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Abstract  

Compaction is an important activity in civil engineering construction and is first 

experimented in the laboratory before it is actually carried out on the field. In doing 

so, attention is usually paid to an appropriate method that can give maximum dry 

density (MDD) at specified optimum moisture content (OMC) depending on soil type. 

In particular, vibratory compactions have been used instead of impact compaction for 

most cohesionless soils. This study examines the strength characteristics (MDD) of 

cohesionless soils with regards to impact and vibratory methods of compaction. 

Specimens of cohesionless soil were obtained from six different borrow pits and tested 

in the laboratory using modified Proctor and vibratory hammer method of 

compaction. MDD values vary between 1.765 – 1.823 Mg/cm3 and 1.775 – 1.856 

Mg/cm3 for impact (modified Proctor) and vibratory hammer compactions 

respectively. Further statistical analyses of MDD results show that the values obtained 

from impact compaction (modified Proctor at 0% moisture content) differ by small 

margin when compared to vibratory hammer method of compaction. The margin of 

difference is statistically insignificant (t5 = 2.516, p = 0.0534) according to paired t-

test carried out. This signifies that the two methods of compaction on samples of 

cohesionless soils tested were moderately strong and positively correlated (r = 0.723, 

p = 0.102). This simply means that impact compaction of cohesionless soil at 0% 

moisture content gives MDD values that rival those of vibratory hammer compaction. 

  

Keywords: Cohesionless soil, impact compaction, t-test, vibratory hammer 

compaction, maximum dry density, modified Proctor.  

 

Introduction 

Compaction is the technique of packing collectively of soil particles by way of 

lowering the air voids. This is usually completed by mechanical means such as rolling, 
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ramming or vibration. It usually entails a pretty rapid reduction in the void volume and 

a corresponding reduction in the volume of the soil. These changes are usually equal 

to the loss in volume of air, as water is seldom driven out of the voids during the 

process (Arora, 2005 & Chilukwa, 2013). Cohesionless soils have many uses in civil 

engineering constructions ranging from their application as backfill materials in earth-

retaining structures to their uses in hydraulic embankment structures and 

constructions. They have an attractive quality of draining off water quickly but require 

adequate placement and compaction to be able to function properly in structural 

environment. Poor compaction may lead to structural malfunction due to improper 

settlement of the backfill which ultimately creates distress to the structure (Arcement 

& Wright, 2001). However, potential ingress of water into the structure can be 

restricted as a result of the close packing (densification) of the material. Effective 

compaction is therefore one of the most economical methods to improve the structural 

capacity of civil structures (Chilukwa, 2013). More specifically, Prochaska et. al 

(2005), argues that poor compaction of granular soils leads to excessive settlements, 

especially when impact compaction method is used instead of vibratory means of 

compaction.  

Impact and vibratory compaction of cohesionless soil is a subject that many 

researchers have recently looked at. While it is generally accepted that cohesionless 

soil can best be compacted by vibratory means (Prochaska, Drnevich & ASCE, 2005), 

others have argued that impact compaction is the best and accepted means by which 

compaction controls on the field can be simulated (Tavenas et al, 1973; Wright et al, 

2003). Thus, accurate measure of the effectiveness of compaction by either vibratory 

or impact method have generated interest among engineers and researchers especially 

with regards to dry densities attainable. There is always the need to find the best 

approach or method in order to determine the highest dry density achievable and the 

corresponding moisture content. In case of pure sandy soils the effect of water content 

on the dry density is not well defined when the water content is below the optimum 

value, Arora, (2005). 

Sands are generally cohesionless, non-plastic and have poor to moderate bearing 

capacity. Granular materials derived from either natural weathering or the artificial 

crushing of rocks with particles sizes between 0.06 – 2.0 mm are generally classified 

as sands. It has been shown that engineering properties of sands like shear strength, 

volume stability, frictional resistance and compressibility can be improved by 

compaction (Craig, 1987; Keller Foundation, 2018).  

Relative density or density index (ID) is widely used to represent the degree of 

compaction of cohesionless soils. Compaction quality control is usually linked to the 
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dry densities of the granular material or aggregate when it is oven dried. Compaction 

quality control is the ratio of the field maximum dry density to the laboratory 

maximum dry density (Choi, Ahn, Lee & Ahn, 2020). However, there is a problem of 

reproducing relative density especially on the field which necessitated the adoption of 

maximum dry density (MDD) obtained by impact compaction in compaction controls 

(Massarsch & Fellenius, 2002; Wright et al, 2003). Maximum dry densities obtained 

by modified Proctor and other similar impact tests have been shown to have matched 

or even exceeded maximum index densities (Arcement & Wright, 2001). In making 

comparison to British vibratory hammer, Arcement & Wright (2001) have indicated 

in some instances that impact compaction by these procedures have produced similar 

maximum dry densities with vibratory hammer compaction test.  

This paper presents analyses of compaction results obtained by impact compaction 

(modified Proctor) and vibratory hammer procedures on cohesionless soil samples 

from Nsukka Local Government Area of Enugu State, Nigeria.  

 

Materials and Methods 

Location of the Study Area 

Nsukka LGA has an estimated area of 1,810 km² and is located on a geographical 

coordinates of 6051’24’N and 7023’45’E. It is a town and Local Government Area in 

southeast Nigeria in Enugu state (Nsukka, 2018). 

 

Materials and Equipment 

The samples used in this study were obtained from Opi, Obimo and Nkpologu 

communities of Nsukka, Enugu state. These materials are backfill sand grade samples 

with colours varying from reddish brown to white. List of equipment used include: 

selected set of sieves to BS standard, motorized sieve shaker, with specifications of 

250V, 50Hz and 370W, electronic sensitive weighing balance with an accuracy of 0.1 

g and a maximum load of 15 kg, Edelman auger type, shovel, modified Proctor mould 

with 944 cc, with internal diameter of 10.16 cm and height of 11.7 cm, electric 

vibrating hammer (vibratory table) with 240 V, 50 Hz with maximum vibrating 

capacity of 1150 W and a total weight of about 75 kg, steel tamper, base plates, 4.5 kg 

rammer and leveler or spatula.  

 

Sampling Methods  

The borrow pits from which the materials used in this work were obtained, are located 

outside the communities already mentioned in section 2.2. Two samples were 

collected from each community from different borrow pits. About 25 kg of sand 
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sample was collected at each borrow pit for testing. All the samples were collected at 

depths ranging between 1.5 m to 5.0 m.  The sand samples were scrapped down from 

the exposed strata to the pits floor and were packaged into each polythene bag and 

labelled accordingly (Figure 1(b)). In some pits, the samples were directly taken from 

the surplus on the floor of the pits using shovel. The collected samples were 

transported to Geotechnical Laboratory of Civil Engineering Department, University 

of Nigeria, Nsukka, where they were tested for their compaction characteristics and 

index properties.  

  
Figure 1: Description of sampling technique (a) Opi-I sampling site (b) Opi-II sample 

collection (c) Obimo-I sampling site (d) Npologwu-I sampling site.  

(Source: Pogu, 2018, p. 35). 

 

Experimental Procedures  

The laboratory tests carried out in this study confirm to the general principles and 

procedures outlined and described in BS 1377-2: 1990 and BS 1377-4: 1990. 

 

Paired t-Test  

Paired t-test is an inferential statistical tool that compares the means of two 

independent observations and presents an acceptance or rejection decision based on 

the level of significance, α. The importance of the test is to determine whether there is 

statistical evidence that the mean difference between paired observations on a 

particular outcome is significantly different from zero (Kreyszig, 2006). The general 

representation of t-distribution is given by: 

t = 
ẍ𝑑𝑖𝑓𝑓−0

𝑆ẍ
                                                                                                                 1 

Where 𝑆ẍ= 
𝑆𝑑𝑖𝑓𝑓

√𝑛
                                                                                                      2 

a) c) d) b) 
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Where: ẍ𝑑𝑖𝑓𝑓 = Sample mean of the differences, n = Sample size, 𝑆𝑑𝑖𝑓𝑓 = Sample 

standard deviation of the difference, and 𝑆ẍ = Estimated standard error of the mean. 

 

Results and Discussions 

Presentation of Results  

The results of the tests carried out and their graphical representations and 

interpretations are presented in Tables 1, 2, 3, 4 and 5 and Figures 2 and 3. The results 

are discussed under section 3.2.  

 

Table 1: Samples classification and description  

Sample 

No. 

% Passing No. 200 Sieve  FM  CU  CC Classification 

(USCS) 

Group 

Symbol 

Group 

Name 

OPI-I 2.93 2.23 2.57 1.34 SP Poorly 

graded 

sands 

OPI-II 1.22 2.29 3.03 1.14 SP 

NKPOLOGU-I 1.52 1.93 2.75 1.45 SP 

NKPOLOGU-II 1.43 2.42 2.92 1.16 SP 

OBIMO-I 2.20 1.85 3.09 0.93 SP 

OBIMO-II 0.34 1.88 2.54 0.90 SP 

USCS: Unified Soil Classification System, FM: Fineness Modulus, CU: Coefficient of 

Uniformity, CC: Coefficient of Curvature 

 

Table 2: Impact compaction tests results – Proctor compaction 

OPI - I OPI – II NKPOLOGU - I NKPOLOGU - II OBIMO – I OBIMO – II 

Dry 

Densi

ty  

 

Mg/c

m3 

Moist

ure 

Conte

nt  

 

(%) 

Dry 

Densi

ty  

 

Mg/c

m3 

Moist

ure 

Conte

nt  

 

(%) 

Dry 

Densi

ty 

 

 

Mg/c
m3 

Moist

ure 

Conte

nt  

 

(%) 

Dry 

Densi

ty  

 

Mg/c

m3 

Moist

ure 

Conte

nt  

 

(%) 

Dry 

Densi

ty  

 

Mg/c

m3 

Moist

ure 

Conte

nt  

 

(%) 
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Mg/c
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Conte
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(%) 

1.823  0 1.773   0 1.808 0 1.813 0 1.780 0 1.765 0 

1.536 4.7 1.647 5.0 1.691 4.7 1.703 5.4 1.764 5.6 1.753 5.7 

1.545 7.9 1.709 7.9 1.729 7.2 1.741 8.5 1.723 8.1 1.771 8.3 

1.632 11.3 1.700 10.6 1.672 9.3 1.715 11.8 1.735 11.9 1.715 10.7 

1.610 13.5 1.622 12.8 1.678 11.4 1.684 14.9 1.693 14.3 1.692 13.3 
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1.593 15.3 1.637 15.6 1.665 13.4 1.636 16.6 1.681 15.4 1.702 16.0 

1.607 16.9 1.643 17.2 1.656 15.9 1.645 18.3 1.664 17.4 1.696 17.4 

 

Table 3: Comparison of maximum dry densities (MDD) 

Sample No. Modified Proctor 

 

(Mg/cm3) 

Vibratory Hammer  

Compaction 

(Mg/cm3) 

Difference 

 

(Mg/cm3) 

Percentage 

Difference 

 

Opi I 1.823  1.856 0.033 1.78 

Opi II 1.773 1.826 0.053 2.90 

Nkpologu I 1.808 1.822 0.014 0.77 

Nkpologu II 1.813 1.811 -0.002 -0.11 

Obimo I 1.780 1.793 0.013 0.73 

Obimo II 1.765 1.775 0.01 0.56 

 

Table 4: Paired Samples t Test for Vibratory Hammer and Modified Proctor 

Compaction 

  Paired Differences t df Sig.         

(2-

tailed) 

Mean Std. 

Deviation 

Std. 

Error 

Mean 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Pair 

1 

VIBRATORY HAM – 

MOD. PROCTOR 

.02017 .01963 .00801 -.00043 .04077 2.51636 5 .05341 

 

Table 5: Paired Samples Correlations for Vibratory Hammer and Modified Proctor 

Compaction  

  N Correlation Sig. 

Pair 1 VIBRATORYHAM & STDPROCTOR 6 .726 .10208 

 
Figure 2: Particle Size Distribution Curves 
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Figure 3: Dry density-moisture content graphs (Proctor compaction) 

 

Discussion of Results  

Materials Description  

Table 1 shows the classification of the sand samples analysed in this paper. All the 

samples have group symbol of SP according to Unified Soil Classification System 

(USCS) which means that the samples are poorly graded sands. The shapes of the 

particle size distribution curves (Figure 2) shows that the sands are uniformly graded. 

This can be seen by the smooth shapes of curves and relative small particles size range. 

The CU values are well above 2, ranging from 2.54 to 3.09, the higher the value of CU 

the larger the range of particle sizes in the soil. The values of fineness modulus (FM) 

of the samples range between 1.85 and 2.42. This affirms that the samples are either 

fine sand or medium sand. Table 1 equally indicates that percentage passing sieve No. 

200 by weight, varies between 0.34 – 2.93 accordingly. This means that the fine 

contents of the samples are low. 

 

Impact and Vibratory Compaction Characteristics  

Table 2 presents the results of impact compaction using the modified Proctor test 

procedure specified by BS1377-4:1990. The corresponding dry density and moisture 

content graphs for the 6 samples tested are shown on Figure 3.  The graphs differ from 

the usual bell-shape density-moisture-content graph that is obtained from the 

compaction of cohesive soil. In this case there are no clear points of optimum moisture 

content (OMC). The maximum dry densities correspond to 0% moisture content 

because sandy soil can optimally be compacted at either “dry” or saturated points. This 

behaviour is typical of cohesionless soil as demonstrated in Figure 3 in which the dry 

density decreases with an increase in the water content. In this case, the dry density 
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decreases due to capillary tension in pore water, the capillary tension resist the 

tendency of soil particles to dense state and hence volume increases. In a related work, 

this fluctuation was similarly observed by Wright et al (2003) and Maria (2010). In 

this study the values of the MDD (Table 3) obtained from the impact compaction by 

modified Proctor compaction range between 1.765 – 1.823 Mg/cm3. This range is 

marginally lower and slightly differs with the results obtained from the vibratory 

hammer compaction which vary between 1.775 – 1.856 Mg/cm3.  

The margin of difference from Table 3 indicates that MDD obtained from vibratory 

hammer compaction is higher than impact compaction by a maximum margin of 3% 

only. In the specimen labeled “Nkpologu II”, the modified Proctor compaction posed 

a greater MDD value than the vibratory hammer method. In a related work by 

Arcement and Wright (2001), and Al-taie & Al-shakarchi (2017) the results of 

modified Proctor and vibratory hammer compactions were equally compared. They 

found that the results of impact compactions by modified Proctor are as high as 

vibratory hammer method.  

The margin of difference shown in Table 3 is small and statistically insignificant as 

corroborated by Table 4 where the significance value is greater than 0.05 (t5 = 2.516, 

p = 0.0534) when paired sample t-test was carried out using IBM SPSS Statistics 20. 

In other words, there is no statistical difference between the MDD results obtained by 

modified Proctor and vibratory hammer compaction on samples of Nsukka 

cohesionless soils. The paired t-test also shows that the two methods of compaction 

are strongly and positively correlated (r = 0.723, p = 0.1021) as indicated on Table 5.  

 

Conclusions   

Impact and vibratory compaction characteristics of Nsukka cohesionless soil was 

analysed and studied. Test results showed that MDD values vary between 1.765 – 

1.823 Mg/cm3 and 1.775 – 1.856 Mg/cm3 for modified Proctor and vibratory hammer 

compactions respectively. It can also be concluded that for the granular soils tested 

with vibratory hammer method, the maximum dry unit weights occurred at dry or 

saturated conditions. The paired t-test carried out on the methods of compaction 

indicated that there is no statistical difference between the MDD results obtained by 

modified Proctor at dry and vibratory hammer compaction on samples of cohesionless 

soils tested in this work.  

 

Recommendation 

This work is important given the critical role of compaction in the stability of civil 

engineering structures. Hence we recommend as follows: 
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• That cohesionless soil can also be compacted using impact compaction method 

especially on small scale works. 

• Based on the outcome of the study, water contents of granular soil should be 

at either 0% moisture content or near saturation values to provide sufficient 

lubrication for effective impact compaction.  

• That large sample points from different geological regions in Nigeria can 

further be studied with regards to impact and vibratory hammer compactions. 
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