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EVAL
UATION OF OCCUPATIONAL SAFETY RISK FACTORS IN BUILDING
CONSTRUCTION PROJECTS

Mamman, Ekemena Juliet,
Department of Quantity Surveying,
The Federal Polytechnic Bida,
Niger state, Nigeria

Okigbo, Ndefo Olushola,
Department of Quantity Surveying,
The Federal Polytechnic Bida,
- Niger state, Nigeria
Oke, Abdulganiyu Adebayo,
Department of Quantity Surveying,
Federal University of Technology Minna,

Niger state, Nigeria

Abstract

~ The inability of construction operatives’ to recognize and respond to hazards in rapidly

changing and unpredictable environments hath led to the occurrence of high injury rates

on construction site. The aim of the study is to evaluate the risk level of safety risk factors

in building construction activities. Purposive sampling technique was used to distribute

the questionnaire to construction professionals in Abuja. Risk prioritization number was

used to analyse the risk level of hazard in building work items, result revealed that

~ installation of electrical work, roof work, and installation of lift had the highest risk level
~ withaverage risk scores of | .48, 11.01, and 10.74 respectively. Evaluation of safety risk
" factors was conducted for the top three riskiest work items, result revealed that fall from
! iﬁgb level, electrocution /contact with electricity and collapse of building structure were
the most common accident type With average risk score of 1123, 1023and 8.46
s pectively. It was concluded that different work operations have different magni}ude of
hazards and the levels of risk associated with them. It was recommended that different
L should be applied in controlling health and safety risks across building work
s and accident prevention measure should be provided for worker in order to control
erable risk on site. The study will serve as a guide for experts who want tc{ carry out
sment on their site and will help constructionpractitioners in identifying the

a speciﬁc construction work item on site.
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Safety Risk Factorg in Construction

Mihic (2020 goc...
Outcomes, wh)ic(:,e::y c:u::ﬁ?rds a5 some degree of events which have the potential
Accordin 210 Kale and 1 Cf‘f)ccls to’lhc.safcty and wellbeing of construction workers.
Components; the p robab‘:l'mban (2020) risk is normally defined as the combination of two
Or consequences of ': 'ty or frequency of a defined hazard occurrence and the severity
of occurrence of ap °,d“md oceurrence. Probability is defined as the likelihood or rate
While Severity is :0: eent or hazards in a specific period of time (Hallowell et al., 201 7).
Severity may be. d i ln.cd o the magnitude of the outcome of an accident or hazards.
' organisation op & c~°>‘-7"bcd I terms of numerically in terms of money impact to the
fatality Gale lll‘lm or in terms of degree of injury such as medical case, lost work-time,
S Well e al., 2017). Researchers have constantly calculated safety risk using
quation (1), which express the quantity of risk as the product of probability and severity
(Baradan & Usmen, 2006; Hallowell & Gambatese, 2009; Hallowell et al., 2017).
Risk value is expressedas: R=Px S ' (1)
Where P = Likelihood of occurrence.
S = Potential severity of harm.
In this study the two independent components of risk (probability and severity) will be
compared, quantified, analysed and ranked.

Literature Review on Safety Risk Factors on Construction Sites
This section investigated several studies on the various hazard types that causes
occupational accident in building construction projects. Baradan and Usmen (2006)
conducted a study on occupational injury and fatality on building trades and identified
Ironworkers, roofers, electricians and masons as the most dangerous building trades.
Hallowell and Gambatese (2009) quantified construction safety and health risks and
findings revealed that fall to lower level, toxic exposure, struck by object, caught in and
. transportation were the top safety risk. The causes of occupational accident was analysed
by Gurcanli & Mungen (2013) and findings revealed that the major causes of accident in
construction projects were fall, struck by thrown/ falling o§jcc(s, building structure
collapse and exposure to electricity. Gurcanli er al.' (2015) Studied an activity-based risk
assessment for residential building construction pmjef:ls and revealed that fall from height,
anual handling hazards, struck by fling/falling objects, were the most critical hazards
:;d the most dangerous work activities were reinforced concrete work, excavation, and
Blectrical wo;kl.aCk of adequate attention to safety measures on construction sites was
prs od ¢ al. (2016) and discovered that injury while handling materials/objects,
studied by U l;; mm als/objects, slips and trip on objects and caving in of excavation
° accidents type that occurs on sites. Bilir and Gurcanli (2016)

mjury while |
were the most common

w - 7k
-
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§
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determined activity-based accident frequencies in building construction projects, findiy, g5
revealed that roof, reinforced concrete and excavation, were the most hazardous activitie,
and fall from height, struck by falling object, building structure collapse and contact wm;
. electricity were the frequent causes of accident in construction activities. Accidents i,
building construction sites was examined by Orji et al. (2016) and acknowledged thy
equipment injury, stepping on sharp object and falls from height were the most frequen,
accidents encountered on construction sites. Timofeeva er al. (2017) assessed the
professional risk in construction, findings revealed that electric and gas welders,
bricklayers, concrete workers, carpenter are constructional occupations with greatest
occupational risks. Occupational health and safety risk level of building construction
trades was assessed by Okoye (2018), and acknowledged that masonry, roofing and iron
bending are trades with high risks and fall from height and manual handling activities were
the most impactful safety risk factors in building trades. A flexible method of building
construction safety risk assessment was designed by Ghousi et al. (2018), findings showed
Struck by falling objects and fall to lower level were the critical hazard in building
construction projects in addition the most dangerous building trades were structural steel,
excavation and building facade. Liang er al. (2021) evaluated safety risk of construction
in China and findings revealed that fall from high place, pit collapse, object striking
‘accident, electric shock and fire were the most common accident types. From the literature
reviewed it can be observed that researcher have identified several hazards that exist on
‘construction site and suggested measures to minimise accidents, but there is no specific
.study that evaluated the risk level of safety risk factors in building construction projects
in Abuja, by performing an activity risk assessment for each work items.

s(ructuned questionnaire was designed to determine the riskiest work items and to

truction projects. The questionnaire was split into two divisions. Section A covered
hackground and general information concerning the respondent, and section B asked

sondents to rank the severity and probability of safety risk factors across building
truction sites. Purposive sampling technique was used to distribute the questionnaire.
» . population consisted of Project Managers, Health and safety managers, Sit¢
‘hitects, Quantity surveyors and safety officers in Abuja. Respondent opinion
based on their knowledge and experience on the severity and probability of
tems and the risk level of safety hazards of the most risky work items in
ion rojects. A Likert scale of 1 to 5 was deployed, as presented in table
onnaires were retrieved representing a response rate of 41.67% out

70
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Table 1 Lik
W’Ww determine the level of Probability and Severity
(Likelihood) Dezcrption Scale  Severity
Never fi - (Cansequence)
Unlikely st aﬁd injuries only and/or minimal impact | Insignificant
Pussiie Wr |n1}sries and/or short-term impact 2 Minar
' Liksly SGnnus injuries and/or significant impact 3 Maderate
izt Fatalties and/or major short-term impact & Major
Large number of fatalities and/or major long- § Catastrophic

term impact

Source: researcher's field work 2021

Data Analysis

'n?c .d.m ,f°' the study was analysed using risk prioritization number (RPN). Risk
prioritization number is used to compute the degree of risk score which determines the
level of risk which are obtained by multiplying the probability and severity columns
(Workplace Safety and Health Council 2011). A further classification of the risk is carried
out using the risk matrix. The risk matrix shows the numeric rating which is used to
compare the RPN to attain the level of risk for a particular work item as shown in Table

2.

Table 2 Risk Matrix for Likelihood and Severity showing numeric rating

Frequent  Almost

Rare Remote  Occasional
mmm\ (1 (2) 3) 4) certain (5)
Severity
"“Catastrophic (5) 5 10 15 20 25
Major (4) 4 8 12 16 20
Moderate (3) 3 3 : ;2 18
2
Minor (2) 5 S 3 g

Negligence (1) 1
Source: Workplace safety and health 2012

The total risk level of
related to each activity
 (which ranges O 0 Council, 2011).

' grgq‘me Safety

g o
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construction activity is the summation of construction hazards
(Zolfagharian et al., 2014). Total risk level was classified into
ories when using the risk matrix as; high (which ranges from 12 - 25), medium
m 4 - <12) or low (which ranges from 0 - <4) in accordance to the

71
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, Results and Discussions

Analysis of Respondents’ Profile

This. section discloses the respondents’ profile by exploring their gender, educationg]
qualification and working experience. Table 3 presents the data collated in respect of this
Table 3 revealed that 22.5% of the population sampled were female, while the 77.5% o}
the respondents were male. 95% of the respondents had educational qualification of
HND/B.SCIB.TECH and above, signifying that the respondents are competent to provide
mle\nfm data for the study. Only 12.5% of the respondents had less than Syears working
experience, while about 55% had over 10 years’ experience, it can be acknowledged that
the respondents could be considered well qualified for the study.

Table 3 Respondent’s Gender, Education Qualification and Work Experience

Parameter Frequency Percent (%)
Gender
Female 9 225
Male 31 77.5
Total ' 40 100
Qualification
. ND 2 5.0
HND/BSC/BTECH 25 62.5
MSC/MTECH 8 200
\H'D 2 5.0
Others. : 2
‘Working Experience
U 5 125
13 325
11 27.5
5 12.5
6 15.0
40 100.0

 of Riskiest Work Items in Building Construction Projects
srmined the riskiest work items in building construction projects, a5

safety risk assessment of the common work activities for bu}ldins
ts. Result revealed that installation of electrical work had the highest
ith an average risk score of 11.48. Roof work was second with an

7
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average risk score of | 1.0

: OL. Installas ! o :
score of 10,74, s allation of 1ift was third in position with an average risk
shows that 16 out t;dscapmg had the | >

) f the | 1€ least with an average risk score of 2.80. The result
. projects are medijum risk w-i’tl?‘:t;?s 94.12% of the work items in building construction

erable acceptable level risk.
Table 4 Risk Assessment of
S  Work Ttems

work items in building construction projects

N Construction, eruldlig tSycvcri :).:"ikeliho g’;‘; ﬁs‘( | lklan
; mlcx:i:on of clectrical works  3.79 3,03 11.48 M::ium 1
5 nstruction 341 323 1101  Medium 2
2 sﬁ:atl?n of lift 378 284 10.74 Medium 3
= Concr::a steel work 3.63 2.95 10.71 Medium 4
L e work 289 279 8.06 Medium 5
g hln.g work 2.95 2.54 7.49 Medium 6
b echanical works 305 24 gLy Medium 7
o Xcavation work 2.88 2.53 7.29 Medium 8
Masonry work 276  2.64 7.29 Medium 9
10 Finishing work 256 25 6.40 Medium 10

Source: Researcher’s ficldwork 2021

Evaluation of Safety Risk Factors in Building Construction Projects

This section presents the evaluation of eighteen safety risk factors identified in literature,
for the top three most risky work items (installation of electrical works, roof work and
- installation of lift) in building construction projects using the 5x5 Risk Matrix approach

as shown in Table 5 and 6.
Table 5 presents the evaluation of safety risk factors of the top three risky work items
sampled. In the installation of electrical works: were contact with electricity; Contact with
~ underground lines; Manual handling of machine/tool hazards were the potential hazards
 with risk score of 14.64, 8.77 and 8.69 respectively. Traffic / transportation accident was
| the least with risk score of 3.00. In roof works; fall from height; Building/structure

At

collapse: fall to lower level were the potential hazards with risk score of 13.47, 12.06 and
5 ) %lmm ively. Contact with underground lines was the least with risk score of 2.39.
3 flﬁﬂriiﬁ’i‘hsmlaﬁon: fall from height; contact with electricity and equipment accidents were

" the potential hazards with risk score qf 12.9, 10.10 and 9.40 respectively. Contact with

k levels of Safety Risk Factors of Riskiest Work Items in Building

4 o g

Electrical Roof Work Lift

f

SRI PRO RS _ SRI PRORS SRI PRO RS
2.14 5.09 3.45.2.79 961 3.50 2.52 8.80

'ﬁl:n”bjws 2“_33 260 7.36 4.00 337 13.47 433 297 12.86

73
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Safety Risk Factors Electrical ___ RoofWork T
T SRI_PRORS _SRI_PRO RS _SRI PRO RS
. I.88 167 3.13 208 1.77 367 283 159533
Fallio e : 226 244 552 355 287 1020 3.17 260 8.0
same level 216 229 494 290 2.11 6.10 167 213 355

Collapse of building structure 2.92

: din 92 231 673 445 271 12.06 2.8

g:gt-wm/vemc}e accidents 2.68 2.60 6.94 3.03 230 6.95 3.6?7 %gg 333

Struckhit by moving vehicles 2.25 1.88 423 224 155 345 200 168 335
anual handling of material / 3.00 2.90 8.69 295 2.80 852 ;

gachiwtool&usageh 8 3.33 2.36 7.88
ectrocution/ Contact with 3.90 3.76 14.
electricity 464 276 2.17 598 4.17 242 1008

ontact th l 3. 2-5 8. Ia 0 1-41 . Ll . .

Underground  cavities/pits 1.94 1,70 329 220 1.44 3.16 283 1.72 488

collapse

Traffic accidents/ 1.81 1.66 3.00 1.70 1.56 2.65 1.67 1.90 3.17
. Transportation

Exposure to Noise 243 234 5.69 239 242 5.77 1.83 252 4.6
Exposure to Fire 3.03 271 8.19 2.13 203 432 3.00 220 6.60
Caught in between 2.57 2.64 6.80 277 187 5.17 3.17 233 7.39
objects/material

Exposure 10 harmful 2.33 236 5.52 2.08 1.83 382 325 2.08 6.77
substance

Overexertion/ strain 264 260 685 246 250 6.14 225 2.90 6.53

Source: Author’s fieldwork (2021)
Notes: RS: Risk Score; RL= Risk Level; R=Rank; L=Low; M= Medium; H= High

A further investigation was carried out to determine the average risk level of the safety
risk factors for the most risky work items as shown in Table 6, result revealed that f;ll
from high level was ranked first with risk score of 11.23. Elcctrocgtign/ Contact with
electricity was ranked second with risk score of 10.23. Collapse of building structure was
ranked third with risk score of 8.46, while manual handling_of qmtenal / Machine/tool 8;,
usage hazards and fall to lower level are ranked 4™ and 5™ with risk score of 8.36 and 7.9%

respectively.
Table 6 Average Risk Level of Safety Risk Factors for Top Three Most Risky Work
- Items

Safety Risk Factors /Work tems Electrical Roof Lift  Average Risk Level :zank
Fall from high level S :102233 : 2
Elgctracution/ Contact with electricity 14,54 s.sana[i :1:: iz .
Collapse of building structure B.73 12, :

74
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* Manual handling of
usage hazards material / Maching/tog § 869 852
788 838 M §
Fall to lower level
Struck or it by alling gbjects S& 1020 823 793 o 5
Equipment / vehicle accidents o 43 AR N ;
Overexertion/ strain :;g gf Ll . 1
E:f:: 2 :‘“‘F‘:'“" objects/materia B8 5P ’E;: E‘Z"s " ;
re to Fire ' :
‘ BE 4% g8
:::sura to chemical /harmful substance 5.52 38 BT :g : ::]
i ;l:‘:atn ansle 569 N M 12
: same level 494 BID 355 4868 M 13
antact with lines underground 8.m 238 24 482 M 4
ﬁm -ins ' 313 367 535 405 M 15
nderground cavities / pits Collapse 328 316 488 378 L 16
Struck or hit by mnvln'q vehicles 423 345 335 388 L n
Transportation /Traffic accident 300 265 3 284 L 18
. DISCUSSION OF FINDINGS

Result revealed that out of the ten common work items, findings from risk assessment
revealed that the work item with the greatest medium risk level is installation of electrical
works with medium risk score of 11.48, This outcome agrees with the findings Baradan
and Usmen (2006); Timofeeva er al. (2017) and Ghousi er al. (2018) who identified
electrical work as high-risk trade in construction. Roof construction work was identified
' second, with medium risk score of 11.01. This is in agreement with Baradan and Usmen
(2006) and Okoye (2018) who identified roof work as a trade with susceptible frequent

risk occurrence in construction. Installation of lift was the third most hazardous work item

in building construction projects with risk score of 10.74. This is in line with Ghousi ef al.
(20i8) who acknowledged lift installation as a work activity that presents approximately

. | isk in a project.
j{ RlO- 22n ::::leuz:lnnos:safetypr:ﬁacwrs for the most risky work iteu'ls.. nc.sult revealed
S I high level was ranked first with risk score of 11.23. This is in agn.c?mcm
- anli and Mungen (2013); Gurcanli et al. (2015); Udo et al. (2016); Bilir and
2016); Orji et al. (2016); Okoye (2018) and Liang ef al. (2021) who identified
; j.ll as one of the major causes of death on construction sm:.jsj
 + with electricity was ranked second with mean score of 10.23. This

(2016) and Liang et al, (2021) who identified clectrocution as &

rk site. Building structure collapse was ranked third with risk score

| - Jine with Gurcanli and Mungen (2013) and Bilir and Gurcanli (2016)
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