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ABSTRACT 
A standard model was developed for the prediction of repair and maintenance costs of Steyr Ursus tractors 

used for solid household waste (SHW) collection and disposal in Kano State of Nigeria. The model was 

derived based on data collected over a period of eight years from Refuse Management and Sanitation Board 
(REMASAB), Kano- Nigeria. The model predicts repair and maintenance costs as a function of tractor 

cumulative use in hours.  Among the five models (linear, logarithmic, quadratic, power and exponential) 

produced through regression analysis, the quadratic model (R
2
 = 0.81) having the highest coefficient of 

correlation is adjudged as the best fit for managing the tractors under the operation being used for. 

 

Keywords: Repair and maintenance costs, prediction model, Regression analysis, Solid household waste. 

 

Significance of study: Cash flow problem in managing projects is one of the challenges being faced by most 

executives. Repair and maintenance cost constitute greater proportion of machinery operating costs. 

Knowledge of this cost which sometimes is increasing throughout the life time of plants is needed for proper 

planning. Therefore there is a need for regular monitoring and predicting such cost in order to avoid downtime 

at critical production period.  

  

1 INTRODUCTION 
The engineer is always confronted with physical 

and economic constraints. Success with physical 

designs through mastery of scientific knowledge is 

mainly measured in financial terms (Hunt, 1986).  

It is therefore essential that engineering project 

proposals be evaluated/monitored in terms of 

worth and cost before they are undertaken/ 

continued. As design, manufacture and operation 

of plants become more complex; engineers are 

making decisions that involve money more than 

ever before (Park, 2011). Thus, engineers of recent 

times must complement their material knowledge 

with sufficient economics and personnel 
management for reliable use of information (Park, 

2011 and Ahmad et al., 2012). With more than 

80% of the total gross domestic product (GDP) in 

the United States provided by the service sector, 

engineers work on various economic decision 

problems in the service sector as well (Park, 2011). 

 

The agricultural tractor usage started in 1855 for 

the purpose of operating threshers in the U. S. A.  

By 1890-1919, the use of internal combustion 

engine (ICE) was tried on tractors and many 

manufacturers started producing different makes 

and models for different applications including 

solid household waste collection and disposal in 

densely populated metropolitan areas of towns and 
cities. Research and development is now heading 

for computer operated tractors. 
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Agricultural science and engineering has the 

potential to produce innovative approaches to 

problems that include (Ahmad, 2011):  

 Knowledge-based competitive machinery 

and process technology 

 Food production with documented quality 

 Production processes that are fully 

compatible with environment 

 Technology for production and utilization 

of renewable resources and efficient use 

of by-products 

 Efficient machines to operate in optimized 

production systems, for example more 

automated tractors and harvesters, 

equipped with plug-and-play 

electronically controlled implements, 

networked or autonomous, guided via 

telematic links with a control station. 

Agricultural engineers have done many studies 

regarding maintenance of farm machines. Several 

studies were conducted in both developed and 

developing countries either to develop models to 

determine the cost during a certain period or to get 

absolute numbers to represent owning and 

operating certain equipment (Khoub bakht et al., 

2008).  

 

Ward et al. (1985) made an extensive study of 10 

years of government records for repair costs of 4 

wheel and 2 wheel drive tractors and derived a cost 

model for each type of tractor. This study showed 

that differences exist between the two types of 

tractors. Rotz and Bowers ( [7] derived a model 

based on equipment price and operating hours. The 

testing of the model showed that the costs were 

more realistic when the area worked was 

considered instead of the operating hours. Also 

Rotz and Bowers (1991) made an attempt to 

collect information from companies and experts, 

but limited response was received. They revised 

the models published by ASAE regarding 

maintenance costs. They noticed that the 

maintenance costs varied with operating conditions 

(Rotz and Bowers, 1991).  

 

Some studies conducted in developing countries 

regarding maintenance of farm machines were 

reported in the literature (Abdelmotaleb, 1993). 

The operating costs of the farm machines in 

undeveloped countries were estimated using the 

models of developed countries (Ward et al. 1985). 

Some researchers conducted a study in Jordan on 

the cost of tractor use and showed that there was a 

proportional increase of maintenance costs with 

tractor use (Khoub bakht et al., 2008). They 

proposed a model to estimate the maintenance cost 

of the tractor/hour/acre based on the Jordanian 

currency. Al-Suhaibani and Wahby (1995) made 

analysis of five year record of tractors belonging to 

Hail Agricultural Development Company 

(HADCO) in Kingdom of Saudi Arabia (KSA) and 

produced six types of models.  

 

Tomantscher et al. (2011) developed a model for 

tractor engine durability which partially 

established means of future modeling of tractor 

maintenance, repair and operation. A study by 

Khoodbakhshian and Shakeri (2011) has shown 

that use of preventive maintenance (time based, 

condition based and predictive) engineering 

methods resulted in the reduction of downtime and 

expense by 48% and 84% respectively, with 

machine utilization efficiency increased by 20%. 

Similar work for tractors used in collection and 

disposal of solid household wastes (SHW) in 

Nigeria has not been attempted. 

 

Thus this study has the objective of developing 

repair and maintenance cost prediction models for 

better monitoring of tractor operations and 

maintenance used in solid household waste 

collection and disposal in Kano State of Nigeria. 

 

 

MATERIALS AND METHODS 

 
Required data for producing the repair and 

maintenance cost prediction models were obtained 

from tractors belonging to the Refuse Management 

and Sanitation Board (REMASAB) in Kano State 

of Nigeria. The Board is concerned with solid 

household waste collection and disposal in Kano 

Metropolitan area (Ahmad et al., 2012). This 

organization bought 22 tractors in 2003. Ten 

tractors were selected for repair and maintenance 

(R & M) costs analysis. Each tractor has a file 

where major repairs and maintenance undertaken 

were requested, discussed and finally approved for 
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execution, as part of a management accounting 

system.  

 

R & M costs data for eight years (2004-2011) were 

extracted from the ten tractor files. The costs data 

was prepared for further analysis as done for 

similar studies by some researchers 

(Khoodbakhshian and Shakeri (2011) and Ahmed 

et al., 1999).  

 

Hours of use for the tractors was found through 

close monitoring for two months. Daily hours of 

use was averaged between December, 2008 and 

January 2009. The daily average was then used to 

compute yearly hours of use. The annual hours of 

use for the study area were compared with ASABE 

recommendation and those obtained from Rashidi 

and Ranjbar (2011). 

 

The obtained data was subjected to regression 

analysis and plots for linear, logarithmic, 

quadratic, exponential and power evaluated. The 

best plot that gave better prediction was  suggested 

for the situation being studied and comparison of 

similar works with other regions of the world 

given. 

 

 

RESULTS AND DISCUSSION 
The data extracted from the tractor files together 

with tractor hours of use is presented in Table 1. 

There was a drastic drop in R&M costs in the 7
th
 

year after carrying out major overhauls in the 6
th
 

year with similar pattern between 4
th
 and 5

th
 years.   

 

 
TABLE 1: Average of whole annual R&M costs, average of annual usage hours and average of R&M costs 

per hour per unit of Steyr Ursus tractors for different ages. 

Age 

(years) 

Average of whole 

annual R&M costs 

Average of annual 

usage, hours (h) 

Average of annual 

R&M cost per hour  

1 
20925 

1869.524 11.19269 
 

2 10680 1869.524 5.712684 

3 28980 1869.524 15.50127 

4 65000 1869.524 34.76821 

5 15320 1869.524 8.194599 
 

6 65330 1869.524 34.94472 

7 6925 1869.524 3.704151 

8 431862.8 1869.524 231.0015 
 

 

Tables 2 provides information on mean 

accumulated usage hours and mean accumulated 

R&M cost as percentage of initial purchase price 

per unit of all tractors for different ages which 

were used as base data for regression analysis.  

 
TABLE 2: Mean accumulated usage hours and mean accumulated R and M costs as percentage of initial purchase price 

per unit of Steyr Ursus tractors for different ages 

Age 

(years) 

Mean accumulated annual usage 

hours (h) 

Mean accumulated R and M costs as percentage of initial 

purchase price (%) 

(assuming no increase in inflation within the years studied) 

REMASAB 

Actual  Figures 

ASABE  

Figures 

 

1 1869.524 1200 0.37 

2 3739.048 2400 0.56 

3 5608.572 3600 1.07 

4 7478.096 4800 2.22 

5 9347.62 6000 3.00 
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6 11217.144 7200 3.66 

7 13086.668 8400 3.78 

8 14956.192 9600 11.44 

 

Table 2 shows that REMASAB tractors are 

working more hours than the ASABE 

recommendation as reported by Rashidi and 

Ranjbar (2011). Rashidi and Ranjbar (2011) also 

reported annual use of 1162 from Iran.  

 

The summary of result of regression analysis for 

five models for eight year data of ten REMASAB 

tractors is shown in Table 3 and the sketch in 

Figure 1.  

 

Table 3: Model Summary and Parameter Estimates for Steyr Ursus tractor 

Dependent Variable:RM 

Equation 

Model Summary Parameter Estimates 

R Square F df1 df2 Sig. Constant b1 b2 

Linear .525 6.624 1 6 .042 -.386 .001  

Logarithmic .257 2.079 1 6 .199 -13.563 1.963  

Quadratic .816 11.077 2 5 .015 3.516 -.001 9.724E-8 

Power .287 2.412 1 6 .171 .007 .653  

Exponential .526 6.672 1 6 .042 .624 .000  

The independent variable is Accumulated Hours. 
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Figure 1: Plot of R & M prediction models for REMASAB tractors 

 

From Table 3 the quadratic model with highest R
2
 

value of 0.81 by far gave the best fit for the 

REMASAB data over the other four models tested. 

This (R
2
 =0.81) reflected that the tractor 

cumulative use in hours adequately explain 

variation in repair and maintenance costs. Other 

studies gave different models as best fit as earlier 

established by Rotz and Bowers (1991) that the 

maintenance costs vary with condition in which 

the tractors are being operated. Ahmed et al. 

(1999) showed that the logarithmic regression 

model was best fit in Sudan. Rashidi and Ranjbar 

(2011) found power regression model with R
2
 = 

0.966 with service life of up to 2275 hours for MF 

285 tractors in Iran. However, for service life of 

more than 2275 hours, they found the polynomial 

model with R
2 

of 0.997 as the best fit. A similar 

study on JD-3140 tractors in Iran by 

Khodabakhshian and Shakeri (2011) found that the 

polynomial model with R
2
 of 0.998 among the five 

models tested as the best fit.  

 

CONCLUSIONS 

Based on the analysis of data utilized in this study 

the following conclusions can be drawn: 

 

i) Correlation between repair and 

maintenance costs in percent of 

tractor initial purchase price and 

tractor cumulative use in hours 

would best be described by a 

quadratic function. The produced 

quadratic prediction model for 

repair and maintenance costs for 
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REMASAB in Kano State of 

Nigeria has R
2
 =0.81. 

ii) Tractor cumulative use in hours 

was the major determinant of 

repair and maintenance costs. 

 

RECOMMENDATIONS 
 

In order for the prediction models to be authentic 

and therefore relied upon for making correct 

decisions the following personnel issues should be 

ensured; 

i) Proper remunerations and 

conducive work environment for 

the tractor operators and 

supervisors be made 

commensurate with standard 

living expenses. 

ii) Religious ethics which supersede 

any other moral behaviour should 

be regularly preached to all staff 

in the organization as enshrined 

in the global corporate social 

responsibilities (CSR). 
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