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2
 Civil Engineering Practice
 Stone Aggregates and Concrete -Stone Crushers-Machine for cleaning and grading of Aggregates
 - Concrete Mixers and Vibrators
 Instructor:
 Dr. Attaullah Shah
 Lecture # 3
 Department of Civil Engineering
 Swedish College of Engineering and Technology-Wah Cantt.
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Production of Aggregates • The production of crushed-stone aggregate involves:
 •  Drilling
 •  Blasting
 •  Loading
 •  Transporting
 •  Crushing
 •  Screening
 •  Product handling and storage
 3
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• In operating a quarry and crushing plant, the drilling pattern, the amount of explosives, the size shovel or loader used to load the stone, and the size of the primary crusher should be coordinated to assure that all stone from the quarry can be economically utilized.
 4
 Production of Aggregates
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RECOMMENDED MINIMUMSIZES OF PRIMARY CRUSHERS
 5
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TYPES OF CRUSHERS• Crushers are classified according to the stage of crushing which
 they accomplish, such as:
 – Primary
 – Secondary
 – Tertiary
 •  A primary crusher receives the stone directly from a quarry after blasting, and produces the first reduction in size.
 • The output of the primary crusher is fed to a secondary crusher, which further reduces the stone size. Some of the stone may pass through four or more crushers before it is reduced to the desired size.
 •  The degree of breakage is spread over several stages as a means of closely controlling product size and limiting waste material. 6
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• As stone passes through a crusher, the reduction in size may be expressed as reduction ratio.
 •  The reduction ratio is the ratio of crusher feed size to product size.
 •  The sizes are usually defined as the 80% passing size of the cumulative size distribution. 
 • For jaw crusher, the ratio can be estimated by the gap.
 • The gap is the distance between the fixed and moving faces at the top, divided by the distance of the open-side setting at the bottom.
 •  The reduction ratio of a roller crusher can be estimated as the ratio of the dimension of the largest stone that can be nipped by the roller, divided by the setting of the rolls, which is the smallest distance between the faces of the rolls.
 7
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TYPES OF CRUSHERS• Crushers are also classified
 by their method of mechanically transmitted fracturing energy to the rock.
 •  Jaw, gyratory, and roll crushers work by applying compressive force.
 •  Impact crushers such as single rotor and hammer mill apply high-speed impact force to accomplish fracturing
 8
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Jaw Crusher
 • Jaw crushers operate by allowing stone to flow into the space between two jaws, one of which is stationary while the other is movable .
 •  The distance between the jaws diminishes as the stone travels downward under the effect of gravity and the motion of the movable jaw, until the stone ultimately passes through the lower opening
 • Jaw crushers are usually designed with the toggle as the weakest part. The toggle will break if the machine encounters an un-crushable object or is subjected to overload. This limits damage to the crusher.
 •  In selecting a jaw crusher, consideration must be given to the size of the feed stone. 9
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GYRATORY CRUSHERS• Gyratory crushers are characterized by a gyrating mantle mounted within a
 deep bowl.
 •  Gyratory crushers provide continuous crushing action and are used for both primary and secondary crushing of hard, tough, abrasive rock.
 • Gyratory Standard Cone crushers are used as secondary or tertiary crushers.
 •  Cone crushers are capable of producing large quantities of uniformly fine crushed stone
 • A cone crusher differs from a true gyratory crusher in the following respects:– It has a shorter cone.
 – It has a smaller receiving opening.
 – It rotates at a higher speed, about twice that of a true gyratory
 – It produces a more uniformly sized stone.
 10
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ROLL CRUSHERS• Roll crushers are used for producing additional reductions in
 the sizes of stone after the output of a quarry has been subjected to one or more stages of prior crushing.
 •  A roll crusher consists of a heavy cast-iron frame equipped with either one or more hard-steel rolls, each mounted on a separate horizontal shaft.
 12
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SIZES OF STONE PRODUCED BY JAW AND ROLLS CRUSHERS
 • Even though the setting of the discharge opening of a crusher will determine the maximum-size stone produced, the aggregate sizes will range from slightly greater than the crusher setting to fine dust.
 •  For any given setting for jaw or roll crusher approximately 15% of the total amount passing through the crusher will be larger than the setting.
 • If the opening of the screen which receives the output from such crusher are the same size as the crusher setting, 15% of the output will not pass through the screen.
 •  
 13
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SIZES OF STONE PRODUCED BY JAW AND ROLLS CRUSHERS
 14
 Analysis of the Size of AggregateProduced by Jaw and Roll CrushersTo read the chart: - Select the vertical line corresponding to the crusher setting - Then go down this line to the number which indicates the size of screen opening -From the size of the screen opening proceed horizontally to the left to determine the percent of material passing through the screen or the right to determine the percent of material retained on the screen.
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Example • A jaw crusher with a closed setting of 3 in produces 50 tons per
 hour of crushed stone. Determine the amount of stone produced in tons per hour within the following size range: in excess of 2 in; between 2 and 1 in; between 1 and 1/4 in.
 • From Figure 1, the amount retained on a 2 -in screen is 42% of 50, which is 21 tons per hr. 
 • Similarly, the amount in each of the size range is determined as shown in the following Table.
 15
 Size Range (in) % Passing Screen Percent in Size Total Output of Amount
 Range Crusher (ton/hr) Produced in Size
 Range (ton/hr)
 Over 2 100 – 58 42 50 21.0
 2 –1 58 – 33 25 50 12.5
 1 – 1/4 33 – 11 22 50 11.0
 ¼ - 0 11 - 0 11 50 5.5
 Total 100 % 50.0 tph
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FEED SIZE• The maximum size of material that may be fed to a roll crusher is directly proportional to the diameter of the rolls.
 •  If the feed contains stones that are too large, the rolls will not grip the material and pull it through the crusher.
 •  The angle of nip, B, in the following figure has been found to be 16.760
 • The maximum-size particles that can be crushed is determined as follows:
 • Let R = radius of rolls B = angle of nip
 • D = R cos B = R cos(16.76) = 0.9575 R A = maximum-size feed
 •  C = roll setting = size of finished product
 • Maximum - size Feed ( A) = 0.085R +C
 16

Page 17
                        

Example 2.
 • Determine the maximum-size stone that may be fed to a smooth-roll crusher whose rolls are 40 in. in diameter when the roller setting (size of finished product) is 1 in.
 • Maximum - size Feed ( A) = 0.085R +C
 •  A = 0.085(20) +1 = 2.7 in
 17
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Capacity of Roll Crusher• The capacity of a roll crusher will vary with:
 • The kind of stone
 •  The size of feed
 •  The size of the finished product
 •  The width of rolls
 •  The speed at which the rolls rotate
 •  The extent to which the stone is fed uniformly into the crusher.
 18
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CONCRETE MIXERS
 INTRODUCTION. Concrete mixers are used for mixing
 all the ingredients of concrete to make a mix of specified consistency
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IMPACT CRUSHERS• In impact crusher stones are broken by the application of high-
 speed impact forces.• Single rotor. The single rotor-type impact crusher breaks the
 stone both by the impact action of the impellers striking the feed material and by the impact which results when the impeller-driven material strikes against the aprons within the crusher unit.
 • Double rotor. These units are similar to the single rotor models and accomplish aggregate-size reduction by the same mechanical mechanisms. They will produce a somewhat higher proportion of fines. With both single and double rotor crushers, the impacted material flows freely to the bottom of the units without any further size reduction.
 20
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• Hammer mills. The hammer mill, which is the most widely used impact crusher, may be used for primary or secondary crushing. The basic parts of a unit include a housing frame, a horizontal shaft extending through the housing, a number of arms and hammers attached to a spool which is mounted on the shaft, one or more manganese-steel or other hard-steel breaker plates, and a series of grate bars whose spacing may be adjusted to regulate the width of openings through which the crushed stone flows.
 21
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• Cutaway of Hammer Mill Rock
 •  Crusher Showing Breaking Action 22
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SPECIAL AGGREGATEPROCESSING UNITS
  • To produce fine aggregate, such as sand, from stone that has been
 crushed to suitable sizes by other crushing equipment, rod or ball mills are frequently used.
 •  It is not uncommon for concrete specifications to require the use of a homogeneous aggregate regardless of size.
 •  If crushed stone is used for coarse aggregate, sand manufactured from the same stone can satisfy the specifications.
 • A rod mill is a circular steel shell that is lined on the inside with a hard wearing surface.
 •  Rod mill is equipped with a suitable support or trunnion arrangement at each end and a driving gear at one end. It is operated with its axis in a horizontal position. The rod mill is charged with steel rods, whose lengths are slightly less than the length of the mill.
 23
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• Crushed stone, which is fed through the trunnion at one end of the mill, flows to the discharge at the other end. As the mill rotates slowly, the stone is constantly subjected to the impact of the tumbling rods, which produce the desired grinding. A mill may be operated wet or dry, with or without water added.
 • A ball mill is similar to a rod mill but it uses steel balls instead of rods to supply the impact necessary to grind the stone.
 •  Ball mills will produce fine material with smaller grain sizes than those produced by a rod mill.
 24
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Selection of crushing equipment • The information needed should include, but will not
 necessarily be limited to, the following items:
 •  The kind of stone to be crushed.
 •  The maximum individual size of the feed stones and perhaps the size ranges of the feed to the plant.
 •  The method of feeding the crushers.
 •  The required capacity of the plant.
 •  The percent of material failing within specified size ranges.
 25
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2. Screening• Screening of crushed stone is necessary in order to separate the
 aggregate by size ranges.
 •  Most specifications covering the use of aggregate stipulate that the different sizes shall be combined to produce a blend having a given size distribution.
 • Persons who are responsible for preparing the specifications for the use of aggregate realize that crushing and screening cannot be done with complete precision, and accordingly they allow some tolerance in the size distribution.
 26
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DETERMINATION OFREQUIRED SCREEN SIZE
 • Figure gives the theoretical capacity of a screen in tons per hour per square foot based on material weighing 100 lb per cu ft when crushed
 •  The corrected capacity of a screen is given by the following equation
 •  Q = ACEDG• Where
 •  Q = capacity of screen, tons per hour
 • A = area of screen, sq ft
 •  C = theoretical capacity of screen, tons per hour per sq ft
 • E = efficiency factor D = deck factor
 •  G = aggregate factor
 27
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HANDLING CRASHED-STONE AGGREGATE
 • After stone is crushed and screened to provide the desired size ranges, it is necessary to handle the stone carefully or the large and small particles may separate, thereby destroying the blend in sizes which is essential to meeting graduation requirements. If aggregate is permitted to flow freely off the end of a belt conveyor, especially at some height above the storage pile, the material will be segregated by sizes.
 28
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