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Abstract: Different types of equipment with various levels/and 

application times are the characteristic features of all 

construction projects. Almost every construction project or 

industry faces the common problem of slow progress and cost 

overruns due to increasing downtime and decreasing operational 

efficiency of construction equipment. Construction equipment 

plays a crucial role in construction to such an extent that without 

it, no construction activity can be performed. In recent years, 

with the continuous advancement in technology and 

improvement of urbanization, there have been more and more 

construction project/equipment requirements resulting in either 

the project delay or cost enhancement As the most critical 

element earthwork is responsible for not only successful 

completion of project within schedule but also for the starting of 

the project, selection of proper equipment for earthwork is 

necessary. Earthwork complexity further increases due to the 

variety of soil types and the range of equipment used. Adverse 

environmental conditions The present study is concentrated or 

focused on soil and various costs based practices adopted for the 

selection of construction equipment and an attempt has been 

made to find the optimal solution for the most problematic or 

responsible activities for the delay in project/cost overrun 

especially in context to excavation, compression, and earth / 

material movement equipment utilization.  

Keywords: Earthwork Equipment, Soil Types, Gorakhpur City, 

Optimal Selection & Utilization 

I. INTRODUCTION

Construction equipment selection, which involves

adhering to completion time and achieving cost savings 

through the avoidance of work hindrances, including the 

prevention of work stoppages, is a fundamental and 

necessary requirement for all types of construction projects, 

such as buildings, bridges, roads, canals, dams, tunnels, and 

sewer lines. For the timely completion and adequate, 

efficient progress of the work, it is necessary to strengthen 

construction equipment management at all levels and times 

during the execution of construction work, especially 

concerning site or soil conditions and cost-effectiveness.  
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As construction equipment requirement runs inevitably 

throughout the entire construction, it is necessary to plan 

and schedule the construction equipment required at various 

stages of the works reasonably, which is of great 

significance for the timely completion of the construction 

project as well as cost-effectiveness [6] [7]. 

The successful completion of every project, as per 

schedule, depends to a large extent on the effective and 

efficient utilisation of construction equipment to its full 

potential. Planning of equipment as a resource and proper 

storage, which should be located as close as possible to the 

point of utilisation, preferably adequately secured and 

protected from both theft and environmental hazards, is 

essential for the complete fulfilment of the equipment 

requirements suited to the project. Proper planning and 

scheduling is the most widely adopted systematic technique 

for maximising the productivity and efficiency of 

construction through careful planning of each piece of 

equipment, ultimately resulting in cost savings as well as 

improved timelines for construction projects. Careful 

planning involves precise requirements, thorough checking, 

and ensuring the availability of equipment and a skilled 

operator to utilise the equipment to its fullest capacity. 

Keeping in view the better decision ability of skilled 

employee in context to equipment performance, operator 

skill can be developed through training programs, 

embracing technological solutions through the use of 

telemetric and IOT-Internet of Things(Connected network 

of devices enabling data exchange with each other/ cloud 

having sensor,  software and electronic components), 

practical training sessions and mentorship programs to gain 

the equipped and knowledgeable employees capable of 

confidently handle different types of equipments efficiently 

[1].  

II. LITERATURE REVIEW

A. Equipment Selection Factors

Besides the number, the capacity cost of the equipment,

and, most importantly, the suitable class are the governing 

factors for selecting excavation equipment. In this context, 

an appropriate class refers to the selection of equipment 

based on soil type or site conditions. Additionally, climatic 

and ground conditions also influence the choice of 

excavation equipment. For example, a dragline is suitable 

for loose, marshy soil and large-scale excavation. The 

number of equipment computations depends on the 

equipment's capacity and  

various characteristics, such  

as the required speed and 

payload of the bucket.  
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In specific cases, such as when fixed-base type equipment 

is preferred over mobile type, this is particularly true for 

power lines at or near the site. The soil/site profile may 

dictate the selection of crawler-mounted equipment. A 

shortage of trained or untrained manpower may lead to the 

choice of automated equipment. Various factors responsible 

for selecting the earthwork equipment to avoid delay in the 

scheduled activity are shown in the figure.2 

 

Figure 1: Factors Responsible for Earthwork Equipment 

Selection 

B. Selection of Equipment Based on Cost Saving 

As the contractor must execute various types of works at 

different locations, and the list of equipment requirements is 

vast and numerous, the contractor can't own the total 

requirement of equipment in the context of a particular work 

or site. Estimating the project's required cost due to owning 

the equipment is cumbersome due to the involvement of 

various factors and assumptions, such as equipment 

capacity, price, operator, fuel charges, transportation, failure 

risk, non-continuous requirements, storage, availability, etc. 

Therefore for the judicious assessment it is necessary to 

prepare phase wise or required period of a equipment the 

following considerations must be ensured: 

1. Alternative utilization of the equipment during the 

gap/rest period 

2. Availability of storage space for standby or surplus 

equipment as close to the project site as possible 

3. Opening, establishing and carriage costs if the equipment 

is to be sent to the main yard or returned whenever it is 

required 

4. Besides owning an alternative to renting, the same must 

be considered 

5. Owning cost assessment must include major repairs, 

overhauls, and routine repair expenses, such as oil and tire 

replacement charges, depreciation, interest on the invested 

amount, insurance, and taxes taken as a percentage of the 

initial cost. The first and foremost decision in selecting 

equipment is whether to purchase or lease a new one. This 

decision is based on the fact that the equipment cost must 

save the project cost more than its cost. These cost 

considerations include the equipment's future utilisation or 

resale value at the end of the project. 

C. Prevailing Practices in Construction Equipment 

Selection &Utilization 

Prevailing practices in construction equipment selection 

and utilization cause and effect relationship may be 

summarized in the table below [2][3][4][5]: 

Table 1: Basis /Causes Effect Relationship 

S. No. Particulars Basis/Causes Details/Effect 

1 
Technology 

Integration 

Poor performance/risk of increasing downtime or idletime of  
equipment, especially in the cases of large projects involving many 

people, tasks, goals and equipment working simultaneously  

Every job and piece of equipment is made easier to 
work with through the use of software and online 

technology. 

2 
Inventory 

Documentation 

Inventory provides a detailed record of all site equipment, 
including past maintenance history, usage patterns, specifications, 

and the last use with the operator and location. It easily tracks the 

location and condition of each piece of equipment. To identify 
potential issues in the context of equipment management, a 

barcode or Radio Frequency Identification (RFID)- based tagging 

system is the most efficient option.  

It ensures the efficient and effective utilisation of 

equipment by tracking maintenance and inspection 

scheduling in advance, as it contains all information 
about equipment procurement and past repair and 

servicing records.  

3 
Equipment 

Planning 

The basis of equipment planning is conducting routine 
maintenance after proper and regular checks or inspections as a 

preventive measure to identify problems in equipment performance 

at an early stage.  

Preventive measures are essential in minimising 
downtime, thereby enabling the efficient and effective 

operation of the equipment. And reducing the 

risk/chances of equipment failure at a later stage 

4 
Maintenance 

Scheduling 

Creating a maintenance schedule, covering lubrication, filter 
cleaning/replacement of deteriorated parts and calibration if 

necessary 

It increases the performance and Reliability of 
equipment, as maintenance is necessary for its 

utilisation. 

5 
Workplace 

Safety 

Insurance 

To keep construction team members safe, so that proper use of 

equipment may be carried out  

Workplace safety, including safety protocols and 
compliance, leads to the efficient and failure-free 

operation of equipment. 

D. Soil Characteristics-Based Equipment Selection 

The locational occurrence and distribution of soil 

variability are natural phenomena due to the formation of 

soil with different rock and mineral constituents under 

varying local regime conditions. As the foundation of civil 

engineering structures rests on soil, soil stability is of prime 

concern for the safety of the structure founded on it. 

Keeping in view the earthwork excavation and 

compressibility of the various soil types, brief characteristics  

of each soil type and its effect on construction are tabulated 

in Table 2 as follows: 
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Table 2: Soil Types & Their Effect on Construction 

S. No. Soil Type Brief Characteristics Effect on Construction 

1 Sandy Soil 

Sandy soil consists of loose sand particles [size 0.06-

2mm], more than 80 per cent, with 50 to 60 per cent of 
coarse sand particles [0.6-2mm]. It is identified by  its 

gritty texture if rubbed between fingers, fast drainage, 

quick excavation and reduced wear /tear of equipment, 
thus enabling soil suitability or easy working in cases of 

basements and foundations where water movement 

away from the working site is required [8]  

Although excavation in these soils is a relatively easy task, 

stability concerns necessitate proper attention to the 
formation of cave-ins, which requires careful consideration 

of shoring and support during excavation. Additionally, the 

easily shifting and eroding characteristics of soil, 
particularly in the event of an earthquake or liquefaction, 

necessitate proper compaction and additional stabilisation 

measures. 

2 Silty Soil 

Silty soil having particle sizes more than clay but less 
than sand particles[In between 0.002mm to 0.02mm] is 

characterised by silt content more than 80 per cent. It is 

identified by its smoothness /muddy  nature in wet 
conditions and easily changeable in  powder form in dry 

conditions [9] 

Due to retaining a large amount of water, the expansion of 
soil takes Place when it comes into contact with water, and 

shrinkage occurs when the soil dries. This frequent 

expansion and contraction of soil make it unsuitable for 
resting foundations on this type of soil, and foundations on 

this type of soil are avoided.  

3 Clayey Soil 

Clayey soil consists of smallest particle size than silt 
/sand soil particles and formed in number of years with 

the tightly bounded  /compacted particles under 

environmental conditions such as temperature, pressure 
and air/water movement containing minor mineral 

constituents of disintegrated or weathered rock 

characterized by either clay percentage more than 40 
percent or sand and silt percentage less than 45 Percent 

and 40 percent respectively. A slippery or slippery 

nature identifies it in wet conditions, and a crumbling 
nature in dry conditions [10] 

Its longer time moisture-holding or retaining capacity 

makes it susceptible to expansion and contraction in cases 
of wetting and drying, respectively. These frequent changes 

pose problems in supported structures, manifesting as 

deformation, movement, or shifting, as well as the 

development of cracks. The strategy employed to mitigate 

these adverse effects involves deep excavation, creating 

trenches with slip lining, expanding the foundation area, 
strengthening the foundation through additional 

reinforcement, and stabilising the soil with lime or cement. 

4 Loamy Soil 

Loamy soil is characterised by a mixture of sand, silt, 

and clay in proportion by weight as 1:1:0.5 (typical 

composition), which makes this soil well-suited for 
balancing water retention. The largest particle, sand, 

provides aeration. Medium-sized particles absorb 

moisture better than sand and act as a medium for 
mixing sand and clay. In contrast, clay particles are 

responsible for controlling the permeability. It is 

identified by dark colour and feeling of softness, dryness 
and crumbly nature if scooped by hand in case of soil  

not affected by recent rain [11] 

As this soil represents the composition of sand, silt and clay 

in such a way that beneficial properties of each are 
included, it can be regarded as an ideal soil for foundation. 

Furthermore, this soil expansion and contraction are 

checked and controlled by the reduced absorption of water 
and a steady rate of drying. The only drawback lies with this 

soil due to its fertility composition and water retention, 

which are not suitable for vegetation growth, thereby 
increasing the likelihood of altering the soil's characteristics 

in the short term. Hence, before construction, it is essential 

to remove all roots, vegetation, and tree stumps from the 
construction area.   

5 Rocky Soil 

All types of rocks act as better foundation supporters 

compared to soil, as the mineral constituents are the 
same. However, the compact mass characteristics of 

rock provide a swelling, shifting, and shrinkage-proof 

foundation if the rock layer lies at a shallow depth. Rock 
may support heavier structures, but its location at a 

vertical depth enhances the project cost, as it incurs 
additional expenses to remove the soil or debris 

deposited or lying over the rock in cases of shallow 

depth. In contrast, deep foundation, such as pile or pier 
length, is 

 governed by the existing level of rock. [12] 

The major problem lies with rocky soil, which makes it 

challenging to achieve a flat and level surface to support the 

foundation. This requires a significant amount of labour and 
material to meet the basic requirement for supporting the 

foundation. Sometimes, disposing of the rock according to 

the site's requirements poses a problem due to its heavy, 
compact mass. Rock excavation requires specialised 

equipment for drilling and blasting, as well as explosives, 
which create risks due to the use of explosives, as well as 

the potential for cracks, fissures, or even the sliding or 

falling of rock. Due to this reason, large projects are often 
preferred on rocky soil, especially government projects 

related to water resources, such as dams, reservoirs, and 

hydropower plants.  

6 Peaty Soil 

Peaty soils, known as extremely acidic and highly 
compressible soils with wide variability in shear 

strength, easily become waterlogged. The risk of 

changing the engineering properties due to weather 
makes this type of soil typically problematic for 

construction and is avoided for supporting the 

foundations of civil works. It is identified by a spongy 
feeling and too dark colour [13] 

The low bearing capacity of peaty soil found in wetlands 
causes strain or shifting of the foundation; hence, alternative 

measures are adopted to avoid this soil. If the layer is 

shallow, removal or replacement with more suitable soil is 
the only alternative. In the case of firm soil or rock below 

the peaty soil, a foundation is used to support the Structure 

on firm soil or rock. In cases where a costly pile foundation 

and non-removable or replaceable soil are present due to the 

greater depth of firm soil or rock, or a large volume of peaty 

soil, a raft foundation is designed. However, in no case is 
the foundation supported on this type of soil. 

7 Gravelly Soil 

Gravelly soils consist of much larger particles, made up 

of small, irregular pieces of stone, than sand. Besides 

quick draining, it is regarded as the best-characterised 
soil in the context of the three S-Control factors, i.e., 

shifting, shrinkage, and swelling. It is identified by more 

roughness than sand particles and less rockiness than 
stone particles. 

To ensure stability, proper compaction, ground anchoring, 

and helical pier installation driven deep below the scour 

level are widely adopted techniques to protect against 
washout or liquefaction of soil due to heavy rain or an 

earthquake.  Besides foundation support, these are also used 

as a construction material in filling, concreting, mixing with 
asphalt, and making bricks, pipes, and blocks.  
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III. RESEARCH METHODOLOGY 

After identification of the problem and detailed literature 

survey both primary and secondary data were collected from 

ongoing project construction sites of Gorakhpur city under 

Bridge Corporation, Nagar Nigam, Public Works 

Department and Gorakhpur Development Authority 

department of UP state government covering almost various 

existing natures of works i.e. over bridges, sewer lines, 

roads, residential/commercial buildings and parks through 

site frequent visits, observation and well framed and 

structured questionnaire from engineers, site in charge 

contractors, supervisors and operators. Secondary data were 

compiled from information available in literature, 

handbooks, group discussions, questionnaires, and the 

expertise of experienced individuals. Frequency /statistical 

analysis of data in context to different respondents &their 

experiments, type of equipment utilised with successful 

performance and different types/sizes of projects. To cover 

the different nature of civil works, the following seven 

projects (14 sites) of ongoing projects in Gorakhpur City of 

four UP Government Departments, i.e. Bridge Corporation, 

Nagar Nigam, Public Works Department and Gorakhpur 

Development Authority, were selected to check/update the 

information obtained by questionnaire and for the search of 

additional information:  

▪ Six Lane Road Widening Work from Paidleganj to 

Nausadh[2Sites] 

▪ Construction of  Overbridges in Gorakhpur City 

Area[2Sites] 

▪ Construction of Ramgarh Tal Lake View Extension 

Project[2] 

▪ Four Lane Road Widening from Asuran Chowk to 

Medical College[3Sites] 

▪ Parallel Bridge Construction to Existing Mohaddipur 

Bridge[1Site] 

▪ Laying of Sewer Line in different Wards for Connecting 

to Goddhoiya Nala[3Sites] 

▪ Residential Building Project Florus Galaxy Phase 2 in 

Rustampur[1Site] 

As all sites selected represent the 

development/maintenance activities of UP Government in 

public interest hence schedule and cost overrun are 

considered as side factor as in most of the cases work delay 

and cost overrun reason lies on the department side such as 

encroachment at site,non-availability of equipment or work 

sanction, delay in finalization of tender and possible 

adjustment/recovery of the cost overrun on account of 

selling of shops/residential complexes/revenue earned 

through taxes. However, the source of knowledge and 

experience sharing in the context of equipment selection and 

utilisation lies with the working people on a government 

project site, as construction activity is performed on a large 

scale and in various forms continually throughout the year. 

IV. VARIOUS ANALYSES/REVIEWS 

Construction equipment, whether it is for a small 

residential building project or a large urban or highway 

project, is proving to be an unsung hero in shaping the 

modern world and is considered the backbone of a 

construction project. Besides demonstrating versatility in 

meeting diverse construction needs and adaptability across a 

wide range of projects, construction equipment ensures an 

accelerated construction rate, a higher level of precision, 

accuracy, and quality, as well as the safety of the job site. 

A. Literature Survey Analysis 

 To achieve idle or downtime (non-utilisation period of an 

equipment due to unavailability of equipment/employee or 

breakdown), and to increase operational efficiency at both 

minimum and maximum standards, every measure shown in 

Figure 1 must be ensured. 

 

Figure 2: Measures for Achievement of Minimum Down 

or Idle Time 

Following up on the maintenance schedule reduces the 

chances of equipment breakdown, whereas operator training 

enhances equipment performance, fuel efficiency, and 

equipment life. Both measures ensure that equipment is 

handled more safely and efficiently, with a reduced risk of 

equipment failure, accidents, and injuries. Proactive 

maintenance, data-driven decision-making, and remote 

diagnostics are facilitated by real-time data on equipment 

health, location, and performance through telematics, 

enabling the identification of potential issues much earlier in 

the context of formulating a maintenance schedule. The 

reliability, efficiency, and durability of high-quality parts 

reduce the risk of unexpected breakdowns and extend 

equipment life, ultimately resulting in lower maintenance 

costs and increased equipment availability. Timely 

completion of the project and efficient/effective overall 

performance can be achieved by contingency planning, 

considering potential risks, allocating budget or resources 

and developing mitigation strategies 

B. Earth Excavation Equipment 

For the right equipment selection, it is necessary to know 

the types of construction equipment and understand their 

applications, so that the right equipment can be selected to 

avoid delays in project completion or cost overruns. Table 3 

below shows the common types of equipment required in all 

projects and their applications/characteristic features of 

commonly used earth equipment. 
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Table 3: Different Types of Equipment 

S. No. 
Types of 

Equipment 
Characteristic Features /Applications 

1 Motor Grader 
As they offer precise levelling and grading of flat surfaces, these machines are mainly used for road construction 

and maintenance to achieve better, smoother, safer, and higher-quality roads. 

2 Excavator 

Excavators, found in various types and capacities, are the proven backbone of digging and trenching activities for 

all kinds of projects due to their adaptability, precision, and ability to perform in confined spaces. Besides this 
lifting, demolition and material handling activities can be performed with various attachments in excavators.  

3 Drag Line 

Dragline consisting of boom, drag chain, bucket, hoist &drag cables used for bulk excavation below ground level 

/its track level in case of soft or loose soils, marshy land and areas containing water and depositing or loading the 
excavated earth simultaneously through dragging the bucket against the excavated earth. It is widely used in canal 

excavation, depositing excavated earth on embankments, and excavating trenches where the sides of the work 

allow the establishment of an angle of repose without the need for shoring.  

4 Loaders 

Based on their function, loaders can be classified into three main types: backhoe loaders, wheeled loaders, and skid 
steer loaders. Backhoe loaders are the multifunctional such as digging, lifting and widerange of construction 

operations due to combined provision of loader as well as excavator wheras wheel loaders having largest bucket 

capacity and highly mobile parts are simplest /standard loaders used in mining and for loading materials such as 
debris, dirt and gravel on trucks in efficient/effective way. Skid steer loaders are known for their compact size, 

skilful performance in digging tight spaces, and adaptability with various attachments. 

5 Bulldozers 
Bulldozers are robust and heavy equipment used for earth moving, site grading, or preparation through pushing, 
ripping, and clearing actions in challenging and heavy-duty work. 

6 Dump Trucks 
Dump trucks offer excellent and efficient hauling performance in off-road site locations, mining, and challenging 

terrains. 

7 
Compact 
Rollers 

These rollers provide a superior solid soil base for follow-up constructions through efficient and effective 
compaction of the ground surface. The type of roller depends on the type of soil to be compacted.  

8 Tipper 
A tipper is the name given to a truck or lorry with a rear platform that raises the front end to discharge material 

through gravity.  

9 Cranes 
Cranes are used for lifting and positioning not only heavy loads but also heavy equipment and structures, saving on 
workforce and cost with precision and control. 

10 ClamShell 

A clamshell consists of a crane boom with a bucket that resembles a shellfish, having two halves hinged together at 

the top and loosely attached at the end through cables. Its limitation lies in the fact that the material to be excavated 
should be soft and loose. 

11 Front Shovel 
The front shovel, which is an electrically powered bucket-equipped machine mounted on crawler tracks, is used for 

excavating and cutting in mostly dry soils lying above its own track or wheel level, except for hard rocks. 

C. Compaction Equipment 

The compaction equipment name is derived from the 

process of compacting soil to improve soil density by 

expelling air from the soil solid using manual or mechanical 

techniques, such as equipment that may be static or 

vibratory, thus reducing pore volumes in the soil and 

ultimately resulting in stability and enhancement of the 

bearing capacity of the soil layer at the site. The compaction 

level varies from site to site, and each site's compaction 

level is necessary to achieve the required soil stiffness and 

strength, thereby reducing the likelihood of water seepage, 

soil swelling, settling, and shrinking in the future. It is a 

necessary activity for preparing the soil before the start of 

construction work, as per the soil investigation report. Three 

types of forces, i.e., static, vibratory, and impact types, are 

used, utilising equipment weight to impact the surface of the 

soil. This creates downward pressure in the soil by vibrating 

the equipment into the soil and forcefully driving down 

rectangular, triangular, or pentagonal-shaped pads, 

respectively. Based on the forces applied to the soil, 

compactors can be categorised into two types: light 

compactors (such as rammers or plate compactors) and 

heavy compactors (including smooth wheel rollers or pad 

foot rollers). The selection of compaction equipment 

consists of three steps: 

Step I: Classification of soil as either non-cohesive or 

cohesive soil. Granular soils are non-cohesive soils that have 

no clay content or cohesive strength between particles, and 

are identified by their easy crumbling in the dry state and 

non-moulding behaviour in the wet state. In contrast, 

cohesive soils are clayey soils that exhibit the opposite 

behaviour to granular soils, namely, high.  

 

cohesive strength between particles, enabling it to resist 

crumbling in the dry state, but easily moldable in the wet 

state 

Step II-Site specifications considerations such as available 

space, area to be compacted, types of terrain and ground 

slope 

Step III-Selection of the Right compactor based on 

specific function suiting the identified soil type and site 

specification consideration, as rammers are suitable for 

cohesive soil in a small space by providing impact in the 

soil. In contrast, plate compactors are lightweight equipment 

for compacting granular soils in small spaces. Rollers are 

heavy-duty compactors that crush, vibrate, or knead the soil 

in a strip form or over a wide area. Ride-on rollers are 

suitable for large jobs  

D. Frequency Analysis 

Equipment selection and utilisation is a complex activity 

involving numerous variables, such as the decisive capacity 

of engineers, top management, or contractors in the context 

of the selection stage, and supervisors or operators at the 

implementation and operation stages. As experience plays 

an essential role in each stage of the equipment selection 

and utilisation process, different respondents and 

experience-based frequency analysis are tabulated in Table 

4, along with respondent frequency percentage designation-

wise, i.e., engineer and contractor. Supervisor and operator 

with less than 5 years of experience.5-10 years,10-20 years 

and above 20 years are further represented by a vertical bar 

chart in Figure 3 as follows 
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Table 4: Frequency of Respondent Designation &Experience 

S. No. Respondent Percentage 

Frequency 

Respondent Percentage  

Frequency Designation Frequency Experience Frequen

cy 

1 Engineer 28 40% Below 5 years 12 17% 

2 Contractor 21 30% 5-10 Years 30 43% 

3 Supervisor 14 20% 10-20 Years 22 31% 

4 Operator 07 10% ≥20 Years 6 09% 

 
Figure 3: Respondent Designation/Experience Vs 

Frequency Percentage Chart 

   It is observed from Table 4 and Figure 5 that both 

groups, i.e., Group 1 (engineer + operator) and Group 2 

(contractor + supervisor), share the same frequency 

percentage of fifty per cent. This is perhaps due to the 

selection of government sites, where the equipment 

selection and utilisation implementation is in a mixed 

pattern, partly by department and partly by contractor. The 

respondents with experience of less than 10 years (60%) are 

more frequent than those with experience of more than 10 

years (40%), indicating that the selection of equipment and 

specific guidance contribution is typically from experienced 

persons, while less experienced individuals often handle 

implementation. Keeping in different equipment 

requirement for other projects of earth excavation/moving 

equipments frequencies of four different types of projects 

i.e. sewer line, building, roadwork and over bridge 

construction along with four various equipments excavators, 

trenchers, trucks and excavator with loader are shown in 

table 5 and pi chart in figure 6 as follows:  

Table 5: Frequency of Type of Project and Earth/Excavation Equipment Used 

S. No. Project Percentage 

Frequency 

Equipment Percentage 

Frequency Types Frequency Types Frequency 

1 Sewer Line 18 26% Excavators 23 33% 

2 Building 14 20% Trenchers 08 11% 

3 Road Work 22 31% Trucks 12 17% 

4 Over Bridge 16 23% Excavator with Loaders 27 39% 

 

 

Figure 4: Frequencies of Types of Project & Earth 

Excavation/Movement Equipment Used 

It is observed from Frequency Table 5 and the chart shown 

in Fig. 6 that the frequency percentages of excavator plus 

tractor and trenchers plus excavator with loaders are the 

same. This is due to the mixed use of equipment in different 

works. An excavator with a loader performs overbridge 

earth excavation and movement activities, whereas 

roadwork activities are performed with prominent 

equipment, such as excavators and trenchers. 

Trenchers/trucks are the most suitable equipment for 

shallow depth/movement of excavated earth at small 

scale/quantity in all types of works  

E. Specific Analysis 

After frequency analysis of the selected  project site, the 

number of respondents (Total 70) along with varying 

experience were interviewed /discussed in context to the 

suitability of four types of earth excavation/moving 

equipment, i.e Drag line, Backhoe, Power shovel and 

clamshell, regarding the utilization/ performance of 

equipment, considering the following four parameters: 

a) Type of soil  

b) Required distance between the footing and the excavation 

c) Working efficiency 

d) Cycle time 

The equipment-wise summary of detailed discussions in 

context to the parameters selected about utilization 

/performance of each is shown in Table 6: 
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Table 6: Summary of Detailed Discussion on Equipment Utilization/Performance Details 

S. No. Euipment Concluded Remarks Based on Discussion  

1 Drag  
Line 

-Moderately suitable for excavation in wet or muddy soil 
-Long distance required between the foundation &excavation 

-Moderate loading efficiency 

-Moderate cycle time   

2 Back  
Hoe 

-Good for excavation in hard soil /rock 
-Small distance required between foundation &excavation 

-Good loading efficiency 

-Moderate cycle time   

3 Power  

Shovel 

 -Very good for excavation in hard soil /rock 

-Small distance required between foundation &excavation 

-Very Good loading efficiency 
-Too short cycle time   

4 Clam 

Shell 

-Moderately suitable for excavation in wet or muddy soil 

-Long distance required between the foundation &excavation 

-Precise loading efficiency but slow 
-High cycle time   

V. DISCUSSION FOR FINDING OPTIMAL SOLUTION 

A. Selection of the Right Equipment & Optimum 

Utilization Techniques 

The selection of the right equipment for a project is the 

most critical element, as different projects, such as bridges, 

roads, buildings, and tunnels, require different equipment 

based on site requirements and the specifications of the 

work to be constructed, especially in the context of 

excavation, compression, and earth disposal. Pre-planning 

before equipment selection and utilisation, with follow-up 

on processing steps, as shown in Figure 5, will enable 

effective and efficient performance without risk. 

 

Fig 5: Four Steps of Construction Equipment Selection 

&Utilization 

However, the decision to select equipment, based on 

project needs, evaluating site conditions, equipment budget 

provision, and surveying locally available suppliers or 

equipment, is the key step in this context. While making a 

decision, the equipment's ability, capacity, and limitations at 

the project site must be evaluated. For the effective 

utilisation of the right equipment, it must be ensured that a 

properly trained or skilled operator handles the equipment 

and is fully aware of the safe handling, proper storage 

norms, and maintenance schedule of the equipment. 

Monitoring equipment utilisation through online tracking 

using software is the most effective control exercise. 

B. Safety Provisions &Retired Equipment 

Created guidelines for the proper and safe handling of 

equipment, in line with the company's operation manual, 

supported by a proper storage and maintenance plan that 

must be tagged or attached to the location of the equipment. 

All security and safety measures for workers and equipment, 

as well as routine maintenance checks, will be performed 

according to the checklist before use, during use, and after 

use, with additional supervisory staff, to ensure the efficient 

operation of the equipment. The equipment may be 

considered as retired equipment if any of the following 

conditions are fulfilled: 

▪ The life span of the equipment with use as per the 

manufacturer's guidelines has been completed 

▪ Repair &maintenance costs are high and not justified 

▪ Due to technological advancements, equipment becomes 

obsolete 

▪ Equipment utilizationy risk  

▪ Project needs have changed, and the equipment is 

unnecessary in the current situation 

Retired equipment use must be prohibited  

C. Continuous Monitoring 

Improving the overall level of project construction 

requires continuous monitoring and checking of not only the 

equipment used in construction but also the ability to adapt 

to the recent technologically advanced standards and 

equipment. In this context separate equipment supervision 

department in accordance of existing situation may be 

established for repeated accounting of equipments, 

endurance of equipment readiness for use, daily/routine 

maintenance schedule implementation and proper sealing 

and storage of equipment, which must be in working 

position so that as and when required the same can be easily 

and quickly can be put into construction, not needed in the 

current process. Various considerations necessary for the 

optimisation of equipment selection and utilisation are 

summarised in the figure.6 

 

Figure 6: Considerations for Optimum Selection & 

Utilization of Equipment 
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VI. CONCLUSION 

1-Though the use of particular equipment for a specific 

type of site cannot be specified due to mixed/variable 

characteristics of soil and a large variety/capacity of 

equipment performing the same function. However, 

recommendations for selecting the equipment based on soil 

characteristics are tabulated in Table 7as follows: 

Table 7: Recommended Earthwork Equipment Based on Soil Type 

Serial Number Types of Soil Earth Excavation or Moving Equipment Compacting Equipment 

1 Sandy Soil Trenchers &Drag Line Light Plate Compactor 

2 Silty Soil Excavator &Dump Truck Rammers Or Jumping Jacks 

3 Clayey Soil Excavator With Loader Rammers Or Rollers 

4 Loamy Soil Drag Line, Trencher &Excavator Tamping Or Padfoot Roller 

5 Crushed Rocky Soil Power Shovel, Backhoe, Bulldozer Smooth Wheel Rollers 

6 Peaty Soil Front Shovel, Drag line &Clamshell Pad foot Roller 

7 Gravelly Soil Front Shovel +Excavator Light Plate Compactor 

  

2. The selection of equipment is based on project needs, 

evaluation of site conditions, equipment budget provision, 

and a survey of locally available suppliers and equipment. 

These are the key steps in this context. While making a 

decision, the equipment's ability, capacity, and limitations at 

the project site must be evaluated. For the effective 

utilisation of the right equipment, it must be ensured that a 

properly trained or skilled operator handles the equipment 

and is fully aware of the safe handling, proper storage 

norms, and maintenance schedule of the equipment. 

Monitoring equipment utilisation through online tracking 

using software is the most effective control exercise. A 

standby arrangement or consideration for surplus equipment 

is necessary when requiring more than two pieces of 

equipment, to ensure a reduction in idle time or an increase 

in equipment efficiency. 

DECLARATION STATEMENT 

After aggregating input from all authors, I must verify the 

accuracy of the following information as the article's author. 

▪ Conflicts of Interest/Competing Interests: Based on 

my understanding, this article does not have any 

conflicts of interest. 

▪ Funding Support: This article has not been sponsored 

or funded by any organization or agency. The 

independence of this research is a crucial factor in 

affirming its impartiality, as it was conducted without 

any external influence. 

▪ Ethical Approval and Consent to Participate: The 

data provided in this article is exempt from the 

requirement for ethical approval or participant consent. 

▪ Data Access Statement and Material Availability: The 

adequate resources of this article are publicly accessible. 

▪ Author's Contributions: The authorship of this article 

is contributed equally to all participating individuals. 

REFERENCES 

1. N. A. B. Salleh, N. B. M. Nordin, and A. Rashid, “Observations 

results on the Burmese construction workers after using the 

IMSmart safety software,” International Journal of Business and 

Social Science, vol. 4, no. 5, pp. 172-178, 2013. 

https://doi.org/10.30845/ijbss  

2. A. Gibb, S. Hide, R. Haslam, D. Gyt, T. Pavitt, S. Atkinson, and R. 

Duff, “Construction tools and equipment – their influence on 

accident causality,” Journal of Engineering, Design and 

Technology, vol. 3, no. 1, pp. 12-23, 2005. 

https://doi.org/10.1108/17260530510815303  

3. C. Ho, P. Nguyen, and M. Shu, “Supplier evaluation and selection 

criteria in the construction industry of Taiwan and Vietnam,” 

Information and Management Sciences, vol. 18, no. 4, pp. 403-

426, 2007. https://www.researchgate.net/publication/228990978  

4. W. C. Benton Jr. and L. F. Mchenry, “Construction supplier 

selection and evaluation,” in Construction Purchasing & Supply 

Chain Management, J. Bramble Ed., McGraw-Hill, United States 

of America, 2010, p. 65,: ISBN: 978-0-07-154885-4, MHID: 0-07-

154885-8. 

5. B. Williams, T. Brown, and A. Onsman, “Exploratory factor 

analysis: A five-step guide for novices,” Australasian Journal of 

Paramedicine, vol. 8, no. 3, pp. 1-13, 2010. Doi: 

https://doi.org/10.33151/ajp.8.3.93 

6. Gransberg DD, Rueda-Benavides JA (2020). Construction 

Equipment Management for Engineers, Estimators, and Owners, 

2nd ed. CRC Press, Boca Raton https://doi.org/10..1201/ajp.8.3.93 

7. Mellado F, Lou EC (2020). Building information modelling, lean 

and sustainability: An integration framework to promote 

performance improvements in the construction industry. Sustain 

Cities Soc 61:102355 

DOI:10.1016/j.scs.2020.102355/9780429186356 

8. Marcelino P, Lurdes Antunes M de, Fortunato E (2018). 

Comprehensive performance indicators for road pavement 

condition assessment. Struct Infrastruct Eng 14:1433 1445 

DOI.org:10.1080/157324792018.1446179 

9. Mathewos M (2017). A Study on Construction Equipment 

Planning and Management Problems in Road Construction Project 

(A Case Study: The Addis Ababa City Roads Authority). Dep 

Constr Technol Manag Sch Civ Environ Eng Addis Ababa Inst 

Technol Addis Ababa Univ Addis Ababa Ethiop 

https://doi.org/10.5937/jaes0-38963  

10. Mohane AP, Ambre HP (2019). Equipment Planning and 

Management in Road Construction Projects. Int Res J Eng Technol 

960 DOI: 10.5937/jaes0-38963 https://doi.org/10.5937/jaes0-

38963  

11. Deodhar, S. V.(2001), “Construction Equipment and Job 

Planning”, Khanna Publisher, Second Edition. ISBN-10: 

8174091149; Publisher Date: 2001; Language: English. Related 

Categories. 

12. Singh Jagman, (2001)“Heavy Construction – Planning, Equipment 

and Methods”, Oxford and IBH Publishing Co. Pvt. Ltd., Second 

Edition. ISBN-13: 978 9058092144 

13. S.C.Sharma, “Construction Equipment and its 

Management”(Delhi, Khanna Publishers, 2010)  ISBN: 

9788174092670, 8174092676 

AUTHORS PROFILE 

Ajai Kumar Rai received the B.E. and M.Tech. Degrees in 

Civil Engineering from Madan Mohan Malviya Engineering 
College, Gorakhpur, India (Now- MMMUT) in 1982 and 

KNIT, Sultanpur, India in 2014 respectively and worked as 

Assistant Professor, Department of Civil Engineering, 
SRMCEM, Lucknow (2011 to 2020). At present working as Assistant 

Professor, Department of Civil Engineering, ITM, Gorakhpur, UP, India. 

 
 

 

 
 

 

 

http://doi.org/10.35940/ijese.K2587.12111024
http://doi.org/10.35940/ijese.K2587.12111024
http://www.ijese.org/
https://doi.org/10.30845/ijbss
https://doi.org/10.1108/17260530510815303
https://www.researchgate.net/publication/228990978
https://doi.org/10.33151/ajp.8.3.93
https://doi.org/10..1201/ajp.8.3.93
http://dx.doi.org/10.1016/j.scs.2020.102355
http://dx.doi.org/10.1016/j.scs.2020.102355
https://doi.org/10.5937/jaes0-38963
https://doi.org/10.5937/jaes0-38963
https://doi.org/10.5937/jaes0-38963


International Journal of Emerging Science and Engineering (IJESE)  

ISSN: 2319–6378 (Online), Volume-12 Issue-11, October 2024 

9 

Published By: 

Blue Eyes Intelligence Engineering 
and Sciences Publication (BEIESP) 

© Copyright: All rights reserved. 

Retrieval Number:100.1/ijese.K258712111024 
DOI: 10.35940/ijese.K2587.12111024 
Journal Website: www.ijese.org 

Brajesh Mishra received the B.E. and M.Tech. Degrees in 
Civil Engineering from Madan Mohan Malviya Engineering 

College, Gorakhpur, India (Now- MMMUT) in 1988 and 

KNIT, Sultanpur, India in 2014, respectively. Received 
Ph.D. in Civil Engineering in 2022 from Dr. AKTU 

University, Lucknow. At present working with U.P. State Sugar 

Corporation, t.d., Lucknow, responsible for the construction of various civil 
structures and the execution of other projects. 

 

 
Disclaimer/Publisher’s Note: The statements, opinions and 

data contained in all publications are solely those of the 

individual author(s) and contributor(s) and not of the Blue 

Eyes Intelligence Engineering and Sciences Publication 

(BEIESP)/ journal and/or the editor(s). The Blue Eyes 

Intelligence Engineering and Sciences Publication (BEIESP) 

and/or the editor(s) disclaim responsibility for any injury to 

people or property resulting from any ideas, methods, 

instructions or products referred to in the content. 
 

https://www.openaccess.nl/en/open-publications
http://doi.org/10.35940/ijese.K2587.12111024
http://doi.org/10.35940/ijese.K2587.12111024
http://www.ijese.org/

