Journal of Cardiovascular Disease Research

ISSN:0975-3583,0976-2833  VOL7,1ISSUE04, 2016

AHuman-CenteredRiskModelfortheConstructionSafety
Ajith kumar®, Arul C? B.Manoharan® and M. Jeganathan’
L2 Assistant Professor, Department of Civil Engineering
Nehru Institute of Technology
*Professor ( Tenure ), PMIST, Vallam, Thanjavur.
“Associate Professor,Designed Environment and Research Institute (DEAR Institute) Trichy- 621 213.
erarul@gmail.com, jegann1978@gmail.com

ABSTRACT

The paper aims at quantifying the human errors in the construction work and analysing theirpotential
impact on the construction accident. It proposes to analysis the risks in the construction safetywith the
human reliability analysis (HRA) method. The paper adopted a fuzzy Bayesian network (BNN)approach to
incorporate the cognitive reliability and error analysis method (CREAM), which is one of therepresentative
HRA method, into the construction safety analysis. This fuzzy BNN was developed into ahuman-centered
risk model. The model used the intuitionistic fuzzy sets (IFS) to represent the expert’sjudgment and
generated the probability distribution by the mass assignment theory. A case study on
thefireaccidentintheconstructionofXiamenMetroLine2inChinawasprovided. Themodelhasprovedto be able
to analysis the construction accident from the human factor perspective and elicit
meaningfulquantificationresults.

Key wordsCognitivescience,construction,humanfactor,safetymanagement.

INTRODUCTION

Theconstructionindustryisconsideredasoneofthemost significant contributors to the Gross Domestic Prod-
uct(GDP)formostindustrializedanddevelopingcoun-tries [1]. In China, the GDP from building construction
was6180.8billionRMBIin2018,whichaccountedfor6.87%ofthetotalGDPofthewholeyear[2]. Inthefirsthalfof
the 2018, there were 85933 Chinese construction enter-prises taking construction activities. The number of
Chineseconstruction industry employees was up to 4.4 million overthe same period. However, the large
demand of new hous-ing construction comes up with the increasing risks to theconstruction safety. The
construction worker may take riskybehaviour in the practical operations and these
behaviourscaneventuallyleadtothecatastrophicaccidents[3].
Aseriesapproacheshavebeentakentoassessandmanage the risks in the construction safety. For
example,Tam et al. [4] identify the weaknesses in the safety manage-ment for the construction project.
These weaknesses includebut not limited to the poor safety awareness, the lack
oftrainingandsoon.ZouandWang[5]takeabroadviewonthe risks in construction projects and emphasizes on
the riskmanagement strategies. The work of Shao et al. [6] revealsthe accident pattern for the building
construction and coversaspects such as the timing and the geographic condition forthe accident. To
manage the potential risks in the
safetyconstruction,moreadvancedapproachessuchasthebuildinginformation  modelling(BIM) [7], 8],
unmanned aerial vehi-cle(UAV)[9],[10],etc.,havebeenproposedandappliedin practice. The general trends
in the construction safetyanalysis that revealed in these studies includes the accessand analysis of the huge
data [7], [11], the collaborationsand interaction between human and machine [9], [12] thecomprehensive
evaluation over both spatial and temporalinformation [7] and so on. All these studies have deepened
theunderstandingofrisksassociatedwiththeconstructionwork.Nevertheless, it remains certain critical issues
for analysingrisksinconstructionprojectthatneedtobeanswered.(Vasanthy and Jeganathan 2007, Vasanthy
et.al., 2008, Raajasubramanian et.al., 2011, Jeganathan et.al., 2012, 2014, Sridhar et.al., 2012, Gunaselvi
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et.al., 2014, Premalatha et.al., 2015, Seshadri et.al., 2015, Shakila et.al., 2015, Ashok et.al., 2016,
Satheesh Kumar et.al., 2016).

A.  POSSIBILITY-PROBABILITYTRANSFORMATION

As described in the last subsection, there is a structural dif-
ferencebetweentheprobabilityandthepossibilitymeasures. The probability has fully taken advantage of
the algebraicstructure of the unit interval. The uncertainty described by theprobability is additivity. For
example, in a system constitutingof identical independent components, the probability for anevent as one
component being failure and its complementmust add up to one. Also, the failure probability of the
systemincreases with the number of components in it. By
contrast,thepossibilitymeasuresusetheunitintervalasatotalorder-ing.  Still taking the system and its
components as an exampleithe possibility of the system failure is equal to the
failurepossibilityofonecomponent.To fuse the uncertain information from the two differentresources, it
IS necessary to adopt an automated reasoningprocedure. In this study, the mass assignment theory has
beentakentotransformthepossibilitytotheprobability[17]. The crucial idea in the mass assignment theory
is offering anormalised fuzzy subset A of theand generating a family ofprobability distribution o In this
distribution family,
eachdistributioncorrespondstosomeredistributionofthemassesassociatedwithsetstoelementsofthosesets.

B.AWARENESSANDBEHAVIOROFWORKER
Another major risk influencing factor concerned in the con-struction safety study is the safety awareness

and safetybehavioroftheconstructionworker[3],[4],[31]. Thework-
ers’awarenessandbehaviorcanbeaffectedbyvariousfactorssuchasthecompanysize[35],themanagementmeth
od [36], the safety program [37], the supervision

[38]andsoon.Nevertheless,anapparentlimitinthesestudiesis the lack of exploration on the cognitive
process of theworker [39]. By contrast, there have been numerous HRAstudies on the cognitive model of
operator’s safety percep-
tionandbehavior[16].IntheCREAM,thehumanerrorisanalyzedbasedonthefourmajorcognitiveprocessesas
observation/identification, interpretation, planning/choiceand action/execution. The cognitive analysis in
the
CREAMbhelpstorevealthemechanismoftheoperator’sbehaviorandoffersaninsighttothehappeningoftheaccid
ent.Asaresult,the use of the CREAM BNN in construction safety wouldmuch deepen the understanding
of the worker’s perceptionandbehavior.

CASESTUDY

To infer the probability distribution for the construction acci-
dent,itneedstheexperttooffertheCPTvalues. Toeasethe difficulties in offering the large amount of
probabilities,the noisy-MAX model [41] is adopted here to help expertsmake their own judgements. The
noisy-MAX model is thegeneralization of the noisy-or gate [42], which assumes thatall the causes in the
net are independent to each other andeach of these causes can lead to the effect independently.Thenoisy-
MAXextendsthisassumptiontotheparentnodeswith multi-valued (non-Boolean) domains. CASESTUDY
In this section, a numerical example is presented using theproposed fuzzy BNN CREAM approach. This
example  refersto  the  construction accident  happened in  the tunnelling  pro-
cessoftheXiamenMetroLine2(XML2)inXiamen,Fujian,Chinain2017.
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. CONCLUSIONANDFUTUREWORK
Inthisstudy,ahuman-centeredriskmodelwasdevelopedforquantifying the HEP and the probability of the
accident inthe construction work. The approach is based on the a fuzzyBNN version of the CREAM that
models the PSFs’ effectson the human error and the construction accident. To
buildthemodel,itstartswithcollectingtheexpert’sopinions. Theexperts have to offer their own judgements
of the PSFs’effects.Thesejudgementsarerepresentedasthemembershipdegree for different fuzzy sets in
each PSF. In this process,with introducing the concept as IFS, the uncertainties in theexpert’s judgement
are considered from both the objectiveand the subjective perspective. The expert’s judgements
areadjusted with combining the uncertainty into the membershipdegree. The adjusted results, which are the
possibility distri-butions to the fuzzy sets, are firstly convert to the MA andthen to the probability
distributions. These prior probabilitydistributionsofPSFsareinputintotheBNNforinferences.(Manikandan
et.al., 2016, Sethuraman et.al., 2016, Senthil Thambi et.al., 2016).

In the risk model, the structure of the BNN follows thedefinitions in the CREAM, which determines the
humanerror with nine PSFs. Also, each reasoning process in
theCREAMistransferredintoalocalBNN.Eventually,aBNNmodelling the PSFs’ probabilistic influence on
the humanerror can be achieved. To adapt the BNN to analysis thescenarios in the construction accident,
two
modificationshavebeenmade.Firstly,thePSFastheworkingconditionisgivenamuchbroaderdefinition. Inthisd
efinition,allthe mechanical, physical and environmental factors
havingdirecteffectsontheconstructionsafetyareconsideredastheworking condition. Secondly, beside the
unintentional humanerror,theviolationisconsideredasanothertypeoftheunsafeact of the construction worker.
In the model, the violation isdefined as the deliberate deviations from the safe operation inthe construction
and should be evaluated
separately.However,therearealsocertainlimitationsinthisstudyandfutureworkshouldbeperformed:
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