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Abstract— Soil Compaction is the fundamental requirement 

for the construction of earth fill for dams; reservoirs canal 

embankments, highway, railways and runways. The 

relationship between soil moisture contains and compacted 

dry density is very useful for deciding construction, 

specification and quality control of compacted earth fill. 

While designing a soil fill is evaluated by testing soil 

specimen compacted to the density as would be achieved 

during construction quality control is essentially required to 

check the density of compacted soil achieved in the field, by 

checking its strength. The working model which we have 

fabricated is totally based on the mechanism that compacts 

soil. It is designed in such a way that it will solve soil testing 

problem at a very low cost. The working principle of the 

model is very simple it is not too heavy and can be manually 

driven by just a single man the soil compaction machine is a 

new innovative concept is mainly used to save power. In this 

concept we have designed a soil compaction machine. It is 

used to testing the soil without using electric power. Now 

days testing of soil are very easy by using the electric power 

systems like automatic machine but these machines are very 

costly. Compaction machines apply forces to increase soil 

density. Some equipment applies only static forces, which 

include pressure and kneading produced only by the dead 

weight and configuration of the machine itself. Such static 

forces affect only the top layers of material, and their impact 

is felt only to a limited depth. Other equipment also applies 

the dynamic forces of vibration or impact to increase its 

compactive effect. These machines use a mechanism, 

usually, to add a downward rack and pinion force beyond 

the machine’s static weight. 
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I. INTRODUCTION 

A. Soil Compaction 

Soil compaction is a fundamental requirement for the 

construction of earth fill for dams, reservoirs ,canal 

embankments, highways, railways, and runways the 

relationship between soil moisture contain and compacted 

dry density is very useful for deciding construction, 

specification, and quality control of compacted earth fill. 

While designing a soil fill is evaluated by testing soil 

specimen compacted to the density as would be achieved 

during construction, the construction quality control is 

essentially to check the density of compacted soil achieved 

in the field, checking its strength. 

Traditional compaction specifications often spelled 

out the compaction method to be used, including the type of 

equipment, the maximum lift height, the number of passes, 

etc. More common now are “end-result” or “performance” 

specifications, which give the contractor flexibility in 

achieving the desired soil density. 

New soil engineering research, in conjunction with 

innovations in compaction equipment, will likely lead to 

further changes in the typical soil compaction specification, 

according to David J. White, Ph. D., director of the Center 

for Earthworks Engineering at Iowa State University in 

Ames. White says there will eventually be specifications 

based on the soil’s stiffness modulus, rather than soil 

density. Soil stiffness is a property that can be monitored 

automatically by some advanced compaction equipment, 

and the results are better than those from nuclear density 

sensors. “The latest highway bill contains a reference to 

intelligent compaction equipment and points to [stiffness] 

modulus-based quality control quality assurance, White 

says. 

B. Soil Compactor 

Invariably in every soil lab compaction test on soil are 

carried out regularly. The electrically operated mechanical 

compaction eliminates the technique hand compaction 

process and result in a considerable saving of time. One 

rammer with 300mm stroke length is provided. This makes 

the apparatus suitable to carry out all normal compaction 

operation required in soil testing lab. 

This is new design manual driven mechanical soil 

compactor useful for soil compaction in 100mm diameter 

mould. The rammer moves across the mould and impact on 

soil presents in mould and increase in the density of soil. 

This device has simple construction and it takes less time 

and effort than conventional process. 

Project documents include a soil compaction 

specification, based on the loads the engineer expects the 

soil will need to support. This specification most often 

requires that a particular soil density be achieved. ASTM D 

1557 is used to determine the characteristics of a soil sample 

subjected to measured compaction forces in the laboratory. 

The method, called the Proctor or Modified Proctor, 

establishes a maximum possible density for the compacted 

soil, as well as the optimum moisture content needed to 

achieve it. Most specs require the contractor to meet some 

percentage of the Proctor maximum density, usually 90 or 

95 percent. 

Compaction machines apply forces to increase soil 

density. Some equipment applies only static forces, which 

include pressure and kneading produced only by the dead 

weight and configuration of the machine itself. Such static 

forces affect only the top layers of material, and their impact 

is felt only to a limited depth. Other equipment also applies 

the dynamic forces of vibration or impact to increase its 

compactive effect. These machines use a mechanism, 

usually rack and pinion, to add a downward force beyond 

the machine’s static weight. 

One or more rotating eccentric weights are 

normally used as a vibrating mechanism. Vibration moves 

through the soil, setting the particles in motion and moving 
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them closer together to produce the highest possible density. 

This affects both the top layers and deeper layers. The 

magnitude of a machine’s dynamic compaction force 

depends on both the frequency of the eccentric shaft’s 

rotation or machine jumps (expressed in RPM) and the 

amplitude of its movement, that is, the distance it moves 

from its axis. 

II. LITERATURE REVIEW 

In paper by Prof. Krishna Reddy, a laboratory test is 

performed to determine the relationship between the 

moisture content and the dry density of a soil for a specified 

compactive effort. The compactive effort is the amount of 

mechanical energy that is applied to the soil mass. Several 

different methods are used to compact soil in the field, and 

some examples include tamping, kneading, vibration, and 

static load compaction. We have employed the tamping or 

impact compaction method using the type of equipment and 

methodology developed by R. R. Proctor in 1933, 

Therefore, the test is also known as the Proctor test [1]. 

In paper by J. L. McRae, the preparation of a base 

for a road, airport strip, or other area in which it is desirable 

to have a dense soil base, it is extremely important that the 

layer of soil be uniform by compacting in the bottom layer 

to the top layer. Previously proposed and presently in used 

are soil compacting machines of various types. Rollers have 

been employed and vibrators have been employed either 

singly or in conjunction with a roller but the same have not 

been entirely successful for many reasons. Objective of  the 

project is to provide a soil compaction machine lends itself 

to compacting a soil layer [8]. 

In paper by S. K. Vanapalli, D. G. Fredlund, D. 

E.Pufahl, the soil water characteristic of the specimens 

compacted at dry of optimum are influenced by the stress 

history, however stress history appears to have no 

significant influence on the soil water characteristics of the 

specimens compacted with wet of optimum conditions. The 

soil water characteristic behaviour of specimens compacted 

with optimum initial water contents lies in between those of 

specimen compacted with water contents that are dry and 

wet of optimum. It appears that soil water characteristics are 

not significantly influenced either by the soil structure or the 

stress history for the high suction ranges [11]. 

III. METHODOLOGY 

We were gone through the following test of “Compaction of 

Soil” with our project which is “Automatic Soil Compaction 

Machine”, in a laboratory of Civil engineering department in 

G. H. Raisoni College of Engineering & Management, 

Amravati.  

Test Aim: To determine the relation between the moisture 

content during compaction of soil & density of compacted 

soil under a given effort of compaction. 

Apparatus used:  

1) Automatic Soil Compaction Machine 

2) Cylindrical metal mould 

3) Thermostatically Control Ove. 

4) A steel straight edge 

5) Sieve of 50 mm, 20 mm, 4.75 mm 

6) Grease.  

A. Procedure: 

1) Dry the soil sample brought from the field in the air. 

Break up thoroughly all the aggregation in such a way 

that as to separate the individual particles but not to 

break them into smaller fragments. 

2) Clean, dry and weight the empty mould correct to 1 gm. 

Find out the volume of the mould. Apply grease lightly 

to the inside of the mould. Apply grease to the collar of 

the mould and place the apparatus on the solid base so 

that base plate does not vibrate during the test. 

3) Use the sample by passing the same through 20 mm and 

4.75 mm I.S. sieve. Note the ratio of fraction passing 

20mm I. S. sieve and retain on 4.75 mm I.S. sieve 

calculate the proportion  

4) As 5 to 7 trails are required to be done on the same soil 

at different moisture content. Weight approximately 26 

kg of representative sample. Add enough water to keep 

the soil on the drier side of the optimum and mix 

thoroughly. 

5) Divide the above cut soil into eight equal parts take one 

part and see that the water is mixed thoroughly. 

6) Compact this cut soil into the mould in three equal 

layers. Each layer being given 25 blows of a rammer in 

Automatic Soil Compaction Machine.     

 
Fig. 1: Soil compaction process 

B. Observation Table: 

Container No. A1 A2 A3 A4 A5 

Water content % 15 17 20 21 23 

Wt. of cut soil+ 

cyl. in gm 
5050 5150 5200 5175 5150 

Wet density 1.7 1.80 1.56 1.83 1.80 

Wet soil + 

container 
106.32 97.10 87.50 51.80 93.93 

Dry soil + 

container 
95.00 68.50 80.60 75.94 84.70 

Empty wt. of 

container 
51.500 51.110 53.150 48.100 54.170 

Moisture lost 11.32 9.88 7.34 7.52 8.37 

Dry wt. of soil 43.50 57.39 27.95 27.84 30.83 

Moisture % 26.02 26.42 26.76 27.62 27.42 

Dry density 

(gm/cc) 
1.57 1.60 1.62 1.52 1.54 

Table: 1 
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Result: OMC= 26.8%and MDD= 1.62 GM/CC 

IV. THEORY OF SOIL COMPACTION 

Compaction is the process by which the bulk density of an 

aggregate of matter is increased by driving out air. For any 

soil, for a given amount of compactive effort, the density 

obtained depends on the moisture content. At very high 

moisture contents, the maximum dry density is achieved 

when the soil is compacted to nearly saturation, where 

(almost) all the air is driven out. At low moisture contents, 

the soil particles interfere with each other; addition of some 

moisture will allow greater bulk densities, with a peak 

density where this effect begins to be counteracted by the 

saturation of the soil. 

A. Compaction Methods 

There are several means of achieving compaction of a 

material. Some are more appropriate for soil compaction 

than others, while some techniques are only suitable for 

particular soils or soils in particular conditions. Some are 

more suited to compaction of non-soil materials such as 

asphalt. Generally, those that can apply significant amounts 

of shear as well as compressive stress, are most effective. 

The available techniques can be classified as: 

 Static - a large stress is slowly applied to the soil and 

then released. 

 Impact - the stress is applied by dropping a large mass 

onto the surface of the soil. 

 Vibrating - a stress is applied repeatedly and rapidly via 

a mechanically driven plate or hammer. Often 

combined with rolling compaction (see below). 

 Gyrating - a static stress is applied and maintained in 

one direction while the soil is a subjected to a gyratory 

motion about the axis of static loading. Limited to 

laboratory applications. 

 Rolling - a heavy cylinder is rolled over the surface of 

the soil. Commonly used on sports pitches. Roller-

compactors are often fitted with vibratory devices to 

enhance their ability. 

B. Alternative Compaction Testing 

The California Department of Transportation has developed 

a similar test, California Test 216, which measures the 

maximum wet density, and controls the compactive effort 

based on the length, not the volume, of the test sample. The 

primary advantage of this test is that maximum density test 

results are available sooner, as evaporation of the compacted 

sample is not necessary. 

C. Objectives Of Standard Compaction Test 

 To determine relation between water content and dry 

density of soil. 

 To determine optimum water content and corresponding 

maximum dry density for soil. 

 To determine relation between penetration resistance 

and water content for compacted soil. 

D. Importance of Standard Compaction Test 

 Compaction increases the shear strength of the soil.  

 Compaction reduces the voids ratio making it more 

difficult for water to flow through soil.  

 This is important if the soil is being used to retain water 

such as would be required for an earth dam. 

Compaction can prevent the build up of large water 

pressures that cause soil to liquefy during earthquakes.  

V. PROJECT CONCEPT 

Soil Compaction is the fundamental requirement for the 

construction of earth fill for dam, reservoirs canal 

embankments, highway, railways and runways. The 

relationship between soil moisture contains and compacted 

dry density is very useful for deciding construction, 

specification and quality control of compacted earth fill. 

While designing a soil fill is evaluated by testing soil 

specimen compacted to the density as would be achieved 

during construction quality control is essentially to check 

the density of compacted soil achieved in the field, checking 

its strength. 

The working model which we have fabricated is 

totally construction based. It is designed in such a way that 

it will solve soil testing problem at a very low cost. The 

working principle of the model is very simple it is not too 

heavy and can be manually driven by just a single man. The 

soil compaction machine is a new innovative concept is 

mainly used to save power. Now days testing of soil are 

very easy by using the electric power systems like automatic 

machine but these machines are very costly. 

Compaction machines apply forces to increase soil 

density. Some equipment applies only static forces, which 

include pressure and kneading produced only by the dead 

weight and configuration of the machine itself. Such static 

forces affect only the top layers of material, and their impact 

is felt only to a limited depth. Other equipment also applies 

the dynamic forces of vibration or impact to increase its 

compactive effect. These machines use a mechanism, 

usually, to add a downward rack and pinion force beyond 

the machine’s static weight. 

VI. COMPONENTS REQUIRED 

A. Spur Gear 

Spur gear teeth are manufactured by either involutes profile 

or cycloid profile. Most of the gears are manufactured by 

involutes profile with 20° pressure angle. When two gears 

are in mesh at one instant there is a chance to mate involutes 

portion with non-involutes portion of mating gear. This 

phenomenon is known as Interference, and occurs when the 

number of teeth on the smaller of the two meshing gears is 

less than a required minimum. To avoid interference we can 

have undercutting, but this is not a suitable solution as 

undercutting leads to weakening of tooth at its base. In this 

situation Corrected gears are used. In corrected gears Cutter 

rack is shifted upwards or downwards 

 
Fig. 2: Spur Gear 

http://en.wikipedia.org/wiki/Asphalt
http://en.wikipedia.org/wiki/Roller-compactor
http://en.wikipedia.org/wiki/Roller-compactor
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Spur gears can be used to increase or decrease the 

torque, or power, of a given object. Spur gears are used to 

this effect in washing machines, blenders, clothes dryers, 

construction equipment, fuel pumps and mills. In power 

stations, so-called 'trains' of spur gears are used to convert a 

form of energy, such as wind or hydroelectric power, into 

electrical energy.Spur gears are also used to increase or 

decrease the speed of an object. For example, they are used 

in mechanical clocks to adjust the relative speeds of the 

second, minute and hour hands. In hand-held eggbeaters, 

spur gears are used to increase the speed of the eggbeater so 

it can be used more effectively. 

B. Rammer 

A sand rammer is a piece of equipment used in foundry sand 

testing to make test specimen of molding sand by 

compacting bulk material by free fixed height drop of fixed 

weight for 3 times. It is also used to determine compatibility 

of sands by using special specimen tubes and a linear scale. 

 
Fig. 3: Rammer 

C. Nut and Bolt 

A nut is a type of fastener with a threaded hole. Nuts are 

almost always used opposite a mating bolt to fasten a stack 

of parts together. The two partners are kept together by a 

combination of their threads' friction, a slight stretch of the 

bolt, and compression of the parts. In applications where 

vibration or rotation may work a nut loose, various locking 

mechanisms may be employed: Adhesives, safety pins or 

lock wire, nylon inserts, or slightly oval-shaped threads. The 

most common shape is hexagonal, for similar reasons as the 

bolt head - 6 sides give a good granularity of angles for a 

tool to approach from (good in tight spots), but more (and 

smaller) corners would be vulnerable to being rounded off. 

Other specialized shapes exist for certain needs, such as 

wing nuts for finger adjustment and captive nuts for 

inaccessible areas. 

 
Fig. 4: Nut &Bolt 

Nuts are graded with strength ratings compatible 

with their respective bolts; for example, an ISO property 

class 10 nut will be able to support the bolt proof strength 

load of an ISO property class 10.9 bolt without stripping. 

Likewise, an SAE class 5 nut can support the proof load of 

an SAE class 5 bolt, and so on. 

A wide variety of nuts exists, from household 

hardware versions to specialized industry-specific designs 

that are engineered to meet various technical standards. 

 In normal use, a nut-and-bolt joint holds together 

because the bolt is under a constant tensile stress called 

the preload. The preload pulls the nut threads against 

the bolt threads, and the nut face against the bearing 

surface, with a constant force, so that the nut cannot 

rotate without overcoming the friction between these 

surfaces.  

 Specialized locking nuts exist to prevent this problem, 

but sometimes it is sufficient to add a second nut.  

 For this technique to be reliable, each nut must be 

tightened to the correct torque. The inner nut is 

tightened to about a quarter to a half of the torque of the 

outer nut. It is then held in place by a wrench while the 

outer nut is tightened on top using the full torque.  

 This arrangement causes the two nuts to push on each 

other, creating a tensile stress in the short section of the 

bolt that lies between them. Even when the main joint is 

vibrated, the stress between the two nuts remains 

constant, thus holding the nut threads in constant 

contact with the bolt threads and preventing self-

loosening. When the joint is assembled correctly, the 

outer nut bears the full tension of the joint. The inner 

nut functions merely to add a small additional force to 

the outer nut and does not need to be as strong, so a thin 

nut can be used. 

D. Shaft  

A shaft is a rotating machine element which is used to 

transmit power from one place to another with the help of 

pulley or gear or sprocket or rope when the shafts are 

parallel. They have more strength per kg of material 

compare with solid shaft. It allows internal support or permit 

other shaft to operate through the interior. 

 
Fig. 5: Shaft 

E. Circular Base 

A hollow structural section (HSS) is a type of metal profile 

with a hollow tubular cross section. The term is used 

predominantly in USA, or other countries which follow US 

construction or engineering terminology.HSS members can 

be circular, square, or rectangular sections, although other 

shapes are available, such as elliptical. HSS is only 

composed of structural steel per code. 

HSS is sometimes mistakenly referenced as hollow 

structural steel. Rectangular and square HSS are also 

commonly called tube steel or structural tubing. Circular 

HSS are sometimes mistakenly called steel pipe though true 

steel pipe is actually dimensioned and classed differently 

from HSS. (HSS dimensions are based on exterior 

dimensions of the profile, while pipes are essentially 

http://en.wikipedia.org/wiki/Foundry_sand_testing
http://en.wikipedia.org/wiki/Foundry_sand_testing
http://en.wikipedia.org/wiki/Molding_sand
http://en.wikipedia.org/wiki/Profile_(engineering)
http://en.wikipedia.org/wiki/Cross_section_(geometry)
http://en.wikipedia.org/wiki/Structural_steel
http://en.wikipedia.org/wiki/Pipe_(material)
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dimensioned based on interior diameters, as needed to 

calculate areas for flow of liquids.) The corners of HSS are 

heavily rounded, having a radius which is approximately 

twice the wall thickness. The wall thickness is uniform 

around the section. 

In the UK, or other countries which follow British 

construction or engineering terminology, the term HSS is 

not used. Rather, the three basic shapes are referenced as 

CHS, SHS, and RHS, being circular, square, and rectangular 

hollow sections. Typically, these designations will also 

relate to metric sizes, thus the dimensions and tolerances 

differ slightly from HSS. 

 
Fig. 6: Circular Base 

F. Angles 

Slotted angle (also sometimes referred to as Slotted angle 

iron) is a system of reusable metal strips used to construct 

shelving, frames, work benches, equipment stands and other 

structures. The name derives, first, from the use of elongated 

slots punched into the metal at uniform intervals to enable 

assembly of structures fixed with nuts and bolts, and second, 

from the longitudinal folding of the metal strips to form a 

right angle. 

Steel remains the most commonly used slotted 

angle material, although aluminium alternatives are also 

available. The product is generally manufactured from sheet 

metal using machine presses to form the angle and to punch 

holes through the metal. The strips are normally produced in 

a variety of standard lengths, and steel versions are often 

painted or galvanized to protect them from rust. 

To construct items from slotted angle, items can be 

cut to size (some versions are marked to show the optimum 

points at which to cut the metal) using special slotted angle 

cutters or shears, and then fixed with nuts and bolts. Tension 

plates and other metal strips are also available to add 

strength to the finished structure. 

 

 
Fig. 7: Angle 

G. Rack 

A rack and pinion is a type of linear actuator that comprises 

a pair of gears which convert rotational motion into linear 

motion. A circular gear called "the pinion" engages teeth on 

a linear "gear" bar called "the rack"; rotational motion 

applied to the pinion causes the rack to move, thereby 

translating the rotational motion of the pinion into the linear 

motion of the rack.For example, in a rack railway, the 

rotation of a pinion mounted on a locomotive or a railcar 

engages a rack between the rails and forces a train up a steep 

slope. 

For every pair of conjugate involutes profile, there 

is a basic rack. This basic rack is the profile of the conjugate 

gear of infinite pitch radius. A generating rack is a rack 

outline used to indicate tooth details and dimensions for the 

design of a generating tool, such as a hob or a gear shaper 

cutter. Rack and pinion combinations are often used as part 

of a simple linear actuator, where the rotation of a shaft 

powered by hand or by a motor is converted to linear 

motion. 

The rack carries the full load of the actuator 

directly and so the driving pinion is usually small, so that 

the gear ratio reduces the torque required. This force, thus 

torque, may still be substantial and so it is common for there 

to be a reduction gear immediately before this by either a 

gear or worm gear reduction. Rack gears have a higher ratio, 

thus require a greater driving torque, than screw actuators. 

 

 
Fig. 8: Rack 
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H. DC Motor 

A 12 volt DC motor is used for giving power to the shaft. It 

provides plenty of power. Motion from the motor is 

transmitted to spur gear with the help of worm gear.  Rest of 

the information is covered in the image shown below. A DC 

motor is any of a class of electrical machines that converts 

direct current electrical power into mechanical power. The 

most common types rely on the forces produced by 

magnetic fields. Nearly all types of DC motors have some 

internal mechanism, either electromechanical or electronic, 

to periodically change the direction of current flow in part of 

the motor. Most types produce rotary motion; a linear motor 

directly produces force and motion in a straight line. 

DC motors were the first type widely used, since 

they could be powered from existing direct-current lighting 

power distribution systems. A DC motor's speed can be 

controlled over a wide range, using either a variable supply 

voltage or by changing the strength of current in its field 

windings. Small DC motors are used in tools, toys, and 

appliances. The universal motor can operate on direct 

current but is a lightweight motor used for portable power 

tools and appliances. Larger DC motors are used in 

propulsion of electric vehicles, elevator and hoists, or in 

drives for steel rolling mills. 

 
Fig. 9: DC Motor 

I. Step down transformer 

It is designed to reduce the voltage from the primary 

winding to the secondary winding. This kind of transformer 

“steps down” the voltage applied to it. 

As a step-down unit, the transformer converts high-

voltage, low-current power into low-voltage, high-current 

power. The larger-gauge wire used in the secondary winding 

is necessary due to the increase in current. The primary 

winding, which doesn’t have to conduct as much current, 

may be made of smaller-gauge wire. 

 
Fig. 10: Step down transformer 

J. Electromechanical Timer 

 
Fig. 11: An electromechanical timer 

Short-period bimetallic electromechanical timers use a 

thermal mechanism, with a metal finger made of strips of 

two metals with different rates of thermal 

expansion sandwiched together; steel and bronze are 

common. An electric current flowing through this finger 

causes heating of the metals, one side expands less than the 

other, and an electrical contact on the end of the finger 

moves away from or towards an electrical switch contact. 

The most common use of this type is in the "flasher" units 

that flash turn signals in automobiles, and sometimes 

in Christmas lights. This is a non-electronic type of multi 

vibrator. 

An electromechanical cam timer uses a small 

synchronous AC motor turning a cam against a comb 

of switch contacts. The AC motor is turned at an accurate 

rate by the alternating current, which power companies 

carefully regulate. Gears drive a shaft at the desired rate, and 

turn the cam. The most common application of this timer 

now is in washers, driers and dishwashers. This type of 

timer often has a friction clutch between the gear train and 

the cam, so that the cam can be turned to reset the time. 

Electromechanical timers survive in these applications 

because mechanical switch contacts may still be less 

expensive than the semiconductor devices needed to control 

powerful lights, motors and heaters. In the past, these 

electromechanical timers were often combined with 

electrical relays to create electro-mechanical controllers. 

Electromechanical timers reached a high state of 

development in the 1950s and 1960s because of their 

extensive use in aerospace and weapons systems. 

Programmable electromechanical timers controlled launch 

sequence events in early rockets and ballistic missiles. As 

http://en.wikipedia.org/wiki/Alternating_current
http://en.wikipedia.org/wiki/Electric_motor
http://en.wikipedia.org/wiki/Cam
http://en.wikipedia.org/wiki/Gear
http://en.wikipedia.org/wiki/File:Electromechanicaltimer.JPG
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digital electronics has progressed and dropped in price, 

electronic timers have become more advantageous. 

 
Fig. 11: Automatic Soil Compaction Machine 

VII. DESIGN 

While designing soil compactor we have chosen the specific 

diameter of rammer and mold, so we took rammer of 2.6kg 

weight and mold of 100mm diameter and height 127.3mm. 

We selected stroke length of 280mm. 

Weight of rammer (w) =2.6kg 

Height of stroke (h)      = 0.31m 

Number of soil layer (l) = 3 

Number of strokes(s) = 25 

We calculated the force of rammer by using following 

equation  

Energy =mgh 

And hence we have, 

Force =wghls 

Force = 2.6x9.8x0.31x3x25 

           =592.41 N-m (Joule) 

We have taken length of stroke 280 mm so we adjusted 

weight of rammer for given force 

592.41 =Wx9.8x0.28x3.25 

Hence……….. W =592.41/9.8x0.28x3x25 

W =2.8785 

So we obtained weight of rammer for given force i.e. 2.8785 

kg. 

VIII. FABRICATION 

While manufacturing the machine firstly we selected a 

circular base for its component. It is made of MS having 

thickness 8 mm and a hole from center of diameter 150 mm 

and outer diameter 330 mm. By welding operation we 

welded three rigid angles to the circular base. On these three 

angles we drilled several hole for height adjustment of gear 

shaft.  

We took shaft of length 480 mm and diameter 25 

mm at the middle of the shaft. We fixed the gear whose 

pitch of the teeth 6.5 mm it having total 70 teeth later we 

wear cut the 12 teeth. We fixed the shaft in two bearing 

mounted in two supporting arms respectively, and fixed it 

on arms by nut and bolt. 

For height adjustment of rammer and holding the 

guide in which the rammer slides. The rammer was made of 

shock up pipe of internal diameter 27 mm and external 

diameter of 30mm and height 540 mm with stopper. A rack 

of 6.5 mm pitch was brazed on the pipe. At the bottom we 

fixed a rammer base of thickness 15 mm and diameter 750 

mm and is connected to the pipe by the thread which are 

already present in the shock up pipe this pipe slides in the 

guide mounted on the third rigid angle. The whole unit of 

rammer of 2.87 kg later we hold together the both teeth of 

rack and gear tightly to each other at meshing position and 

welded three supporting angle by means of rod and hence 

the meshing of rack and pinion is obtained. This medium-

weight rammer provides the high-impact shear forces 

needed to compact cohesive soilproperly compacted soil is a 

key component of virtually every construction project. 

Different types of soil have different characteristics 

that affect its maximum density and optimal moisture 

content. Soils are typically classified by grain size, which is 

found by passing soil through a series of progressively finer 

sieves. A well-graded soil features a wide range of particle 

sizes, with smaller particles that fill in voids between the 

larger ones. Such soils develop a suitably dense structure 

when compacted. After fabrication soil compaction machine 

looks like as shown in figure. Supporting angles are 

mounted on the base. D C motor is mounted on these angles. 

Spur gear is connected to the shaft of motor with the help of 

worm gear. Rammer is engaged with spur gear which 

constitutes a rack and pinion mechanism. Mechanical timer 

is connected as shown in figure 11. 

IX. SOIL TYPES 

Different types of soil have different characteristics that 

affect its maximum density and optimal moisture content. 

Soils are typically classified by grain size, which is found by 

passing soil through a series of progressively finer sieves. A 

well-graded soil features a wide range of particle sizes, with 

smaller particles that fill in voids between the larger ones. 

Such soils develop a suitably dense structure when 

compacted. The American Association of State Highway 

and Transportation Officials classify 15 different soil 

groups, and soils in nature generally represent a combination 

of types. The types fall within three broad categories: 

cohesive, granular, and organic. Only the first two are 

capable of compaction. 

Cohesive soils are mainly composed of the smallest 

particles silts and clays that range from 0.00004 to 0.002 

inch and are tightly bound together through molecular 

attraction. These soils are dense, and the individual particles 

are not visible to the naked eye. They can be moulded when 

wet, and become very hard when dry. Granular soils are 

mainly composed of sand and gravel particles sand ranging 

from 0.003 to 0.08 inch and fine-to-medium gravel from 

0.08 to 1 inch. The individual grains are visible, and the soil 

feels gritty when rubbed between fingers. Water drains 

readily through granular soil. 
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The table below rates these soil types for their properties 

and suitability for some construction applications. 

X. COMPACTION SPECIFICATION 

Class of material 
Load bearing pressure 

(psf) 

Crystalline bedrock 12000 

Sedimentary rock 6000 

Sandy gravel or gravel 5000 

Salty sand 3000 

Sandy clay 2000 

Table: 2 

Soil structure is the arrangement of soil particles into small 

clumps, called peds or aggregates. Soil particles bind 

together to form peds. Depending on the composition and on 

the conditions in which the peds formed. 

Crystalline rock composed entirely of crystallized 

minerals without glassy matter. Intrusive igneous rocks 

those that congeal at depth are virtually always crystalline, 

whereas extrusive igneous rocks, or volcanic rocks, may be 

partly to entirely glassy. Sedimentary rocks are types of rock 

that are formed by the deposition of material at the earth’s 

surface and within bodies of water. Sedimentation is the 

collective name for processes that cause mineral or organic 

particles to settle and accumulate or minerals to precipitate 

from a solution. Particles that form a sedimentary rock by 

accumulating are called sediment. Gravel means the small 

stones which make up such a beach on the coast. Gravel 

often has the meaning a mixture of different size pieces of 

stone mixed with sand and possibly some clay. Silt is 

granular material of a size somewhere between origin is 

quartz and feldspar. Silt may occur as a soil or a sediment 

mixed in suspension with water in a body of water such as a 

river. It may also exist as soil deposited at the bottom of 

water body. 

XI. CONCLUSION 

The trial has been carried out in our institute and it was 

observed that, the soil compaction machine works 

satisfactory. The relationship between soil moisture contains 

and compacted dry density is very useful for deciding 

construction, specification and quality control of compacted 

earth fill. While concluding the shear strength of soil it is 

mainly the ability of a soil to resist shear failure along a 

certain rupture plane or zone. The shear strength of a soil 

comes from the cohesion, friction, or combination of both. 

There are two groups of factors that would affect the shear 

strength of a given soil. The first group includes the void 

ratio of the soil and the confining stresses. The second group 

includes the size, the shape, and the gradation of the 

particles making up the soils. Sand and gravel have no real 

cohesion. A cohesive soil, on the other hand, obtains the 

shear strength mainly from cohesion. In some instances 

when a new embankment is constructed, part of the “load” 

will be carried by the water held within a saturated soil. 

However, as time goes by, the water escapes from the soil 

which means that the friction between the particles is more 

effective. Thus, the shear strength can increase with time. 

Comparing this result with advanced compaction machine, 

this machine has given good performance. 

From this project we have concluded that this existing soil 

compaction machine can reduces the human effort. It is one 

of the most efficient compaction machine manufactured at 

low cost.  

XII. FUTURE SCOPE 

 The existing machine can be made more automatic by 

rotating the mold automatically after every stroke. 

 Electromechanical timer can be replaced by completely 

electrical timer.  

 Vibration absorbers can be attached to base of the 

machine. 

 Transformer can be kept in separate wooden box. 
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