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l. INTRODUCTION

3D walk through structures are a powerful tool ¥ualizing and communicating
complex civil engineering projects. However, they de expensive and time-consuming to
create. This can make them inaccessible to sm@hes or projects with limited budgets.
The high cost and time required to create 3D whtkugh structures for civil engineering
projects can be mitigated by using a variety oftmads, including:

« Using open-source or low-cost CAD software
« Using cloud-based rendering services
- Outsourcing the creation of 3D walk through stroesuo a third-party vendor

In addition, the following steps can be taken tgrave the accessibility of 3D
walk through structures for smaller firms and petgewith limited budgets:

« Develop standardized templates for 3D walk throstghctures

- Create online tutorials and resources for cre@iDgvalk through structures

- Provide financial assistance to smaller firms arajguts that want to create 3D walk
through structures.

The specific problem that this research will addres the high cost and time
required to create 3D walk through structures fait engineering projectsThis problem
is significant because it limits the accessibibfy3D walk through structures to smaller
firms and projects with limited budgets.

1. Origin of the Problem: The origin of the problem for 3D walk through ofwsttures in
civil engineering can be traced back to the eaalysdbf computer-aided design (CAD). In
the early days, CAD software was very expensivetand-consuming to use. This made
it difficult for smaller firms and projects withnliited budgets to create 3D walk through
structures.In the late 1990s, the development ehemwurce CAD software and cloud-
based rendering services made it possible to ci@atevalk through structures more
affordably and efficiently. However, even with teesdvances, the cost and time required
to create 3D walk through structures can still behallenge for smaller firms and
projects.There are a number of factors that camilbo the high cost and time required to
create 3D walk through structures, including:

* The need to create accurate and detailed modéhe structures
* The need to render the models in a realistic way
* The need to create interactive and immersive egpeeis

As a result of these factors, 3D walk throughutires can be a significant
investment for smaller firms and projects. Howewe benefits of using 3D walk
through structures can outweigh the costs, esedtal projects that require a high level
of communication and collaboration between stal@dgrsHere are some of the benefits
of using 3D walk through structures in civil enggnieg

* Improved communication and collaboration betweakettolders
» Reduced risk of errors and omissions
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Increased public engagement
Enhanced marketing materials

Overall, the origin of the problem for 3D walk thigh of structures in civil

engineering can be traced back to the high costiamarequired to create these models.
However, with the development of open-source CAfiwsare and cloud-based rendering

services, the cost and time required to create aIk whrough structures has decreased
significantly. As a result, this technology is betng more accessible to smaller firms

and projects.

2. Profound Benefits of VR in Civil Engineering

Improved communication and collaboration between stkeholders:3D walk
throughs can help to improve communication andabaltation between stakeholders
by providing a shared visualization of the projédtis can help to identify potential
problems and issues early on, and it can also teegnsure that everyone is on the
same page.

Reduced risk of errors and omissions3D walk throughs can help to reduce the risk
of errors and omissions by providing a more aceueatd complete visualization of
the project. This can help to catch mistakes betoeg become costly or dangerous.
Increased public engagement3D walk throughs can be used to increase public
engagement with a project by giving people a chansee what the project will look
like before it is built. This can help to build squt for the project and to get people
excited about it.

Enhanced marketing materials:3D walk throughs can be used to enhance
marketing materials for a project by giving potahtilients a better understanding of
what the project will offer. This can help to sblé project and to attract investors.

Overall, there are many motivations to do a 3Dkwarough of
structures in civil engineering. These models calp lto improve communication,
reduce risk, increase public engagement, and erhararketing materials. As a
result, they can be a valuable tool for any civii@eering project. Can be used to
simulate the performance of a structure under miffeloading conditions. This can
help to identify potential problems with the sturet and to ensure that it is safe.

3. Beneficiaries to the Final Project:

Project Stakeholders:3D walk throughs can help project stakeholdersisoalize
the project and to identify potential problems gavh. This can help to improve
communication and collaboration between stakehs|derd it can also help to ensure
that the project is completed on time and withiddpet.

The Public: 3D walk throughs can be used to increase publgagement with a
project by giving people a chance to see what tiogegt will look like before it is
built. This can help to build support for the pijand to get people excited about it.
Investors: 3D walk throughs can be used to enhance marketatgrials for a project
by giving potential clients a better understandaigvhat the project will offer. This
can help to sell the project and to attract inuessto
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-« End Users:3D walk throughs can be used to train operatord araintenance
personnel on how to use a structure. This can toefpevent accidents and to ensure
that the structure is properly maintained.

Overall, the beneficiaries of the final product3D walk through of structures in
civil engineering are many and varied. They inclymeject stakeholders, the public,
investors, and end users.Here are some additiozraficiaries of 3D walk through
structures in civil engineering:

« Government agencies3D walk throughs can be used by government agertoie
plan and manage infrastructure projects. This oalp ko ensure that projects are
completed on time and within budget, and it cao &lslp to improve the safety and
efficiency of infrastructure systems.

+ Researchers:3D walk throughs can be used by researchers tty she behavior of
structures under different loading conditions. Téas help to improve the design and
construction of structures, and it can also helprisure that structures are safe.

- Educators: 3D walk throughs can be used by educators to tetactents about civil
engineering concepts. This can help to make legrmare engaging and interactive,
and it can also help students to better underdtangrinciples of civil engineering.

II. CASE STUDIES

1. The Burj Khalifa in Dubai:

Rl

The Burj Khalifa is the tallest building in theovid, and it was designed using
3D walk through technology. This technology allowdgn® engineers to visualize the
building and to identify potential problems early. As a result, the Burj Khalifa was
completed on time and within budget.
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2. The London Eye:

The London Eye is a giant Ferris wheel in Londamg it was also designed
using 3D walk through technology. This technolodjpveed the engineers to visualize
the wheel and to ensure that it was safe and effficiAs a result, the London Eye has
been a popular tourist attraction since it opene2D00.

3. The Channel Tunnel:
United \
Kingdom

Do o

.
-

France

The Channel Tunnel is a tunnel that connectsdyhnd France, and it was
also designed using 3D walk through technologysTachnology allowed the engineers
to visualize the tunnel and to ensure that it veds and efficient. As a result, the Channel
Tunnel has been a vital transportation link sit@gened in 1994.
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4. The Three Gorges Dam:

The Three Gorges Dam is a hydroelectric dam im&hand it is the largest

dam in the world. The dam was designed using 3Lk walough technology, and this
technology helped to ensure that the dam was safeeHiicient. As a result, the Three
Gorges Dam has been a major source of hydroelgotweer for China since it was
completed in 2006.

lll. STATE OF THE ART

1. Literature Survey:

Application of Virtual Reality in Civil Engineering " by M. A. Khan, M. B. Khan,
and M. A. Khan (2018) This paper provides a comprehensive overvievheiuse of
virtual reality in civil engineering. The paper disses the benefits of using virtual
reality for civil engineering projects, and it aldiscusses the challenges of using this
technology.

"3D Visualization for Construction Engineering and Management” by S. M. A.
Hossain, J. J. Kim, and J. M. Ko (2016) This paper focuses on the use of 3D
visualization for construction engineering and nggmaent. The paper discusses the
benefits of using 3D visualization for these pugsysand it also discusses the
challenges of using this technology.

"The Use of 3D Virtual Reality in Civil Engineering Education" by A. M.
Abdelgader and I. S. Al-Sharif (2015) This paper discusses the use of 3D virtual
reality in civil engineering education. The papé&cdsses the benefits of using this
technology for education, and it also discusses ¢hallenges of using this
technology.

Virtual reality (VR) is a technology that has thaetgntial to revolutionize the field

of civil engineering. By creating immersive andeirsctive simulations of real-world
environments, VR can help civil engineers to desgan, and construct projects more
effectively.There is a growing body of literatura the use of VR in civil engineering.
Some of the key areas where VR is being used ieclud
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- Design and Planning:VR can be used to create realistic models of @rgineering
projects, which can help civil engineers to viszalthe project and identify potential
problems. VR can also be used to simulate the tperaf civil engineering projects,
which can help civil engineers to optimize the dasand operation of the project.

- Training: VR can be used to create realistic simulationsiaf engineering tasks,
which can be used to train workers on how to parftinose tasks. This can help to
improve the safety and efficiency of civil enginegroperations.

« Education: VR can be used to create immersive educationarexqces that can help
students to understand the principles of civil aegring. This can help to attract more
students to the field and improve the quality efl@ngineering education.

« Communication: VR can be used to communicate complex civil ergimg
concepts to stakeholders. This can help to imprthe understanding of civil
engineering projects and to get buy-in from stakadrs.

The use of VR in civil engineering is still in igarly stages, but the potential
benefits are significant. As the technology corgmto develop, we can expect to see
even more innovative applications of VR in the diaf civil engineering.Here are
some of the key benefits of using VR in civil erggning:

* Improved Safety: VR can be used to create realistic simulationglarigerous or
hazardous environments, which can help civil ergisiéo identify and mitigate risks.

* Increased Efficiency: VR can be used to streamline the design, plannamgl
construction of civil engineering projects. Thisidaad to time and cost savings.

« Enhanced Communication: VR can be used to communicate complex civil
engineering concepts to stakeholders in a morectefée way. This can help to
improve understanding and to get buy-in from stakedrs.

* Improved Training: VR can be used to create realistic simulations cofl
engineering tasks, which can help to train workerdiow to perform those tasks. This
can help to improve safety and efficiency.

Here are some of the challenges of using VR it engineering:

» Cost: VR is still a relatively new technology, so thestof VR headsets and software
can be prohibitive.

* Acceptance:VR is still a relatively new technology, so thenay be some resistance
to its adoption by civil engineers.

» Technical limitations: The current generation of VR headsets is not peréad there
are some technical limitations that need to be estshd.

Overall, the use of VR in civil engineering h&® tpotential to revolutionize
the field. By addressing the challenges and exptpithe benefits, VR can help civil
engineers to design, plan, and construct projeaiee neffectively, train workers more
efficiently, and communicate with stakeholders meffectively.
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2. State of the Art:
Here are some of the most cited papers on thefugR o civil engineering:

» Virtual Reality in Civil Engineering: A Review by/ang et al. (2018)

* The Potential of Virtual Reality for Training in @i Engineering byJeelani et al.
(2020)

* Extended Reality (XR) for Condition Assessment ofilCEngineering Structures by
Al-Hussein et al. (2022)

» Virtual Reality for Civil Engineering Education afidaining: A Systematic Review by
Kandi et al. (2021)

e Virtual Reality for Construction Safety Training: @ystematic Review bize et al.
(2015) These papers provide a good overview of the custté of the art in the use
of VR in civil engineering.

IV. FUNCTIONAL AND NON FUNCTIONAL REQUIREMENTS
1. Functional Requirements:

* Improved Communication and Collaboration: 3D walk through models can be
used to improve communication and collaborationveen stakeholders involved in a
civil engineering project. This is because 3D wtlkough models can be used to
visualize the project in a way that is easy to usided. This can help to identify
potential problems early on and to ensure thatyewer is on the same page.

* Reduced Risk of Errors and Omissions3D walk through models can help to
reduce the risk of errors and omissions in civijiaeering projects. This is because
3D walk through models can be used to verify theuescy of the project plans. This
can help to prevent costly mistakes from being nthdeng construction.

* Increased Public Engagement3D walk through models can be used to increase
public engagement in civil engineering projectsisTis because 3D walk through
models can be used to give people a virtual touh@fproject. This can help to build
support for the project and to get people involwethe planning process.

* Enhanced Marketing Materials: 3D walk through models can be used to enhance
marketing materials for civil engineering projectis is because 3D walk through
models can be used to create realistic and engagiages of the project. This can
help to attract potential investors and clients.

» Can be used to simulate the performance of a struate under different loading
conditions: 3D walk through models can be used to simulatepdgréormance of a
structure under different loading conditions. Tlugn help to identify potential
weaknesses in the structure and to ensure ttsaséfe.

* Can be Used to Train Operators and Maintenance Peosinel on how to use a
structure: 3D walk through models can be used to train opesaaad maintenance
personnel on how to use a structure. This can twlpnsure that the structure is
operated and maintained properly.

* Can be Used to Create Marketing Materials that Showase a Project's Features
and Benefits:3D walk through models can be used to create rtiagkenaterials that
showcase a project's features and benefits. Thidhebp to attract potential investors
and clients.
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2. Non Functional Requirements:

Accuracy: The 3D walk through model must be accurate antistiea This means
that the model must accurately represent the sireist geometry, materials, and
appearance.

Usability: The 3D walk through model must be easy to uses frteans that the user
must be able to navigate the model easily andantevith it in a intuitive way.
Performance: The 3D walk through model must be able to run giigmn a variety
of devices. This means that the model must be agguinfor performance and that it
must not be too demanding on the user's hardware.

Accessibility: The 3D walk through model must be accessible toplee with
disabilities. This means that the model must bepaiible with assistive technologies
and that it must be easy to navigate for peopll wgual or mobility impairments.
Scalability: The 3D walk through model must be scalable. Treams that the model
must be able to be used for different types ofqutsj and that it must be able to be
easily updated.These are just some of the nonianmadtrequirements for 3D walk
through of structures in civil engineering. The @fpe requirements will vary
depending on the specific project. However, thesguirements are important to
consider when creating 3D walk through models.

Here are some additional non-functional requireshénait may be relevant for 3D
walk through of structures in civil engineering:

e Security: The 3D walk through model must be secure. Thisna¢hat the model
must be protected from unauthorized access andtthmatst not be susceptible to
hacking.

* Licensing: The 3D walk through model must be licensed appatgly. This
means that the user must have the right to usentduel and that the model must
not be used in a way that violates the terms ofitease.

* Maintenance: The 3D walk through model must be maintained. Théans that
the model must be updated regularly to ensure ithiataccurate and that it is
compatible with new hardware and software.

3. Hardware Requirements:

 CPU: A powerful CPU is required to render the 3D walthough model. A
minimum of an Intel Core i5 or equivalent is recoanded.

* GPU: A dedicated GPU is required for optimal perform@and minimum of a
NVIDIA GeForce GTX 1060 or equivalent is recommethde

* RAM: 16GB of RAM is recommended for 3D walk through reksd

» Storage: A minimum of 500GB of storage is recommended Brv@alk through
models.

» Display: A high-resolution display is recommended for viegvBD walk through
models. A minimum of 1920x1080 resolution is recoenicked.

In addition to the above hardware requiremets,following software may

also be required:
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* 3D modeling software:3D modeling software is used to create the 3D wlal&ugh
model. Some popular 3D modeling software optionduike Autodesk 3ds Max,
Blender, and Maya.

* Game engine softwareGame engine software is used to create the 3D thatkigh
experience. Some popular game engine software ngpiicclude Unity and Unreal
Engine.

The specific hardware and software requirements waity depending on the
specific project. However, the above recommendatimovide a good starting point for
determining the requirements for your project.Hame some additional tips for choosing
hardware for 3D walk through of structures in cifigineering:

» Consider the size and complexity of the 3D wallotigh model. The more complex
the model, the more powerful the hardware will neelde.

* Consider the number of users who will be accestieg3D walk through model. If
multiple users will be accessing the model simdtarsly, you will need to choose
hardware that can handle the load.

» Consider the budget for the project. 3D walk thifougodels can be expensive to
create, so you will need to choose hardware ttaithin your budget.

4. Software Requirements :The software requirements for 3D walk through oficures
in civil engineering will vary depending on the siie project. However, some general
software requirements include:3D modeling softwai2:modeling software is used to
create the 3D walk through model. Some popular 2dehng software options include:

e Autodesk 3ds Max
e Blender
* Maya

Game engine software: Game engine software is tcsedeate the 3D walk
through experience. Some popular game engine saftwaions include:

e Unity
* Unreal Engine

3D rendering software: 3D rendering software isduse create the final
images or videos of the 3D walk through model. Spayular 3D rendering software
options include:

 V-Ray
e Octane Render
« Arnold

In addition to the above software requirements, fdll®ewing may also be
required: 3D scanning software: 3D scanning so#warused to create 3D models
from real-world objects. Some popular 3D scannwitygare options include:

¢ FARO Focus
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Creaform HandyScan 3D
Artec Eva

Image editing software: Image editing softwaressdito edit and enhance the
images or videos of the 3D walk through model. Spayular image editing software
options include:

Adobe Photoshop
GIMP
Paint.NET

The specific software requirements will vary degieg on the specific

project. However, the above recommendations provadeyood starting point for
determining the

BUSINESS MODEL

Business Model Devolopment:

Direct sales You can sell 3D walk through models directly teiots. This could be
done on a one-off basis or through a subscriptionice.

White labelling: You can white label your 3D walk through modetsl &ell them to
other businesses. This could be a good way to radehger audience and generate
recurring revenue.

SaaS You can create a software as a service (Saa8pmhathat allows users to
create and share 3D walk through models. This cbelda good way to generate
recurring revenue and build a community of users.

Advertising: You can generate revenue by advertising on ydurwalk through
models. This could be done through text, imagesjdwos.

Sponsorships You can generate revenue by selling sponsordbipgour 3D walk
through models. This could be done to businessasdte interested in promoting
their products or services.

Copyright © 2024 Authors Pags3|



Futuristic Trends in Construction Materials & Citahgineering
e-ISBN: 978-93-5747-992-9
IIP Series, Volume 3, Book 5, Part 1, Chapter 2
VIRTUAL REALITY IN CIVIL ENGINEERING

iineer initiates
workplace evaluation

Operator(s) enters the Engineer obhserves &
VE and perform task cantrols simulation

Generation of Spaghetti
Chart and KPIs

Engineer

evaluates results

Engineer modifies
layout [ system
suggests layout

Redesigned

Layout

The best business model for you will depend oaryspecific goals and
resources. If you are just starting out, you maytwa consider a direct sales model or
white labelling. If you have more resources, youldaonsider creating a SaaS platform
or generating revenue through advertising or spchgos.

2. Business Model Canvas:

Resources Environmental Costs Revenues
Physical Intellectual. human, financial Posifive impact on the planet Investment and Value Profits generated
m:;mxe Capture from the system
)
Proposition Relationship

Relationship between customers and service providers

Social Economic
Positive impact Positive
on society impact on
econamy

3. Customer Segments

* Businesses: Businesses that are involved in ciugjireeering projects, such as
construction companies, architects, and engineers.

* Individuals: Individuals who are interested in l@ag more about civil engineering
projects or who want to experience a 3D walk thloafja structure for fun.
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. Value Proposition

* Provides a realistic and immersive way to expegeastructure.

» Allows users to interact with the structure in aywaat is not possible in real life.
» Can be used for a variety of purposes, such asiplgnmarketing, and training.

. Channels

* Direct sales: Sell 3D walk through models diretdlclients.

* White labelling: White label 3D walk through mode#nd sell them to other
businesses.

* SaaS platform: Create a software as a service [SaaBorm that allows users to
create and share 3D walk through models.

* Advertising: Generate revenue by advertising onagilk through models.

» Sponsorships: Generate revenue by selling sporipserfr 3D walk through models.

. Customer Relationships

* Personalized: Provide personalized customer setwickents.

e Community: Build a community of users who can sheamd collaborate on 3D walk
through models.

Revenue Streams

* One-off sales: Sell 3D walk through models on aofidasis.

* Subscription fees: Charge a subscription fee foessto 3D walk through models.

» Advertising revenue: Generate revenue by advegtism3D walk through models.

* Sponsorship revenue: Generate revenue by selliogsspships for 3D walk through
models.

Key Activities

» Create 3D walk through models.
* Market and sell 3D walk through models.
* Provide customer support.

Key Resources

* 3D modeling software.

* Game engine software.

* 3D rendering software.

* Marketing and sales expertise.
» Customer support expertise.

10.Key Partnerships

» Partner with businesses that are involved in @rgineering projects.
» Partner with businesses that offer 3D scanningnaige editing services.
» Partner with businesses that offer advertisingponsorship opportunities.
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11.Cost Structure

» Cost of creating 3D walk through models.
» Cost of marketing and selling 3D walk through madel
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