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in order to save expenses, it's important to optimise these tasks. Up to 36%
of the total project costs are spent on construction equipment, which is a
critical component of four-lane development. But because there hasn't been
enough focus on equipment upkeep, costs have increased by 40%. In this
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four lanes of section Nh-6 (Jalgaon) of the Chikhali-Tarsod Highway
Projects is employed.
Key Words: Equipment economics, Productivity, Optimization, etc.

1. Introduction

Since earthwork represents a sizable fraction of the overall construction cost, equipment plays
a vital role in road construction. Consequently, their cost and productivity are essential in
ensuring the project's financial viability for the firm. Therefore, if accuracy is achieved in terms
of calculating equipment productivity, ownership and running expenses, and a reasonable
manner of acquiring equipment, the project may be designed more precisely and for less
money.[1].

Each work of a road layer necessitates a particular set of equipment and machineries, each with
its own level of application, such as subgrade, granular sub-base, dry lean, and pavement
quality concrete. [2]. Equipment productivity control is carried out to determine the length of
time it is in use, the amount of output it produces, and its overall productivity on the project
site. The primary goal of equipment productivity control is to reduce cost and waste. [4].

One of the first tasks to be finished on every project is planning the creation of precise cost es
timates and schedules. The estimator's access to historical data will improve as the accuracy o
f his study's findings increases. This involves determining what kind of equipment to use for
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a certain project as well as the actual performance capabilities of particular equipment compo
nents.

The ability of a contractor to get a contract and profit from it is determined by factors such as
construction methods used and labour and equipment management. Any project requires
appropriate planning and calculations before it can be carried out; therefore, if we can achieve
accuracy in terms of calculating operational costs, equipment productivity, and a realistic
technique of acquiring equipment, we will be able to manage our project more accurately.
Despite the fact that scheduled rates are available, we are unaware of or do not pay attention to
the factors that play a big role in the calculation of these figures. [5].

The objective of this research paper is to examine the output and economics of various highway
building equipment. Hydraulic Excavator (Backhoe Loader), RMC Plant, HMP, Bitumen
Paver, and Tandem Road Roller are among the equipments chosen & hence as a outcome,
provide obtained results on various factors included in ownership and operating costs on a per
working hour basis when equipment is used to its full potential for its intended purpose with
an efficiency of 50/60 minutes, as well as per hour productivity that equipment can attain if it
is working at an efficiency of 50/60 minutes.

2. Research Methodology
The approach used in this research work is divided into two categories.

2.1 Methodology for calculation of landed, ownership and operating cost per working
hour

Ownership and operation expenses make up the two main components of the overall cost of
construction equipment (also known as O & O cost of construction equipment). The cost of
ownership includes expenses for depreciation, interest, and insurance (12 percent of book
value). The number of running hours, location of the job site, operating conditions, fuel/energ
y consumption, and kind of equipment are all elements that affect the equipment's operational
cost. It also comprises labour and equipment operator remuneration, as well as maintenance
and fuel expenses.The procedures for calculating the cost of equipment are as follows:-

.A vendor provided information on the landing expenses of the equipment. On the operational
life of the equipment (age of the equipment) in hours, data from merchants, 1S 11590:1995,
and manufacturer performance reports were gathered (Caterpillar Performance Handbook,
2015).

Ii.The landed/purchasing cost of equipment is determined by adding the basic cost, the 18
percent GST added to the basic cost, and any shipping or installation fees that were paid by
equipment manufacturers, sellers, or owners during the duration of the equipment's life.

iii.Calculation of the net worth of ownership costs that will be covered over the equipment’s life
cycle.

iv.Data on operating expenses were received from contractors and equipment owners as well as
through watching equipment on the Chikhali-Tarsod Highway Project. Maintenance costs and
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operator salaries were then converted to a per-working-hour basis. (Assume daily working
hours are equal to 10)

v.Finally, by adding all costs, the cost per effective working hour is calculated, allowing for net
value coverage.

2.2 Methodology for evaluation of productivity per working hour

All of the methodologies and procedures are based on R.L Peurifoy, Clifford J. Schexnayder,
and Avid Shapira's book "Construction Planning, Equipment, and Methods," published by Tata
McGraw-Hill Companies in 2010. [6].

2.3 Equipment performance

The ratio of per hour Ownership and Operating costs in rupees, as well as equipment
productivity in m3/hr., is used to calculate equipment performance.

3. Data Collection
3.1 Description of the case study

The case study of National Highway NH-6 (Package -

I1A) is chosen for data collecting. The project highway's Package-11
A begins in Chikhali in Buldhana district and runs for 62.7 km, from kilometre 360.000 to
km 422.700.

The project will be carried out by the National Highway Authority of India in the State of Ma
harashtra using hybrid annuities (DBOT annuities) (NHAI).

The current state of equipment management is revealed as a result of this research. The method
of bituminous pavement construction and the operation of each piece of equipment are
extensively studied, and further output and cost analysis, such as values for landed cost,
ownership cost, operating cost, maintenance cost, and so on, are collected from equipment
working on project sites and construction equipment sellers.
Each piece of equipment's operation and the method used to build bituminous pavement are t
horoughly studied, and additional output and cost analysis, including values for landed cost,
ownership cost, operating cost, maintenance cost, and so on, are gathered from sellers of cons
truction equipment and equipment used on project sites.The Chikhali-

Tarsod highway construction project's equipment observation yields information for calcul
ating equipment productivity, including bucket capacity of excavators, volume of concrete/as
phalt produced by plants, average speed of paver & roller to be maintained, and effective wor
king hours for hydraulic excavators, RMC, Hot Mix Plant, speed of bitumen paver & road rol
ler, among other things.

3.2 Data collection

Data on each equipment production and cost was acquired from the contractor's records from
site for primary data collection during the months of October 2020 to May 2021. For further
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output and economic analysis, data on fuel consumption, maintenance costs, labour operating
costs, and equipment working hours were gathered. The cost of each type of equipment was
then computed on an hourly basis, as shown below.

4. Result Analysis

In highway projects, one resource is usually assigned to each action and is referred to as the
dynamic resource. The productivity of the entire project is determined by the performance of
the equipment, and the ultimate output becomes the resource's output. This section includes
result analysis for production (Theoretical output, Effective production / Practical output & Net
Production) & cost of five equipments like Hydraulic Excavator (Backhoe Loader), RMC
Plant, HMP, Bitumen Paver & Tandem Road Roller for the month of October 2020- May 2021.

4.1  Performance of Hydraulic Excavator (Backhoe Loader) Productivity:

The excavator's productivity is crucial since it is the dynamic equipment in utmost soil and
granular layers where finishing is essential. The NH-6 project's data has been evaluated, and
its productivity and cost have been assessed.
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Figure 1. Performance of Excavator

The theoretical Output for Hydraulic Excavator is 78.75 m3/hr. From October 2020 to May
2021, the net production rates of one excavator range from 12.52 m3/hr. to 26.71 m3/hr.,
whereas from March to May 2021, the excavator performs below the drift of the entire set.

The range of effective production (Prod. Qty. /actual working hours) of the excavator is found
to be 40.28 m3/hr. with a standard deviation of 27.78 m3/hr. The efficiency of excavators
(Effective Production/Theoretical Production) x 100 ranges from 35.28 % to 51.15 %.
Excavator utilization ranges from 44.71 % to 68.17 % (Actual Working Hours / Planned
Available Hours) x 100. Variability in job conditions, type of soil, soil conditions, climate
situation, and vary in the nature of the task can all be responsible for the fluctuation in
production rate.
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Figure 2. Cost Components of Excavator

The key components of the cost of performance for four excavators at the NH-6 project are
operating costs, which range from Rs.3,35,704.17 to Rs. 4,34,098.20/- and an average of
Rs.3,90,663.18/- for continuous excavation activity.

With an average of Rs.85,934.56/- and a range of Rs.81,601.11/- to Rs.1,24,128.16/-, the
backhoe loader is the second biggest contributor to cost of performance.

Other costs include landing charges, which range from Rs. 19,216.24/- to Rs. 24,939.79/-, with
an average of Rs.22390.54/-, and maintenance costs, which range from Rs.16,520.55/- to Rs.
1,82,009.00/-, with an average of Rs.66318.38/-

4.2 Performance of Ready Mix Concrete Plant:

&0.00

7000

a0

50.00

30.00

20.00

Production (Cum ;/ hr)
£
g

10.00

.00

Oct-20 MNow-20 Dec-20 Jan-21 Feb-21 Mar21 Apr21 May-21

Month & Year

Figure 3. Performance of RMC Plant

The theoretical Output for RMC Plant is 60 m3/hr. The net production rates of RMC plant is
vary from 1.80 m3/hr. to 30.85 m3/hr from a period of October 2020- May 2021 while from
month January 2021 performs of RMC plant relatively below the drift of the whole set.

The range of effective production of the RMC plant is found to be 40.30 m3/hr. with a standard
deviation of 8.30 m3/hr. The efficiency of RMC plant is ranging from 13.83 % to 67.17 %.
The utilization range of RMC plant (Actual Working Hours / Planned Available Hours) x 100
is vary from 20.58 % to 76.54 %. Variability in job circumstances, maintenance, weather
conditions, and the nature of the task can all contribute to the fluctuation in output rate.
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Figure 4. Cost Components of RMC Plant

From the cost components data of RMC Plant at NH-6 project, the larger components of the
cost is operating cost with the range of Rs. 10,44,170.43/- to Rs. 23,90,857.53/- & average of
Rs. 16,52,225.57/- as the continuous work of RMC Plant. The ownership cost of the RMC
Plant is the next key contribution of cost components with an average of Rs. 4,25,938.34/- with
arange from Rs. 2,29,306.72/- to Rs. 6,35,773.40/-. The other costs include landed cost is vary
from Rs. 15,268.26 /- to Rs. 34,960.05/- & average of Rs.24,150.97/- and maintenance cost is
ranging from Rs. 1750.00/- to Rs. 2,19,261/- with average cost of Rs. 35,998.26/-. The major
variation is observed in costs from March 2021- May 2021.

4.3 Performance of Bitumen Paver:
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Figure 5. Performance of Bitumen Paver

The theoretical Output for Bitumen Paver is 90 m3/hr. From October 2020 to May 2021, the
net production rates of Bitumen Paver range from 4.98 m3/hr. to 18.65 m3/hr.

The Bitumen Paver's effective production range is 38.86 m3/hr., with a standard divergence of
20.09 m3/hr. Bitumen Paver's efficiency ranges from 22.33 % to 43.18 %. Bitumen Paver's
utilization ranges from 24.81 % to 47.98 %. Variability in job conditions, paving specifications,
maintenance, weather, and the nature of the task can all be responsible for the fluctuation in
production rate.

Vol. 71 No. 3 (2022) 1347
http://philstat.org.ph


http://philstat.org.ph/

Mathematical Statistician and Engineering Applications
ISSN: 2326-9865

It is a well-known truth that the various stages of a roadway project are extremely
interdependent. As we can see from the above section of the report, the excavator's performance
has deteriorated, and it was already below average, which worked as a barrier to the next stage
of the bitumen paver not working on a larger scale (range).
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Figure 6. Cost Components of Bitumen Paver

The major parts of the cost of performance for two Bitumen Pavers at the NH-6 project include
ownership costs, which range from Rs. 7,73,453.77/- to Rs. 18,84,382.23/-, with an average of
Rs.10,56,539.39/- as the continuous work of Bitumen Paver. The Bitumen Paver's operating
cost is the next largest contributor to cost of performance, with an average of Rs.1,45,749.64/-
and a range of Rs. 70,163.89/- to Rs. 2,68,360.05/-. Other costs include landed charges, which
range from Rs.42,027.40/- to Rs. 161320.55/- and average Rs.87449.32/-, and maintenance
costs, which range from Rs.5370.00 to Rs.2,78,000.00 and average Rs.77,388.97/-. The major
variation is observed in costs from March 2021- May 2021.

4.4 Performance of Hot Mix Plant:
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Figure 7. Performance of HMP

The theoretical Output for HMP is 64 m3/hr. From October 2020 to May 2021, the net
production rates of HMP range from 3.77 m3/hr. to 78.98 m3/hr. HMP works on paver's
demand, and paver's particular lower effective production produced a significant drop in the
period from October 2020 to February 2021.
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The range of effective production of the HMP is found to be 60.40 m3/hr. with a standard
divergence of 14.20 m3/hr. The efficiency of HMP of the HMP is ranging from 22.19 % to
94.38 %. The utilization range of HMP is vary from 26.54 % to 130.77 %. Fluctuation in job
conditions, presence of moisture, maintenance, climate situation, and Vary in the nature of the
job can all be responsible for the variation in output rate.
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Figure 8. Cost Components of HMP

According to HMP's cost of performance data for the NH-6 project, the major parts of the cost
of performance include ownership costs, which range from Rs. 7,37,503.52/- to Rs.
31,77,533.57/-, with an average of Rs.13,30,191.18/-.

The HMP's operating costs are the next largest contributor to cost of performance, averaging
Rs.10,58,994.56/- with a range of Rs.532641.67/- to Rs.2622204.30/-. Other costs include
landed costs, which range from Rs. 50500.23/- to Rs. 248841.70/-, with an average of
Rs.1,00,451.54/-; and maintenance costs, which range from Rs.0.00/- to Rs.1,12,265.00/-, with
an average of Rs.39,488.50/-. Costs show the most variance between March and May 2021.

45 Performance of Tandem Roller
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Figure 9. Performance of Tandem Roller

The theoretical Output for Tandem Roller is 83.33 m3/hr. From October 2020 to May 2021,
Tandem Roller's net output rates range from 1.21 m3/hr. to 13.58 m3/hr. By bringing it close
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to completion, the roller applies the last layer of work. Due to a lag in previous activities, two
of the three rollers were inactive for an extended length of time, necessitating repair.

With a typical deviation of 9.17 cum/hr. the Tandem Roller's effective production range is
found to be 30.71 m3/hr. The Tandem Roller's efficiency ranges from 11.00 percent to 36.86
percent. Tandem Roller's utilization rate ranges from 13.20 percent to 44.23 percent.
Variability in task circumstances, wetness, lift thickness, number of roller passes, maintenance,
weather, and the type of the project all contribute to the fluctuation in production rate.
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Figure 10. Cost Components of Tandem Roller

The major parts of the cost of performance for three Tandem Roller at the NH-6 project are
ownership cost, which ranges from Rs. 1,00,158.29/- to Rs. 4,57,924.27 /- and an average of
Rs.2,09,249.71 /- as the continuous work of Tandem Roller. The Tandem Roller's operating
cost is the next largest contributor to cost of performance, at Rs. 83782.77/- on average, with a
range of Rs. 32235.19/- to Rs. 202455.20/-. Other costs include landed charges, which range
from Rs. 3293.10/- to Rs. 20,781.67/-, with an average of Rs. 8580.43/-, and maintenance costs,
which range from Rs. 0.00/- to Rs. 13600.00/-, with an average of Rs. 5002.25/-. Costs show
the most variance between March and May 2021.

5. Conclusions

The equipment seen on highway project sites is usually divided into two categories: driving

and non-driving.

1. The average actual production rates of the hydraulic excavator (backhoe loader)
equipments are found to be close to 30.92 m3/hr, which is lower than the theoretical
production rate of 78.75 m3/hr.

2. Given that the RMC Plant and the Hot Mix Plant at the project site have a capacity of 60
m3/hr and 64 m3/hr, respectively, the average effective production rate of the two plants
must be close to 14.93 m3/hr and 21.41 m3/hr.

3. In a similar vein, it is determined that the Bitumen Paver & Tandem Roller's average
effective production rates in a project site are around 49.85 m3/hr & 46.67 ma3/hr,
respectively, despite the fact that their theoretical production rates are 90 m3/hr & 83.33
m3/hr.
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4. The performance discrepancy is obvious when comparing the equipments' availability
and utility factors. The average level of equipment usage, which ranges from 25 to 55
percent, indicates that the equipment is not functioning well or being maintained inside the
site.

The effect of Covid 19 on the construction sector has been continuous, resulting in
workforce shortages and delays in planned operations, with a pronounced impact between
October 2020 and May 2021. As a result, over the same time period, equipment
performance has been below average.

As the second wave of Covid 19 arrived, and the worst part is that we were in no way
prepared for it and were hoping it wouldn't, the total cost of the equipment is largely
proportional to the landed cost, with ownership cost, operating cost, and maintenance cost
having more variation due to working hours. In reality, the impact of the second wave in
metro regions and urban areas was greater than the impact of the first wave in terms of
increasing the number of Covid patients. Therefore, it accounts for the majority (50—-60%)
of the costs.
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