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Abstract

Background: Mining industry is known worldwide for highly risky and hazardous working
environment. Technological advancement in ore extraction techniques, for proliferation of
production levels has further enhanced concern towards safety for this industry. Research so far
in the area of safety has revealed that majority of incidence in hazardous industry takes place
because of human error, which if can be controlled then safety levels in working sites can be
enhanced to considerable extent.

Method: Present work focuses upon analysis of human factors like unsafe acts, preconditions for
unsafe acts, unsafe leadership, organizational influences, adopting modified Human Factor
Analysis and Classification System (HFACS) and an accident predictive Fuzzy Reasoning
Approach (FRA) based system is developed which can predict chances for occurrence of
accidents with analysis of factors like age, experience of worker, shift of work etc., for
manganese minesin India.

Results: The outcome of analysis indicated that skill based errors are most critical and requires
immediate attention for mitigation. FRA based accident prediction system developed gives
outcome as indicative risk score associated with identified accident prone situation, based upon

which asuitable plan for mitigation can be devel oped.



Conclusion: Unsafe acts of the worker are most critical human factor identified to be controlled
on priority basis. Significant association of the factors namely age, experience of the worker and
shift of work with unsafe acts performed by the operator is identified based upon which FRA
based accident prediction mode is proposed.

Key words: FRA, HFACS, mining safety, risk assessment



Safety of Workers in Indian Mines: Study, Analysis and Prediction

Abstract

Background: Mining industry is known worldwide for highly risky
and hazardous working environment. Technological advancement
in ore extraction techniques, for proliferation of production levels
has further enhanced concern towards safety in this industry.
Research so far in the area of safety has revealed that majority of
incidence in a hazardous industry takes place because of human
error, which if can be controlled, then safety levels in working sites
can be enhanced to a considerable extent.

Method: Present work focuses upon the analysis of human factors
like unsafe acts, preconditions for unsafe acts, unsafe leadership,
organizational influences, adopting modifieslduman Factor
Analysis and Classification System (HFAC&)d an accident
predictive Fuzzy Reasoning Approach (FRA) based system is
developed which can predict the chances of occurrence of
accidents with analysis of factors like age, experience of worker,
shift of work etc., for manganese mines in India.

Results: The outcome of the analysis indicated $kat based
errors are most critical and requires immediate attention for
mitigation FRA based accident prediction system developed gives
an outcome as indicative risk score associated with the identified
accident prone situation, based upon which a suitable plan for
mitigation can be developed.

Conclusion: Unsafe acts of the worker are most critical human
factors identified to be controlled on priority basis. A significant
association of the factors, namely age, the experience of the worker

and shift of work with unsafe acts performed by the operator is



identified based upon which FRA based accidentiptied model

is proposed.

Key words: FRA, HFACS, mining safety, risk assessime

1. Introduction

Mining industry exists with well recognized fact b&aving most
arduous working environment where safety and heaftithe
worker engaged is always a prime concern. Mininfgtgahas
always drawn attention of researchers working ia fleld of
health and safety. The metal and mining indusfryndia has
recorded a strong expansion in the recent pastexiectation of
India to become the second-largest steel produair 12015.
Production volumes have also grown steadily over years -
during the period 2007-2015 [1-8]. Therefore mamganmining
and sudden enhancement in its production levels gavminated
increased concern with safety scenarios in mines/eNheless,
adverse working conditions and technological adearents
cannot solely be blamed for incidences taking piadbe working
sites. Patterson [9] conducted study in Queenslandsidering
accident data for quarry, open cut coal mines, igrdend coal
mines, open cut metal mines and underground meirasrand
revealed that irrespective of the mine type skiisdéd errors

performed by the operators is the major cause @fié@mces took



place between 2004 to 2008, indicating the needratyzing the
mining accident with human factors perspective imdidn
environment also. The accident analysis in the guesvork is
done by the adoption of the modified HFACS framewoHFACS
is an adaptation of reasons’ swiss cheese modehcoident
causation. The Human Factors Analysis and Claasific System
(HFACS) is a general human error framework oridindeveloped
and tested within the U.S. military as a tool fovastigating and
analyzing the human causes of aviation accider®ts (Ane of the
major lacuna in the model developed by Reasonsis dgstematic
categorization of the errors. HFACS addresses msgstematic
and detailed classification of human errors in flewels and many
sub levels, as shown in figure 1 below. Originaldelodeveloped
by (Wiegmann and Shappell 2003) includes 19 carsgtagories of
errors, but the framework modified by [9] for theugtralian
mining industry includes 21 causal categories,udiclg outside
factors triggering unsafe consequences. This frarkews an
investigation model which enables the identificatiof human
factors involved in any occurring/recurring unfaatole incidence.
It is believed that faulty management and work ticas, faulty
traits of the workers can be effectively controligith an efficient
safety management system. This can ultimately durié towards

a considerable reduction in incidences/accidents @d in the



development of safe working environment. Since 88ftthe
incidences takes place because of human error, d€€ause of
operating machine related issues and 2% because aft of God
[11]. HFACS has primarily adopted for aviation istiy [10 12-
21]. Slowly the importance of the framework cateaedi adopted
in other fields like analysis of marine accider2® 23], medical
industry [24] etc., to identify the common human stakes
committed during any surgical process, the contidiouof human
errors towards any marine mishap etc. Application tiois
framework is not evident specifically in the arelansanganese
metal mines, although for the mining industry insfralia for coal
and metals similar kind of framework was develop@d In year
2011 another research was carried out, utilizirggabcident data
related to underground and surface operations iningi in
Australia, to understand the human factors involhied the
accidents and to magnify the impact of ill decision
policies/regulations, leadership lacunas in theaoization that
eventually develops accident scenarios [25]. Sindest research
[9] conducted with same database the prime focus wpon the
level | and Il of HFACS, means the factors relat@dharp end in
the industry, later [25] the focus was shifted uplom level 11l and
IV, issues related to leadership practices, orgaiumal factors,

outside factors etc. Fuzzy based model is evidetet resolving



issues related to data uncertainty, vagueness rapdeciseness
[26-29]. Application of Fuzzy based approach in #rea of risk
and safety has gained significant importance in riéeent past
since the data related to safety, accidents etiigisly uncertain
and vague in nature. Analysis of such data andirdbtaa robust
and reliable outcome for critical issue like safeag always been a
challenge which is resolved evident in the numbércases
adopting this approach [30-32]. [33] Proposed aridyt-AHP
approach for the assessment of risk level in Waderkil depot.
The criteria considered to evaluate risk level gsia fuzzy
approach areonsequence, exposure frequency of occurrgdé
Has applied fuzzy TOPSIS for risk evaluation in thalian
sausage making industry. [35] Adopted fuzzy logictunneling
construction site for assessment of risk. [36] BPsag Fuzzy
FMEA approach for risk assessment, the outcome hottwis a
fuzzy risk priority number computed based uponecidt like
occurrence (O), severity (S), detection (D). [3ipgdsed a hybrid
model of set pair analysis (SPA) and fuzzy logieatty for real
time risk assessment for storing of flammable gasan outcome,
deviations from the safety levels related to haZaatiors like gas
leakage, pressure of gas etc. can be timely assasskaccidents
can be predicted and prevented.[38] Proposed furzk

assessment model for the construction industry. pragposed



model is a hybrid model with QFD, fuzzy ANP (forigitization

of hazards), and FMEA. Risk assessment in uncertain

environments using triangular fuzzy numbers givesten and
reliable results as the uncertainty and vaguene®alata can be
managed with a fuzzy approach [39]. [40] Proposéazay based
generalized risk assessment model that can beedloptspective
of industry type. Input parameters considered is thodel are
expenses in the health care, expenses in the s#afatying,
expenses in up-gradation of process related ta{penses on
safety equipment and tools. Output parameters ecglent that
does not cause any disability and does not invalwe lost work
days, an accident that caused lost work days 414.droposed a
Fuzzy AHP risk assessment model for assessmerislofirr the
industries where the environment is hot and hufredtors that are
considered for assessment of risk were working, kerorand
environment with ten sub factors to evaluate theelleof risk
adopting the trapezoidal fuzzy AHP technique an@ra®utcome
safety index is evaluated. Risk and safety aresasskeusing this
approach specifically in mining industry also anditcome
obtained is considerable in deducing significanthobasions
related to safety levels in mines. [42] Evaluatedlth and safety
levels in underground mines in Kerman coal depasitsan, using

fuzzy TOPSIS. Altogether 86 hazards with 8 hazaatbgories



were identified. Hazard categories identified wgee-mechanical,
geo-chemical, electrical, mechanical, chemical, iemmental,
personal, and social, cultural and managerial risk&3] Proposed
fuzzy based risk assessment approach in which cmdlmutput of
FRA and FAHP is considered to evaluate the levelriek
associated with hazard factors. Criteria for riskaleation
identified areconsequence of severity, level of exposure, frexyuen
of occurrenceand hazard factors identified aggpound movement,
winding in shaft, transportation by machinery, miaehny other
than transportation, explosives, electricity, dgat [44] Proposed
FRA based risk assessment model for metal mindsdm, for
cause-wise and place-wise identified hazard facfdeg proposed
fuzzy based risk assessment model outcome of wilich risk
score, for the assessment of worker safety. [46pgsed fuzzy
based risk assessment approach outcome of whictidsated with
the outcome of conventional method of risk assessine. rapid
ranking method (RRM), adopted majorly in the Indiarining
industry for broad brush risk assessment. RRM tsanmbust tool
for assessment of risk, since it is complex, alwegkulations
needs to be started from scratch so time takingtiraoous
involvement of experts with immense experience @raghy more
lacunas is identified by the author. But the pragbapproach is

found to be suitably working for the case of minindustry with



robust applicability in other industries also. Téadsting literature
related to the application of fuzzy based approscisehighly
indicative towards suitable adoption of same foe fhroposed
model. Present work focuses upon analysis of mimiogdents
with the perspective of involvement of human fastas a
precursor to mishaps using modified HFACS framework
Accidents are coded as per the following categpnamely unsafe
acts of operators, preconditions to unsafe actafenkadership,
organizational factors and outside factors, whiake #urther
classified into 21 categories for detailed asseasn&uccessively
an accident prediction fuzzy based model is proposeredict the
possibility of occurrence of mishaps based upomofac namely,
age of the worker, experience of the worker, gimitngs in which
worker will be working. Since the research emphesizipon
human based factors leading to accidents; this@tes the need to
understand the chance of mishap based upon falikersage,
experience of worker etc., considering their padbsgib as

underlying reasons inducing error making behavi@rooperator.

2. Method

2.1 Data

The accident data reports, summary sheets, nasateferred for

analysis is gathered from one of the major mangane®



extraction central government undertaking compayiy 4
mining sites in Maharashtra and 6 mining sites sdkla Pradesh
in India. Accident data spanning 1985 to 2015 ferred to the
analysis with a total of 119 case histories. Amtimese 17 cases
were found partially documented so those were diech and
remaining 102 cases were finally considered. Fer dhcidents
leading to fatalities the reports were retrievednfr Directorate
General of Mining safety, since such reports weitenstted to the
central body in consideration of the severity a¢ thutcome. The
forms and reports referred were in standard foranat uniform as
required by DGMS. Considered data combines botlengndund
and opencast mines.

2.2Coding Process

One human factors specialist along with three seabexperts
having nearly forty years of experience in the stdp analyzed,
coded the cases and categorized human factorse 8iece was
one rater the consensus classification was deemet@iate for
the analysis and the concern regarding inter natiability was
insignificant. Incidences were analyzed for eactegary of the
HFACS framework for coding.
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Figurel. Modified HFACS Framework




3. Outcomeof HFACSanalysis

Table 2 describes the details of causal factors.figguency of the
cases may add up to more than 100% since one madaight be
associated with more than one causal category.xfscted, the
maximum contribution to the unsafe incidence isnegised due to
unsafe acts of operator followed by preconditioois insafe act
and accordingly unsafe leadership and finally oizmional

influences. As far as outside factors are concemedaase is being
identified to be held because of outside factotd,this could be
because of insufficiency in data compilation since&annot be
concluded that outside factors did not influence tkafety

conditions of the mining sites at all.

Table 2 Frequency of cases associated with caodal categories

HFACS Category Frequency N
(102)
(%)
Outside Factors
Regulatory Influences
Other Influences 0
Organizational Influences
Organizational Climate 4 3.9
Organizational Process 5.8
Resource Management 3.9
Unsafe Leadership
Inadequate supervision 23 22.5
Planned Inappropriate Operations 8 7.8
Failed to Correct Known Problems 3 2.9
Supervisory Violations 2 1.9
Preconditions for Unsafe Acts
Environmental Conditions
Technical Environment 38 37.2
Physical Environment 22 21.56

Conditions of the Operator




Adverse Mental State 4 3.9
Adverse Physiological State 4 3.9
Physical/Mental Limitations 2 1.9
Personnel Factors
Coordination and Communication 18 17.6
Fitness for Duty 10 9.8
Unsafe Acts of the Operator
Routine Disruption Errors 66 64.7
Decision Errors 52 50.9
Perceptual Errors 4 3.9
Violations 6 5.8

3.1. Unsafe Acts of operators

This category is realized to be one of the majantrdoutors in
mishaps, since in 66 cases routine disruption &6 cases
decision errors, 4 cases perceptual errors andcasés violations
are found responsible. For comprehensive and swsiem
classification, each of the subcategories of unsats is further
categorized. Attention failure, postural errorgcétlical errors etc.
included under skill based errors similarly infotroa processing,
risk assessment and situational assessment isdettlwnder
decision errors; violation of usage of personal tertive
equipment (PPE), procedural violation included undelation
nanocodes and finally mis-judgement, visual anditand errors
were included under perceptual error nanocodes. ot
prevailing acts of the operator identified is théetion failure
(23.53%), followed by procedural (decision) errdis4.71%),

technique errors (12.75%), situational assessmeEn7Z8%) and



risk assessment (9.8%). Since from the outcomehefHFACs
analysis, it is realized that unsafe acts of operatve gained
maximum importance, therefore unsafe acts werdestud detail
in order to understand whether unsafe acts perfbrimg the
operator gets influenced by factors like age of thEerator,
experience of the operator time of shift in whitle toperator is
working, place where operator is working and categd work
assigned to the operator. The results for the samgiven in table
[3-7] below. It is noticed that in the undergroumihing category,
out of 66 incidences 35 incidences are found toobeurring
because of skill based errors; in the same catef@rincidences
out of 52 incidences have occurred because of idacgsrors; out
of 4, 2 incidences are found to be occurred dugdreptual
errors, finally out of 6 incidences 2 were foundo®moccurred due
to violations performed by the operator. In simikay other tables
can be interpreted. It can be noticed from theildetanalysis that
skill based errors is on top priority, followed kbigcision errors,
leaving dominant impact upon all the factors coasad below. In
any of the categories of working skill based erramgl decision
errors are on top priority similarly in any of tkhift timing, with
any age and experience of the worker most commaafenact
performed leading to any incidence is skill basedreand

decision based error.



Further, an attempt is being made to understarttieife is any
significant association between two top prioritysafe acts with
below to discuss the factors, since perceptionsvasidtions have

not shown considerable contribution towards mishaps

Table 3 Unsafe Acts (Category of working)

Category of working Skill based Decision Perceptual Violati
errors errors errors ons
Underground mining 35 13 2 2
Underground filling 4 8 0 1
Opencast mining 2 6 0 1
Opencast transportation 3 4 0 1
Opencast 13 11 1 0
mechanical/electrical
Ore cleaning floor 0 0 0 0
Surface working 0 0 0 0
Worker others (field 9 10 1 1
man)

Table 4 Unsafe Acts (Shift of working)

Shift of Skill based Decision Perceptual  Violation
working errors errors errors S
General 22 16 2 2
| shift 28 19 2 4
I shift 11 13 0 0
[l shift 5 4 0 0

Table 5 Unsafe Acts (Place of accidents)

Place of Accidents Skill based errors  Decision errors Perceptual error¥iolations
Stopping Area 32 23 0
Tramming Road 3 13 0

2 0 0
Ore Cleaning Floor 4 12 0
Other Transportation Road 21 0 4

0 2 0




Stores 1 0 0
Above Ground 3 2 0

Table 6 Unsafe Acts (Age of worker)

Age of Worker  Skill based errors  Decision errors Perceptual error¥iolations

18-32 15 13 2 0
33-47 36 26 1 3
48-60 15 13 1 3

Table 7 Unsafe Acts (Experience of worker)

Experience of Skill based Decision Perceptual Violatio
Worker errors errors errors ns

1 month-lyear 7 13 0 3
1 year-5 year 14 11 1 0
6 year-10year 17 11 2 3
11 year -20 year 19 9 1 0
Above 20 years 9 8 0 0

To develop a fuzzy based predictive system for dmsus,
preliminary step is to identify input variables.e€lde variables are
identified based upon the outcome of the signifteartesting
performed to identify the significant associatioetvieeen the
factors age, experience of worker, shift of worlategory of
working, place of work and unsafe act performedthry worker.
So that the predictive model to analyze the facthaving
dominant association with unsafe acts and robustome related
to risk level can be obtained and considered fer daveloping
intervention strategies. The association betweategory of

working andunsafe acts performed by the operatifound to be



insignificant [P test= 0.027 (Ptes< P,) Ns]. Followed by testing
for significant association betweshift of workingandunsafe acts
performed by the operatoroutcome is significatft X2 ;cqr =
7.815 and X2, = 1.306, P 1est> P, i.€ P, = 0.727]. Thereafter,
other factors like place of working, age of worlegrd experience
of workers are tested to identify existence of gigant association
with unsafe acts. The outcome obtained respectilglace of
work is insignificantlyP test< .001i.e Prest< P,] associated with
unsafe acts of worker,age of the worker is found ke
significantly{ X2.;4icqr = 5.991 and Xf.ee = 0.241  and
Prest0.886 > P, associated withunsafe acts performed by the
operator, lastly experience of the worker is found to be
significantly [X2;icq = 9488 and  XZ2.,,u = 4.776 and
Prest0.311 > P, associatedunsafe acts performed by the
operatorSince unsafe acts of the operator is found to henba
significant association with shift of working, agd# worker,
experience of worker, therefore FRA based accigeptiction

model is devloped considering these as input factor

3.2 Preconditions for unsafe acts

Preconditions for unsafe acts is further classifiedto
environmental (physical and technical envionmerdperators
condition and personnel factors. Mining industrmcgl ages is

known for its dynamic and difficult to work in, einenmental



conditions. Issues concerning with illuminationntzation etc. has
been a hurdle in maintaining safety at the worksitechnical
environment factor is found responsible in 38 cassmditions,
maintenance and operations related to tools andpregnt
(36.85%) is identified as mostly responsible forsinaips and
standard operating procedures and risk assesst@beq), since
the mines are semi mechanized so issues relateot ttomplying
or violating SOP’s are very less in number and mjosk
associated with faulty machines are assessed tiarelyhandled
cautiously. Under physical environment, weather ailso an
important factor, but it has not contributed to raager extent in
leading mishaps. Since, rainy season is most hather
environmental condition for mining industry and cfieally for
open cast mines. During this season mining sits gedtwned
which obstructs working. Interaction of such hapasl site and
workers is made limited that helps in prohibitinceidents, using
pumps water is removed from the site till then ssiege not
accessible for working.

The physical environment is found responsible in @&es.
Surface/road conditions (27.27%) followed by vikipi(18.18%)
as expected is found to be dominant. The insigaificontribution

of ergonomics is also identified since the mineg @&emi



mechanized so uncomfortable, unsuitable man machiamcting
workplace or faulty workplace design is not noticed

Condition of the operator is found responsible @hcases. Still, it
is a very important factor to be considered, siageoperator with
poor mental health will definitely underperform thkeesk which
might lead to unsafe consequences and also poalugtiaity.
Physical/mental limitations and adverse physiolalgicstate
(40.02%) was noticed to be on the priority as asahtactor for
accidents under this category. Under the categofy o
physical/mental limitations the learning abilitynitations found to
be responsible to greater extent followed by cionlibased
respiratory issues, rest of the factors were nosicierably noticed,
since height, weight, hearing capability, visiostseare done prior
to joining of the worker which they have to cleaamdatorily. If
the worker eventually develops during his work dimyitation,
then the worker is assigned light duty for exampiegdical
attendant on site, peon in office, store etc.

With analysis, personnel factor is found respomsibl28 cases. It
was found that the contribution of communicationdan
coordination (64.29%) is on topmost priority, falled by fithess
for duty (35.70%).

3.3 Unsafe leadership



The role of the leader is to provide adequate ingiand guidance
to the team members to perform any task/operatftniently,
safely. In absence of adequate leadership or Ishgeviolations
etc. unwanted consequence can come into exist€hecategory
is further categorized into inadequate leadersBbh56%) major
causal factor in the incidences followed by planimeppropriate
operations (7.84%), failure to correct known profsg8.21%) and
leadership violations (5.38%). As expected leadprsiolations
are noticed with a minimum contribution of. Undee tcategory of
inadequate leadership, training (39.13%) relatedas have shown
major contribution. At times it happens that lekant adequate
training is given to the worker to perform the tasikere are a
variety of trainings mandatory to work on minindgeslike when
any SOP changes training is required, refreshémiriga etc. or
vice versa the worker does not have competencgaim] this can
also create problems related to unsafe working renment.
Safety oversight (30.4%) having second highest rimiriton in
mishaps. It is identified from the analysis thafeba regulatory
requirements were still not set, still the operat@s permitted to
continue with working, which lead to mishap. Thealtier that is
used to provide roof support in underground minas bertain
specification which has to be followed, the matesizding in any

situation should not be used for movement of the @& well as



material together, no matter how heavy cap-lampebas are, it
has to be carried in underground. If any kind ofiatgon is

noticed in following such practices, an efficieaatler should take
immediate action to avoid any mishap. This in sainthe cases is

noticed to be missing, leading to issues relateshtety oversight.

It is noticed in emergency circumstances, certaugigions are
taken which are unconventional during normal
situations/operations. To execute such decisionthi# plan
formulation is poor it will never be executed inend manner,
which is also realized from the analysis. Majorsauactor under
planned inappropriate operation (PIO) is impropektor work
plan (50.28%) followed by the work assignment (256)
nanocode. If blaster is not available and theeniemergency then
any worker who has not done blasting before migivehassisted
in blasting cannot be assigned with the task ostliig or any
driver who has never operated or drove heavy eartlving
machinery before, but has been driving jeeps/amicela on site
should not be allowed to drive loaders, dumpersgtip under
emergency conditions. Anyone who is in job rotatimd has
handled such machinery can be assigned tasks denmgggency
situation to avoid accidents. If an improper wodsignment is
made then that might lead to unfavorable eventadérsship

violation is found negligibly responsible. Anothaference can be



drawn from this is, leadership violation might haven
responsible, but not documented or reported tocovee with
drastic after effects upon the employment factothef personnel
responsible or vigilance inquiry issues.

3.4 Organizational Influences

In total 14 cases, organizational factors werendbvesponsible.
Organizational process (42.64%) is identified as ttominant
factor. Irregular reporting is found to be creatisgues in the cases
analyzed. Time pressure and short of staff areroidhentified
important causal factors. As far as outside factwesconcerned,
these were not identified in analyzing cases. Onth® reasons
could be documentation provided for analysis didigscribe any

outside factor responsible in mishaps.

4. Fuzzy reasoning approach (FRA)

As discussed in previous sections, if there exastg significant
association between factors like age of the worlgace of
working, shift of working, experience of the workeategory of
working, then an FRA model that can predict theeleof risk
associated with the given situation (combination above
mentioned factor for example prediction of riskdeif “a worker
of age 27, with one year of experience, workinghind shift i.e.
night shift in underground’ So that once the risk level can be

predicted with a given situation and if consideeakikk level is



reflected than some changes like in a time of warkplace of
work or nature of work can be done and the levelisk can be
rechecked and finally the allocation of work cannfiede. This can
enhance preparedness against unsafe consequendesatn
working environment can be developed and maintainedture.

The outcome of the significance testing indicatedvards a
significant association between unsafe acts ofatbeker with the
age of the worker, shift of the work and experieatéhe worker.
Considering the same and with the help of threeeggmhaving 40
years of experience in this field a fuzzy rule bés@repared to
develop in the inference engine so that risk leael be assessed.
Fuzzy set can be defined as: A fuzzy subset A ahiaerse of
discourse U is characterized by a membership fon¢ti U— (O,

1) which associates with each element u of U a ruml§u) in the

interval (0, 1) which represents the grade of mestbp of u in A.

The fuzzy set Aof U =ul, u2 ..... u, will be dézub 26]

n
A= z Ha up)/u; = Z Ha (up
i=1 t

WhereX stands for the union.

A fuzzy number can be demonstrated with an examgpl¢he
triangular fuzzy number given as

A, (' .t",t",) and can be interpreted as [43]



Haa(x) = 0, x<t,

x-t, t,<x<tm,

m |
ta' a

t', - X t", < x < tY,
tY,- t7,
0, X > tY,

\

The proposed FRA model is developed using MATLABIB2a,
Fuzzy Logic tool box. FRA model is used where oalysmall
portion of the knowledge (information) for a typigeoblem might
be regarded as certain or deterministic. FRA masleleveloped

with the following steps:

4.1Fuzzy Inputs

Fuzzy inputs need to be crisp numerical value édito the
universe of discourse of the input variable. Thgrde to which
input belong to appropriate fuzzy sets is decidatbugh a
membership function which is one of the criticaps in deciding
and defining inputs. The output is a fuzzy degreenembership

between 0 and 1.



4.2 Application of fuzzy operator

Once the inputs are fuzzified, the degree to wieiabh part of the
antecedent is satisfied for each rule is identifi€de output is
always a single truth value, but if there is mdrant one part in the
antecedent, the fuzzy operator is applied to get mummber that
representing the result of antecedent, of that wkleeh is applied

to the output function.

4.3Implication

To shape up the consequent implication method igliexh
Implication occurs for each rule, the number given the
antecedent is the input for implication. Each rudes got a weight
which is applied to the number given by the antenedNormally
it takes 1 and it does not affect the implicatiorogess, this
number may be varied time to time from 1 in ordemeigh one

rule relative to another.

4.4 Aggregation

All the fuzzy set representing the output of eade s combined

to single fuzzy set. Aggregation occurs once focheautput



variable. The input of the aggregation processhis list of
truncated

Output functions returned by the implication pracés each rule.
The output of the aggregation process is one fisstyfor each

output variable.

4 5 Defuzzification

The input given to the fuzzy reasoning systemrispe similarly
the output is also expected in crisp form. The »afication
process gives crisp form of output. The aggregatput fuzzy set

is the input for this step and output is the citspature.

5. Application of FRA model

For present case the FRA model is of three inpatsane output
type [figure 2]. The inputs to the system are threemelyage of
the worker experience of the worker, shift of wakd the output
is risk level.Firstly the input parameters need to be definedh wit
gualitative descriptors and membership functiorBelow given
are the yardsticks developed defining qualitatiesadiptors in

detail [table 8].
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Figure 2 FRA model for risk assessment



Table 8. Yardstick for input and output parameter

Qualitative descriptol

ExperieraféNorker

Description

Parameter

Fresher

Minimum

Average

above average

Maximum

1 month -1 year

1 year - 5 year

6 year- 10 year

11 year - 20 year

above 20 year

Trapmf [0 0 0.5 1.5]

trimf [0.5 1.5 2.5]

trimf [1.5 2.5 3.5]

trimf[2.5 3.5 4.5]

trapmf [3.5 4.5 5 5]

Agf Worker
Qualitative descriptol Description Parameter
Very young 18-27 years trapmf [0 0 0.5 1.5]
Young 28-37 years trimf [0.5,1.5,2.5]
Middle aged 38-47 years trimf [1.5 2.5 3.5]
Aged 48-57 years trimf [3.5 3.5 4.5]
Oldest 58 years and above trapmf[3.5 4.5 5 5]

Shoftwork



Qualitative descriptol Description Parameter

General 8:00am - 4:00 pm trapmf [0 0 1 2]

| 6:00 am - 2:00 pm trimf [1 2 3]

Il 2:00 pm - 1:00 pm trimf [2 3 4]
1] 10:00 - 6:00 am trapmf[3 4 5 5]

Risk level

Qualitative descriptol Description Parameter
Low Risk is acceptable trapmf [0 0 3 4]
Possible Risk is tolerable but should trapmf[34 6 7]

be further reduced if cost-
effective to do so

Substantial Risk must be reduced if it is trapmf [6 7 9 10]
reasonably practicable to di
o]
High Risk must be reduced safe i trapmf [9 10 12 12]

exceptional circumstances

Fuzzy inference is the actual process of mappioghfa given
input to an output using fuzzy logic. Once the inisugiven to the
inference system, then it is mapped with the rdéss into the
system and then as an outcome a defuzzified oigpggnerated.
In present case there are three input parameters kaving
different number of qualitative descriptors bas@druwhich the

number of rules is decided. 88 rules are develapelde database,



there should have been 100 (5 X5X4) rules, based gpalitative
descriptors of input parameters, but few rules vdgsearded based
upon insignificant logic like a fresher can’'t beXf years of age or
a middle aged person can't be a fresher or a veuny worker
can't have 20 years of experience. Such rules atelagically
correct. With such screening the rule base is dgeel and system

is tested.

6. Resultsand discussion

Present work demonstrates the causal factors ingémesis of
mining accidents using the HFACS framework. Total Gusal
categories are reviewed to assess an incidence aiith to
highlight the dominant participation of the humarog including
latent conditions leading to unacceptable consempidike a
mishap. The results are indicative, thesafe actausal factor was
observed to be responsible in maximum number oéscad/hen
this category was analyzed in detail with respectactors like
category of working, place of accident, age of worlexperience
of worker, shift of work; skill based errovgere found to be having
a dominant impact andge of worker, experience of worker, shift
of work having significant correlation witbnsafe actperformed
leading to accidents, followed bgecision errorson second
priority in all the cases discussé€autside causal factorsyere not

found to be contributing in accidents, but thissloet signify that



these factors are dormant. It can be an outcomgaonfially
preserved data/insufficient records pertainingeigutations or any
other influences. Based upon the findings of HFAMS, model is
proposed that is found to be working satisfactotdyidentify the
level of risk associated with the given situati@amsidering the age
of worker, experience of worker, shift of work aput factors and
risk level associated with the situation as outptlie accident
statistics indicated the age group, the experiestale performing
unsafe acts in certain time of work. The trend egg utilized to
test the model and predict the level of risk. Ttidzde, the input
given to the model is fresher in the category giezience, very
young in the category of age and general shiftQ@fn to 4:00
pm) as the time of work, then risk level obtainedLi8 which is
low level (with reference to the yardstick for ris&vel given
above). The outcome obtained as expected. Therdhkeshift
timing was changed to Ill (10:00 pm to 6:00 am) aistk level
came out to be 5.4 i.e. possible. This can bepnéged as, if this
worker is to be assigned work then being the wogk&esher and
very young, it can be avoided to give him immedjatd shift,
since this might develop accidental scenarios. I8ty a reverse
case is tested with this model i.e. the levelisK if the worker is
middle aged with average experience of 5 to 10syaad assigned

to work in 1l shift, then level of risk is 9.15 wdh is high, so it



should be avoided to allocate such worker under ghen
circumstances in lll shift. In such cases the idmahbination of
worker having experience between 1 to 5 years aryoung with
age between 27 to 37 years can be allocated dutisgift since
the risk levels coming out with FRA model is 4.2.ilow.
Similarly, many such input combinations can beetgstnd suitable
allocations of the workers can be made to contnglate working
environment. This way accident inducing situatiooan be
predicted in advance and prevention can be takeordiagly.
Further, to control the errors performed by therafme or worker,

following recommendations in organizational froahde made,

1. Provision for repeated training modules for workésthe
time of employmentnitial vocational trainingalong with
refresher training within a suitable span to upgrade
workers’ skill set with changing technology and iy
with changes in jolspecial trainingshould mandatorily be
given to workers.

2. Effective supervisionof work to avoid cases of non-
compliance to standard operating procedures.

3. Use of latest devices or personnel protective eqeig
with proper demonstration/training for the usagetie

workers.



4. Mechanization of selected activities like ore ciegnon
OCF (Ore cleaning floor).

5. Deployment of advanced transportation machinerigh w
provision for rear view camera.

6. Automatic coordination of movement of man and mater
winding instead of manual coordination and
communication (Observation: The conventional befima
system is presently followed).

7. Mechanization of manual loading activity of ore.

8. Provision to maintain better illumination and véatton

levels in underground workings.

—

9. Safety week celebration to sensitize workers witle
importance of safety and develop safety minds emth
10. Quality of the materials like timber for supporkpéosives
with appropriate shelf life, shaft winding rope .estiould
be retained as per the standard since it direftécts the
safety levels in worksites.

11.The human tracking machine shall be used in undergt

mines.

7. Conclusions

The work presents detailed analysis of mine acts&deacurred in
underground as well as opencast manganese mindadia.
HFACS framework is adopted to perform the analyarsd
significant findings are obtained. Based upon thdifigs a FRA



model is proposed to assess the risk level witlivangsituation

and modify the same if found critical. The outcoofi¢he research

work is highlighted below:

1.

Unsafe actsof worker found to be most critical factor in
developing accidental scenarios in mining siteshwat
maximum contribution oskill based errorgperformed by
the workers.

Underground mining approach, stopping area, | shuft
work, worker within the age group of 33-47 years avith
6-10 years of working experien@ge most critical to be
considered in developing intervention strategies.

Faulty behavioral traits, organizational lacunasdicated
as outcome of HFACAS analysis can be consideratdur
to develop mitigation plan and intervention straegfor
the industry.

Age, Experience of the Worker and Shift of Woals a
significant correlation with unsafe acts performed
ultimately leading to accidents.

A Fuzzy Reasoning Approach based risk predictiodemo
proposedcan be adopted by the safety analyst to predéct th
risk associated with a given situation and perfaask

allocation accordingly to prevent hazardous outcome

Present work demonstrates a noble approach toansk safety

assessment. So far significant research performetthd area of

safety management found to be limited with respesicope since

pro data based, questionnaire and interview basalysas of the

data is performed and outcome indicated merelytthed for

accidents or reasons behind the mishap. But, theept work is a

step further of conventional research performethis area where

the outcome of micro level accident analysis hasnbatilized to

develop accident prediction model to interpret tiek levels



associated with a given situation and alter thecoingly. In

future, the work can further be extended for otimeinerals

extracted for commercial purpose in India and gdmtels in sites

can be improved.
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