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Abstract: The construction industries are considered for numerous worksite accidents, fatalities and work site related disasters. 

The situation could be critical in emerging economy, as the construction industrial sector is a major contributor to the global 

economy. Safety and health assurance in construction work site is a key factor which must be taken into account as the work site 

related fatalities is accelerating. It is important up to keep up the backbone of the industry and to provide a safe environment in 

work site. The implementation of innovative ideas is a relevant and effective method to uplift the performance and safety in this 

sector. The use of innovative ideas and technologies to minimize injuries and accidents gained more attention in this modern era 

than the conventional practices. The past studies have clearly provides outline to need of implementing technologies to 

construction work sites for health and safety monitoring. The paper aims to give the valuable contribution to the subject area by 

(i) selecting innovative technologies which can be practiced in health and safety monitoring. (ii) Presenting the usage of these 

technologies followed by its benefits. (iii) To stress out the obstacles which are blocking the ways to adopting theses technologies 

in construction work site. To fulfill the research objectives the detailed literature study and selection was carried to finalize the 

methods and techniques for safety assurance and followed by detailed questionnaires based survey to check and compare benefits, 

present usages and obstacles to adoption. This paper aims to provide valuable knowledge to subject area and also to contractors, 

administrators and project managers. 

Key Words: Construction work site, safety and health monitoring, techniques, literature discussion, questionnaires, 

benefits , obstacles to adoption. 

I. INTRODUCTION 

Construction is a general term for the creation of objects, structures and organizations by art and science. To fulfill the basic need 

of human being they stared to build huts and shelter by available materials which eventually took the stepping stone of the 

construction. The construction industries in vulnerable to numerous work site accidents, injuries and fatalities .The construction 

works site is always vulnerable to situation because to built these infrastructures and skyscrapers are not the creation of 

automation, work force are the major backbone of these job which is to be done and executed in heights, rain snow. The industry 

is losing number of work force in the construction works day by day and the research and studies are vigorously carried out to 

keep up the safe environment and provide the workers the confidence to work in the work sites. Past research in the field clearly 

indicates that construction projects often create potential risks to the lives of workers and those serious injuries and fatalities are 

common in the construction industry. Thus, Security consideration and management, along with health and safety monitoring in 

general are undeniably important for any construction project. Safety management is the mechanism used to identify work site 

risks and to introduce steps to minimize the probability of a risk materializing and to reduce or remove the possible effects of the 
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risks found in the project. Trends of using emerging technologies for controlling health and safety of workers have gained 

popularity in theses century. 

II. BACKGROUND 

2.1 Construction work site accidents 

Working conditions are often changing on construction sites they can change daily or sometimes even hourly. Construction has 

the largest number of fatal work accidents relative to all other employment industries. This sector is very vulnerable to many 

dangerous tasks and situations, such as height, excavation, noise, dust, power tools, and equipment work. The previous studies 

and surveys describe a clear picture of workplace accidents in the construction site for full-time working employees. One in five 

workers deaths in site while doing works are related to construction. Construction has about highest number of man power 

working lively in daily or other contract basic and the percent of fatalities or loss of worker is highest for this industry other than 

recorded for any industry sector 

 Exposures from building activities with chemicals and hazardous substance have been related to an increased risk of 

infectious disease mortality. Increased mortality from pneumonia infection among workers exposed to inorganic dust, such as 

man-made mineral fibbers, cement dust, concrete and quartz, has been identified among workers. Another big safety threat on 

building sites is motor vehicle collisions and dropping, being trapped between objects, electrocutions, and being hit by objects are 

the leading safety risks at construction sites. Overexposure to heat and humidity in the workplace is another common danger that 

employees can face. If a trench collapses when a worker is inside it could cause them to strike or bury them in the surrounding 

soil with equipment, machinery, or materials. The most important fatalities can occur in present is pandemic situation. Building 

employees will potentially be exposed to the virus that causes COVID-19 at work. It can spread from person to person through 

respiratory droplets produced when an infected person coughs and sneezes. 

2.2 Occupational Health and Safety Act  

Occupational Safety and Health Act is a U.S labor law regulating the federal private sector occupational health and safety laws. 

Its primary objective is to ensure that employers have an atmosphere free of recognized hazards for workers, such as exposure to 

hazardous substances, unnecessary noise levels, mechanical hazards, stress from heat or cold or unsanitary conditions. Rather 

than techniques, this act has focused on specific mechanical and chemical hazards. The key areas currently protected by its 

standards are: radioactive chemicals, dangerous physical agents, electrical hazards, fall hazards, trench and construction hazards, 

hazardous waste, infectious diseases, hazards of fire and explosion, hazardous atmospheres, equipment hazards, and enclosed 

spaces. The act has been working to inform and protect staff from needless accidents and diseases by implementing standards and 

consequences for dangerous and hazardous conditions. Employees often develop enhanced productivity and improved work 

satisfaction as they form a management relationship to create a safe and secure atmosphere. Employers encourage employees to 

take responsibility for their decisions and pass on the information to colleagues by educating employees about the safety risks on 

the worksite. A well thought out program for health and safety demonstrates that the employer is engaged in cultivating loyal 

workers and reducing the turnover of employees. This act proves to be efficient and good to use in construction work site. 

III. RESEARCH GOAL AND QBJECTIVES 

This study aim to provide a detailed and clear picture about the new technologies which can be prior to use in the construction 

work site for the management of safety assurance and health factors of the construction work force and the industrial sector, hence 

to maximize the implementation of techniques and technologies for providing a accident free and safe environment to work. Past 

and present scenario in this special knowledge area provide a information about the construction industrial sector pull the feet 

back from providing the upper hand from the safety and health in work site. . Although several studies have been presented and 

carried out by the previous researches and facility but the lack of adoptability and demand of the fields bring the eyes to keep 

completely focused on safety and health monitoring. Previous studies have presented the same on this area but this particular 
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piece of painstaking efforts put to bring the obstacle to adoption. To meet the research goal explained above the three preliminary 

objectives was decided as follows: 

1. selecting innovative technologies which can be practiced in health and safety monitoring 

2. Presenting the usage of these technologies followed by its benefits  

3. To stress out the obstacles which are blocking the ways to adopting theses technologies in construction work site. 

IV. RESEARCH METHODLOGY 

To execute the research goal and objective of the monitoring and management of health and safety in the construction work site a 

suitable and stubborn plan and execute method was vey needed for the piece of work.  To meets the requirement and need of 

research decision was taken to execute the multi discussion method for the project. To identify the new technologies for the safety 

and health management selection and study of handpicked lectures were doe followed by the detailed and relevant questionnaires 

based survey to clogs out the limitation benefits and adoption obstacles. 

4.1 literature selection parameters 

To full fill the first research objective the literature examination the method this was taken into adoption for the findings out 

techniques. Literature examination and cross search is a breath taking and painful job hence they contain and covers a vast area. 

Literature study was done in this paper study to identify the techniques that is in current use and also new ideas to account it. The 

parameters which was used for this process was: (1) Literature should emphasize the health and safety monitoring in 

constructional industrial sectors and work sites (2) Literature should stress out the condition of work and the importance of 

technology they adopted (3) Literature which explain mental health and safety should also be handpicked (4) Literature should 

contain comparison and dates to ensure the productivity of methods  

4.2 Questionnaire survey 

After fulfilling the first objective to identify the techniques for safety and health management in construction work site the next 

step is to list out the current usage, advantages and obstacles to adoption. Questionnaire survey was the method which was 

selected for fulfilling the second and third objective. In the current scenario where the COVID 19 plays a vital role the physical 

data collection and distribution of questionnaires was not possible, so a parallel method was adopted to collect data from different 

organization. The online questionnaires survey was developed with covering all the areas to collect the information which is 

required to correlate the findings and results. The questionnaires were distributed to the different originations through the E-mail 

attached with a letter explaining the project and request to fill the questionnaires. The questionnaires contain the basic question to 

understand the demographics of the organization and the second phase contain question to identify the technologies which they 

are using. The third phase contains question to provide the rating for the selected advantages and the obstacles to adoption. 

 

V. SURVEY PARTICIPANTS DEMOGRAPHY  

 The total of 60 participants across India was participated in the online survey which was conducted by online responding method. 

The participants were from construction industrial sector varying from contractors to the manufacturing suppliers.  
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Table 5.1: Survey demographic information 

Description Demography No. of responses (NoR)  

nature of your organization Contractor 42 

Construction Consultancy 12 

Manufacturer/supplier 6 

      

Job title Safety Engineer 13 

Project Manager 7 

Site Supervisor 7 

Senior/Junior Engineer 22 

Administrator/Manager 11 

      

experience  0 - 5 years 12 

5 - 10 years 11 

10 - 15 years 26 

15 - 20 years 9 

Above 20 years 2 

      

 man power size 0 - 50 12 

50 - 100 19 

100 - 150 20 

Above 150 9 

Te above table presents a glance of basic information of survey participants who really contributed for this piece of work. The 

surveys participants include contractors, construction companies and manufactures in which the highest of response was obtained 

from contractors with a strike of 42. In this survey senior or junior engineer from different originations contributed the valuable 

information while other designations contributed as well.  The experience of the firm was a key knowledge area to this study and 

10-15 years experiences was the most strike. The organization which has man power size ranging from 100 – 150 proved the most 

in the survey that they are practicing health and safety management. 

VI. ANALYSIS OF SURVEY RESULTS  

This segment of this research paper brings the clear picture of key result obtained from the responses received from the 

questionnaires. This section contains tables which show the responses from the participants and its make easy to understand the 

results. This description is followed by three sub section which contradicts and shows the results for the three main research 

objectives. 

6.1 selecting innovative technologies which can be practiced in health and safety monitoring and its present usage in the 

construction industry. 

The techniques used for monitoring workers health and safety and overall construction safety were selected by reviewing the 

exciting literature and present usage was identified by the questionnaires survey. The technique used for health and safety 

monitoring is: Wearable sensing devices (WSD), Leading & Lagging Indicators, Radio Frequency Identification, (BIM) Building 

Information Modeling, 4D - CAD models, Safety Climate Assessment tool, Real Time Locating System, Unmanned Arial 

vehicles, Virtual Reality, Augmented Reality, Robotics & Automation, Camera Network System and Mobile Devices on site. 

These technologies are relevant and founded by deep interrogative literature study. To measure the usage of these technologies 

the participants were given option to choose the method which there firm is using. To get the data so relevant, options like 

currently using, least used, never used and willing to use were provide to choose their continent answers. The results from the 

questions are provided in table below: 
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Table 6.1.1: Techniques used for the health and safety monitoring and its present usages  

Technologies  Number of Responses ( NoR ) 

Currently 

using 

Least used Never used Willing to use 

Wearable sensing devices 31 3 21 5 

Leading & Lagging Indicators  6 16 28 10 

Radio Frequency Identification 12 12 31 5 

Building Information Modeling 30 8 19 3 

4D - CAD models 23 8 16 13 

Safety Climate Assessment tool 18 7 27 8 

Real Time Locating System 17 8 28 7 

Unmanned Arial vehicles  1 5 53 1 

Virtual Reality 11 5 34 10 

Augmented Reality 11 6 33 10 

Robotics & Automation 5 6 44 5 

Camera Network System 28 4 23 5 

Mobile Devices on site 30 5 21 4 

 

The table clearly provides clear ides of the current scenario in the construction industrial sector in the adoption and planning to 

adoptee in future. The top four techniques used by the contractors, manufactures and construction consultants are Wearable 

sensing devices (NoR=31), Building Information Modeling (NoR=30), Mobile Devices on site (NoR= 30) and Camera Network 

System (NoR=28). These technologies is relevant in current scenario hence it showed most strike rate in the survey. The 

techniques which is not used by the participants in the construction industry are Unmanned Arial vehicles (NoR=53), Robotics & 

Automation (NoR=44), Virtual Reality (NoR=34) and Augmented Reality (NoR=33). The technologies like Leading & Lagging 

Indicators (NoR= 16), Radio Frequency Identification (NoR=12) and 4D - CAD models (NoR=28) are the techniques which the 

companies have used for some particular project and they are not practicing it currently. The techniques like 4D - CAD models 

(NoR=13), Virtual Reality (NoR= 10) and Augmented Reality (NoR=10) tents to be used in future by the construction sector. 

6.2 Identifying benefits of technologies used in the health and safety monitoring in construction sector  

To full fill the second objective of this research the selected benefits which play a relevant role in present were selected from the 

existing literature a document studies and were distributed in questionnaire survey where survey participants can rate there option 

in the check box. The reposes received for the selected benefits are shown in table below. 

Table 6.2.1: benefits of technologies used in the health and safety monitoring in construction sector 

S. 

no  

Benefits  number of response (NoR) 

1 Eliminate accidents and hazards during design phase  56 

2 Uplift the workers awareness of worksite accidents  40 

3 Provides warning to the workers about work place accidents  48 

4 helps to execute work in a better way due to training 39 

5 help to visualize fatalities and accidents   39 

6 Provides great support to workers training 38 

7 Enhance accident reporting and investigation 35 

8 Enhance safety planning 41 

9 Enhance communication between workers   44 

10 Improve regular safety Check 43 

11 Improve quality and efficiency   47 

  

This response table proves that all the advantages which was selected for the online survey was relevant and responded by 

recipients. The seven advantage or benefits which was rated very high in the online survey were eliminate accidents and hazards 
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during design phase (NoR=56), Provides warning to the workers about work place accidents (NoR=48), Improve quality and 

efficiency (NoR=47) , enhance communication between workers (NoR=44) ,  Improve regular safety Check(NoR=43), enhance 

safety planning (NoR=41),  Uplift the workers awareness of worksite accidents (NoR=40). 

6.3 To stress out the obstacles which are blocking the ways to adopting theses technologies in construction work site. 

To reach out the main objective of this paper participant were provided option to poll for the obstacle to adoption of these 

techniques. The limitation plays important role in this paper for presenting it to the outskirts of the construction industry. 

Technologies provide vey advantages in industry but these technologies might not be suitable and will not be affordable for all 

construction firms ranging from small to big. This section provides vital information about adoption barriers  

Table 6.3.1: obstacles which are blocking the ways to adopting theses technologies in construction work site. 

S .no  Obstacles to adoption  number of responses 

(NoR)  

1  Extra cost associated technologies 49 

2 Lack of decision supporting tools  40 

3 Extensive upfront investment required 46 

4 Need for extensive training before achieving optimum performance 27 

5 Doubts regarding the reliability of these technologies 21 

6 Client rarely demands for their use 24 

7 Difficulty associated with interoperability 27 

8 Limited technology useful life 37 

9 Limited attributes and features 19 

10 The technologies tend to be complex to use 28 

11 Organization prefers using existing processes to manage safety 22 

12 Lack of information on the effectiveness of safety and health technology 28 

13 Limited opportunity  to observe and try safety and health technologies 27 

The obstacles which are most suitable to the industry are listed above with the responses given different organization varying 

from small to big in India. The main obstacle which blocks the adoption are: Extra cost associated technologies (NoR=49), Lack 

of decision supporting tools (NoR=40), Extensive upfront investment required (NoR=46), Limited technology useful life 

(NoR=39), Lack of information on the effectiveness of safety and health technology (NoR=28), The technologies tend to be 

complex to use (NoR=28) , Limited opportunity  to observe and try safety and health technologies (NoR=27), Difficulty 

associated with interoperability (NoR= 27). 

 

 

VII. RESULT DISCUSSION  

The past research and studies related to the areas particular proves the lagging in the adoption of new and innovative technologies 

to the construction industry for the uplifting of worker safety and overall safety in industrial sector. This underdevelopment of 

safety in this sector brings my forward eye to deeply investigate the situation in the sector. This section particularly brings the 

view of the use of technologies, its benefits and obstacles to adoption which is collected from the industry by a online survey of 

most eligible candidates. 
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7.1 Present usage of technologies for health and safety monitoring 

The studies proves that comparing from past and previous researches done on this area the construction industries changed a lot in 

adoption of technologies to improving the safety and health management. The research result proves that industry has changed 

from reeling on conventional method for ensuring accidents free atmosphere. The implementation and usage of technologies like 

Wearable sensing devices (WSD), Leading & Lagging Indicators, Radio Frequency Identification, (BIM) Building Information 

Modeling, 4D - CAD models, Safety Climate Assessment tool, Real Time Locating System, Unmanned Arial vehicles, Virtual 

Reality, Augmented Reality, Robotics & Automation, Camera Network System and Mobile Devices on site. These technologies 

are capable of tracking human activities, pre-planning the hazards, planning the safe environment to work, detecting accidents and 

infectious substance. 

 Wearable sensing devices (WSD), (BIM) Building Information Modeling, Camera Network System and Mobile Devices 

on site are the technologies which is currently using in the industry. These technologies are all very relevant and easy to adopt in 

construction work sites. Wearable sensing devices is capable of detecting human actives and it gives a complete analysis of 

workers condition and it is helpful to carry out work and decision. Hence it make most suitable for construction work sites. 

Building Information Modeling (BIM) and 4D - CAD models are very useful in construction industry when speaking about safety 

although building information modeling used for other activities. The BIM technology helps to plan the work site by eliminating 

the hazard and accidents occurrences before the stage of work. CAD models is very useful to give hands on tanning to workers 

before execution of a specialized work and this feature make it please full to use in the sector. Camera Network System and 

Mobile Devices on site is very commonly used because it brings real meaning to the word safety. This device provides a twenty 

four hour coverage of works which is been done especially on night shifts. This reliability of devices makes these to receive more 

response in the online survey. 

  Safety Climate Assessment tool, Real Time Locating System and Radio Frequency Identification these technologies 

were least used by the percipients. The least used option was adapted in to the survey poll to find the technologies which 

construction companies have used at least occasionally. These technologies are of complicated and contain application to work. 

So theses make these technologies to be used least or occasionally for special works. Safety Climate Assessment tool, Real Time 

Locating System and Radio Frequency Identification these technologies cannot be used in daily basis to ensure safety , there extra 

futures and application to use in specialized work make in difficult to use for safety management in work site. 

  Unmanned Arial vehicles, Virtual Reality, Augmented Reality and  Robotics & Automation were not used by 

construction industry and the detailed survey prove  participant are also willing to adoptee theses technologies and willing to 

bring modern era to industrial sector. Unmanned Arial vehicles, Virtual Reality, Augmented Reality and Robotics & Automation 

are highly capable of performing the works that will take the quality of construction work to the next level. The highly priced 

technologies will always pull the foot back from stepping forward but this research shows participant are willing to use 

technologies least for some specialized work.   

7.2 Advantages and obstacles to adoption of the technologies used for health and safety monitoring  

The advantages listed above and which is used survey was clearly effective and relevant and this can be proved by looking into 

the Reponses from the survey. To list out the advantage detailed document studies were conducted and breathe staking effort were 

taken to find out the advantages of these technologies. The each technologies which was selected were deeply interrogated a the 

advantage were put forward .this paper clearly describe the advantages like eliminate accidents and hazards during design phase 

Provides warning to the workers about work place accidents Improve quality and efficiency, enhance communication between 

workers, Improve regular safety Check, enhance safety planning Uplift the workers awareness of worksite accidents, Enhance 

accident reporting and investigation, help to visualize fatalities and accidents really fulfill the advantages of the technologies 

adopted and current situation  in the  industry.  
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 To identify the limitation was the challenge in this research as the limitation and obstacles to adoption plays a major role 

in any application of technologies .Rather than asking participants to mention the limitation this paper approach a tactical way to 

mention the sleeted  limitation and to rate from that. While selecting the limitation all the areas were considered to produce the 

maximum outputs. The limitation or obstacle which stands still in adopting theses techniques are: Extra cost associated 

technologies Lack of decision supporting tools Extensive upfront investment required, Limited technology useful life, Lack of 

information on the effectiveness of safety and health technology, The technologies tend to be complex to use, Limited opportunity 

to observe and try safety and health technologies, Difficulty associated with interoperability. Hence this section prove that listed 

advantages and limitation were the relevant and listed limitation really stands as a obstacle to adopt the technologies 

7.3Extra cost associated with technologies and other barriers to adopts the technologies for health and safety monitoring  

The detailed questionnaire survey and deep analysis of response from the participants proves that the extra cost associated with 

technologies and Lack of decision supporting tools is the main obstacles and limitation which prevent from adopting the 

technologies. The cost of implementing a system was cited as the most significant impediment to the construction industry's 

adoption of technology for health and safety monitoring. This is especially true for small and medium-sized businesses that may 

not have the financial resources to invest in technology adoption and implementation. While some of the technologies mentioned 

in this study need little to no capital investment, the majority of these technologies do. For example Robotics and automation 

necessitate the procurement and installation of required software and hardware components on-site. Trials are required before a 

technology is implemented in the field to ensure that the personnel working on/with it fully understands its functionality and 

drawbacks, as well as whether the technology is appropriate for specific tasks.  

 The second main obstacle was lack of decision supporting toll. This area is a vast are of knowledge and many decision 

supporting tools arrives when we talk about the lack of decision tools. The obstacle to adoption of safety and health technologies 

in the construction industry was reported to be required training for employees prior to using a technology. One of the primary 

barriers to technology adoption in construction, according to studies, is the level of training required for employees before they 

can use a technology. Construction contractors who want to use construction technologies like BIM may face challenges as a 

result of the necessary training. 

 According to previous research, the lack of round-the-clock technological support is a major barrier that prevents 

stakeholders from implementing a technology. Due to the lack of availability, the technology can be misused or work operations 

may be halted. As a result, significant cost, schedule, and productivity implications can arise. Construction firms are drawn to 

technology because it can help them improve their outputs while lowering overall costs and reducing schedule delays. This 

section explained the very important obstacle to adopting the technologies. 

7.3.1 Strategies to reduce the extra cost associated with technologies 

 This section deals with solution suitable for the above explained barriers to adoption. Users are concerned about the initial 

purchasing price and increased costs associated with introducing technologies in the safety domain. Vendors should consider 

changing their business models to reduce the upfront cost of using these innovations to enable contractors to use them. 

Contractors can change the periodical payments to fit their normal billing cycle, shifting much of the expense upstream, so a 

subscription-based model or a recurring payment schedule for a given period might be a preferred model. The periodic payments, 

on the other hand, should be fair. Insurance firms may also offer contractors a variety of benefits to encourage the use of 

technology that reduce the number of employees that need to file workers compensation claims. Previous research indicate that 

providing information on benefit–cost or return on investment plays a role in promoting the adoption of safety and health-related 

technologies, in addition to developing and implementing innovative methods to minimize the costs associated with using these 

technologies 

 

http://www.jetir.org/


© 2021 JETIR April 2021, Volume 8, Issue 4                                                           www.jetir.org (ISSN-2349-5162) 

JETIR2104346 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 1069 
 

7.3.2 Strategies to overcome adoption barriers  

According to many reports, construction workers are resistant to transition, which includes the introduction of new technology, 

The need for skilled and trained personnel is critical to the adoption and implementation of successful safety and health 

technologies. The first step in training should be to inform employees about the technology's value and utility. Staff should be 

involved in a hands-on demonstration of standard operating procedures. Workers' knowledge of how to apply technology can be 

assessed in writing, such as through an exit survey.  Behavioral-based safety assessments, for example, safety staff can evaluate 

each worker's understanding of the standard operating procedure in using safety tools. Following processes that promote 

continuous learning and development would most likely provide the necessary reinforcement for change management to be 

effective. To mitigate the effect of any baby-boomer resistance, construction companies should strike a balance in terms of the 

structure of the team working on technology adoption and implementation to ensure an acceptable mix of highly experienced 

employees. 

 Until agreeing to implement and use a technology, construction companies should obtain all relevant information from 

the manufacturer. Such a procedure will ensure that no problems occur as a result of a technology's lack of technical support. 

Practitioners and researchers must create comprehensive use-case studies for each technology to ensure that stakeholders have 

enough information to make informed decisions, Clients should think about incorporating technology standards in contracts or 

rewarding contractors that implement creative safety solutions. Clients can also want to incorporate the use of technology as a 

factor when evaluating a contractor's safety efficiency. Given that previous research suggests that effective technology 

implementation requires a mix of top-down and bottom-up approaches, future research should focus on field workers' 

perspectives in order to produce useful data that will supplement the knowledge presented in the report. 

VIII.CONCLUSIONS 

This research work provides essential information and the current situation in the health and safety monitoring of the construction 

industry. This piece of work will be valuable to the health and safety practices in the work site and will be use full to the manger, 

safety engineer and administrator officials. This paper identifies and list out the technologies which are most suitable for the 

health and safety assurance. In addition to describing the technologies the paper provides information about advantages and 

obstacles to adoption of the technologies. The current usage of the  technologies were identified from the questionnaires survey 

and proves that Wearable sensing devices (WSD), (BIM) Building Information Modeling, Camera Network System and Mobile 

Devices on site are the technologies which is being mostly used by the construction contractors, manufactures and construction 

consultants. The extra cost associated with the technologies and the lack of technical and decision support tools are the key 

obstacles to adoption. The paper also explains and describes strategies to overcome the adoption barriers. This research work is 

valuable work for the particular knowledge area. 
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