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ABSTRACT 

This paper is a review and consolidation of the emerging literature on the Facilities planning and Plant Layout A 

framework of analysis for developing the Plant layout is also suggested. 

A facilities layout, also called plant layout, consists of the production areas, production related or support areas and 

personnel areas within the building. Plant layout design is one of the strategic fields that determine the long run 

efficiency of operation. Layout determines the way in which materials and other inputs (like people and information) 

flow through the operation.  Relatively small changes in the position of a machine in a factory can affect the flow of 

materials considerably. This in turn can affect the costs and effectiveness of the overall manufacturing operation.  

Getting it wrong can lead to inefficiency, inflexibility, large volumes of inventory and work in progress, high costs and 

unhappy customers.  Changing a layout can be expensive and difficult, so it is best to get it right first time. 

Replacement problem fall into two categories depending upon the life pattern of the equipment involved that is 

whether the equipment wear out or become obsolete with time (because of constant use or new technological 

developments) or suddenly fails. 

This dissertation proposes an efficient and flexible plant layout algorithm to minimize the transporting cost and deal 

with change in future. Replacement (replacement of machine) evaluation methods of layouts are also proposed by this 

dissertation. A computer-based system will be developed to integrate all of the functions.  

1.Introduction 

Concept of Facilities Planning and Plant Layout 

A facility planning is a complex and broad subject that covers several disciplines. It involves civil, electrical, industrial 

and mechanical engineers, as well as architects, consultants, managers and urban planners. 

 According to Tompkins and White [Tompkins, 1996], facilities planning determines how an activity‟s tangible fixed 

assets best support achieving the activity‟s objective. Facilities planning can be divided into two components: facilities 

location and facilities design. 

 Facilities location is about placement of the facility on a specific plot of land with respect to customers, suppliers and 

other facilities. Facilities design consists of the facility systems design, the layout design and the handling systems 

design. The facility systems consist of the structural systems, the environmental systems, the lighting/electrical systems 

and safety systems. The layout consists of all equipment, machinery and furnishings within the building structure. The 

handling system consists of the mechanisms needed to satisfy the required facility interactions. 
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Concept of Replacement Analysis 

Replacement problem fall into two categories depending upon the life pattern of the equipment involved that is whether 

the equipment wear out or become obsolete with time (because of constant use or new technological developments) or 

suddenly fails. 

For items that wear out, the problem is to balance the cost of new equipment against the cost of maintaining efficiency on 

the old and /or cost due to the loss of efficiency. Though no general solution is possible, models have been constructed 

and solutions have been derived using simplified assumption about the condition of the problem. 

A separate but similar, problem involves the replacement of items such as electric bulb, radio tubes etc. of equipment 

which does not deteriorate with time but suddenly fails. The problem in this case, is of finding which items to replace and 

whether or not to repave them in a group and, if so, when. The objective is to minimize the sum of the cost of the item, 

cost of replacing the item and cost associated with failure of item. 

The most common question asked in industry is when should the existing be replaced? 

 When should a new machine replace the existing machine? 

 When should a process be redesigned? 

 When should a product be redesigned? 

2.Replacement Model 

Replacement problem fall into two categories depending upon the life pattern of the equipment involved that is whether 

the equipment wear out or become obsolete with time (because of constant use or new technological developments) or 

suddenly fails. 

For items that wear out, the problem is to balance the cost of new equipment against the cost of maintaining efficiency on 

the old and /or cost due to the loss of efficiency. Though no general solution is possible, models have been constructed 

and solutions have been derived using simplified assumption about the condition of the problem. 

A separate but similar, problem involves the replacement of items such as electric bulb, radio tubes etc. of equipment 

which does not deteriorate with time but suddenly fails. The problem in this case, is of finding which items to replace and 

whether or not to repave them in a group and, if so, when. The objective is to minimize the sum of the cost of the item, 

cost of replacing the item and cost associated with failure of item. 

There is still another situation in which replacement become necessary. This is obsolescence due to new discoveries and 

better design of equipment. The equipment needs replacement not because it no longer performs to the design standard, 

but because more modern equipment perform higher standard. 

Quite often that repair and maintenance cost of items increase with time and a stage may come when these costs become 

so high that it is more economical to replace the item by a new one. Since both of these costs tend to increase with time, 

they are grouped while analyzing a problem. 

Replacement of Item that Deteriorate i.e., Whose Maintenance Cost Increase with Time 

Case 1: When time‘t’ is a continuous variable 

             Let C = Capital cost of item, 

                   S = Scrap value of the item, 

                   Tavg = Average annual cost of the item, 

                   n = Number of year the item is to be in use, 

                   f(t) = Operating and maintenance cost of the item at time t. 
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It is desired to find the value of n that minimizes T(n), the total cost incurred during n year. 

Annual cost of the item at any time t = capita cost – scrap value + maintenance cost at time t = C – S + f(t). 

                                                                           n  

Now total maintenance cost incurred during n year = ∫f(t).dt. 

                                                                                    n
0 

Total cost incurred during n year T(n) = C – S + ∫f(t).dt. 

                                                                         
0
            n

 

Average annual cost incurred on the item Tavg = 1/n [C – S + ∫f(t).dt.] 

                                                                                                 
0 

Now we shall find that value of n for which Tavg is minimum.Diffrentiating previous equation w.r.t. n, we get                                        

                                                  n     

d/dn(Tavg) = -1/n
2
. (C-S) – 1/n

2 
∫f(t).dt + 1/n.f(n). 

                                                  
0 

d/dn(Tavg) = 0, we have
 

                                    n
 

f(n) = Tavg = 1/n [C – S + ∫f(t).dt.] 

                                        
0 

Thus the item should be replaced when the average annual cost to date becomes equal to the current maintenance cost. 

Using this result we can decide when to replace an item provided an explicit expression is given for the maintenance and 

repair costs. 

Case 2:  when time‘t’ is a discrete variable 

In this case, the total cost incurred during n year, 

                     n
 

T(n) = C – S +∑f(t).dt. 

                                    t=0  

Average annual cost incurred on the item, 

                             n 

f(n) = 1/n[C – S +∑f(t).dt.] 

                                                t=0  

‘n’ is optimal at the east average annual cost. 

Facility Problem Statement And Modeling 

Here the problem is to arrange “n” machine with different areas into a process plant to minimize the total expected 

transporting cost given several possible future material flows. The material flows can have the different cost per unit 

distance. The model is presented below:      

                         n   n 

Minimum T = ∑ ∑ fijdijcij 

                       
 i=1 j=1

 

Where: 

fij=frequency/volume of movement 

cij=cost to move one unit load per one distance unit between two machines 

dij=distance between machine i and j 
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Assuming the cost cij remain constant, the objective would be reduced to minimizing the total distance traveled for the 

parts. 

Example of three machine layout: 

There are six possibilities for three machine layout that is given below: 

1 2 3 f12*d12+f13*d13+f21*d12+f23*d23+f31*d13+f32*d23 

1 3 2 f13*d12+f12*d13+f31*d12+f32*d23+f21*d13+f23*d23 

2 1 3 f21*d12+f23*d13+f12*d12+f13*d23+f32*d13+f31*d23 

2 3 1 f23*d12+f21*d13+f32*d12+f31*d23+f12*d13+f13*d23 

3 1 2 f31*d12+f32*d13+f13*d12+f12*d23+f23*d13+f21*d23 

3 2 1 f32*d12+f31*d13+f23*d12+f21*d23+f13*d13+f12*d23 

Table 1 

 

fij 1 2 3 dij 1 2 3 

1 - 2 4 1 - 1 3 

2 6 - 3 2 1 - 2 

3 5 1 - 3 3 2 - 

Table 2 

                                     n   n 

Minimum T = ∑ ∑ fijdijcij 

                       i=1 j=1 

   T 

1 2 3 38 

1 3 2 37 

2 1 3 43 

2 3 1 43 

3 1 2 47 
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3 2 1 46 

Table 3 

 

Here we can see that the layout 1-3-2 is most optimum layout. 

Here we can see that the layout 1-3-2 is most optimum layout. Now we can also calculate the overall shifting cost by 

using similar concept: First part is total transportation cost second part is total installation cost.  

2.Summary And Conclusion 

By the above analysis we can determine the optimum replacement time and hence we save the shifting cost 

we can save the shifting cost.

Best and economic flow pattern is 

obtain.

Hence over all cost of product will 

be decreases.

231 131

FINDING THE BEST FLOW PATH

REPLACEMENT 

ANALYSIS

231

 

This paper has deal with some of the aspects of Facilities location and design procedures and has shown the reader that 

the flow of elements is greatly influenced by the layout of the plant. 

The combination of facility location decision and replacement analysis will give the most optimum layout and hence 

production will be increase without failure of machine.  

By applying replacement model we can easily calculate the replacement time of existing machine and can be make a new 

highly efficient layout these also reduce the shifting cost which further decreases the overall cost of product. 

3.References 

[1]. Apple J M (1977) Plant layout and materials handling, John Wiley 

[2]. Slack N et al (1998) Operations Management, Prentice Hall 

[3]. Wu, B (1994) Manufacturing facilities – location planning and design, PWS-Kent 

[4]. Reynolds WA and Cheung MK „The use of industrial engineering in Hong Kong manufacturing 

industry‟, Int. J. Prod. Rex Vol22 No 6 (1984) 983-999 

[5]. Hyer NL and Wemmerliiv U „Group technology in the US manufacturing industry: a survey of current 

practice‟, Int. J. Prod. Res. Vol27 No 8 (1989) 1287-1304 

[6]. Wemmerliiv U and Hyer NL „Cellular manufacturing in the US industry: a survey of users‟, Int. J Prod. 

Rex Vol 27 No 9 (1989) 1511-1530 



KITE/NCISRDC/IJARIIT/2018/MECH/110                   IJARIIT( ISSN:  2454-132X) 

©2018. IJARIIT – ALL rights reserved.                  Website: www.ijariit.com     Page 308 
 

[7]. Garey MR and Johnson DS Computers and intractability: a guide to the theory of NP-completeness. 

W.H. Freeman, New York, (1979). 

[8]. Kaku BK, Thompson GL and Morton TE „A hybrid heuristic for the facilities layout problem‟, 

Computers and Operations Research Vol 18 (1991) 241-253 

[9]. Koopmans TC and Beckmann M „Assignment problems and the location of economic activities‟, 

Economettica Vol 25 (1957) 53-76 

[10]. Hanan M and Kurtzberg JM „A review of the placement and quadratic assignment problems‟, 

SIAM Review Vol 14 (1972) 324-342. 

[11]. Pierce JF and Crowston WB „Tree search algorithms in quadratic assignment problems‟, Nav. 

[12]. Love RF and Wang JY „Solving quadratic assignment oroblems with rectangular distances 

and-integer programming‟, „Nav. Res. LOP. Ouart. Vo123 No 4 (1976) 623-627 

[13]. Kiug3R and Nakornchai„ V „Machine-component group formation in group technology: 

review and extension‟, International Journal of Production Research Vol20 No 2 (1982) 117-133 

 

 

 


