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Abstract: With an emphasis on scheduling tactics and operational effectiveness, this study explores the crucial area of sand
excavation quarry management. This study provides useful insights for the optimization of sand quarry operations by a thorough
investigation of scheduling strategies, resource allocation practices, and management approaches specifically designed for the
complex dynamics of quarry excavation.

The study highlights how important PRIMAVERA software is as a reliable scheduling solution that is especially well-suited to
deal with the difficulties that come with sand excavation projects. The study emphasizes that promoting sustainability and
efficacy in sand quarry operations requires a well-designed and optimized scheduling system in addition to good management
practices. Beyond its immediate purview, this study highlights the wider implications of sand excavation for sustainable resource
management strategies while also making a valuable contribution to the area of sand excavation. Additionally, the study
demonstrates the sophisticated functionalities and intuitive user interface of PRIMAVERA software, demonstrating its capacity
to enable project managers in the meticulous planning and coordination of excavation operations. The software's ability to
manage intricate scheduling tasks, in conjunction with real-time tracking and critical route analysis, is crucial for optimizing
project schedules and guaranteeing effective resource distribution.

Keywords: schedule performance, construction schedules, automation, optimization tools, integrated approach, adaptable project
management.

L. INTRODUCTION

Systematic procedures are urgently needed to ensure responsible and sustainable operations in light of the complexities and
difficulties involved in sand extraction. This entails creating all-encompassing plans that incorporate geological evaluations, cutting-
edge technology, and environmental regulations. Striking a balance between the needs of the building sector and protecting the
environment requires a comprehensive approach.

Essentially, the background underlines the importance of sand in building, the difficulties involved in extracting it, and the need for
methodical and sustainable solutions to the problems this essential business faces. Deeper exploration of these complications is the
goal of the next dissertation, which will provide answers and ideas for efficient planning and administration of sand mining in
quarries.

A. Sand Excavation in India: A Scenario of Contrasts

When it comes to sand excavation, India—a country with enormous landscapes and a wide variety of resources—faces a

challenging situation. Sand, on the one hand, is an essential resource that drives the nation's rapidly expanding infrastructure and

building sectors. However, the careless extraction of it presents significant environmental and societal issues.

The Demand Boom: India's ambitious infrastructure projects and quick urbanization are fueling the country's building boom. Sand

demand has skyrocketed as a result; it is projected to be approximately 5.5 billion tons per year. Sand excavation is the main method

used to meet this demand from:

1) Riverbeds: Historically, India’'s main supply of sand has come from its rivers. However, over-exploitation has damaged
ecosystems, eroded riverbeds, and put the livelihoods of communities that depend on the rivers in jeopardy.

2) Quarries: Sand is additionally taken out of quarries that are situated on land. Although this may not have as much of an impact
on river ecosystems, it still poses issues with dust pollution, damage to the environment, and groundwater depletion.

3) lllegal Mining: Sand extraction in India is regrettably carried out in large part illegally, frequently by sand mafias operating
outside of laws governing the environment or obtaining permits. More environmental harm and societal unrest result from this.
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1. LITERATURE REVIEW
By connecting the network activities of a project schedule with the three-dimensional (3D) components of a building information
model (BIM), numerous researchers and construction practitioners have created four-dimensional (4D) models. With the exception
of the 3D components, the BIM offers little information in such a 4D model. This study suggests an interface system that uses the
BIM's capacity for quantity takeoffs of necessary materials (such as steel, forms, and concrete) to support site-level operations
simulation, ultimately leading to the generation of a project schedule (Wei-Chih Wang et al 2014) [1].
Large-scale biogas plant construction projects require a complex web of interdependent tasks that must be coordinated over a wide
range of timeframes. As a result, the critical path method (CPM) is used in this study to analyze the application of planning and
scheduling for the construction of biogas plants. The findings showed that, if there are no delays, building a 50 m3 biogas plant with
a fixed dome in Iran could be finished in a minimum of 38 weeks. Additionally, a project network is suggested to illustrate the
connections between the tasks and track the project's advancement (Samira Zareei 2018) [2].
According to the study, AR works well for worker training, progress tracking, scheduling construction projects, safety management,
time and cost management, and quality and defect management. Virtual reality (VR) is a useful tool for quality and defect
management, worker training, safety, and visualization. Furthermore, a network that enables the option of holding conferences with
people who are physically separated from one another or the building site is developed using AR and VR. This study could aid in
investigating the possible applications of AR and VR technologies as profitable, time- and money-saving aids in the construction
sector (Shakil Ahmed, et al 2018) [3].
In this article, "structurally stable sequencing™ refers to the erection sequencing order in which the structure maintains statically
stable conditions both locally and globally throughout the installation process. The authors created 21 distinct experiments and
applied the suggested technique to create stable construction schedules in order to validate the methodology. Each experiment was
completed satisfactorily. As a result, this methodology suggests a novel way to use the GA as an Expert System tool in building
projects (Vahid Faghihi et al 2014) [4].
The simulation-based auction protocol (SBAP), a hybrid framework developed by the authors, enables efficient resource allocation
in large-scale projects. The SBAP framework is used in this study to satisfy a number of constraints and allocate resources (such as
space and a skilled crew) in an efficient manner. This system gathers information from an extensive database, executes the
simulation model in the background, and provides a range of graphical outputs to help project managers and superintendents make
important project choices. The created system may also efficiently level resources, schedule fast-track modular construction projects
with minimum data, and schedule resources (e.g., space, staff) depending on different shifts and calendars. This paper's case study
illustrates the possibilities of the system that was built for organizing module assembly yards (Hosein Taghaddos et al 2012) [5].
The construction and site management, cost and schedule management, risk analysis and management, innovation and information
technology use, and leadership and professional development subareas were found to have a large number of theory-based findings
published in them. Particularly in developing nations without a research culture, the subfields of organization and stakeholder
management, project planning and procurement, and project monitoring and control continue to be potential areas for future study.
Future global collaboration can further advance megaproject research by using institutional theory and complexity theory as the
theoretical underpinning in these subareas (Kim, S., et al 2020) [6].
A genetic algorithm has been utilized for the optimization process because of the multitude of options available for the execution of
the activity. Multiple test scenarios were used to test the algorithm, and the outcomes were compared to those produced by
Microsoft Project. The assessment reveals that the suggested algorithm is capable of producing sufficient and well-rounded answers
about the three goals, and that these answers surpass those offered by for-profit project scheduling software (Sofia Kaiafa, et al
2015) [7].

1. METHODOLOGY
PRIMAVERA's critical path analysis is used to determine the order of tasks that establishes the project's overall schedule. Project
managers may make sure that the project moves forward smoothly and meets production goals within predetermined timeframes by
optimizing resource allocation and streamlining work sequences. This is achieved through a thorough grasp of the critical path.

A. Allocating and Optimizing Resources

PRIMAVERA resource allocation and optimization methodologies are integrated by the methodology. This involves allocating
workers, equipment, and supplies to various activities effectively in accordance with their dependencies and availability. Resource
optimization makes ensuring the quarry runs as efficiently as possible, cutting down on downtime and increasing output.
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Step by step process in PRIMAVERA softare
1) Open Primavera P6
« Launch the Primavera P6 software on your computer.

Login to Primavera P Professional 17

Login Name ¢ oK

Iadmin 0 Cancel
Password

i ®

Language

|Engisn (unted states)

Database

ORACLE =
PRIMAVERA P6

Figure 1:Launching of PRIMAVERA

2) Log Inor Create a New Database
« Log in to an existing database or create a new one if this is your first project.

3) Create a New Project

o Click on the "Projects" tab to access the Project Management module.

« Click on the "EPS" (Enterprise Project Structure) tab to create a new project.
« Right-click in the EPS area and select "Add" to add a new project.

o
File Edit View Enterprise Tools Admin Help
= - - & = e - B, ®Q BO®.,
- [Z] Open Project X
AL
:; 1| Select Project Portfolio i All Projects. E 4 Open =
 Display @ concel || February2024 | March2024 | April 2024 | Way 2024 | June 2024
Project D Project Name Project Status A |3 Jos 11 J18]25 o3 [10 17 24 [31 o7 [14 2128 [os[12 1926 [02 o9 [16[23[30 0
=4 Enterprise All Initiatives B Users..
() NEWPROJ-1 (New Project)1 Active
L () ECO0501 Haitang Corporate Park Active ® Help
a8 - E&C Engineering & Construction Active
. [ EC00515 City Center Office Buiding Addtion Active
‘LL] fim |EC00530 Nesbid Building Expansion
() EC00810 Harbour Pointe Assisted Living Center Active
(3 ECO020 Juniper Nursing Home: Active
() EC00830 Saratoga Senior Community Active
(£ NEWPROJ (New Project] Active
- <> Energy Energy Services Active
(J NRGO0S70 Baytown, TX - Offiine Maintenance Work Active
£ NRGOOSSO Red River - Refuel Dutage Active
(£ NRGO0S0D Sunset Gorge - Routine Maintenance Work  Active
(] NRG00340 Sillesvile - Refuel Dutage Active
(£ NRGO0S20 Johnstown - Routine Maintenance Work Active
£ NRGOOI10 Diiftwood - Refuel Outage Active
-12» Manufacturing Manufacturing Active
() MFGO0772 Cordova - Plant Expansion & Modemization  Active
() MFGO04S7 Ravine - Plant Expansion & Modernization ~ Active lgs | calculations
() MFG00325 Meliose - Plant Expansion & Modemization ~ Active F
() MFGO0653 Deeifield - Automated System Active v
< >
[ Status Responsile Manager Project Leveling Priority
[active ~| [Besc = | 10 2
Check Out Status. Checked Out By Date Checked Out
[Fhervanin 1 T I

Figure 2: New Project Creation
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4) Define Project Details
«  Enter basic project details, including the project name, 1D, description, and other relevant information.

Ille LGN View Froject coverpnse 0Ols Aamin peip

e%®. 3K . B LVED-BY B+, BQ% ®BE_ QQ ZRONC I
4 Projects E
= ~ Layout Projects
7| | |Projectn [Beoiect Name L ies| _ctrated 2023 [ lanuary2024 | February2024 | March2024 | Apri 2024 | May 2024 | June 2024 | Jun
¥ Create a New Project X [[14]21 28 o411 1825 031017 [24[31 o7 142128 05121926 [o2] 0916233007
Project Name
2
=] Enter the Project D and Project Name
&l || | The Project D is a short, unique identifier for your project.
.
L |
@ Project D
01
a
& Project Name
: [sanD-ExcavaTion
&
.
@ cancel 4 prev Net D | B8 Finish V.
>
General | Notebook | Budget Log | Spending Plan | Budget Summary [ Dates [ Funding | Codes [ Defauts | Resources [ settings [ calculations

EPSD EPS Name

[Enterprise [An intiatives

Status Responsible Manager Project Leveling Priority

[active | [ Enterprise B <

Check Out Status Checked Out By Date Checked Out

| v =l ) T

Figure 3: Project details window

5) Define Project Codes
« Assign project codes if your organization uses coding structures for projects. These codes help categorize and organize projects

for reporting purposes.

6) Set Project Defaults
« Navigate to the "Defaults” tab to set default values for your project, such as the calendar, currency, and other project-specific
settings.

File Edit View Project Enterprise Tools Admin Help
S6. IEFMN . ELERL. FI-BY B +. H0%OHIE. QA B00900.
Activities ]

L
5 Activities Pproject Expenses
A v Layout: Classic Schedule Layout Fiter: All Activities
Activty D [ 023 [ 2024
ECalendars X fc I Jan IFeb I Mar | Apr I May I Jun | Jul |Aug [ Sep | Oct | Nov I Dec | Jan | Feb | Mar | Apr I May ] Jun I Jul I
2 (% Global (" Resource " Project
:} v Display: Calendars & Cose
Calendar Name | Default |
d £ 50 O o
[ 6x24 r
s £ nt I % Deete
.
: [ Trades - 5 Day Workweek r B Modty..
-
S Used By.
- ®
< i >
v Display:
Resource D
E—— 8-
@ Help Inits i
rly Units 5.
3 3
< >[f2 2-
o - 9 | Sep | Oct |Nov | Dec | Jan |Feb | Mar | Apr | May | Jun | Jul |Au§ [ Sep | Oct | Nov | Dec | Jan [Feb | Mar | Apr | May | Jun | Jul |

Figure 4:Set-up of calender
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7) Define Work Breakdown Structure (WBS)
o Gotothe "WBS" tab to create the Work Breakdown Structure.
Add phases, milestones, and activities to represent the hierarchical structure of your project.

E Primavera P6 Professional 17: 01 (SAND-EXCAVATION)
File Edit View Project Enterprise Tools Admin Help

ew. |33 w. @B B+, EQ% =, BoMRPe@.,
. WBS

¢

| Activities WBS Project Expenses

A
. v Layout: WBS

WBS Code WBS Name Total Activities

o =g 0 SAND-EXCAVATION 0
- U [0SITE | (New W8S) 0
£

il
‘

=]

]

@

-

3

[

General [ Notebook [ Budget Log [ Spending Plan I Budget Summary | WBS Milestones I WPs & Docs | Earned Value

% Complete 0%
WBS Miestone | Weight|  Completed |

Figure 5:Creation of WBS

8) Add Activities
« Switch to the "Activities" tab to add detailed tasks or activities under each WBS element.

«  Enter activity names, durations, and dependencies.
E Primavera P6 Professional 17 : 01 (SAND-EXCAVATION)
File Edit View Project Enterprise Tools Admin Help
HFHS N . DEBLBIRL. SO-B7 B-#. EBQY¥ e\ 4
Activities
Activities WBS Project Expenses

=

H %

=

“ Layout: Classic Schedule Layout
Activity ID

=5 |01 SAND-EXXCAVATION

-

o
- 5 01.SITE (New WBS)
=
£
“«
—
&
o)
a_——
2
& < >|| <
6] ' Display: Current Project's Resources ~ Display: Open Projects Onl
Resource ID Resource Name Primary Role Default Units /
Time R ———
8 [ Budgeted Units
M Actual Units

7
[0 Remaining Early

M Overallocated E
W Limit

5

Figure 6:Activity creation window
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9) Define Relationships

« Establish relationships between activities to define the sequence in which they should be performed. Common relationships
include Finish-to-Start (FS) and Start-to-Start (SS).

2023 2024 ~
l Dec I Jan | Feb | Mar I Apr | May | Jun | Jul |Aug | Sep | Oct | Nov | Dec | Jan | Feb I Mar | Apr I May | Jun I Jul I Aug | Sep | Oct I Nov I Dec | Jan
¥ 01-Mar-24, CORP00118 Sand Excavation
v ¥ 01-Mar-24, CORP00118.0 Key Milestones
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™ Blasting,
¢ Claring and Stripping,

™ Testing,

& Project Complete,
ind Planning

P—Y 25Jun-23 A, CORP00118.2 Drillhg and Blagting
Loading and Haulin
Driling
— Hlasting
E P——Y 11-Sep-23 4| CORA001)8.3 Processing and Screening
‘Washing and Classification|
Stockpiling
— 1$-No{-23 4, CORPO01[18.4 Quality Control and Testing

Léadirjg and Transportafion

¥ 27-Dec-23, CORP0O0118.5 Monitoring and Compliance

Record Keeping and Reporting

ey 01-Mar-24, CORP00118.6 Closure and Decommissioning

Decommissioning

'~ Display: Open Projects Only

Figure 7:Relationship between the activities

10) Assign Resources

« Assign resources (human, equipment, or materials) to activities to represent who or what is responsible for completing each
task.
File Edit View Project Enterprise Jools Admin Help
@, B, . rBY B . (BQ% E, Q084 IRP®@,
2 Resource Assignments

=1| Activities Resource Assignments
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= Q‘: C Decommissioning McneillL.Lori McNeil 27-Dec-23 01-Mar-24
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F’ Z»‘_ C Loading and Hauling CooperP.Peter Cooper 27-Mar-234  20-4pr-23 4
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2\: C Stockpiling CooperP.Peter Cooper 21-Jul-234 16-4ug-23 A
‘2 C Loading and Transportation CooperP.Peter Cooper 11-Sep-234  13-0ct-23 A
2-: C Record Keeping and Reporting CooperP.Peter Cooper 15-Nov-234  23-Nov-23 4
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= f Michelle Peterson sonM.Michelle Peterson 20-8pr-23 & 01-Mar-24 I
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Figure'8: Resources 'Assignment for the activities

11) Set Constraints and Deadlines
« If necessary, set constraints or deadlines for specific activities to control their start or finish dates.
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12) Review and Analyze the Schedule
« Use the scheduling tools in Primavera to review and analyze your project schedule. Check for any inconsistencies or issues.

Fitter: All Activities

Total Float

Schedule % | Start

Original Duration Remaining
Duration

65/

70.29%| 01-Nov-21 | 01-Mar-24 |

Schedule X

@ Cancel

Project(s) to schedule I 1

Current Data Date [ 01-Dec-23 =]

Project Forecast Start Date I @ Help

Options...
- D op

[~ Log to file
]C:\U sers\shrik\Documents\SchedLog.txt _I

(¢ Overwrite existing ("~ Append to existing

Tacti 47 i Nz 11Sen 238 T8 Nav-235
Figure 9: Scheduling process of the project

13) Baseline the Project
« Once you are satisfied with the schedule, baseline the project. This creates a snapshot of the schedule that can be used for

comparison later.

=S Y- B #. EQ¥XQFFRE. QQACEFSME

ictivities

ration Remaining| Schedule % | Start Finish Total Float

Duration Complete
Assign Baselines Xk
Project v OK
[corpo0118: Sand Excavation ~| @ Conce
Project Baseline
Hel
|<Currenl Project> j :
nd
User Baselines m
Primary
<Current Project> e
Secondary
I<None> j
Tertiary
[<hone> ~|
30 197 5575% 15Nov-234 27.Dec23 0 I

Figure 10: Assigning Baselines to the project

V. RESULTS & DISCUSSIONS
For the purpose of maximizing resource usage, reducing project timeframes, and guaranteeing the general performance of quarry
operations, the effective scheduling of sand extraction operations is essential. To achieve these goals, the incorporation of advanced
project management systems is essential. This section explores the findings and conversations arising from the use of PRIMAVERA
software for scheduling sand extraction. The following outcomes were attained:
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Figure 11: Activities of the project

A thorough overview of the project operations within Primavera software is provided by the visual representation in the attached
image. Every task is well-defined and includes all pertinent information, including length, start and end times. Project managers and
other stakeholders may quickly and easily evaluate the sequencing and timing of activities thanks to this clear and well-organized
display of the project's scheduling data.
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Figure 12:Bar Graph of the Project

The attached bar graph shows how the project is progressing using the Primavera software and shows how different tasks are related
to one another. Every bar signifies a distinct task or activity, and the arrangement of these bars mirrors their temporal order and
interdependencies. Understanding the project’s timetable and critical path is made easier by the graphic representation.
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Figure 13: Activity network of the project

The project schedule as seen in Primavera software is represented by the activity network in the illustration. The graphical depiction
in this results view offers a concise synopsis of the project’s tasks, their order, and their interdependencies. A job or milestone is
represented by each node, and the arrows show the logical connections between them.
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Figure 14: Resource Usage Spreadsheet

The resource consumption spreadsheet, as seen in the accompanying graph, provides a thorough analysis of how resources are used
for every project activity. The PRIMAVERA program generates this data, which provides a thorough overview of how resources are
distributed among different project activities.

V. CONCLUSIONS
As the last section of our examination into the "Scheduling and Management of Excavation of Sand from Quarry," this final chapter
provides a thoughtful summary of the most important conclusions, revelations, and results from our thorough study. We explored
the complex dynamics of planning and overseeing excavation operations within the framework of sand quarry operations during this
research. Thus, this final chapter summarizes the main findings of our research and sets the stage for a significant synthesis of the
literature and practical suggestions on the management of sand quarries.
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The conclusions are as follows:

1) The powerful scheduling tool known as PRIMAVERA software is especially well-suited to the intricate details of sand
excavation projects. The sophisticated functionalities and intuitive interface enable project managers to meticulously arrange
and schedule excavation operations.

2) It is clear that the key to sustainable and efficient sand quarry operations is a well-organized and optimized scheduling
framework along with good management practices.

3) By carefully analyzing scheduling techniques, resource distribution policies, and management strategies adapted to the
particularities of quarry excavation.

4) In the bigger picture, this study emphasizes the wider implications for sustainable resource management in addition to offering
new perspectives to the field of sand excavation.

5) In addition, our study emphasizes how crucial technological integration is to contemporary quarry management, especially
when it comes to scheduling and excavation.

6) In order to maximize operational efficiency, the local industry must use this technology. The key to improving overall
operational effectiveness in the local region and optimizing process efficiency is the implementation of technologies such as
PRIMAVERA software.
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