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ABSTRACT

The construction sector remains one of the industries with the highest rates of workplace accidents,
thus understanding their causation factors has been an area of attention amongst many researchers
worldwide. Previous studies have identified many contributing factors, however, research on the
impact of medication on construction occupational health and safety is very scarce. This study
investigated, for the first time, the influence that specific types of medication have on the
occupational risks associated with the operation of tower cranes in construction projects. A Delphi
study was conducted with a panel of medical experts working at services for prevention and
protection at work organisations in Spain. A questionnaire was designed to gather the expert
panellists’ judgement, and the median absolute deviation was used to calculate consensus amongst
the panellists individual quantitative answers. The Delphi study confirmed that medicines for sleep
disorders, psychotic disorders, anxiety disorders, and antiepileptics could contribute significantly to
the risks. People falling from heights was the tower-crane operation risk most likely to increase in
the event that the crane operator was under the effects of any medication. Focusing on an under
researched occupational health and safety field, this study contributes with additional knowledge on
how medication consumption influences the occurrence of work-related injuries on construction
sites. Findings will guide researchers and industry practitioners worldwide undertaking risk
assessments and accident investigations related to crane operations. Useful recommendations are
provided to identify, assess and manage the impact of medication consumption on the health and
safety on construction sites. Results will influence occupational health and safety policy makers on
the dissemination and regulation of the negative effects that the consumption of medication could

have on the occupational health and safety of those involved in crane-related activities.

AUTHOR KEYWORDS: Crane operation, occupational health and safety, medication, construction

sector, construction injuries prevention



PRACTICAL APPLICATIONS

This study investigated, for the first time, the impact of medication consumption on the
occupational risks related to tower crane operation in construction projects. The research provides
valuable insights for occupational health and construction safety management demonstrating how
medications have the potential to increase certain crane operation risks among tower crane
operators. The findings enable safety practitioners to incorporate medication use into risk
assessments and medical fitness evaluations, guiding temporary work restrictions for height-related
tasks when necessary. They also inform safety training by raising awareness among crane operators
and supervisors about medication side effects that impair attention, balance, and reaction times
during crane operations. Additionally, the results can inform accident investigations by highlighting
medication as a contributing factor in crane-related incidents. This evidence assists policymakers in
developing targeted guidelines and regulations addressing medication use in high-risk construction
activities, such as crane operation, with the aim to enhance safety and advance occupational health

and safety practices within the construction industry globally.

INTRODUCTION

The construction sector remains one of the industries with the highest rates of workplace accidents.
In 2022, the highest incidence of non-fatal accidents at work in the EU was observed in construction,
with a rate of 2,961 accidents per 100,000 persons employed. In the same year, 754 fatal accidents
(22.9% of the total number of fatal accidents at work in the EU) were recorded in the construction
sector, accounting for the second greatest number of workers killed for every 100,000 persons

employed compared to all other industries (Eurostat 2024).

Many authors have studied the problem worldwide, as an attempt to have a clear understanding of
the contributing factors associated with the causation of workplace accidents on construction sites.

A literature review of the factors influencing safety on construction projects investigated between



2010-2016 was compiled by Mohammadi et al. (2018). The authors identified 113 factors, which
were categorised under 13 main categories. The review also revealed that there has been a large
number of studies focusing on factors associated with policies and safety rules compliance (e.g. Wu
et al. 2015; Frazier et al. 2013), organisation characteristics and managerial systems (e.g. Forteza et
al. 2022; Frazier et al. 2013; Hallowell and Calhoun 2011; Hallowell and Gambatese 2009a), project
characteristics, working conditions and risk exposure (e.g. Han et al. 2014; Lopez-Alonso et al. 2013;
Chi et al. 2013), and safety equipment (e.g. Rubio-Romero et al. 2013; Haslam et al. 2005).
However, factors associated with the workforce, such as workers’ behaviour and lifestyle, have been
less studied. This includes factors such as the consumption of drugs and medication amongst
construction workers. Although previous studies (Palmer et al. 2014; Wadsworth et al. 2005;
Wadsworth et al. 2003) suggests that medication consumption is a factor contributing to workplace
accidents, very little research has explored the impact that workforce under the influence of certain
medication has on occupational health and safety in the construction industry, despite remaining

the sector with the highest incidence of non-fatal accidents at work.

The aim of the current study is to investigate, for the first time, the influence that specific types of
medication, when consumed by the crane operator, have on the occupational risks associated with
the operation of tower cranes in construction projects. It particularly focuses on: i) Recognising what
medication categories, due to their side effects, could have a significant negative effect on crane
operation occupational safety; and ii) Identifying the individual tower-crane operation risks most
likely to increase in the event that the crane operator was under the effects of any medication. The
scope of this study is specifically limited to studying the effects that the consumption of certain
medications can have on tower crane operators, and does not extend to other construction workers
involved in crane-related tasks, as the cognitive and psychomotor demands are unique to crane

operators.



The research will focus on crane-related occupational health and safety risks, for various reasons: i)
The use of a crane has been previously identified as one of the most unsafe activities to undertake
under the influence of medication (Lépez-Arquillos et al. 2017); ii) Crane operations are among the
most dangerous activities in construction due to the severity of their accidents (Lingard et al. 2021;
Chen et al. 2022); iii) Cranes are a vital equipment highly sought after on construction sites due to
their efficiency in handling and lifting heavy loads (Ali et al. 2024); and iv) Previous studies examined
the factors and causes of crane-related accidents (Herrera-Perez et al. 2023; Hu et al. 2023; Zhang et
al. 2021), however, they did not analyse the potential effects of medication on the crane operator’s

ability to safely undertake the task.

Findings from this research provides occupational health and safety academics and practitioners
with novel knowledge on how medication consumption influences the occurrence of work-related
injuries on construction sites, guiding risk assessments and accident investigations related to crane

operations.

LITERATURE REVIEW

Occupational health and safety in crane operations

Attempts to improve safety of crane operations have gained notable interest among construction
management scholars as crane lifting remains a high-risk activity in construction projects, where
accidents often result in severe injuries, fatalities, and significant economic loss. Previous research
has expanded from descriptive overviews of the health and safety factors related to crane
operations, to sophisticated modelling of accident causation, human reliability, and technology-

enabled prevention.

Neitzel et al. (2001) provided an early review of crane safety in the construction industry. Whilst the

authors highlighted the important role that crane design engineers have in the prevention of crane



accidents by equipping cranes and operators with safety systems, they also acknowledged the
complexity of the operation of construction cranes and difficulties faced by the operators to attend
to all the potential hazards involved in a crane lift. The study recommended further research on the
crane hazards related to the crane operator’s activities that contribute to injuries and fatalities. A
more recent review by Sadeghi et al. (2021) mapped fifty-nine risk factors across human, equipment,
environmental, and organisational domains. Amongst others, the review identified several risk
factors that had been related to the crane operator, including: safety values; operator’s job stress;
operator’s proficiency; and cognitive capabilities in timely recognition and mitigation of hazardous
situations, which were acknowledged to be adversely affected by factors such as fatigue and
distraction, and the operator’s physical conditions, focusing on awkward postures of different body
parts (e.g. neck, back, arm) and repetitive motions which can contribute to the rising risk of
musculoskeletal disorders. Sadeghi et al. (2023) also contributed with a comprehensive literature of
the safety aspects of crane operation and developed a risk analysis-based framework including

critical causal factors, critical risks, and the control measures.

Beyond systematic reviews, other authors have used systems-based causation models, experts’
opinion, and qualitative incident reports to identify causation paths to crane-related accidents.
Swuste (2013), applying normal accident theory to a particular tower-crane collapse incident,
showed how latent design flaws, regulatory oversights, and operational deviations aligned to
produce disaster. Zhang et al. (2020) extended this approach by integrating case analysis with
system thinking to identify critical causal chains, and Zhang et al. (2021) employed complex network
analysis to map interdependencies among accident factors, with management deficiencies and
environmental stressors appearing as recurrent nodes in accident pathways. In contrast, Lingard et
al. (2021) conducted a qualitative analysis of Australian crane incidents and identified breakdowns in
communication, inadequate lift planning, and unclear safety responsibilities. Similarly, in Spain,
Herrera-Pérez et al. (2023) quantified trends from 2012-2021, revealing that improper rigging, load

instability, and unsafe operator positioning were persistent factors in crane-related incidents.



Shapira and Lyachin (2009) investigated the major factors affecting safety in tower-crane
environments and evaluated the degree to which each factor influences ongoing safety on site. In
this case, the authors based their research on a comprehensive questioning of an expert team of

safety managers and equipment managers of leading construction companies.

Other studies have moved beyond post-incident analysis, toward quantifying real-time hazard
exposure and providing engineered tools to prevent crane-related accidents. Ali et al. (2024)
reviewed both academic literature and industry practices to classify tower crane safety technologies
into proactive planning tools, real-time monitoring systems, anti-collision solutions, and stability
control measures. An example includes Hu et al. (2023), who developed visualization methods to
estimate workers’ exposure to tower-crane operational zones, enabling planners to adjust
workflows and site layouts to minimize overlap between lifting areas and worker pathways. Fang
and Cho (2016) developed a real-time safety assistance system for crane lifting operations to
increase situational awareness of the crane driver through autonomous identification of potential

hazards.

Despite these technological advances, authors such as Swuste (2013), Zhang et al. (2020, 2021), and
Sadeghi et al. (2021) call for some caution against over-reliance on technology without concurrent
improvements in training, planning, and organisational learning. Similarly, in a human-machine
interaction context, other authors emphasise that human factors remain central to crane safety. For
example, Lingard et al. (2021) highlighted that communication clarity, workload management, and
situational awareness are crucial to preventing crane-related incidents. Lixia and Si (2024) identified
that accidents involving digitised tower cranes equipped with smart systems continue to occur due
to unsafe human behaviour. Similarly, Wang and Si (2024) found that even safety-oriented interface
additions, such as hook visualization devices, can introduce distraction and elevate human error

likelihood. By means of text mining and Bayesian network techniques, Lixia and Si (2024) categorised



the behavioural factors influencing human factors reliability in the human-machine interface and

provided a framework to assess the likelihood of these human errors.

Influence of drugs and medication consumption on occupational health and safety

Research on the factors associated with the workforce, such as workers' behavior and lifestyle, is
limited. Workforce behavioural safety, understood as the behavioural response of an individual to
hazards, has been associated to factors such as their cultural background (Mearns and Yule 2009),
exposure to previous experiences (Fang et al. 2004), risk perception (Chi et al. 2013), risk-taking
mindset (Feng and Wu 2015), tiredness levels (Oswald et al. 2013), and age (Stoilkovska et al. 2015).
Alcohol intake and drugs consumption have also been identified as potential behaviour and lifestyle
factors contributing to construction accidents. Workforce alcohol and drugs consumption has been a
matter of concern worldwide (Roche et al. 2020; Flannery et al. 2019; Gharaie et al. 2014; Biggs and
Williamson 2012). A study in the United Kingdom (UK) found that 10 construction roles, including
plasterers, roofers and bricklayers, were among the top 30 occupations with the highest rates of
alcohol consumption (Thompson and Pirmohamed 2021). A survey, which included over 1,200
participants in the UK construction industry (CCS 2023), revealed that 35% of workers have
witnessed their colleagues working under the influence of drugs or alcohol. Participants also
admitted that drugs or alcohol affected them at work through tiredness (25% of respondents) and
decreased attention (23% of respondents). Beyond investigating the problem, previous studies have
also highlighted the association of alcohol and drugs misuse with higher accident rates (Roche et al.
2020; Oswald et al. 2013; Camino Lopez et al. 2008; Minchin et al. 2006; Gerber and Yacoubian
2001). Camino Lopez et al. (2008) raised concerns on the high severity of those construction
accidents involving alcohol consumption, and a study by Gerber and Yacoubian (2001) concluded
that companies with drug-testing programs experienced a 51% reduction in incident rates within 2

years of implementation.



Despite some medicines causing similar effects to alcohol and drugs, research on the impact of
medication on occupational health and safety risks and workplace injuries in the construction sector
is very limited. For the purpose of this study, the term “medication or medicine” is differentiated
from the term “drug” based on the fact that the latter is administrated by the individual without
medical prescription, with a purpose different from the prevention, alleviation or treatment of a
symptom, ailment or disease state. Lopez-Arquillos et al. (2017) identified, for the first time, the
effect of different medicines on the occupational risk levels of construction activities with
formworks. An expert panel, formed by professionals in the medical field, quantified the individual
risk of each medication for each individual construction activity, and concluded that narcotics,
antipsychotics, and hypnotics had the highest risk values. In addition, results suggested that the use
of cranes and cutting materials were considered the most dangerous activities for a worker under

the influence of medication.

The effects of medication on occupational health and safety generally have been the focus of some
further research studies. Gilmore et al. (1996) compared the medication consumption of 3,394
workers in the United States who had previously reported an incident work-related injury with two
control groups, and concluded that the risk of injury was elevated among users of antihistamines,
antibiotics, and diabetes medications. Pickett et al. (1996) focused on the farming sector in Canada
and found that the risk of injury statistically increased in association with the regular use of stomach
remedies or laxatives, and heart medications. Psychotropics, antidepressants and sleeping tablets
intake, were found to be associated with workplace accidents, injuries and cognitive failures in a
sample of working population in the UK (Wadsworth et al. 2005; Wadsworth et al. 2003). The
consumption of psychotropic and mental illness medication, and its link with accidental injury at
work, were also examined by Palmer et al. (2014). The medical records of a sample of 1,348 British
patients who had consulted a hospital for a workplace injury over a 20-year period were compared
to 6,652 patients’ records without such consultation. The study concluded that mental illnesses and

prescribed psychotropic treatments moderately increase the risks of occupational injury. Patients



taking common classes of antidepressants were found to be at risk of injury 35-40% higher than
those not consuming that medication. The data further indicated that approximately 1 in 10 of all
workplace injuries may be attributable to mental health conditions or psychotropic medication.
Vicente-Herrero et al. (2013) studied chronic migraine amongst Spanish patients and assessed the
occupational health risks associated with the illness, as well as the side effects of the prescribed
medication. A meta-analysis of 13 medical studies involving 324,168 occupational injuries from
seven different countries, concluded that benzodiazepines, medication used to treat anxiety,
depression, and insomnia, have the potential to increase injury rates among casual and chronic
users. However, available evidence is insufficient to demonstrate a strong correlation (Garbarino et

al. 2021).

On the other hand, beyond the workplace, as far as the general population is concerned, there are
numerous studies on the effects of drug and medication use on driving. This would include driving or
operating machinery such as a tower crane. In this sense, it is important to highlight the European
Commission funded project DRUID (DRiving Under Influence of alcohol and Drugs), running from
2006 to 2011, and involving the participation of 36 organisations from 18 European countries. The
main objectives of this project were to deepen the knowledge of the problem of alcohol, other drugs
and medication use among drivers, to review the possibilities of intervention, and to harmonize
actions within the European Union framework (DGT 2023; EMCDDA 2012). These general

recommendations could be particularly applicable to the occupational field.

MATERIALS AND METHODS

Delphi study

A Delphi study was conducted with the purpose of assessing the perceived impact that different
medicine categories consumed by tower crane operators may have on crane-related occupational

health and safety risks.



The Delphi method is generally used to obtain consensus of opinions from experts in particular areas
of expertise as it provides high quality and rich information about real life practical aspects (Hsu and
Sandford 2007). Being a sequential and iterative method, the process involves various rounds of
surveys in which a group of experts respond to a questionnaire with the aim of reaching consensus
in the final round. To do so, each panel member has an opportunity to amend their responses in
light of the group data in each round (Linstone and Turoff 1975). According to Biggs et al. (2013), the
Delphi method is characterised by the following: (i) the anonymity of participants; (ii) a reduction in
the potential for influence or bias throughout the rounds; (iii) its suitability for groups that are
geographically distant; (iv) the collection of information and opinions from a wide range of experts,
which provide a statistical group response (Dalkey et al. 1970); and (v) the guarantee that key

stakeholders are involved from the beginning.

The Delphi study consisted of the following events (Hallowell and Gambatese 2009b): 1) Identify the
potential experts; 2) Select the experts based on predefined criteria; 3) Validate expert status and
inform panellists of the study requirements; 4) Develop a questionnaire; 5) Transmit questionnaire
to the expert panel; 6) Collect and analyse round responses; 7) Evaluate consensus. If the consensus
was not achieved, a new Delphi round started at event 4) by updating and resending the information
to the panellists. When the target consensus was reached, the Delphi study was considered to be

completed, and the results were reported to the panellists.

The following subsections describe the expert panellists selection process (events 1-3), the design,
distribution and collection of the questionnaire (events 4-6), and how consensus was calculated and

feedback provided to panellists (event 7) throughout this study.

Expert panellists selection

The panel members selection is a crucial aspect of Delphi research studies, and it needs careful
consideration. Contrary to other research methods of collecting opinions, the Delphi method does

not rely on a random statistical sampling, but on a targeted selection of qualified experts (based on



certain parameters such as their field of study and level of education). Hallowell and Gambatese
(2009b) investigated the use of Delphi studies in construction engineering and management
research and provided objective guidelines to identify and qualify potential expert panellists.
Following those guidelines, seven specific requirements were selected to gather a well-qualified and
diverse panel with a wide range of academic and professional experience. A relative point system

was used to select specific expert qualities which were more appropriate for the study (Table 1).

Table 1. Flexible point system for the qualification of expert panellists (Adapted from Hallowell and
Gambatese (2009b))

Achievement/experience criteria Points
Consultant? 4

Junior Doctor® 4
Occupational physician® 2
Member of a Medical Society 2

Years of professional experience 1/ year
Author of articles published in a peer-reviewed medical journal 2 / article
Author of books or book chapters 2 / book or chapter

2Consultant, a senior doctor that has completed full medical training in a specialised area of medicine.

®Junior doctor, medical professional who has completed a medical degree, but have not yet completed

the full medical training in a specialised area of medicine.

‘Occupational physician, medical doctor working as specialist clinician and adviser to both the

employer and employee on the relationship between work and health.

A purposive and convenience sampling method was employed to identify and select qualified
experts in the relevant field. Seven Spanish services for the Prevention and Protection at Work were
approached for the recruitment of the expert panellists. These services are designed to assist
employers and workers in applying the occupational health regulations and preventing work-related
illnesses and injuries. These services can be employed externally to an organisation or set up as an

internal team within an organisation. The purpose of the research study and the profile of the



targeted expert panellists were communicated to the organisations, and 19 medical professionals

indicated a willingness to participate.

The volunteers’ achievements and experience were assessed against the seven predefined criteria,
and only those medical professionals that scored at least one point in four different achievement/
experience criteria, and obtained a minimum of 11 total points, were selected for participation as
expert panellists in the Delphi study (Hallowell and Gambatese 2009b). A total of 10 expert panellists
qualified for participation. The medical experts recruited for the Delphi study were specialized in
occupational health and safety within the construction sector. In particular, they had previous
knowledge of crane operation safety risks as part of their preventive evaluations on construction
sites, as well as an extensive medical knowledge in this area as part of their expertise in assessment

and management of occupational health aspects.

The scores obtained by each of them are presented in Table 2. A panel formed by ten participants
was considered to be an acceptable size, being between the 8-12 panel members recommended in
construction engineering and management research studies (Hallowell and Gambatese 2009b).
Unlike other methods, the strength of the Delphi study does not rely on the statistical sample size of

the participants, but on the dynamics of the panellists in reaching a consensus (Okoli and Pawlowski

2004).

Table 2. Scores obtained by the 10 qualifying expert panellists (E1-10)

Achievement/experience criteria El E2 E3 E4 E5 E6 E7 E8 E9 EI10
Consultant 0 4 0 1 0 0 4 0 0 4
Junior Doctor 4 4 4 4 4 4 4 4 4 4
Occupational physician 2 2 2 2 2 2 2 2 2 2
Member of a Medical Society 0 0 0 0 0 2 2 2 0 2
Years of professional experience 40 24 40 32 30 25 22 27 30 30

Author of articles published in a

. L 24 24 6 10 10 10 6 2 0 36
peer-reviewed medical journal

Author of books or book chapters 0 2 2 2 0 2 0 0 0 2

TOTAL 70 60 54 51 46 45 40 37 36 80




Questionnaire design and distribution

A questionnaire was designed to gather the expert panellists’ judgement on the impact that the use
of medicines consumed by the tower crane operator has on crane-related occupational health and
safety risks. Questionnaires were emailed and completed online by the panellists independently. To
support an accurate assessment of the relationship between medication types and tower crane
operation risks, expert panellists were also provided with a concise background document
summarising the typical crane-related occupational risks, operational conditions, and examples of
relevant accidents in the construction sector, ensuring a common understanding of crane-specific

risks across the expert panellists.

The questionnaire, in the form of a matrix, contained a list of approved medicines categories on the
horizontal lines (rows), and a list of pre-defined tower crane-related occupational safety risks on the
vertical lines (columns). Expert panellists were asked to score 1-10 the potential increment of each
occupational risk in the event that the crane operator was under the influence of each medicine
category separately. The meaning of the scores were: the medicine category does not increase the
risk (score = 1), negligibly increases the risk (2), minimally increases the risk (3), mildly increases the
risk (4), moderately increases the risk (5), noticeably increases the risk (6), considerably increases
the risk (7), strongly increases the risk (8), very strongly increases the risk (9) or significantly

increases the risk (10).

Experts were instructed to consider “standard therapeutic use under typical working conditions”, to
avoid biased results when reflecting on factors related to the medication consumption, such as

dosage or frequency of use, which could lead to different effects on the crane operators’ abilities.

The list of medicine categories and crane-related occupational risks used in the questionnaire are

presented in Table 3, and a detail description is included in the Appendix.



Table 3. Medicine categories and crane-related occupational risks included in the Delphi

questionnaire

Medicine categories® Crane-related occupational risks®

M1. Medicines for sleep disorders R1. Crane structural collapse / overturn

M2. Medicines for anxiety disorders R2. Falling / Slipping of load

M3. Antidepressants R3. Person trapped between the crane and a fixed

structure, between crane parts, or struck by the load

M4. Antiviral medicines R4. Slips, trips and falls

M5. Analgesics R5. Person falling from heights

M6. Antiallergics R6. Objects falling from heights

M7. Antimigraine medicines R7. Stepping on sharp objects

M8. Ophthalmic medicines R8. Electrical risk by direct contact

M9. Medicines for psychotic disorders R9. Electrical risk by indirect exposure

M10. Antiepileptics R10. Exposure to vibrations

M11. Medicines for parkinsonism R11. Exposure to high noise levels

M12. Medicines for diabetes R12. Fire / explosion

M13. Antihistamines R13. Risks associated with unauthorised access /
vandalism

3Based on DGT (2023). °Based on INSHT (2003).

Unfortunately, there is currently no specific classification of medications related to the operation of
lifting equipment within occupational safety and health guidelines and literature. To address this
shortcoming, existing frameworks addressing the effects of drugs and medication consumption on
driving and machinery handling were considered due to the close alignment of the cognitive and
psychomotor demands required for these activities with those expected when operating tower
cranes. Technical literature and European regulatory frameworks (DIRECTIVE 2001/83/EC) explicitly
equate vehicle driving with the operation of hazardous machinery, as both are considered safety-
critical activities. This study adopted the medicines categories related to driving and machinery
handling defined by the European Monitoring Centre for Drugs and Drug Addiction (EMCDDA) under
the DRUID project — Driving Under the Influence of Drugs, Alcohol and Medicines in Europe

(EMCDDA 2012), and the Spanish General Traffic Directorate (DGT 2023). These classifications are



grounded in extensive research on how medications affect cognitive and psychomotor performance

relevant to safety-critical tasks.

Crane-related occupational risks were defined based on the Good Practice Guidelines NTP 701:
Tower-cranes. Operation Safety Recommendations (INSHT 2003) defined by the National Institute of
Safety and Hygiene at Work in Spain. The NTP 701 aims at raising awareness amongst crane
operators about the main tower-crane health and safety operation risks and provides guidance on
preventive measures to be adopted when handling tower-cranes for construction or other
applications. The document describes in detail thirteen risks associated with the operation of tower-

cranes, their risk factors, and the recommended preventive measure.
Measuring consensus and feedback process

Median absolute deviation was used to calculate consensus amongst the panellists’ individual
guantitative answers. This method corresponds to the mean of the absolute values of deviation of
each individual response relative to the median. According to Hallowell and Gambatese (2009b), the
median is less likely to be influenced by biased results, and thus it was chosen over the mean. The

equation used to calculate the consensus is illustrated in Equation 1 (Hallowell 2008).
Median absolute deviation = %Z?:inj - Me(Xj)| (Equation 1)

where: n = number of expert panellists; xj= score provided by expert panellist “i” to entry “j” of the

o“:n

matrix questionnaire; Me(X;) = Median of scores provided by all experts panellists to entry “j”.

Consensus among experts was assessed using the percentage of agreement and the interquartile
range of responses for each item. An item was considered to be in consensus if at least 75% of the
experts classified it similarly. This threshold was adopted following recommendations from previous
studies and allows for a balance between rigour and feasibility. Additionally, Kendall's coefficient of
concordance (W) was calculated to assess the overall consistency among experts, providing a

complementary measure of methodological reliability.



The panellists’ consensus was considered to have been achieved when the median absolute
deviation was within one unit of the 1-10 scale used to score each iteration of the questionnaire. At
the end of each round, if consensus was not achieved, a revised questionnaire including the results
of the previous round (median and median absolute deviation) was presented to the expert
panellists so they could adjust their scores based on the opinions of the other anonymous panellists.
A comment box was also provided to indicate the reasons in the event that they did not wish to
adjust their response. This Delphi study required three rounds to finally reach expert panellists’
consensus. This was considered to be an appropriate number of rounds (Phillips and Stawarski
2008), ensuring the right balance between meaningful results and reasonable use of researcher and

panellists’ resources.

RESULTS OF THE DELPHI STUDY

During the Delphi study, all ten expert panellists participated in the first two rounds and answered
all questions of the questionnaire. The third, and final, round was completed by 8 of the 10
panellists. Although the withdrawal of two experts could potentially reduce opinion diversity, the
high degree of consensus reached in earlier rounds, and the adherence to established Delphi panel
size recommendations (8-12 panel members), indicated that the reliability of the findings remained

robust.

The results of the three Delphi iterations are presented in the sections below.

Delphi round 1

The results of the first Delphi round indicated that the expert panellists had reached consensus
(Median absolute deviation < 1) in 16 of the entries included in the matrix questionnaire. These are

highlighted in Fig. 1.



In general, consensus was achieved on the effects that medication has on the risk of exposure to
high noise levels (R11), and the risks associated with unauthorised access and vandalism (R13). With
an average score of 1-2 in each entry (1 meaning “does not increase the risk” in the 1-10 Likert scale,
expert panellists agreed that seven of the thirteen medicines categories (M4-5, M8, M10-13) did not
increase the risk (or the influence was negligible) of exposure to high noise levels of those involved
in the crane operations. Similarly, four medicine categories (M5, M7-8, M12) were considered not to
have an effect (or the influence was negligible) on the risk associated with unauthorised access and

vandalism.

The medicine category with the greatest number of consensus in relation to its impact to crane-
related occupational risks was analgesics (M5). With an average score 1-2 in each entry, results
suggested that the use of analgesics did not influence the risk of person falling from heights (R5),
stepping on sharp objects (R7), exposure to vibrations (R10), exposure to high noise levels (R11), and

risks associated with unauthorised access / vandalism (R13).

It was also agreed that the use of ophthalmic medicines (M8) (average score of 1) does not increase

the risk of exposure to vibrations (R10).

In this Delphi round, only one medicine category was found to contribute to the increment of a
crane-related occupational risk. Expert panellists, with an average score of 6 (in a scale 1-10), agreed
that the consumption of medicines for anxiety disorders (M2) could noticeably increase the risk of

load falling or slipping from the crane (R2).



Crane-related occupational risks

R1 | R2 | R3 | R4 | R5 | R6 | R7 | R8 | RS |R10|R11|R12|R13
M1|21(18|17(13|14(14|18|22|17|21|17|26]|15
M2 (18(07|12|11| 1 |12|16|11|11| 2 (15|18 |15
M3 | 2 (17|14(14|18(1.7 |17 (17|17 |13|12|15]|17
M4 (15(12|16|15|11|15| 1 |11|{13(15(08|15|11
M5(11(17|14| 1 |09|11|03|12(12|08(02| 1 (0.6
M6 |18(17| 2 (15|14(19|16(1.2|14|15|11|23 |14
M7 | 2 (21]22(11|15(17| 1 (13|14|11| 1 [19]0.7
M8 (19(19|22|19|16|18|14|15(13|02( 0 (19|03
MO (251617 |15|17|21|19|19(19| 2 (19|23 | 2

M10|22|21| 2 |15(17|22(13(19|14|18|0.7|27 |15
M11|{24|121(24|18(19|16(21|22(21|27(04|21|18
M12|26|22|24|23(21(22(22|23(19|13|0.2|25]|03
M13|22(18|25(16|16(23(17|18|17|16|06| 23|14

Medicines categories

Note: Shaded cells indicate consensus by the experts (Median absolute deviation < 1). Cells in white

have not reached consensus yet.

Fig. 1. Median absolute deviation results (Delphi round 1)

Delphi round 2

The second round of the Delphi method attempted to generate consensus on the entries of the
matrix questionnaire which did not obtain a Median absolute deviation below 1 in the previous
round. Expert panellists were presented with the panel results of the first round and asked to review
their scores. In the event that they did not wish to modify their answers, experts were requested to

provide their reasons in an open comment box accompanying the questionnaire.

The results of the second Delphi round indicated that the expert panellists had reached consensus in
89 additional items, thus agreeing in 105 of the 169 entries included in the matrix questionnaire. The
additional entries that reached consensus in round 2 are indicated in Fig. 2 accompanied by an

asterisk.



Crane-related occupational risks

R1|R2|R3| R4 |R5|R6|R7|R8|R9|RIO|R11|R12|R13
M1|13[11|11(0.8|13|09°|0.8|1.2|08|06"(05 19|11
M2 |0.9°| 0.7 |0.5°|0.6"|0.7°|0.7°|0.8"|0.5°|0.6"|0.9"|0.9"| 1.3 [ 0.9
M3 |1.2[09°| 1 [09°|15|12(|11|11|13]|03"|09°|0.7°|0.9°
M4 |0.8°(0.9°| 1.2 [0.9°|0.8"| 1.2 |09°|0.8"| 1.2 |0.5°| 0.8 |0.9°|0.7
M5 |0.8"[0.9°(0.7°(0.7°| 09| 11|03 |0.7°|0.8|0.8|0.2(06 |06
M6 | 1.7 |14 |15(09°|12|11|09°|06|1.1|04"|0.1°|0.9°|0.4"
M7 | 1.1|0.8"| 111105 (09°(0.7°|0.6"|0.5°| 0° |0.3°|0.9"| 0.7
M8 | 1.3 [0.9°(0.9°(14|12|13]|09°|0.7°|08°|02| 0 [13(03
M9 | 1.3]0.9°|0.7°|0.8"|09" (08| 1 |0.8°|0.8"°|0.3°|0.8"| 1.8 |0.9°
M10| 1 |1.1]09°|06°|1.2|13[13(09°| 1 (05|07 |13]|0.7
M11(13]09°|1.7| 1 [14]|09°|0.9°|1.1|1.4|0.8 (04| 13|09
M12(09°| 1.2 |17 (12|14 |12|11[12|09°|06° |02 13|03
M13(0.8"| 1.2 |16 [0.9°(09°| 1.2 | 1.1 [0.9°| 1.5|0.4"| 0.6 | 1.2 | 0.8°

Medicines categories

Note: * indicates additional consensus by the experts in Round 2 (Median absolute deviation < 1).

Cells in white have not reached consensus yet.

Fig. 2. Median absolute deviation results (Delphi round 2)

Expert panellists agreed that the consumption of the medicines included in the study had minimal or
no effect (average scores of 1-3) on the crane-related occupational risks: Exposure to vibrations

(R10); and Exposure to high noise levels (R11).

The second Delphi round also indicated an emerging consensus on how the use of medicines for
anxiety disorders (M2) (average scores between 5.5-7), medicines for psychotic disorders (M9)
(average scores of 6-7), and medicines for sleep disorders (M1) (average scores of 6-7), could
considerably increase a significant number of crane-related occupational risks. In contrast, experts
agreed that the consumption of analgesics (M5) did not increase the risks associated with the

operation of cranes.



Delphi round 3

A third, and final, Delphi iteration was initiated with the aim of obtaining consensus on the
remaining entries of the matrix questionnaire. This round was completed by 8 of the 10 initial expert
panellists. All entries in the questionnaire reached consensus, with an overall average Median
absolute deviation of 0.695 (< 1). The additional, and final, entries that reached consensus in round

3 are indicated in Fig. 3 accompanied by an asterisk.

Crane-related occupational risks

R1|R2 | R3|R4|R5|R6|[R7|R8| RO |R10|R11|R12|R13
M1 |0.9"(0.8"|0.6°| 0.8 [0.6°| 0.9 |08 |08 |08 |06|0.5|0.8|0.5
M2|09(07|05(06|0.7|07|[08|05|06|09(09]|0.9"0.9
M3 |0.5°(09 (0.8 |09 |0.9"0.6"|0.9"|0.8|0.6"| 0.3 (09 ]|0.7]|0.9
M4 [0.8]09(09°|/09|[08|09°|09|0.8|06|05(0.8|09]|0.7
M5 (0.8|09(07|07[09|06°|03|07|08|08(0.2|06]|0.6
M6 [0.6"|0.5"(0.6°| 09|05 |[0.8"|09|0.6|097|04(01|09]|0.4
M7 [0.3"| 0.8 [0.5°|0.6"|05[09|07|06|05| 0 [03]|09]|0.7
M8 [0.5°| 09 (0.9 |05 (04" |06°|09|07|08|02| 0 |09°|0.3
M9 (09|09 (0.7|08[09|08|04|08|08|03(0.8|09|0.9
M10|0.4°(0.9°| 09 | 0.6 |0.6"|0.8°(0.8"| 0.9 [0.6"| 0.5| 0.7 [0.9"| 0.7
M11|0.5°( 0.9 |0.6"|0.6"|0.8"| 0.9 | 0.9 |0.6"|0.8"| 0.8 | 0.4 (0.9"| 0.9
M12| 0.9 [0.6°|0.9°|0.8"|0.9"|0.8°(0.9"|0.6"| 0.9 | 0.6 | 0.2 |0.9"| 0.3
M13| 0.8 (0.5°|0.9°| 0.9| 0.9 |0.6°|0.5| 09|08 | 04| 0.6|0.8"| 0.8

Medicines categories

Note: * indicates additional consensus by the experts in Round 3 (Median absolute deviation < 1)

Fig. 3. Median absolute deviation results (Delphi round 3)

With an average score of 9, experts agreed that medicines for sleep disorders (M1) very strongly
increase the risk of a person falling from heights (R5) and, with average scores of 7 and 7.5, they can
considerably increase the risk of falling / slipping the crane load (R2) and the risk of a person getting

trapped between the crane and a fixed structure, between crane parts, or struck by the load (R3).



In this round, experts also found consensus on the effects of medicines for psychotic disorders (M9)
on the risk of the crane structural collapsing (R1) and the risk of a person stepping on sharp objects
(R7). In both cases, with average scores of 7.5 and 7, the use of these medicines was found to
considerably increase the risks. Similarly, experts indicated that the use of antiepileptics (M10) could
considerably increase the risk of the crane structural collapsing (R1) and the risk of a person falling
from heights (R5). Another considerable influence was found between the use of medicines for

parkinsonism (M11) and the risk of the crane structural collapsing (R1).

Fig. 4 presents the final results of the Delphi study. Each individual entry in the table indicates the
average score provided by the expert panellists when assessing, in a scale of 1-10 (1 meaning “does
not increase the risk” and 10 indicating “significantly increases the risk”), the potential increase of a
crane-related occupational risk (R1-13 in columns) due to the consumption of a medication
belonging to a specific medicine category (M1-13 in rows). The cells are highlighted in different grey
shades to illustrate the scale of the influence on the magnitude of the risk: average score > 7 (dark
grey cells) means that the medicine category considerably (7), strongly (8), very strongly (9) or
significantly (10) increases the risk; average score between 4-6 (light grey cells) means that the
medicine category mildly (4), moderately (5) or noticeably (6) increases the risk; average score < 3
(white cells) means that the medicine category does not increase (1), negligibly increase (2), or

minimally increase (3) the risk.

In addition, the “Mean score (M1-13)” column (last right-hand side column) shows the average
impact that each medicine category has on the overall risks associated with operating a crane.
Similarly, the “Mean score (R1-13)” (bottom row) indicates the average effect of the use of

medicines (regardless of the category) on each risk associated with crane operations.



Crane-related occupational risks

Note: Dark grey shaded cells have average score 2 7; Light grey shaded cells have average score 4-6;

White cells have average score < 3.

Mean

R1|R2 | R3 | Ra|RS|R6|R7|R8| RO |R10|R11|R12|R13| score

(M1-13)

M1 |65 6| 6 126 [a] so

M2 6 5 55| 5|6 |2]25] 3 5.1

M3 | 5|s5s|e6|as|6|6|a|s]|e]|1]|2]3 43

L ma Jafas[3[3[afa|3]as|3]1]|2]2][1s] 27

£l mMs |1 15| 2 15|15) 1 |1 fas[1[1[1[1]1] 12

g me | 4 4 | 3 32 25|25 1|1 |25] 1| 25

g M7 | 3 2 | 2 3|22 1222 22

S| M8 | 2|2as|3|afalalal3|2|1|1]2]1] 26

g M9 6 2 (3|6 3| s9

M10 6 5.5 6 |6|s|6|2|2]a]3] s1

M11 6 |6 |a5|6|5|a|s|a|2|2|4]|25]| as

M2 | 3| 23|33 |[3]als|3]|1]1]2|2] 25

M13 s [s|a|s|s|s|3|e|2|1|[3]2] a1
Mean

score |49|43|48|41|50|48|41(39|4a3]|14]17]31]22

(R1-13)

Fig. 4. Average scores obtained for each medicine category in relation to its ability on increasing

each crane-related occupational risk (1 = “does not increase the risk” and 10 = “significantly

increases the risk”).

The results of the Delphi study revealed that six out of the thirteen medicine categories got an

average score 2 7, at least for one of the crane-related occupational risks. Medicines for sleep

disorders (M1) and for psychotic disorders (M9) presented the highest influence on the risks, both in

the magnitude of influence and in the number of the risks affected. Results also showed that the

consumption of analgesics (M5), antimigraine medicines (M7), and medicines for diabetes (M12)

were considered not to have any influence (or a minimal impact) on the magnitude of any the crane-

related occupational risks. The most critical relationships between medication consumption and

crane-related risks are summarised in Table 4.




Table 4. Most critical medication-risk pairings identified (which obtained an average score > 7)

Medicine categories Crane-related occupational risks

M1. Medicines for sleep disorders R2. Falling / Slipping of load

R3. Person trapped between the crane and a fixed
structure, between crane parts, or struck by the load

R4. Slips, trips and falls

R5. Person falling from heights

R6. Objects falling from heights

R9. Electrical risk by indirect exposure

M2. Medicines for anxiety disorders R1. Crane structural collapse / overturn

R3. Person trapped between the crane and a fixed
structure, between crane parts, or struck by the load

R5. Person falling from heights
R6. Objects falling from heights

M9. Medicines for psychotic disorders  R1. Crane structural collapse / overturn
R2. Falling / Slipping of load

R3. Person trapped between the crane and a fixed
structure, between crane parts, or struck by the load

R5. Person falling from heights
R6. Objects falling from heights
R7. Stepping on sharp objects

R8. Electrical risk by direct contact

R9. Electrical risk by indirect exposure

M10. Antiepileptics R1. Crane structural collapse / overturn

R3. Person trapped between the crane and a fixed
structure, between crane parts, or struck by the load

R5. Person falling from heights
M11. Medicines for parkinsonism R1. Crane structural collapse / overturn

M13. Antihistamines R1. Crane structural collapse / overturn

It is worth noting that throughout the three Delphi rounds, opinions among panellists converged
more rapidly on medications with well-established cognitive effects, such as sleep disorders and
psychotic disorder medications, while discussions were more nuanced around medications with less

clear effects, such as antiepileptics.



DISCUSSION

This study has investigated, for the first time, the influence that specific types of medication have on
the occupational risks associated with the use of tower cranes on construction projects, which

remains one the most dangerous activities in construction due to the severity of their accidents.

A carefully selected panel of 10 medical professionals assessed the impact that 13 medicine
categories could have on 13 occupational health risks associated with the operation of a tower-crane
on a construction project. According to the expert panellists, the medicines categories that could
increase the crane-related occupational risks are: Medicines for sleep disorders; Medicines for
psychotic disorders; Medicines for anxiety disorders; and Antiepileptics. These findings are
consistent with previous studies investigating work-related injuries in other sectors. Medicines for
psychotic disorders were listed as medicines contributing to work-related injuries in Wadsworth et
al. (2003, 2005), Lopez-Arquillos et al. (2017), and Palmer et al. (2014). Similar authors (Garbarino et
al. 2021; Lépez-Arquillos et al. 2017; Wadsworth et al. 2005; Wadsworth et al. 2003) acknowledged
the impact of medicines for sleep disorders. Medicines to treat anxiety were also mentioned in the
Garbarino et al. (2021) study. Interestingly, antiepileptics have not been specifically mentioned in
the previous literature. In contrast, experts agreed that analgesics and antimigraine medicines have
little or no impact on the risks. This would contradict Vicente-Herrero et al. (2013), who studied the

effects of migraine treatment on occupational health injuries.

This research also discovered that people falling from heights was the tower-crane operation risk
most likely to increase in the event that the crane operator was under the effects of medication. In
this regard, certain categories of medications, such as medications for sleep disorders and psychotic
disorders, can impact cognitive and psychomotor functions relevant to crane operations, leading to
increased risk of falls, load handling errors, and equipment collisions. This is an interesting finding, as
no previous studies have highlighted this factor, despite falls from height remaining the top cause of

fatal injuries in the construction sector (HSE 2023). Conversely, exposure to vibrations, exposure to



high noise levels, and risks associated with unauthorised access and vandalism were agreed to be

less likely to be affected by the consumption of medication.

In contrast, certain categories of medications, such as analgesics and antimigraine medication, were
found to have minimal influence on the risks associated with crane operation, noting that these
medications generally have less pronounced effects on cognitive and psychomotor functions at usual

therapeutic doses, consistent with the practical observations of the expert panel.

A more detailed look at the Delphi results showed that the scores vary significantly when analysing
the effects of each medicine category on the individual risks. Experts agreed that the risks associated
with a person falling from height could significantly increase due to the consumption of medicines
for sleep disorders. This relationship obtained the highest average score amongst all risks and
medication categories. Experts also indicated that the consumption of medicines for anxiety
disorders, psychotic disorders and antiepileptics could also contribute to the same risk. Similarly,
these medicines categories were considered to increase the risk of a person being trapped between
the crane and a fixed structure, between crane parts, or struck by the load, and the risk of objects
falling from heights. The risk of a crane experiencing a structural collapse or overturn was
considered to be more likely in association with the crane operator’s consumption of nearly half of
the medicine categories (separately): Medicines for anxiety disorders; medicines for psychotic
disorders; antiepileptics; medicines for parkinsonism; and antihistamines. Experts also agreed that
there was a higher risk of load falling or slipping from the crane due to the consumption of
medicines for sleep disorders, and for psychotic disorders. The same medicine categories were

associated with an increased risk of Electrocution by indirect exposure.



CONCLUSIONS

This study has contributed to an area of research that has been overlooked by occupational health
and safety researchers and the construction sector overall: the effects of medication consumption

on the risks associated with the operation of tower-cranes in construction projects.

The results of the Delphi study confirmed some medication categories influence construction
workforce occupational risks and is therefore a critical factor to consider in safety management of
construction sites. Medicines for sleep disorders, psychotic disorders, anxiety disorders, and
antiepileptics were identified as the medications with the highest contribution to the risks, and
therefore considered the most dangerous medications a crane operator could take in the workplace.
People falling from heights was the tower-crane operation risk most likely to increase in the event

that the crane operator was under the effects of any medication.

Achieving a reduction in accidents, and associated injuries and fatalities, requires an improved
understanding of the possible circumstances that trigger the conditions in which accidents occur.
These findings provide additional knowledge to researchers and industry practitioners worldwide on
the factors influencing the occurrence of work-related injuries related to the operation of cranes on

construction sites, by focusing, for the first time, on the influence of the consumption of medication.

Some important points to consider by construction professionals are:

e Communication: Crane-operators under the effects of any medication should inform their
supervisors in order to assess the potential impact on their ability to complete the task

safely, and plan appropriate changes accordingly.

e Awareness: Crane-operators and site personnel should have a good understanding of the
side effects of medication in order to identify and appropriately assess the risks, and avoid

triggering unsafe circumstances.



e Vulnerable groups: The individual requirements of crane-operators with long-term illnesses
that require medication should be considered when planning health and safety management

strategies.

e Risk assessment: The consumption of certain medication categories should be considered a
contributing factor to the health and safety risks related to crane operations, and thus,

should be acknowledged when assessing the risks.

e Accident reporting: Accident reports should include information on the medication taken by
the crane operator. This data would contribute to a better understanding of the effects of

medication on construction accidents.

This study presents the results of a preliminary expert consensus, which supported by future
empirical validation, could guide policy on the assessment of the fitness to operate tower cranes on
construction sites. In general, countries have detailed regulations defining the requirements that
drivers need to meet to demonstrate their fitness to drive (both smaller vehicles, such as cars and
motorcycles, but also lorries and buses) (e.g. “Assessing fitness to drive — a guide for medical
professionals” in the UK (DVLA 2024) or “Real Decreto 818/2009 General regulations for Drivers” in
Spain (Real Decreto 818/2009, 2023)). These regulations identify a list of medical conditions,
associated with certain medication categories, that could affect the person’s ability to drive.
However, these regulations do not cover the operation of lifting equipment/vehicles, such as cranes.
With that regard, specific occupational health and safety legislation exist to regulate the lifting
operations and lifting equipment requirements (e.g. UK Lifting Operations and Lifting Equipment
Regulations from 1998 (LOLER ACoP 2014)). However, they associate the fitness to operate lifting
equipment with the operator’s level of competence, i.e. their practical and theoretical knowledge
and experience, but there is no mention to the effects of medication or medical conditions.
Therefore, occupational health and safety policy makers could use the findings from this study to

disseminate and regulate, by means of specific regulations and codes of practice, the negative



effects that the consumption of certain types of medication could have on the occupational health

and safety of those involved in crane-related activities.

LIMITATIONS AND FUTURE RESEARCH

There are some potential limitations that deserve attention in the understanding of the results and

future research.

e The present study advanced knowledge in the understanding of accidents in construction
sites by investigating the relationship between medication and risks on a one-to-one basis,
under the assumption of typical therapeutic medication doses. However, there are factors
such as medication dose and consumption frequency, and crane operators’ individual
variations that could influence the medication effects. Future research should focus on the
combined effects of certain medication consumed in conjunction, specific medication

consumption factors, and interpersonal factors.

e The results of the Delphi study are based on the judgement of an expert panel of
occupational-health medical professionals with vast knowledge of construction risks,
including those related to crane operation activities. However, crane operators’ perspectives
are not represented. Future studies could consider including mixed-discipline panels with
the participation of crane operators and construction managers, alongside occupational-

health medical professionals.

e The current study shows that expert ratings remained largely stable across rounds, with only
minor adjustments following feedback. No notable or systematic rating shifts were
observed, suggesting that consensus reflects genuine agreement rather than feedback-

driven convergence. However, as a recognised and valuable feature of Delphi studies, some



convergence might have occurred through the iterative rounds due to panellists

reconsidering their positions in light of peer feedback.

e The current study examines, for the first time, the influence of medication on crane-related
risks based on experts’ opinions using a Delphi approach. However, the expert consensus
method may lack empirical validation and ability to capture site-specific physiological,
behavioural or contextual data. Future studies should consider combining the Delphi study
with other complementary methods to advance knowledge on the actual impact of
medication on operator performance and safety outcomes, and ensure the robustness of
the findings. These could include: i) qualitative methods such as interviews with crane
operators and occupational-health medical professionals; ii) quantitative analyses of crane-
related accident records and the medical history records of the crane operators involved;

and iii) testing the Delphi results in a real-world setting.

e  Future studies should consider incorporating findings from this study in a medication-related
risk assessment matrix or framework. This matrix would serve as a reference tool for health

and safety professionals during task planning or fitness-for-work assessments.
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APPENDIX. MEDICINE CATEGORIES AND CRANE-RELATED OCCUPATIONAL RISKS INCLUDED IN THE

DELPHI QUESTIONNAIRE

Table 5. Description of the medicine categories included in the Delphi questionnaire

Medicine categories®

Description of possible medication side effects that can
affect the crane operator’ operations

M1.

M2.

M3.

M4.
M5.

Mé6.
M7.
M8.
MS9.

Medicines for sleep disorders

Medicines for anxiety disorders

Antidepressants

Antiviral medicines

Analgesics

Antiallergics
Antimigraine medicines
Ophthalmic medicines

Medicines for psychotic disorders

M10. Antiepileptics

M11. Medicines for parkinsonism

M12. Medicines for diabetes

M13. Antihistamines

Drowsiness, decreased attention, and decreased
reaction time

Drowsiness, decreased attention, and decreased
reaction time

Nervousness, anxiety, drowsiness, impaired
coordination, blurred vision

Sleepiness

Drowsiness, decreased concentration and reaction
time, dizziness

Drowsiness, blurred vision (eye drops)
Drowsiness, dizziness, weakness

Blurred vision

Drowsiness, dizziness, agitation, tiredness

Drowsiness, dizziness, blurred vision, fatigue, feeling of
weakness

Drowsiness, sudden episodes of sleep, spasms, blurred
vision, confusion

Hypoglycemia

Drowsiness, reduced reaction time

2Based on DGT (2023).



Table 6. Description of the crane-related occupational risks included in the Delphi questionnaire

Crane-related occupational risks?

Description

R1. Crane structural collapse /
overturn

R2. Falling / Slipping of load

R3. Person trapped between the
crane and a fixed structure,
between crane parts, or struck by
the load

Crane overturning or collapse can be caused by problems
with the crane's foundation, defective ballast or
counterweight, a blow to the crane structure, material
breakage or fatigue, strong winds, or a broken trolley cable.

Crane overturning or collapse can also be caused by human
error, when: handling loads without visibility, as they may
snag or collide; performing oblique pulls; lifting loads
attached to the ground; lifting loads greater than those
specified by the manufacturer; swinging loads; leaving loads
or other objects hanging from the hook when the crane
operator is not present; colliding with other cranes in the
vicinity; working with a damaged crane or with a defective
safety device.

Falling of load can be caused by improper hooking or
placement of the load, a missing or poor condition of the
hook safety latch, a broken lifting cable, a broken or faulty
load accessories, a broken or faulty lifting mechanism.

Falling of load can also be caused by human error, when:
using the crane to transport personnel; lifting loads greater
than those specified by the manufacturer; working in winds
greater than those specified by the manufacturer or with
approaching thunderstorms; performing more than three
complete rotations in the same direction; working with
accessories in poor condition.

People can be trapped between the crane and fixed
elements, with parts of the crane, and with loads.

Trapped between the crane and fixed elements, accidents
can happen when: the minimum clearance for personnel
passage between the most protruding parts of the crane
and any obstacle is not met. For self-deploying cranes with
a rotating platform at the bottom, operators must keep in
mind that when rotating, they cover a wide turning radius,
which must remain clear to comply with the above safety
measures. For cranes with overhead cranes, an audible
signal must be issued to warn of movement so that the
affected area is clear and the track must be monitored
during movement.

Trapped with parts of the crane, accidents can happen
when: operators wear tight-fitting work clothing, rings,
medals, etc.; pulleys, drums, and gears are not adequately
protected; manipulating or loosing up lifting accessories
inappropriately.

Struck by the load, accidents can happen when: the work
area is not properly marked; people stand under the load to
receive it; attempting to push loads into areas where the
crane cannot reach by swinging them; affected personnel is



R4. Slips, trips and falls

R5. Person falling from heights

R6. Objects falling from heights

R7. Stepping on sharp objects

R8. Electrical risk by direct contact

not wearing safety footwear; an audible signal to warn of
the presence of loads is not used appropriately.

Slips, trips and falls can happen when: the work area is not
properly marked, and personnel are not informed of the
risks; crane operators and personnel do not pay attention
to any obstacles on the walking surfaces while walking;
crane operators walk while moving the load with the
remote control, potentially causing uncontrolled movement
of the load; the work area is not kept tidy and clean.

Person falling from heights can happen when: the work
area is not properly marked, and personnel are not
informed of the risks; access to the control post is not
properly lit; the crane operator crosses a space above the
void while accessing or leaving their work station; the
platforms or walkways where the crane operator is
stationed are not equipped with rigid handrails or an
intermediate bar, or toeboards to prevent people from
stepping or sliding underneath them or from objects falling
on them.

If the crane has a cabin, falls can happen, when: the space
near the cabin access ladder is not level and free of any
objects that could be an obstacle; the ladder is not provided
with the appropriate safety features; the service floor and
other platforms are not made from non-slip, durable, and
flame-resistant material; during maintenance tasks, a
horizontal lifeline is not provided along the boom and
counter-jib to which the safety harness carabiner can be
attached; for load reception, cantilevered platforms
equipped with guardrails, intermediate bars, and toeboards
for unloading materials are not appropriate installed on the
building floors; crane operator does not wear safety
harnesses.

Objects, including parts of the crane itself, can fall during
operations and caused an accidents, when: a protective
roof capable is not provided at the control post at the foot
of the crane.

Accidents caused by stepping on sharp objects can take
place when: order and cleanliness in the work area is not
maintained; personnel do not wear safety boots at all
times.

Electrical accidents can happen, when: the work area is not
properly marked, and personnel are not informed of the
risk; no measures are taken to ensure that any part of the
crane, or suspended loads, come into contact with power
lines; solid and robust protection or shielding are not used
to protect power lines located within the crane's area of
influence; the crane is operated from the electrical panel;
exposed live wires are present.



R9. Electrical risk by indirect Electrical accidents by indirect exposure can be caused due

exposure to various defects in the electrical installation of the crane
or the general installation of the work. As part of their daily
checks, the crane operator must verify the correct condition
of the earthing line.

R10. Exposure to vibrations Exposure to vibrations can take place when working in
places or cabin seats subject to vibrations. Crane operators
must not be placed in places or on platforms exposed to
vibrations as a result of other work. If a cabin is available,
the seat should be checked periodically and replaced when
in poor condition.

R11. Exposure to high noise levels Exposure to high noise levels can take place when working
in areas subject to excessive noise levels. Crane operators
must use personal protective equipment consisting of
earplugs or earmuffs.

R12. Fire / explosion Fire or explosion of the crane or on its proximity can be
caused by inappropriate storage of combustible products in
the vicinity of the crane.

R13. Risks associated with Various risks due to use by unauthorized personnel or acts

unauthorised access / vandalism of vandalism can take place. Whenever the crane operator
leaves the machine, they must take it out of service, lock
the switch, and hand the key to the site manager.

2Based on INSHT (2003).
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