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ABSTRACT - Construction industry is the most critical industry which deals with high-risk activities QeRJ;i(\:/tE: BE*TJOUEYzozz
every day. In fact, this industry reported the highest death rate for five years in a row, with 63 deaths Revised: 07! Nov 2022
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Although significant improvements have been made in occupational safety, the management and

monitoring of the risks of such workplace activities are still challenging. Besides, working at KEYWORDS
construction site during pandemic increase the risk of accident when employees attempt to comply Construction industry,
with both safety measures at the construction site and during the pandemic. Therefore, this paper éécocﬁgwgsgcauses,

intends to risk level of the selected accident types, investigate the causes of construction accidents
and the correlation between the likelihood of the factors of accidents. Result shows that the most
to the least risky types of accidents ranking are falling from height, falling objects, slips, trips, and
falls, getting caught-in or -between moving or stationary objects, getting struck by moving objects,
electric shock, exposure to chemical and sunstroke. Result also shows that eight subfactors are
found to be the most influence root causes of accidents while three subfactors are the least
influence. Six out of eight type of accidents are found to have a positive correlation with several
factors of the accidents.

INTRODUCTION

At any construction site, the environment, the work to be completed, and the workforce are constantly changing, exposing workers
to new and unfamiliar hazards. According to the statistic of occupational accidents by sector until March 2021 published by the
Department of Occupational Safety and Health (DOSH) Malaysia, the construction sector recorded the fifth-highest total number of
casualties and the highest death rate for five years in a row, with 63 deaths in 2017, 118 deaths in 2018, 84 deaths in 2019, 58 deaths
in 2020 and 23 deaths until March 2021 [1]. According to conservative estimates, workers are involved in 270 million workplace
accidents and 160 million occupational diseases each year [2].

The casualties in the construction industry have severe consequences, not only for the workers but their families, the public, the
company itself and the project. Although significant improvements have been made in occupational safety, an alarming number of
accidents and deaths indicate that managing and monitoring the risks of such workplace activities are still challenging for safety
practitioners in the Malaysian construction sector. In addition, at the beginning of December 2019, the global population began to
experience a novel coronavirus disease (COVID-19) outbreak.

The pandemic has adversely impacted numerous sectors, and the construction industry is no exception. Malaysia's Construction
Industry Development Board (CIDB) has established a set of infection prevention guidelines and recommendations to halt the disease's
spread. Individuals may need to alter their daily operations to adhere to these guidelines and suggestions[3]. Furthermore, the inherent
labour-intensive nature of construction projects creates additional obstacles, as construction tasks must be completed onsite, and the
Covid-19 safety measures must be adopted at the same time. Therefore, this study is conducted to explore the common factors of
construction accidents, rank them based on risk levels and then test the relationships between the type of the accidents and selected
factors. On top of that, workers' perceptions of the new standard operating procedures adapted from CIDB were also collected to see
the trend of agreement or disagreement.

METHODOLOGY

A cross-sectional survey was conducted among construction workers in Malaysia. The criteria required by participants to be
included in the study are (1) they are working during pandemic COVID-19 (between May 2021 and December 2021) and (2) the
company they are working with is compliant with the COVID-19 standard operating procedure at the construction industry which CIDB
sets. The questionnaire was developed by selecting common construction accidents and factors of accidents based on an extensive
literature review and validated by an expert. The questionnaire of the survey consists of 54 questions divided into five parts. Part |
consists of personal information questionnaires. The respondents were asked about their gender, age, level of education, current job
position, and years of work experience. Part Il of the questionnaire consists of several COVID-19 standard operating procedures at
the construction site by CIDB as updated on 24th May 2021. Respondents were required to rate the scale of agreement according to
their personal opinion, knowledge and experience based on the Likert Scale form with the rating from 1 to 5, which represents "1" as
strongly disagree, "2" is disagree, "3" is neutral, "4" is agree and "5" is strongly agree. Part lll of the questionnaire consists of several
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selected common construction accident types. Respondents were required to rate the likelihood of the accident types chosen from "1",
which means inconceivable, "2" is remote, "3" is conceivable, "4" is possible, and "5" is most likely, based on their knowledge and
experience. Part IV consists of similar accident types as part V. But, respondents were required to rate the usual severity of the
selected accident types in Part V from "1", which is negligible, "2" is minor, "3" is moderate, "4" is major, and "5" is catastrophic. Part
IV consists of several selected construction accident factors categorised according to the Ishikawa diagram: Man, Machine, Materials,
Method, Management and Environment. Respondents were required to rate the scale of influence for each factor based on the Likert
Scale form with a rating from 1 to 5, which represents "1" as a lack of influence, "2" as a small influence, "3" as an average influence,
"4" as big influence and "5" as a very big influence. The questionnaire was distributed through social media platforms such as LinkedIn,
Facebook, Telegram, WhatsApp and Twitter.

RESULTS AND DISCUSSION
Demographic Information

In this study, the total number of respondents was 44. Most respondents are male (82%), and most have 5-15 years of experience
working in the construction industry. In terms of age, most respondents (43%) are in the range of 31 to 40 years old. Based on the
survey, 48% of the total respondents have a bachelor's degree, and 30% of respondents have a diploma or equivalent in terms of their
educational background.

Covid-19 Standard Operating Procedure

Since the study was conducted during Covid 19 outbreak, workers in the construction industry need to adapt to the additional
standard operating procedure. So, this study also took the opportunity to explore workers' perception of the mentioned procedures
using the five Likert scale, as shown in Table 1. Most respondents agreed that the standard operating procedure required to comply
by construction personnel during working activities could cause risk to the workers. This study found that 44.12% of the respondents
agreed that the limitation of workers' capacity to 60% might cause manpower shortage and increase the worker's tiredness. 32.35%
of the respondents agreed that the requirement for workers to wear face masks while doing vigorous tasks might cause breathing
difficulty. 35.29% of the respondents agreed that wearing a face mask together with other PPE such as safety goggles might cause
visibility problems as goggle get misty. Meanwhile, 47.06% of the respondents agreed that the pause of physical training or online
training is ineffective; thus, workers are incapable of working efficiently due to a lack of training. However, most respondents (35.29%)
do not have an exact opinion on whether to agree or disagree that a physical distance of 1 meter between employees could increase
the difficulty for workers to complete the task as construction project delivery requires practitioners to collaborate with each other at
the construction site. Findings show that complying with COVID-19 standard operating procedure during working at a construction site
could cause risk to the workers.

Table 1 Perception of workers with Covid-19 Standard Operating Procedure

Percentage (%)

Description .Strongly Disagree Neutral Agree Strongly
Disagree Agree
The limitation of workers' capacity to 60% might cause 8.82% 11.76% 20.59% 44.12% 14.71%

manpower shortage and increase the worker's tiredness.
Physical distancing 1 meter between employees
increases the difficulty of completing the task as construction 5.88% 23.53% 35.29% 29.41% 5.88%
project delivery requires practitioners to collaborate with each
other on the construction site.
Wearing face mask while doing vigorous tasks might 5.88% 17.65% 29.41% 32.35% 14.71%
cause breathing difficulty.

Wearing face masks and other PPE such as safety 8.82% 11.76% 20.59% 35.29% 23.53%
goggles might cause visibility problems as goggles get misty.

Workers are incapable of working efficiently due to a lack 5.88% 2.94% 26.47% 47.06% 17.65%
of training or inadequate online training.

Types of Accidents and the Likelihood and Severity

Table 2 shows the respondent's agreement toward the likelihood and severity of the accident type in the construction industry.
Falling objects and slips, trips and falls are the types of accidents agreed by 52.9% of respondents to be most likely to happen, followed
by the accident of falling from height (47.1%). However, sunstroke is not the most likely accident to occur in the Malaysian construction
industry, although the outside temperature (sun) is considered high compared to other countries. Referring to the severity column in
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Table 2, accidents such as falling from height and electric shock may cause fatal (which is agreed by the majority of respondents);
meanwhile, falling objects and slips, trips and falls may cause serious injury.

Table 2 Likelihood and severity of accident types

LIKELIHOOD: Frequency (%) SEVERITY: Frequency (%)
ACCIDENT , . Most .
TYPES Inconc Rem Conceiv Possi Likely Negl Mi Ser Fa Catastr
eiv-able (1) ote (2) -able (3) ble (4) (5) -gible (1) nor(2) ious(3) tal(4) o-phic (5)
Falling 1 2 2 13 16 0 1 9 18 6
from height (2.9) (5.9) (5.9) (38.2) (47.1) (0) (2.9) (26.5) (52.9) (17.6)
Electric 1 6 7 13 7 0 1 12 19 2
shock (2.9 (17.6) (20.6) (38.2) (20.6) 0) (2.9) (35.3) (55.9) (5.9)
Falling 1 3 2 10 18 0 3 20 8 3
objects (2.9) (8.8) (5.9) (29.4) (52.9) 0) (8.8) (58.8) (23.5) (8.8)
Slips, trips 1 1 2 12 18 0 10 19 4 1
and falls (2.9) (2.9) (5.9) (35.3) (52.9) 0) (29.4) (55.9) (11.8) (2.9)
Struciitggg 1 2 6 14 1 0 4 13 13 4
moving objects (2.9 (5.9 (17.6) (41.2) (32.4) (0) (11.8) (38.2) (38.2) (11.8)
Getting
caught in or
between 1 1 9 15 8 0 4 14 14 2
moving or (2.9) (2.9) (26.5) (44.1) (23.5) 0) (11.8) (41.2) (41.2) (5.9)
stationary
objects
Sunstroke 2 7 11 8 6 1 15 13 4 1
(5.9) (20.6) (32.4) (23.5) (17.6) (2.9) (44.1) (38.2) (11.8) (2.9)
Exposure 2 5 11 9 7 0 7 14 7 6
to chemical (5.9) (14.7) (32.4) (26.5) (20.6) (0) (20.6) (41.2) (20.6) (17.6)

Types of Accidents and the Risk Level

Table 3 shows the risk level of each accident type. The likelihood and severity of the accident are obtained from the highest
percentage in Table 2. Then, based on the value, the risk level is calculated. The result shows that falling from height recorded the
highest risk level which is 20, as most of the construction tasks entail high-altitude activities such as working on a building's rooftop or
repairing and installing wall tiles on the building's exterior surfaces [4]. Falls are classified into 11 categories which are falls from stairs
or steps, falls through existing floor openings, falls from ladders, falls through roof surfaces, falls from roof edges, falls from scaffolding
or staging, falls from building girders or other structural steel, falls while jumping to a lower level, falls through existing openings, falls
from floors, docks, or ground level, and other non-classified falls to lower levels [5]. Previous research shows that out of all falling from
height accidents, 28.36% fell from the outer surface, 19.39% fell from a building, and 11.33% fell from stairs [6]. In Malaysia, falls are
a significant source of accidents, with 1042 incidents per year on average [1].

Getting caught in or between moving or stationary objects and getting struck by moving objects have the same high-risk level
which is 16. This type of accident is more likely to occur as most construction activities involve machinery and vehicles like lifting
equipment, crane, truck, etc [7]. In most cases, these two accidents have a high probability for the victim having severe injuries if
she/he was not killed [8]. Most struck-by accidents occurred when a truck or dump truck was reversing, which might result in a fatality
if the reverse alarm was tripped [8]. Getting caught in between the trucks could cause amputation or death [8]. Result also shows that
electric shock accounted for 16 risk levels. 38.2% of the respondents agreed that electric shock accidents have a good chance of
occurring, even not usual in the construction industry. Even though the likelihood is only possible, once it occurred, 55.9% of the
respondents agreed that electrocution could cause fatality. Electrocution could cause serious burns, nerve and muscle damage, stop
the heart and which lead to death [9]. This is because, in construction sites, the electricity voltage is very high as it usually comes from
power lines, telecom lines, etc.

However, slips, trips, and falls, and falling objects recorded the highest percentage of most likely accident types to occur in
construction, with 52.9%. The study shows that 80% of slips, trips and falls incidents involve running, walking, machine maintenance,
turning on and off machinery, and repairing and handling materials [10]. 55.9% of the respondents even agreed that slips, trips, and
falls could only cause serious injury instead of fatality. This accident could cause a broken bone, amputation, or other serious injuries.
Therefore, the risk level of slips, trips and falls is 15. 58.8% of respondents agreed that falling objects could also cause severe injuries
like head injuries. The majority of incidents caused by falling objects happened during form assembly or disassembly (21.71%), product
manufacture or handling (12.51 %), loading or unloading (11.43 %), and worker transportation (10.44%) [11]. These are the typical
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work activities in the construction site. For example, falling on sharp objects could cause severe head injuries without proper personal
protective equipment like safety helmets [12].

Table 3 shows that the risk level of chemical exposure is 9. Construction workers are exposed to various chemical threats at the
stage of design, construction and use of the building [7]. Construction works use various raw materials produced from potentially
harmful substances. The potential chemical risk could be directly from the materials used at the building site or during the production
of composites, such as clinker and dust from cement production [9]. Painting is the most common task that exposes workers to
chemical hazards. Workers are exposed to resins, solvents, and pigments containing chemical agents that could pose risks if they
contact the human body [13]. This accident rarely occurs, but it could happen anytime in the future. However, 44.1% of the respondents
agreed that it could cause serious health disorders. Exposure to chemicals could cause severe burns, respiratory problems or
poisoning. A study showed that it would not cause fatality but permanent disability like organ damage or congenital disabilities [13].
Heatstroke or other health hazards associated with hot climates like heat cramps and heat exhaustion are not very common in Malaysia
[14]. 44.1% of the respondents thought working under Malaysia hot weather in construction sites could cause minor injuries to the
workers. This is because they are only exposed to heat cramps like hyperthermia, heat exhaustion like fatigue and collapse without
causing permanent disability [14]. Thus, data shows sunstroke is the least critical type of accident with a risk level of 6.

Table 3 The risk level of each accident type

Accident Types LIKELIHOOD (L) SEVERITY (S) RISK LEVEL (L x S)
Falling from height 5 4 20
Getting caught in or

between moving or 4 4 16
stationary objects

Get‘tmg st‘ruck by 4 4 16
moving objects

Electric shock 4 4 16
Falling objects 5 3 15
Slips, trips and falls 5 3 15
Exposure to chemical 3 3 9
Sunstroke 3 2 6

Factors of Accidents

Based on the Ishikawa diagram, the factors of construction accidents were further explored. The finding shown in Table 4, non-
compliance workers (in Man row) and bypassing the safety control system (in Method row), are the "very big" influences on accident
occurrence. Workers tend to violate construction rules, regulations or other requirements for self-comfort [12]. Certain workers consider
the safety control system to complicate the task or process [12]. Therefore, workers tend to bypass the control system so that work
can be done faster. Machinery defects or errors and improper working procedures are the second highest factor with 25%. When
workers use defective equipment, they risk themselves. In most cases, warning light damage is one of the most critical defects as the
machine could go wrong without warning [15]. Every task in a construction site comes with a proper procedure. However, most of
accidents happen when workers choose to complete the job without following the provided procedure [15]. Other factors are lack of
awareness and experience among construction personnel, machinery lack of inspection and terrible tidiness of workplace which
recorded a high percentage of "very big" influence with 18.18%. Besides, a certified person should inspect machinery and maintain it
[15]. Machinery with even the slightest damage should not be used. This is because it will also cause risk to the workers. 36.36% of
"big influence" shows that providing insufficient training (see Management row) to the workers also could be the main cause of
accidents [16]. This is because, without training, workers have less knowledge on how to perform the task, which could lead to an
accident if the task is performed incorrectly [12]. On the other hand, season and atmospheric conditions shown of "small to lack of
influence". These two factors are considered unimportant when considering Malaysia's weather [14]. The poor health state of workers
(in Man row) only have a "small influence" with 43.18% of respondents agreed.

Table 4 Scale of influence for each factor (in Percentage)

The Scale of Influence (Percentage) to Accident

Area Factors . BN Small Average Big Yery
influence big
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Lack of awareness and experience among

) 6.82% 15.91% 271.27% 31.82% 18.18%
z construction personnel

= Poor health state of workers 9.09% 43.18% 29.55% 13.64% 4.55%
Unqualified workers 6.82% 29.55% 27.27% 20.45% 15.91%
Non-compliance workers 9.09% 13.64% 25.00% 25.00% 27.27%
w Machinery defect or errors 4.55% 25.00% 31.82% 13.64% 25.00%
% Machinery lack of inspection 9.09% 20.45% 22.73% 29.55% 18.18%
< Age of machinery 6.82% 20.45% 38.64% 18.18% 15.91%
= Lack of guarding or safety features 6.82% 22.73% 29.55% 27.27% 13.64%
Delayed maintenance of machinery 11.36% 22.73% 29.55% 22.73% 13.64%
g Use of dangerous materials 6.82% 20.45% 38.64% 20.45% 13.64%
E , The use of substitute materials 2.21% 31.82% 40.91% 18.18% 6.82%
= Low-quality of construction materials 9.09% 20.45% 38.64% 18.18% 13.64%
Improper working procedures 6.82% 15.91% 27.27% 25.00% 25.00%
'”adeq“ate:;js;Ziisona' BRGE 6.82% 18.18% 36.36% 22.73% 15.91%

(=]
?_: Product handling mistakes 9.09% 22.73% 22.73% 31.82% 13.64%
= Bypassing safety control system 6.82% 13.64% 29.55% 22.73% 27.27%
Inadequate accident prevention method 6.82% 20.45% 31.82% 29.55% 11.36%
Inadequate special safety meeting 9.09% 22.73% 40.91% 18.18% 9.09%
= Delayed hazard elimination 2.21% 27.27% 25.00% 34.09% 11.36%
% No safety and health officer 11.36% 34.09% 25.00% 18.18% 11.36%
2 Inadequate safety warning signs 6.82% 34.09% 38.64% 15.91% 4.55%
E Lack of inspection by safety committee 9.09% 22.73% 40.91% 20.45% 6.82%
Lack of continuous training provided 6.82% 20.45% 29.55% 36.36% 6.82%
E Season 20.45% 25.00% 38.64% 11.36% 4.55%
< Atmospheric conditions 20.45% 25.00% 38.64% 9.09% 6.82%
é Unsafe work location 9.09% 18.18% 25.00% 31.82% 15.91%

S
@ Terrible tidiness of workplace 9.09% 11.36% 25.00% 36.36% 18.18%

Correlations Between Type and the Factors of Accidents

Spearman's rank-order correlations were run to examine the relationships between the type of the accidents and selected
factors of accidents, as shown in Table 5. The result shows that most factors positively correlate with falling from height. Data indicates
a moderate positive correlation between lack of awareness and experience among construction personnel, non-compliance workers,
product handling mistakes, inadequate special safety meetings, delayed hazard elimination, and terrible tidiness of workplace with
falling from height. Data also shows a strong positive correlation between improper working procedures and bypassing safety control
systems. Next, falling objects also has a positive correlation with several factors. Findings show a moderate positive correlation
between non-compliance workers, delayed maintenance of machinery, inadequate use of personal protective equipment, bypassing
safety control system, and delayed hazard elimination with falling objects.

There is also a strong positive correlation between lack of awareness and experience among construction personnel,
improper working procedures, product handling mistakes and terrible tidiness of workplace with falling objects and moderate positive
correlation between improper working procedures and terrible tidiness of workplace with slips, trips and falls. Construction worksites
are very common in disorganised environments, and terrible tidiness of the workplace could increase the risk of falling objects and
slips, trips, and falls [10]. Therefore, good housekeeping is very crucial to minimise these accidents from happening. The study also
found a moderate positive correlation between inadequate use of personal protective equipment with getting struck by moving objects
and delayed hazard elimination with getting caught in or -between moving or stationary objects. There is also a moderate positive
correlation between machinery defects or errors, the use of substitute materials, improper working procedures, and bypassing safety
control systems with chemical exposure. In most cases, the use of substitute materials was meant to reduce the cost of materials but
substituting with lower-cost chemicals without considering the effect or the characteristics of the chemical could increase the risk of
chemical exposure [17].
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Table 5 Correlation between likelihood and subfactors of accidents

Getti
. ng
L|ke:j|hci: Getti  caught
odo . )
idents Falli Elect Falli Slip ng 'n or Expos
Fact . s,trips struck  between Sunstr
ng from ric ng and b movin oke ure to
ors height shock  objects falls mov);ng o g chemical
ors objects stati;nar
objects
tackol - 038 gag 2% 0B o510 02 0095 0.188
awareness 2 3 9
and
experience
< among 2'01 0.336 :(3).00 70'07 0.170 0.141 0.541 0.223
= construction
personnel
Non- o0 o3 2% D oars 020 ooz 0.146
compliance
workers 8'03 0.164 ?'04 g'12 0.154 0.194 0.855 0.346
Machine 5'27 0.171 10'25 20'20 0.176 0.171 0.017 0.325*
ry defect or
errors 3'06 0.268 8'10 70'18 0.254 0.268 0.913 0.031
[<})
= Delayed 0.12 0130 03 012 o202 0431 0.085 0.143
S maintenanc 7 0 0
= e of 0.41 0.401 004 048 5189 0308 0.583 0.355
machinery 0 1 7
The use 2'24 0.076 8'23 8'19 0.200 0.180 -0.071 0.334*
of substitute 0.10 011 0.21
materials 8 ' 0.625 7 ' 7 ' 0.192 0.244 0.649 0.027
Imprope 4,?,;40 0.117 9?;42 02'37 0.131 0.115 0.064 0.320*
r working
procedures ? 00 0.450 2'00 :? 01 0.395 0.459 0.681 0.034
LT 2 0.287 L 009 o190 0244 0.171 0.231
ate use of 4 2 6
personal
protective 2'05 0.059 10'01 2'53 0.216 0.111 0.268 0.131
- equipment
o
% Product 32'34 0.227 49,:42 2'23 0.082 0.220 0.205 0.250
= handling 0.02 000 042
mistakes 3' 0.139 4' 2' 0.595 0.152 0.182 0.102
e 041 0.086 0.30 019 o157 o151 0.004 0.332*
ng safety 9 7 1
conirol 000 g 581 004 021 g0 0328 0.982 0.028
system 5 3 4
Inadequ 0.33 0.296 025 016 0309 4g 0.203 0.265
ate accident 2 4 2
prevention 0.02 0.09 0.29
method 8 0.051 6 9 0.042 0.242 0.186 0.082
=3¢t Inadequ 0.31 0.22 0.08
% e e . 1* 0.235 9 4 0.086 0.188 0.071 0.133
64 journal.ump.edu.my/cst «



Sukadarin et al. | Current Science and Technology | Vol. 02, Issue 1 (2022)

2 0.04 0.125 013 059 o8t 0221 0.646 0.389
meeting 0 5 0
Delayed 22'35 0.249 7‘,’;34 8'19 0093 034 0.037 0.297
hazard
elimination 8'01 0.104 10'02 2'19 0549 0022 0.811 0.050
Terrible 22'32 0.211 2?,;40 2?;37 0495  0.160 0.080 0.167
tidiness of
workplace 303 0.170 ?'00 30'01 0204  0.300 0.606 0.279

**Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed).

CONCLUSION

It can be concluded that the most to the least risky types of accidents ranking are falling from a height, falling objects, slips, trips,
and falls, getting caught in or between moving or stationary objects, getting struck by moving objects, electric shock, exposure to
chemical and sunstroke. Eight subfactors are found to be the most critical causes of accidents, while three subfactors are the least
important. Results also found that falling from a height, falling objects, slips, trips and falls, getting struck by moving objects, getting
caught in or -between moving or stationary objects, and chemical exposure has a positive correlation with several factors of the
accidents. As construction is one of the most high-risk industries, safety precautions should be continuously applied. The number of
accidents should be minimised by keeping implementing and improvising safety elements at the construction site. In addition, as this
study's findings show that complying with COVID-19 standard operating procedure could cause risk to construction workers, safety
measures should be taken to avoid accidents. Without a doubt, managing occupational safety and health risk in the construction
industry is not easy. With a new thread (Covid-19), the tasks are now becoming tougher. So, everyone involved with the job at any
construction must work together to ensure workers in the workplace are protected from harm. More research is warranted to explore
the existing safety measure further, and whether the current techniques are still effective or require further modification must be
checked and validated.
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