Challenges in the Implementation of Augmented Reality for Improvement of
Health and Safety in the Construction Industry of Pakistan

Final Year Project UG 2016

By
SYED MURTAZA HUSSNAIN (G.L) NUST16189797
FRAZ SAEED NUST16129227
MUHAMMAD ABDULLAH SHABBIR NUST16173349

Project Advisor: DR KHURRAM IQBAL AHMAD KHAN

NUST Institute of Civil Engineering (NICE)

School of Civil and Environmental Engineering (SCEE)
National University of Sciences and Technology (NUST)

Islamabad, Pakistan



Challenges in the implementation of Augmented Reality for improvement

of health and safety in the construction industry of Pakistan

Final Year Project UG 2016

By
SYED MURTAZA HUSSNAIN (G.L) NUST16189797
FRAZ SAEED NUST16129227
MUHAMMAD ABDULLAH SHABBIR NUST16173349

PROJECT ADVISOR: DR KHURRAM IQBAL AHMAD KHAN

NUST Institute of Civil Engineering (NICE)
School of Civil and Environmental Engineering (SCEE)
National University of Sciences and Technology (NUST)

Islamabad, Pakistan
(2019-20)



This is to certify that the
Final Year Project, titled

Challenges in the Implementation of Augmented Reality for Improvement of

Health and Safety in the Construction Industry of Pakistan

Submitted by
Syed Murtaza Hussnain (G.L) NUST16189797
Fraz Saeed NUST16129227
Muhammad Abdullah Shabbir NUST16173349

Has been accepted towards the requirements
for the award of Bachelor’s degree
in

Civil Engineering

Dr. Khurram Igbal Ahmad Khan
Assistant Professor
NUST Institute of Civil Engineering
School of Civil Engineering and Environmental Engineering

National University of Sciences and Technology, Islamabad, Pakistan



Declaration

We certify that this research work titled “Challenges in the implementation of Augmented Reality
forimprovementofhealthandsafety inthe construction Industry of Pakistan ”isourownwork. The
work has not been presented elsewhere for assessment. The material that has been used from other

sources; ithas been properly acknowledged /referred.

Signatureof Students

Syed Murtaza Hussnain
2020-NUST-BSCE-Civil-189797

Fraz Saeed
2020-NUST-BSCE-Civil-129227

Muhammad Abdullah Shabbir
2020-NUST-BSCE-Civil-173349



Plagiarism Certificate (Turnitin Report)
Thisthesis has been checked for Plagiarism. Turnitin reportendorsed by Supervisor isattached.

Signatureof Students

Syed Murtaza Hussnain
2020-NUST-BSCE-Civil-189797

Fraz Saeed
2020-NUST-BSCE-Civil-129227

Muhammad Abdullah Shabbir

2020-NUST-BSCE-Civil-173349

Signature of Supervisor



Copyright Statement

o Copyrightintextofthisthesisrests with the studentauthor. Copies (by any process) either
infull, orofextracts, maybe madeonlyinaccordance withinstructionsgiven by the author
and lodged inthe Library of NUST Institute of Civil Engineering (NICE). Details may be
obtained by the Librarian. This page must form part of any suchcopies made. Further copies
(by any process) may not be made without the permission (inwriting) of the author.

o Theownership ofanyintellectual property rights which maybe described inthisthesis is
vested in NUST Institute of Civil Engineering, subjecttoany prior agreementtothe
contrary, and may notbe made available for use by third parties without the written
permissionofthe NICE, which will prescribe the termsand conditions ofany such
agreement.

o Further information on the conditions under which disclosures and exploitation may take

placeisavailable fromthe Library of NUST Institute of Civil Engineering, Islamabad.



Acknowledgements

Inthe name of Almighty Allah, the Most Beneficent, the Most Merciful. Weareobliged toour
respected supervisor, Dr. Khurram, who gave us his precious time and shared his life-long hard-
earnedknowledgeandexperience. Duringtheproject, therearose someseriousissues but he guided
usand helped ustotackle each situation. ltwould never be possible for us to work onthis project
withouthissupervision, constantsupportandinnovative instructions. Wewould also like to thank
the CE&M Departmentespecially Dr. Abdur Rehman Nasir for their valuable opinionsand
suggestions. Thisstudywould not have been possible without the questionnaire respondents who
gave ustheirexpertise of the industry. Lastly, we thank our parentsand families, as they prayed for
usand motivated us inthe hard times. Their supportand affection were among the things that kept us
going. Weexpress our profound gratitude toall our 2016 Batchmates who helped us bring the positi
ve energytosurface by the productive discussions andsupport.



Dedicated to Our Parents and Families



Abstract

Augmented reality is an interactive experience of a real world environment where the objects th
at reside in the real world are enhanced by computer generated perceptual information, sometim
es across multiplesensory modalities. The problem is that injuries and fatalities resulting from
work place accidents remain a global concern within the construction and engineering sectors.
There is no attention being paid to the health and safety of the employeesAdoption of a new
technology such as augmented reality can reduce the number of such accidents but implement
ation of such a technology is the problem in construction sector of Pakistan. This study
provides an insight of the challenges for the implementation of augmented reality in the
construction sector of Pakistan. Augmented Reality is helping for betterment in scheduling,
defect detection in materials and employee safety training as well. Thefocus would be on
improvement of health and safety in construction sector of Pakistan using augmented reality.

A conceptual framework was developed for the implementation of Augmented Reality in
construction industry of Pakistan for health and safety.
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CHAPTER 1
INTRODUCTION

1.1 Background

Augmented reality is defined as a way through which the real world is augmented with
virtual objects (Milgramt and Kishinott, 1994). Augmented reality systems to have the
following properties: to combine both the virtual and real objects in a real environment;
geometrically aligning virtual objects and real ones in the real world and run interactively
and in real time (Azuma and Behringer, 2001). The basic importance of augmented reality is
the way in which different components of the modern digital worldare blended into any
user’s interpretation and perception of the real world, not only by a simple display of
information, but through the integration of immersive sensations, which are perceived as
components of the natural environment. The primary objective of augmented reality is to
provide a rich audivisual experience despite having various implementation models and
applications.

Augmented reality technology has been applied to a wide range of fields: tourism,
entertainments, marketing, surgery, logistics, manufacturing, maintenance and others
(Westerfield ,Mitrovic and Billinghurst, 2015). It has affected the construction industry
in the same way as it has revolutionized various fields of life for the betterment

of humanity. Before any project is executed, augmented reality provides teams with a
walkthrough of the entire project, saving time and money and increasing the accuracy
of construction projects. Project managers can easily analyze the design as they can
walk through the proposed project identifying and amending any design flaws.

1.2 Problem Statement

Construction is a large, dynamic and complex sector that offers a large number of
employment opportunities for millions of people worldwide. ( Rostami and Sommerville,
2015) However, deadly accidents in the construction industry are higher

than other sectors ( Zhou, Goh and Li, 2015). These problems can be addressed by

using augmented reality technology in a more effective manner by training sessions of
employees and workers. Labor can be trained and guided for working in harsh

conditions using augmented reality gadgets, thus, increasing productivity and reducing
casualties at worksites. Resources invested for the safety of skilled and professional
labor can save the reputation and assets of any company. On the other hand, use of
traditional construction practices have resulted in cost overruns, construction delays



and wastage of resources which result in poor work efficiency and productivity. The
quality of construction can be widely improved and make efficient through use of
augmented reality. We shall be discussing how augmented reality can serve this purpose.

Secondly, we have been taught various project delivery methods but in Pakistan, most

of the times, traditional method is followed. Likewise, construction firms pay less heed
towards employing proper safety measures during construction. Labor is not even

properly guided during large scale unique projects. Similarly, construction industries

relay on traditional practices instead of innovative technology which can boost up their
efficiency and productivity which will result in maximizing profit margin and reduction in
cost of construction. We shall address the barriers which lie in implementing the use of
augmented reality technology for the safety of labor and how it can improve the quality of
construction works in Pakistan. Companies do not invest in personal protective equipment
for the employees for various reasons, but they need to understand that skilled labor is a
valuable asset of the firm and should use augmented reality applications for training the emp
loyees. By investing in safety of workers it will automatically improve the quality of work and
make construction of structure safe and sound.

Thirdly, most of the contractors in Pakistan are not aware of the fact that technological
advancements can be used for safety purposes and quality improvement purposes.
They need to be properly guided about the applications of augmented reality.
Contractors need to be persuaded about using augmented reality for the safety of the
labor, employees and for the well-being of the reputation of their construction firms.

1.3 Research Objectives

Augmented reality has vast areas of applications in construction industry from safety to
construction modeling. Construction industry is a complicated environment where high
accident rates are still encountered causing serious project delays and cost overruns which
results in poor quality of work. Safety education and quality control is important in promoting
a healthful working environment in construction industry. Main objectives of this project are
briefly mentioned below:

e To identify different challenges in the adoption of augmented reality in the construction
industry of Pakistan

e To develop a conceptual framework for the improvement of health and safety using
augmented reality on construction sites.

10



1.4 Significance

The construction industry and job sites are changing. Paper sketches, drawings and design
plans are being replaced by 3D models, drones and a new interactive experience called
augmented reality. Augmented reality is improving construction teams by driving more
accuracy, efficiency and overall confidence in their projects by combining physical and digital
views. Instead of replacing employees and labor on the construction sites, augmented reality
can greatly enhance the ways digital devices and humans work together.

Safety is one of the common challenges within the construction industry. Safety programs
can cost a lot of money and time and are not mostly well communicated to target audience.
With the help of an augmented reality headset, however, workers can be shown virtual drills,
instruction, and safety scenarios. This style of direct learning not only improves their
awareness of safety and provides intuitive training, but lowers training costs and downtime.
Virtual models of different equipment like cranes and boom lifts are being created by
exploring augmented reality. Workers shall be capable of using augmented reality headsets a
nd gadgets to practice operating heavy machineryin a safe and virtual setting, further
enhancing their learning and development.

One of five construction workers suffered from fatal injuries in 2017 in the US. These
statistics can be potentially lowered through augmented reality by allowing contractors room
for error before the actual construction work starts. One prototype demonstrates this by
allowing workers to see the machinery and expected environment overlaid on anempty site.
Such application of augmented reality will help teams prepare and check forsafety hazards be
fore the official commencement of work. Job sites can be surveyed by the inspectors later on
by comparing the real life structure and the full scale digital model. Any disparities hazardous
to worker safety can be noted in this way.

11
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CHAPTER 2
LITERATURE REVIEW

2.1 Health and Safety

We will be discussing some of the basic key terms briefly.
2.1.1 Health

“The protection of the bodies and mind of the people from illness resulting from any
materials, processes and procedures used in the workplace” (Hughes and Ferrett, 2012).

Injuries and accidents can be prevented in workplaces during various projects. Risk should be
minimized by removing hazards so as there are least possibilities of accidents to occur. In this
manner, productivity and performance of the workers could be enhanced up to many folds
(Alli, 2008).

2.1.2 Safety

“The protection of people from physical injury. The borderline between health and safety is ill
defined and the two words (health and safety) are normally used together to indicate concern
for the physical and mental wellbeing of an individual” (Hughes and Ferrett, 2012).

The safer the workplace, better would be the performance of the workers and engineers. All
the safety concerns should be addressed effectively before the commencement of work and
no negligence should be accepted in this regard.

2.1.3 Accidents

“An unplanned event which could result in mental or physical damage to people, property and
environment or a loss of business opportunity” (Hughes and Ferrett, 2012).

Accidents can badly affect the budget and timeline of any project. It disturbs the
psychological health of workers which can affect their productivity. Thus, affecting the
construction projects.

2.2 Importance of Health and Safety in Construction Sector

Safety managers are always trying to move towards a safer and zero-accident jobsite
(Gheisari et al. 2012) but still onsite accident and injury is an occupation hazard of the
Construction industry. According to the US bureau of labor statistics ((BLS) 2016)
construction remains the occupation with the highest number of on-job casualties.

12
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2.2.1 Current Statistics

The number of casualties due to accident are also great According to the USBLS the
construction industry has been identified as having the 3.6 per 10000 increase in the rate of
fatal work injuries

YEAR CONSTRUCTION FATALITY

FATALITIES RATES*
2011 738 9.1
2012 806 9.9
2013 828 9.7
2014 899 9.8
2015 937 10.1
2016 991 10.1
2017 971 9.5
2018 1,008 9.5

“FATALITIES PER 100,000 FULL-TIME-EQUIVALENT
WORKERS. NOTE: STATISTICS ARE FOR PRIVATE-SECTOR
CONSTRUCTION INDUSTRY.

SOURCE: BUREAU OF LABOR STATISTICS

Workers involved in construction industry are liable to accidents that could lead to temporary
or permanent disabilities and fatalities (Administration CPWR, 2018). According to United States
department of labor following are major violations that occurred in 2018 which resulted in
casualties on construction site

e Fall protection, construction

e Hazard communication standard, general industry
e Scaffolding, general requirements, construction

e Respiratory protection, general industry
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e Control of hazardous energy (lockout/tag out), general industry

e Ladders, construction

e Powered industrial trucks, general industry (Fall Protection—Training Requirements)
e Machinery and Machine Guarding, general requirements

e Eye and Face Protection

Construction Worker Fatalities by Event or Exposure

1%

= Falls, slips, trips

m Transportation incidents

= Exposure to harmful substances or
environments

Contact with objects or equipment

= Violence or other injury by person
or animal

= Fires and explosions

2.2.2 Labor laws to Ensure Safety

According to Pakistan Occasional Act 2018, it addresses the labor policy 2010 of government
of Pakistan which is stated as following:

e Labor Laws relating to occupational safety and health will be consolidated and
rationalized to avoid overlapping and inconsistencies.

e Government shall enact suitable legislation to ensure health and safety of construction
workers.

e A Tripartite Council on Health and Safety be set-up to identify health and safety hazards
for workers of all economic sectors and to make recommendations for safety measures
on a continuous basis.

2.2.3 Factors Compromising Health and Safety

The academia has spent a lot of time to identify which factors cause problems to health and
safety of workers. (Toole, 2002) identified it as follows:

e Lack of proper training

14



e Safe equipment not provided

e Unsafe site conditions

e Poor attitude towards safety

e Deficient enforcement of safety

e Unsafe methods or sequencing

e Not using safety equipment provided
e Isolated or sudden events

Out of these eight factors, five factors can be monitored by observation. Hence to improve
safety for all working in the construction site, safety manager need a way to efficiently
observe and correct practice or action that may compromise the safety of the people
working at the jobsite. One major factor that jeopardizes the health and safety that when it
comes to accident prevention management is tends to be reactive rather than proactive
(Borhani, 2016).

insufficient
training

insufficient
safety
equipment

poor work
attitude

factors
comprimisng

health and safety

uncontrollabn unsafe site
hazards condition

Breaking
safety rules

FACTORS AFFECTTING OCCUPATIONAL HEALTH AND SAFETY
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2.3 Health and Safety in Construction Sector of Pakistan

2.3.1 Safety Issues

Although construction industry stakeholders/owners in Pakistan are generally aware of the
priority of safety as well as its significance to the industry but lack of commitment, cooperation,
expertise and familiarity with tools to implement safety culture on their projects. Formal safety
management practices are infrequent among stakeholders/owners and the projects suffer from
accidents resulting in productivity losses, project delays and cost overruns. Therefore it can be
concluded that owners/stakeholders/owners in Pakistan construction industry, owing to lack of
commitment as well as lack of systematic procedures, do not have adequate capability of
maintaininga safe project. The owners are considered to be the key initiators for project safety;
without owner commitment to safety, contractors are not willing to accept major responsibility
for safety and hence their lack of commitment. A cultural and behavioral shift is needed in the
stakeholder perception about safety management implementation and improvement on
projects. The major obstacles faced by contractors to the implementation and improvement of
safety includes — in decreasing order of significance —

absence of the following: worker cooperation and behavior, familiarity and expertise with
safety management techniques, safety awareness and knowledge, owner commitment, and a
safety regulatory framework. (Ahmed, 2008)

2.3.2 An Overview of Construction Industry in Pakistan

At the present moment there is no governing authority for work-related health and safety
management in Pakistan (for example OSHA in USA). (Ali, 2006). The present engineering body
of Pakistan (PEC) has yet to set down safety laws and regulations, to be implemented by all the
stakeholder’s in construction industry

Here are some of the statistics related to the Cl of Pakistan.

e 2.5% of GDP as per State Bank of Pakistan annual report published in 2010-11 is
contributed by construction industry

e 6.29% of total workforce is from Cl as per Federal board of Statistics, 2010.

e on construction site injuries and diseases in construction industry are observed as 20 to
25% of total industry. (Farooqui et al., 2008)

e Safety Performance Index of Cl of Pakistan is observed to be 0.52. It indicates lack of
standard safety management system (Khan, 2011).

Governing Safety Laws in Pakistan
The governing laws of Health and Safety of workers in Pakistan construction industry are:

e Factories Act 1934 (chapter 3)
e Government of Pakistan Labor Policy (revised in 2010)

16



¢ Health and Safety clauses in PEC ‘s contract documents:

e Safety, Security and Protection of the Environment

e Clause 19.1 of Part-I (General Condition of Contract) of PEC

e Standard Form of Bidding Documents

e Clause 19.3 of part-ll (Particular Conditions of Contract) of PEC
e Standard Form of Bidding Documents (Khan, 2011).

2.3.3 Causes of Accidents

The main demand of client is high productivity and high work efficiency at minimum cost.
Primary objective of contractors is cost and time reduction in order to maximize company’s
profit margin. Risky conditions and minimum safety precaution followed by labors and workers
on construction site lead to accidents. On many occasion, construction industries don’t pay any
attention towards necessary safety measures, safety meetings and training programs for
workers and staff in order to minimize incidents that can occur on construction site (Farooqui et
al., 2008).

Informal evaluations have indicated unsafe work environment on constructions site not only
lead to dangerous accidents but also resulted in cost overruns, poor work efficiency, time
extension and poor construction practices (Farooqui et al., 2008). Considering these outcomes
rapid action should be taken by concerned authorities and construction industry towards
construction safety by conducting safety seminars, onsite training and introducing new
technology to detect hazards and arrange formal or informal safety education. Research
(Choudhry et al., 2008b) demonstrated that constructors in the developing countries need to
implement safety management systems to enhance their safety performance level.

17



Number of Industrial Accidents

=

&

= ~ I_ O fatal

% 200 H |m Serious
= 150 || |2 Minor
50

30 a
oW

0 -
v T T T T T T T T T

1998 1999 2000 2001 2002 2003 2004 2003 2006 2007

-~
Year

Figure shows the available data from labor division of Pakistan about the industrial accidents
in factories registered under Factories Act-1934.

Following are some of the main causes of accidents which are observed during construction
process.

Slips, Trips and Low Falls

Most common form of accident that usually occur on construction are trips and low falls. They
may are minor accidents but they can lead towards dangerous injuries and ill health outcomes
such as muscular strains and puncture wounds

Falls from height
This is one of the reason of major fatal accidents. These usually occur due to:

e Improper scaffolding

e Lack of edge protection

e Dangerous demolition work

¢ Inadequate use of ladders

e Unprotected openings in buildings

Crush injuries

These show up in unsafe excavations often lead to deadly accidents or serious injuries.They
occur when there is inadequate support for trench sides, especially after rainfalls, or when

18



vehicles are operating too close to the edge. Buildings and wall may collapse when supporting
structures are undermined.

Being Struck by Falling Objects, Materials or Tools
This is a potentially deadly occurrence. Such falling objects can be due to:

e The lack of toe boards on scaffolding
e Lack of tool belts for workers

e Bad storage and stacking

e Poor housekeeping

Electrocutions

This can be due to cable strikes on buried services or by contact with overhead cables.

2.4 Major Problems in Construction Sector of Pakistan

2.4.1 Quality Issues

Most stakeholders/owners feel that total quality management methods (TQM) would not be
working in their organizations due to current organizational and industry culture. However they
are aware of the benefits of implementing TQM in their organizations to some extent and feel
that it would be favorable if it can be implemented. Most of them think that TQM is a method
for improving cost estimating, warranty claims and project economy. TQM has not been
implemented by any organization as their quality policy. Most of the organizations prefer
periodic short-range solutions or motivational programs as compared to more formal long-
term programs. Many organizations belonging to the construction industry are not giving any
formal training quality management workshops to their employees.

The top 5 obstacles in the implementation of TQM program, as indicated by the respondents,
are:

1. Lack of expertise/resources in TQM

2. Rigid attitude and behavior of executive management toward quality

3. Lack of top-management commitment/understanding

4. Lack of employee commitment/understanding

5. Lack of education and training to drive the improvement process

The construction firms working in Pakistan are generally neither prepared nor willing to put
Total Quality Management (TQM) as a management philosophy within their organizational

19



cultures. Most organizations are unenthusiastic regarding TQM implementation and are
unwilling to invest in it including both time and capital. Only few organizations identified the
procedure for TQM implementation that should, through persistence, allow the Pakistan
construction industry to adopt TQM philosophy comprehensively.

Regulatory agencies work for the organization safety management throughout the world as
OSHA-Occupational Safety and Health Administration in USA. Unfortunately there is no such
authority working in Pakistan. The primary construction regulatory body in Pakistan is the
Pakistan Engineering Council (PEC) which has yet to lay down safety laws and regulations that
will be adopted by the stakeholders/owners in order to implement safety practices throughout
the country.PEC has rated each contractor against a number of components but still it does not
incorporate contractor safety performance.

If safety performance is incorporated as a factor in contractor rating, it would encourage the
contractors to adopt safety management practices in their companies. Construction
management should be emphasized at all times no matter how fast the construction needs to
be completed and under what budget constraints. The contractors should integrate
management training programs with other practices according to their budget. Training can be
provided in many ways: on-

site training, meetings before the start of any work; large size contractors may develop
separate training departments. Contractors should encourage their project managers to
develop detailed project plans and schedules incorporating risk, safety and quality.

2.4.2 Rework and Shortage of Skilled Labor

Results based on a survey conducted for analyzing the risk factors in construction sector of
Pakistan are shared which can be solved by augmented reality technology. All of these issues
could not be discussed so only few of them have been selected for analysis. A questionnaire
was sent out to point out the causes which were responsible for project delays and increased
costs. The results were further classified on the basis of three critical factors.

20



Table 5. Rl results from guestionnalie.
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Figure 3. Objective wise break down of top risks factors.

The third highest critical risk factor which has affected project duration in a negative way was

reworks done due to error. Rework of any quantum and kind disturbs the project in a negative
aspect not only financially but also in terms of time. Rework almost increases the duration on

any activity by three times therefore is a very critical risk and shall be avoided on first place to
avoid some delays.

The fifth factor on the list of highest critical risk factors was shortage of skilled labor
resulting in time overruns at construction projects in Pakistan. Skilled labor is of great
significance and a very critical resource in any project as they can directly hamper the
project performance in terms of time, quality and capital. Unskilled labor when execut
-ing any activity shall always take more time for completion of that particular work.
Moreover, additional time will be required for its rectification causing major time losses.

According to the survey results, rework due to error (RIl 0.804) was rated as the most critical
risk factor that disturbs the project cost in Pakistan. Rework due to error can be because of
various reasons that may be due to inexperience of the labor or site overseeing staff and can
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also be due to malfunction of construction equipment like shuttering, batching plant etc.
Rework not only doubles the material and labor cost of any activity but also additional
manpower is required for removal of the defected work that further negatively dents the
project cash flow. (Asad Kamal, 2019)

2.4.3 Poor Site Management and Poor Supervision

The third highest ranked factor causing cost over runs in construction industry of Pakistan is
poor site management (RII 0.749). Construction projects highly depend upon the managements
mind set, the compatible the higher authorities the more easily the project objectives can be
achieved. Site management can directly influence the project objectives especially its cost as all
departments are directly controlled by the management therefore it can have both adverse and
positive effect on the construction projects.

Poor supervision (RIl 0.804) was ranked as the most critical risk factor affecting adversely to the
quality of construction in Pakistan. Supervision is very important part of the site staff and slight
negligence can not only cause damage to the quality of work but also hampers other project
objectives including project cost. Therefore, the quality of site supervision at any construction
site if improved can lead to superior quality of work (Asad Kamal, 2019).

2.5 Augmented Reality for Health and Safety Improvement

2.5.1 Working of Augmented Reality
Augmented Reality basically superimposes virtual objects on the real environment. The core
functional abilities of Augmented Reality are

e Combine virtual and real graphics
e Proper tracking system
e Overlay virtual information over real information in real time

There are four components of Augmented Reality

e (Camera

e Tracking Device

e Display Device

e Mobile computing process

23



Communications Logic

subsystem subsystem Video & L
l I audis "‘“
— Map I Real image “l
proowe 3 & Z-buffer

Tracking Augmented Visualization
subsystem exhibition subsystem

maARRe T Wirtual
; 3D enimated
madels L
Real
places.
s
@

Camera

The input of the real world is being given by the camera. The camera can either be mobile
camera or some special camera for augmented reality. The camera detects any object through
its lens and then the information is sent to be processed with virtual information.

Tracking Device

Tracking has been defined by Siltanen as the “heart “of augmented reality systems: it calculates
the position and orientation of the object (Siltanen, 2012). An accurate tracking, which locates
the users and their movements in reference to their surroundings, is a crucial requirement for
an augmented reality application. In augmented reality systems GPS (Global Positioning
System) is used for tracking which is space base system to find location and time accurately.
GPS sensors are used in wearable augmented reality systems. The GPS used in mobile phones
are less accurate having an accuracy of about 10m. GPS sensors locate the position of device.
These devices are also equipped with sensors that recognize the movement and orientation of
device.

Display Device

Two ways for visualization are available. This super imposed model of real and virtual
information can either be visualized through glasses in wearable augmented reality or
through a handheld device such as smart phone or tablet. 3d visualization is also
available now.
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Mobile computing process

It is the most complex component of augmented reality system. Information of real world is
taken from camera which has no coordinate and only the position of camera through GPS is
known. The information coming from camera must be first give coordinates. The camera is
equipped with sensors through which the pitch and the distance of objects is measured. For
this purpose, computing is required. In wearable augmented reality laptops are used for this
purpose and in mobile augmented reality processor of smart phones are used. After real and
virtual information having the same coordinate system is processed it becomes very easy to
overlay both virtual and real information to create one visualization. Both information is
aligned and oriented by processing devices to create visualization. This processed information
is sent to display device for users to visualize.

2.5.2 Augmented Reality in BIM

Augmented reality is an upcoming technology which is setting its ground in construction
industry as well. It will replace the traditional construction practices which will result in
improved productivity and work efficiency on construction sites. Due to advantages such as
automated access to work progress on construction site and jobsite condition detection by the
help of powerful computing devices will ultimately improve quality of work, safety of workers,
improved profitability and sustainability (Rankohi and Waugh, 2013).

BIM modelling have exponentially improved the designing process of a structure. BIM
modelling is used for 3D modelling of a structure indicating major components of a structure
i.e. pipes, electrical wires, beams, columns etc. Information models are used to incorporate
initial phases of project development. However most of the times, designs are displayed
through 2D drawings or projection on portable displays. One of the main reason to use
augmented reality is that it can incorporate information and situate it in time, place and
context by combining computer generated information onto real world environment (Azuma et
al. 2001), (Izkara et al. 2007).

Construction industry can benefit from the augmented reality in inaccuracy reduction, better
marketing, review of project, saving man hours and cost reduction. Mentioned are the tasks in
which augmented reality in collaboration with BIM can help: layout, excavation, positioning,
and inspection, coordination, supervision, commenting and strategizing. Through this
collaboration we can higher efficiency, sustainability and productivity in order to create safe
and sound work environment (Zhou, Luo and Yang, 2017).
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The major problem in collaboration of augmented reality and BIM is implementation
and forming a bridge between the two to run the things smoothly without any error.
If this bridge is formed than it will revolutionize the construction industry and give
them competitive advantage from others who don’t use augmented reality.

2.5.3 Augmented Reality For Safety Improvement

Almost thousands of workforce die annually during construction catastrophes. The main
concerning issue are safety management programs and employee training are the issues which
can be assisted by augmented reality technologies to provide the employees with an effective
training and a safety management program can be implemented as well. Augmented reality
technologies can be used significantly for training of construction workers to operate heavy
machinery including cranes, excavators and assembling equipment. This technology can assist
the project involved people to understand various project issues including complex designs and
arrangements as well. (Chi et al, 2013), (Wang and Dunston, 2007).

Wang et al. (2013) developed a conceptual framework for integrating building information
modeling with augmented reality for the safety management system in the construction
industry. So augmented reality technologies are the new approach for the modern construction
management, particularly in the training and safety management system. One of the
increasingly important application areas of augmented reality is in training and education,
where simulated scenarios can be used to illustrate concepts and provide exercises that allow
the learner to train in a realistic environment. Compared to the real exercise, augmented reality
could significantly reduce costs and hazards.

Augmented reality provides unlimited variability in training elements which gives greater
flexibility with minor additional cost. An example of a safety advantage is the avoidance of any
personnel injuries from materials accidentally falling while being raised by material handler to
an elevated scaffold platform. Also, use of augmented reality can eliminate adverse effects
associated with environmental concerns such as noise, dust, etc. These all advantages add up
to increased operational performance, improved safety knowledge and practices and increased
popularity of augmented reality in digital world and safe construction.

Following are also some of the uses of Augmented Reality which can be beneficial in the field

On site clash detection

Because of that people onsite have less knowledge what they would get beneath the road,
that’s why during the road construction and excavation, utility lines get damaged. Due to this
reason the cost of product may increase resulting in cost overrun and time overrun. Using
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augmented reality, such clashes can be easily avoided by just pointing the camera towards the
ground and seeing all the pipelines and service lines running beneath it. It can be seen how
deep they are located, and excavation can be planned. If augmented reality is used clashes
can be identified early and design can also be changed according to that.

Identification of Hazards

One of the key concerns now a day in projects is safety. Severe injuries to workers are caused
by many unknown hazards present on site. Such hazards can be detected using augmented
reality. For example, there is an underground electric cable running underground and there is
excavation going on near it. That electric cable is hazard to workers that we are unaware of it
can cause electrocution. By application of augmented reality, cable as hazard can be easily
identified and some measure can be taken eliminate this hazard. (Webster and Feiner, 1996)
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Early Identification of problems
Problems such as clashes, design problems, hazards etc. can be identified by augmented reality

in the very early stage of project hence it will minimize the effect of these problems.

2.5.4 Economics of Augmented Reality

Globally construction sector employs 7% of worlds working age population. Every year 10
trillion dollars is spent on construction goods and services. For various reasons, poor
productivity in construction is a costly and difficult challenge to address which results in poor
economic growth of construction industry. Augmented reality (AR) technology can improve
communication, reduce costs, and identify problems in advance.

Thought leaders and researchers have predicted that VR and AR technology applications in the
construction industry could boost productivity, adding an estimated $1.6 trillion in value. If
construction industry growth matches growth of global economy than global economy would
grow by additional 2%.
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2.5.5 Limitations of Augmented Reality

e  Training required to operate augmented reality.

e Limited running time due to limited power of computing device
e  Privacy and security of data

e Limited memory of smartphones and gadgets

2.6  Additional Applications of Augmented Reality

Augmented Reality is also very useful for quality improvement. It can detect the
defects in the construction materials and thus improves the quality of the work. It also
can help in schedule and project progress tracking and also reducing the time to
complete a project.

Quality and Defect Management

Quality management and defect control are important parts of construction management.
Many completed projects that are accepted by the client are defected or fail to meet the
desired quality and thus arise disputes. Augmented reality plays a very important role in global
construction to bring the automation in the quality and defect management system. Some
defects that are probably not noticed in the inspection process are detected by the augmented
reality technologies and save time to do so and thus help in construction management process.
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Park et al (2013) noted that if core control time points and measures for works were realized by
the managers and checked proactively through the defect element ontology, then the worker’s
performance can be automatically checked at the appropriate time with BIM and AR

applied inspection equipment without visiting the workplace.

The study (Kwon et al. 2014) concluded through the use of augmented reality technologies the
current manual-

based defect management can be enhanced thus reduce site managers’ workloads and prevent
construction work defects proactively by utilizing BIM and augmented reality technologies. An
effective defect less facilities management system is developed for the construction project in a
modern automated way that facilitates users at a more satisfactory level than any time before
(Koch et al. 2014). Augmented reality is also mentioned as a very helpful quality and defects
management technology for on-site construction project (Kim et al., 2013).

Scheduling and Project Progress Tracking

Augmented reality has enhanced the scheduling aspect of the construction project significantly;
it is able to show an as-planned vs. an as

built form to allow visualization of progress. Wang et al. (2014a) showed in their study that as
compared to any other existing tools, augmented reality could be used as a scheduling tool to
understand and to make someone understand without any doubts. Hui et al. (2017) showed in
their research that for the safety task scheduling in a construction project, augmented reality
could also be effectively used.

MeZa et al. (2015) stated in their study that for monitoring and tracking the construction
project, as compared to any other 3D models or Gantt chart, augmented reality on mobile or
tablet PC is the best option. Wang et al. (Park et al. 2013) noted that augmented reality can be
used for construction project progress tracking as a way to compare the schedule to the actual
progress of the project. Augmented reality technologies can be used for a visual comparison
between the planned facilities versus as-

built facilities. Gol parvaret al. (2009), Omar Nehdi (2016), Zhou et al. (2008) and Turkan et al.
(2012) also showed that in construction progress tracking and scheduling, augmented reality is
going to be one of the most used functions in advanced construction project management.

Time and Cost Management

Time and cost are the major issues of the construction process, without a doubt. All
construction project management is to reduce the completion time and save the construction
costs. To increase the effectiveness of construction management, technological changing take
place in different form with the changing in time. AR based applications are used in
construction management for controlling and monitoring the time and cost issues. Because of
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misinterpretation of plans or drawings or the information is transferred imprecisely from the
plan to the real object about 9 to 13% time and 14 to 19% money are wasted (Kumaran et al.,
2007).

The augmented reality technologies resolve issues including lack of manpower inside the
management and cost efficiencies within the construction project (Behzadi, 2016). Augmented
Reality Technologies are also used for data acquisition of the construction site which saves
time, reduces the labor hours (Fard et al., 2009). The augmented reality technologies save time
and cost of the construction project by reducing the defects and rework of the

construction project through use of augmented reality mobile computing technologies (Kim et
al. 2013).

Augmented reality will improve construction process in following ways:
Eliminating Guess Work
Any missing information has to be assumed in traditional 2D approach as information is limited

or guess work is applied such guess work and assumption can be avoided through augmented
reality because 3D model contains a lot more information as compared to 2D drawings.
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Less Disputes among Stakeholders
As a lot of problems in the design, utilities etc. are identified by augmented reality early in the

construction process so it reduces the cost overruns and thus the disputes among the
stakeholders are also less. The project can thus be executed in a smoother way.
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Better Collaboration

Completion of project in time and in spending plan relies upon the joint effort and
correspondence between stake holders. The correspondence and joint effort between client,
consultant and designer can be improved by augmented reality. A flash snaps or video can be
made of any ambiguity in design of structure and sent to the client for additional data or
explanation. Here and there individuals working in field don't get change orders in time and
they are dealing with old drawings this correspondence hole can be dispensed with by utilizing

augmented reality.
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With the advancement of technology, the team decided to work on
revolutionizing the construction sector. In this regard, research was
narrowed down to Augmented Reality in the construction sector of
Pakistan and the challenges which were to be faced by someone who
wishes to introduce and implement Augmented Reality in the
construction sector of Pakistan.

. ol
HOW AR CAM BE USED

FOR HEALTH AND
SAFETY PRACTICES

IMPROVED
PRODUCTIVITY AND
REDUCTIOM OF COST
AND TIME

3.2 Timeline

A timeline was set by keeping in view the nature and complexity of the
project. The schedule was strictly followed so as to ensure timely
progress and smooth work flow of the project.

3.3 Literature Review

In the initial stages of the project, published research papers of renowned scholars and thesis of
NICE alumni were studied thoroughly. The aim was to go through all the work done on
implementing technology in construction sector and the challenges faced to adapt these
advanced methods. Afterwards, research was narrowed down to a regional level and
particularly, Pakistan.

3.4 Development of Survey Questionnaire

A questionnaire was developed to analyze the main barriers faced by the contractors and
consultants in the adaptation and implementation of a new technology in the country.
Questionnaire was made on google forms and the information was collected. The questions
asked were finalized after thorough research work so that no factor is left behind. An
awareness page was also incorporated in the form to get an overview of Augmented Reality
and how it can help in the construction sector improve efficiency, productivity, health and
safety. The link to google form is https://forms.gle/VUCA3w1tGisGx8QU7 .
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Survey Questionnaire for Implementation
of Augmented Reality in Construction
Industry of Pakistan

In the questions below, AR Means augmented reality technology.
*Fquired

—

LIMITATIONS OF
AUGMENTED REALITY IN
COMSTRUCTION INDUSTRY

i e L
Ihe il g

1. Orgenization Name *

6. Doyou think sugmented reality will help improve health and safety issues in the
construction sector of Pakistan ke safety from slectrocutions and fall protection
et

Tick ol thar apply.

|| stronghy Desagres:
| isagres
'_'INl.lﬂl

(] Agree

| strongly Agree

7. e you wiling touse AR technology for the safety of employees? *
Tick af that apply.

| strangly Disagres
|| nisagree

|| seestral

[ mgees

| strongly Agree

B.  Are you wiling toimnvest in AR technology Tinvestment includes training of
employees, development of model on BiM 380 software and AR headsets capable
of using smariphones. *

Tick all that apply:

| sirangly Disagres
|| Disagres

| menral

] agree

__| strongly Agree
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10.

.

Organization Type*
Mk cinfy oo gal.
) Gowermmant
) Semi Gowsrmmaent

) Private

Designaticn *

Are you contended with the current tr
to D drawings which cannot be fed into AR systems. *

? Traditional ices refer

Tick al that apply:

|| strongty Desagres:
| Disagres

|| Mestral

(] geee

| strongly Agree

Mre you fammiliar with the smart technology?Smart technology means the smart
phiones, tablets ste which can serve as the hardware to experience AR technology.

B

Tick all that appdy.

[ ] Zamngly Disagree
|| Disagres

[] Meutral

[ Agree

[] swongly Agres

M you refuctant towands using AR Technology? Using AR technology means using
augmented reality gadgets to visualze augmented environment on construction
sibes and famikarizing ones=if to this technology. *

Tick afl that appiy.

[] sirongly Disagree
[] Disagree

[7] Meutral

[] agrea

|| sarongly Agres



12, Wil you be willing to change the practice of two dimensional drawings and shift o

18

19.

three dimersional drawings? Traditionally, two dimensional drawings are made on
#uto-cad for projects. Augmented reality would require making of three
dimensional drawings so that they could be put in BIM 340 software for making
sugmented environment. *

Tick all that appdy.

[] sarongly Disapree
[ misagroe
|_'N|||hll

["] Agree

[ sarongly agres

Wil you be willing to get expertise in augmernted reality? *
Tick all that appdy.

|| Eanongly Misagroe

["] Disagres:

I_'NIIIHII

(] sgra

[ ] samongly agres:

Cost includes training of employees, developrment of model on BIM 240 software
and AR headsets capable of Lsing smartphones. *

Tick ail that .

[ ] Enongly Disagree

|| Disagros

[] Meutral

[ Mgrue

[] swmengly sgres

gadgets affect your decision regarding implermentation of AR? *
Tick all that appdy.

|| strongly Disagree

I__I:ﬂuqnt

[] Meutral

[] agres

[ ] samngly agres

used i the construction sector of Pakistan? *
Tick all thad sy

[ ] Eamngly Disagres
|| Disagres

[ Meutral

[ ] #egree

[] sarangly agres

Mecording to you will AR surpass traditional practices TTraditional practices refer to
two dimensional drawings which cannot be fed into AR systems and traditional

safety practices. *
Tick all tha! appy.

[] samngly Disagree
[ ] Disagres

[ Mateait

[] Agree

|| strongly Agres

‘ould lack of sugmented reality models and lack of augmented reality (AR}

‘Would this affact your deciion that Augmented reality has not been previoushy
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16.
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Would complexity of augmented reality affect your decision regarding
implementation of sugmented reality? Complexity of using smart gadgets and new
three dimensional softwans. *

Tick all that appdy.

|| strongly Disagres

[ Disagree:

I_'Nl'u‘tlll

(] grae

[ strongly agree

Would lack of expert usars affect your decision regarding implementation of
augmented reality? *

Tick all thad appdy.

[ sarongly Disagree
[ misagres

[] Meutral

[_] Agree

[ sarcngly Agree

Would puilic unawareness affect your regarding T ion of
augmented reality? For instance, unawareness of labor and other employees
towards using technolegy. *

Tiick all that appiy.

[] saronghy Disagree
[ ] Disagrese:

[ ] Meuiral

[] Agree

|| sarongly Agres



3.5 Reaching Out to Contractors and Consultants

After the development of the questionnaire, next task was to collect data through different
consultants and the contractors. The plan was to collect information about the different
contractors and consultant in Islamabad and its nearby areas. After this it was planned to go
personally to them and if they have no information regarding the technology of the Augmented
Reality, then brief them about the Augmented Reality. In this way it was planned that the
guestionnaires would be filled.

The above mentioned plan could not be implemented because of the worldwide pandemic,
Covid-19, which affected the whole world and there was a situation of lockdown. Due to the
lockdown it was not possible to go to the contractors and consultants personally. Therefore, it
was then decided to email the questionnaire to contractors and consultants. The email of
different contractors and consultants were obtained from the website of PEC.

The response to the emails was not as good as hoped. About 2500 emails were sent to different
consultants and contractors. In response to the emails sent, 112 responses were collected.
Through these responses, the frequency analysis was done on the data collected and
furthermore the results and conclusion was obtained.

3.6 Frequency Analysis

Frequency analysis is a descriptive statistical method that shows the number of occurrences of
each response chosen by the respondents. Frequency analysis can be used to analyze different
factors in a questionnaire separately. Frequency analysis gives us the frequency of different
answers given by the respondents. It can also be used to find the mean, median and mode of
the data. By using this data results and conclusions can be made.

The software that was used for the frequency analysis was SPSS (Statistical Package for the
Social Sciences) which is a software for statistical analysis. First different variables i.e. factors
were defined in the software. After that data was entered in the software and frequency
analysis was done for the factor. The mean, mode and standard deviation of the data were also
calculated. The results are given below:
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Statistics

Will AR Help Willing to use AR | Willing to invest | Are you satisfied | Are you Familiar
improve Health for Safety in AR with 2D Drawings with Smart
and Safety Issues Technology
Valid 112 112 112 112 112
N

Missing 0 0 0 0 0

Mean 3.9464 3.8929 3.6875 3.3571 4.1429

Mode 4.00 4.00 4.00 4.00 4.00

Std. Deviation .84725 72729 97751 1.00321 .78105

Statistics
Are you reluctant | Areyou willingto | Are you willing to Will cost affect Will complexity

towards AR shift from 2D get expertise in AR your decision affect your

Drawings to 3D regarding AR decision regarding
Drawings AR
Valid 112 112 112 112 112
N

Missing 0 0 0 0 0
Mean 2.8571 4.0089 4.0536 3.7054 3.4732
Mode 2.00 4.00 4.00 4.00 4.00
Std. Deviation 1.12191 .85420 .82571 .85570 .92959
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Statistics

Will lack of expert Will Public Will less AR Will no previous Will AR surpass
users affect your unawareness models and AR use of AR in traditional
decision regarding affect your gadgets affect Pakistan affect practices
AR decision regarding your decision your decision
AR regarding AR
Valid 112 112 112 112 112
N
Missing 0 0 0 0 0
Mean 3.6250 3.6696 3.6339 3.0625 3.5714
Mode 4.00 4.00 4.00 2.00 4.00
Std. Deviation 91164 94334 96791 1.16465 1.05450
The results of the frequency analysis is also given:
Willing to use AR for Safety
Frequency Percent Valid Percent Cumulative
Percent
Strongly Disagree 2 1.8 1.8 1.8
Disagree 1 9 9 2.7
Valid Neutral 21 18.8 18.8 214
Agree 71 63.4 63.4 84.8
Strongly Agree 17 15.2 15.2 100.0
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When asked about willingness to use Augmented Reality for Safety 71 out of
112 respondents agreed that they are willing to use Augmented Reality for

safety.
Willing to invest in AR
Frequency Percent Valid Percent Cumulative
Percent
Strongly Disagree 5 4.5 4.5 4.5
Disagree 8 7.1 7.1 11.6
Neutral 22 19.6 19.6 313
Valid

Agree 59 52.7 52.7 83.9
Strongly Agree 18 16.1 16.1 100.0
Total 112 100.0 100.0

|
Total 112 100.0 100.0

When asked about willingness to invest in Augmented Reality 59 out of 112 respondents

agreed that they are willing invest in Augmented Reality.

Are you willing to get expertise in AR

Frequency Percent Valid Percent Cumulative
Percent
Strongly Disagree 3 2.7 2.7 2.7
Disagree 2 1.8 1.8 4.5
Neutral 11 9.8 9.8 143
Valid

Agree 66 58.9 58.9 73.2
Strongly Agree 30 26.8 26.8 100.0
Total 112 100.0 100.0

When asked about willingness to get expertise in Augmented Reality 66 out of 112 respondents

agreed that they are willing to get expertise in Augmented Reality.
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Will cost affect your decision regarding AR

Frequency Percent Valid Percent Cumulative
Percent
Strongly Disagree 2 1.8 1.8 1.8
Disagree 8 7.1 7.1 8.9
Neutral 26 23.2 23.2 32.1
Valid

Agree 61 54.5 54.5 86.6
Strongly Agree 15 13.4 13.4 100.0
Total 112 100.0 100.0

When asked will cost affect their decision regarding Augmented Reality 61
out of 112 respondents agreed that cost will affect their decision regarding
Augmented Reality.

Will complexity affect your decision regarding AR

Frequency Percent Valid Percent Cumulative
Percent
Strongly Disagree 3 2.7 2.7 2.7
Disagree 13 11.6 11.6 14.3
Neutral 36 32.1 32.1 46.4
Valid

Agree 48 42.9 42.9 89.3
Strongly Agree 12 10.7 10.7 100.0
Total 112 100.0 100.0

When asked will complexity affect their decision regarding Augmented Reality 48 out of 112
respondents agreed that complexity will affect their decision regarding Augmented Reality.

40



Will lack of expert users affect your decision regarding AR

Frequency Percent Valid Percent Cumulative
Percent
Strongly Disagree 3 2.7 2.7 2.7
Disagree 11 9.8 9.8 125
Neutral 24 21.4 21.4 33.9
Valid

Agree 61 54.5 54.5 88.4
Strongly Agree 13 11.6 11.6 100.0
Total 112 100.0 100.0

When asked will lack of expert users affect their decision regarding Augmented Reality 61 out
of 112 respondents agreed that lack of expert users will affect their decision regarding
Augmented Reality.

Will less AR models and AR gadgets affect your decision regarding AR

Frequency Percent Valid Percent Cumulative
Percent
Strongly Disagree 3 2.7 2.7 2.7
Disagree 13 11.6 11.6 14.3
Neutral 23 20.5 20.5 34.8
Valid

Agree 56 50.0 50.0 84.8
Strongly Agree 17 15.2 15.2 100.0
Total 112 100.0 100.0

When asked will less AR models and AR gadgets affect their decision regarding Augmented
Reality 56 out of 112 respondents agreed that less AR models and AR gadgets will affect their
decision regarding Augmented Reality.
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Will Public unawareness affect your decision regarding AR

Frequency Percent Valid Percent Cumulative
Percent
Strongly Disagree 2 1.8 1.8 1.8
Disagree 14 125 125 14.3
Neutral 20 17.9 17.9 32.1
Valid

Agree 59 52.7 52.7 84.8
Strongly Agree 17 15.2 15.2 100.0
Total 112 100.0 100.0

When asked will public unawareness affect their decision regarding Augmented Reality 59 out
of 112 respondents agreed that public unawareness will affect their decision regarding
Augmented Reality.

3.7 Conceptual Framework

This cyclic framework is developed for technology adoption for improved health and safety,
guality improvement, improved productivity and work efficiency improvement in construction
industry of Pakistan. The first step in adoption of any innovative technology such as augmented
reality starts with public awareness. After becoming aware of pros and cons of innovation
different stakeholders become willing to accept the existence of technology and adopt it for
their benefit. Proper training and education of AR technology are required to create and
increase the quantity of skilled labors. This will require an initial investment to make it
practically applicable on construction site. As a result, AR technology will not only improve
health and safety but also improve productivity and work efficiency which results in cost and
time reduction.
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3.8 Results and Conclusion

After the frequency analysis was performed, results were deduced and presented as pie charts
in the next section.
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CHAPTER 4
RESULTS AND DISCUSSION

4.1 Results

The questionnaire was online through google form. The questionnaire consisted of 15 questions
which highlighted major barriers regarding implementation of augmented reality. Out of 112
responses 60 percent respondents were having sound professional experience. Following are
the major outcomes extracted from responses of expertise:

Almost 75% respondents (including agree and strongly agree) were willing to use
augmented reality for the safety of employees and minimize accidents occurring on
construction site

Around 70 % respondents agreed to invest in AR technology to boost up their
construction practices and increase their work efficiency. Investment includes training
of employees, development of model on BIM 360 software and AR headsets capable
of using smartphones.

54% expertise including engineers agreed to the fact that complexity of AR technology
would affect their decision regarding practical implementation.

68.2% organization were agreeing to the point that cost of training programs and
gadgets in order to implement augmented reality will affect their decision

Around 66.4% respondents agree that they have lack of expertise and need proper
training in order to implement AR technology

Around 68.9 % people agree that labor and other working staff who are unaware of AR
technology creates a barrier and affect their decision regarding implementation

About 40 % organization expertise agrees that AR isn’t used previously and they have
doubts regarding implementation on construction site

Regardless of the major barriers faced by construction industry regarding
implementation of AR technology 87% respondents from well reputed organizations
were willing to get expertise in AR technology.
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Are you willing to get expertise in AR
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4.2 Practical Implementation

Before introducing any new technology, a survey is made that whether it would be acceptable
for the market or not. If not, what are the possible reasons. Our research identifies those
barriers. When these barriers are addressed, for example, if concerned personnel are made
aware then the acceptance rate will increase and it will ultimately result in a new trend of using
technology for health and safety. It will revolutionize the construction sector enabling it to
meet world class safety measures, productivity, efficiency and quality standards. Pakistan’s
construction sector would be able to get international certifications and form joint ventures
with international clients as for example in CPEC. These barriers can be addressed either, by a
government or a construction company and after that Augmented Reality technology can be
implemented in the construction sector of Pakistan.

The construction sector and concerned authorities are recommended to address these barriers
either by giving incentives to contractors or by mass awareness. Entrepreneurs can be
encouraged to provide low cost, simplified and easy to operate Augmented Reality- AR
Gadgets. Government can implement strict policies for the construction industry to adhere to
international safety laws. Such measures can help new technologies to emerge and sustain in
the market.

4.3 Limitations

e This research was limited to a theoretical study due to unavailability of Augmented
Reality gadgets.

e The sample size was limited due to lack of responses from contractors and consultants
over emails.

e On ground survey could not be performed due to COVID-19, a global pandemic.

e The limited number of technology adaption experts in the country that could help
improve the framework.
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CHAPTER 5
CONCLUSION

5.1 Conclusion

The construction sector of Pakistan has been facing problems of quality management, workers
safety, cost overruns and project delays because of its continuous reliance on traditional
construction practices. The construction sector needs to be digitalized with a proactive
approach to improve productivity, efficiency, health of workers and reduce the cost and time
overruns. Our research was able to identify some of the barriers inhibiting the adoption and
implementation of modern technology such as Augmented Reality for providing the ability to
improve construction practices which would result not only in better productivity, health and
efficiency of the workers but also help in reducing the cost and time of the construction
projects.

The top barriers in the adoption of Augmented Reality in the construction industry of Pakistan,
in decreasing order of significance were cost, public unawareness, lack of expert users and
complexity. If we are able to address these issues then construction sector of Pakistan can be
revolutionized resulting in better safety of workers, reduced time and costs, increased
efficiency and productivity. The future research on this topic would be able to use the
framework developed during this particular research and modify it according to needs of the
time to practically implement Augmented Reality on actual construction sites across the
country.
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