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Optimization of Material Cost through MRP In
Road Construction

Deepa V, Sahimol Eldhose

Abstract— In a construction project, materials account for more than 40% of the total project cost. A small saving in material cost through
efficient management of materials can result to a large saving in the total project cost. One of the root causes of improper material
management is that materials are ordered based on the information from project schedule. Hence the study is conducted to optimize the
cost through material requirement planning for District road construction based on site scenario. The study involves mainly three stages,
namely factors identification, data collection and its analysis. Data collection on factors which are based on time, cost, quality, quantity and
location of various activities were acquired. These were analyzed and optimisation of cost is done through MRP. These results are
validated using actual case studies. Efficient planning of materials can result in substantial savings in project costs.

Index Terms— Material Management, Road Construction, Material Requirement Planning, EOQ, DOQ.

1 INTRODUCTION

he The construction of road gives the better transportation

facility around the country. For better development of the

country in the construction assertive, the project manage-
ment is necessary. Time and cost are the two basic parameters
to control work in the execution of the road construction. Op-
timization is a systematic effort made to improve profit mar-
gins and obtain the best results under given circumstances.
Flow of cost and its usage is very important aspect for benefi-
cial point of view. It is necessary to develop the planning in
terms of material to easy the works and risks arise in the pro-
jects. For the material cost analysis of the road works, MRP
technique is used to overcome the problems raised during
execution.
Material Requirements Planning (MRP) is a time phased prior-
ity planning technique that calculates material requirements
and schedules supply to meet demand across all products and
parts in one or more plants. It focuses on optimizing invento-
ry. This project demonstrates the functioning of MRP using
Discrete Order Quantity (DOQ) and Economic Order Quantity
(EOQ) lot sizing techniques. While DOQ orders just as much
material as required, EOQ determines the ideal order quantity,
5o as to minimize the total cost of inventory management and
only ordering material in that quantity, whenever required.
Each of these methods is suitable for specific demand scenari-
0s.
In conventional methods, the project budgeted total cost is
determined by the difference, between the actual cost, and
planned cost. That means the project manager’s focus was on
only for planned cost and expenditure cost as actual cost. In
modern days many schedule properties and cost parameters
only for planned cost and expenditure cost as actual cost. In
modern days many schedule properties and cost parameters
are considered. Because it is very important in every construc-
tion project, losses are due to inadequate construction man-
agement and cost performances done by the contracts in the
road construction projects. So it is necessary to develop the
planning technique to easy the works and risks arises in the
projects.
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2 STATEMENT OF PROBLEM

Companies need to control the types and quantities of materi-
als they purchase, plan which products are to be produced
and in what quantities and ensure that they are able to meet
current and future customer demand, all at the lowest possible
cost. Making a bad decision in any of these areas will make the
company lose money. A few examples are, if company pur-
chases insufficient quantities of an item used in manufacturing
(or the wrong item) it may be unable to meet contract obliga-
tions to supply products on time, if company purchases exces-
sive quantities of an item, money are wasted - the excess quan-
tity ties up cash while it remains as stock that might never be
used at all and beginning production of an order at the wrong
time can cause customer deadlines to be missed. Material Re-
quirements Planning (MRP) is a time phased priority planning
technique that calculates material requirements and schedules
supply to meet demand across all products and parts in one or
more plants.

3AIM

The aim of the project is to optimize material cost in road con-
struction.

4 OBJECTIVE

The main objectives of this study are to:
e Identify factors affecting material cost.
e Evaluate or analyze material cost.
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e Optimize material cost through MRP in road construc-
tion.

5 SCOPE

Improve material management in construction site there by
reducing cost.

6 METHODOLOGY

The methodology adopted for the present survey is illustrated
in Fig.1

Literature survey

[dentification of factors

Field data collection from ongotng road construction project

Analysis of factors through MRP

l

Result and discussion

l

Concluston

Fig. 1 Methodology of work.

Literature survey includes citing to previous works that dealt
with road construction and Material Requirement Planning
and MRP techniques were also acquired.

Identification of factors contains inflation factor, project
schedule, quality of plans and specifications, size and type of
construction project, engineering review, contingency etc.
Data collection consists of material management at a road con-
struction site, identification of major materials used in road
construction and types of pavements. Details on cost of mate-
rials, lead time and transportation cost between source and
site, quantity of materials and number of labours would thus
lie as secondary concerns.

Analysis of factors through MRP includes calculation of MRP
by EOQ and DOQ methods.

Result and discussion contains optimization of cost through
MRP techniques and its feasibility in construction works.

6.1 LITERATURE SURVEY

The basic objective of construction project is to create a unique
facility, product or service within the specified scope, quality,
time and cost. Some road construction projects face losses due
to inadequate construction management and cost performanc-
es done by the contracts. It is necessary to probe in to previous
studies that have focused upon supply chain management and
process modeling. Though material requirement planning
studies in road construction projects were not purely found,
some key points like major road construction materials and
sections relevant to study are referred from some papers.

6.2 IDENTIFICATION OF FACTORS

There are many factors which affect the optimization of cost
through MRP are as following:

1) Quality of Plans & Specifications: A good quality con-
struction plans and specifications reduce the construction time
by proper execution at site without delay. Any vague wording
or poorly drawn plan not only causes confusion, but places
doubt in the contractor’s mind which generally results in a
higher construction cost. Improper planning may increases
material quantity and improper specification causes variation
in material cost and durability of project.

2) Project Schedule: Duration of construction project is af-
fects the cost. Increase in project duration can increase the con-
struction project cost due to increase in indirect costs, while
reduction in construction cost also increases the project cost
due to increase in direct costs. Therefore, construction project
schedules also need to be considered during project cost esti-
mation.

3) Inflation Factor: A construction project can continue for
years before completion. During the construction period, the
cost of materials, tools, labors, equipments etc. may vary from
time to time. This variation in the prices should be considered
during cost estimation process. If 5% inflation cost is arises it
may lead increase in actual project cost than estimated.

4) Size and Type of Construction Project: For a large con-
struction project, there can be high demand for workforce,
materials and equipments. These may incur extra costs such
projects and also for the type of construction project where
specialized workforce is required. As size of work increases
the quantity of material required also increases, which leads
variation in the total cost.

5) Skill and Experience: Technical review of construction
project is necessary to make sure that the project will serve the
required purpose with optimum operational and maintenance
cost. Proper guiding and review reduces the cost than im-
proper work making excess cost.

6) Contingency: It is always advisable to add at least 10%
contingency towards the total project costs for unforeseen
costs and inflation.
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6.3 DATA COLLECTION TABLE 2
MATERIAL DETILS
TABLE 1
ROAD DETAILS Name Material used Quantity (o)~ Uniteost — Amount
Site bmmageregate 189938 2163 54787
Ste Tye  Pavemen Dt Strefc  Thikness  Toal nmaggesste 49050 R Y
bsedon  thype hm]  (m),without  costof Ummaggregate  113% o 0
RC Eompadion work Dust 758752 1’4 1404781
Immageregate 1278455 206 3928536
Ummagzregate  3979.149 HA 14251
Stel Vilgee  Fexbe Kok 1380 03 30000 WM 1% R0 BY
100 ode il G5B 530564 BH T
(ement T B 3 IIpRE
(ogrsesand 20197 {206 061559
Sel Vi Fexble  fohk 25 0375045 50000 Bumen$HS  BSE bamd 40 DI
103 ofe 0 Emulsion 351 4876 baml 7243 1368
EmulsionRS1 6020 bamel  GRO07 {2034
Site?: bmmagerezate 14 e TR
3 Vlme ek Kok B0 05 5000 Unmaggegte $462 Al IR
Earth 4615 15 416813
103 i 0
WM 34635 4§71 156308.009
68 104848 4365 45783611
. , . , Bitumen -5 03 bamel 4630 s
Sted Vi Fedble  fohk 250 0135 50000 e
o8 e “ uson®Sl 10 m BT M
Sited: bmmageregate  L7LA3L B b5L%5
Ste  Vilgee  Fexble Kok 300 007 51865 IOmmaggregste 5149 BB BB
rad ode ] Ummaggregate 51468 B0 1803
Immageresate 10098 B 1908
Ummageresate 23011 80m RsE
Sted Vil Fexble  forhk 700 55000 Farth W% 15 1540
r0a e 0 WhM 11360 £33 9062853
68 14465024 4158 6159207
(ement 5340 bags b1 111072
(ogrsesand 187 08 BNy
Bitumen 65 18 tarel 430 32066
Emulsion 351 140 bamel  TA3 101402
EmulsionRSL 075 tarel  GR07 5105.55
The materials used in each sites and their details are collected.
Details of materials in three sites are given below.
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6.4 ANALYSIS

6.4.1 DISCRETE ORDER QUANTITY (DOQ)

It is the most common lot sizing technique. This technique
entails ordering only the exact amount of required material.
DOQ minimize inventory, but it results in increase in the
number of orders placed. This might reduce the holding cost,
but it maximizes the ordering cost.

e Item:In MRP, an item is the name or code number used

for the material in scheduling.

e Lot Size: This is the quantity of units ordered during
manufacturing

e Lead Time (LT): This is the time needed to assemble or
manufacture an item from beginning to end.

e  Gross Requirements (GR): This is the total demand for an
item during a specific time period.

e Net Requirements (NR): This is the actual, required quan-
tity to be produced in a particular time period.

NR= (GR - inventory on hand) + safety stock

TABLE 3

DOQ CALCULATION AT SITE 1
Item: Time In Days
40mm
aggregate | (26/03/18)1 2 3 4 2| 6
GR 900 700 | 900 | 700|700
Stock
available 0 0 0 0 0
NR 900 700 | 900 | 700 | 700
planned
order
release 900 | 700 900 | 700 | 700
cost (FOR
x unit cost) 105.72 | 70.48 | 105.72 | 70.48 | 70.48

The same procedure is repeated for each materials in each site
for calculating total cost of materials by DOQ method.

6.4.2 ECONOMIC ORDER QUANTITY (EOQ)

Economic Order Quantity (EOQ) is used to calculate the op-
timal quantity of material that can be procured to minimize

both the holding cost and ordering cost associated with the
material.

EOQ=[(2xAx0)/C] 2
Where,
A = Annual Demand in units
O = Cost incurred for placing a single order
C = Holding Cost per unit per year

N, Number of orders per year = A/EOQ

AA, Average annual ordering cost =

(Number of orders per year) x O

Al, Average Inventory = EOQ/2

AH, Annual holding cost = (Average Inventory) x C
TC, Total Annual Cost =

Annual average ordering cost + Annual holding cost

TABLE 4
EOQ CALCULATION AT SITE 1

[TEM A 0 |C |EOQ (N |AA |Al |AH |TIC
fnm

apregate | 109938 | 2743 | 1763 | 1949 | 9743 | 26006 | 974R | 20.g | 30
Wagoregate | 49050 | 7120|2711 9.9 | 4962 | 1362 | 9415 | 1502 | 200
mm

apprepate | 1139 | 721 | 2700 | 78731 | 1447 | 975 | 9375 | 10714 | 1460
Dusst TR0 | 1849 | 1849 | 157 | o163 | 1139 | 6Ll63n | 1359 | 278
Nmm

aggreate | 1784 | 276 | 176 | 109 | 7990 | 20060 | 99 | 1046 | 413
mm

aporegate | 95 | B4 | 35M | 815 | 1 | 07| LT | 49707 | 4l
WMM 798 | 381 (380 | 3042|1897 | T | 18071 TIT0 | 14454
B B84 | 33| 334 | BL84 | 1659 | H318 | 16592 | 7318 | 11063
bitumens6d | 6338 | 4630 |63 | 35645 | 1782 | 8518 | 17803 | 82518 | 1634
elsion ss1 | 4876 | 743 | T3 | 0875 | 0484 | 35703 | 4998 | 39763 | 71524
emlsion 1s1 | 6,02 | 6807 | 6807 | 10.973 | 0549 | 7345 | A48T | 3745 | 469

The same procedure is repeated for each materials in each site
for calculating total cost of materials by EOQ method. 10% of
material cost is assumed to be as holding cost.

6.4.3 CONVENTIONAL METHOD

In conventional method, total annual cost is determined by
adding annual average ordering cost and average holding
cost. The annual average cost is the product of unit cost of ma-
terial and number of orders placed. Holding cost includes ma-
terial cost and additional 10% of material cost as holding cost.
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6.5 RESULT

From the below table of results including total materials
cost in each site, it is observed that the material cost can be
reduced by using EOQ and DOQ methods. DOQ orders just as
much material as required, EOQ determines the ideal order
quantity. In case of EOQ method about 4% reduction is ob-
served as compared to the conventional method. DOQ re-
quires no holding cost and it is observed that this method
show about 46% reductions compared to conventional meth-
od.

TABLE 5
MATERIAL COST OPTIMIZATION

Sitename | DOQ E0Q Conventional method
with holding cost

Site 1 2114552 | 37605.47 | 38788.339

Site 2 19335.702 | 17551.58 | 18438.59

Site 3 18909.64 | 14966.33 | 15704.309

Site 4 19322.806 | 18038.43 | 18955.306

Site 5 14050 20962.18 | 22014.413

Site b 11534.688 | 18911.143 | 19851.436

7 CONCLUSION

e Factors affecting material cost in road construction
site were identified.

e Material cost used in construction site has been ana-
lyzed.

e In case of EOQ method about 4% reduction is ob-
served as compared to the conventional method.

e DOQ requires no holding cost and it is observed that
this method show about 46% reductions compared to
conventional method.

e  ReferencesDOQ lot sizing technique is suitable for the
site where the demand was considered to be variable.

e EOQ lot sizing technique is suitable for site, where the
demand was considered to be uniform.
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