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ABSTRACT 

A prediction model using the least square criterion of regression technique was developed to predict soil 

compaction under tractor wheels. The two soil parameters of moisture content and bulk density used in the 

model development were observed in the calibration test of the field soil through pressure gauge 

measurement approach. Evaluation of the developed model showed that the model coefficient of efficiency 

is 0.86 while its consistency as indicated in the value of sum of residuals is 18.67. The unbiased of the 

model is shown in the value of the accuracy as 1.23 MPa and an assessment of error of the predicted 

values related to measured values of the soil compaction is indicated in the value of mean square 

prediction error as 1.56. 
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1. INTRODUCTION 

A fundamental challenge of agricultural 

mechanization with respect to land utilization for 

crop production is the attendant agricultural soils 

compaction. Soil compaction is reportedly 

adversely affects both the soil structure with its 

physical properties and productivity regarding the 

growth and yield of crops. Defossez and Richard 

(2002) stated that soil compaction by wheeling 

may cause considerable damage to the structure 

of the tilled soil and the subsoil and consequently 

to crop production, workability and the 

environment. Consequences of soil compaction 

are still underestimated (Nawaz et al.,2013). Even 

though the present level of wheel traffic on 

agricultural soils in Nigeria as a result of 

machinery and implements utilization for food 

production is still a much-debated subject. 

However, a need for comprehensive 

understanding of processes involved in soil 

compaction is necessary, more so at this time of 

our national life when there is pervasive calling 

for diversification of the economy base of Nigeria 

into agricultural practices amongst others.  

Prediction of deterministic parameters of soil 

compaction is one of better ways to understanding 

degree of compactiveness induced in agricultural 

soil due to movement of wheels.Nawaz et 

al.,(2013) opined that prediction model not only 

provides a better way to quantify the processes 
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involved in the soil compaction but also help to 

predict the vulnerability of a particular soil to 

compaction. 

Numerous studies on development of soil 

compaction prediction models involving different 

soil parameters have been developed. Vanden 

Berge (1966) developed a model to empirically 

determine the compaction of soil in a triaxial 

loading sequence of different five soil samples in 

an experiment.Onwualu and Anazodo (1989) 

established an existence of a regression model 

between soil compaction and soil bulk density 

under various tillage methods. Assouline etal., 

(1997) expressed soil compaction as the 

relationship between bulk density and the soil 

moisture content. While Defossez and Richard 

(2002) reviewed the procedures for both pseudo-

analytical models development and finite element 

method of application to calculate loading forces 

through soil. 

A common phenomenal feature with all these 

approaches to prediction model development is in 

their involvedness both in term of soil and stress-

strain parameters composition and the procedures 

for their determination; particularly for a 

stakeholder whose concern is the manipulation of 

soil for crop production. Hence the adaptation in 

this study of a concept proposed by Bolling 

(1985) on prediction of soil compaction using 

measuring gauge approach with modified triaxial 

test to predict soil compaction. This approach is 

used to develop a simple model to predict soil 

compaction resulting from tractor wheel traffic in 

Samaru- Zaria, Kaduna state of Nigeria. 

 

 

2.0  MATERIALS AND METHODS 

 

2.1 Modeling Soil Compaction 

   2.1.1 Model assumptions: In developing the 

prediction model the following assumptions 

were made: 

i. The soil in the experimental plot is 

homogeneous 

ii. Wheel load of the tractor is 

distributed uniformly over the 

distance of the tyre’s contact area. 

iii. The pressure of soil under tire is 

proportional to the applied wheel 

load 

2.2 Field soil calibration test 

Soil calibration was conducted on the plot using 

the approach of pressure gauge method as 

proposed by Bolling (1985). The calibration test 

was done on the plot under the influence of 

tractor tire to be able to define zero stress and 

adequately predict and measure very low 

stresses.In the procedures, tractor tire was made 

to pass over a pressure gauge made of hydraulic 

pipe with a balloon inside its top that was pushed 

into hole drilled with a cone tipped lance. The 

system was filled with water and attached to a 

gauge for indicating the pressure applied by the 

tire. As the tractor tire rolled on the soil, the soil 

was acting on the balloon buried in the soil with 

water inside. The water in the balloon passed 

through the pipe to indicate the pressure in the 



    ISSN: 2449 - 0539 
BAYERO JOURNAL OF ENGINEERING AND TECHNOLOGY (BJET) VOL.12 NO.2, AUGUST, 2017 

 

71 
 

gauge for measurement. The soil moisture 

contents and bulk density were recorded in each 

of the trial as the independent parameters that 

influence the amount of the soil pressure. The 

measured tractor wheel load of 23.05 kNhas 

forward speed of 6 km/hr andtyre size of 7.50-16 

with 2.1 kg/cm
2
 inflation pressure.An empirical 

relationship given by Bolling (1985) was applied 

to the field test data to determine the soil 

pressure as: 

2 2 2 2 2 2 22 2

1 2 2

10 ( ) (4 ) (4

v v

S F

v z z
P c G

z x z x z x zx z

    
          

       

 (1) 

Where: Fc  Pressure averaging factor in the 

gauge (0.31- 0.36); v   Constant of stress 

concentrating factor of the bulk density; G 

wheel load of the tractor; z Tyre sinkage 

(distance between middle of the balloon and 

middle of tire contact area); x   the distance 

between two single loads; determined as :
5

L
 

Where: L is the length of tire contact area define 

as:  

2 2( )L R R Z    …………………..(2) 

Where: R is the tire radius. 

2.3 Model equation 

A predictionmodel using least square method is 

developed based on the observed independent 

variables of soil moisture content and bulk 

density during the field calibration test of the soil 

while another set of independent variables data 

were obtained for the model evaluation. A 

second order regression equation with interaction 

between the two independent variables was 

considered fit for the model. Relating the soil 

pressure values, y to soil moisture content, 1x and 

soil bulk density, 2x  we have :  

0 1 1 2 2Y x x      
 ……. (3) 

Where: 0 is the model intercept; 1 2,  are the 

coefficients of independent variables and  is a 

random error variable normally distributed with 

mean of zero. 

 Applying the least-square criterion to obtain the 

multiple regression normal equations as William 

and James (1980), thus: 

0 1 1 2 2Y k x x       ..(4) 

2

1 0 1 1 1 2 1 2x Y x x x x        …..(5) 

2

2 1 2 1 1 2 2 2x Y x x x x        …… (6) 

Where: k is the number of observation of the 

trail test on the field. 

Then the solutions of the three equations produce 

the intercept and coefficients; 0 1 2, ,    

2.4 Model evaluation 

The developed model in this study was verified 

by comparing the observed values of the soil 

compaction with the predicted values through the 

determination of coefficient of efficiency of the 

model and accuracy which is square of bias and 

precision. 

Willmott (1982) determined accuracy and 

precisionas: 

1

1 k

d

i

Accuracy v
k 

  ………… (7) 
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2

1

1
( )

k

d

i

precission v v
k 

  ….. (8) 

Where: 
dv isthe difference between observed 

value and predicted value; v isthe mean of the 

residuals. 

Nash and Sutchiffe (1970) defined the 

coefficient of efficiency, ce  as: 
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…………………(9) 

Where: oy is the observed value of compaction; 

py is the mean value of predicted compaction; 

my is the mean value of observed compaction. 

The quality of the developed model was 

measured using the mean square error, MSE  

determined as: 

2

1

1 k

d

i

MSE v
k 

  ……….......................(10) 

And the model consistency was evaluated by 

computing sum of residual values, RES  as: 

1

( )
k

o p

i

RES c c


  ……………….(11) 

While mean square prediction error, MSPE  was 

used as an assessment of error of the predicted 

value related to observed values of the soil 

compaction. It was determined as: 

 

2

1

( )k
o p

i

c c
MSPE

k


 …………... (12) 

Where: oc is the observed value of soil 

compaction; pc is the predicted value of soil 

compaction. 

3.0 RESULTS AND DISCUSSION 

The solution to the developed probabilistic 

regression equations provide a complete 

relationship to predict soil compaction 

resulting from wheel traffic on agricultural 

soils in this study as: 

1 20.0188 0.0711 1.4761Y x x   …… (13) 

Since this developed prediction equation is 

input-output model, a simulated output is 

obtained by substituting successive various 

inputs of field moisture content ( 1x )  and 

soil bulk density ( 2x ) in the prediction 

equation. 

Table 1 presents the two inputs soil 

parameters, observed and predicted soil 

compaction and the calculation of model 

qualities. 

The accuracy and precision as measured 

by mean square error was determined to be 

1.56 while bias of 1.11 was obtained. The 

consistency of the model was evaluated in 

term of sum of residuals value as 18.67. 

This is perhaps due to the assumption of 

homogeneity of the soil material in the 

experimental field. 
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Table 1: Accuracy, precision, residual, mean sum of predicted error and coefficient of efficient of the model 
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10.25 1.48 2.94 3.95 1.02 1.04 0.086 0.046 0.157 

11.32 1.43 2.93 4.12 1.19 1.41 0.117 0.002 0.051 

12.54 1.57 3.23 4.25 1.02 1.05 0.087 0.044 0.009 

10.9 1.43 2.90 4.03 1.13 1.27 0.105 0.012 0.100 

12.5 1.62 3.30 4.37 1.07 1.15 0.096 0.026 0.001 

13.15 1.5 3.17 4.31 1.14 1.31 0.109 0.008 0.001 

10.83 1.4 2.86 4.18 1.32 1.76 0.146 0.0084 0.028 

11.9 1.62 3.26 4.32 1.06 1.13 0.094 0.028 0.001 

12.67 1.71 3.44 4.86 1.42 2.01 0.167 0.034 0.263 

10.13 1.49 2.94 4.27 1.33 1.77 0.148 0.009 0.006 

11.65 1.53 3.11 4.65 1.54 2.39 0.199 0.097 0.092 

12.92 1.6 3.30 4.85 1.55 2.41 0.201 0.101 0.253 

  52.16 14.80 18.67 1.56 0.417 2.963 

 

In the assessment of the error of 

prediction, the mean square of predicted 

error was found to be same as accuracy 

and precision which implies high degree of 

accurate prediction of soil compaction in 

the experiment. 

Coefficient of efficiency of the developed 

prediction model was calculated to be 

0.86, which suggest a good fit since 

coefficient of efficiency is close to unity, 

thus indicating a good agreement of 

predicted value with the measured values 

as reported by Yusuf (2001). 

4.0 CONCLUSIONS 

 

The prediction model equation was 

developed with the use of least square 

criterion of regression technique. The soil 

calibration test was conducted through 

pressure gauge measurement approach. 

The developed prediction model had mean 

square of predicted error of 1.56 which is 

same value as the accuracy and precision 
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of the model. The model had a good fit 

since the coefficient of efficiency of 0.86 

is close to unity which indicate a good 

agreement of predicted value with the 

observed value of soil compaction. 
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