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ABSTRACT

Given sizable capital projects in Hong Kong are using BIM from January 2018 on and site safety
continues to be a concern for the local construction stakeholders. It is timely to investigate the
potential of using BIM for construction safety. This research reveals the potential of using BIM for
site safety is strong (85% supported), indicating Hong Kong should engage specific projects to test
effectiveness of using BIM for safety, including implementation of safety management system and/
or process of risk assessment.
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INTRODUCTION

In the past, the AEC sector considered the triangle of time, cost and quality as the key performance
indicators (KPIs) to measure the success of projects. Over time, others have proposed to expand
these KPIs. Nicholas (1989) identified that the multiple criteria for success are time, cost, quality and
safety. Chua, Kog, and Loh (1999) considered that the critical success factors refer to the nature of
the project and the company, and can also include safety consideration and market entry. In addition,
Albert and Ada (2004) considered that the KPIs to reflect successful construction projects should
cover eight different factors including quality specification, commercial value, environmental impact,
user expectation, participant’s satisfaction, health and safety performance, time, and cost. Gould
and Joyce (2009) pointed out that in the US; workers expect site safety management in workplaces
including construction sites. Construction is a relatively hazardous industry, requiring all stakeholders
to be involved. More importantly, enforcement of the Occupational Safety and Health (OSH) Act
in the US since 1970s sets the legal basis for construction companies on how to manage site safety.

The construction industry is a milestone sector of Hong Kong, representing 5.6% of gross
domestic product and 9.2% workforce in 1999 (Construction Industry Review Committee Hong
Kong Government, 2001). Unfortunately, and despite all effects, Hong Kong still has a relatively
high number of accidents. During 2010-2014, accidents in the construction industry accounted for
25% of the total number of industrial accidents in Hong Kong. In fact, the construction industry
accounted for 74% of all industry fatalities in Hong Kong over the same period (Labour Department
Hong Kong Government, 2015). To “build a better 2030, the Construction Industry Council in Hong
Kong issued the challenge of the construction industry for manpower, productivity, safer, greener and
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collaboration including consideration of adopting Building Information Modelling (BIM) for safety
McKinsey & Company (2015) which is the focus of this paper.

IMPROVING HONG KONG’S CONSTRUCTION SAFETY

The European Union (2010) reported that the construction industry remains one of the most vulnerable
sectors for accidents. There are many different tools to improve OSH including a combination of
mandatory and voluntary measures. Ju (2014) listed the tools to include a mix of prescriptive,
performance-based and general duties legislation or administrative measures. The OSH issues in
Hong Kong are multi-folded and there are different approaches to manage site safety.

Traditionally, the approach was to impose legal controls following occurring of serious accidents,
which is or often referred as “command and control” (Zhou, Irizarry, & Li, 2013). More recently,
use of risk assessment (RA) is becoming more widespread and evident in human safety, security,
environmental protection, product quality, planning and change management processes. This led to
the publication of an international standard, the ISO31000 series, with a cycle loop similar to BS8800

ELINT3

involving “mandate and commitment”, “design of framework for managing risks”, “implementation of
risk management”, “monitoring and review” and “continual improvement” (International Organization
for Standardization, 2009). Many of Hong Kong’s legislation or management practices refer to the
process of risk management and RA, suggesting that combining RA and other safety initiatives
will help improve OSH performances and lower accident injuries (European Union, 2010; Labour
Department, 2014).

In parallel, different countries are adopting “safety management” as the strategy to reduce
accidents. Safety management systems (SMS) have been adopted for the UK and Hong Kong as the
way to manage and reduce site safety risks. Houssin and Coulibaly (2011) pointed out that the root
cause of up to 60% of accidents was “design-related”. Before ISO45001 — occupational health and
safety management system, Hong Kong enacted Safety Management Regulation in 1997 which is
now regarded as the key approach for managing construction safety in Hong Kong. Tam and Fung
(1998) found the best safety management practices to reduce safety risks for Hong Kong’s construction
industries can include safety training, employment of direct work force, accident investigation and
safety incentive scheme. Cheng, Ryan, and Kelly (2012) revealed three effective elements of SMS
are safe inspection, safety training and safe work practices for Hong Kong.

However, the safety performance in Hong Kong’s construction industry remains a concern and
to “build a better 20307, the Construction Industry Council in Hong Kong issued the challenge of the
construction industry for manpower, productivity, safer, greener and collaboration. In terms of safer
construction environment, McKinsey & Company (2015) recommended to initiatives to:

e  Promote “design for safety” via consideration of the Construction Design Management regulation
in UK and safety award for stakeholders;

e Promote safety ownership by extending the Pay for Safety scheme to include subcontractors and
even frontline workers, and to highlight the different safety responsibilities among multi-tier
contractors; and

e Adoption of new safety-improving new tools such as Building Information Modelling (BIM)
safety from Finland or new construction methods from US into safety performance scheme.

It is beyond the scope of this paper to investigate all safety initiatives. The focus is to investigate
the potential of using BIM for improving Hong Kong’s construction safety. Since the approach to
manage OSH in Hong Kong is mostly associated to RA and SMS, these will be targeted to gauge the
potential of using BIM for construction safety.
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POTENTIAL OF BIM FOR SITE SAFETY IN HONG KONG

Similar to many other industries such as manufacturing and aerospace, the AEC is looking for ways
to improve productivity, while keeping cost, time, constructability, environmental concern as well
as site safety in check. There is evidence to indicate BIM can be a trend for the AEC sector as there
are already BIM mandates from the USA, the UK, Singapore and Hong Kong.

In the UK, the term BIM became popular around 2003 when the Construction Industry Council
UK (2013) used the term in the following way:

e B: Building as in Built environment, Built asset or Big data
e I: Information as in Innovation, Integration or Intelligence
e  M: Model as in Modelling, Mining or Management

British Standards Institution (2013) identified BIM as a digital approach to manage the design,
the construction or the operation of a building or infrastructure. Stanford University’s Center for
Integrated Facility Engineering recognized the BIM advantage to involve seven categories such as
communication, facility performance, cost, schedule, project delivery, knowledge management as
well as safety (Kam, Fischer, Rinella, Mak, & Oldfield, 2014).

Royal Institute of British Architects (2012) considered BIM can be overlay to its “Plan of Work
including 4D for time, 5D for cost and 6D for facility management. This study considers application
of BIM to other dimensions such as safety which may be referred to as 7D. Selected examples are
compliance checking (New York City, 2013), simulation of construction work process and site safety
planning (Kiviniemi et al., 2011), worker safety training (Balfour Beatty Construction, 2015) and
post construction and facility management (Mordue & Finch, 2014). Existing literature indicates that
common BIM for safety research are under groupings of planning and virtual simulation, sensor and
warning device, and safety management (Wan, Platten, & Briggs, 2013).

RESEARCH APPROACH AND FOCUS GROUPS

Leedy and Ormrod (2010) explained that common qualitative approaches are relevant for studying a
real world and a complex subject. Moreover, Fellows and Liu (2008) validated the use of qualitative
studies for management of technology and engineering in natural and social sciences. Selection of
qualitative approach of focus group to investigate BIM for construction safety is documented by
Wan (2017).

The academics in the 1980s began to adopt various approaches of focus groups for many fields
including consumer-led preferences, market variables, scientific settings, public opinions, international
disputes (Freeman, 2006; Kidd & Parshall, 2000). Edmunds (1999) expanded the potential uses of focus
groups to position a product or service, to test new concepts, to design and develop questionnaire, to
evaluate advertising and to generate idea or brainstorming. Kidd and Parshall (2000) conducted the
focus groups to examine the psychological, social and economic contexts of adopting engineering
control and safety training to prevent occupational injuries.

Morgan (2012) introduced focus groups to follow a pattern; commonly the focus group meetings
start with the facilitator outlining the topic and the purpose of the discussion to the respondents; the
facilitator or the moderator will ensure the means of data collection are explained and carried out;
then the facilitator will begin to lead participants through the prepared questions and discussions.
Freeman (2006) pointed out that the objective of focus groups is to encourage self-discussion among
members to capture the group dynamics, even allowing the members to question one another to
seek clarification from group/individual statements. Morgan (1993) and Sim (1998) identified three
advantages: the focus group not only allows each member to express his/her own view, he/she can also
interact with others; in a non-threatening setting, there is little distinction between the management
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and frontline staff as everyone is allowed to express their ideas freely; and the views from different
professions and trades can also be given equal consideration in the focus group.

The focus group meeting allows generation of data and learning as well as the degree of
consensus on a topic from the targeted groups. This is important when different opinions exist
between participants and stakeholders. The decision to implement BIM for safety is complicated as
it involves various human and contract motivations as well as organization priorities. Although the
focus group study is more an exploratory approach than a number-based one, with adequate statistical
sampling the data can be generalized to a specific population. Since it may not be easy to find ways
to talk about the implementation of BIM, the focus group is a useful tool for different stakeholders
to discuss their opinions.

Beyea and Nicoll (2000a) outlined the potential disadvantages of using focus groups including
inability for some to travel to the location, the potential for the moderator to influence those speaking
incurring a bias, hesitation of participants to discuss their ideas, difficulty in assessing if participants
withheld views or information, and time and resources demanding data analysis.

To maintain validity, a total of six different focus groups, representing different spectrum of
construction stakeholders were conducted. More importantly, each member of focus groups or expert
had relevant trade qualification; the working experience of respondents ensured each having adequate
knowledge in construction, BIM and/or site safety. Given over 90% of the working population are
Cantonese-speaking in Hong Kong, Cantonese was used in focus-groups meetings and voice recordings
taken. In addition, notes were taken on the spot. All voice recordings were analysed by the researchers
in order to translate them consistently into English and which was validated by third parties. Specific
design of the focus groups including the trial, the objective, the sampling and the participants was
explained by (S. C. Beyea & Nicoll, 2000; Sim, 1998). All the transcripts were subject to content
analysis providing another level of data for discussion.

In general, a content analysis is a tool adopting a fixed procedure to draw conclusion from
the text. Typically it is done qualitatively so the content analysis can be referred to as a method for
systematically describing the meaning of qualitative materials; in order words, after the content
analysis, the text data can be classified into different categories (Schreier, 2012; Weber, 1990). More
specifically, Grbich (2013) defined the content analysis as a tool to enable systematic categorising or
coding in order to transfer large volume of text-based data to reveal the patterns and trends of words,
their frequency, structures, contexts and other meaning of communication.

The logic for a category with higher frequency or being discussed by more participants is a direct
reflection of the importance of this particular point of view; the assumption is that the comment with
higher frequency count should carry more weight. Common key words and phrases during focus
groups discussions are identified to allow categorisation and relevant summary made to reflect an
overall picture of different focus groups (Chan et al., 2012). Instead of computer counting, human-
counting can be adopted to provide the basis of discussion and analysis (Neuendorf, 2002). Using
the literature framework from Rajendran and Clarke (2011), McGraw Hill Construction (2014),
Construction Industry Council Hong Kong (2014), and Royal Institute of British Architects Enterprises
Limited (2015), the wordings from participants were summarised first and then the meanings were
categorised for discussion.

Content analysis has been utilised in the research of construction and other industries. Reutter and
Ford (1996) conducted content analysis to study the mind-set roles of working nurses in Canada. In
terms of the use of partnering in project management, Drexler and Larson (2000) carried out content
analysis to study the effects and team-building elements of contractors and clients. Using content
analysis for the construction sector, Teo and Loosemore (2001) revealed the concern of increasing
solid waste. The study of important contributing domains for construction activities were looked at
via content analysis (Yu, Shen, Kelly, & Hunter, 2006). In Australia, content analysis was conducted
to examine the impacts of waste levels for construction managers and workers (Lingard, Graham,
& Smithers, 2000). Scott, Hofmeister, Rogness, and Rogers (2010) used content analysis and focus
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groups to verify the implementation of a fatigue counter measure program. Chan et al (2012) did
content analysis in China to look into how overseas construction managers deal with personal stress.

CONSTRUCTION STAKEHOLDERS IN HONG KONG

The AEC sector covers various stakeholders including the client, the designer, the engineer, the
contractor and the manufacturer alike (Saunders et al., 2013). In order to investigate the potential of
using BIM for safety, different parties such as the client (FMI, 2007) and the contractor (Ku & Taiebat,
2011) should be consulted. This is why six different construction focus groups in Hong Kong were
selected to reflect an industry wide representation and the potential usage of BIM for site safety is
viewed through these construction stakeholders’ perceptions, altitudes and views.

In theory, stakeholders within the AEC include any combination of:

Government and professional groups

Clients and consultants

Main Contractors, subcontractors and specialists
Unions, workers and industrial relations

Ealb o e

Saunders et al. (2013) believe that the verification of a new concept or tool for the construction
industry should involve different players such as the client, the designer, the engineer, the contractor,
the manufacturer and other relevant parties. Figure 1 indicates the chosen focus groups representing the
major construction stakeholders, covering clients (most with engineering or construction professional
background), contractors (both civil and housing related), a specialist contractor (for lifting works),
construction professionals (inspector grade) and safety professionals; arguably and as a pack, this
represents the supply chain of the entire construction sector. Given that the focus of this project is
the construction industry in Hong Kong; all these organizations are based in Hong Kong.

Each association from the particular focus group is a good representation of that trade, including
the largest safety association, public works representation, contractors from the Housing Department
where they construct buildings for about a third of Hong Kong’s population, a major lifting specialist,
a major civil contractor, and a well-known construction professional association. Details of the
organizations and the focus groups meetings are documented by (Wan, 2017). Briefly, HKFOSHA
is the largest representation of registered safety officers in Hong Kong, representing over 50% of
the registered safety personnel in Hong Kong. The Housing Department is the executive arm of the
Hong Kong Housing Authority, which is a statutory body, mandated to establish almost all public
housing programmes in Hong Kong and the list-building-new works-group 2 contractors are approved
contractors to provide building works for the Housing Department. The major lifting specialist was
the group companies of Farspeed Contractors Limited, which provides majority of transportation and
lifting works for the elevator/escalator trade in Hong Kong. Involving in almost all urban planning
and infrastructure development, Hong Kong’s Works Departments includes Buildings Department,
Lands Department, Lands Registry, Planning department, Architectural Services Department, Civil
Engineering and Development Department, Drainage Services Department, Electrical and Mechanical
Services Department, Water Supplies Department. The major civil contractor was Hsin Chong, a listed
company in Hong Kong engaged in building, civil engineering, electrical and mechanical engineering,
and railway projects. The construction professional association was Hong Kong Institution of Clerks
of Works where members involve in superintending of construction works in Hong Kong.
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Figure 1. Six different focus-group meetings held between 2014 and 2015

1. Hong Kong Federation of Occupational

Safety and Health Association (HKFOSHA)

P. List Building New Works Group 2
adContractors at Housing Department, Hong

=b3. A major lifting specialist, Hong Kong

4. Works departments of Works Bureau,
ong Kong Government

=0 A major civil contractor, Hong Kong

B. A construction professional association,

ANALYSIS AND DISCUSSION

In this paper, only the overall result and analysis is given. Discussion of each focus group result is
reported in Wan (2017). It is clear that all six construction relevant focus groups supported BIM for
safety. Since this result is based on the conclusions from focus groups in Hong Kong, the BIM for
safety direction is most suitable for the construction industry in Hong Kong. In summary, two central
research questions were addressed: one concerned about the potential of using BIM for safety with
reasons of why and why not as well as which safety management system element(s) has the most
BIM application potential; second was about the potential of using BIM for RA on lifting.

A total of 62 participants in the six different focus groups attended the data collection exercise,
covering all the major AEC stakeholders, and all had a background closely related to Hong Kong’s
construction industry. Other than a few retirees, all were still active in the AEC sector; 95% of the
respondents were male. The overall average (from the six different focus groups) for supporting
BIM for safety was 83%, indicating a significant support level. The strongest support (100%) came
from the safety professional organization and the major civil contractor. It is understandable that
safety personnel continue to seek ways to improve safety performance and they find this potential
in BIM. The civil contractor was working for a multi-national railway client with extensive safety
management requirements, which partly explained why they supported tools to improve safety further.
The least BIM-for-safety supportive focus group was the lifting specialists where members were
mostly operatives with little experience in SMSs, advanced technologies, and constructing lifting
plans. Overall support for using BIM for safety is substantial as all groups had at least 75% or more
support, except from the lifting specialist group (50%).

It should be noted that within each focus group, there were different representations; for example,
different safety associations from various construction organisations came to the HKFOSHA focus
group meeting, different building contractors from different construction projects came to the
Housing Department focus group meeting, different background of construction personnel came to
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Table 1. Summarised reasons for supporting BIM for safety by focus groups in Hong Kong

Focus groups Percentage of Most frequent 2" most frequent 3 most frequent
supporting BIM for reason reason reason
safety
HKFOSHA 100% Process Communication Accident
New Works . R
Simulate, visualise or .. .
contractors of 80% Training Planning
‘ rehearsal
Housing Department
Lifting specialist 50% Assist lifting plan - -
Works departments at Data provision or Visualisation or .
93% L . Planning
Development Bureau coordination communication
Major civil contractor L Assist elements of
. Visualisation or
100% Planning . safety management
communication
system
Constrl.lctlon 759% Dlsplay or e'xp]am Visualisation )
professional group information
Overall/Average 83% Vlsuahsa.tlor} or Planning Data related
communication

the Work Departments focus group meeting, different site staff came to the civil contractor and the
lifting specialist focus group meeting, and different types of project staff came to the construction
professional focus group meeting. This is significant because such combined batch of different
construction stakeholders represents a heterogeneous mix of Hong Kong’s construction industry and
trade, which can form a credible basis to generalise the major findings.

This translates to two key points. One can argue that the construction industry in Hong Kong
(covering public clients as well as building and civil contractors) is ready for some form of BIM
implementation. This is not a surprise as there are BIM mandates globally already including in the
US, the UK, Denmark, Singapore, South Korea, and Hong Kong, mostly for new sizable and public
projects (Construction Industry Council Hong Kong, 2014). The findings in the focus groups are
also consistent with the report that 92% believed the UK organizations will adopt BIM in three years
(Royal Institute of British Architects Enterprises Limited, 2015). The findings of this research can
be a starting point for a wider industry study (may be a more quantitative one) to investigate the
potential for BIM implementation in Hong Kong. The argument is particularly strong for a BIM for
safety follow-up study or a BIM implementation research with a focus in safety for Hong Kong’s
construction industry. The potential of the BIM for safety was measured in terms of the generic
support of BIM for safety, which SMS element would be most suitable, and whether or not BIM can
be effective for RA of lifting. However, these can be modified for the upcoming quantitative study. If
these measuring potentials are to be adopted again, then the reasons and the concerns of the findings
in this study can be the specified starting points for the next research.

The second key remark is that this “readiness” can be further applied to managing safety. This can
be attributed to the fact that increasingly safety is part of the construction key performance indicators
(Bealtham, Anumba, & Thorpe, 2004). From the literature and in addition to clash detection, cost
estimation, construction planning, and schedule control (Eastman, 2008), there are BIM adoptions
for safety including the use of safety compliance checking (New York City, 2013), the simulation of
construction work process, and site safety planning (Kiviniemi et al, 2011), for worker safety training
(Balfour Beatty Construction), and for post construction and facility management (Mordue & Finch,
2014). The results here indicate that the construction industry in Hong Kong is ready for using BIM

60



International Journal of 3-D Information Modeling
Volume 7 ¢ Issue 3 « July-September 2018

to aid the safety management process. This is because to a large extent all six different construction
stakeholders supported BIM for safety.

Then how can BIM contribute to safety? Table 1 lists the summarized reasons for using BIM for
safety, namely visualisation or communication, planning and data accuracy. There may be overlaps
among these reasons, but they are in line with the BIM literature (Kiviniemi et al., 2011; Miettinen
& Paavola, 2014; Ning & London, 2010).

In addition to clients and designers, contractors will also consider BIM for safety as safety rests
mostly with contractors; more importantly, safety risk in theory is the highest during the construction
phrase where contractors have the most input. McGraw Hill Construction (2014) revealed that
contractors believe top BIM benefits are errors and omissions reduction and collaboration with the
client/designer. Looking at the major reasons for supporting BIM for safety, the researchers propose
the key is for BIM to hold accurate and updated “safety data” as information or data is critical for
managing safety.

Today, we live in an information packed world. Construction is also about using information
and data for budgets, materials, labour, processes, programs and communication, involving clients,
designers, contractors, site personnel and more. In the same way, safety is information dependent
covering accident trends, training schedules, incident causes, control measures and others. The ability
of BIM to integrate and display information is so significant that it will self-create more interests,
if not already within the AEC sector (Anumba & Wang, 2012). Jung and Joo (2011) argued that the
recent BIM upgrades can push towards higher dimensions, for instance to 5D-cost, 6D—procurement,
7D-safety, and even beyond to nth dimensions. Assuming BIM is a better methodology for information,
it is also suitable for safety too.

How information is recognized, inputted, stored, accessed, and retrieved can be a common
concern. From Table 2, the consolidated concerns of BIM implementation of safety involved BIM
or computer skills and knowledge, data update, quality or operation, and resources implications. The
researchers argue that these can be grouped into competency and cost implication as BIM knowledge
and data operation are closely related.

In the UK, the barriers for more BIM adoption are the lack of in-house expertise, the lack of
training, no client demand, and cost (Royal Institute of British Architects Enterprises Limited, 2015).
In Hong Kong, the concerns from contractors for BIM operation included “Will the contractor be
able to obtain model for further development?” and “what are the risks of owning the data?”’ The
findings of the focus group meetings are consistent with the literature.

Attempting to overcome the “competency” barrier, Hong Kong is calling for the development of
BIM standards involving a project execution plan, BIM promotion to industry-wide stakeholders, and
BIM training for both construction- and computer-based courses (Construction Industry Council Hong
Kong, 2014). In the UK, there was a roadmap to deliver BIM skills to education and training courses
(Farzad & Yusuf, 2012). R. Sacks and Pikas (2013) went further in highlighting a BIM framework
for construction-related university programmes. Therefore, in time and with better BIM products,
standards, specifications, and experience, the BIM competency and the confidence of handling BIM
data input, verification, modification, and security can be overcome. The cost implication is a difficult
concern to mitigate. On the one hand, there is no standard measurement for “return on investment”
yet. More importantly, the return can be positive rather than negative as McGraw Hill Construction
(2014) found the positive gain from BIM can range from 10 to 25%. If BIM implementation is
mandated, then the BIM cost will be a part of compliance and simply a cost of doing a specific kind
of “construction”.

In addition to OSH legislation and economic incentive, a more recent approach to using
occupational safety and health management system to improve safety performance has been mandated
in Singapore and Hong Kong (Tam & Fung, 1998; Teo & Ling, 2006; Von Ahsen, 2014). There are
different standards for SMS (British Standards Institution 2000; Standards Australia / Standards New
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Table 2. Summarised concerns about using BIM for safety by focus groups in Hong Kong

Focus groups Most frequent concern 2" most frequent concern | 3" most frequent concern
about using BIM for
safety
HKFOSHA BIM / computer skills Updating 1; Iol\p/)leratlon of )

New Works contractors of

Housing Department Resources Data updating or quality Knowledge

Lifting specialist BIM skills - -

Works departments at S For new projects or not for
Data accuracy Resources implication

Development Bureau minor task

Major civil contractor - - R

Construction professional
group

Overall BIM or computer skills and Data update, quality or
knowledge operation

Resources implication

Zealand, 2001). The SMS in Hong Kong has fourteen elements (Labour Department, 2002; Labour
Department Hong Kong, 2000).

If BIM for safety is to be test-run before a full implementation, then what process or safety aspects
should be conducted first? For countries, companies and sites adopting SMS, the question becomes
‘Which SMS element(s) have the most BIM potential’. Table 3 indicates that the summarised BIM
potential for SMS elements are the safety training, the job hazard analysis (often referred to as risk
assessment), and the hazard control programme. The logical findings of this study can serve as the
basis for a more industry representative future study also stands here; in order words, the concluding
remarks of safety training, job hazard analysis, and hazard control programme can be the foundation of a
more quantitative study for which SMS element(s) are most suitable for BIM-for-safety implementation
in Hong Kong’s construction industry.

For construction sites running pay-for-safety schemes in Hong Kong, safety training can be
profitable (Choi, Chan, & Chan, 2012). The effectiveness of safety training can be hard to gauge.
Sacks, Perlman, and Barak (2013) found that virtual reality (which is BIM relevant) in construction
safety training is more effective. It is reasonable to assume that once OSH risks are identified, it is
vital to implement control measures to mitigate these risks; this explains why participants selected
“hazard control program” as one of the most suitable SMS elements for BIM adoption. Therefore,
the commencement of the next BIM study on SMS can be at elements of safety training, job hazard
analysis, and the hazard control programme.

POTENTIAL OF USING BIM FOR RISK ASSESSMENT

Those involved in managing OSH often discuss hazard identification and RA before deciding what
control measures should be carried out (International Labour Office - Occupational Safety and Health
Branch, 2014). Construction or installation of a project involves many different processes and trades.
The researchers selected a common, yet hazardous operation - lifting as the example in focus group
meetings. On a global scale, there was a significant number of serious lifting accidents in the US
(Shepherd, Kahler, & Cross, 2000), in the Netherlands (Aneziris et al., 2008), in Korea (Shin, 2015),
in Japan, and Hong Kong (Tam & Fung, 2011).

According to Table 4, there was strong overall support (85%) for using BIM to do the RA with the
least support from the Works Departments focus group (50%). Not counting the Works Departments

62



International Journal of 3-D Information Modeling
Volume 7 ¢ Issue 3 « July-September 2018

Table 3. Summarised SMS elements with the most BIM potential for the construction industry in Hong Kong

Focus groups Most frequent SMS 2" most frequent SMS 3 most frequent SMS
elements elements elements
HKFOSHA Job hazard analysis Safety training Hazard control programme

New Works contractors of
Housing Department

Lifting specialist - - R

‘Works departments at . . Accident / incident
Safety training Job hazard analysis - L

Development Bureau investigation

Major civil contractor Hazard control programme Safety training Job hazard analysis

Construction professional Safety training Half of all elements -

group

Overall Safety training Job hazard analysis Hazard control programme

group, the support was at least 78% with three different groups scoring 100%. One explanation
is that those working at Works Departments are civil servants, likely to be involved in design or
coordination rather than construction activities. Traditionally contractors are perceived to have total
safety responsibilities as well as the duty to conduct RA. The cited reasons for supporting BIM for
RA were communication, data accuracy, and ability to expand.

The “ability to expand” can be the vital reason why many are looking to become involved in
BIM as in theory there is no boundary for BIM or information. Smith (2009) insisted information
and data are important throughout building design and construction, and are used by different parties
including the client, the architect, the consultant, the engineer, and the contractor. Jung and Joo (2011)
argued this BIM advantage can provide a multi-dimensional platform for 5D, 6D to nth dimensions
construction process.

In practice, there is still concern about BIM implementation. In Table 5, the focus groups identified
major concerns to be data accuracy, resources implication, and site conditions. Again, the findings
of “what are the reasons and what are the concerns of using BIM to do risk assessment” can be the
basis for another major “quantitative” study on whether or not BIM can be effective for RA for lifting
and other relevant construction process.

Lifting operations are common construction tasks at site, which may require many lifting
visualisations, leading to possible cost implications and implementation bottlenecks. Another valid
concern was related to data accuracy as site conditions change quickly and existing BIM may not
contain either weather or human factors. The concerns about the legal status of BIM, data security,
and provision of hardcopy of RA were also mentioned.

Firstly, these are operation issues involving objects, processes and the link to visualisation
using BIM software. Currently, about 60% of BIM objects come from in-house creation, project
addition, manufacturer or Computer Aid Design (CAD) package (Royal Institute of British Architects
Enterprises Limited, 2015). Once the object databases are readily available within the industry, trade
or association, the visualisations of these processes are an easy addition to normal computer usage.
There are different BIM training initiatives at various levels in Hong Kong and the UK. Whether or
not BIM is implemented at sites, there will always be changes at sites. When the BIM competency
becomes a norm, it will be a standard practice for the construction industry to adopt BIM in the same
way as the CAD evolved.

Different organizations are in the process of setting up standardized BIMs; examples are
the specification of Construction Operation Building information exchange (Nisbet, 2012), the
common data environment (British Standards Institution, 2013), the security arrangement (British
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Standards Institution, 2015), and regular BIM practices (Construction Industry Council Hong Kong,
2014). More importantly, the verification of changing site conditions can be enhanced by mobile
technologies (Anumba & Wang, 2012) with laser scanning and live camera/sensor setup (McGraw
Hill Construction, 2014). With time, these advance and other cloud systems will assist in resolving
the data concern for BIM.

The researchers regard the cost implication argument of BIM is similar to the argument of spending
more to clean up our environment. The RA process is a part of the SMS, impacting safety performance.
Assuming BIM offers an overall safety improvement, then is it justified for the AEC sector to spend
that extra amount to save life? Interestingly, one of latest BIM surveys revealed that BIM makes a
positive return on investment (including safety consideration) (McGraw Hill Construction, 2014).

In the literature, Guo, Li, Chan, and Skitmore (2012) confirmed that BIM is useful for lifting.
There are other examples as Kim and Teizer (2014) reported the use of BIM for scaffolding as well
as the integration with safety management (Benjaoran & Bhokha, 2010). In general, the lifting
visualisation can add benefits to the process of RA in lifting; this is because the visualisation enhances
communication among project personnel and identification of relevant hazards. Moreover, the data
from the lifting visualisation can be used to form a lifting plan, checklist or even a lifting game for
counter checking or practice. In theory the BIM-data setup can be a part of the project submission
or process permit application.

In summary, there is obvious support for using BIM for safety in the construction industry in
Hong Kong. From the six different construction focus groups, the support was 83% to adopt BIM
for safety and 85% to use BIM for RA in lifting. Although the investigation was limited in size, the
coverage was extensive for the construction stakeholders, totaling six different groups and 62 active
construction personnel. This level of support is consistent with other BIM surveys and reports.

While the main support of using BIM for safety included visualisation or communication,
planning and data quality, the key concerns were BIM or computer skill and knowledge, data updating,
and resources implication. Both support and limitation were relevant and in line with the current
literature. The reported BIM advantages are relevant for communication and visualisation of process
sequence, which can be useful for coordination, virtual rehearsal, and training. These outweigh the

Table 4. Summarised reasons for using BIM for risk assessment by focus groups in Hong Kong

Focus groups Percentage of Most frequent 2" most frequent 3 most frequent
supporting BIM for reason reason reason
risk assessment

HKFOSHA Complicated lifting | Checking or updating

100% P -

task lifting
New Works - . -
contractors of 100% Facilitate risk Planning Tramn}g or
. management communication
Housing Department
Lifting specialist 100% Communication Data accuracy -
Works departments at 50% Ability o expand Pr(.:sent.athn or )
Development Bureau visualisation
Major civil contractor 0% Visualisation or Apply to large project
’ communication or ability to expand

COIlStrl.lCtIOI’l 78% Provide data Communication -
professional group
Overall/Average 85% Com;:ll; I:;Zanon Data dependant Ability to expand
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Table 5. Summarised concerns about using BIM for risk assessment by focus groups in Hong Kong

Focus groups Most frequent concern 2nd most frequent 34 most frequent
about using BIM for risk concern
assessment
HKFOSHA Data details Time or cost implication Updating
New Works contractors of . L .
Housing Department Scope of quality of data Cost implication Site changes
Lifting specialist Data accuracy - -
Works departments at Available of basic BIM
BIM competence -
Development Bureau or data
Major civil contractor Reflection of actual NS
. Resources implication -
conditions
Construction professional Data dependent More research and
group development
Overall Data dependent Resources implication Site conditions

BIM limitations. With time, the concerns will be resolved by higher BIM competency and wider
availability of BIM databases.

If BIM was to be added to the SMS setup in Hong Kong, the focus groups considered the most
suitable elements would be safety training, job hazard analysis, and hazard control program.

Similar to the finding of BIM for safety, there is clear support (85%) for using BIM to do lifting
RA. The reasoning and limitation for using BIM for lifting RA followed the similar pattern in “BIM
for safety”. The major reasons for using BIM to do RA were communication, data accuracy, and
ability to expand. On the other hand, the concerns of BIM implementation involved data, resources
implication, and site conditions. These answers to the question of BIM implementation are consistent
with the existing BIM understanding.

The key potential of BIM for safety was investigated and analysed in terms of six different
construction stakeholders in Hong Kong and findings reported above. It is significant to point out that
while the qualitative nature of this study may limit the findings to be generalised, the evidence-based
conclusion is vital for the starting point of a wider industry study (may be a quantitative nature) to
investigate the potential for BIM implementation in Hong Kong. The argument is particularly strong
for a BIM for safety follow-up study, for which SMS element(s) is the most suitable and for whether
or not BIM is useful for conducting RA of lifting.

CONCLUSION

It was revealed that qualitative approaches (with triangulation) are suitable for the research of
construction management. Thus, the researchers regard that the data collection via focus groups were
viable methods for collecting evidence to reflect the potential of BIM for safety.

The AEC sector is a multi-discipline one. In order to reflect this, a total of six different construction
based stakeholders was targeted ranging from safety professionals, building contractors, public
clients, a major civil contractor, lifting specialists and construction professionals. The focus groups
were all based in Hong Kong and all directly related to the construction sector. From the six focus
group meetings, there were 62 participants, mostly males and still active in the construction trade.

Studies indicate the most common strategy of managing OSH often involves a combination
of SMS and/or RA. Therefore, the potential of using BIM for safety was reflected under these
two elements. The average overall generic support of using BIM for safety was 83%, indicating a
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significant level of support for using BIM for safety in Hong Kong’s construction industry; other
than the lifting specialist group, all had at least 75% support. In Hong Kong, the 14-elements SMS
is a legal mandate for sizable construction companies and sites. The most suitable SMS elements for
BIM implementation identified were the safety training, the job hazard analysis (RA related), and
the hazard control programme.

The second factor to gauge the BIM for safety potential was related to BIM’s ability to assist
RAs. The focus was on the RA for lifting. The overall support for using BIM to do RA was at 85%,
suggesting a substantial level for using BIM to conduct RA of lifting.

To conclude, the potential of using BIM for the construction safety in Hong Kong is high; this
is based on the figures from the generic support of using BIM for safety (83%) and the support of
using BIM for RA of lifting (85%) as well as the strong support from the experts.
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