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ABSTRACT 

Investigation on the Impact of Materials Handling 
Management on Production and Time Loss in a Tyre 
Manufacturing Company is reported. Data related to 
production loss in tonnage and time were collated  for 
the period of twelve calendar months and analyzed. 
Analytical tool applied was the Multiple Regression 
Model (MRM) and the Cramer’s rules. The analysis 
was departmental oriented and the results were most 
instructive, educative and far reaching. An empirical 
relationship was develop to articulate the individual 
departmental losses with the total factory losses. 

Key words: Materials Handling, Multiple Regression 
Model, Product and Time Loss. 

INTRODUCTION 

The necessity to re-examine the mechanics of 
materials handling and Movement is consistent with 
industrial growth. According to [1], Materials 
Handling as an integral part of work can be traced to 
the ancient Greeks. And that more recently, it has 
been developed into a factual technology through 
careful investigations from several workers whose 
key contributions in their finding include: 

a) The development of scientific methods and 
conditions to replace the rule of thumb, 

b) The need for management to plan and 
control work and work methods instead of 
allowing individual workers to proceed 
according to their own ideas, 

c) The science of time and motion study 

d) The use of direct economic incentives and  

e) The use of experts called function foremen 
to supervise each aspect of a worker’s job. 

Handling or short-range transportation, as it is 
sometimes called is now well appreciated and 
accepted as one of the greatest cost factors in 
productivity. It is quite often the greatest single 
activity cost in the industrial setup, whatever the size 
of the organization. Also [1] further reported that in 
Great Britain, over one hundred million pound 
sterling, equivalent to one-ninth of the Nation’s wage 
bill is spent annually handling materials in factories 
and sites, excluding the cost of transport on roads and 
ports. The report of [1] revealed that industrial 
accidents cost about ninety million pound sterling 
every year and poor production methods are 
estimated as being responsible for forty two percent 
of this regrettable total, twenty five point two percent 
directly attributable to the handling of goods. 
Investigations revealed that in factories where 
handling was done manually, accidents caused by 
dropped objects were on average fifty two percent, 
those causing hernia twenty seven percent whilst 
fatigue was a general ailment [1]. Also disputes 
originate through poor working conditions, and at the 
root of some of these disputes has been the lack of 
time given to problems of handling. When 
unnecessary handling is not reduced and aids used 
were suitable and economical, production suffers 
directly. Bad handling contributes directly to the two 
million lost working days. [1] The highly competitive 
environment linked to the globalization phenomena 
demands from companies more agility, better 
performance and the constant search for cost 
reduction. [2] Materials handling is intrinsically 
associated with production flow. Because of this, it 
has direct influence on transit time, resources usage 
and service levels. [2] When materials handling 
presents imbalance, there is formation of extra stock 
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or rupture in supply. When the flow does not have 
enough velocity, transit time is long and the system is 
not capable of serving the customers when they need 
it. [2] In evaluating in a systematic way ‘the impact 
of implemented changes in materials handling 
management on the internal customers’ perceptions 
of cost, safety in service, service reliability, agility 
and overall satisfaction, the following sub-factors 
were identified: mechanical shutdowns, electrical 
shutdowns, safety in handling, tooling storage, 
efficient routing, operator’s autonomy, operatorTs 
performance and availability, setup agility, materials 
handling quickness and tooling handling quickness. 
[2] Materials handling management is among many 
factors that contribute to improve a company’s 
performance. [2]  Materials handling management is 
also seen as the movement , storage, control and 
protection of materials, goods and products through 
the process of manufacturing, distribution, 
consumption and disposal. The focus is on the 
methods, mechanical equipment, systems and related 
controls used to achieve these functions. [3] 
Materials handling system project covers activities of 
sequencing, velocity, layout and routing. [4] As a 
consequence, Materials handling equipment have 
been classified into five categories, namely:  

i) Cranes, hoists and lifts 

ii) Positioning equipment, weighing and 
control 

iii) Transporters such as belts, chains and rollers 

iv) Pallets, holders and reels and  

v) Industrial vehicles such as forklift, tractors, 
pallet transporters and carts. [5] 

MATERIALS AND METHODS 

MATERIALS 

The  materials in this research refer to the data 
and information on the whole of the production 
line and the machines needed from the start to the 
finish of tyres; the Engineering Department and 
all its activities to keep the production machines 
from jumping out of control; the Medical 
Department and its activities to keep the work 

force in healthy regime; the Materials Handling  
Department with function of ensuring good and 
timely delivery of raw, intermediate and finished 
goods to the required destination; the 
Administrative Department  to ensure a 
bureaucratic free production and operations and 
finally the Quality Assurance and Reliability 
Department to ensure Quality Function 
Deployment of resources for optimal quality 
products. 

METHODS 

Data and information on the production tonnage 
and time losses will be collated from the various 
departments’  production/operation and incident 
log books via physical inspection of documents. 
Data so collated will be preliminarily processed 
using Tables. The practical meaning of lost time in 
Engineering, Production, Materials Handling et 
cetera is defined below: 

Engineering is in charge of the maintenance of all 
the heavy duty plants , for example the Banburies, 
Mills, Extruders, Calendars et cetera. In the event 
of breakdown of any of these equipment while 
production is on, the production time loss is 
booked against the Engineering Department. In a 
similar manner, when the production workers 
spend time producing bad product or stop 
production in order to be properly briefed on 
production process while these staff are actually 
scheduled to produce, such production time loss is 
booked against Production Department. 
Production time loss due to the inability of 
Materials Handling Department to deliver 
materials as and when due is booked against the 
Material Handling Department. When production 
is stopped to pass administrative information to 
production staff, such production time loss is 
booked against the Administration. When Quality 
Control Department stops the production process 
(in part or whole) with the intention of 
investigating quality control aspects of product 
with the view for improvement in quality, such 
production loss is booked against Quality Control 
Department. In similar manner, the Medical 
Department is charged with the responsibility of 
ensuring healthy staff in factory. If a production 
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worker falls ill while working and visits the 
Medical Department for treatment, such 
production time loss is booked against Medical 
Department. The structured data will then be 
analyzed using the Multiple Regression Method 
and through the use of the Cramer’s equations. 

If the production time and tonnage losses in the 
respective departments in the company are 
represented as follows: Engineering = X1; 
Production = x2; Materials Handling = X3; 
Medical = X4;  Administration = X5 and 
QUALITY Department =  X6 and the total 
Factory losses as Y, then a relationship can be 
developed between the inputs and output 
parameters, that is 

Y = f(X1, X2, X3, X4, X5, X6)                   (1)                                                                                             

The Multiple Regression Model (MRM) can be 
used in solving equation 1 above. According to [6], 
the factors X1, X2, X3, X4, X5 and X6 et cetera could 
be referred to as explanatory variables and that a 
multiple regression model containing 6 
explanatory variables can be written in the true 
form: 

Y = b0 + b1X1 + b2X2 + b3X3 + b4X4 + b5X5 + b6X6 + 
U                                                          (2) 

The Cramer’s rule will equally be applied, thus: 

b0 = Δb0/Δ 

b1 = Δb1/Δ 

b2 = Δb2/Δ 

b3 = Δb3/Δ 

b4 = Δb4/Δ 

b5 = Δb5/Δ and 

b6 = Δb6/Δ                                                   (3)                                                                                                                 

Where Δ represents the determinant of the 
coefficients of the parameter estimates of equation 
(2) and Δbi be the determinant of the coefficients of 
the bi of equation after the ith column is replaced 
by the column of Y. based on these values, the 
MRM regression line is obtained by plugging 
these values in equation (2). The MRM regression 
line becomes the empirical relationship for the 
time/tonnage losses of the company.

 

Results and Discussions 

Results 

Table 1a – Bi-monthly time losses 

S/No Bi-Monthly Theoretical 
Worked Hours 

Total 
Time 
Lost 

Effective 
Worked 
Hours 

Bi-Monthly 
Production 
(Tonne) 

Bi-Monthly 
Production (No. Of 
Operations)1 

1 Jan/Feb 3044.95 919.25 2089.76 2450.19 17193 

2 March/April 2700.76 894.48 1806.28 2184.51 13438 

3 May/June 3076.91 930.4 2146.51 2554.72 16431 

4 July/Aug 3282.97 956.61 2276.36 2664.31 18278 

5 Sept/Oct 3567.4 842.54 2724.86 2849.08 19941 

6 Nov/Dec 2493.18 871.63 1621.55 1899.76 12407 
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 Total 18166.17 5414.85 12751.32   

 Average 1513.85 451.24 1062.61   

 % of Total 100% 29.8% 70.2%   

Source; [7] 

Table 1 – Departmental Time Losses 

S/No Bi-Monthly Engin 

 

X1 

Produ
ction 

 

X2 

Materi
als 
Handli
ng 

 

X3 

Medica
l 

X4 

Admin 

 

X5 

Quality 
Control 

X6 

Total 
Hours 

Y 

1 Jan/Feb 557.6 304.2 42.6 1 8.5 5.3 919.2 

2 March/April 557.6 299.2 34.0 0 1.75 2.0 894.6 

3 May/June 564.7 269 68.4 0.75 8.7 2.2 913.7 

4 Jul/Aug 690.8 219 78.3 2.3 13.3 3.0 1006.7 

5 Sept/Oct 426.5 216.4 176.6 0 12.5 10.5 842.5 

6 Nov/Dec 326.4 260.5 278.2 0.25 6.3 0 871.7 

 Total 3123.6 1568.3 678.1 4.3 51.05 23 5448.4 

Source: [7] 

Table 2 – Tonnage Lost – Department Responsible 

S/No Bi-Monthly Engin  

X1 

Production 

X2 

Materials 
Handling 

X3 

Medical 

X4 

Admin 

X5 

Quality 
Control 

X6 

Total 

Y 

1 Jan/Feb 599.34 326.17 45.43 1.06 9.07 5.60 986.67 

2 March/April 577.52 338.46 38.37 0 1.97 2.30 958.62 

3 May/June 525.52 293.98 91.33 0.79 9.37 2.29 923.24 

4 July/Aug 752.36 243.39 85.72 2.95 15.21 2.90 1102.53 

5 Sept/Oct 396.54 201.27 164.48 0 11.60 9.78 783.67 
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6 Nov/Dec 365.61 304.88 305.87 0.32 7.14 0 983.82 

 Total 3216.89 1708 731.2 5.12 54.32 22.87 5738.55 

Source: [7] 

Table 3a – Department Time Losses 

S/No. Department % Time Loss 

1 Engineering 57.33 

2 Production 28.79 

3 Materials Handling 12.45 

4 Medical 0.08 

5 Administration 0.94 

6 Quality Control 0.42 

 Total 100 

Source: Extract from table 1. 

We can say that X4, X5 AND X6 do not significantly contribute to total losses in Time and Tonnage, hence 
dropping them off do not significantly affect the results. Hence the parameters in Tables 1and 2 reduces to 
those in Tables 3 and 4 respectively. 

Table 3 – Departmental Time Losses (Simplified) 

S/No Bi-Monthly Engineering Production Materials Handling Total 

  X1 X2 X3 Y 

 Jan/Feb        557.6 304.2 42.6 904.4 

2 March/April 557.6 299.2 34.0 890.8 

3 May/June 564.7 269 68.4 902.1 

4 July/Aug 690.8 219 78.3 988.1 

5 Sept/Oct 426.5 216.4 176.6 819.5 

6 Nov/Dec 326.4 260.5 278.2 865.1 

 Total 3123.6 1568.3 678.1 5370 

source: from table 1. 
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Table 4 – Tonnage Loss - Department Responsible 

S/No Bi - Monthly Engineering Production Materials Handling Total 

  X1 X2 X3 Y 

1 Jan/Feb 599.34 326.17 45.43 970.94 

2 March/April 577.52 338.46 38.37 954.35 

3 May/June 525.52 293.98 91.33 910.83 

4 July/Aug 752.36 243.39 85.72 1081.47 

5 Sept/Oct 396.54 201.27 164.48 762.29 

6 Nov/Dec 365.61 304.88 305.87 976.36 

 Total 3216.89 1708 731.2 5656.09 

Source: From Table 2. 

Table 5 – Tonnage Loss/Time Loss 

S/No X1 X2 X3 Y 

1 1.07 1.07 1.07 1.07 

2 1.04 1.13 1.13 1.07 

3 0.93 1.09 1.34 1.01 

4 1.09 1.11 1.09 1.09 

5 0.93 0.93 0.93 0.93 

6 1.12 1.17 1.10 1.13 

Σ 6.18 6.5 6.66 6.3 

Table 5 was generated by dividing the entries in Table 4 by the corresponding entries in Table 3 in order to 
obtain the ratio ‘Tonnage Loss per Time Loss’. The data of Table 5 were then evaluated using the multiple 
regression see equation (1) and the Cramer’s formula and the under-listed results were obtained: 

Δ = 0.447 

Δb0 = -0.018 

Δb1 = 11.257 

Δb2 = -71.698 and Δb3 = -0.0833; and b0 = Δb0/Δ = -
0.04;  b1 = Δb1/Δ = 25.18; b2 = Δb2/Δ = -160.40 and 
b3 = Δb3/Δ=  -0.19. 

Based on these results, the empirical relationship 
for the production/time loss for this company’s 
operations is therefore represented as: 
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Y = bo + b1X1 + b2X2 + b3X3, that is : 

Y = -0.04 + 25.18X1 – 160.40X2 – 0.19X3.                                                                                       
(4) 

DISCUSSIONS 

Data in Table 1A show that on bi-monthly basis, 
production time loss stood at 29.8% of available 
theoretical work hours. This value is colossal. 
Table 3A displays the breakdown of the total loss 
time on departmental basis. This departmental 
loss figures reveal that Engineering has the 
highest time loss (57.33%) ,followed by 
Production (28.79%) and then Materials Handling 
(12.45%) in that order. The least loss in time is 
attributed to Medical Department (0.08%). Due to 
the low value of time losses associated with the 
Medical, Administration and Quality 
Departments, these departments were dropped off 
from the Multiple Regression Model (MRM) as 
their non inclusion did not significantly affect the 
expected outcome. The production time loss 
attributable to Engineering and Production 
departments are very high. There will be the need 
to replace old and unserviceable plants, and at the 
same time establish an effective planned 
maintenance culture. This will go a long way in 
reducing production loss attributable to 
Engineering. The production time loss 
attributable to Production Department could be 
reduced by an effective re-induction 
course/training for the production staff especially 
the cover builders. The time loss attributable to 
Materials Handling accounts for 12.45% of the 
total production time loss, that is 3.71%. This time 
loss attributable to materials handling in a similar 
manner accounts for 3.71% loss of total 
production tonnage. An empirical relationship has 
been established for the production tonnage and 
time losses for the factory. This empirical 
relationship is most informative and instructive to 
serve as a guide in regimenting the product loss 
versus time loss in the production activities.  

 

CONCLUSION 

Impact of Materials Handling Management on 
Production and Time Loss in a Tyre 
Manufacturing Company has been examined from 
the perspective of plant layout, materials flow and 
materials handling equipment management. 
Results of the study reveal that the average bi-
monthly loss in production time is 29.8% (of total 
time). Contrary to the previous school of thought 
that materials handling management was one of 
the main factors responsible for low product 
output and loss in production time, the results of 
the investigation reveals that Engineering and 
Production Department account for 57.33% and 
28.79% of production time loss and shortfall in 
desired product output. Materials handling 
Management accounts for 12.45% of the lost 
production time and short fall in desired output. 
This loss in production time and shortfall in 
desired product output attributable to materials 
handling is traceable to lift truck problems and 
inability to deliver supplies as and when due. This 
problem could be eliminated by reordering the 
materials handling equipment. In order to bring 
down loss production time and shortfalls in 
desired products attributable to Engineering and 
Production Departments, there will be need to do 
further investigation on the operations of these 
departments. 
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