Maintenance improvement in the

petrochemical industry

Ol OLUWASINA
20977425

Dissertation submitted in partial fulfilment of tlequirements for the degree,
Master of Engineeringat the Potchefstroom Campus of the North-West

University, South Africa.

Supervisor: Prof. JH Wichers
May, 2011




Acknowledgement

To God be the glory. Words will be far too shortexpress my profound gratitude to the
Uncaused Cause, the only wise God for His divinebt&ament in every area of my life.
Needless to say that it is sheer ingratitude if islenot duly acknowledge this far. His
commitment, protection, guard and guidance are fustsummary of the success of this
dissertation which started in long journeys in tight to and fro Vanderbijlpark. In spite of

all odds we never had a sorrowful moment, glorgdo&od.

To crown it all, He also provided and surroundedwith the right people whose immense
contribution in various forms enabled my going tfas. Starting with my supervisor, Prof.
Harry Wichers without whose guidance and directitbe overall objectives of the
dissertation would not have been achieved. His cibmemt to ensure that | complete this

work in the right manner saw me through.

The understanding and love shown on the part ofwifg, Oluwasina Opeyemi and my
children caused me to achieve this for them. Mayl Geserve them for me. The continual
brotherly love and assistance of Mr. William Tshergnd his lovely family cannot be
underscored.

The co-operation of my colleagues (seniors andsp@er numerous to mention) in giving me
valuable contributions and constructive criticisamains the pillar on which the dissertation
stands. To them | give kudos.

Finally, the fatherly encouragement of Prof. P. \8toker coupled with efficient
administration on the part of Sandra and othefestabf North-West University served as the

bedrock of the whole programme.




Dedication

To my wonderful family




Abstract

Technology is the answer to most of our human ndadsevery technology is often
accompanied by other challenges which often leati¢cevolvement of another technology.
One of the technologies that have greatly impaotadworld is that of energy development

out of which the petro-chemical industry is an impgot one.

The petro-chemical industry remains the main enérdyfor our world today through ranges

of products coming from its ambit but not withotgt @wn challenges too. One of which is the
issue of breakdown or shut down which always regumaintenance. Shutdown, many a
times, may be planned (annual, quarterly, conditiased, time-based, preventive and so on)

or unplanned (run-to-failure).

In any case, maintenance personnel (mechanicatrield and instrument) must perform their
duties to fix it. In the process of fixing the epuoient several factors affect the effectiveness
of the personnel. To improve maintenance activifi@stors affecting its effectiveness should
be addressed. Some of the factors that are alleeely considered are; Overall Equipment
Effectiveness(OEE), Precision maintenance, Maiatality, Computerized Maintenance
Management System (CMMS), Work Order managementipBtent, Logistics, Process
optimization, Supply chain management, Maintenasicategies, Continuous Improvement

Hours and so or{Taylor, 2000; Siemens.com, 2010)

Of those factors, many people hardly think of emgoits as a factor of reckoning with
maintenance activities. Ergonomics is mostly thaugfin relation to operators and office

workers.

According to National Institute for Occupational f&s and Health in U.S.A (2009),
ergonomic injuries are the most common cause okmlace illness and injury in the United
States. Back injuries and cumulative trauma dissrd@€€TDs) such asarpal tunnel

syndrome, tendinitis, bursitis and epicondylfism the majority of non-fatal occupational
injuries and illnesses, costing employers more tharbillion dollars per year in lost work

time, workers compensation payments and medicaresgs.

Of the cost implication of ergonomics ailment rapdrabove, how much of it is related to

maintenance activities? Is there any relationshgiwben maintenance activities and
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ergonomics? In what direction is the relationshgositive or negative? How much is the
impact in either direction? If it is negative, hman we mitigate it? Finally, what are the
benefits, if any? These are some of the vital qoestthis dissertation is set to answer in
relation to: physical, somatic, medical, overheadtcproduction down-time and personnel

morale.

To achieve the afore-mentioned, several reseasthuments were employed which include;
case studies, questionnaires, physical observatiotexviews, literature reviews, internet

resources, journals and other sources (industrgrexpnd professionals).

Relevant keywords and concepts were thoroughlyareked in the literature review which
serves as a base for the dissertation.

Two hundred technical personnel (maintenance) sexvethe population sample and
guestionnaires were administered to them. Techmeeonnel with appreciable number of
years of experience occupying managerial positwere also interviewed. The outcomes of
all the interviews, observations and questionnaiwree analysed and interpreted accordingly

to verify how ergonomics impact maintenance.

This dissertation based on findings, was able tabéish that ergonomics impact the activities
of maintenance personnel culminated in proposindge4ll (Ergonomics for Maintenance)
assessor. The assessor alongside utilization guedeland a training matrix will help to
effectively mitigate the impact of ergonomics onimb@nance activities. There is room for
further development of the tool into a computerdobpackage for real-time assessment and

mitigation.

The assessor and its instruments cannot work al@theut the commitment of stake-holders
in the industry. That is why recommendations weguided for effective application of the
tool.

The dissertation did not overlook the good works itidustry has been doing in the area of
creating awareness about repetitive stress injamesng its workforce but only complement
its efforts in areas they might not look into. Tigin a bid to improve the effectiveness of its

workforce which will directly increase productivjtprofit and stakeholders confidence. On




the other hand, it will reduce their indirect losgbrough; production down-time, medical

cost and over-head costs.

However, the application of the E4M assessor islinuted to the petro-chemical industry

only but finds its applicability in other industsidike; manufacturing, aviation, automobile

and any other field where maintenance activitidee talace particularly in third world

countries.
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CHAPTER ONE

INTRODUCTION

Chapter one gives the background to the reseanalydby a way of introduction. Its purpose
and intents are explored in form of aims and oliyest The research merits, expectations

and constraints are presented.




1.0 Introduction

1.1 Research background
In a production environment like the petro-chemialustry, production down-time is of
utmost significance because every second lost dasntnoney and product market share are

lost) against production outpwhich is the main focus of the plai@dler, 1989)

Down-time however, may be due to: equipment fajlureman error, instrument failure,
scheduled maintenance and quality control. In noasies, maintenance is needed when it

happens.

More than fifty percent (50%) of down-time in thepecific industry is largely due to
equipment failure. However, the average time todthe equipment back on-line may be
elongated, which will add to the down-tiffdcCormick & Sanders, 1982The repair time
elongation may be due to several reasons like:pegemt complexity or speciality, nature of
failure (mechanical, electrical or instrument), ntanance structure or system, tools and
machinery requirement for repair, technical suppequired, lack of skilled maintenance

personnel and so on.

There are several factor and parameters that camobeed upon to improve maintenance.
Some of the factors aré€Siemens.com, 2010; Svantesson, 2000)

* Plant maintenance optimization

* Precision maintenance

* Maintainability improvement

* Equipment improvement

» Logistics improvement

* New equipment selection

* Process optimization

* Equipment optimization

» Supply chain management for effective maintenance.

* Maintenance strategies optimization

« Continuous Improvement Hours
Most of those factors are already been exploredingustry specialists, maintenance
consultants, academia, independent researchergemedrch and development (R&D) of
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industries. There are successes already recordd¢dose efforts leading to marketing of

products of such areas.

A factor which is not always considered when a @ie¢ equipment breaks down is the
ergonomic side factors which may affect maintenashmen-time. This research is going to,
amongst other things; investigate the effect oforagnics on maintenance personnel to
reduce down-time (improve plant availability) witthe ultimate aim of improving

maintenance in the petrochemical industry.

1.2  Problem statement

Maintenance is important to continuous and efficiesmning of a petrochemical plant.
Various equipment used in the process sometimekthosvn due to wear and tear, inefficient
processes, equipment aging, human error, equiptiaénte, and so on. Maintenance is

required whenever such happens.

Several attempts have been on to improve maintenhecause, it is a major factor that
determines plant availability in process and othmmufacturing industries. That is why
organizations adopt suitable maintenance approdohsssure that their operation is available

most of the time.

One of such studies conducted on seventy manufagtplants revealed that over 50 percent
of the maintenance work performed by these org#ipnizes was reactive (run-to-failure). 25
percent was preventive (period based), 15 percext predictive (condition based), and
proactive (root-caused based) was 10 percent. Ty slso found that within a period of
five years, there was improved productivity whidrrelated with a number of variables out
of which preventive/predictive maintenance is ampamtant one (a strong correlation exist
between production cost reduction and preventieeliptive maintenance)(Laskiewicz,
2005)

That led to the following recommendations; maintergais a key department that needs to be
well managed. Maintenance department should bbyexdstrong-minded individual who is a
good motivator, technically competent, experienesd familiar with advanced industry

practices and maintenance planning should be dogpriority. (id.)




A Petro-chemical plant may be shut-down based aime or planned maintenance. The
speed at which the plant is brought back on-lineroflepends on:

i) Nature or complexity of the failure

i) Tools or machineries required and availability wéts

iii) Parts availability

iv) Skills or expertise required

v) Maintenance personnel availability

vi) Maintenance management system operational in #re pl

vii) Technical support required etc.

A factor not often considered is ergonomics intrefato the speed at which maintenance is
carried out. That is because ergonomics is oftenght of in relation to perpetual users like
operators. The emphasis is mostly on: seating (bmasition), hands and legs position

/movement, lighting, screen monitor resolution andn.

Sometimes, the design of part of a plant or pidcenachinery may not be ergonomically
favourable to maintenance personnel, which maynextie down-time of a planned or

unplanned maintenance activity.

That may sometimes lead to:
(i) Ergonomic related injuries to personnel.
(i) Increased production or overhead cost.
(i) Not meeting production targets (elongation of meare-to-repair leading to
unexpected production time loss, hence, possiske db product market share).
(iv) Modification cost for end — users.

Those factors, amongst others, directly contribiatethis research work being targeted at
investigating the impact of ergonomics on the @&ffeness of maintenance personnel to
reduce down-time (improve plant availability) inetlpetrochemical industry in a bid to

improve maintenance. Whatever has an impact omter@nce personnel activities, directly

impact plant availability.




1.3 Research Aims and Objectives

1.3.1 Aims
This research work will focus on and has its main ia:

A. Identifying the enormity of the impact of ergonomiion technical personnel’s
performance as it affects plant availability (reedicdown-time) in the petrochemical
industry using two case studies (Case A and Case B)

B. Identifying possible solutions and techniques tmay be recommended for
application in the petrochemical industry to enstlva plant are more available for

operation by eliminating ergonomics-related downeti

1.3.2 Objectives
Specific objectives of the research will be to:
A. Inquire about ergonomics issues in maintenancevites in the petrochemical
industry in the two case studies.
B. Investigate if ergonomics have any impact on maimtee and on the performance of
maintenance personnel per se.
C. Investigate the type of impact it may have and tjfiathe impact in terms of:
i) Type of ergonomic related injury or ailment sustain
i) Man-hour loss or and day-away-from-work (DAFW).
iii) Cost (medical and over-head).
iv) Production down-time elongation (plant availab)lity
v) Equipment utilisation.
D. Develop solutions that will mitigate the impactefyjonomics on the performance of
maintenance personnel in the petrochemical indbgryeliminate that part of down-

time due to ergonomics risk factor).

1.4 Merits
This research work would have achieved its ainftérahe research has been carried out and
recommendations implemented, it is able to iderttiy enormity of the negative impact of
ergonomics on the effectiveness of maintenanceopees in the petrochemical industry and
recommend possible strategies leading to:
() Reduced health hazards on the maintenance pmisdue to repetitive stress
associated with their activities.

(i) Improved effectiveness on the performance of thet@aance personnel.
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(i) Reduced production down-time.

(iv) Improved tools and maintenance equipment devised.

(v) Meeting planned maintenance schedules.

(vi) Reduced cost, both over-head and medical (treamggnomic related ailment
among maintenance personnel).

(vii) Other industries might also benefit if the outcomf¢his research work is applied

to their operation to improve maintenance actisitie

It is obvious that all the factors mentioned abave inter-linked, if health hazards due to
ergonomics are mitigated (overhead cost due to cakdid will be reduced): maintenance
personnel will be more available to plan betterne@intenance strategies, tools, equipment
and attend to maintenance issues promptly. Thanhsheaerything is working together to

increase the plant up-time (reduce plant down-timeease plant availability)

This research work outcome may benefit maintengomeesonnel, operators, production
planners and maintenance planners in the industmingl maintenance shutdowns. If
maintenance is done with less or no ergonomic adlatress or injuries, production or
overhead cost may be reduced as cost of medicaluEdo ergonomic related stress/injury
(which this project work, in part, seeks to invgate and quantify) may be reduced or

eliminated.

Equipment designers and engineers will be inforrmedthe health implication of poor

ergonomic design and incorporate it in subsequesigds. Ultimately, every stake holder in
the petrochemical industry will benefit as mitigafi ergonomics impact on maintenance
activities will ensure improved plant availabilitfhat means more profit and incentives to

stake-holders.

1.5 Limitations
There are materials on ergonomics/human factor/nuemgineering in relation to operators,
office equipment, personal computers and so onybeot few materials and data available

both on the internet and books when it comes tgdieomics and maintenance”.




CHAPTER TWO

LITERATURE REVIEW

Chapter two delves into the necessary backgroufmidrimation that substantiates the research

topic. It explores proven facts about the varioeg words and other related concepts.




2.0 Literature review

This section deals with in-depth review of sourcesoks, journals, internet sources,
publications (and so on), of relevant topics angwads that form the basis for the

dissertation.

2.1 Petrochemical industry

Products from hydrocarbons (raw materials likeooigas) are called petrochemicals. There
are several petrochemicals and petrochemical esdlipts. Some petrochemical end products
serve as raw materials for other industry. Somehef products of the industry can be

classified as:

Primary products includes: methanol, ethylene, toluene and progylen

Intermediate and derivative products (generally produced by converting the primary
products to more complicated form through chemjmalcess) includes: vinyl acetate for

paint, vinyl chloride for PVC and styrene for rublaéd plastic.

There are various technology (production methoag)lved in petrochemical industry based
on the required feed stocks and desired end pro@ibhose will determine the configuration of
the petrochemical plant. Sizes of petrochemicantslaary but they normally require a large
expanse of land because all petrochemical plargsextensive pipeline network, furnaces

rotating equipment, columns, vessels and tank.

The technology involved in petrochemical plants uiesp specialized equipment,
sophisticated engineering and high-skilled stafis fuite evident from the fore-going that the
industry is capital intensive as its requirement fwroductive outputs are expensive.

(www.wisegeek.comirigure 2.1 below shows a typical petrochemicahpla




Typical Petrochemical Plant

Figure 2.1- Typical petrochemical plant (www.linde-engineering.com)

2.1.1 Petrochemical plant overview

A petrochemical plant comprises of an oil refinand chemical process plants which make
use of the products of the refinery in producingeotuseful products like: raw materials for
rubber, paints, paper, Polyvinyl chloride (PVC)sire manufacturing, plastics, textile,

fertilizer and so on(Chemistry Industry Association of Canada)

2.1.2 Refining

The oil or petroleum refinery produce petroleumduats like: gasoline, diesel fuel, asphalt
base, heating oil, kerosene and liquefied petrolgamfrom crude oil or coal. The crude oil is
usually the product of a production facility. Ceala raw material for a refinery comes from a

coal mine where the coal has been processed tabdeugrade.

Oil refineries are generally large industrial coexals with extensive piping carrying streams
of fluids (gas and liquid) between chemical prooessinits. A lot of technological resources
are employed. The range of final products fromréfenery is usually stored temporarily in
oil depot (tank farm) before final shipping or disttion. Gary & Handwerk, 1984; Leffler,
1985)
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Figure 2.2 — A typical oil refinery
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(Phillips Petroleum Company)

Refining is the processing of one complex mixtdrbydrocarbons into a number of other
complex mixtures of hydrocarbons. The safe and riyrdgrocessing of crude oil into
flammable gases and liquids at high temperatured @ressures using vessels, equipment,
and piping subjected to stress and corrosion reggliconsiderable knowledge, control, and

expertise.OSHA technical manual, 201Bjgure 2.2 above shows a typical oil refinery.

It noteworthy however, that various refining praaesand technology have evolved over time
and are been improved upon continuously. Tabld@ldw gives a summary of some refining
technology that has been.

HISTORY OF REFINING

Year Process name Purpose By-products, etc.
186= Atmospheric distillatio Produce kerose Naphtha, tar, et
187( Vacuum distillatio Lubricants (origina Asphalt, residui
Cracking feedstocks (1930's) coker feedstocks
191¢ Thermal crackin Increase gasolil Residual, bunker fu
1916 Sweetening reduce sulfur & odor Sulfur
1930 Thermal reforming Improve octane number Redidu
1932 Hydrogenation Remove sulfur Sulfur
1932 Coking Produce gasoline basestocks Coke
1933 Solvent extraction Improve lubricant viscosity Aromatics
index
1935 Solvent dewaxing Improve pour point Waxes
1935 Cat. Polymerization Improve gasoline yield Petrochemical

& octane number

feedstocks
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1937 Catalytic cracking Higher octane gasoline dodtemical

feedstocks
1939 Visbreaking reduce viscosity Increased didélkar
1940 Alkylation Increase gasoline octane & High-octane aviation
yield gasoline
1940 Isomerization Produce alkylation feedstock Naphtha
1942 Fluid catalytic crackin Increase gasoline yield  Petrochemical feedstoc
octane
195(C Deasphaltin Increase cracking feedstc Asphal
1952 Catalytic reforming Convert low-quality napdth Aromatics
1954 Hydrodesulfurization Remove sulfur Sulfur
1956 Inhibitor sweetening Remove mercaptan Diseffid

1957 Catalytic isomerization Convert to moleculéthw  Alkylation feedstocks
high octane number

1960 Hydrocracking Improve quality and reduceAlkylation feedstocks
sulfur
197¢ Catalytic dewaxin Improve pour poir Wax
197¢ Residual hydrocrackir  Increase gasoline yield fro Heavy residua
residual
Table 2.1 - History of refining OSHA technical manual, 2010
2.1.3 General refining processes.

A refinery breaks down a raw material like crudeimio various components (petro and other
related products) which are later changed into pewducts. The process of refining takes
place inside a piping network and vessels. Thege®dés normally controlled from a highly
automated control room. Refineries perform threerfumctions which are:

» Separation (fractional distillation)

» Conversion (cracking and re-arranging the molegules

» Treatment and blending

Fractional distillation process and products

Figure 2.3 below shows a fractional distillatiorstgm where crude oil is fed into a furnace
and the resulting liquids and vapours passes thraudistillation column tower. The figure

shows the different product coming out of the toatedifferent temperature.
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B Pt Number of

FRACTION Uses
C carbons
»Refinery gas 1-4 Bottled gas, fuels
»Petrol 40 ~8 Fuel for cars
»Napthi 11C ~1C Raw material for chemicals and plast
»Kerosine 180 ~15 Fuel for Aeroplanes
»Diesel 250 ~20 Fuel for cars and lorries
Fuel for Power Stations, Lubricants and
»0ils 340 ~35 grease
Hot crude
»
»Bitumen 400+ 40+ Road surfacing.
Figure 2.3 Fractional distillation process and prodts (www.moorlandschool.co.uk)

Conversion (cracking and re-arranging the molecules

This process changes one fraction into anothegusie of the following methods:
Cracking — this is breaking of large hydrocarbons into $englieces. There are several
methods of doing that which includes: thermal, steeoking, catalytic cracking, fluid
catalytic cracking and hydro-cracking.

Unification — this combines smaller pieces of hydrocarbortslarger ones.

Alteration — this is re-arrangement of various pieces of hgalrioon to make desired

hydrocarbons (alkylation).

Treatment and blending

Distillates and chemically processed fractionsroftentain impurities like: organic
compounds (containing sulphur, nitrogen, oxygenlewalissolved metals and inorganic
salts. Treatment and blending also ensures thaddupt meets specific requirement. For
instance, refineries produce petrol with more \tddtydrocarbons (short carbon chains)
during winter while they add less volatile hydrdaams during summer due to higher

temperatures.

Some examples of treating process are:

Removal of unsaturated hydrocarbons, nitrogen camg® oxygen compounds and residual

solids (tars and asphalt) in a column of sulphacicl.
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Removal of water by passing fractions through asogition column filled with drying

agents.

Removal of sulphur and sulphur compounds in sulpt@atment and hydrogen-sulphide
scrubbers(http://science.howstuffworks.com)

LPG

Generic Oil Refinery Process Schematic
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Figure 2.4 above shows a general refining procassd on previous discussion. It is quite
obvious that a refinery requires working with pregelots of equipment, chemicals,

instrumentation and controls.

There are potential physical, mechanical, chemigatl health hazards associated with the
operations. Some of those have been identifiedprodisions are made for safe operating
practices and appropriate protective measurbese measures may include hard hats, safety
glasses and goggles, safety shoes, hearing proteatespiratory protection, and protective
clothing such as fire resistant clothing where negd. In addition, procedures should be
established to assure compliance with applicablgutations and standards such as hazard

communications, confined space entry, and procafgtysmanagemenid)

As a result of the increasing complexity of a refjnor petro-chemical plant structure and
equipment, ergonomics risk increases particulady fechnical personnel. Technology
required in a process largely determines the lagbtihe plant. Technology choice however,
depends on process feed (crude oil, coal or ga}hrological improvement also often
requires modification of existing plants/facilitiewhich sometimes may not put the

ergonomics impact on technical personnel into awmrsition.

Some industry players have standards which put hufaetor into consideration in their
operation but experience has shown that contrastorsetimes neglect the standard (referred
to as “Safety-in-design”) and build based on thentonvenient design they deem fit. That is
one major reason for having “as built drawing” dgriconstruction phase which supersedes
the original design drawing as it becomes the wagyldocument for the facilityChevron,
2010)

2.2 Maintenance improvement

According to encyclopaedia of businebtgintenance is the combination of all technical and
associated administrative actions intended to retagquipment, machinery or plant in, or

restore it to, a state in which it can perform resquired function. Many companies are

seeking to gain competitive advantage with respectost, quality, service and on-time

deliveries. The effect of maintenance on theseabkes has prompted increased attention to

the maintenance area as an integral part of prooiifytimprovement.
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Improvement has been defined as, “making a thingitorservices better and readily
available”. Maintenance improvement is a systenmesforing the services of a plant or piece
of equipment and ensures that it is readily av&lalb is very essential to have a maintenance

improvement strategy in place in a petro-chemitahtp(Dumn, 1998)

Some of the methodologies make use of up-to-daterdeor history of the process operation
and maintenance.
The data so collected from the history will ideyutif

* Nature of failures or breakdown with time

» Down-time duration

* Maintenance efforts in use but not needed.

* Maintenance strategy actually needed.

* Areas where maintenance can be made easier angechea

« Training required.

» Logistics changes required.

* Equipment re-designing or modifications required.
Reviewing operations and maintenance history showldbe limited to major failures or
breakdowns only. Minor failures should be addressed cluster of them can cost even more

than a major failurg(Taylor, 2000)

221 Maintenance improvement strategies
There are several approaches and methodologies$eadiopimproving maintenance. Some of
the methodologies are (the list in-exhaustive):
* Bench-marking
» Trend analysis (operations and maintenance histaayysis)
* Plant maintenance optimization
* Precision maintenance
* Maintainability improvement
e Equipment improvement
» Logistics improvement
* New equipment selection
* Process optimization
* Equipment optimization

* Supply chain management for effective maintenance.
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* Maintenance strategies optimization

* Continious Improvement Hours (the percentage ddrirgl maintenance labor hours
that is used to improve the current performanceanoincreased level. Continuous
Improvement Hours are used to improve the perfoo@daor, but not limited to safety,
guality, and environment, availability, output aadst). (Svantesson, 2007; Dumn,
1998)

222 Maintenance improvement efforts
Numerous attempts are been made to improve mamtenby organizations (equipment
manufacturers, industry and consultants), indiisluand academia. That has led to
development and advances in:

e Maintenance technology

* Information and decision technology in maintenance

* Maintenance methods

« Linking maintenance to quality improvement stragsgi

* The use of maintenance as a competitive strategy

Those trends of development and advances have titrabgut:

1. The use of artificial intelligence techniques (liepert systems and neural networks)
in formation of maintenance knowledge in industoaganizations. Several of these
abound today from vendors and maintenance conssil(hke: CHARLEY, XCON,
CATS, INNATE, FSM, RLA, GEMS, TOPAS and so on).

2. The need to integrate maintenance management arppm@te strategies to remain
competitive through equipment availability, qualgyoducts, on-time deliveries and

competitive pricing (Laskiewicz, 2005)

2.2.3 Why ergonomics?
From the fore-going, it is obvious that maintenamerovement efforts abound in various
shades and colour. Delving into it without a foeull be a futile effort. Delving into areas

that are already been explored is to re-inventiheel.

From the discussion so far, the focus of most ef mhaintenance improvement effort is
directed at equipment, machinery, process and tgpsrdnherent factors like ergonomics is

not often considered a necessary metric for impream. Ergonomics in this sense is not in
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relation to operator as that has been over-floggegonomics is an indirect factor affecting

human activities. Most of the time, ergonomic fadsooverlooked and treated as work stress.

But, research has shown that ergonomics-relatetkat affect people over-time as discussed
later on. The cumulative effect could be hazardbust addressed on time. Most industries
and establishment have realized that and are makiogs in creating awareness and putting

measures in place to checkmate it.

224 Ergonomics in trend analysis

As earlier mentioned, some maintenance improveraoits make use of plant operational
trend (graphical representation of operations dirae). This life historical data from the
process captures up-time and down-time. Howeves, imuch of this down-time has to do

with ergonomics impact on maintenance activitiesascaptured or reflectdaler, 1989).

2.3 Ergonomics

Before the evolvement of technological advancen(@aiditional times) leading to mass
production of tools and machineries, tools were enhg users to suit their exact purposes
(Galer, 1989).Thus, tools fit directly the requirements of treers. Two assumptions on the
part of the traditional times tools and machinenesers have been itemised tlfoodson &
Conover, 1964):

Assumption one, though the tool and machineriesemsain the traditional times are human
beings but they are not perfect model of peoplea ashole both in mental and physical

characteristics, likes and dislikes.

Assumption two, things are designed for the usenah and not vice-versa. Hence, things

should be made suited to the use of man.

For those and other reasons contrasted below @nbemecessary to develop a fit between
user and machine or tool which has led to the erobnt of an area of study and application
devoted to the problem of fit taggetkrgonomics’. (Terms like: human factor,
biomechanics, bio-technology, bio-engineeringr human engineeringis used instead of

‘ergonomics’).(www.thefreedictionary.com/ergonomics)
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Traditional tools and machines. Mass production using technology.

Product competitiveness unimportant  Marketing caitipeness vital

1. Relatively simple Increasingly complex.

2. Made by the user Made by a manufacturer

3. Small number made Large number made

4. Trivial consequences of design errof Profound cguseces of design error
5.

6.

Characteristics of the user populatiowide variation in user population.

fairly restricted

Table 2.2 Traditional versus present day (mass ptibn) production of tools and machineriefGaler:
1989

The design of a tool or equipment may have erga@®oonsequence which in effect impacts

the way work is done.

231 Ergonomics defined
The term ‘ergonomics’ was derived from two Greekra®) ‘ergon’ meaning ‘work and

effort’ and ‘nomos’ meaning'naturallaw or usage’ which together medhe laws of work’.

The term was first used in modern lexicon when Végje Jastrgbowski, a polish biologist,
used it in his 1857 article “The Outline of Ergonos) i.e. Science of Work, Based on the

Truths Taken from the Natural Scienoewiv.ergoweb.com/resources/reference/history.cfm)

From the International Council on Systems Engimee(INCOSE) stand poinErgonomics

is the name of the engineering discipline concerngith the elimination of aspects of a
system design that could cause temporary or permtamgury to people who operate,
maintain, or otherwise use the system. This mdudecidentification of steps people can take
to reduce the risk of injury when operating, mainitag, or otherwise using the system after it
is deployed.

Further discussion of the definition continueshia hext section.

2311 Ergonomics definition from the web

Considering definitions of ergonomics on the wetigfinet), it is important to note that, the
consideration for occasional users like the magmer personnel is less than for operators. A
list of the definitions is contained in appendix D.

That could perhaps be because:
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)] Few people have venture into relating ergonomicsmi@intenance (it seems
insignificant).
i) There has not been a notable event that pointsaindirection particularly from

the maintenance personnel themselves.

However, few industries and agencies in the Uni&tdtes of America like: aviation,
manufacturing, Federal Aviation Administration (FAAnd National Aeronautics and Space
Administration (NASA) have realized that there isedationship between maintenance and
ergonomics (human factor). They have initiated s@nograms like National Aging Aircraft
Research Plan (NAARP), the *“safer skies” initiati¢etc) geared towards improving
maintenance using human factor approach. Thatduwa®lthe growing effort in research and
development in the aviation industry resultinghe establishment of human factor programs
by most airlines and third-party repair statior(ternational Journal of Industrial

ergonomics, 2000)

According to McCormick and Sanders (1982), no shmatch phrase can adequately
characterize the scope of the burgeoning fieldunfigin factors, such expressionsiasigning

for human use and optimizing working and living ditions may at least lend a partial
impression of what human factors is about. Howevwkey approach the definition of

ergonomics (human factors) in three stages, aswsl|

The centrafocus of human factors relates to the consideration @hdmu beings in carrying
out such functions as:

i) The design and creation of man-made objectsdymts, equipment, facilities and
environments that people use.

i) The development of procedures for performingkvand other human activities.

iii) The provision of services to people.

iv) The evaluation of the things people use in termsloéir suitability for people.

Theobjectivesof human factors in these functions are twofoltioh are:

i) To enhance the effectiveness and efficiencyhwihich work and other human activities
are carried out.

i) To maintain or enhance certain desirable humawalues (like health, safety,

satisfaction). This has to do more with human weksand well-being.

-19 -




The centralapproachof human factors is the systematic applicationedévant information
about human abilities, characteristics, behaviaudt anotivation in the execution of such

functions.

According to Kroemer et al. (2001), Ergonomics he tapplication of scientific principles,
methods and data drawn from a variety of disciglite the development of engineering

systems in which people play a significant role.

Ergonomists should be involved in the system degrgeess. The ergonomist needs to have a
thorough understanding of the user’'s role in ovesgbtem performance and that systems
exist to serve their users. In this case, it isjost in relation to only operators but even the

maintenance personnel.

Summarily, it can be concluded that ergonomics seéekenhance the use of science and
engineering products (which the petro-chemical stdubenefit immensely from) in the most
efficient manner that will guaranty the safety ahedalth of end-users and protect the

environment.

2.3.1.2 Ergonomics domains
The International Ergonomics Association — IEA (wyea.cc/) divides ergonomics into three
domains which are:

i) Physical ergonomics:this is concerned with human body in relation toyscal
activities using anatomical, anthropometric, phlggical and biomechanical
characteristics. (Relevant considerations includeorking postures, materials
handling, repetitive movements, lifting, work relht musculoskeletal disorders,
workplace layout, safety and healtfihis domain has much relevance to maintenance
activities in the petro-chemical industry.

i) Cognitive ergonomics: this deals with mental processes (perception, mgmo
reasoning, and motor response) and how they afféstactions among humans and
other elements of a system. (Considerations includental workload, decision-
making, skilled performance human-computer interaction, human reliabilityork
stress and training} Those are much related to human-system and Hi@oamputer

Interaction design.
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iii) Organizational ergonomics:this has to do with the optimization of socio- teicial
systems, including their organizational structurgsolicies, and processes.
(Considerations here includeommunication, crew resource management, work
design, design of working times, teamwork, parétopy design, community
ergonomics, co-operative work, new work programistua organizations, and

quality management)

2.4 Development of ergonomics.
Ergonomics have come a long way in history. Thatmen have recognized the need for
fitting task to man and not vice-versa. It will Bcé to see through some of the work done in

that regard so far.

The need to march the way work is done to suitntbeker was identified and used during the
early Egyptian civilization. Archaeological recerdhow that the early Egyptians Dynasties
made tools, household equipment, among other thimaysillustrated ergonomic principles.

(www.techrecto.com/whatiswhat/what-is-ergonomics)

Although, that is in contention with some school thiought that attribute the early

development of the concept to the Hellenic civiiiaza (Ancient Greece). A good deal of

evidence indicates that Hellenic civilization irethth century BCE used ergonomic principles
in the design of their tools, jobs, and workplaces.

One outstanding example of this can be found indéeription Hippocrates gave of how a
surgeon's workplace should be designed and howtdbks he uses should be arranged.
(Marmaras et al, 1999)

However, the association between occupations argtutnskeletal injuries was recognized
and documented by Bernardino Ramazinni (1633-17H8. wrote about work-related
complaints (he was practically involved in studyimgrk-related sicknesses during his
medical practice) in the 1713 edition (second) wf h700 publication titled, "De Morbis
Artificum (Diseases of Workeys (Franco & Franco, 2001)

In the early 1900's, the output of industry wal Istigely dependent on human power/motion.

That led to the development of ergonomic conceptsimiprove workers productivity. A
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strategy geared at improving worker efficiency byproving the job process called

“Scientific Management”, became popular.

Frederick W. Taylor was the pioneer of this apploand he actively evaluated jobs to
determine the "One Best Way" they could be perfarnie studied craft jobs like: soldering
(steel industry) pig iron lifting and bricklayingAt Bethlehem Steel for instance, Taylor
dramatically increased worker production and waigea shovelling task by matching the
shovel with the type of material that was being etbYashes, coal or ore). He found that 21

pound weight is the optimal for any material bekeovelled.(NetMBA.com, 2010)

Frank and Lillian Gilbreth succeeded in making jabere efficient and less fatiguing
through: time motion analysis, standardizing tonoiaterials and the job process. By applying
that approach, the number of motions in bricklayies reduced from 18 to 4.5 which helped
bricklayers to increase their pace of laying bridkem 120 to 350 bricks per hour.

(www.accel-team.com/scientific/scientific_03.html)

The concept of ergonomics gained more ground duheg/Norld War Il. There was greater
interest in human-machine interaction as the efficy of sophisticated military equipment
(airplanes) could be compromised by bad or confudigsign. The consequence of which was
very great. That brought about the design concepfgting the machine to the size of the
soldier and logical/understandable control buttons.

The focus of ergonomics was expanded to includkevasafety as well as productivity after
World War Il. Research began in areas such as:

i) Muscle force required to perform manual tasks

i) Compressive low back disk force when lifting

iii) Cardiovascular response when performing heavy labou

iv) Perceived maximum load that can be carried, pushedlled
(www.ergoweb.com/resources/reference/history.cfm)

In the recent time however, ergonomics have fotmdelevance in several applications and
industries including aviation (aerospace), inforiorattechnology (IT), office equipment,
health care, product design, transportation, agiagtrol room design and layout etc.

-22 -




2.5 Ergonomics related disciplines
Ergonomics is not a brand new science. It is a ¢oation of the applications of some aspects
of disciplines like: human science, social scieand engineering. The involvements of some
of the disciplines argAmerican Occupational Therapy Association)
i) Anthropometry: - the measuring and description of the physical dsiwars of the human
body.
i) Biomechanics: -describing the physical behaviour of the body echanical terms.
iii) Industrial hygiene: - concerned with the control of occupational heakizards that
arise as a result of doing work.
iv) Industrial psychology: - dealing with people’s attitude and behaviour itatien to
their work and work environment.
v) Work physiology: - applying physiological knowledge and measurindhhégques to
the body at work.
vi) Engineering Psychology:- studies the relationship of people to machingt) the
intent of improving such relationships.
Numerical and data analysis in ergonomics requie @pplication of mathematics and
statistics. Apart from normal management functiomgnagement also has the role of co-
ordinating the efforts of the other disciplinesof@ssionals such as: Labour and industrial
relations, safety engineers, industrial hygienistesigners, human resources managers,
occupational medicine physicians and therapistd, @rnropractor also have roles to play

when the efforts of the several disciplines arenbategrated.

It should not be forgotten however, that all therefmentioned disciplines work based on the
product of core engineering disciplines like medbalnengineering, chemical engineering,
civil engineering and so on who should be involvadimplementing good fit between

machines and users.

Some application disciplines use ergonomics as ocoes of their knowledge base and
work procedures. Some of which are:
i) Industrial engineering: - which deals with interactions among people, maatyin
and energies.
i) Bioengineering: -which works to replace worn or damaged human lpadis.
iif) Systems engineering: which considers human as an important componerthef

overall work unit.
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iv) Safety engineering and industrial hygiene:- which focus on the well-being of
humans.

v) Military engineering: - which relies on the human being as a soldier aparator.
(Kroemer, et al, 2001)

2.6 Adaptation
A very important factor in ergonomics is adaptatiaaptation here means, fitting a job to
the worker and not the other way round. That iy wbme writers use the terrigood fit’

and ‘poor fit'.

Most emphasis in ergonomics centre around conbairsize and layout, equipment layout,
operator convenience, lighting requirement of wernkironment, work space characteristics

like colour, flooring, roofing, ceilings, walls,tfings layout and so on.

Good fit is when the job (tools, machineries and equipmisnt)ade to suit the condition of
the worker. That is, tools and machineries aregihesi in such a way that the worker can use
them comfortably. Achieving good fit in a job oskareduces stress on workers. That aids

them to do things (perform work) more easily, fadbetter with less or no mistakes.

Poor fit is when the worker is made to suit the job. Iis ttase, the worker is expected to (or
as a matter of necessity) adjusts to the work enuient and conditions. That does not go

without consequences as outlined in the next sectitp://www.humanics-es.com/def-erg.htm)

2.7 Indicators of poor fit between task and user

Galer: 1989, presented signs of poor fit betwesk gand user at two main levels.

The first and most obvious indication is the outfrnaeim the user-machine system: lower
output than expected, unacceptable quality of dudpd insufficient output per unit time are
possible indications that poor fit exists somewharethe workplace. An ergonomics

investigation is required to confirm that.

At the second level, however, deficiencies in thaliqy and quantity of the output is
sometimes complemented and supplemented by infmmabout the human element in the
user-machine system. Poor fit in some occassiodsasto the physical relationship between

user and machine.
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That is summarized in the table 2.3 below.

Level 1 Quiality and quantity of output.

Quantity of output per unit time

Level 2 Periods of absence because of illness or diszetish.
Under use of products or equipment
Accidents or critical incidents

Complaints and criticism of products and enviremtn

Table 2.3 Indicators of poor fit between task asdr. (Galer: 1989)

2.8 Consequences of poor fit.
The significance of poor fit is easily understogdamyone who has tried to do a job using the
wrong tools. The risk of sustaining injury and e&sed difficulty in using the tool causes the
job to take longer (down-time elongation). Thatlvélad to frustration and loss of temper
(morale dampening/psychological impact). This imtieads to use of excessive force and
increases the risk of a slip of the hand and inj@ymatic/medical impact{HSE Books,
2007)
In the industry, such problems arising from poosige of jobs, machines or workplaces
sometimes lead to:

i) Large-scale inefficiencies,

i) Risk taking,

iii) Increase in accidents and 'near-misses'’, and

iv) Increase in absenteeism related to dissatisfaatitimthe job.

Knowledge of ergonomics is very important in prevmill-health and injury from work and
in rehabilitating personnel when injured from ergoncs related system (e.g. someone with
back pain).

For example, employees will not like to use pers@natective equipment where it does not
fit comfortably and interferes unduly with the tafsk which it is needed. That has defeated
the purpose of the personal protective equipmeREJPthough it is not to provide comfort
but protection. Protection that hurts is equally  desirable.

(www.agius.com/hew/resource/ergo.htm)
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The following have been itemised as possible sa@frergonomic problem relating to poor fit
in a work environmenf{www.hse.gov.uk)

i) Tingling

i) Continual muscle fatigue

iii) Sore muscles

iv) Numbness

v) Change in the skin colour of your hands or fingpeti

vi) Swelling in the joints

vii) Decreased ability to move

viii) Decreased grip strength

ix) Pain from movement, pressure, or exposure to aoltboation.

Laceration, tear and wounds are the extreme maaiies of ergonomics problems.

Sometimes, the signs may not appear immediatelsgusecthey develop over weeks, months
or years. By then, the damage may be serious. i$ivelty it is important to take cognisance

of the ergonomic related hazards at work place.

Those signs have been grouped by occupationalhhpedictitioners as ergonomics related

ailments identified and discussed below.

2.9 Ergonomic related ailments.

According to National Institute for Occupationalf&g and Health in U.S.A, ergonomic
injuries are the most common cause of workplaoces$ and injury in the United States. Back
injuries and cumulative trauma disorders (CTDshsascarpal tunnel syndrome, tendinitis,
bursitis and epicondylitiform the majority of non-fatal occupational ingsiand illnesses,
costing employers more than 12 billion dollars pexar in lost work time, workers

compensation payments and medical experisgacht M. Richard, 2002)

Records in the United States show that over 332&8&es of work-related CTDs were
reported in 1994 alone. Back injuries constitutewat?7 percent of the non-fatal occupational
injuries annually, meaning that, the back is thet & the body most commonly injured

during work. {d)

In 1999 alone, repetitive stress injuries (RSI)carted for 40 percent of all workers’

Compensation insurance claims. That led to the gmitipn of regulations that makes it
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mandatory for employers to provide equipment desigio prevent repetitive RSIK#éfalas,
1999)

It has also been noted that, CTDs dramaticallyeiased from 18 percent of occupational
illnesses in 1980 to 65 percent in the late 199Gishin the last two decades, countries like

Australia, Japan etc. experienced dramatic increesggonomics problem.

29.1 Musculoskeletal disorders (MSDs)

Musculoskeletal disorders occur (although causés$imded to this) whenever a mismatch or
“poor fit” exist between the physical requiremeritaojob and the physical capacity of a
worker. MSDs affect muscles, joints, tendons, ligats, and nerves. Most work-related
MSDs (WRMSDs) develop over time and are caused bskwiself or work environment.
MSDs constitute the largest category of self regmbili-health caused or aggravated by work

in Britain. (www.agius.com/hew/resource/muskel.htm)

Information from a paper presented to a group @flpe@ppointed Magistrates in Nigeria by a
consulting physiotherapist on Work-Related MSDsOatober, 2008 shows the impact of

WRMSDs on Nigerian workers as illustrated below:

The magnitude, cost and burden of work related oloskeletal disorders (WMSDs) are
enormous. Close to 1 million people each year tepiing day-away from work to treat and
recover from: musculoskeletal pain, loss of funttitue to overexertion or repetitive motion

(either in the low back or upper extremities).

Low back pain constitute about 50% of physiotheraptpatient cases with a high recurrence

rate of 50%- 82% within a year.

Although, there is a risk of long-term disability both types of disorders, the majority of
individuals return to work within 31 days. For werk in their 50s and 60s, musculoskeletal
disorder represents the most common cause of tiigand current projections suggest that

these figures are on the rise.

Musculoskeletal disorder (MSDs) of the low back apger extremities are crucial and costly

national health problem. They are very common ameaogkforce in many countries with
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substantial costs and impact on quality of lifethAugh not only caused by work, they

constitute a major proportion of all registered kverrelated diseases in many countries.

In Nigeria, it is difficult to get accurate data dahe incidence and prevalence of

musculoskeletal disorders, because only few pe@pert these disorders. Most victims use
conservative therapy to treat themselves. Nevesisekhey are the single largest category of
work-related illness, representing a third or maofrall registered occupational diseases in the
United States.l[{zoamaka, 2008)

Risk factors causing MSDs are present virtuallyeirery workplace: automobile, textile,
mines, commerce, petro-chemical, agriculture, hea$iervices, pharmaceutical and
construction. An estimated 11.6 million working dagy year are lost to work-related MSDs.

(www.hse.gov.uk/msd)

29.1.1 Facts about MSDs (from United Kingdom)
The health and safety Executive in Great Britaia bame up with the following facts about
MSDs.

i) There are things that can be done to prevent oimizia MSDs.

ii) MSDs affect large numbers of people across most instries and occupations.

iii) MSDs have the potential to ruin people's lives.

iv) MSDs impose heavy costs on employers and on society

v) The prevention measures are cost effective.
vi) Not all MSDs can be prevented, so early reportingymptoms, proper treatment and suitable

rehabilitation is essentiglwww.hse.gov.uk/msd/hsemsd.htm)

According to Bernard1997),the European Union included a strategy in ‘Lisbdrje0tive’
having recognized the impact of MSDs particulantytbe work force to reduce MSDs in its
community by creating quality jobs. The strategiesto:

i) Enable workers to stay in employment

i) Ensure that work and workplaces are suitable fiivarse population.
29.1.2 Causes of Musculoskeletal disorders
Factors that can cause musculoskeletal disordeve haen grouped under two major

headings called risk factors which are: physicei factors and psychosocial risk factors.
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2.9.13

29.14

Physical Risk Factors
Poor or bad Posture (of back, neck, arms atoemfortable working  position.
Range of movements needed to undertake task.
Repetitive nature of task
Absence of adequate breaks.
Weight of loadheavy lifting).
Awkwardness of load
Bending and twisting (repeating an action togdeently)
Adverse working environment (e.g. hot, cold)
Exerting too much force
Working too long without breakévogt, 2010)

Psychosocial Risk factors

Psychosocial risk factors are things that may affemrkers’ psychological response to their

work and workplace conditions (including working lateonships with superiors and

colleagues). Psychosocial risk factors may leatraess and MSDs when (workers or work):

2.9.15

i) Have little control over work and work methods (uding shift patterns).

i) Are unable to make full use of their skills.

iif) Are not involved in making decisions that affectrn

iv) Are expected to only carry out repetitive and monous tasks.

V) Is machine or system paced (and may be monitoegapnopriately).

vi) Demands are perceived as excessive.

vii) Payment systems encourage working too quicklyitrout breaks.

viii) Systems limit opportunities for social interaction.

ix) High levels of effort are not balanced by sufficiereward (resources,
remuneration, self-esteem, status).

x) Not receiving and acting upon reports of symptouisigenough

(www.hse.gov.uk/msd/mac/psychosaocial.htm)

Symptoms of Musculoskeletal disorders

Musculoskeletal disorders may begin @stp://www.merck.com)

i) Pain
i) Numbness or stiffness in joints
iif) Weakness

iv) Joint noises
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v) Decreased range of motion

vi) Tingling, or aching sensation in muscles.

That may be accompanied by:

i) Burning sensation,

i) Swelling,

iii) Warmth,

iv) Tenderness,

V) Impaired function,

vi) Redness (sometimes).
MSDs symptoms often start and progress graduallyeyTbecome more severe with
continuous exposure to the condition causing th&hat may result in: damage to nerves,

tendons, joints, or soft tissugd.)

29.2 Upper Limb disorders (ULDs):

Upper limb disorders (ULDs) are aches, pains, tensind disorders felt in any part of the
arm from fingers to shoulder, or the neck. That mastude problems with soft tissues,
muscles, tendons and ligaments, along with theuleitory and nerve supply to the limb.
Upper limb disorders (ULDs) are often caused or enadorse by work.(www.iom-

world.org/sicknessabsence/uld.htm)

Somerecognized conditions of ULDs ar€arpal tunnel syndromandtenosynovitisin some

cases, we haweonditions where there is pain but no recognizeudlitimn.

Repetitive strain injury (RSI) (also called: repetitive stress injury, repetitaetion injuries,
repetitive motion disorder “RMD”),cumulative trauma disorders (CTDs), regional
musculoskeletal disorder or occupational overuse sgrome are also used to describe
ULDs. (en.wikipedia.org/wiki/Repetitive_strain_injunfdome schools of thought, however,
prefer to use ULDs because several factors comgritiuthe onset of ULDS which will make
narrowing it down to any of those terms or condisidy the victim or patient misleading.
However, it will be necessary to look into eachihaise terms for the purpose of this research.
29.2.1 Symptoms of ULDs
The following are typical symptoms of UL&ww.healthyworkmatters.or.uk)

1) Tenderness

i)  Aches and pain
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i)  Stiffness
Iv) Weakness
v) Tingling
vi)  Numbness
vii) Cramp
viii)  Swelling
2.9.2.2 Causes of ULDgealth .independent .co.uk)

i) Repetitive work

i) Uncomfortable working postures

iii) Sustained or excessive force

iv) Carrying out a task for a long period of time

v) Poor working environment and organization (e.g.derature, lighting and
work pressure, job demands, work breaks or ladkern)

vi) Individual differences and susceptibility (some kems are more affected by
certain risks)

vii) The way the work is organized and managed can nmksignificant
contribution to the risk of ULDs as well as makerthworse.

viii) Workers may be more likely to suffer an upper liproblem if exposed to

more than one risk factor.

2.9.3 Repetitive Strain injury (RSI)
Repetitive strain injury (RSI) is a general ternedigo describe the pain caused to muscles,
nerves and tendons by repetitive movement and sgeiithe condition mostly affects parts of

the upper body, such as the forearm, elbow, whéstds, neck and shoulders.

RSI is usually associated with doing a particuletivity repeatedly or for a long period of
time. It occurs often in people who work with cortgrs or carry out repetitive manual work.
That is why ‘RS’ is also called ‘work-related uppenb disorder’ (WRULD).

In the UK, one out of every 50 workers has repogrdRSI| condition. In 2006 only, nearly
half a million people in the UK suffered from sorimem of RSI. The problem is increasing
principally through the intensive use of computensl other technology that involves large
amount of typing on keyboard. Posture related hgalbblems are also growing due to the

sedentary nature of many jolfaww.rsi.org.uk)
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2.9.3.1 Types of RSI
There are two types of RSI:
Type 1 RSI: RSI is classified as type 1 when a doctor canrdiag a recognized medical
condition, such as carpal tunnel syndrome. Symptoinigpe 1 RSI usually include swelling

and inflammation of the muscles or tendons.

Type 2 RSI: RSl is classified as type 2 (otherwise known as\-specific arm pain) when a
doctor cannot diagnose a medical condition fromsyraptoms. This is usually because there
are no obvious symptoms, just a feeling of pairis lalso referred to as non-specific pain

syndrome (www.repetitivestraininjury.org.uk/types-of-rsi.Hym

2.9.3.2 RSI conditions
Medical conditions and injuries that can be clasdias type 1 RSI includes:

i) Bursitis: inflammation and swelling of the fluid-filled sawar a joint at the knee,
elbow or shoulder.

i) Carpal tunnel syndrome: pressure on the median nerve passing throughrike w

iii) Dupuytren's contracture: a thickening of deep tissue in the palm of thedhan
and into the fingers.

iv) Epicondylitis: inflammation of an area where bone and tendon jamexample of
epicondylitis is tennis elbow.

v) Rotator cuff syndrome: inflammation of muscles and tendons in the shaulde

vi) Tendonitis: inflammation of a tendon.

vii) Tenosynovitis: inflammation of the inner lining of the tendon atte that houses
tendons. Tenosynovitis most commonly occurs inhtded, wrist or forearms.

viii) Ganglion cyst:a sac of fluid that forms around a joint or tendasually on the wrist
or fingers.

ix) Raynaud’'s phenomenon:a condition where the blood supply to body exttersj
such as the fingers, is interrupted.

X) Thoracic outlet syndrome: compression of the nerves or blood vessels that ru
between the base of the neck and the armpit.

xi) Writer's cramp: part of a family of disorders known as dystoniattbause muscle
spasms in the affected part of the body. Writeranmp occurs from overuse of the

hands and armgwww.nhs.ukconditions/repetitive-strain-injury)
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294 Carpal Tunnel Syndrome (CTS)

Carpal tunnel syndrome is a painful disorder of therist and hand.
A band of fibrous tissues surround the wrist whidrmally support the joint. The narrow
tunnel between the fibrous band and the wrist bemalled the carpal tunn€lJ.S. National

Institutes of Health)

The carpal tunnel protects the median nerve whalpshto move the thumb, index and the
two middle fingers of each hand.
Any condition that causes swelling or a change asitpn of the tissue within the carpal
tunnel can squeeze and irritate the median nemition of the median nerve in that manner
causes: tingling and numbness of the thumb, indeixtlae middle fingers, a condition known

as "carpal tunnel syndrome."

Carpal tunnel syndrome occurs when other tissu#iseircarpal tunnel (such as ligaments and
tendons) get swollen or inflamed and press agéiestedian nerve. That pressure can make
part of the hand hurt or feel numb.

(www.ninds.nih.gov/disorders/carpal_tunnel/detapal_tunnel.htm)

There are controversies on work-related CTS in sareas but researchers are still working
on. Some professionals believe that some case$9fate work-related due to facts emerging
from nations around the world. Some writers howgpegfer to refer to work—related CTS as
RSI.

In USA, Carpal tunnel surgery is between 400,000 200,000 annually with economic costs
in excess of two billion dollars per annum. Costcofnpensating workers relative to other
cases is about three timéRalmer & Hanrahan: 1995Research in Norway shows that at
least 1 out of 10 patients drop-out of work aftdriSCtreatment which implies a substantial

socio-economical burden on the soci€éBekkelund et al: 2001)

2941 Causes of Carpal Tunnel Syndrome.
)] Repetitive movement of the hand (Doing the samed hmovements over and
over).

i) Working with hand in awkward position. (It's mosthemon in people whose jobs

require pinching or gripping with the wrist heldnbePeople at risk include people
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who use computers, carpenters, grocery checkesgmdmy-line workers, meat
packers, musicians and mechanics. Hobbies suchaedergng, needlework,
golfing and canoeing can sometimes initiate CTS [#pms).
More common among women than men.

iii) Heredity (which means it runs in families).

iv) Injury to the wrist, such as a fracture.

V) Disease (such as diabetes, rheumatoid arthritisyonid disease.)

Vi) Carpal tunnel syndrome is also common during teefew months of pregnancy.

(Familydoctor.org/online, medicinenet.com)

2.9.4.2 Symptoms of carpal tunnel syndrome
i) Numbness or tingling in hand and fingers, espacidde thumb, index and middle
fingers.
i) Pain in wrist, palm or forearm.
iii) More numbness or pain at night than during the day.
iv) Increasing pain when using hand or wrist.
v) Difficulties in gripping objects, such as hand galoorknob etc.

vi) Weakness in thumb.(id.)

295 Cumulative Trauma Disorders “CTD”
Cumulative Trauma Disorders (CTD) is a conditionewha part of the body is injured by

repeatedly overusing or causing trauma to that Ipaaty

Trauma occurs when the body part is called on tckvmarder, stretch farther, impact more
directly or otherwise function at a greater lev@rt it is prepared foThe immediate impact
may be minute, but when it occurs repeatedly thestemt trauma cause damage. It is the

build up of the trauma that causes the disordeggromics.about.com)

CTD is a collective term for syndromes characterisg discomfort, impairment, disability or
persistent pain in joints, muscles, tendons anérogioft tissues, with or without physical
manifestations.It is caused or aggravated by repetitive motionsluding vibrations,

sustained or constrained postures, and forcefulemmants at work or leisure.

CTD describes a large group of conditions thatltdsom traumatizing the body in either a

minute or major way over a period of time. Somehef conditions so called are: over-use
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injury, cervicobrachial disorder, cumulative trauimgury, repetition strain injury, repetitive
motion injury, rheumatic disease and osteoarthr{Bigz-Anderson, 1988)

Repetitive strains may be caused by different oattapal activities, such as in assembly
plant, manufacturing, meat processing, sewing, ipgcland other manipulations. Other
manipulations include maintenance personnel usamgliools. Cashiers in supermarkets and

keyboard operators also experience CTh.mt.com)

2951 Causes and Symptoms of CTDs
From the fore-going, it is obvious that the cawmed symptoms of CTDs are the same as that
of RSI and CTS earlier discussed. CTD is a colecthame for the ergonomic related

ailments earlier discussed apart from back injurigack pain.

2.9.6 Back Injury or pain:

Back injury (or pain) is a hurtful sensation usydklt at low back. Back injury is not
associated with any serious disease known but ynds#t to damage, wear, or trauma to the
bone, muscles, or other tissues of the back. Bajckieés affect mainly the lower part of the
back (the lumbar). That area is susceptible becafises flexibility and amount of body
weight it bears(Shiel, 2008)

Low back pain is common and can be extremely phiEpeculation has it that about 50 to
70 percent of the total population in the Unitedt&$ suffers back pain. It should improve
within days or weeks if not as a result of slipmisc or trapped nerve which normally get
better on their own too. If a back pain shouldgetse within weeks, then medical attention

is required. Putz-Anderson et al, 1994)

29.6.1 Causes of back pain
Back pain is more common in tasks that involve:
i) Incorrect lifting methods and posture (lifting hgaor bulky loads):
i) Carrying loads awkwardly, possibly one handed.
iii) Repetitive tasks, packing of products.
iv) Long distance driving or driving over rough groumpayticularly if the seat is
not, or cannot be properly adjusted.
v) Stooping, bending or crouching, including workP&s (poor posture).

vi) Pushing, pulling or dragging heavy loads.
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vii) Working beyond normal abilities and limits.

viii) Working when physically tired.

ix) Stretching, twisting and reaching (lifting, benglimnd twisting motions of the
torso affect both the degree of severity and fraquef low-back pain).

X) Sedentary lifestyles (Prolonged periods in one toni

(www.hse.gov.uk/msd/backpain/workers/work.htm)

2.10 Ergonomics and Systems Engineering

Systems Engineering handbook, (INCOSE, 2006) defi&ystems Engineegnas an
interdisciplinary approach and means to enableghkzation ofsuccessful systems.

It emphasized Systems engineering application tiirout a systems life cycle. It also models
Systems life cycle into six stages which are: CphcBevelopment, Production, Utilization,

Support and Retirement.

Four process groups were identified that suppatesys engineering which are:

Technical Processesthis deals with technical requirements of a systehich include:
stakeholder requirements definition, requirementsalysis, architectural design,
implementation, integration, verification, transitj validation, operation, maintenance and

disposal.

Project Processesthis deals with soft aspect of a system development lwincludes:
planning, assessment, control, decision-making,management, configuration management

and information management.

Enterprise Processes:the management aspect of a project is addresseshich comprises
of: enterprise management, investment managemeydters life cycle processes
management, resource management and quality maeagenhis process is very important
in systems engineering as the outputs of the sybtermycle management process directs the
tailoring of the Technical and Project processes.

Agreement Processeghis process deals with systems acquisition anglgup

The technical process addresses operation andanamte phases of a system'’s life cycle.

Essentially, those are the phases where ergon@winss in.
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Operation phase has the main purpose of makingytstem deliver its intended services. The

operation phase more often runs concurrently m#ntenance phase.

The Operation phase: brings in personnel to opdhsesystems, monitors operator-system
performance and monitors the system performancéhefsystem is replacing an existing
system, the transition between the systems need® twell managed such that persistent
stakeholders do not experience a breakdown inc\or experience unexpected operational

conditions.

The technical process monitors operator-systenopagnce as mentioned above. Although,
ergonomics comes in here under the technical psobas Speciality engineering activities
takes much cognisance of it. The approach of sligotangineering in relation to ergonomics

is as expressed below.

Systems engineering recognise that ergonomics (HuBvaineering or Human Systems
engineering) affects every areas of a system thsthhuman-machine interface. That is why

it recommends that human system factors shouldtegrated into the design of systems.

The objective of speciality engineering is to aghi@ balance between system performance
and cost. To achieve that is to ensure that theéesyslesign is compatible with the
capabilities and limitations of the diverse peopM)o will operate, maintain, transport,
supply, and control the system. Systems engine¢akegs it as both ethical and obligatorty
that a concern for human operators, maintaineis,aaministrators is reflected in the design

of systems.

It also recognises the fact that it is not possibleliminate all ergonomics risks by design.
But, it recommends that remediation steps be ifiedtand taught to people so as to reduce

the risk of temporary or permanent injuries.

Ergonomics specialist/engineer roles in system emgiering

Systems engineering addresses ergonomics issugsraugh in system development, that
is, during “requirements analysis”. At this stagejuirements from different sources and
disciplines are analyzed to resolve conflicts. Ti@man factors engineer is primarily

responsible for two types of requirements:
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1. Human performance requirements

2. Human engineering design requirements.

The first requirement, human performance requirdm@uat into considerations times and
accuracies for tasks assigned to humans. The emgoscengineer must ensures that the
proposed requirements are in fact achievable byrtesded operators and users (including
maintainers).

Systems engineering has a robust considerationefgonomics not only in relation to

operators but other users including maintenanceopeel.

As earlier mentioned, systems engineering takas & matter of ethics that systems do not
present undue risks to the people who will use thBmat is why ergonomics engineering
process begins during the Concept Stage of thersyiifie cycle and continues throughout the

life of the system.

Systems engineering identifies a three-step protesgduce the risk that a system will
require costly rework due to ergonomics issuesreeitois deployed for use or may not be
deployed at all. The three-step process is to:
1. Identify the key design considerations during depeient of the system and address
them in step 3.
2. Build the right team.

3. Manage the human factors engineering progesy.

From the fore-going, the consideration given tooednics in systems development by
systems engineering is quite big but the realitthest some systems do not conform. That
implies that the application of systems engineenmgrocess equipment development needs

to be taken more seriously by all stake-holders.

2.11 Maintenance

Maintenance can be applied to several things dndt&ins in human endeavours, however, it
would be considered in the context of this reseamoink as it relates to petro-chemical
industry.
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Maintenance is the act of keeping a machinery,tptgquipment and system in good working
condition using routine (care) operations, sengcioverhauling, repairs, part replacement

and so on to ensure plant availability and optinproduction. (Prof. Wichers, 2007)

There are several other definitions available baytall tend towards that same end. Some of

the definitions are contained in appendix E.

2.12 Maintenance strategies.

Several strategies are there to adopt in main@iphocess equipment. The complexity and
size of petro-chemical plant requires that a maimtee structure be on ground. Individual
company (organization) within the industry has topt the most suitable maintenance

strategy for its operation. Some of the strategresdiscussed below.

2.12.1 Pro-active Maintenance

This is a maintenance strategy that uses a vasfegchnologies to extend the operating lives
of machines and to virtually eliminate reactive nt@hance. It is the latest innovation in the
field of predictive maintenance. This strategy emgpl root cause failure analysis-the
determination of the mechanisms and causes of medhaiults. It is aimed at correcting

fundamental causes of machine failures and systeatigiteliminates the failure mechanisms

from each machinery installation.

For instance, imbalance and misalignment have heemntified as the root causes of the
majority of machine fault for a long time. Thosenddions shortening the service life of
bearings by placing undue forces on them. Instéagmacing worn bearings in a machine
continually, a better approach will be to performegssion balance and alignment on the
machine and verify the results by careful vibratiosignature analysis.

(www.dliengineering.com)

2.12.2 Preventive Maintenance

Preventive Maintenance are actions performed amex tor machine-run-based schedule that
detect, preclude, or mitigate degradation of a acomept or system with the aim of sustaining
or extending its useful life through controllinggiladation to an acceptable level. Simply put,

preventive maintenance is performed in order tacamdfailure. This includes simple actions
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of greasing and oiling of machine parts.

(www.weibull.com/SystemRelWeb/preventive_maintereahtim)

2.12.3 Run-to-Failure

Run-to-Failure, also known as, Corrective/Reacheantenance is based on the fact that a
piece of equipment is not maintained until it failiis approach is appropriate when the cost
of failure is not significant and production is naffected. The disadvantage is that the
maintenance department operates a ‘crisis managemamtenance system which is an

inefficient way of running a planfwww.maintenanceworld.com)

2.124 Condition-Based Maintenance

Condition Based Maintenance (CBM) also refers toPasdictive maintenance has been
defined as “Maintenance actions based on actuatliton (objective evidence of need)
obtained from in-situ through non-invasive testperating and condition measurement.”
(Mitchell, 1998)

Butcher defines this maintenance technology thilBMGs a set of maintenance actions based
on real-time or near-real time assessment of eqempraondition which is obtained from
embedded sensors and/or external tests & measuterteken by portable equipment.”
(Butcher, 2000)

2.12.5 Reliability-Centred Maintenance

Reliability-Centred Maintenance (RCM) is a maintece approach used to determine the
maintenance requirements of any physical assetsiroperating context. Its emphasis is

mainly on inherent reliability. In other words,sta scheduled maintenance program designed
to realize the inherent reliability potential ofuggment. This is based upon the premise that
maintenance cannot improve upon the safety or hiétia inherent in the design of the

hardware. Good maintenance can only preserve ttieaacteristics.Moubray,1999)

2.13 Maintainability

According to Jardine (1992), the maintainability efjluipment can be defined as the
probability that the equipment will be restoredspecified conditions within a given period of
time ‘T’ when the maintenance action is performed in aeoarel with prescribed procedures

and resources. Maintainability is related to thsigle standard of the equipment.
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INCOSE (2006) also looks at maintainability in tight of the design of equipment and how
it should be executed. It is presented as follows:

“Maintainability uses analytic methods to determihe proper approach to maintain each
element, considering: locations, levels of repgipes of scheduled maintenance, repair or
replacement to meet mission objectives in a cdetg¥e manner. It gives priority to the
design process monitoring to ensure that adequaietemance considerations are included in
the system been engineered. It also takes intoisamgre: handling and support equipment,

test and checkout equipment, facilities, and lazasplans”

Emphasis is placed on:

1. Determining requirements based on the usertesyseadiness, mission performance,
requirements, physical environments and resourgafable to support the mission.

2. Managing the contributions to system reliabiliiade by system elements. Some measures
include: Failure Rate, Mean-Time-Between-FailureMTBF), Mean-Time-To-Repair
(MTTR), and Mean Error Isolation Time.

3. Ability to find and isolate errors after failseand repair them.

4. Preventing design deficiencies (including singgént failures), precluding the selection of
unsuitable parts and materials, and minimizing ¢fiects of variability in the manufacturing
process.

5. Developing robust systems, acceptable underifsggt@dverse environments experienced
throughout the system's life cycle, repairable estorable under adverse conditions and
supportable under conditions consistent with th® (lntegrated Logistic Support) plan.

6. Requirements for parts, software, materials, gmdcesses should be developed that
ensures that the reliability standards for the mag can be obtained. Standards and
Specifications should be incorporated into progrgpecifications, where appropriate.

7. Monitoring and managing the contributions toteys availability from: system reliability,

maintainability, supportability, and the overall3Lplan standpoint. (id. Ebeling, 1996)
From the above definitions and discuss, it is cthat the design of equipment greatly affects

the maintenance of the equipment. How ergononttofa associated with the equipment

affect maintenance and maintainability is embedulgichot specified.
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2.14 Ergonomics and Maintenance
As earlier mentioned, there has not been much deration for a relationship between
ergonomics and maintenance both in literature atetnet. It was however found that some
industries like, aviation and mining have recogditiee relationship and have been working
on it. That may be due to:

1. The sensitive nature of their product, services@etations

2. Rate of incidents and accidents occurrence

3. Severity of accidents when they occur

The aviation industry in the United States of Arparinitiated human factors studies in
maintenance-related issues through agencies likderal Aviation Authority (FAA) and

National Aeronautics and Space Administration (NAS/anufacturers, and the aircraft
maintenance industry. Examples are: the Natiorgahdh Aircraft Research Plan (NAARP),
the “Safer Skies” initiatives, the white House Hame Aviation Safety, and NASA'’s aircraft

maintenance program. The support of the governimehts regard cannot be underscored.

The objective of all those efforts is to identifgsearch issues, to promote and conduct both
basic and applied research related to human fart@scraft maintenance. That approach in
maintenance research considers the human as ttie oéthe system.

(www.vitrom.com/Articles/mso4A8.pdf)

The importance of ergonomics or human factor tonteaance activities in the mining
industry was recognised in the early 1990s andadrseich concerns is best put in the words
of Mason Steve (1995) below.

Maintenance has a major relevance to the busined®mpnance of industry. Whenever a
machine stops due to a breakdown, or for essertigine maintenance, it incurs a cost. The
cost may simply be the costs of labour and the afosty materials, or it may be much higher

if the stoppage disrupts production.
A maintenance technician who is motivated, welhtd, under no time pressure, given the

correct information, and working with equipment elhhas been designed to be maintenance

friendly, will likely complete all specified mainnce work to a high standard.
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If those requirements are not met, it is more likbht the maintenance work will receive less
than the desired attention and the probabilitysifigi short cuts in work methods become
very high. That means, the equipment is poorly ta#&ied leading to reduced
reliability/availability or direct damage to theapit. On the other hand, the safety of the

maintenance technician, other employees and thieomnvent is highly at risk.

The scope for human error in maintenance activisiegde just like in most types of work.
These range from: becoming distracted, forgeitimgprtant checks and short cut (intentional
deviation from a permit to work or standard op@@fprocedure in order to save time or to

get the job done in unauthorized circumstances).

Due to unchecked and continual use of some typasimofn error, they tend to almost
become the accepted custom (norm) and practice.

For example, fitters may have got into the habibmitting final checks during a routine
maintenance procedure. Other forms of human erey only occur rarely during exceptional

circumstances. For example, crews may mis-diagti@seause of a novel failure.

Factors which influence the behaviour of mainteeatrews and the likelihood of human
error should be considered in terms of its effegtsafety of people, damage to plant or

equipment, reduced reliability and subsequent lweak.(id.)

The Human Factor Reliability Group in the mininguistry presented an observed
relationship between ergonomics and maintenanserok equipment and steps taken to

correct the impacts.

After observing that machineries entering the nmgnimdustry in the recent times have
features that make them maintenance unfriendlylfres a research project), a set of design
guidelines were developed to correct flaws in libéhcontents and presentation of available

ergonomic guidelines for equipment manufacturing.

The former guidelines contained human factor sptibns presented in the extreme
conditions in the form of ‘Maximum - Minimum’ or ‘@imum’ format. Designers could not
meet such ideal human factors requirement duene smher factors; hence, they chose their

perceived best approach (compromise among therfcfo major problem was therefore
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apparent in that the designer would then have ea whether his/her compromise had

minimal or severe impact on the performance oftlaéntainer.

That was why the set of guidelines were reviewegrtwide the designer with performance
information that will aid him to identify the natiof changes that could be made or
acceptable. For instance, if the ideal accessrtaindasteners was not provided, better trade-

off decisions could therefore be made.

2.15 Process Equipment Design

Equipment, tools, machineries and plants are géyelasigned today by engineers who may
never operate them as earlier mentioned. Thereagigus steps associated with machineries,
plants and tools production or construction. Magtipment in the petro-chemical industry

are mechanical with electrical and instrumentationtrols.

The stages of the design and construction of thgetent and machines varies from process
to process based on number of factors like,
i) Process function
i) Technology required (Patented or not, available dre developed)
iii) Subject matter experts’ availability and proximifn-house engineers, R&D
academia, consulting engineers or firms)
iv) Cost implication

v) Material requirement (Construction)

Mechanical design which involves: conception, mtgland design of mechanical systems
or modules. From concept to detailed design, drgsvioroduction, fabrication and testing.
Instrumentation and other support (utilities) ok on going and coupled as construction
continues. As construction goes on, series oftesy take place. It is after testing that

functional errors are detected and correctetip{//sdm.mit.edu)

2.16 Ergonomics and Process Equipment Design

Developing a new chemical process plant requiressirvice of industry, academia and
technology developers or entrepreneurs. It normatgrts with a known need requiring
technical solution - for example, removal of heawgtal pollutants from wastewater. In the
development stage, the focus is to find a solutiotechnical need in the most cost effective

manner.
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The enterprise evaluates whether the technologly agitomplish its intended purpose at
several stages of the development (bench, pilotfalhdscale) in a cost effective manner.
Once, it is clear that the technology will accorsiplits purpose at cost effective manner, it is
launched into the market. Detail considerationdiod user requirement at this stage has been
forgotten. (McDevitt, 2002)

That explains while ergonomic error in the mechahdesigns is not detected early because
the functionality of the equipment is consideredenparamount. Nowadays, many functional
errors are avoidable because of knowledge gainddessons learned from existing facilities

which are functioning(Grossmith, 1998)

Although, not generally well recognized, the rofeeogonomics in improving productivity
and quality is well documented. In most cases, r@vgocs interventions have been reactive,
that is, ergonomics interventions are often irgtiabnly after an injury has occurred and after

organization(s) and the worker(s) have incurreddes

The prospect and opportunities for profitabilitathpresent themselves at the commencement
of a process plant operation becomes less appdteamiproactive evaluation of a new process
plant at the design stage, before losses occunf garamount importance. Ideally, such
evaluation activities should occur with a fundanaémeed to support the productivity and

profitability goals of the organization.

Ergonomic upgrades often done after a productioa ias been in operation for some time
and after employees have incurred CTDs cannot niakalready lost profit. Such losses

include costs incurred due to, workers compensatmst work days, restricted work days,

productivity losses in replacing temporarily absemployees, re-work, scrap, employee
turnover and other penalties associated with loveraployee morale.

Most often, management wants such upgrades tontq@esifast and of a relatively low cost.

Unfortunately, this is not always practicable hertbe rationale for a proactive ergonomics

designs review.

Introducing retrofits to an existing process pleomes with enormous problems. Changing a
component position, for example, to better suit dmaployee population, often require

changing other work stations and process equipm@&his equipment modification is
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generally too costly, especially when there mayabaeed to shut the line down for an
appreciable period.

More crucial is the fact that, organizations do hatve budget for modifying existing plant
and engineering resource are not readily availaRksources would have been logically
allocated to new products. The outcome of an engie® intervention at this stage is to a
great extent, a compromise solution. Certainly wwh&mple, cost effective solutions can be
implemented, appreciable successes are often ettt that is more common at individual

work stations and not to a process plant as a whole

Some ergonomic impacting factors are important fumtlamental system parameters that
cannot be retroactively resolved easily. Some chdactors are; the improper allocation of
space, poor process flow, incorrect working heiglask of consideration of seated versus
standing modes, incorrect equipment design anaisGa@nsequently productivity and quality
penalties associated with these concerns mustneenthroughout the life of the process plant
with a concurrent reduction of profits. Unfortugitenew production lines seem to replicate
these same problems.

A proactive approach is required to reduce the resgucs risk factors. A motto frequently
used is: "Design it Right the First Time". To dasthany design team must have a clear
understanding of the productivity and profitabilggals for the project.

As earlier mentioned, one key solution is to holidcess design meetings (where an
ergonomics specialist well versed in the technolagly be present) for any new process
facility. The ergonomist can objectively track dgsi process performance to the
organizational productivity and profitability god®m ergonomic stand point. More so, there
may be no one in the design team who is more a@faree stressors present in the work place
and the resultant cost penalties they representrtima.

As a pre-requisite activity for compiling a projestope of work and budget, ergonomist
should be incorporated as he is in position to uwatal task design and workplace stressors.
Involving an ergonomist after a project is idertifiand the project budget is set invariably
gives the ergonomist some difficulties in justifyiadditional monies for improved process

designs.
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Above all, ergonomics can be the conscience obggr during the design process. It lends
support to the project manager in ensuring thatotrerall system goals remain focused and

weak links in independent disciplines are elimidate at least minimizedEdward, 1998)

Barriers to integration of ergonomics into processiesign
Some barriers to integration of ergonomics intocpss design have been itemised as shown
below. Steiner & Vaught: 2002)

Barrier 1: people are expected to adapt, hence, there isen@amd for use parameters in
design. Users are forced to adapt to designs thetké sense” to the designer most.
Understanding that ergonomics is not just a “commsense” issue leaves the interface
problem unrecognized like working posture, workcgpeonstraints and so on.

Barrier 2: Organizations often put forth alternatives or péred solution to a complicated
user problem. Many a times, the alternative or giged solution is arrived at without
thorough consideration for all critical parametdilsee equipment design, work space
constraints, working posture/position and so on .

Barrier 3: Organizations many a times do not welcome outcoofiégsdependent carefully
controlled studies on issues that affect them,iheatb repeated designs that are ineffectual
and its consequences. Organizations often considependent researchers’ claims on their
activities as indictment rather than improvememesygy.

Barrier 4: On recognising machine/human interface problemgamizations often use work
force training as a solution which is not. Trainisgho remedy for process inadequacies.
Barrier 5: Quick fix solutions due to time pressure and ratpry or other constraints may
work for a while, but they are inappropriate aneffiective.

Barrier 6: Design claims are often not put to real-worldgdsst. Organization perception of
an ergonomic problem remains the same until arusedconfirms it.

Barrier 7: The afore-mentioned training and usability instiwes developed when
ergonomics problems are encountered are not goodgbnsubstitute for anticipation of
design problems prior to implementation.

Barrier 8: If a process is working and giving out expectedtpots according to
specifications, any subsequent failures are likkelpe blamed on the human user rather than

ergonomics.

-47 -




Barrier 9: A process may be meeting physiological requiremenet fail to meet
psychological ones. This must be recognized, ifledtand attended to, or the device may not

be successfulid.)

At present, effort is been directed towards incoming ergonomics into design of equipment

and machineries in some quarters in the United #ongas mentioned below.

There are growing concerns for human factors (evgocs) integration into plant and system
design. The aim is to 'design-in' the humans itémtpand systems, taking into consideration
their capabilities and limitations. This can leaadl gignificant savings in both capital
expenditure (CAPEX) and operational expenditure ERPthrough appropriate manning
levels, maintainable plant, reduced re-work and-trsendly facilities and systems.

(www.hu+tech.co.uk)

2.17 Maintenance Personnel’s effectiveness

The effectiveness of a maintenance workforce dirantpacts the industry as it determines
production and other parameters. Assessing thetef@ess of a maintenance workforce or
personnel requires using metrics set by the org#iniz. Various organizations have different
metrics often referred to as KPI (Key Performanudidators) for measuring. That depends

on what the organization considers paramount.

The concept of Key Performance Indicators andatmmonent varies in its application from
one organization to the other but some of them ltavemon ground. Some of the KPI used

in relation to maintenance personnel effectivemessrious industries are discussed below.

A survey conducted by Rgstad et al (1999) reveillathe most commonly used KPIs in the
Norwegian food processing industry are;

% Maintenance costs / Produced units

% Budgeted maintenance costs / Real costs

% % Preventive maintenance of total maintenance

% Produced units / Time

% Maintenance costs /Production costs

% Maintenance costs / downtime

% Number of rush- jobs
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< Downtime

% Maintenance hours / Produced unit

% Failure rate

“+ Workload for maintenance personnel
The most commonly used indicators are: Budgetednter@ance costs / Real costs,
Maintenance costs / Produced units, Maintenanceéscb$roduction costs, and Produced

units / Time.

The research revealed that KPIs are more wideljiexpp production than in maintenance.
However, companies seem to be focusing mainly @am@uical figures when considering
key performance indicators for maintenance perdoruefraction of the companies use

technical-related maintenance KPIs (e.g. downtfai@yre rates etc).

The following have been identified as key perforoemdicators used for maintenance in the
manufacturing sector in Cana@i@vw.ivara.com)

% Maintenance Cost

¢ Maintenance Cost/ Replacement

% Asset Value of Plant and Equipment

¢ Maintenance Cost / Manufacturing

% Maintenance Cost / Unit Output

% Maintenance Cost / Total Sales

% Mean Time Between Failure (MTBF)

% Failure Frequency

% Unscheduled Maintenance Related Downtime (hours)

% Scheduled Maintenance Related Downtime (hours)

% Maintenance Related Shutdown Overrun (hours)

The following have been identified as KPI for agwotion process environment;
< PM schedule compliance

< Overtime worked against plan

< Time taken to answer maintenance calls

< Budget compliance

< PM Backlog man-hours

< Critical Equipment availability (Don’t worry abouabn-critical equipment)
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< Number of breakdowns (Unplanned maintenance)
< Production equipment performance (By output vollevels)
< Equipment performance (with respect to quality)

% MTBF (http://www.pemms.co.uk/maintenance_KPI.htm)

Some industry players base their KPI on SMART (8medVieasurable, Attainable, Realistic
and Time-specific) goals. (http://www.vorne.comrtaag-center/kpi.htm)

Variants of KPI abound depending on the industrg applications. Common ground for
them all centre around; production (equipment awdity), down-time, production quality
and cost. None of those metrics put down-time duergonomics into consideration as it
affects maintenance down-time. It is obvious thgbeomics impact maintenance from the
discussion so far. It is also clear that many stalders including the personnel themselves

rarely recognise this.

2.18 Summary

This chapter delved into the review of relevargriture sources to establish concrete facts
upon which subsequent works in the dissertatiohbeilbased. From the discourse, it can be
deduced that robust consideration for ergonomiésratates to human-machine interface
exist, particularly for operators. Apart from avex and mining industry where ergonomics
has been entrenched in their maintenance activiteeae other industries are yet to take full
advantage of that. Although, the petro-chemicaligtd; has good ergonomics awareness
programmes most of which centre round operatoro#fice workers (computer users).
Hence, the need to relate ergonomics to mainterentieularly in the petro-chemical

industry to ensure plant availability.

The next chapter concentrates on discussion ofegarch topic, research instruments and

their application.
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CHAPTER THREE

EMPIRICAL INVESTIGATION

Chapter three presents the analysis of the rese&opit and a discussion of the research

instruments employed. The application of the researstruments is also discussed.
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3.0 Empirical Investigation

Having gone through the relevant literatures fatemr understanding of concepts behind the
research, the pace is set for the actual resessichwork. Before then, the dissertation topic
has to be looked into for clarity.

3.1 Research Design

Research has several definitions based on individewa but it all boils down to the fact that
‘itis a carefully planned and performed investigatiorgrsling for previously unknown facts
in order to  solve a problem or add to human knogéed

(www.spaceday.org/index.php/Glossary-of-Aeronaufiesns.html)

This research seeks to improve maintenance persempeformance or effectiveness with

respect to ergonomics design of process equipmeheipetrochemical industry.

To achieve that, a research design that will deliike aims and objectives outlined at on-set
need to be selected. Bearing in mind thdhé research design is the structure of any
scientific work that gives direction and systenedtizhe research. The research
method chosen however, will affect results and Howconclude the findings.
(www.experiment-resources.com/research-designs.htmi

The research solely depends upon case studiesbagetsuof the petrochemical industry
employing a number of research approaches stantitigthe descriptive research approach
on a broader view. Descriptive research apprdes been defined asscientific method of
observing and describing the behaviour of a subjetter without influencing it in any way.
(Shuttleworth2008)

This approach investigates the problem statemesgdan established facts. That however,
will lead to a much narrower investigative work pting scientific methods like; physical

observations, interviews and questionnaires to ieequrimary data in both case studies.
Experiment will not be involved but simulation @&al live situation may come up if need be,

in the process of personal interviews.

The purpose of this research work would have bedmneaed if it has worked towards
improving maintenance personnel’s’ effectivenessrégucing or eliminating impediments

due to ergonomics impact.
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To achieve that, some basic questions need todweeaad, which are;

1. Is there ergonomic related impact on maintenaitigities in the process industry?

2. Are there poor ergonomically designed equipmemacting the performance of the
maintenance personnel?

3. What other ergonomic factors impact the perfarcesof the maintenance personnel?

4. What is the nature of impact?

5. How much are these impacts?

6. What can be done to reduce or eliminate the @tpa

7. How do the impacts affect plant availability?

Those questions will serve as bedrock for the rebeaork been embarked upon with the
various approaches employed to under study maintenactivities in both Case A and Case
B.

To validate my research outcomes, proven theorieb established facts on effects of
ergonomics related ailments will be employed. Raisd experience, gained over long term
work experience of personnel in the maintenandd &iaed experts’ inputs in the field will be

used.

3.2 Data Collection Methods
This research work was carried out within two irtdusplayers (as case studies) in the

petrochemical field referred to as Case A and Base

3.21 Identification of Case Studies

According to the notable researcher, Yin (2003)seCatudy research continues to be an
essential form of inquiry for knowledge acquisitiorhe method is very much applicable
when researchers desire or are compelled by cirtzunoess to;

(a) Define research topics broadly and not narnpwl

(b) Cover contextual or complex multivariate coiwis and not just isolated variables,

(c) Rely on multiple and not singular sourceswflence.

He also identified at least six kinds of case sisdiased on a 2x3 matrix.

-53 -




Firstly, he categorised case study research bassimgle-or multiple-case studies;
Secondly, he categorised case study research omttare. That is, the case study can be
exploratory, descriptive or explanatory (causal). It does not matter if the case study is

single or multiple.

The combination of both categories gives what hkeda2x3 matrix. He defined the

component of each category as follows;

Category one
Single-case studyfocuses on a single case only.

Multiple-case studies include two or more cases within the same study.

Cateqgory two
Exploratory case study(whether based on single or multiple cases) —lmamsed to define

the questions and hypotheses of a subsequent @totlynecessarily a case study) or to
determine the feasibility of the desired reseanatedures.

Descriptive case study- is used tgresent a complete description of a phenomenonrwith
its context.

Explanatory case study- is used to present data bearing on cause-effdatioaships-
explaining how events happened. (id.)

This research employs a multiple combination ofdakegories.

3.2.2 Observations

Observing maintenance activities during shutdowas wery helpful as there were more than
enough opportunities to gather information. Obsgowa were carried out during

maintenance work coupled with interviews in theecasudy where annual turn-around
maintenance is not observed. Observation withowtessary input from the personnel
observed may be frustrating particularly when thty not understand the concept of
ergonomics. However, people with higher educatidwa@kground helped in throwing light to

the issue and giving reliable feedback.
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3.2.3 Questionnaires
This is a research tool used to gather informatiorthe ergonomic impact as perceived or
experienced by the maintenance personnel themseélbesinformation therein gathered is

used in conjunction with observatory evidencessstbaome to a logical conclusion.

It is important to state that 30 initial questiomaa were administered in each case study with
update based on response from each version (gavittgal of sixty for each version of the

three successive versions).

The final questionnaire was administered in botbecstudies among a population sample of

240 maintenance personnel in both organizations.

The questionnaire is intended to investigate andegelback from maintenance personnel as
to how ergonomics affects their performance andgiptes suggestions on what can be done to
ameliorate the impact if not eliminated.

The questionnaire along with a covering letter thuis research administered physically to
respondents are attached in Appendices A and B.

To ensure a quality work, the questionnaire wasgdesl with the contribution of experts in

the field of ergonomics who are also in the petrernical industry.

3.24 Interviews

Interview was conducted both in case A and B ammamtenance personnel of rank and files
using an abridged version of the questionnaireegmtesl in appendix C. It is noteworthy
however that, some personnel needs to be enligthtendehe subject of ergonomics before

they could give the right view and avoid biasegoeses.

3.3 Summary

In this chapter, the dissertation topic and its ponents have been discussed along with
methodology adopted in gathering data for thisedtssion. The next chapter will look into
the research instruments employed and the outcomes.
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CHAPTER FOUR

Results and findings

Chapter four gives the analysis of results andifigd emanating from the application of the
research instruments. The results were presentéabmlar and graphical forms that give the
information in an easy to understand manner. Extfafions were made where information
was not accessible and the resulted outcomes asepted.
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4.0 Results and Findings

The previous chapter presented the discussioneofdmponents of the dissertation topic and
all the necessary instruments employed in achiethegaims and objectives of this research
work. The outcomes of the research are discussedisnchapter alongside graphical and

tabular representation of data generated fromuheeyg instruments used.

4.1 Results

At the onset, the research was structured to ilgadst each case study independently and
finally compare the outcomes. But, it was discodetigat the reasons for the independent
investigation would not yield any positive resulthe purpose of the separation at the
beginning was to find the impact on each case sindiyidually and compare them using

cost implication (medical and over-head).

The initial pilot survey (30 initial questionnaingere administered in each case study)
revealed that respondents were not ready to gifieenmation regarding wages. Information

regarding medical cost was not within the reachrespondents as both case studies have
structured medical aid. That specific area posedlenges that alternatives have to be sought
to meet the expectation of the research. As tlsene iground for comparison, the results were

analysed together.

One of the major constraints faced by the questimaris that, none of the electronic copies

sent out was completed and returned out of thaytlsient out in each case study. Three

different versions in succession were sent outfferdnt personnel at different time interval

but no response from anyone.

A former maintenance supervisor in Case study B dhis reply (have been on some sort of
vacation, and just resuming. You have very goodtienaire here, but | tell you what, you
cannot get the answer just in a jiffy. Give me stime. Good luck.)

He also sent it to his colleagues who could beeth but not one of them replied.
That necessitated a physical distribution and noonigj (the assistance of some personnel in

both case studies helped in getting their subotdgaeers and colleagues to complete them

on time and return immediately) which yielded aifpes result. Respondents (including those
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who got the electronic copies before) freely conguadat and expressed their views, more so,

there is no name attached and no specific indisimymation is sort.

The original aim was to administer one hundredaichecase study but as it turned out that the
response to initial electronic survey yielded noghithe ground was shifted to one hundred
and twenty in each case study hoping to get at keighty back. Because of the assistance
received (mentioned earlier), and as soon as omelred completed questionnaires were
received from each case study, analysis begantah @b two hundred respondent feedbacks

were analysed.

4.1.1 Outcome of questionnaire survey.
The questionnaire addressed five areas presenfa isections below;

i) Respondents profile.

This section was aimed at gathering relevant in&diom from reliable sources; maintenance
personnel from relevant fields (mechanical, eleatror instrument), with appreciable number
of years already put into the profession (to trappreciate the intent of the questions and
avoid bias or inexperience) and finally the levélealucation as that will also influence
perception by individuals.

A total of two hundred and forty questionnairegavadministered physically to maintenance
personnel but only two hundred were analyzed. Hiftg percent of the respondents are
graduates and masters degree holders. Fifty-tweepeof respondents have between five and
fifteen years of experience in their relevant fiéhdechanical, electrical and instrument) as

maintenance personnel. Summary of the profileesgmted in table 4.1 below.

1.2 Fields Respondents Respondents
Mechanical 80 Instruments 70
Electrical 50
1.3 Year of experience on the job.
0-5yrs 69 5-10 yrs 57
10-15yrs 48 >15 yrs. 26
14 Level of education
< OlLeve 0 Diploma 56
Ol/Leve 18 B. Tech / B. S 89
Trade test /C&G 23 M. Tech/ M. Sc 14

Table 4.1 — Respondents Profile
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i) Ergonomic issues indices

This section deals with indices that probe the gmes of ergonomic related issues in
maintenance activities.

The indices probe the areas of: equipment desigrkspace and tools.

Section 2.7 however, probes the frequency of thask pose ergonomic issues while
section 2.8 probes the level of awareness creagthd) experienced the situation that

poses ergonomic risk.

iii) Impact indices

This section actually deals with impact evaluatidhe indices used here seek to evaluate

the impact of ergonomic related issues among maamige personnel based on;

a) Man-hour loss in terms of Day-Away From-Work (DAF\&Qidressed by section 2.9
of the questionnaire.

b) Health implication (medical cost) addressed inisacs.1-3.4 of the questionnaire.

c) Personnel morale addressed in section 4.1-4.Zdjulkstionnaire.

d) Over-head cost addressed in section 5.1-5.3 ajukstionnaire.

e) Down-time elongation as it affects production addesl in section 5.4-5.5 of the

questionnaire.

iv) Respondents’ suggestion for mitigation
Respondents were given opportunities to express Wews with regards to possible
mitigation factors that can be adopted to minimize impact of the ergonomic risk

associated with their job. Those were addresssddation 6.1-6.3 of the questionnaire.

v) Implementation constraints.

Realising that mitigation efforts may not succekdhere is no good ground to aid it,
section 6.4 of the questionnaire seeks to probesilplesconstraints to implementing
mitigation efforts like; Cost, management issuesnpgany policy, maintenance strategies,

awareness creation and personnel morale.

41.2 Interviews
Six maintenance personnel were interviewed pagibulthose in supervisory/managerial

positions using a combination of formal and informmeethod. A set of questions (an extract
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from the questionnaire) presented in appendix Cthei responses revealed some things not

previously anticipated. Details of the findings presented below.

Four medical personnel were also interviewed tomegeé how much as a baseline, the
medical cost of ergonomics-related ailments irglicon personngsuch information could
not be gathered from within the industry for reasafore mentioned) he outcome of that is
also presented below.

4.1.3 Observation

Physical observation of maintenance activities weengied out during normal operation and
shut down periods in Case A. Case B does not aperabutine shut down programme but
maintenance activities present themselves in sdébédunaintenance, condition based, time
based and equipment failure. Those opportunitie® we&plored to investigate the aims and

objectives of the research works.

4.2 Presentation of Results
The outcome from each of the research instrumesgtd are presented in this section.

421 Survey questionnaire outcomes
Outcomes of the administered questionnaire areepted under the various indices employed

as shown below.

42.1.1 Ergonomics issues in maintenance.

All two hundred respondents admitted that ergonoissaes exist in their profession. From
the indices employed; 94.5% agreed that they warteu uncomfortable posture, 84.5%
admit that they use tools in uncomfortable manhat tauses pains or stress while 86%
profess that they use tools under such circumssatiize can lead to repetitive stress injuries.
Supporting indices addressing equipment design,ishguestion 2.1 and 2.5 have 89% and
73.5% positive responses respectively (See Talie bélow). That position was also

confirmed from interviews.
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Yes No
Yes No % %

2.1 The part is not accessible 178 22 89 11
2.2 There is high risk of sustaining injury 151 49| 755 24.5
2.3 Work is done under an uncomfortable posture. 918 11 94.5 55
2.4 The job requires using tools in uncomfortabénmer
that causes pains or stress. 169 31 845 | 153
2.5 The mechanical design of the equipment is aotlg 147 53 73.5 26.5
2.6 Tool is used repetitively that can lead to tiépe 86 14
stress injuries. 172 28

Table 4.2 - Ergonomics issues indices.

4.2.1.2

The frequency of occurrence of ergonomic impactagthtanance task was investigated using

Frequency of ergonomic impacted task.
guestion 2.7 How often does the work re-occur?
Responses show that 73% of ergonomic impacted tz®ke up once a year at least. Only

1.5% re-occurs weekly. That in a way helps to teddish the fact that the ergonomics

impacting tasks do exist. Table 4.3 below showgdle of re-occurrence.

Frequency| Oncea Once a Oncein3 | Oncea| More
week month months year at | frequent
least
Responses 3 16 35 146 0
% 15 8 17.5 73 0

Table 4.3 - Task re-occurrence index

4.2.1.3
If the ergonomics impacting tasks do exist, how mawareness have been created about

Awareness creation.

them and to what level, was the next thing looketb iby question 2.8? Data acquired
revealed that only 18.5% of respondent actuallymam to their superiors as shown in table
4.4 below. The data is not conclusive as 70.5% espondents did not respond to this

guestion. That is further discussed in chapter. five
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Yes No No response
Responses 37 22 141
% 185 11 70.5

Table 4.4 - Awareness creation index

4.2.1.4 Impact Evaluation
A number of indices were adopted here and thetseats as follows.

42141 Man-hour loss

Man-hour loss as a result of ergonomics relatedessaffecting maintenance personnel in
terms of Day-Away From-Work (DAFW) addressed bytsec 2.9 of the questionnaire.
Table 4.5 below shows that only 13% take days dwag work when the ailment surface.

Question 2.9 - How often do you take day-away fnark because of it?

Frequency Often Sometimes Never
Responses 0 26 174
% 0 13 87

Table 4.5 — Man hour loss index

4.2.1.4.2 Medical implication/cost

Question 3.1 to 3.4 probes the medical implicatminthe ergonomics related ailment
experienced during maintenance activities and titeomnes are as shown below.

The responses tQuestion 3.1 - On which part of the body is disimshmormally felt after

working on the equipmenti% displayed in table 4.6 below.
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Responseg Responses
S/no. | Body Parts S/no. | Body Parts %

Yes| % Yes
1. Bones | 11| 55| 7. Head g| 4
2. Neck | 131| 655 8. | Spines | 144 /2
3. Waist | 92| 46| o Joints | 153| 760
4. | Muscles | 87| 435 10. | Wrists | 184 92
5. Back | 107| 53.5 11. | Others | 4| 2
6. Hands 47| 23.5

Table 4.6 — Diagnostic

Leading indicators confirming the fact that ergomomrelated ailment do exist are; waist
(46%), muscles (43.5%), back (53.5%), spines (728mMts (76.5%), and wrists (92%). It is
important to note that, some of the respondentediecnore than one indicator.

Symptoms Yes % Symptoms Yes %
What type of pain | Tingling 141 70.5 Numbness 107 53.5
is normally
experienced? Continual muscle fatigue 91 45.5 Decreased
ability to 103 51.5
move
Change in the skin colour 22 11 Decrease! 78 39
hands or fingertips grip strength
Swelling in the joints 40 20 Pain from 95 47.5
movement
Does the pain normally require medical assistan Yes 12¢ 61.5% No | 77 | 38.5%
first Aid?
How long does it normally take| Less thana | 35 17% 2-3 weeks 122 61%
for the pain to go? week
A month 30 15% More than a 13 6.5%
month

Table 4.7 — Symptomatic
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From question 3.2, leading symptoms of ergonomilcseat that were most prominent are;
tingling (70.5%), numbness (53.5%), decreasedtahdimove (51.5%), pain from movement
(47.5%) and continual muscle fatigue (45.5%). Seget 4.7 above. They correlate with

results from section 3.1.

4.2.1.4.3 Personnel morale
Figure 4.1 below shows the attitude of the respotsdm response to the ergonomics related
ailment. 68% of the respondents would still attémdhe problem anytime. Other findings in

this regard will be discussed later.

If you are on weekend/off and you are called to a¢hd to the
problem, will you be happy to, though you'll be pail over-time
allowance?

22%

M Yes
H No

Indifferent

Figure 4.1 — Personnel morale.

42144 Over-head cost

All the respondents agreed that tasks having ema®orelated impact always require using
extra number of maintenance personnel. The respmngeestion 5.2 -How often does it
require using extra number of maintenance persdéhnelturned a response shown on table
4.8 below. 72% agrees that thalways require more hands while 28% agrees that they

sometimesdo need more hands.

Always Sometimes Never
144 56 0
72% 28% 0

Table 4.8— Frequency of using extra hands

The extra number of people required varies andithatat figure 4.2 presents. Most of the

time (83%) between land 3 extra maintenance peesomrequired.
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How many people does it normally require?

6% 1%

ml
m2

4

u>4

Figure 4.2 — Number of extra hands used

Question 5.4 returned a response far from the respdor 5.2 as 81.5% said that the
impacting task though required extra number of gamel but not extra working hours most

times. Detail in table 4.9 below.

Yes No
Does it normally require working longer hours or
) _ 37 163
over-time every time?
% 18.5 81.5

Table 4.9 — Over-time

4.2.1.4.5 Plant availability (Production Down-timé
According to respondents, the impacting task alwegguire more working hours than
necessary if the equipment had been more comfertdlble extra hours differ based on task

and equipment involved but the average is 6-12d1&ee table 4.10 below.

0-3 3-6| 6-12 12-18 18-24 >24

How much extra time othe average i
spent working on the equipment compare to
working on it if it is more comfortable? 38 61 69 12 8 3

% 19 30.5 34.5 10.5 4 15

Table 4.10- Plant availability (Production down-tien)

- 65 -




4215 Mitigation

Questions in this section were not exhaustive bud eesult of response from pilot survey, it
was necessary to limit the questions and allow aedents to add their views. 91.5% of
respondents agree that modification of equipmefitmitigate the impact of ergonomics on

maintenance personnel effectiveness.

All the respondents agree that replacing equiprétit one of better design will improve
their performance as maintenance personnel. Thaalicconfirms one of the assumptions

these research held at the beginning.

71% of the respondents think that adjusting masmen strategy/approach employed by their

organization will improve the situation. Table bglsummarizes those outcomes.

Yes No
Yes No % %
Will a modification of a part of the equipment
6.1 make things better? 183 17 91.5 8.5
Will a replacement of the equipment with
6.2 | another of better design make things better? 200 D 100 0
Is there any adjustment that can be made tq the
maintenance strategy/approach been used to
6.3 | make things better? 142 58 71 29

Table 4.11 — Mitigation indices

4.2.1.6 Implementation constraints.

The last question looks into why mitigation effbds not been in place. So far, it has been
established by the respondents that they have engioally impacting task in their
maintenance activities but what have they doneitigate those problems?

42% have taken proactive step but still in procgkie 36% said, “it is beyond them” (See
Figure 4.3 below). 24% prefer to be silent and eadt while only 3% have met with
deadlock with management but not without reasohat Will be further discussed in chapter

five.
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Why has it not been done?

m |t's beyond me Not accepted by management

= |'ve not suggested it m In process

3%

Figure 4.3 — Implementation index.

4.2.2 Interviews
Interviews are discussed under two sub headingsnieal and medical. Responses of people

from each field are presented below.

42.2.1 Technical
Six maintenance personnel were interviewed usisgtaof questions adapted from the main

guestionnaire (attached in appendix C). The outsoane;

Person 1:(Maintenance manager of 15yeagperience in the field from Case égnfirms
that ergonomics impact maintenance activities fiws) experience. He had worked under
several uncomfortable postures which required usiods repetitively resulting in RSI on
several occasions. According to him, why he did wotry is that most of such tasks only

come up once in a year while a few come up mocugatly.

He buttressed his points by referring to a colleagt his who deserted maintenance and
moved to operations because he could no longerernda pains. He referred me to Person 2

for confirmation.

Person 20perations Supervisor in Case igd put in ten years in as a mechanical technician
(maintenance) in the same Case A before he switoliedto operations. He also confirmed
that such activities come up mostly once a yeaighvis during shutdown. He also noted that
he has sustained injuries many times and got theateid at company’s expense.
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They both agreed that in such situations, littlekaget done in long hours.

Person 3maintenance Supervisan Case A reiterated the fact that ergonomics ttipg
task present itself in several forms where his slibhates work under uncomfortable posture

and use tools repetitively leading to discomfod &ading to elongation of down-time.

A discussion with Person(€ase B, Maintenance manger) who has put in mae #byears
as maintenance personngl various organizations yielded the following; has worked
under ergonomic impacting task several times dunisgareer. He still withesses ergonomics
impacting maintenance tasks sometimes. He makest®ffo mitigate the impacts where

possible. He has initiated mitigation plans on scmas.

Person 5,(Case B, maintenance Supervisevho has put in more than 30 years as a
maintenance person within the organization confitrtiee presence of ergonomics impacting
maintenance activities in the industry. On severalasions manufacturers ignore company

specifications as regards safety and ergonomiegliipment design, he reiterated.

Person 6,Case B, maintenance techniciamfio has put in five years into the profession re-
affirms that ergonomics impacting task seems tpdré of their life on the job. It is of no use

talking about it because several constraints adseecwith the tasks. Most of the time, he and
his colleagues have to get jobs done in orderdoae down-time in an environment where all
alternatives that would have ease the job cannprdaded. That is because several logistics

have to be put in place which is not convenient.

4.2.2.2 Medical
It is impossible to evaluate every ergonomic ailteeassociated with maintenance activities
in the petro-chemical industry (but a selected vesve addressed by the questionnaire which

serves as indicators only) as that will amount poagect work on its own.

The questionnaire was initially designed to gattea on every indices including medical and
over-head cost. But, on pilot survey, it was disred that both Case A and Case B have
structured medical aids and services for theifatafwhich makes such records inaccessible

as they are classified information.
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The organizations also use medical personnel @ligtcand consultants) who may be invited
to address special issues. Hence, the area of atetbist was handled using average of
sampled private specialist hospital and governmeamt (public clinic/health centre) rates in

treating such ailments in Nigeria.

The following medical personnel of repute and Istending were interviewed on an average

cost of treating ergonomics related ailment;

1) Dr. Abiodun (Ore-Ofe Specialist Hospital anchids, Lagos, Nigeria), been practising for

over 30 years. The first ten years of his careegewie Ogun State Specialist hospital which
exposed him to treating personnel of organizatide; | breweries, rubber processing

company, wood processing factory and so on.

2) Dr. Iredia (Edo state Specialist hospital, Nigebeen practising for about 15years in
public (government owned hospital).

3) Dr. Olunuga has been practising for more thaye@8E as a general medicine practitioner
and surgeon.

4) An Occupational health practitioner of Univeystollege Hospital, Ibadan, Nigeria, who

would not like to be mentioned, also contributed.

The cost estimate from each source include; caatsult diagnosis, therapy (where
necessary), and medicatiori$ie estimates are baseline (very minimum) only as titaah

cost will vary depending on; severity, locationfura of treatment (in-patient or out-patient),
treatment period (long or short) and surgery, whexquired.The outcome is presented in the

table below.

(Dr. Abiodun is represented as “A”, Dr. Iredia riepresented as “B”, Dr. Olunuga is
represented as “C”, while Occupational health piaoer of University College Hospital is

represented as “D”)
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Treatment cost in

N
Average | Average | Average
Symptom Dr. A Dr.B Dr.C Dr.D
inN in$ in Rand
1| Tingling 3,500 2,500 5,000 2,000 3250 21.66667 162.5
2 | Numbness 5,000 5,500 8,000 3,500 5500 36.66667 275
Continual (Chronic) muscle
) ] ) 3,000 2,000 3,000 1,500 2375 15.83333 | 118.75
3 | fatigue — fibromyalgia.
Change in the skin colour of
i ] 1,000 1,000 1,000 500 875 5.833333 | 43.75
4 | hands or fingertips
5 | Swelling in the joints 3,000 2,500 3,500 2,500 287519.16667| 143.75
6 | Decreased grip strength 3,000 3,500 3,000 2,000 2875 | 19.16667 | 143.75
7 | Pain from movement. 4,500 5,000 7,000 3,500 5000 | 33.33333 250
8 | Decreased ability to move. | 15,000 13,000 | 20,000 10,000 14500 | 96.66667 725

Table 4.12 — Medical cost index.

It should be noted that conservative managememstsefor treating some of those ailments
which can be carried out in-house and know by soimthe personnel as gathered during
observation and interview. Those include; coldttremnt, hot treatment, stretching, and time
to heal couple with exercises. Those are only apble at the early stage beyond which

doctors/specialists may have to come in.

4.2.3 Observations

Physical observations of maintenance activitiesgdale discussion with some personnel in
both case studies during shutdown and other maintenactivities in Case study A and Case
study B revealed the following;

i) Work done under uncomfortable posture for hq@r8 hours).

if) Some tasks involve using tools repetitivelyttban lead to RSI.

iii) Some maintenance activities were done undelations that pose high risk of sustaining
injuries.

iv) Some of the tasks would have been easier iethgpment design is different.

V) Most of the injuries sustained are seen as wtdss and personnel treat them unofficially
using over-the-canter drugs or exercises. Somenergies related ailments normally heal up

after sometimes without any other intervention.
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vi) Some maintenance personnel are just busy dewvgahemselves waiting the time they

will have an opportunity to change to a more comafiole profession.

4.3 Extrapolations

As earlier mentioned that information regarding esgnd production were not accessible for
their classified nature. For the purpose of thissdrtation, it is needful to extrapolate the
possible cost to the baseline (minimum) so as ¢eréain how much ergonomics impact on

company’s expenditure and production.

4.3.1 Over-head cost

Information about wages and salaries are not eamilgessible as more than 90% of
respondents in the pilot survey declined giving aagponse to the questions. However, an
estimate based on possible minimum wage was usedmpute the possible overhead cost

incurred due to ergonomics related ailments amoaigtenance personnel.

Proven figures on financial implication of ergonemirelated ailments (but not specific to
maintenance personnel in the petro-chemical ingudtom countries around the world
particularly; USA, UK and EU abounds as previousthted. Hence, the estimated cost should
be seen as a minimum or baseline only.

From the outcome of the survey, two extra hands thle lead and average according to
41.5% of respondents (See table 4.13 below). Hvarage of two technicians are required. It
then follows that, an organization employs an ayeraf two maintenance personnel extra

due to ergonomics related issues on their job.

Using a minimum wage of R5, 000 per month for ameaiance technician, it then follows
that R10, 000 per month (R120, 000 per annum) eeded as extra over-head cost. That
translates te-N 2,400,000 (two million four hundtedusand naira) or $17,142.86 (Seventeen
thousand one hundred and forty-two dollars andtgigikx cents) per annum in Nigeria and
the U.S. respectively.
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How many people does it

normally require? 46 83 58 11 2

Percentage 23 415 29 5.5 1
Table 4.13 — Over head cost index

4.3.2 Plant availability (Production loss)
94.5% of the respondents indicated that betweem aed 18 hours is spent as average extra

time working on the equipment having ergonomicaasySee Table 4.14 below).

Taking an average of nine hours as extra down fionea production facility producing
products at the rate of ten thousand dollars perr lom the minimum, that means ninety
thousand dollars of product and market share tsdos to ergonomic impact on maintenance
activities as extra production down-time.

Hours 0-3 | 3-6 | 6-12 | 12-18 | 18-24 >24
How much extra time on the average is
spent working on the equipment
_ o 39 62 67 21 8 3
compare to working on it if it is more
comfortable?
Percentage 19.5 31 33,5 10.5 4 1.5

Table 4.14 — Production down-time index

4.4 Summary

This chapter presented the outcome and analysitheofresearch instruments employed;
questionnaire, interviews and observations. It atsduded an extrapolation of outcomes
where it was impossible to gather data based omdtere of the data required. The next

chapter presents a discussion of the research roe&o solutions and necessary
recommendations.
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CHAPTER FIVE

Discussion and Interpretation

Chapter five discusses the outcome results anthfisgpresented in chapter four. A proposed
tool geared at assessing and evaluating the impBetgonomics on maintenance activities in

the petro-chemical industry is also presented abihg the necessary tools to facilitate

effective application. The tool, E4M (Ergonomics fieaintenance assessor), E4M training

matrix and the effective application guidelinesficet complete framework.
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5.0 Discussion and Interpretation
In the previous chapter, outcomes of the reseaasked on the various research instruments
employed and extrapolation made were presenteds Thapter discusses the outcomes

presented in chapter four for logical conclusions.

5.1 Ergonomics issues in maintenance activities
The findings from the research instruments used diseussed below in relation to
ergonomics as it affects maintenance activitiese Dlutcomes are discussed under each

instrument used.

5.1.1 Interviews and observation

As mentioned in the previous chapter, all persoimelrviewed and observed agreed to the
fact that there are ergonomics related issues itimgatheir activities. If such are mitigated,
their effectiveness will be enhanced, as they béllable to do more with no stress or injury in
a given time. It would be recalled that in the @ao$ the interview, reference was made to
someone who left the maintenance profession foratipes and an interaction with him one-
on-one confirmed the claim (people change job froaintenance to other fields where there

are less ergonomics related stress) by the inteegs.

5.1.2 Survey questionnaire outcome

Existence

The two hundred respondents agreed that they eteroengonomics related issues on their
activities irrespective of the year of experienodlwe job. 51.5% (103 personnel) of the
respondents were graduates and second degreeshaldershould know better coupled with
their years of experience on the job. Of the insliemployed;

i) “Working under uncomfortable posture” had the higghercentage (94.5%)

i) Inaccessible parts that pose risk of injury (89%)

iii) Using tools repetitively that can lead to repetitstress injuries (86%)

iv) Using tools in uncomfortable manner that causes pastress is (84.5%)

The outcomes confirm that equipment design, wodcsm@and tools are the main factors

posing ergonomic risks to maintenance personnel.
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Re-occurrence

To further confirm the claims by all the instrumeetmployed, the next query sought to know
how often the ergonomic impacted task re-occurégitreally exist. 73% confirmed that such
tasks re-occur at least once in a year. That mageesason for the silence on ergonomics
impact on maintenance as they are not commonlyfb8% re-occur once a week it would
not draw much attention but only reiterate the fhat ergonomic impacted tasks among

maintenance personnel do exist.

How often does the work re-occur?

v\
o gy,

» Once a week

¥ Once a month

® Once in 3 months

¥ Once a year at least

® More frequent

Figure 5.1 — Task re-occurrence index

Awareness creation

The next index probed the level of awareness gettsnce the ergonomics impacted task
had been identified. The responses to this questiow that only 18.5% actually reported to
their superiors while a majority (70.5%) gave ngpe@nse. The reason for that according to
observed and interviewed personnel is that thelyneil be seen as lazy, disgruntled or
complainant, thereby risk retrenchment. Many prei@md endure till such a time they can

find a more comfortable job just like the examptethe interview section.
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Are your superiors aware of the problem?

EYes HNo No response

Figure 5.2 — Awareness creation index

5.2 Impact evaluation (Key Performance Indicator¥
This section assesses the level of impact of emgargoon maintenance personnel using the
following Key Performance Indicators — Man-hourdosedical implication/medical cost,

personnel morale, overhead cost and plant avatiabil

521 Man-hour loss

The outcome of this research shows that only 13%e®200 respondents to the questionnaire
take day-away-from-work as a result of the ergomomelated ailment on their job. That is
rather unexpected but understandable for respengdisonnel. This is very important

because personnel availability directly impactspivailability.

How often do you take day-away from work because df?

Sometimes

Figure 5.3 — Man hour loss index.
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5.2.2 Medical implication/cost

Diagnostic indices for this purpose were carefatfected to ensure that what the respondent
is describing is actually ergonomic related basegroven facts already delved into in the
literature review. Indices that confirm ergonomnetated ailments are; wrists (92%), joints
(76.5%), spines (72%), back (53.5%), waist (46%) enuscles (43.5%).

g S
& S

S 2
TR

= On which part of the body is discomfort normally felt after
working on the equipement?

Figure 5.4 — Diagnostic (somatic)

Symptoms of ergonomic ailments used and the out@meas displayed on the table 5.1

below.
Symptoms Yes % Symptoms Yes %
3.2 | What type of pain | Tingling 141 70.5 Numbness 107 53.5
is normally
. Continual muscle fatigue 91 45.5 Decreased
experienced?
ability to 103 51.5
move
Change in the skin colour of 22 11 Decreased 78 39
hands or fingertips grip strength
Swelling in the joints 40 20 Pain from 95 47.5
movement

Table 5.1 — Symptomatic
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5221 Index matching / correlation.

From the diagnostic (somatic) indices, ailments barrelated to symptoms to verify if the
two indices actually match respondent’s claims. dbh&come of that is then compared with
experts’ description for ergonomics ailment sympand affected parts.

It was discovered that correlation exists in someas which can justify the respondents’
claims that they experience ergonomics relatedeaitsion their profession as follows;

» Tingling may relate to waist, muscles, spine, wisinds, joints, back and so on.
Numbness sometimes has to do with RSI in handsmarsdles.

\4

» Decreased ability to move, pain from movement aodtioual muscle fatigue are

related to abuse of body parts like; joints, wristsiscles, hands, spine and back.

Tingling and numbness are purely symptoms of RSiditmns which can culminate in
Carpal tunnel syndrome (if not addressed early mesylt in condition that will require
surgery).

It is also important to note that, respondentseticknore than one symptom in 3.2.

Does the pain normally require medical assistance
or first aid?

HYes

H No

Figure 5.5 — Symptomatic-|

Responses to question 3.3 show (See figure 5.5eqkbat 61% of occurrence of those

ailments requires medical attention. Others allogvgain to go on its own after a while or use
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conservative therapy or exercises to heal affeqiads as revealed in interviews and

observations.

How long does it normally take for the pain to go?

M Less than a week
H 2-3 weeks

A month

B More than a month

Figure 5.6 — Symptomatic-I|

From figure 5.6, majority (61%) of the ailment talsbout 2-3weeks to heal completely while
17% takes about a week to heal. Medical practit®igerviewed agreed that within a week
and maximum of four weeks with proper treatmenioeagnics related ailments should be
cured provided there is no complication. That meamp&rsonnel suffering from ergonomics
ailment is unavailable for a week or more thoughnmey be physically present but not
functionally. That directly impact plant availabjlias impacted personnel cannot help to

restore plant in record time. That definitely irases plant down-time.

5.2.2.2 Extrapolated medical cost.
Having established from the research so far, thgbremic impacting task exist in
maintenance activities. And, the impacting actgtido not leave the personnel without

ailments or levels of injury requiring medical atance or first aid.

The challenges of getting information regarding itinedical cost have been reiterated earlier
on. The need to get a baseline cost that can lwefas¢éhe purpose of this research work has
brought about the figure in table 5.2 below basedh® average of values gotten from the

interviewed medical personnel earlier mentioned.
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Average | Average | Average | Respon | Total cost Total Total
Symptom

inN in$ inRand | dents (#) cost ($) cost (R)
1| Tingling 3250 21.67 162.5 141 458,250 3,055 | 22,912.50
2| Numbness 5500 36.67 275 107 588,500 | 3,923.33 | 29,425.00
3| Continual muscle fatigue 2375 15.83 118.75 91 216,125 | 1,440.83 | 10,806.25

4| Change in the skin colour
] ) 875 5.83 43.75 22

of hands or fingertips 19,250 128.33 962.50
5| Swelling in the joints 2875 19.17 143.75 40 115,000 766.67 | 5,750.00
6| Decreased grip strength 2875 19.17 143.75 78 224,250 1,495 | 11,212.50
7| Pain from movement. 5000 33.33 250 95 475,000 | 3,166.67 | 23,750.00
8| Decreased ability to move. 14500 96.67 725 103 1,493,500 | 9,956.67 | 74,675.00
3,589,875 | 23,932.5 | 179,493.8

Table 5.2 — Medical cost

The baseline medical cost above is just the minintbat can be incurred by an industry

player. It shows that, ergonomic related ailmenbagimaintenance personnel cost three

million five hundred and eighty-nine thousand, eéigfundred and seventy-five naira per

annum. Actual cost can only be determined by tlgamizations based on their records. It

only confirms that maintenance personnel encowertgsnomic related problems on their job.

5.2.3 Personnel morale

The state of a man’s mind affects his activitiesatgreat extent. Is there any impact on the

morale of the personnel due to the ergonomic réldiecomfort associated with the job? The

response to the question shows that 68% of theonelgmts are positive in their reaction.

They will still do the job happily anytime any day.

Some factors were observed as motivating factoitfiermajority that are positive in their

response, like;

» Sense of responsibility among personnel.

» The need to secure their job rather than been uliaged.

» As earlier mentioned, some are just holding fdrthiey will get something better as

detailed in the interview section.

It is important to note that 10% would not wantditend to the job even with over-time

allowance. The rest 22% are indifferent.
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Responses to question 4.2 shows that (Figure SdWwhedhere is no particular form of
motivation that cuts across a wide population daat enhance personnel generally. Individual
preferences in any given organization will overdiha any morale boosting effoifhe best
will be to mitigate the cause or eliminate where Esible else, the job becomes boring and

a drudgery leading to increased down-time (reducelant availability).

Leave  What form of incentive can motivate you to work orthe
/ off equipment?
days
1%
Awards /
recognition

Promotion

0,
14% Special

allowance
16%

Figure 5.7 — Morale booster.

5.2.4 Over-head cost

Does it normally require working longer hours or ower-time
every time?

HYes

M No

Figure 5.8 — Overhead cost index




From figure 5.8 above, most of the respondentseaithat the ergonomically impacting task
does not require their working longer hours butttsk often requires more hands (72%

always, 28% sometimes but 0% never), see tablbeddv.

Which is cheaper, to work extra hour and be pay-tuge or have two extra personnel?

Based on the respondents information, the extréipalaesults shows that organizations lost
some income to over-head due to ergonomics reissegs. One alternative may be cheaper
than the other or more humane and law abiding.fatithat it costs something which can be

eliminated or reduced is an issue that should decgded.

Always Sometimes Never

How often does it require using extra number of
_ 144 56 0
maintenance personnel?

% 72 28 0

Table 5.3 — Overhead cost index

To the credibility of the organization, their manance personnel work within normal
regulated and agreed working hour. But, unknowtihémn, the organization employs at least
two extra maintenance personnel on the averageréfi§.9 below) for ergonomics reasons.
Perhaps, adduced to man-power shortage rather dlgonomic impact on maintenance

activities where it is known.

According to the result of the extrapolation catrigut in chapter four, if it costs a single
organization in an industry about R120, 000 peruam{&=2,400,000 (two million four

hundred thousand naira) or $17,142.86 (Seventeeuns#imd one hundred and forty-two
dollars and eighty-six cents) per annum in Nigeama the U.S. respectively}, the total cost

for the industry can be estimated for a partical@a or demography.

-82-




How many people does it normally require?
90

&0 AN

60 /

o7

0 ¥ \\
30 \
20

g \N—

=—9—How many people
does it normally 46 83 58 11 2
require?

Respondents

Figure 5.9 - Over head cost index

5.2.5 Plant availability (Production loss)
Stake holders of a production facility will widhett the facility runs un-interrupted from
inception. That has been impossible anyway. Praglu¢acilities experience interruptions in

their operations due to various reasons.

Does ergonomics have anything to do with down-ti@®&%% of respondents agreed that they
do not work longer hours than necessary but erg@#diynimpacting tasks take longer hours

than if the task had been without the impact.

Reference to figure 5.10, 19% said such tasks t@k&bkours extra, 30.5% (3-6hours), 34.5%
(6-12 hours), 10.5% (12-18 hours), 4% (18-24 howts)e 1.5% (>24 hours).

The statistical mode of the distribution is 6-12fs aking statical mean of the modal
distribution gives 9hours. Working with that meanplies that a production facility may be
down on an average of 9hours longer than neceds&yo ergonomics impact of
maintenance activities on it whenever such equiproezaks down. If other factors like
dampened morale or medical condition should beluaebthe plant will be unavailable much

longer.

If the value of the facility production per hourkisown, we can calculate how much is
actually lost. But, for the purpose of this reseaan extrapolation has been done in chapter

four putting the value on the baseline at abmety thousand U.S. dollars (13.5million
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naira or R675, 000) per annum if it is basicallp@al or per the equipment breakdown.

Depending on the frequency of the equipment breakdthe value may be more.

How much extra time on the average is spent workmon the
equipment compare to working on it if it is more cenfortable?

40
35
. 30 //\\
()
T 20 /
2 \
2 15
©
5 \
0
0-3 3-6 6-12 12-18 18-24 >24
——% 19 30.5 34.5 10.5 4 1.5

Figure 5.10 - Production down-time.

5.3 Mitigation
To reduce ergonomic impacts on maintenance perseffeetiveness some suggestions
emanated from the respondents that can be of Halghvare discussed below.

5.3.1 Equipment modification

Modification of process equipment design or paritshvelp to minimise the ergonomic
impact on maintenance personnel but observationsraerviews revealed that some factors
had been identified as bottle necks to a prompbadh such instances which are;
Company policy regarding changes

Cost

Down-time involved

Existence of alternatives to equipment modification

Y V V V V

Lack of awareness (by management)

5.3.2 Equipment replacement
All the respondents agree to a replacement ofgogenent or its part but that is a last option
a facility owner will want to consider except whiebecomes extremely un-avoidable
because of reasons like:
» Cost
» Company policy
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» Profitability
» Technology / design (proven or not)
» Compatibility with existing facility

» Nature of substitute (long / short term)

5.3.3 Maintenance strategy
71% of the respondents agreed that an adjustmendintenance strategy been used by the
company will make things better in carrying outitti@sks with minimal ergonomic impact
but that is also not easy to carry out as it woné&hn:

» Change in company operational and maintenanceypolic

» Total review of maintenance strategy
That will inevitable require: capital cost, persehtraining /re-orientation, tools, maintenance

planning, production planning, time, transition ragement, probability of success and so on.

5.34 Mitigation Implementation Constraints
Only 42% of respondents have taken pro-active stepstigate ergonomic impact on their

tasks, but they also claimed that itis in  preg&ee table 5.3).

24% have neither suggested any solution nor comgudiaat all while, 31% felt it's beyond
them to initiate. Going by that last finding, itabvious that solution is not insight as 55% of
those directly impacted have done nothing abothibse who think it is beyond them have

superiors who they expect to initiate it.

Why has it not been done? Respondents %
It's beyond me 62 31
Not accepted by management 6 3
I've not suggested it 48 24
In process 84 42

Total respondents 200 100%

Table 5.4 Implementation constraints
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Findings summary

The dissertation outcomes discussed herein sufflgipoint at the following:

Ergonomics impacting tasks exists among maintenpacsnnel.

The impacting tasks mostly come up annually.

Personnel are not comfortable with the impactirsidaas they sustain various injuries
from them.

Treatment of ergonomic-related ailment among maemee personnel costs the
industry (Case A, exact figure not known) aboueéhmillion five hundred thousand
naira (one hundred and eighty thousand rand ortywlenr thousand US dollars) on
the minimum per annum (though day-away-from-worknigimal).

There is no morale booster that can sufficientgagk personnel in an organization as
a compensation for carrying out such tasks. Ergoanampacting tasks dampen the
morale of personnel.

Mitigating efforts are in place but in very few easMost cases are left unattended to.
Workers manage them their own way.

Maintenance activities are prolonged as a resulthef impacting task leading to
elongated production down-time (reduced plant abdity leading to loss of income
for organization). The major aim of the researchtasenhance plant availability
(reduced down-time).

Organizations employ more maintenance personnatawk to them because of the
ergonomics impact on their tasks.

Some maintenance personnel are just waiting forodppity to move to a more

comfortable job (while some have already left).

Mitigating the ergonomics impacts on maintenanceviies will: improve the personnel

productivity, reduce medical cost on organizatiaresiuce production down-time (increasing

production and profit), reduce over-head cost amtberage some maintenance personnel to

be more productive rather than planning to leaeepttofession. Above all, the more available

the maintenance personnel are, the more availaélplant will be. The ultimate achievement

of this research will be reduced down-time duergmeomics impact on personnel.
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5.4 Ergonomics for Maintenance Assessor
To mitigate ergonomics impact on maintenance pemloeffectiveness, an assessor to

capture and mitigate impact per task is proposedoa@sented in figure 5.11 below.

Understanding of ergonomics, its impacts, ailmemjtgies, mitigation efforts already in
place and applications form bedrock of the develapinof the assessor. It was validated by
existing works on ergonomics thoroughly delved ieirlier and by industrial ergonomics
specialists within the industry who attest to itsrkability from their years of working with
personnel in the industry.

Though, they lend credence to its applicabilityttesy admitted the facts generated from the
research findings but would not like to be quotag do company policies. That is not
different from the same experience the questiorraiffered (soft copy) earlier mentioned.
Comparing it with existing job safety instrumenitse| work permit and JHA (job hazards
analysis) also validated its applicability and flioality.

The assessor comprises of nine sections whichareyrofile, ergonomics query, diagnostics,

symptomatic, mitigations, remedial actions, pobtfgedback and status. The status section
indicates what is been done to the informationaioetd on the completed E4M.
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Ergonomics for maintenance job analysis assess@«

(complete 48hours before task)

e4M | Field | Mech

| O] Elect

| O | Instrument | (]| | Date |

| Time |

Task |

Task
Location

Job card N

@

Equipment
involved

Ergonomics impact present: | Yes

(1] No [ []]

Working position/posture involved

Ergonomics risk factors (tick as applicable)

Not easily accessible part

Equipment design is not favourable to ta

Uncomfortable posture

High repetitive motion/movement.

Using tools in manner that can cause pain, stress o

Others (specify).

OO

injury?

Body parts that could be impactec(tick as applicable)

Neck [ ] Spines [ ]| Back |[]|Hands |[]| Head [ ]| Wrists [ ]
Fingers [ ] shoulders [ ]| Bones | [ ]| Joints | []| Muscles | []| Ankle [ ]
Ergonomics ailments (symptoms) risk

Tingling [ 1 | Back pain [ ] Decreased grip strength [ ]
Numbness [ ] | Swollen joints [ ] Body aches. [ ]
Muscle fatigue [ | | Decreased ability to move | [ | Tear or laceration. [ ]
Change in skin colour | [ ] | Neck pain [ ] Weakness [ ]
Joint pain [ ] | Pain from movement [ ] Sore muscle [ ]
Mitigation

Pre-task disassembling | [ ] | Customized tools [ ] Tools improvising [ ]
Work platform (step [ 1 | Task division/assignment [ ] Improved tools/powered tools in[_]
ladder, scaffolding, (time-based/stress based). place of manual.

Job sequencir L] | Task( semi/fu) automatiol L] Specialize PP L]
Remedies for ailment

Rest break | | First aid L] Medical assistanc L
Exercist | | | Conservative theray L] Ovelr-the caiter medicatior L |
Post job feedback

Number of personnel | Job card Nc_ | | Date | | Time |

First names

Ergonomic impacting

conditions experienced

True working postures

Body parts affected

Injury sustained

Mitigation plan(s) that

worked and why.

Mitigation plan (s) that

did not work.

Mitigation plan that

could have helped.

Recommendations

Status In progres | [ ] | Closed oL | [ ]| Date Time Sign

Figure 5.11 — Ergonomics for Maintenance assessBA\)
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541 Methodology for usage

For effective application personnel need to folkbmough the prescribed guidelines presented
in figure 5.12 below. The checklist will be on agpaattached before the E4M or at the back
(hard copy) while it will be on a pop up window (e@me window) or instruction section for

soft copy.

E4M - Application strategy for effectiveness

1. Complete one for a task (if a job card consist oftiple tasks for

instance, complete E4M for each task not a group).

Complete at least 48hours ahead of job.

Complete hard copy /soft copy and keep for recagpqse.
Should be completed sincerely and openly with “raang, no
blame” approach.

5. Team leader or supervisor should review weekly, timgn
quarterly and annually for necessary higher levatigation
plans/action.

6. Once an issue has been fully addressed and resthee@&4M for
that issue should be archived and not discardetplarly the soft
copy.

Create protected E4M database for appropriate dda®ping.
In-house quarterly review and analysis of E4M rdsashould be
presented to maintenance personnel for more preeaattions.

9. Completed hard copy or printed copy of completetMEhould be

taken to job site for appropriate evaluation.

Figure 5.12 — E4M application strategy checklist (Oluwasina Oluremi. I.)
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5.4.2

E4M Personnel training.

Applying the E4M assessor should be precluded witraining session for the personnel for

effectiveness. As earlier mentioned, lots of maiatee personnel particularly of low

educational background do not understand the coméepgonomics.

The training will be entitledErgonomics for maintenance training session”.

It will contain the modules presented in figure®dklow;

1)
2)
3)
4)
5)
6)
7
8)
9)

Understanding ergonomics

Ergonomics impacts (beyond operations)
Ergonomics impacting postures in maintenance acsi
Ergonomics ailments (symptoms and diagnosis)t-dids
Ergonomics impact evaluation (personal).
Ergonomics impact mitigation strategies for perseinn
E4M assessor application.

Practical application/field work.

Lessons learned session.

10)Overall assessment (minimum of 80% pass shoulddaesealine).

Figure 5.13 — E4M training matrix (Oluwasina Oluremi. 1.)

Content of those modules will have to be developed tailored towards maintenance

personnel needs to avoid information overload.

5.4.3

Applications of the E4M proposed

The E4M assessor may;

1.

Serve as impact indicator or information board faw maintenance employee, newly
deployed employee to unit, HSE personnel, in-howsgonomic specialist,
supervisors, project managers, design engineersduption planners/analyst,
maintenance planners and management.

Be used as decision making tool for individuals titered above at their various roles
for mitigation action.

Be an ergonomics impact assessment aid for spsaidiere needed.

Be source of lessons learned for both new and famAred maintenance employees.
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5. Be used to create a platform for E4M software ocogpgmme (which is more
corporate than E4M database).
6. Serve as a reference check for improvement on wsptargonomically impacting

tasks over time to assess the effectiveness ofjatiitig steps.

Catching and tracking ergonomics impacts on maantee activities geared at mitigating the

impacts will not only ensure that personnel ardthgand motivated to bring back the plant

whenever there is a breakdown within the shortessible time. It also guarantees the

availability of the plant for prompt and effectimgintenance intervention whenever there is a
breakdown. As earlier mentioned a maintenance dhjeplant is most likely to be available

most of the time.

This research is more of maintaining the maintaitiee more available the maintainer the
more available the plant. That is, reducing ergomenstressors reduce plant down-time
(increases plant availability).

5.4.4 Summary

This chapter presents the discussion and intetpetaf survey outcomes under the impact
evaluation indices; man-hour loss, medical costs@®el morale, over-heads cost and
production loss. Possible mitigation approachesthai attendant constraints. The proposed

E4M assessor and other aids were also presented.
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CHAPTER SIX

Conclusion and Recommendations

Chapter six summarises the dissertation from theeirbased on its outcomes and concludes
logically. Vital recommendations are also giveronder to achieve a positive result wherever
the outcomes of this work finds its application.s§ible further research areas also
mentioned.
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6.0 Conclusions and Recommendations
This chapter put together the essence of the m@seard the significance of the findings
analysis and discussions therein. Recommendat@mnasffective application of the outcomes

of the research and possible further research a@lalso suggested

6.1 Conclusions

This dissertation started with the purpose of imprg maintenance activities (personnel
effectiveness) by mitigating ergonomics factors eosure that petro-chemical plant is
available most of the time (reduced down-time). Tokowing indices were employed to
investigate whether the ergonomics impacting tasksally exist or not (else there would not
be any need going further):

s Type of ergonomic related injury or ailment sustain

% Man-hour loss or (and) DAFW.

% Costs (medical and over-head).

¢ Production down-time elongation.

“ Equipment utilisation (end-user satisfaction).

The dissertation outcomes or findings presentediheaerve as sufficient evidence to the fact
that:
% Ergonomics has impact on maintenance activities.
% Ergonomics impacting tasks on maintenance mostiyecop annually.
% Maintenance personnel are not comfortable withmogadcs impacting tasks.
% Industry incur cost both medical and over-head dirgonomics impact on
maintenance personnel.
% Ergonomic impacting tasks dampen the morale cfqrerel.
% Maintenance activities are prolonged as a resuwtgdnomics impacts.
% Organizations employ more hands because of ergmsoimpact on maintenance
activities (unknown to them).
s Some maintenance personnel will readily change fbbiif given an opportunity to

do so to a more comfortable job (while some haxesaly left).

Mitigating the ergonomics impacts on maintenanctvigies will: improve the personnel
productivity, reduce medical cost on organizatiomsluce production down-time (increasing
production and profit), reduce over-head cost amtberage some maintenance personnel to

be more productive rather than planning to leaeeptiofession.
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Eliminating ergonomics stressors in maintenanceviies ensures that work force are
healthy, motivated (high morale by working in a ltileaergonomically impacting process or
equipment is unhealthyand safe environment) and available (does noe ltause to take

day-away-from-work or temporarily unable to perfoms duties). That in essence directly

ensures plant availability (reduced down-time).

6.2 Recommendations
For effective use of the E4M assessor presenteseation 5.4 alongside the application
guidelines and training matrix discussed in sesti®d.1 and 5.4.2 respectively, the following

recommendations are necessary:

6.2.1 Organizational commitment

For a beneficial application, the concept of thiVEaksessor should be accepted by
management of an organization, who will ensure ftaapplication does not suffer a setback
as personnel will be free to express themselvesiioment to improvement from top
management is highly important for the effect sfapplication on the work force

performance to be felt.

6.2.2 Sincerity

Personnel sincerity in using the assessor is iraporather than seeing it as a loop hole for
mischievous purposes like; excusing themselves femk or undue medical claims. Sincerity
on the part of the management to use the informafathered from the assessor to develop

and improve maintenance activities is also sigaiftc

6.2.3 Personnel training

The training that was proposed in the previous wraghould be pre-assignment for new
maintenance employees as part of induction trairfiog those who are already in the system,
they have to be scheduled in manners that wilpaotlyse their normal daily activities.

The sessions have to be presented clearly with ghesnio drive home the points. Careful
explanation to differentiate ergonomic ailmentsnfrother similar ailments should be given

as well.
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Rate of understanding will depend to an extenthanlével of education of personnel and
exposure. The length of the training session may fram three to five days with module

assessment at the end of each module.

6.2.4 Management role
As the instrument proposed cannot be used outsidg@erating environment, the consent and
support of the management must be in place to erbarfollowing;

% Preventive maintenance measures for high ergarisk to reduce down-time where
impact has been identified.

% Predictive maintenance for high ergo risks arefarn®e-stall frequent incessant
breakdown.

s Equipment reliability assurance to enhance equiprugrctionality and reduce mean-
time — between -failure (MTBF).

s Ergonomics impact assessment for maintenance t&sivhay be incorporated into
company maintenance planning.

s Improved equipment design should be looked int@tas the records from the
assessor. The records may be shared with contsaotalrive the point home on the
issue of designing for safety.

“ Equipment modification may be carried out wheresjias.

“ Improved or customized tools may be produced fareswery special areas depending
on outcome of assessment.

% Pre-planned maintenance strategy (combination afitar@ance strategies may have to
be adopted) for high ergonomics impacting tasks.

% Tools may be improvised locally but to acceptaldadard to suit work in such areas
(tools to fit-length, size and shape).

s Power tools may have to be provided in some cases.

6.3 Further Research
As a follow-up to this research work, further resbamay be carried out on, “Maintenance
versus equipment design: optimising process uiitied and “Impact assessment of

ergonomics due to equipment design on maintenance”.
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Appendix A: Questionnaire Letter

ACADEMIC RESEARCH PURPOSES ONLY
(PRIVATE & CONFIDENTIAL)

For further information please call +277307472222848070761600

OR
Faculty of Engineering, (Centre for Research & @uared Engineering Development),

North-West University, South Africa.
Dear Sir/Madam,

SUBJECT: Academic Research the Petro-chemical inciry: MAINTENANCE
IMPROVEMENT.

| am a student of North-West University, Potchefsin, South Africa, (degree of Engineering in
Engineering Development and Management and intgrtdicomplete my studies at the end of year 2010.

| am working on a research project aimed at imprgvnaintenance personnel’s effectiveness by mitigat
inadequacies due to ergonomics in the petro-chénmdastry. | hereby humbly request your co-openati

in completing the attached questionnaire.

The research is aimed at identifying if there amorpergonomically impacting tasks under which
maintenance work cannot be favourably carried ol¢ad to sustenance of ergonomic related injuifes

strain, stress, back pain etc. The end is to recamdma procedure or approach that will enhance the
performance of maintenance under such conditioh wlilh mitigate or eliminate the ergonomics related

stressors or injuries.

It will be highly appreciated if you could kindlyomplete and return as early as3#f March, 2010.
Completed questionnaire may be returned by emaiiteapi@yahoo.com beforeMarch, 2010.

The data herein gathered will be used in very hlighfidentiality and strictly for academic purposayo
Perhaps, you'll like have the outcome of the radgayou may indicate and it would be shared with gs
soon as the University approves it.

Your co-operation and support is highly anticipaaed will be appreciated.

Thank you very much.

Regards,

Oluwasina O. I.
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Appendix B: Research Questionnaire

This questionnaire is intended to gather datadadamic purpose only, hence feel free to
express your views. Thanks for your time.

Please, tick the appropriate box and put comment wheresszoy.

Section 1

1.1 | Are you a maintenance personnel in the [-chemical Yes r No r
industry?
1.2 | What fielcare you | Mechanice — | Electrica — | Instrumen r
How long have you been a maintenance 0-5yrs — | 5-10yrs r
. i o 5
1.3 | personnel in the petro-chemical industry~ 10-15y1s — T >15y1s -
1.4 | What is your level of education™= O/Level — | Diploma r
Ol/Leve — |B.Tech/B.S r
Trade test/C&G — | M. Tech/M.Sc r
Section 2
Haveyou had an experience of working on an equipmédmare;
2.1 | The part is not accessible. Yes| - No |
2.2 | There is high risk of sustaining injury. Yes| No |
2.3 | Work is done under auncomfortable postut Yes r No |
2.4 | The job requires using tools in uncomfortable maninat Yes r No |
causes pains or stress.
2.5 | The mechanical design of the equipment is not ¢ Yes r No |
2.6 | Tool is used repetitively that can lead to repegistress Yes r No
injuries.

If you answered “Yes” to any question between 22.& please, proceed to 2.7.
If you answered “No” to all the questions betweeh & 2.6 proceed to the end of the
guestionnaire.

Once a week at least | [~ | Once a month at r
least
2.7 | How often does the work re- | Once in 3 months at[~ | Once a year at least [~
occur? least
More frequent -
If you chosémore frequent” above, please specify how often.
i - =
Are your superiors aware of the problem? Yes No |
2.8
Il;lé)(\:lggét:r;fdi?oyou take day away from work ~ | somel I Never| -
2.9 ' Often times

- 08 -




Section .

Neck

Waist

3.1 | On which part of the body is discomfgrBones r - r
normally felt after working on the -
equipment? Muscle: |~ Back — | Hand: r

Head r Spines |~ | Joints r
Wrists — | Others | -

If you chose“others” above, please speci

3.2 | What type of pain is normally, Tingling I~ | Numbness | I
experienced?

Continual muscle fatigt — | Sore -
muscles
Change in the skin colour of | - | Decreased |~
hands or fingertips grip strength
Swelling in the joints — | Pain from r
movement
Decreased ability to mo r

3.3 | Does the pain normally require medical assistandesb Aid? Yes [~ | No -

3.4 | How long does it normall Less than a wet | 2-3 week r
take for the pain to go?

A month — | Morethanamonth | T

Section 4

4.1 | If on weekend/off and you are called to attend{t¥es | [~ | No | [~ | Indifferent | I
the problem, will you be happy to go, though
you'll be paid over-time allowance.

4.2 | What form of incentive can motivate Special allowance — | Promotion I
you to work on the equipment? Awards/recognitio |~ | Gift r

Leave/off days — | Bonus r
None — | Others I_

Section 5

5.1 | Does it normally require using extra number of rteance Ye | |No [T
personnel? S

5.2 | How often does it require using ex | Always | [~ | Sometimes | = | Never r
number of maintenance personnel?

5.3 | How many people doesitnormally |1 |7 |2 13| |4 | >4 |
require?

If you chose “>4" above, please specify

5.4 | Does i normally require working longer hours or o-time every | Yes No
time?

5.5 | How much extra time on the average|i$-3 hrs r 3-6hrs [T |6-12 hrs| [~
spent working on the equipment
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compare to working on it ifitis mor | 12-18 hrs | - 18-24 ~ | >24 hre | -
comfortable? hrs

Section 6

6.1 | Will a modification of a part of the equipment makéngs better? | Yes|~ |[No | I

If you chose “No” in 6.1 above please specify,

6.2 | Will a replacement of the equipment with anothebetter design Yes [l |[No | I
make things better?

6.3 | Is there any adjustment that can be made to thetemaince Yes | |No |I”
strategy/approach been used to make things better?

If you answered “Yes” in 6.3 above, please specify,

6.4 | Why has it not been done? It's beyond me [ | Not accepted by -
management
I've not suggested it | [ | In process r

Thank you for your time.

If you have additional information kindly write tite back of this questionnaire.

Appendix C: Questionnaire for interview.
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ACADEMIC RESEARCH PURPOSES ONLY
(PRIVATE & CONFIDENTIAL)

Research topic: MAINTENANCE IMPROVEMENT IN THE PETRO-CHEMICAL INDUSTRY.

1. What field are you?

Mechanical Electrical |:| Instrument

2. For how long have you been maintenance personnel in the petro-chemical industry?

0—-5yrs |:| 5—10yrs |:| 10— 15yrs >15yrs |:|

3. What s your level of education?
(a) < O’Level ] (b) O’Level[__] (c) Trade test /City & Guild [__]
(d) Diploma[__]  (e)B.Tech,B.Sc[ ] (f)M. Tech [__]

4. Have you had an experience personally or of other maintenance personnel working
on an equipment where (Please tick as many as applicable)
(a). The part is not easily accessible.
(b). High risk of sustaining injury. [__|
(c). Work done under an uncomfortable posture.
(d). The job requires using tools in uncomfortable manner that leaves you with pains

or stress. I:l

(e). The mechanical design of the equipment is not good?|[ ]

(f). Other reasons. Please specify

5. Did it require working under uncomfortable posture?  Yes [ | No [ ]

6. Under what kind of posture was the work on the equipment done that was not
comfortable?

Bending [ ] Kneeling [ Stooping [ ] Sitting [

Standing [ Stretching 1 others, (please specify) |

7. Which part of the body normally feels discomfort after working on it?
Neck [ 1 Back 1 Spines 1 WaistC__1 Hands ]
Joints L1 Muscles 1 Wrists [ Head [ Bones [

Others, (please specify)| |

8. How often does it require using extra number of maintenance personnel?

Always |_| Sometimes [% |_| 7 I—‘ 2/3’_‘ % I—‘] Neverl—

9. Would you prefer a modification of the part of the equipment? Yes I:' No I:

10. Would a modification of the equipment ease stress?  Yes I:' No I:'
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11. How much time on the average do you think you waste working on the equipment
compare to working on it, had it been more comfortable?

0-1hr [ ] 1-3hrs [ ] 3-6hrs [ ] 6-12hrs | |
12 -18hrs I:I 18 — 24hrs I:I >24hrs I:I

12. Is it possible to modify the equipment design at low cost? Yes I:I Nol:l

Appendix D: Ergonomics definitions from the web.
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The applied science of equipment design intendedn&ximize productivity by
reducing operator fatigue, safety and discomfort.

spyderco.com/edge-u-cation/glossary.php

The science of obtaining a correct match betweermtiman body, work-related tasks,
and work tools.

www.montefiore.org/healthlibrary/adult/pmr/contersp

The relation of humans with machines, in particulze study of body posture in
relation to engineering. Ergonomics includes fesguof chair design, tool design,
positioning of dials, room layout and computer ifdee which correspond to healthy
body form.

www.eubios.info/biodict.htm

(er-go-nom-ics) af’go-nom’iks) [ergo- + Gr. nomos law] the scienaadating to
humans and their work, embodying the anatomic, iplogic, psychologic, and
mechanical principles affecting the efficient usef duman energy.

www.mercksource.com/pp/us/cns/cns hl dorlands.jgpa@EzzSzppdocszSzuszSzc

ommonzSzdorlandszSzdorlandzSzdmd e 14zPzhtm

The study of workplace design and the physical psythological impact it has on
workers. Ergonomics is about the fit between pedpleir work activities, equipment,
work systems, and environment to ensure that wadgd are safe, comfortable,
efficient, and that productivity is not compromised
www.powerhomebiz.com/Glossary/glossary-E.htm

[SCOPE NOTE: Field of knowledge of human work; nhéig of machines and

people to increase efficiency; includes concerrhvdesign of equipment and the

arrangement of physical conditions of work or eowment and measurement of
energy and muscle output in the performance of ork
cirrie.buffalo.edu/thesaurus/these.htmi

The science of designing equipment to better fite tthuman body.

www.precor.com/cons/tools/glossary/

The study or science of how people interact with eirth work.

www.tvb.org/multiplatform/Multiplatform Glossary.as

A discipline that involves fitting the job to theovker and not the worker to the job. It
is the science of adapting workstations, tools,iggant and job practices to be
compatible with the individual worker and thus reeuhe risk of injury due to risk
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factors.

www.workriteergo.com/ergonomics/glossary.asp

The science of designing the job to fit the workather than physically forcing the
worker’s body to fit the job.

www.nationalpainfoundation.org/MyTreatment/Mayo@inglossary.asp

Ergonomics is the study of optimizing the interfdmdween human beings, and the
designed objects and environments they interact  h.wit

www.nouky.fr/en.php

The science of fitting a job and job-related equepinto individual human physical
and psychological characteristics.

www.ehealthmd.com/library/carpaltunnel/CT glosdatml

A discipline dealing with the interaction betweehetworker and the work
environment.

www.whscc.nf.ca/ohs/glossary.htm

The applied science involving the factors and Btéon of the workplace
environment on its workers. Although it is mosteoftassociated with automation in
the workplace, this science covers the cause dadteff any workplace environment.

www.j6insurance.com/index.asp

The study of workplace design and the physical psythological impact it has on
workers. The science of analyzing human beingshawd we function in conjunction
with a variety of equipment, products, methods, amdk circumstances to improve
our health, safety, and welfare.

educators.fidm.edu/educators/information/definsidny-design/interior-design.html

The study of work organization, and the human/maeimterface in particular. Not to
be confused with mere appearance, ergonomic desigrscience devoted to helping
the machine operator be more productive by allowiiigp/her to operate more
efficiently, comfortably, and safely.

www.raymondcorp.com/solutions/glossary.cfm

The practice of changing the work environment teetrtee physical and other needs
of workers.

www.afscme.org/publications/2819.cfm

The scientific study of human work. It is derivedrh the Greek words ergon (work)
and nomos (laws). Ergonomics considers the physiod mental capabilities and

limits of the worker as he or she interacts withl$p equipment, work methods, tasks
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and the working environment.
www.assemblymag.com/CDA/Articles/Web Exclusive/58&Pc106c9010VgnVCM
100000f932a8c0

The study of the proper and efficient use of théybim work and recreation, including

the design and operations of machines and the gilysenvironment.

www.backqguide.com/glossary.htm

The term comes from the Greek words ergon (labaork) and nomos (law, rule).
The aim of ergonomics is to make it easier for pedp use tools and other objects.
The kitchen should adapt to the user — and not dktieer way round.

www.nolte-kuechen.de/index.php

An applied science which considers human charatiesiin designing machinery and
arranging things for effective interaction, comfoand safety; also called human
engineering.

www.knowledgebank.irri.org/glossary/Glossary/E.htm

Study of the problems of people in adjusting tarteavironment; science that seeks
to adapt work or working conditions to suit the e

www.chml.ubc.ca/safety/appendices/glossary.html

The science of designing machines, tools and caanpsb that people find them easy
and comfortable to use.

www.infocus.com/Support/Glossary/E.aspx

The study of the physical relationship between feapd their tools. In the world of
computing ergonomics Seeks to help people use camgpcorrectly to avoid physical
problems such as fatigue, eyestrain, and repetitigtress injuries.

www.techiwarehouse.com/cms/engine.php

The science of designing tools and work processeshie comfort and safety of
employees to avoid such hazards as back injurieauscle, tendon and eye strain.

www.yourpowerinside.com/pages/glossary.htm

Ergonomics (or human factors) is the applicatios@éntific information concerning
humans to the design of objects, systems and emaiat for human use (definition
adopted by the International Ergonomics Associatiom 2007).

en.wikipedia.org/wiki/Ergonomics
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Appendix E: Maintenance definitions.

Some of the definitions of maintenance on the mgeare listed below;

VI.

Inspection, overhaul, repair, preservation andrépgacement of parts, but excluding
preventive maintenance. (nmshtd.state.nm.us)

Changes made to a system to fix or enhance its tifunadity.
(www.cbu.edu)

Includes preventative maintenance, normal repegpdacement of parts and structural
components, and other activities needed to presbevesset so that it continues to
provide acceptable services and achieves its expect life.
(Www.pps.noaa.gov)

This is offered with agreements and includes reutimintenance and servicing (at
manufacturer's recommended intervals), mechaniephirs and replacement parts,
tyres, batteries and exhausts.
(www.lombardvehiclemanagement.co.uk)

Services that provide the physical upkeep of alifpcand its systems, including
repairs designed to keep a facility in good conditand preserve its asset value.
(www.mw-zander.com)

The performance of services on fire protection popgint and systems to assure that
they will perform as expected in the event of a.fiMaintenance differs from
inspection in that maintenance requires the checkiinternal fittings, devices and

agent supplies. (edis.ifas.ufl.edu)
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