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Abstract 

 

To increase the productivity of the plant it is necessary that it should have proper material handling system which fulfills the 

customer need at the desired time. To implement the effective material handling system in a crusher unit of Sponge Iron plant is 

considered in order to evaluate the efficiency of plant layout and material handling equipment.  Analyses are performed in 

problematic areas with the help of drawing fish bone diagram such that it can be eliminate barriers to achieve the goal of the 

plant. The analysis of AHP model is performed for selection of the material handling equipment by driving the contextual 

correlation of alternatives to develop the effective layout for material handling system and on the basis of it Framework layout is 

prepared so that it can be implemented to achieve the goal for the industry. In other words, given the importance (or weight) of 

each criteria (Material, Move and Method), the Conveyor is preferable with overall priority of 0.619, compared to the Industrial 

Truck whose overall priority of 0.264 and compared to the Loader with the overall priority of 0.114. On the basis of it the layout 

is proposed with the increase in plant layout efficiency from 66.67% to 120%, and the plant layout has improvement of 79.99% 

with the reduction in transportation length of 52.50%. According to the detailed analysis, the choice depends upon which type of 

facility layout to be adopted has a significant impact on the long-term success of a firm. 

Keywords: Material Handling System (MHS), Fish Bone Diagram, AHP (Analytic Hierarchy Process) Model, 

Framework Layout 

_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Material Handling is a science that studies the physical movement of materials. It involves defining problems, collecting and 

analyzing data, finding solutions and evaluating the alternatives, selecting the preferred method and performing frequent reviews. 

Material Handling is a need of industry which is based on scientific formulas and mathematic models are not enough to create 

the proper design of material handling. It applies to the movement of raw materials, parts in process, finished goods, packing 

materials, and disposal of scraps. In general, hundreds and thousands tons of materials are handled daily requiring the use of 

large amount of manpower while the movement of materials takes place from one processing area to another or from one 

department to another department of the plant. The cost of material handling contributes significantly to the total cost of 

manufacturing. 

According to the Material Handling Industry of America (MHIA), ―Material Handling is the movement, storage, control and 

protection of material, goods, and products throughout 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.‖ [1] 

 Material Handling Equipments A.

There is a various type of manual, semi-automated and automated material handling equipment and technologies available to aid 

in the movement of equipment, protection, storage and control of materials and products throughout manufacturing, distribution, 

consumption and disposal. The material handling equipment includes are given below. 

1) Automated storage and retrieval systems 

2) Automatic guided vehicles (AGVs) 

3) Automatic identification and data collection 

4) Casters and wheels 
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5) Controls 

6) Conveyors 

7) Dock equipment 

8) Hoisting equipment 

9) Industrial robots 

10) Integrated material handling systems 

11) Item order fulfillment systems 

12) Lift trucks 

13) Monorails and workstation cranes 

14) Overhead cranes 

 Role of Material Handling B.

The primary role of a material handling system is to reduce the unit cost of production. The other subordinate objectives are:  

1) Reduce manufacturing cycle time  

2) Reduce delays, and damage  

3) Promote safety and improve working conditions  

4) Maintain or improve product quality  

5) Promote productivity  

i. Material should flow in a straight line 

ii. Material should move as short a distance as possible 

iii. Use gravity 

iv. Move more material at one time 

v. Automate material handling 

6) Promote increased use of facilities  

i. Promote the use of building cube 

ii. Purchase versatile equipment 

iii. Develop a preventive maintenance program 

iv. Maximize the equipment utilization etc.  

1) Reduce tare weight  

2) Control inventory 

 Present Scenario of Material Handling C.

Rapid growing of automation capabilities in the manufacturing space will provide a fillip to the material handling equipment 

market size. Automation aids in reducing costs and delivering high-quality products. It eliminates the need for manpower to 

check-in, sort goods, or to move bins and totes containing materials. These automated systems scale up the operational needs and 

drive the business results by reducing errors, increasing pick rates, surging throughput and decreasing labour costs. The 

automated guided vehicles (AGVs) are an automation solution for moving parts to and from the manufacturing facilities or 

conveying pallets for put-away in distribution centers to the work place. By the highly develop in logistics robotics model 

provides the benefits from optimized work-flow procedures, high productivity levels and reduction of labour and operating costs. 

Amidst this optimistic global scenario, the India material handling equipment market share is anticipated to grow significantly 

from 2017 to 2024 due to an attractive economic landscape, and significant demand for goods movement. ―The increase in 

manufacturing activities in the region will also augment sales. The need for safe working environments in industrial facilities, 

developments in areas such as wireless technologies, robotics, and flexible electronics will fuel the MEA material handling 

equipment market size. Furthermore, the expansion of various international firms in the region will drive demand,‖ the report 

predicts. 

As per an industry press release, India is expecting a CAGR (compound annual growth rate) of 10 per cent up to 2020 in the 

material handling sector. ―A recent study found that the Indian MHE industry is expected to grow steadily. The improvement in  

the Indian economy will result in accelerated demand for goods movement and create opportunities for suppliers of goods 

handling products and services. With the government‘s ambitious ‗Make in India‘ plan to make it very wide by taking root, the  

industry is expecting to see good growth in manufacturing and consequently in logistics and distribution activities for the next 

few years,‖ the release states.  

II. LITERATURE REVIEW 

 Contribution towards of Material Handling D.

Meyers (1993) emphasizes the importance of efficient Material Handling Systems (MHS) for companies by assuring right 

product to the right place at the right time in the right quantity and condition, companies not only can decrease their operational 

costs, but also can eliminate/decrease unnecessary buffers within the shop floor [2]. An efficiently designed material handling 

system ensures the reduction in operation cost, manufacturing cycle time, MH cost, delay and damage. It promotes productivity, 
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flexibility, better utilization of manpower, increases material flow and automation in handling [3]. Material handling is 

concerned with the physical handling, movement, storing and packaging of goods in a logistic system, such as in a material flow 

or/and a production process. The purpose with the different material handlings functions is to create physical place utilization. 

The material handling process is a broad area that includes the movements of raw materials, products in process and/or finished 

goods within a plant [4].  

The author (Kulkarni Prabhanjan P et al. [5]) discussed the design and analysis of material handling system of Conveyor 

system. Material is conveyed everywhere in a factory or warehouse—before, during, and after processing. Material handling 

work should be minimized without compromising production or the level of quality required of the operation. Material handling 

operations should be mechanized and/or automated where feasible to improve operational efficiency, increase reaction, improve 

uniformity and unavoidability, decrease operating costs, and eliminate recurring or potentially unsafe manual labor [6]. To 

discover the issues concerning the material flow efficiency, to analyze them and in a later stage a development and 

implementation of an improvement can be conducted to make a cost effective decision to enhance the company performance and 

discovered that a problem areas are the lack of space in different areas of the company and also lack of appropriate equipment for 

material handling. It recommends the company to implement the improvement suggestion that is included to construct a new 

layout to create more space and that fits the transportation devices better [7].The design of layout also effects the production and 

material handling equipment is implemented as per shortest distance for handling. Facilities layout is a systematic and functional 

arrangement of different departments, machines, equipments and services in a manufacturing industry. It is essential to have a 

well-developed plant layout for all the available resources in an optimum manner and get the maximum out of the capacity of the 

facilities. The material handling aims to study and improve the current plant layout and are analysed & designed by using string 

diagram [8].  

The author (Gautam B.Ghegadmal et al. [9]) explained that Material handling systems are commonly used in almost all the 

industries in all over the world. It is an art and science involving moving, packaging and storing of substances in any form. In the 

field of engineering and technology, the term material handling is used with reference to industrial activity. Modifications are 

carried out in this automated material handling system used to get the resulted in a great productivity improvement. Low cost 

automation provides cost effective architectures and development approaches for transportation of components that properly 

integrate human skills and technical solutions. Most appropriate and judicious use of low cost material handling techniques 

become necessary to reduce the manufacturing cost, manufacturing cycle time, smooth material flow and remain competitive 

[10]. Use of AGV in the flexible manufacturing system creates a bottleneck which causes a dramatically decrease in the 

production: as compare to a conveyor as the material handling system which does not limit the daily production output of the 

manufacturing cell [11].  

III. FACTOR IDENTIFICATION 

 Efficient Material Handling System (MHS) has Following Factors  A.

1) Improves production operations and indirect to direct labor handling ratios. 

2) For the reduction in damage due to material handling and maximum space utilization in the plant. 

3) Reduces accident rate and severity of injury. 

4) Minimizes unit cost and hence minimizes project cost and optimizes quality. 

5) To promotes the effective use of people, equipment, space and energy and provides for employees ease, safety and comfort. 

6) Controls project costs, archives the production standard, builds flexibility in the plan and reduces or eliminates excessive 

inventory; 

7) To achieves goals of the plant to use work cells which will reduce inventory and material handling and design to improve 

the factory management. 

8) To design for first-in-first-out inventory for inventory control. 

IV. METHODOLOGY 

The methodology employed to identifies the existing operations in the facilities with the help of detailed study of crusher unit in 

sponge Iron Plant. Root cause barriers are pointed out to reduce unproductive operations and to increase the efficiency of the 

existing material handling system by the analysis of the plant layout. 

 Analysis of Gathered Data A.

The data recorded from various section of plant is analyses is performed by developing the cause and effect diagram on the basis 

of men machine and material and other factor affecting mode. Further problem areas are identified barrier such that it can be 

eliminate to achieve the goal of the plant. Material handling system play effective role for the plant so the AHP method is use to 

get priority for the selection material equipment and on the bases of it one layout is proposed so that material handling equipment 

works more efficiently and which ultimately reduce cost of material handling. 
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Fig. 4.1: Existing Layout of the Plant 

 Problem Areas in the Plant B.

During the project training in the machine shop problem of the machines were identified according to their working condition 

and on the basis of it problem identification chart is prepared as shown in Table 4.1. This chart shows the problem occurs at 

different location and its effects on work and how to eliminate these problems. 
Table - 4.1 

Problem Areas in the Plant 

S. 

No 

 

 

Description of Problem 
Location 

 

Effects 

 

Cause 

 

 

How to eliminate it 

Responsibility 

 

1 
Floor area found 

unclean 

Overall 

 

Dust 

everywhere 
Negligence 

Clean it properly & 

regularly 
PRODUCT. 

2 Fatigue of operators 
All 

 
Indirect losses Lack of awareness Provide extra operators PRODUCT. 

3 

Unavailability of 

Material Handling 

system 

Machines 

 
Stop process 

Lack of material 

Handling system 

Arrange the proper 

handling system 
PRODUCT. 

4 
Oil split out while 

cleaning 

Every 

machines 
Oil wastage 

Oiling method is not 

proper 
Improve oiling method MAINT. 

5 Bearing jamming Motor 
Stop process 

due to dust 

Note checked 

regularly 
Arrange spare motor 

MAINT. 

 

6 
Emergency switch not 

working 
Machines Accident occurs Not repaired Repair MAINT. 

7 
Inconsistent of operators 

in working 

Overall 

 
Stop process 

Negligence 

 
Arrange co-operator PRODUCT. 

8 Motor smoke 
At heavy 

machine 
Stop process 

Note checked 

regularly 

Should lubricated at 

regular interval 
MAINT. 

9 
Crushed particle split out 

while cleaning 

At every 

machines 
Accident occurs Negligence Clean it properly PRODUCT. 

10 
Quality Defect 

Sources 
Material 

Improper 

material crush 

Dropping, jolting, 

collision, vibration 

Arrangement of proper 

jigs and tooling 

PRODUCT. & 

MAINT. 

 Problem Statement  C.

Today, most of the products to produced on the market for highly competitive environment, as related to the globalization 

marketing strategy, which will demands from companies more agility, better performance and the constant search for cost 

reduction. The objective is to evaluate, in a systematic way, alternative movement of material handling workflow and 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.  By analyzing the fact, it was possible to suggest that internal customers 

understood that the upgraded materials handling system will have enlarged service agility, more reliability, efficiency and the 

most important part is to reduced costs, which ultimately improves in overall satisfaction by both the company and the customer. 

The factor affecting the problem in the plants are point by drawing the cause and effect diagram as shown in figure 4.2. 
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Fig. 4.2: Cause & Effect Diagram 

 The Analytic Hierarchy Process D.

The AHP was developed in the 1980s by Saaty. It is a systematic decision making method which includes both qualitative and 

quantitative techniques [12]. 

To analyze the decision using the analytic hierarchy process as follows in the next steps: 

1) Develop a model for the decision: Break down the decision into a hierarchy of Material, move and method. 

2) Derive priorities (weights) for the move: The importance facts of criterion are compared pair-wise with respect to the desired 

Material to derive their weights. We then check the consistency of judgments; that is, a review of the judgments is done in 

order to ensure a reasonable level of consistency in terms of proportionality and transitivity. 

3) Develop a pair-wise comparison matrix using a scale of relative importance. Determine the maximum Eigen value λmax that 

is the average of matrix.  

4) Calculate the consistency index CI = (λmax - n) / (n -1). The smaller the value of CI, the smaller is the deviation from the 

consistency.  

5) Calculate the consistency ratio CR = CI/RI. Usually, a CR of 0.1 or less is considered as acceptable.  

6) Derive Overall Priorities (Model Synthesis): All method priorities obtained are combined as a weighted sum—to take into 

account the weight of each criterion—to establish the overall priorities of the method. The alternative with the highest 

overall priority constitutes the best choice. 

7) Perform Sensitivity analysis: A study of how changes in the weights of the move could affect the result is done to 

understand the rationale behind the obtained results. 

8) Making a Final Decision: Based on the synthesis results and sensitivity analysis, a decision can be made [13]. 
Table - 4.2 

Saaty‘s Pairwise Comparison Scale 

Verbal judgment Numeric value 

Extremely important 
9 

8 

Very Strongly more important 
7 

6 

Strongly more important 
5 

4 

Moderately more important 
3 

2 

Equally important 1 
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Fig. 4.3: Hierarchical Structure for the MH Equipment Selection Problem 

The first step in an AHP analysis is to build a hierarchy for the decision. This is also called decision modeling and it simply 

consists of building a hierarchy to analyze the decision. The analytic hierarchy process (AHP) structures the problem as a 

hierarchy [14]. 

Figure 4.3 shows the hierarchy proposed for our example. Note that the first level of the hierarchy is material which consists 

of Quality and Type, the second level in the hierarchy is constituted by the move which consists of Destination, Characteristic 

and type of path and the third level in the hierarchy is constituted by the method which consists of Control unit, Handling Cost 

and Acquisition Cost. 
Table - 4.3 

Comparison Matrix for Criteria 

 Material Move Method Priority 

Material 1 1/4 1/5 0.096 

Move 4 1 1/3 0.284 

Method 5 3 1 0.619 

Consistency check- 

 max = (3.031+3.077+3.152) / 3 = 3.087 

Now need to calculate the consistency index (CI) as follows: 

C.I. = 
      

   
 

Where n is the number of compared elements (in our example n = 3) 

Therefore, 

C.I. = 
      

   
 = 

         

     
  = 0.043 

Now calculate the consistency ratio, defined as: 

CR = 
  

  
 

Therefore, 

CR = 
  

  
 =

     

    
 = 0.074 

CI is the consistency index calculated in the previous step with a value of 0.043. RI is the consistency index of a randomly 

generated comparison matrix. 
Table - 4.4 

Comparison matrix for sub-criteria under Material Criteria 

 Quality Type Priority 

Quality 1 5 0.833 

Type 1/5 1 0.167 

Consistency check- 

 max = 2, C.I = 0 and C.R = 0 
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Table - 4.5 

Comparison Matrix for Sub-Criteria under Move Criteria 

 Destination Characteristics Path Type Priority 

Destination 1 1/7 1/4 0.079 

Characteristics 7 1 3 0.655 

Path Type 4 1/3 1 0.265 

Consistency check- 

 max = 3.033, C.I = 0.016 and C.R = 0.028 
Table - 4.6 

Comparison matrix for Sub-Criteria under Method Criteria 

 Control Handling Cost Acquisition Cost Priority 

Control 1 3 1/2 0.320 

Handling Cost 1/3 1 1/4 0.122 

Acquisition Cost 2 4 1 0.557 

Consistency check- 

 max = 3.015, C.I = 0.007 and C.R = 0.013 
Table - 4.7 

Comparison matrix for Alternatives under Quality Sub-Criteria for Material Criteria 

 Conveyor Industrial Truck Loader Priority 

Conveyor 1 5 3 0.619 

Industrial Truck 1/5 1 1/4 0.096 

Loader 1/3 4 1 0.284 

Consistency check- 

 max = 3.087, C.I = 0.043 and C.R = 0.075 
Table - 4.8 

Comparison matrix for Alternatives under Type sub-criteria for Material criteria 

 Conveyor Industrial Truck Loader Priority 

Conveyor 1 7 3 0.669 

Industrial Truck 1/7 1 1/3 0.088 

Loader 1/3 3 1 0.243 

Consistency check- 

  max = 3.007, C.I = 0.004 and C.R = 0.006 
Table - 4.9 

Comparison matrix for Alternatives under Destination sub-criteria for Move criteria 

 Conveyor Industrial Truck Loader Priority 

Conveyor 0.652 0.500 0.706 0.619 

Industrial Truck 0.130 0.100 0.059 0.096 

Loader 0.217 0.4 0.235 0.284 

Consistency check- 

 max = 3.087, C.I = 0.043 and C.R = 0.075 
Table - 4.10 

Comparison matrix for Alternatives under Characteristics sub-criteria for Move criteria 

 Conveyor Industrial Truck Loader 
Priority 

 

Conveyor 1 3 5 0.619 

Industrial Truck 1/3 1 4 0.284 

Loader 1/5 1/4 1 0.096 

Consistency check- 

 max = 3.087, C.I = 0.043 and C.R = 0.075 
Table - 4.11 

Comparison matrix for Alternatives under Path Type sub-criteria for Move criteria 

 Conveyor Industrial Truck Loader Priority 

Conveyor 1 6 8 0.726 

Industrial Truck 1/6 1 5 0.208 

Loader 1/8 1/5 1 0.065 

Consistency check- 

 max = 3.208, C.I = 0.104 and C.R = 0.1 
Table - 4.12 

Comparison matrix for Alternatives under Control Unit sub-criteria for Method criteria 

 Conveyor Industrial Truck Loader Priority 

Conveyor 1 2 5 0.568 

Industrial Truck 1/2 1 4 0.334 

Loader 1/5 1/4 1 0.098 
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Consistency check- 

 max = 3.092, and C.I = 0.046 and C.R = 0.079 

 
Table - 4.13 

Comparison matrix for Alternatives under Handling Cost sub-criteria for Method criteria 

 Conveyor Industrial Truck Loader Priority 

Conveyor 1 2 4 0.557 

Industrial Truck 1/2 1 3 0.320 

Loader 1/4 1/3 1 0.122 

Consistency check- 

 max = 3.015, C.I = 0.007 and C.R = 0.013 
Table - 4.14 

Comparison matrix for Alternatives under Acquisition Cost sub-criteria for Method criteria 

 Conveyor Industrial Truck Loader Priority 

Conveyor 0.667 0.706 0.545 0.639 

Industrial Truck 0.222 0.235 0.364 0.274 

Loader 0.111 0.059 0.091 0.087 

Consistency check- 

 max = 3.054, C.I = 0.027 and C.R = 0.046 

V. RESULT  

 Derive Overall Priorities (Model Synthesis) A.

The local priorities analyzed which indicates the preferred alternative with respect to each criterion and to calculate the overall 

priority (to get final priority) for each alternative. The priorities which are taken into account are not only the preference of 

alternatives for each criterion but also the fact that each criterion has a different sum weight. Given that the using of all the 

values provided in the model, this step is called model synthesis. 
Table - 5.1 

Calculating weights for Material Criteria 

 Quality Type 
Overall Priority 

 

Criteria Weights -> 0.833 0.167 
 

 

Conveyor 0.619 0.669 0.627 

Industrial Truck 0.096 0.088 0.095 

Loader 0.284 0.243 0.277 

Table - 5.2 

Calculating weights for Move Criteria 

 Destination Characteristics Path Type Overall Priority 

Criteria Weights-> 0.079 0.655 0.265  

Conveyor 0.619 0.619 0.726 0.647 

Industrial Truck 0.096 0.284 0.208 0.248 

Loader 0.284 0.096 0.065 0.102 

Table - 5.3 

Calculating weights for Method Criteria 

 Control Handling Cost Acquisition Cost Overall Priority 

Criteria Weights -> 0.320 0.122 0.557  

Conveyor 0.568 0.557 0.639 0.606 

Industrial Truck 0.334 0.320 0.274 0.298 

Loader 0.098 0.122 0.087 0.095 

Now multiply these weights with their respective Criteria weights and add them-  

Preference Ratio for Alternatives 

Now list the alternatives ordered by their overall priority or preference as follows: 
Table - 5.4 

Preference Ratio for Alternatives 

 Material Move Method Overall Priority 

Criteria Weights -> 0.096 0.284 0.619  

Conveyor 0.627 0.647 0.606 0.619 

Industrial Truck 0.095 0.248 0.298 0.264 

Loader 0.277 0.102 0.095 0.114 
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The given the importance or weight of each criteria taken in account are Material, Move and Method for the Conveyor is 

preferable (overall priority = 0.619) which is compared to the Industrial Truck (overall priority = 0.264) and further it is 

compared to the loader (overall priority = 0.114) in the Table 5.4. 

 Proposed Layout for Material Handling to Improve the Efficiency B.

Facilities layout is a systematic and functional arrangement of different departments, machines, equipments and services in an 

industry. It becomes very essential to have a well-developed plant frame layout for all the available resources in an optimum 

manner and to maximize the capacity of the facilities. The efficiency of production depends on how well the various machines, 

services production facilities and employee‘s amenities are located in a plant. 

Part A - Existing Layout (Note: all dimensions are expressed in meters) 

Efficiency of the current plant layout (A) = 
                                  

                     
     

Efficiency of the current plant layout (A) = 
   

   
     

Efficiency of the current plant layout (A) =66.67% 

 
Fig. 5.1: Proposed Layout 

Part B - Proposed Layout 

Efficiency of the current plant layout (B) = 
                          

                     
     

Efficiency of the current plant layout (B) = 
   

   
     

Efficiency of the current plant layout (B) =120% 

Prescribed travel length = 
   

 
     

Prescribed travel length = 
         

     
 

Percentage improvement =79.99% 

Percentage reduction in transportation length = 
                               

                         
     

Percentage reduction in transportation length =
      

      
     

Percentage reduction in transportation length =52.50% 

VI. CONCLUSION 

The choice of which type of facility layout to adopted has a significant impact on the long-term success of a firm. The decision 

are preferred according to the operational requirement of the plant but should not be considered lightly after completion. By the 

regular inspection for improvement of system start from the raw materials inventory to the work in process finished with finish 

goods inventory can help to improve the performance of machines. The key success in production line depends on how the basic 

layout in factory which is carries out especially in material handling system. By the analysis of various material handling systems 

engaged in machines are observed so that the problems are identified on the basis of ground level with the help of fish bone 

diagram. However, it is observes that there is a need for further study due to fast changing in technologies and emphasizing the 

importance of having improvement in productivity by providing short training & education to the employees. To eliminate the 

difficulty of priority AHP methodology is used to determine that which alternative is the most consistent with our criteria and the 

level of importance and according the help in making the frame work for layout and ultimately it helps in selection of proper 

material handling system selection. On the basis of AHP preference result it become helpful to draw the layout for the plant with 



To Enhance the Layout with Effective Selection of Material Handling Equipment by using Analytical Hierarchy Process  
(J4R/ Volume 04 / Issue 02 / 005) 

 

 All rights reserved by www.journal4research.org 
 

35 

the suited material handling system and reduction in the transportation length so the time and availability material handling 

system is more in the plant and save unnecessary operations. 
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