is carried out by using a Jack Hammer, 

which is powered by a pneumatic compressor. It is 

also give room for proper haulage tothe crushing. 

E. Blasting operation 

Blasting is defined as a fragmentation of rock by 

means of explosives and its accessories for the 

subsequent extraction or process [8]. After the blast 

holes have been drilled to the requirement, the next 

operation is to the charge the holes with explosives 

and blast. The size of the drilling bit is a major factor 

in the choice of explosive to be used. Both the low 

explosives and high explosives are used. The low 

explosive used is ANFO and the high explosive used 

is Gelatine dynamite. Increasing the quantity of fuel 

added to the ammonium nitrate will result into red 

fumes being produced after blasting. So, 96% of 

ammonium nitrate and 4% of diesel oil are mixed 

together to give the required ANFO. In other words, 

for every 25kg of explosive, 1.75 litres of diesel oil 

is added, Use a long bamboo rod to through the drill 

holes of about 6 m depth. Make primer cartridge (i.e. 

explosive cartridge primer cord).Do the primer 

charge and insert an explosive cartridge primer into 

each drilled hole. Load the holes after primer charge 

with high explosives and ANFO. Stem/sealthe holes 

with granite chips. 

Connect all the charged holes together (either in 

series or parallel). Insert MS Delay detonator in 

between each holes connected and clipped plain 

detonator with shock tube. Insert shock tubes into the 

Blasting Machine or Exploder and fire. Escape from 

danger area to safe place, 500 m away using a fast 

moving vehicle. After the blast, go back and check 

the outcome (result).The quantity ofexplosive is also 

function of the drilling depth and rock mass [9]. 

F. Loading 

After blasting operation has been carried out, the 

fragmented rock materials are usually loaded into 

dump trucks and tippers. Both front – end loader and 

back – hoe shovel are used for loading fragmented 

rock materials into dump trucks for haulage. The 

back-hoe shovel (crawler mounted) iscapable of 

removing hanging rocks on the quarry face. 

 

G. Haulage of material 

The fragmented rocks are transported by haulage 

(primarily horizontal movement) to the primary 

crusher. As the blasting cannot be absolutelyperfect, 

boulders bigger than the normalrequirement (1.5m) 

are kept aside for secondary blasting so that they can 

pass through the hopper to the jaw crusher. 

H. Crushing process 

Crushing is the process of reducing blasted rocks 

into smaller sizes needed for use such as in 

construction of bridges, tunnels, roads and building 

activities [10-13].Crushing of fragmented rocks are 

unit of communition and particle sizing. The 

crushing plant is an assemblage of primary and 

secondary crushers. The following product sizes 

(granite) can be obtained bymethods of screening 

immediately after crushing. 

I. Geographical location and geology of the 

deposit 
The study area is part of wilaya of Bouira, which is 

located in central part of northern Algeria. The Sfail 

El Faidja quarry is located at 8 km as the crow flies 

from el hachimia and 18 km as the crow flies to 

south of capital of Bouira wilaya[11]. 

The deposit consists of Cenomanian formations, 

represented by alternating limestone, marl and 

predominantly marly clay. The limestones are gray 

to platinum and dark gray to the break; they are very 
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compact and massive with centimeter calcite vein or 

slits. The latter represent two structural directions 

oriented N 020 and N 140, which cut the limestone 

banks in paving stones or lozenges,and after 

alteration gives an appearance of beads. 
The strength of this formation is much reduced east 

of the deposit, where it does not exceed 20 m and 

greater westward or reaches 40 m. The east-west 

transition from deposit is marked by a loophole of 

NW-SE direction. The limestone and marly 

formations extend in a dip of 15 to 20 ° towards 

theSSW and direction N100 to N110. 

 

II. MATERIALS AND METHODS 

Among the known installations of equipment 

crushing stations, their provisions begin with the 

feeder, then the crusher that produces a fraction 0-

200 mm that will then transport to the buffer stock, 

as shown in Figure 1. Sometimes to improve the 

quality of product there is a scalping addition either 

before or after primary crusher. 

The CGMSG quarry has a Metsu Mineral crushing 

station with a theoretical output of 200 t / h (figure 2) 

The crusher works sometimes empty because of 

small size of stones pieces which is lower than 200 

mm, so these last passes through the hole of jaw 

directly with same size, in this case, jaw turns empty 

and that represents a waste of time and consumed 

energy that will affect production and cost, so when 

large pieces of stones larger than 200 mm fall into 

the jaw for crushing, there are also other pieces of 

small size less than 200 mm falls with those which 

will then hinder the performance of crusher. 

for the purpose it is possible to carry out a blast of 

rocks controlled in side grain size and to dothis, it is 

necessary to analyze as follows: 

-Avoid leaving the fines to not be eliminated by 

primary scalping towards the sterile. 

-Try as much as possible to minimize the percentage 

of oversize rocks above crusher orifice. 

After having a good heap of blasted rocks, it is 

proposed to install a scalper placed between the 

feeder and primary crusher, its role is to eliminate 

small sizes of stones less than or equal to 200 mm in 

order to treat them and send them to buffer stock. On 

the other hand, grand stones larger than 200 mm pass 

directly to crusher to crush them, which will then 

also send to buffer stock. Thereforeto show this 

proposal, we can do some tests at the level of crusher 

in CGMSG quarry. 

 
Fig. 1.Different installation chains of primary crushing equipment. 
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Fig. 2.I Side view schema of installation of crushing station [6] 

 

 

 

Test 1 

The crusher is supplied with blasted stones obtained, 

which contains deferential granulometries (0-700 

mm). Then its yield is determined as follows: 

-We take two linear meters loaded by fraction 0-200 

mm that is in the grasshopper conveyor. 

-We measure the weight of this quantity, and then 

we divide the result on 2 to express the weight in 

linear meter. 

- We multiply the result by speed of conveyor to 

give us the practical yield of crusher. 

Test 2 

We feed the crusher by blasted rocks obtained, 

which contains particle sizes greater than 200 

mm(200-700 mm). Then we determine its yield in 

the same way mentioned in test 1. 

The granulometry analysis of blasted rocks heap at 

CGMSG quarry (CGMSG 2013) is as follows: 

- 65% for rocks greater than 200 mm. 

- 35% for rocks less than or equal to 200 mm. 

 

III. RESULTS AND DISCUSSION 

The calculation of practical yields of Metso jaw 

crusher in two cases where feeding is by the blasted 

rocks of 0 - 700 mm and 200 - 700 mm allowed us to 

analyze and propose an adequate installation which 

serves to optimize the production chain including 

ring of blasting- primary crushing. 

Therefore, the yield of crusher in first test is 162 t / h 

but its yield in second test is 144 t / h. 

From results shown in Table 1, it is noted that 

crusher loses its maximum yield when its feeding by 

blasted rocks 0-700 mm, because rocks granulometry 

≤ 200 in which is just 56 t / h (35%) by against under 

same conditions of setting of crusher and with 

supply by rocks granulometry 200-700, its yield is 

144 t / h. In this case, it can be proposed to eliminate 

the percentage of rocks granulometry ≤ 200 mm 

before blasted rocks pass to crusher, by a proposal to 

install a scalper that will allow only rocks 

granulometry > 200 mm to pass towards crusher for 

crush them (Figure 3),then both products will 

accumulate in buffer stock. This proposal allows us 

to increase the crushing yield of fraction 0-200 mm, 

so we get the sum of products that are accumulated 

in buffer stock, which represents the yield of 

blasting-primary crushing chain that reaches 411.42  

t/h. So this proposal has allowed usto optimize the 

yield up to 254%. 

 
Fig. 3.Installation of primary crushing equipments with 

scalping before. 

 

 

 

Table 1. Crasher output results for both tests 

Size of feeding  

 
0-700 200-700 

Yield(t/h) 160 144 

quantity >200 mm 

(t/h) 56 (35%) 144 

quantity ≤ 200 mm 

(t/h) 

 

104 (65%) 0 
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Yield of primary 

crushing equipment     

with scalping (t / h) 

(after the proposed 

installation) 

411.42 - 

 

 

 

In addition, to improve the quality of product 0-200 

mm, we can also install a small scalper depending on 

yield of crusher to eliminate the fines that contain 

within crushing rocks 200-700 mm(Figure 4). 

 
Fig. 4. Installations of primary crushing equipments with 

scalping before and after. 

 

IV. CONCLUSION 

The increase in percentage of small stones in blasted 

rocks heap generated by blasting gives us an increase 

in production also in buffer stock. The proposed 

installation of a scalper allowed us either to increase 

yield of crusher, or to minimize the size of that 

according to the projected production during the 

investment study, also to improve the quality of 

merchant product. Therefore, the optimization of the 

ring of blasting-primary crushing represents an 

economic asset in field of mining economy. 
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