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Adaptive-retrofit projects (ARPs) are associated with dire health and safety (H&S) 
issues which are fragmented and scattered in the existing literature on retrofitting, 
refurbishment, renovation, rehabilitation, and repair and maintenance work (5R+M). 
To effectively guide the safe execution of ARPs, these fragmented and scattered 
issues together with their mitigation measures need to be identified and consolidated 
into a single unified coherent insight. Therefore this paper, as part of an on-going PhD 
research on ARPs in Ghana, reviews academic literature to identify and compile a 
comprehensive list of the H&S issues with their mitigation measures for ARPs. After 
performing electronic database literature searches and subsequent critical examination 
of the literature obtained, thirty-six  (36) health and safety issues/challenges and 
twenty-six seven (27) mitigation measures relating to execution of ARPs were 
identified. These findings provide a sound preliminary basis for further empirical 
studies towards the development of a coherent and unified guidance for the safe 
execution of ARPs in Ghana while taking into account local conditions that could also 
induce additional H&S issues which may not be apparent in the extant literature.  
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INTRODUCTION 
Compared to regular construction work (i.e. new works), ARPs suffer from a relative 
dearth of literature on occupational H&S. The existing research on ARPs appear to 
mainly highlight the significance of H&S on ARPs or provide fragments of insights 
on the H&S challenges relating to ARPs without providing  a comprehensive and 
coherent examination of the key H&S issues and their associated mitigation measures  
(cf. Langston et al., 2008; Bullen and Love 2011;  Xu et al. 2012). A thorough 
identification of these issues together with their related mitigation measures could 
constitute the basis for the development of a comprehensive and joined-up H&S 
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guidance for the safe execution of ARPs.  Therefore, the purpose of this study is to 
delve deep into the construction H&S literature to draw out a comprehensive list of 
the key H&S issues and their related mitigation measures for ARPs. To achieve this, 
this paper starts by highlighting the dangerous nature of ARPs. The paper 
subsequently delves into the construction H&S literature as well as literature on ARPs 
to elicit the H&S issues that are often encountered on ARPs and their related 
mitigation measures.  A discussion of the implications of the outcome of the review 
for further on-going research on ARPs in the Ghanaian construction industry is 
presented 

WHAT IS ARP? 
Adaptive-retrofit is a joined-up word from adaptation and retrofitting as applied to 
existing built assets. Adaptation, according to Douglas (2006), Wilkinson et al. (2009) 
and Ankrah and Ahadzie (2014 ) is an all-in concept comprising of refurbishment, 
renovation, rehabilitation, and repair and maintenance work (4R+M) applied to 
existing built assets to improve their physical form to continue or take on new 
functions or uses. On the other hand, retrofitting, according to Xu et al. (2012) and 
Dixon (2014) embraces the additions of modern plumbing, heating, ventilation, air 
conditioning and telecommunication services to existing built assets to improve their 
mechanical services and energy consumption. Retrofitting also includes the addition 
of components or features (which were originally not part of an existing building) to 
the existing building (Douglas 2006). In an attempt to achieve low-carbon emissions 
from existing built assets and make them more energy-efficient while meeting the 
modern needs of occupants, society and infrastructure development, the concept of 
retrofitting is most often than not connected with adaptation (Dixon 2014) though it 
can be applied separately to existing built assets. Since these two concepts (adaptation 
and retrofitting) are closely linked together in terms of modern infrastructure 
development, it is reasonable to adopt a common name to represent their usage, hence 
the term adaptive-retrofit (AR).  

Adaptive-retrofit projects (ARPs) are thus  built assets that have been subjected to 
refurbishment, retrofitting, renovation, rehabilitation, and repair and maintenance 
work (5R+M) to improve their physical form and energy consumption while 
continuing to perform their old function or new uses and also satisfy the needs of 
modern occupants, society and infrastructure development. Literature however signals 
that each of the 5R+M has their own confronting or peculiar H&S challenges. For 
example, previous report indicated that refurbishment work alone in the UK 
construction industry accounted for about 40.6% of the total number of construction 
fatalities (Anumba et al. 2004). Repair and maintenance work have also been reported 
to be  responsible for a high proportion of  43% of the total number of fatal accidents 
in both building and civil engineering industry in UK (cf. Anumba et al. 2006). Hon et 
al. (2010) mentioned that the accident ratio of repair, maintenance, and alteration and 
additional works in the Hong Kong construction industry compared to new builds 
have significantly increased from 17.9% in 1998 to 50.1% in 2007. Also, fatal cases 
from these works  in 2010 accounted for 66.7% of the total number of fatal cases in  
construction in Hong Kong (Hon et al. 2014). In a China-based study, Xu et al. (2012) 
through fuzzy theory identified eight key performance indicators (including a H&S 
indicator) that require consideration when adapting old hotel buildings.  In order of 
importance, the H&S indicator ranked fourth ahead of other indicators such as energy 
consumption, resources saving, and stakeholders’ satisfaction. Judging from the 
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above, it is thus not surprising that there is the view that the application of 5R+M to 
existing buildings is likely to further worsen injury and illness statistics. 

THE DANGEROUS NATURE OF ARPS 
ARPs are generally described as dangerous projects (cf. Quah, 1998; Egbu et al. 1998; 
Egbu 1999; Anumba et al., 2004 and 2006; Douglas, 2006; Doran et al. 2009). The 
safety challenges ARPs present are either absent or minimal in new builds/works. 
Recent studies on the H&S impact of construction project features (cf. Manu, 2012; 
2014) also provide insight of how demolition, refurbishment and new builds 
potentially influence accident occurrence on construction sites. Manu et al. (2014) 
reported demolition and refurbishment as having a higher potential to cause harm to 
workers than new builds. In terms of the likelihood of occurrence of harm (i.e. the risk 
of harm), Manu (2012) also reported that demolition and refurbishment are associated 
with a higher risk than new builds. Given that  H&S control measures are supposed to 
be commensurate with risks (HSE, 2000; 2007), it is then without doubt that the  H&S 
control measures that are needed for ARPs cannot simply be exactly the same as the 
controls used on new builds. Rather the controls that are used on ARPs should reflect 
the kinds of H&S risks/issues that workers are likely to be exposed to and thus ARPs 
will need some extra layer(s) of H&S defence in the form of measures and guidance to 
deal with the inherent H&S issues 

LITERATURE REVIEW METHOD  
The identification of the H&S issues of ARPs began with a detailed search from peer-
reviewed journals that report on construction H&S. Zhou et al. (2015) researched and 
presented the top ten (10) journals that frequently report on H&S management and 
construction engineering issues. The peer-review journals as identified by Zhou et al. 
(2015) include: Safety Science (SS), Journal of Safety Research (JSR), Automation in 
Construction (AIC), Accident Analysis and Prevention (AAP), Reliability Engineering 
and System Safety (RESS), Journal of Construction Engineering and Management 
(JCEM), Engineering Construction and Architectural Management (ECAM), Journal 
of Management in Engineering (JME), International Journal of Project Management 
(IJPM) and Construction Management and Economics (CME). These peer-reviewed 
journals were selected to guide the review of literature for this study.  

Electronic database search using keywords (e.g. adaptation, H&S, retrofits, 
refurbishment), was conducted on these journals. Titles and abstracts of peer-reviewed 
papers within those journals that could potentially contribute to the understanding of 
the topic were identified, read and selected. Further, relevant titles from 
references/bibliographic lists found in those peer-reviewed papers that could also 
contribute to the understanding of the topic were also selected. Through this, peer-
reviewed papers from journals such as Structural Survey (SS1), Facilities (F), 
Building and Environment (BAE), Energy Policy (EP), Energy and Buildings (EAB), 
International Journal of Construction Education and Research (IJCER), International 
Journal of Injury Control and Safety Promotion (IJICSP) were also considered for the 
literature review. Electronic books on adaptation, retrofitting, renovation, 
refurbishment, rehabilitation and repair and maintenance work were also searched 
from Google Books and Directory of Open Access Books (Doab). Health and safety 
reports from the UK Health and Safety Executive (HSE) website (www.hse.gov.uk) 
and papers from conference proceedings that have major themes or titles as 
adaptation, retrofitting together with health and safety were also considered.  Quite 
apart from using the research keywords alone for the search, Boolean connectors such 
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as AND, OR, AND NOT were also used to connect the research keywords to form 
search strings such as “adaptation AND health and safety” and “retrofitting AND 
health and safety”. The reason was based on the idea that if a paper bears strong links 
to adaptation and retrofitting of existing built assets then it is likely that its H&S 
issues will be captured in that paper or report or book. 

HEALTH AND SAFETY ISSUES ON ARPS AND POSSIBLE 
MITIGATION MEASURES 

Through the systematic search and reading of the obtained literature, several health 
and safety issues (over 50) and mitigation measures (over 30) relating to ARPs were 
initially spotted and tabulated. Through subsequent careful scrutiny of these, multiple 
occurring (i.e. repeating) H&S issues and mitigation measures were excluded resulting 
in an eventual comprehensive list of thirty six (36)  H&S issues and twenty-seven (27) 
mitigation measures. The detailed results from the review are summarised in appendix 
1 below. The H&S issues are represented by HSI while the mitigation measures are 
also represented by MM. The repeated items of HSI and MM are presented in table 1 
below. 

From table 1, eleven (11) similar health and safety issues were spotted twice and five 
(5) similar health and safety issues were also spotted three times from different 
studies. For example, regarding safety signs (i.e. HIS 1), Anumba et al. (2004) and 
Doran et al. (2009) are  of the same opinion that lack of warning signs or safety 
posters could affect the safety, health and the wellbeing of workers on refurbishment 
projects. The absence of safety signs or the lack of its understanding, according to 
Tam et al. (2003) are likely to cause injuries (fatal and non-fatal) on construction sites 
in general. On ARPs sites, where hazards are more commonplace than on new build 
sites, the lack of warning signs or safety posters could therefore further worsen the 
likelihood of occurrence of injuries. 
Table 1: Recurring H&S Issues and Mitigation Measures 

Health and safety issues and Mitigation measures Frequency of occurrence 

(HSI 1), (HSI 4), (HIS 5), (HSI 8), (HSI 9), (HSI 11), 
(HSI 13), (HSI 14), (HSI 16), (HSI 23), (HSI 26). 

2 

(HSI 15), (HSI 17), (HSI 24), (HSI 30), (HS34) 3 

(MM1), (MM6) 2 

Lack of/inadequate site supervision (HSI 5) was also noted  from two different studies 
(see Anumba et al. (2004) and Doran et al. (2009)). Lack of site supervision has been 
identified by these authors as a major factor that could affect the safety of workers on 
ARPs. Inadequate supervision of construction operatives  is also generally considered 
to be an inappropriate construction control that could lead to accidents on site (Suraji 
et al. 2001). Regarding the mitigation measures, MM1 (i.e. undertaking structural 
safety survey) and MM6 (i.e. provision of safety training (related to refurbishment and 
demolition) to workers) were spotted in two studies. Anumba et al. (2004) and Egbu 
(1999) share the view that specific safety training is needed for workers on 
refurbishment projects if injuries are to be prevented or minimised. Hallowell and 
Gambatese (2009) reinforced this view by mentioning that project-specific training is 
among the key/essential elements for reducing or preventing construction accidents on 
site.  
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IMPLICATIONS FOR FURTHER RESEARCH FOR THE 
GHANAIAN CONSTRUCTION SECTOR 

As confirmed by the review, the extant H&S literature on ARPs mainly either appear 
to caution and highlight the significance of H&S on ARPs or provide fragments of the 
H&S issues encountered on ARPs and their mitigation. Given the significance of H&S 
to ARPs, it is thus important to systematically elicit and consolidate from the extant 
literature the various bits of reported H&S issues and mitigation. Through a thorough 
review, a comprehensive list of thirty-six (36) H&S issues together with twenty seven 
(27) mitigation measures has been developed.  

Presently, in the Ghanaian construction sector, ARPs are increasingly becoming 
common and this can be linked to the need to meet the huge housing and 
infrastructure deficits within the country (Ofori 1995; Ahadzie et al., 2004; Bank of 
Ghana, 2007). This situation may not be dissimilar to other developing countries 
where a similar scale of housing and infrastructure deficits are to be addressed. Whilst 
the comprehensive lists that have been developed from this study could constitute 
valuable insight for ARPs execution, they have mainly been based on studies 
conducted in developed contexts. Therefore the list may still not be fully 
comprehensive or entirely responsive to some of the local context-specific conditions 
in developing contexts like Ghana. For instance Kheni et al. (2010) mentioned in their 
H&S study on Ghana that the construction industry is highly labour intensive with a 
majority of its site workers being illiterates with low skills. They also mentioned the 
use of poor traditional working methods on construction projects in the industry. Such 
local context-specific conditions/situations could either induce additional H&S issues 
or trigger the need for additional mitigation measures for ARPs that are not apparent 
in the extant literature.  It is thus important that for the local Ghanaian context further 
research work is undertaken to elicit other H&S issues that are not apparent in the 
extant literature and also to devise commensurate adequate mitigation measures 
towards the development of a more holistic H&S management guidance for ARPs in 
Ghana. The further research work is expected to be addressed by three main steps of 
the on-going PhD study alluded to above:  

1-development of a conceptual H&S management framework for ARPs in Ghana;  
2-refinement of the framework; and  
3-evaluation of the usefulness of the framework. These steps are elaborated below. 
The initial step is to develop a conceptual framework which coherently matches the 
list of H&S issues with their corresponding mitigation measures and then maps them 
onto the phase(s) of project life cycle at which the measures should be implemented 
together with an indication of the relevant project participant(s). To enable subsequent 
refinement of the framework (i.e. step 2) to take into account any context-specific 
issues for the Ghanaian construction industry, it is proposed that a Delphi method is 
applied. The Delphi method is an iterative process used to collect and distil the 
judgments of experts using a series of questionnaires interspersed with feedback 
(Skulmoski et al., 2007). The method can also be used when there is incomplete 
knowledge about a problem that does not lend itself to precise analytical techniques 
but rather could benefit from the subjective judgments of individuals who have a 
wealth of expertise/knowledge about the problem area (Adler and Ziglio, 1996; 
Delbeq et al., 1975). Whilst ARPs are becoming common in Ghana, they are still 
relatively less common than new works. As a result fewer construction professionals 
in Ghana are expected to have the expertise or knowledge about their execution and 
hence the inherent H&S issues. ARP execution in Ghana is thus expected to be 
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characterized by relatively limited knowledge and expertise amongst professionals. In 
view of this, it is prudent to use a Delphi method as this method enables the use of the 
collective judgment of a group of experts in investigating such phenomena or 
problems (that are characterized by limited insight) and coming up with workable 
solutions (see Adler and Ziglio, 1996; Delbeq et al., 1975). The application of Delphi 
method in construction management research and more specifically H&S studies is 
not uncommon as can be seen in several studies (e.g. Chan et al. 2001; Yeung et al., 
2007; Hallowell, 2009; Hallowell and Gambatese, 2010). This also reinforces the 
suitability of the Delphi method for this research. In applying the Delphi method, a 
team of construction professionals who have expertise regarding execution of ARPs in 
Ghana will be assembled to participate in two or more rounds of Delphi surveys, the 
aim being to employ their collective expert judgment to refine the framework into a 
practical guidance for the management of H&S of workers on ARPs in Ghana. The 
experts will ascertain the relevance of the H&S issues and the mitigation measures 
(listed in appendix 1) to the Ghanaian context.  More importantly, they relying on 
their local expertise and experiences of ARPs and the Ghanaian construction industry 
in general, they will also contribute to the research process by identifying other H&S 
issues (together with their mitigation measures) that are more context-specific and as 
such may not be not covered by the H&S issues and measures in appendix 1. It is 
envisaged that through this process of inquiry a practical ARP H&S guidance will be 
developed to address the H&S challenges accompanying the growing ARP sub-sector 
in the Ghanaian construction industry. For the final step (i.e. step 3) the practical 
utility of the developed ARP H&S guidance will be evaluated from practitioners’ 
perspectives 

CONCLUSIONS 
Due to several drivers including sustainability and the need to meet housing and 
infrastructure demands, ARPs are increasingly becoming common. ARPs are however 
more dangerous and carry risks that are significantly different from those on new 
works/builds. As such is it evidently clear that the H&S control measures that are 
needed for ARPs cannot simply be exactly the same as those used on ARPs. Whilst 
there is a body of literature on the H&S issues associated with ARPs and their 
mitigation measures, these have been reported in fragments and as such scattered 
across the literature on ARPs and construction H&S. As such there is not a 
comprehensive and consolidated understanding of the H&S issues and mitigation 
measures relating to ARPs. Through a systematic review of the existing literature a 
comprehensive list of the H&S issues and mitigation measures is drawn. In order for 
this generic list to be of practical use to the Ghanaian construction sector, further 
empirical work is needed to ascertain their relevance and more importantly to elicit 
other context-specific issues regarding ARPs that are not featured. Three main steps 
have been proposed to advance this: (1) to develop a conceptual framework which 
coherently matches the list of H&S issues with their corresponding mitigation 
measures and then maps them onto the phase(s) of project life cycle at which the 
measures should be implemented together with an indication of the relevant project 
participant(s); (2) apply a Delphi method to refine the conceptual framework into a 
H&S management guidance for ARPs in Ghana; and (3) evaluate the practical utility 
of the guidance from practitioners’ perspective. Through this 3 step process, it is 
expected that the fragmented and scattered H&S issues of ARPs will be consolidated 
into a single unified coherent framework to reflect the project life cycle of ARPs. 
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Furthermore, the gap of the relative dearth of literature on H&S management on ARPs 
especially in the context of developing countries like Ghana will be bridged 
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Appendix 1: Health and Safety Issues on ARPS and Possible Mitigation Measures 

 

 
 


