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                                                            ABSTRACT 

The compaction attributes between standard Proctor and modified Proctor tests have been looked at. 

The outcomes show that most maximum dry unit weight esteems are tantamount for both the tests 

yet optimum moisture content qualities contrast marginally more. For both the tests: optimum 

moisture content was found to associate best with liquid limit, and the relationship for maximum dry 

unit weight with optimum moisture content was discovered to be nearly the equivalent. On 

comparing the maximum dry densities and optimum water content of all the soil samples achieved 

in both the tests, it was found that the maximum dry densities increases and the optimum water 

content decreases as we increase the sand content in the soil. 
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Compaction implies squeezing the soil particles near one another by mechanical techniques. Air 

during compaction is ousted from the void space in the soil mass and, in this way, the mass thickness 

is expanded. Compaction of a soil mass is done to improve its designing properties or we can say the 

engineering properties. Compaction for the most part expands the shear quality of the soil, and 

subsequently the steadiness and bearing capacity. As we all know by reducing the air voids in the soil 

due to compaction it enhances the main two engineering properties of the soil i.e., compressibility 

and permeability. On the other hand, Consolidation and Compaction are entirely two different 

processes. Before moving to the main objective of this paper it is important to know the basic 

differences between the two processes even though both the processes help in the reduction of 

volume. 

 

1. Introduction 

http://www.jetir.org/
mailto:alok.21666@lpu.co.in


© 2021 JETIR May 2021, Volume 8, Issue 5                                                                                    www.jetir.org (ISSN-2349-5162) 

JETIR2105014 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org a113 
 

1. Consolidation is a steady cycle of decrease of volume under continued, static stacking; though 

compaction is a fast cycle of decrease of volume by mechanical methods, for example, moving, 

packing and vibration. 

2. Consolidation causes a decrease in volume of a saturated soil because of extracting from water 

from the soil; while in compaction, the volume of a partially saturated soil diminishes in light of 

removal of air from the voids at the unaltered water content. 

3. Consolidation is a cycle which happens in nature when the immersed soil stores are exposed to 

static burdens brought about by the heaviness of the structures and different structures. Conversely, 

compaction is an artificial process which is done to build the thickness (unit weight) of the soil to 

improve its properties before it is put to any utilization. 

4.  Compaction of soil is that process which is always required for the construction of highways, 

earth dams, canal embankments and in many other engineering applications. 

 

 
1.1 FACTORS AFFECTING COMPACTION: - 

i. Water Content: - As the water content being low, the soil has a stiff nature and shows more 

resistance to compaction. As we increase the water content of the soil the particles of the soil get 

lubricated. So, it means the soil becomes more workable and the soil gets rearranged due to which 

particles get closer. The dry density of the soil increases with an increase in the water content till the 

optimum water content is reached. At that level of water content voids in the soil attain the constant 

volume but with additional increase in the water content the voids in the soil do not decrease but the 

total voids (air plus water) increase and the dry density decreases. Subsequently the higher dry 

density is accomplished to the optimum water content due to compelling air from the soil voids. After 

the optimum water content is reached, it turns out to be harder to constrain freshen up and to 

additionally diminish the air voids. The impact of water content on the dry thickness of the soil can 

likewise be clarified with the assistance of electrical double layer hypothesis. 

ii. Amount of Compaction: - As talked about before, the impact of expanding the measure of 

compactive exertion is to build the most extreme dry density and to diminish the optimum water 

content. At a water content not exactly the optimum, the impact of expanded compaction is more 

overwhelming. At a water content more than the optimum, the volume of air voids turns out to be 

practically steady and the impact of expanded compaction isn't huge. It very well might be 

referenced that the most extreme dry density doesn't continue expanding with an expansion in the 

compactive exertion. For a specific expansion in the compactive exertion, the increment in the dry 

thickness decreases and more modest. At long last, a phase is reached past which there is no further 

expansion in the dry thickness with an expansion in the compactive exertion. The line of optimum 

states which joins the pinnacles of the compaction bends of various compactive endeavors follows 

the overall pattern of the zero-air void line. This line relates to air voids of about 5%. 

iii. Type of Soil: - So the dry density which is achieved gets dependent on the type of the soil. When 

all is said in done, coarse-grained soils can be compacted to higher dry thickness than fine-grained 

soils. With the expansion of even a little amount of fines to a coarse-grained soil, the soil 
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accomplishes a lot higher dry thickness for a similar compactive exertion. Notwithstanding, if the 

number of fines is expanded to a worth more than that needed to make up for the shortcomings of 

the coarse-grained soils, the most extreme dry density diminishes or decreases. 

iv. Method of Compaction: - So not only the compactive efforts plays a role in achieving the dry 

density but also the method of compaction. For a similar measure of compactive exertion, the dry 

thickness will rely on whether the technique for compaction uses kneading activity, dynamic activity 

or static activity. Various techniques for compaction give their own compaction bends. Thusly, the 

lines of desired states are likewise extraordinary. The different methods of compaction include 

rollers like Pneumatic rollers, smooth wheel rollers etc. and tampers. 

v. Admixture: - The characteristics of the compaction of soil are further improved by adding the 

admixtures to the soil. Some of the admixtures which are added are lime, cement, and bitumen. Here 

also the dry density depends on type and amount of admixture. 
 

Figure 1: - Compaction curves for different soils 

1.2 Objectives 

 

1. Characterization of various soils. 

2. To check the maximum dry density (MDD) and optimum moisture content. 

3. Devise an equation predicting the results of modified proctor test from standard proctor test. 
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          Figure 2: -   Flow chart showing experimental work 
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2.1 Background 

Soil compaction is a pivotal part of the advancement cycle. It is used for help of assistant 

components, for instance, building foundations, roads, walkways, and earth holding structures to 

give a few models. For a given soil type certain properties may think of it as essentially appealing 

to perform adequately for a particular circumstance. All things considered, the preselected soil 

should have adequate quality, be commonly incompressible so future settlement isn't gigantic, be 

consistent against volume change as water content or various components move, be tough and 

protected against disintegrating, and have proper permeability. [9] 

Exactly when a region is to be filled or topped off the soil is set in layers called lifts. The limit of 

the essential fill layers to be properly compacted will depend upon the condition of the standard 

material being covered. In case unacceptable material is left set up and inlayed, it may pack over a 

broad stretch under the substantialness of the earth fill, causing settlement breaks in the fill or in 

any structure maintained by the fill. To decide whether the common soil will uphold the principal 

fill layers, a zone can be evidence rolled. Evidence moving comprises of using a piece substantial 

development gear (regularly, hefty compaction hardware or pulling gear to go through the filling 

and looking for redirections to be uncovered. These territories will be shown by the improvement of 

rutting, siphoning, or ground weaving. [9] 

The soil sort - that is, grain-size appropriations, state of the soil grains, explicit gravity of soil solids, 

and sum and kind of earth minerals, present - affects the greatest dry unit weight and ideal dampness 

content. It likewise impacts that the way the materials will be compacted in such a situation. 

Compaction is refined by utilization of weighty hardware. In sediments and soils, a sheep foot roller 

is every now and again utilized, to make some of the areas of exceptional shearing, which drives 

ventilate of the soil. [9] 

2.2 Literature Review 

In 1933, Ralph R. Proctor, an understudy at the University of California, Berkeley, set up a research 

facility methodology that effectively characterizes the down to earth greatest thickness of a soil 

example alongside the ideal dampness content expected to accomplish that thickness. That idea is 

referred to the present time as the dampness thickness relationship test, lab compaction qualities of 

soils, or just the standard Proctor test, and is point by point in ASTM D698 and AASHTO T 99 test 

strategies. Unit loads and dampness content field tests could now be communicated as a percent of 

the research center qualities for a similar soil, making it simpler for the architect to indicate what 

was required and to report the appropriateness of the work acted in the field. Moreover, realizing 

the ideal dampness content gave clear direction for whether the soils being compacted should be 

made drier or wetter to make everybody's occupation simpler [9]. 

In the last piece of World War ll and later into the 1950's, heavier unique burdens from bigger airplane 

2.Background and Literature Review 
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and heavier, more regular truck traffic were setting more noteworthy interest on asphalts and soil 

subgrades. Once in a while the compacted soils had breezing through thickness assessments 

dependent on standard Proctor esteems yet were all the while avoiding a lot under burden to convey 

the expanded powers. In straightforward terms, densities were too low and ideal dampness were 

excessively high for these expanded loadings. Simultaneously, field compaction hardware was 

increasing and more proficient, making it conceivable to smaller soils to higher densities at lower 

dampness substance. The modified Proctor test was presented in 1958 as ASTM D1557 and 

AASHTO T 180 to deal with these equipment’s at greater burdens. 

 

P.Talukdar & B.Sharma 2014 

Densification of soil at, maximum dry thickness is needed in many designing tasks. The water 

content dry density relationship of the soil acquired from Proctor's test frames the reason for 

particular and field compaction control. Lab assurance of maximum dry density (MDD) and 

optimum moisture content (OMC) by the Proctor test requires extensive time and exertion and these 

qualities are being utilized to choose for the maximum dry density (MDD) and optimum moisture 

content (OMC) of subgrade, in which generally static compaction technique is utilized. In this 

investigation, a research facility technique is contrived to decide the maximum dry density esteem 

(MDD) at optimum moisture content (OMC) esteem by utilizing static compaction. The 

investigation shows that the connection between water substance and dry thickness in static 

compaction is allegorical in nature. Complete three number of soils of fluctuating versatility 

qualities were tried. [9] 

 

Alex Austin with Standard test methods, 2007 

A soil at a chose shaping water content is set in 3 coatings into a form of given measurements, with 

every single layer trampled by 25 or 56 blows of a 6.50-lbf (25.175-N) rammer released from a 

separation of 12.00 in. (304.8 mm), exposing the soil to an all-out compactive exertion of around 

13100 ft-lbf/ft3 (599 kN- m/m3 ). The subsequent dry unit weight is resolved. The technique is 

rehashed for an adequate number of trim water substance to build up a connection between the dry 

unit weight and the embellishment water content for the soil. This information, when plotted, speaks 

to a wavy relationship known as the compaction bend. The estimations of ideal water substance and 

standard greatest dry unit weight are resolved from the compaction bend. [9] These test strategies 

cover research center compaction techniques used to decide the connection between trim water 

substance and dry unit weight of soils (compaction bend) compacted in a 5 or 7-in. (102.6 or 155.4-

mm) width form with a 6.17-lbf (23.9- 

N) rammer dropped from a tallness of 12.0 in. (305 mm) creating a compactive exertion of 13100 

ft-lbf/ft3 (533 kN-m ⁄m3). [9] 

NOTE 1—The hardware and strategies are comparative as those projected by R. 

R. Delegate with this one significant special case: his rammer blows were functional as "11 inch 
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firm strokes" rather than free fall, creating variable compactive exertion relying upon the 

administrator, however most likely in the reach 16 000 to 26 000 ft-lbf/ft3 (699 to 1190 kNm/m3). 

The standard exertion test (see 3.1.4) is now and then alluded to as the Proctor Test. [9] Soils and 

soil- total combinations are to be viewed as regular happening fine-or coarse-grained soils, or 

composites or combinations of common soils, or combinations of normal and prepared soils or totals, 

for example, rock or squashed stone. From this point forward alluded to as one or the other soil or 

material. These test techniques spread over just to soils (materials) that have 30 % or less by mass 

of particles held on the ¾-in. (18.1-mm) sifter and have not been recently compacted in the research 

center; that is, don't reuse compacted soil. For connections between unit loads and embellishment 

water substance of soils with 30 % or less by mass of material held on the ¾-in. (19.0-mm) strainer 

to unit loads and embellishment water substance of the portion passing ¾-in. (19.0-mm) strainer, 

see Practice D4718. [9] 

Asuri Sridharan and Puvvadi Venkata Sivapullaiah1,2005 

The norm and changed Proctor compaction tests are conceived to set up dry unit weight-water 

content connections for a soil under controlled conditions, for example, compactive exertion, water 

content, and so forth This paper presents a scaled down compaction contraption principally for use 

in fine grained soils, which requires just around 1/tenth volume of soil required for the norm and 

adjusted Proctor test. Furthermore, the time and exertion associated with doing the compaction test 

is considerably less, Also, the compacted soil test, subsequent to managing, can be utilized for quality 

tests. [9] 

Finally, they came to on a resolution which are summarized in the accompanying focuses: - 

1. A small scale compaction device has been intended to create Proctor and adjusted Proctor 

compaction bends for fine grained soils containing particles better than 2 mm. The created 

mechanical assembly comprises of shape of 3,81- cm inward measurement and stature of 10 cm 

with falling mallet of weight 1.0 kg will 36 blows/layer in three layers for Proctor compaction 

bend. For altered 

delegate bend, the sledge weight is 2,5 kg and number of blows per layer is 36, in three layers. [9] 

2. The energies per unit volume applied in the device for standard and adjusted Proctor densities 

are, separately, bigger than the energies per unit volume of the norm and changed Proctor tests. This 

is because of loss of energy during the effect between the mallet and the energy moving foot, higher 

sidewall contact and lesser impact of effect on the soil sick creation it denser, in the proposed 

contraption. Because of nonaccountability of careful estimation of coefficient of compensation, 

impact of effect and sidewall rubbing and different misfortunes, the quantity of blows needed with 

the proposed contraption was really gotten by looking at the compaction bends got from the 

proposed device and the norm and altered Proctor compaction bends rather than hypothetical 

computation. [9] 
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3. In standard and changed Proctor tests, there will be swelling of soil when the test is directed on 

the wet side of ideal. Tn the proposed contraption, there is no possibility of protruding as the inner 

breadth of the shape and the energy moving foot are practically equivalent. Because of this failure 

in compaction, standard and changed Proctor tests give generally lower dry unit loads on the wet 

side of ideal when contrasted and the outcomes acquired with the new mechanical assembly, the 

distinction between the dry unit weight and ideal water content got from standard and proposed 

device is unimportant overall. 

4. The proposed device is less complex and speedier, and the measure of exertion included is 

relatively substantially less, and furthermore spares a lot of soil. 

5. Tests for quality tests can be acquired with, (least unsettling influence and lesser time). 

MARIA J. SULEWSKA, DARIUSZ TYMOSIAK,2010 

Examination of compaction boundaries of the praiseworthy non-durable soil controlled by Proctor 

strategies and vibrating table tests. The motivation behind the work is to examine compaction 

boundaries of non-firm consistently reviewed soil – ideal dampness content (wopt) and greatest dry 

thickness (ρdmax), got from Proctor tests and utilizing vibrating table. The examination was led on 

even- reviewed medium sand of consistency coefficient CU = 3.10 and coefficient of arch CC = 

0.99. Compaction boundaries were inspected by utilizing Proctor tests 

– standard Proctor tests (I and II) and adjusted Proctor tests (III and IV) in consistence with PN-OT-

05561:1988, and furthermore standard (A+A and A+B) and altered (B+A  and  B+B)  as  indicated  

by  PN-EN  13286-2:2010,  and by 

utilizing a vibrating table in consistence with PNEN 13526-5:2006 at four example stacking 

endeavours. The dampness substance of the examples expanded by 1–2% in the scope of about 0% 

to about 10%. Based on the examination of information from soil concentrates with uniform grain 

size (ineffectively compactable soil), [9] it very well may be presumed that the estimations of test 

outcomes ρdmax of medium sand with standard (or adjusted) Proctor tests as per PM-OT-

03361:1977 and PJ-DS 14789-2:2010 are near one another. It tends to be inferred that on account 

of ρdmax, the vibrating table strategy (with the accepted test conditions) permits to accomplish 

results practically identical to those of Proctor (mean relative contrast 1.88%). Utilizing the 

pulsating table, the wopt values were lower than those got by Proctor tests (mean relative contrast 

of 17.84%).[9] 
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3. Results and Discussions 

3.1 Maximum dry density graph of all the samples obtained from standard proctor test 

The maximum dry densities obtained from the standard proctor test results for the four samples are 

plotted as follows: - 
 
 

 

 

 

 

 

Fig 3: - Comparison of maximum dry densities of various soil samples based on standard proctor test. 

 Upon increasing the sand content of the soil samples the maximum dry density is increasing and 

the optimum moisture content is decreasing. 

 The line of optimum has a slope of 0.053. 
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3.2 Maximum dry density graph of all the samples obtained from modified proctor test 

The maximum dry densities obtained from the modified proctor test results for the four samples 

are plotted as follows: - 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4: - Comparison of maximum dry densities of various soil samples based on 

modified proctor test. 
 

 Upon increasing the sand content of the soil samples the maximum dry density is increasing and 

the optimum moisture content is decreasing. 

 The line of optimum has a slope of 0.052. 
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4. Conclusions 
 

 On comparing the maximum dry densities and optimum water content of all the soil samples 

achieved in both the tests, it was found that the maximum dry densities increases and the optimum 

water content decreases as we increase the sand content in the soil. 

 Upon joining the maximum dry densities of the soil samples in the standard proctor test the line 

of optimums formed has a slope of 0.053. 

 In case of modified proctor test the slope of line of optimums is 0.052 which is same as obtained 

in standard proctor test. 

 Both the lines are parallel to each other at a distance of 0.18. 

 Thus we concluded that the results of one test can be predicted on knowing the results of the other 

by the following equation: - 

Y = X + 0.18 

where 

 

Y = maximum dry density in modified proctor test in g/cm3 

          X = maximum dry density obtained in standard proctor test g/cm3 

 

 The optimum water content of all the soils as obtained in standard proctor test and the modified 

proctor test also follow a same trend on changing the particle size distribution of the soils. 

 On increasing the sand content in the soil samples the optimum moisture content got decreased 

in both the tests. 

 Thus we concluded that the optimum moisture content obtained in the standard proctor test can be 

used to determine the optimum moisture content in modified proctor test by the following equation: 

- 

                                                                M = S – 3.5 

where 

            M = Optimum moisture content for the soil sample in modified proctor test in %. 

S = Optimum moisture content of the soil sample obtained in standard proctor test in %. 
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