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ABSTRACT 

 
On-farm research and laboratory evaluations to study induced compaction by wheel traffic on the 
strength of soil were conducted. Four levels of induced wheel traffic of a Steyr 768 model tractor; 

(zero wheel traffic, two wheel traffic passes, five wheel traffic passes and ten wheel traffic passes) 

were used in the study. Triaxial test of shear strain on soil sample of the simulated plots at 

different moisture contents (9%, 11%, 15% and 18% w/w) showed that soil compaction is a 

function of both the applied compressive stress and the cell pressure (shear strain). At a soil 
surface of 0-10cm depth, compressive stresses of 130,134 and 153 kN/m

2
, corresponding to cell 

pressures of 103,
 
206 and 310 kN/m

2 
produced compaction of 2.61, 2.79 and 2.82 MPa 

respectively. Soil moisture contents of 18%, 16% and 14% w/w which correspond to soil strength 

of 2.14, 2.2
 
and 2.36 mg/m

3
 showed a linear relationship between soil strength and moisture 

content.  

 

SIGNIFICANCE: This study provides 

information on the mechanism, processes 

and practical management technique of soil 

strength which is required to avoid severe 

deterioration of the physical status of soil 

due to the advent of mechanized and 

intensive agricultural practice with their 

associated soil compaction problem. 

 

KEY WORDS: Wheel traffic, Induced 

compaction, Soil strength, Bulk density, 

Shear strain, Compressive stress. 

 

1.0 INTRODUCTION 
 

In agricultural systems, the risk of soil 

compaction increases with the growth in 

farm size, increased mechanization and 

equipment weight and the drive for greater 

productivity (Assouline,2002). Soil strength 

and it equilibrium condition is largely 

influenced by the intensity of agricultural 

wheel traffic. The traffic associated with 

field operations has been shown to cause soil 

deterioration, usually referred to as soil 

compaction (Soane et al., 1981). In northern 

Nigeria, mechanization of agricultural 

activities is often associated with movement 

on soil.  

Agricultural vehicle traffic is considered to 

be the principle factor causing soil 

compaction of the surface and sub-surface 

horizons of soil under field conditions 

(Domzial et al., 1984). Although, the level 

of tractor utilization in food production in 

Nigeria is a much debated subject, 

development of research in the area of soil 

compaction could lead to policy statement 

on the suitability and adaptability of 

agricultural machinery imported or locally 

fabricated and also provide criteria for 

selection of soil testing equipment in 

agricultural practices. To achieve this aim, a 

set of experiments were carried out to study 

the effect of induced compaction by wheel 

traffic on soil strength. Triaxial test of shear 

strain on soil sample was done to identify 

the importance of mean stress and shearing 

strain in soil compaction. 

 

 

2.0 EXPERIMENTAL METHODS 

 
2.1  Experimental Location: Field 

operations were conducted on the 

Department of Agricultural Engineering 

Experimental Farm, Ahmadu Bello 

University, Zaria, Nigeria. The site lies on 

11° 11´ N, 07
o   

38´ E and is 685m above sea 
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level in the Guinea Savannah zone of 

Nigeria. An average rainfall of 1,110mm 

spreads between May and October, with 

mean temperature ranging from 30.5
o
C to 

31.3
o
C (Kowa and Knabe, 1972). The soil is 

classified as Alfisol (Moberg and Esau, 

1989). The experimental field was left 

fallow for two years before the 

commencement of this research. Laboratory 

experiments were conducted in the 

Agricultural Engineering Department, Soil 

Mechanic Laboratory of Civil Engineering 

and Soil Laboratory of Soil Science 

Departments of Ahmadu Bello University, 

Zaria. 
2.2 Field and Laboratory 

Measurements: The field tests carried out 

were moisture content determination, bulk 

density and soil penetration resistance as a 

measure of soil strength determination, 

while the laboratory investigations done 

were particle size analysis and chemical 

composition of the experimental soil, soil 

proctor moisture content and triaxial 

compression tests. The determination of soil 

moisture content was done by gravimetric 

method, bulk density by core sample 

technique and penetration resistance with 

hand-held penetrometer (with a cone base 

diameter of 20.3mm, 15.9mm diameter shaft 

and cone angle of 30
o
). For moisture content 

and bulk density measurement, an average 

of three samples each was taken for 

measurement at three depth intervals (0-

10cm, 10-20cm and 20-30cm). 

The Day (1965) method was used to 

determine the particle size analysis and 

chemical composition of the experimental 

soil. Soil proctor test was determined by 

compaction test and shear strength test was 

used for triaxial compression measurement. 

The soil sample for proctor test was 

collected from experimental field and 

thoroughly mixed. The sample spread out on 

a porcelain sheet to air dry for five days. 

After five days drying, an equivalent of 

3000g of the dried soil sample was used for 

the test. The soil samples used for triaxial 

test were extracted from the cutting tube 

(augers) with both the top and end of the soil 

samples compacted so as to maintain 

uniform strain and stress in the soil when 

spooned into triaxial membrane. 

2.3 Wheel Traffic Treatment: Four 

levels of induced compaction (Zero, two, 

five and ten wheel passes) randomly 

assigned in strip plot of factorial design were 

imposed on the soil. The induced wheel 

traffic was affected by driving a Steyr tractor 

(weight 2350kg, Model 768 at rated power 

of 52.9kW) on the experimental plot. The 

forward speed of the tractor was 6km/hr and 

the front tyre size was 7.50-16 with 

2.1kg/cm
2
 inflation pressure while the rear 

tyre size was 16.9/14-30 at inflation pressure 

of 0.98kg/cm
2
. The four level of induced 

compaction were designated as Po, P1, P2 

and P3. P0 is no traffic (zero wheel pass), P1 

is 2 passes of tractor wheel, P2 is 5 passes of 

tractor wheel and P3 is 10 passes of tractor 

wheel traffic. The choice of 2, 5, and 10 

passes of wheel traffic in this study was 

based on the fact that in mechanized farming 

system, there are several passes ranging 

frrom (2 to 10 passes) of tractor wheel 

during operations such as land preparation, 

fertilizer application, planting, spraying and 

weeding. 

2.4 Data Analysis: The data obtained 

from both laboratory measurement and field 

tests were analyzed using SAS Version 6, 

analysis of variance (ANOVA), coefficient 

of variance, chi-square, regression analysis 

and least significant difference.  

 

 

 
.

 

 

3.0 RESULTS AND DISCUSSION 
 

3.1 Soil physical and chemical 

properties: The physical prosperities and 

chemical composition of the experimental 

site prior to imposition of wheel traffic 

treatment showed that the field was in its 

natural state (Table 1). However, the 

analysis of the soil particle size after the 

induced wheel traffic showed that clay 

content of the soil increased with depth and 

silt component decrease with increased 

depth (Table 2). According to the United 

States Department of Agriculture 

classification, the textural class of the soil 

after the treatment of induced wheel traffic 

is loam through the depth sampled. Soil 

strength behaviour is not determined only by 
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soil texture, it is also affected by chemical 

properties such as P
H
, organic matters, 

nitrogen content, available phosphorus and 

exchangeable bases. The H2O component of 

P
H
 value of the soil was found to increase 

after the induced traffic while the CaCl2 

component decreased. All the exchangeable 

bases (Ca, Mg, K, Na, C.E.C.) were found to 

increase with the depth of soil sample after 

imposed wheel traffic but the organic matter 

content decreased. This agreed with 

Assouline et al. (1997), who stated that soil 

is more compactable with higher P
H
 and 

C.E.C., but lower organic matter content. 

3.2 Triaxial Compression Test: Table 

3 and Figure 1 show effect of applied stress 

and shearing strain on the compaction of soil 

with the increase in soil depth. Increase in 

applied compressive stress and subsequently 

shear strain increased the compaction in the 

soil sample. This implies that soil 

compaction is a function of both applied 

compressive stress and shear strain. This 

result agreed with the research report of 

Vanden Berg (1966). With the same amount 

of applied stress to the soil at three different 

depths (0-10cm, 10-20cm and 20-30cm) of 

the samples, the compaction levels is highest 

in depth range of 20-30cm followed by 10-

20cm and 0-10cm. The result of this test is 

in agreement with the field measurement of 

soil strength and previous findings of 

Soehne et al. (1962) and Lampurlances and 

Cantero-Martinez (2003). The high precision 

of the triaxial compression test indicates a 

good prediction of the soil compaction on 

the field in the course of this study. This 

could be explained from the adequate 

control of the drainage condition of the 

sample soil in the triaxial apparatus and the 

possibility of the measurement of pore space 

pressure (cell pressure) of the soil which 

made soil sample tested similar to actual 

field conditions. 

The analysis of Mohr circle of the triaxial 

test showed shear strength (cohesive force c) 

and angle of shearing resistance (ø) of the 

soil to be high at surface soil and reduced 

with increased depth of the soil (Figure 2). 

Also, similar results are obtained for Mohr 

circle of both 10-20 cm and 20-30 cm 

depths. A possible explanation for this 

observation could be the high content of 

organic matter in the surface soils, which 

serve as strong binding material. Assouline 

et al. (1997) stated that organic matter 

material has been known to determine the 

nature of the resulting cohesive forces 

between soil constituents. 

3.3 Soil Moisture Content and Bulk 
Density:  A reasonable prediction of soil 

compactability in relationship to the 

moisture content and bulk density of the soil 

was done. The results indicated that the 

optimum moisture content (OMC) of soil 

samples at 0-10, 10-20 and 20-30cm were 

12.54, 13.8 and 14.32% respectively, with 

corresponding bulk densities of 2.78, 2.92 

and 3.0mg/m
3
. A parabolic relationship 

between moisture content and bulk density 

for the laboratory test within the range of 3 

to 22% w/w moisture content of the soil was 

achieved. On the contrary, the field 

compaction measurement indicated a linear 

relationship within an average moisture 

content of 11 to 18.5% w/w (Figure 3). This 

is because bulk density is independent of 

intermediate applied force which show that 

the application of twenty-five strokes of 

gravity weight of 2.3kg rammer to compact 

the soil in the laboratory investigation 

resulted into the bulk density increase with 

moisture content up to a certain level before 

decreasing, while the pressure distribution 

within the soil particle in the field condition 

under load resulted into plastic flow of soil 

particle. The bulk densities for field test at 0-

10, 10-20, 20-30cm were 2.14, 2.24
 

and 

2.36mg/m
3
 respectively while their 

respective moisture contents were 18%, 

11%, and 14% w/w. The observed 

discrepancies could be linked to the fact that 

the laboratory proctor compaction test was 

done with known static weights (50kg, 25kg 

and 15kg) on confined soil in a cylinder 

which was compacted with a controlled 

effort of compressive force. In the actual 

field situation the soil was at its natural 

condition of unconfined state as there was 

possibility for relative movement between 

the soils when under dynamic load of 

induced compaction by wheel traffic of 

tractor. 

3.4 Soil Strength: Table 4 shows the 

effect of wheel traffic at different soil depths 

on soil strength as measured by response of 

soil bulk density and penetration resistance 

at various moisture contents of the 

experimental site. The effect of wheel traffic 

on soil strength was found to be highly 

significant (P< 0.01). Soil strength increases 

with increase in depth of soil and this 

increment in depth has a significant and 

positive correlation with each other under 
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different level of induced wheel traffic. Soil 

compaction highly increased due to high 

wheel traffic. The observation implies that 

soil strength increases with increase in wheel 

traffic on soil. The experimental plots of 20-

30cm soil depth with 10 passes of wheel 

traffic were found to have high soil strength, 

but low moisture content. This result 

indicates that soil strength is positively 

correlated with both penetration resistance 

and bulk density but has a negative 

correlation with soil moisture content. This 

confirms the reports of Onwualu and 

Anazodo (1989) which stated that the 

increase in passes of wheel traffic over 

agricultural soil decrease the moisture 

content of the soil. The effect of wheel 

traffic on the soil strength in descending 

order was 10 passes > 5 passes > 2 passes > 

0 pass. Analysis of variance on interactive 

effect of wheel traffic and bulk density 

showed that it was highly significant (P< 

0.01). High bulk density was obtained under 

10 wheel traffic passes and lowest bulk 

density under zero pass. This suggests 

reduction of inter-aggregate pore, which was 

the primary cause of bulk density changes in 

tillage operation. Generally, plots with high 

bulk density were found to produce soil of 

high strength. This high soil strength as 

indicated from both values of penetration 

resistance and bulk density could be due to 

the formation of strong columnar aggregate 

that was not pulverized due to tillage 

operations. 

Contrary to laboratory investigation which 

applied bulk density as a medium of 

prediction of soil compaction, penetration 

resistance could have a better modulus of 

prediction because it is more sensitive to 

compaction than bulk density. Measure of 

soil strength in-situ and the changes in 

compaction of soil with depth under 

penetration resistance showed a unique 

interdependence between soil strength and 

force applied. 

In order to establish a simple model equation 

to predict soil strength resulting from wheel 

traffic on agricultural soil, a plot of 

measured soil strength after compaction 

from wheel traffic of a tractor and soil 

penetration resistance was performed, using 

regression model. The relationship obtained 

is: 

 

𝑌 = 1.238𝑥 + 1.605 ….. (1) 

 

Where: Y - soil strength (MPa) and x - soil 

penetration resistance (MPa). 

 

In generating the predicted value of the soil 

strength, there exists satisfactory 

relationship between measured soil strength 

and penetration resistance in all the cases 

validated, with coefficient of determination 

(R
2
) of 0.85 (Figure 4). 

 

 

 

Table 1: Physical and chemical properties of soil sample of the experimental site prior to the 

induced wheel traffic treatment        
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1
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C
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M
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K
 

N
a 

C
E

C
 

0-10 26 28 46 Sandy 

clay 

loam 

6.2 5.7 1.21 0.053 5.10 3.12 1.13 0.16 0.02 6.80 

10-20 20 34 48 Loam 6.0 5.6 0.45 0.035 3.31 2.50 0.85 0.15 0.01 5.70 

20-30 16 36 48 Loam 6.0 5.6 0.35 0.035 2.28 2.20 0.73 0.12 0.01 5.10 
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Table 2: Physical and chemical properties of soil sample of the experimental site after the 

induced wheel traffic treatment  

           

 Table 3: Soil strength at different depths as affected by triaxial compression  

 

Soil Depth       

(cm) 
Cell Pressure 

(kN\M
2
) 

Shear Strain 

  (%) 

Compaction stress 

at failure (KN\M
2
) 

Soil strength 

(Mg\M
3
) 

 

0-10 

   103 

   206 

   310 

  3.6 

  3.9 

  4.2 

          130 

          134 

          153 

     2.61 

     2.71 

     2.82 

 

10-20 

   103 

   206 

   310 

  3.4 

  5.4 

  6.3 

          147 

          167 

          175 

     2.72 

     2.80 

     2.96 

 

20-30 

   103 

   206 

   310 

  5.1 

  6.0 

  6.3 

          283 

          411 

          513 

     2.86 

     2.92 

     2.98 

 
           

Table 4: Effect of induced wheel traffic at different soil depth, soil strength and soil moisture 

content 
 

In
d

u
ce

d
 

w
h

ee
l 

tr
af

fi
c 

  

 

SOIL DEPTH (CM) 

 

 

 

Wheel traffic mean (A) 0 - 1 0 1 0 - 2 0 2 0 - 3 0 

 B D 

(Mg\m
3
) 

P R 

(MPa) 

M C 

% 

B D 

(Mg\m
3
) 

P R 

(MPa) 

M C 

% 

B D 

(Mg\m
3
)` 

P R 

(MPa) 

M C 

% 

P o 1 . 4 4 2 . 8 0 1 3 . 2 4 1 . 5 2 2 . 9 5 1 4 . 0 1 . 6 0 3 . 0 7 14.98 1.52 2.94 1 4 . 0 7 

P 1 1.60* 3.73* 14.86** 1 . 6 8 * 4.00* 11.56* 1 .81 ** 4.12** 12.48* 1.70 3.95 1 3 . 0 

P 2 2.07** 4.55** 8 . 1 8 * 2.16** 4.83** 9.67* 2 .33 ** 4.88** 10.86 2.19 4.75 9 . 5 7 

P 3 3.43** 5.68** 5 . 8 1 * 3.56** 5.63** 7 . 5 2 3 .67 ** 5.93** 8 . 8 0 3.55 5.75 7 . 3 8 
D e p t h 
Mean (B) 

2 . 1 4 4 . 1 7 1 0 . 5 2 2 . 2 3 4 . 3 5 10.69 2 . 3 5 4 . 5 0 11.78    

 

Key: ** - Significant at 1% level; * - Significant at 5 % level; BD - Bulk density; PR - Penetration 

resistance; MC - Moisture content 
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0-10 16 38 46 Loam 6.40 5.70 0.86 0.210 34.17 4.20 1.20 0.43 3.13 15.1 

10-20 18 36 46 Loam 6.10 5.50 0.50 0.070 25.11 3.70 1.10 0.43 2.96 10.8 

20-30 20 36 44 Loam 5.70 5.10 0.36 0.053 41.03 2.80 0.80 1.02 3.57 11.6 
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Figure 1: Maximum shearing strain vs compressive stress of failure for agricultural soil at 

three different depth  
 

           

           

           

           

           

           

           

           

           

           

           

           

           

           

           

           

           

           

           

           

           

           

           

           

 Figure 2: Morh circle for 0-10 cm depth of soil sample in the triaxial test  
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Fig. 3: Soil bulk density vs moisture content for laboratory and field compaction tests 

 

 

 

           

           

           

           

           

           

           

           

           

           

           

           

           

           

           

           

           

           

           

           

           

           

           
                                               Predicted compaction (MPa) 

 

 
Fig. 4:    Comparison between observed and predicted compaction of loamy soil at Samaru 

 

Moisture content, % 

Atanda, M.L. 
50 



JOURNAL OF ENGINEERING AND TECHNOLOGY (JET), VOL.5 NO.2, AUGUST, 2010 

 

 

  

4.0 CONCLUSIONS 
 

On the basis of significant results obtained 

from the laboratory and field experiments 

on, the following conclusions were   drawn: 

(i) Wheel traffic passes affected the 

particle size and chemical 

composition of the experimental 

site soil investigated. 

(ii) The triaxial soil test results 

indicated that soil compaction is 

directly proportional to applied 

compressive stress. 

(iii) Increase in wheel traffic results 

into high soil strength as indicated 

by high bulk density and 

penetration resistance. 

(iv) The established regression model 

predicted experimental data 

reasonably well with a fairly close 

agreement between the predictive 

values and observed results. The 

coefficient of determination (R
2
) 

value between the predicted and 

measured soil strength is 0.85.   
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