Safety Hazard and Risk Identification
and Management

In Infrastructure Management

Jennifer Mary Campbell

Doctor of Philosophy
The University of Edinburgh
School of Engineering and Electronics

May 2008

PhD Thesis — The University of Edinburgh — May 2008






Safety Hazard and Risk Identification and Managemnten

In Infrastructure Management

Declaration

This thesis has been completed by Jennifer Marypgbathunder the supervision of
Dr Simon D. Smith and Professor Michael C. Forde lhas not been submitted for
any other degree or professional qualificationetldre that the work presented in

this thesis is entirely my own except where indidaby full references.

SIGNATURE



Safety Hazard and Risk Identification and Managemnten

In Infrastructure Management

Acknowledgements

First and foremost | thank my husband lan for hatigmce, constant support and
good humour. My parents help in performing grammiaecks on the thesis and

offering advice was also greatly appreciated. kha all.

| acknowledge the financial assistance providetheyEPSRC and Carillion plc, and

thank Dr Simon Smith and Professor Mike Forde leirtsupervisory advice.

| also wish to thank the University of Edinburgh®chool of Engineering &
Electronics IT support services. Finally | wolikk to thank the many volunteers

who participated in testing phases, namely:

Catrillion staff who allowed the collection of data

Students David Moriarty and Phil Beausang

Online survey participants

Brainstorming workshop participants



Safety Hazard and Risk Identification and Managemnten

In Infrastructure Management

Abstract

Infrastructure such as transportation networks owes the condition of everyday
lives by facilitating public services and systenesessary for economic activity and
growth. However, constructing and maintaining $gortation infrastructure poses
safety hazards and risks to those worlahghe sharp endeading to serious injuries
and fatalities. Therefore, the identification ofzheds and managing the risks they
create is integral towards continually improvingfesa levels in Infrastructure
Management.

This work seeks to fully understand this problend dghlight past, present and

future issues concerning safety in a compreherniserature review.

A decision support toak proposed to improve the safety of transpomatimrkers
by facilitating hazard identification and managet&massociated control measures.

This Tool facilitates the extraction of safety knowledgenireeal paper-based safety
documents, capturing existing worker’'s knowledgd amperiences from industrial
‘corporate memory’. Thé&ool suggests the most appropriate control measures for
new scenarios based on existing knowledge fromiguevwork tasks. This is
achieved by classifying work tasks using a new wetbased on unilateral UK
legislation Reporting of Injuries, Diseases and Dangerous Ommages (1995)
Regulation} and the innovative use drtificial Intelligence methodCase Based
Reasoning Case Based Reasonif@BR) allows transparency in tA@ol processes
and has many benefits over other safety tools whiely suffer from ‘black box’

stigmatism.

The Tool is populated with knowledge extracted from a reahsportation project
and is hosted via the interngtvfw. Total-Safety.com
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The end product of th€ool is the generation of bespoke method statemenradidgt
appropriate control measures. These generated gdapaments are shown to have
financial and quality control benefits over tragolital method statements. Theol

has undergone testing and analysis and is showe tobust.

Finally, the overall conclusions and opportunities further research are presented

and progress of the work against each of the #gearch objectives is assessed.
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CHAPTER 1: Thesis Outline and Research Contribution

CHAPTER 1: THESIS OUTLINE AND
RESEARCH CONTRIBUTION

Ultimately, the aim of safety hazard and risk mamagnt — in infrastructure
management as well as in other areas of construetiis the prevention of worker
fatalities and injuries. Achieving this, in the ¢ext of virtually infinite hazards and
ways in which they could lead to harm, is not saightforward. This chapter
definesthe problemin detail, outlines the proposed methods by whith problem

might be solved, and indicates the structure of thesis which, it is hoped, will

ultimately lead to achieving this goal.
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CHAPTER 1: Thesis Outline and Research Contribution

1.1  Background

This research proposes the development of a dacsipportTool towards aiding
hazard identification in the work place. This ishi#ved by identifying similar
characteristics in work tasks, thereby allowing dvdzcontrols used for a past
problem to be applied and / or modified for new kvtasks. This research gained
inspiration from an MSc project by Gregory Cartgniversity of Edinburgh, 1999
to 2004) who investigated the management of h&akhfety hazards and associated
risks on construction projects (Carter and Smit@&0 The fundamental aspects of
Carter's earlier project were recognised as hawigpificant potential towards
improving safety in other fields i.e. transportaticonstruction and maintenance

projects.

The research presented in this thesis aims to wepneorker safety within
transportation construction and maintenance tagks b

* Aiding the identification of hazards.

« Facilitating decision support based on the suitglolf control measures.
The ultimate, over-arching aim of the work presdnite this thesis is to provide
measures to reduce fatalities and injuries to warlke the field of transportation
construction and maintenance. More specificallmsacan be further defined as:

*  Providing understanding of how identification ozheds may be improved.

*  Allowing risks which might lead from these hazatd$e further appreciated.

» Facilitating the provision of adequate control meas to mitigate these risks.

The problem leading to these aims is further dkifin section 1.2, and research

objectives towards achieving these aims are discuisssection 1.3.
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1.1.1 Sponsors

The research project is supported by the Engingefhysical Science Research
Centre (EPSRC) under theitndustrial CASE scheme whereby financial
contributions are made by both the EPSRC and aumstridl partner. In the case of
this project, the ESPRC contributed two thirds loé total research costs whilst
Carillion Transport (a subsidiary of Carillion plc) the remaining thir The total

value of the research project over a period ofelyears was £74,857.

* The Engineering and Physical Sciences Research CaillEPSRC)is one

of severResearch Councils funded by the Government throlugepartment for
Innovation, Universities and Skills(DIUS). ESPRCis a non-departmental
governmental public body (NDPB) and is the UK’s magency for funding
research in the filed of engineering and physigainvesting around £740 million
a year via research grants, training awards amesacto major national and

international research facilities (www.epsrc.ac.uk)

e Carillion Plc is one of the UK biggest construction companiethvén
annual turnover of circa £4bn (ség@pendix A for more background on this
sponsor). Carillion was created in July 1999 tgiothe de-merger of Tarmac
Construction Services and Tarmac Quarry Produdis. TTarmac name has been
retained with the aggregate products company wRikstllion has expanded its
original remit under the ‘Construction Serviceshhar to include the management
of transportation infrastructure. Since 1999 Canllplc has expanded through the
acquisition of smaller UK companies such as bugdispecialist Mowlem
consultantsTPS and, more recently, the civil engineering conwacflfred
McAlpine Carillion Transportwas formed in 2004 to encompass maintenance and
construction projects for both the road and radlustries where previously they
operated independently.

! http://www.dti.gov.uk/science/index.html
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« However, Carillion Transport proved to be a short lived venture and was
divided back into the constitute parts of road aaidl in 2007 after a series of
events within the rail sector, namely:
o Limited availability of maintenance contracts due & Network Rail
introducing ‘in-house’ policies aimed at improvimgst efficiencies and
reliability.
o Carillion banned from tendering for new Network IRabjects in August
2006 following concerns about a deteriorating worké safety record. The
six month ban was lifted after Network Rail condutta safety audit
concerning workforce operations to confirm improests in workforce
safety records.
0 Network Rail reduces the number of track renewaltractors from six
to four in 2007. Bypassing Carillion, Network Rdicides to work with
Amey SECO (JV), Balfour Beatty (BBRIS), First Engering Ltd and
Jarvis plc.
o Carillion sells its Rail Plant business along watbsociated contracts to
building rival Colas in early 2008 (The New Civilngineer Magazine:
Briefs 2008)



Safety Hazard and Risk Identification and Managemnten

In Infrastructure Management

1.2  The Problem: Keeping Bob Safe!
Consider two different types of hypothetical worker

 Bobis part of a team of workers at the sharp end¢ceninating on mainly

manual tasks.

* Andy is an engineer who is effectively Bob’s boss. isl@esponsible for

ensuring a safe system of work for Bob and his team

In order to keep Bob safe during his working dandp scopes the proposed work
and determines a method of performing the tasklysafeAndy foresees safety
problems (or hazards) based on his own work expegieor his creative ability to
invent plausible unsafe scenarios. This can incame number of details depending
on a particular type of work / site location, itlee order of subsidiary tasks, types of
materials / plant etc. Andy then must find apprateri solutions, using risk
assessment methods to compare the impact of thasards and whether his
solutions provide an appropriagafe system of wark This process is usually
documented asraethod statemeiaind given to Bob’s team in the form of a report.

The important questions to consider in this scenare:

« Has Andy correctly identifiedll the safety issues?

* Are Andy’s solutions the most appropriate?

* Does Bob perform his task as Andy has instructed?
» Can Bob find a better solution?

* How can solutions be identified and communicatesvben Bob / Andy and

their counterparts?
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Figure 1.1 Keeping Bob Safe
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1.3 Research Objectives

This project seeks to address the research aimsopsty discussed and further
clarified through the issues raised in f@blem Scenarion the previous section.
The research intends to develop a method of aiBlg and Andy to identify and
manage both the safety issues and their asso@atetions, ultimately saving lives.

To this end, five research objectives can be ddfine
* Investigate and fully understand the extent, natanel impacts ofthe
problem

* Undertake a comprehensive literature review, toherr objective 1 and to

establish potentially viable research routes.

» Develop theDecision Supporfool: its processes, features and management

strategy.
« Test, analyse and validate theol.

* Consider further improvements and future reseapgounities.

This thesis is structured into nine chapters. @dbl and Table 1.2 highlight the key
elements within each chapter, and demonstrate lh@setrelate to the research

objectives above.
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Chapter Obijectives
112]3]4]|5

Chapterl: Introduction

This chapter highlights:
« Research problem, aims and objectives v

e Contribution to knowledge

¢ Publications list

Chapter 2: The UK Construction Industry
This chapter highlights:

e The role of transportation infrastructure withinettUK constructior
Industry.
e A brief history of bottroadsandrailway in the UK and various UK laws
and regulations relating to the safety of workerstiie management of
transportation infrastructure.
» Accident statistics inherent to workers in the Raad Rail Industries
e The need to facilitate knowledge transfer betweldnaod new working

generations.

Chapter 3: Hazard & Risk Management
This chapter highlights:

e Concepts ohazardandrisk.
e The importance of risk management and hazard fitatton / analyse$
in reducing accidents and ultimately saving workires.
e The Industry’s heavily reliance apualitative risk assessments NA R4
e 4 categories of literature aimed to improve saffey infrastructure
workers are identified aknowledge managemenartificial intelligence
methodsmonitoring toolsandbehaviour / cultural issues.
« Knowledge Managemeiind Artificial Intelligence Methodsare chosen
for further investigation in Chapters 4 &5

Chapter 4: ManaginSafety Knowledge
This chapter highlights:
- Different research methods employed to improve KRadge

management of safety related issues within thesimgu A literary review of v v
past studies are categorised into six methodsiaadypes of medium,.
- 3 types of communicating safety knowledge are ifledtas written,

verbal and tactile.

Table 1.1 Measuring Chapters 1-4 against Researchbj&ctives
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Chapter

jectives

3

4

Chapter Artificial Intelligence Methods
This chapter highlights:
» 4 forms of Al methods are compared in order to fifigra suitable Al
technique to improve and facilitate the transfer dfety Knowledgg
associated to infrastructure management work tasks.

« Case Based Reasoning is identified for an exteligdture review

« A new method of grouping literature is proposed artbduced as th
‘Think, Plan, D6 Model and is used to identify opportunities foBR

applications in Infrastructure Management.

h

1%

Chapter Beveloping a Safety Tool
This chapter highlights variod®ol processes and features and proposes:

¢ Al methodCase Based Reasonitgbe employed in the form ofTaol.
¢ RIDDOR classification method is proposed to improakgnment
between UK legislative requirements and hazard gemant

* Bespoke site-specific method statements as theiqathysutcome of thg

Tool. These can be marketed to potential users amplesiyet more timer

efficient method of achieving current tasks

B

Chapter 7: Tool Design & Development Testing

This chapter highlights:
¢ Case Bas®esign

¢ The newRange Intersection Algorithio assess similarity.
< Two development tests towards improving fheol investigateUser

ClassificationandTool Weightings

Chapter Besting Proof of Concept
This chapter highlights
« 4 tests towards testing proof of concept:
e The proposed Tool is shown as a viable alternativeurrent method

via a series of test, including financial and qbabenefits.

°4

Chapter @onclusions & Further Study
This chapter highlights:
» The key elements of the research.

» Recommendations for continued research.

* Progress againstsearch objectives

Table 1.2 Measuring Chapters 5-8 against Researchbj&ctives

10
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1.4 Thesis Contribution & Publications

The research presented in this thesis has sewartilutions to the fields of hazard
& risk management, and of artificial intelligencppéications. These contributions

are briefly summarised as:

* Toolsto aid hazard identification and management inm@fing innovative
use of Artificial Intelligence (Al) methods. Thesgeate bespoke method

statements based on specific site conditions.

e The Think, Plan, D6 Model allows research literature to be mapped tiyrec

onto the established project lifecycle and is usedentify research opportunities.

* A new method of assessing similarity between stamedl new work tasks —

theRange Intersection Algorithm

* A Classification Method based on RIDDORking hazard identification

directly to the UK’s legal requirements.

* A new worker group as the target audience — thdse act ag-acilitators
and Authors of Method_$atementgFAMS).

* New layout of Method Statements allowing the effemiess of hazard

identification and management processes to be preditand assessed.

Table 1.3 gives details of the seven publicatiomeneby J. M. Campbell acted as
main author. Permission has been given by theighébk to reproduce the five

conference papers and two journal papers in full@sendix B

11
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Authors Title Conference / Journal
Campbell, J M, | Improving Safety Management in Journal — under review
Smith, S D Transportation Construction and Proceedings of ICE, Transport, 2008
Maintenance
Forde, M C
Campbell, M, | Identifying Hazards in Transportation Journal
Smith, S D, Construction and Maintenance Tasks; Presented at the Transportation Research
Forde, M C and| A Case Based Reasoning Approach Board 86th Annual Conference, 21-25 January
Ladd, R D using Railroad Data 2007, Washington, DC and published within
‘Transportation Research Recordgurnal of
the Transportation Research Board, No. 1995.
Campbell, J M, | Eliciting Safety Knowledge from Conference
Smith, SD Transportation Method Statements. Railway Engineering, 21-22 June 2007,
Forde, M C University of Westminster, London, UK.
Campbell, J M | Safety, Hazard and Risk Identification Conference
Smith, SD and Management in Infrastructure 23rd Annual Conference of the Association |of
Management: A Project Overview. Researchers in Construction Management, (3-5
September 2007, Belfast, UK.
Campbell, J M | Knowledge Transfer of Safety Critical Conference
Smith, SD Information by the Internet 23rd Annual Conference of the Association of
Researchers in Construction Management, 8-5
September 2006, Belfast, UK.
Campbell, J M | Improving Industrial Value and Conference
Smith, SD Longevity of Safety Management 22nd Annual Conference of the Association |of
Research Researchers in Construction Management, 4-6
September 2006, Birmingham, UK.
Campbell, J M | CBR Research using the 'THINK', Conference
Smith, SD 'PLAN’, 'DO" Classification Method 22nd Annual Conference of the Association |of
Researchers in Construction Management, 4-6

September, Birmingham, UK. 2006.

Table 1.3 Table of Publications

12
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CHAPTER 2: THE UK CONSTRUCTION
INDUSTRY

Construction is a very large research field for fimple reason that it covers so
many different types of trades and work tasks; dwg new railways, re-

conditioning oil rigs, maintaining roads, inspegtimomes, decommissioning nuclear
power plants and infrastructure management areqjfsiv facets of the construction

industry.

Infrastructure management, which could be constlersubset of the Construction
Industry, can be viewed as a versatile multi-taabproving the condition of
everyday lives by facilitating public services, ®yss and facilities necessary for

economic activity.

This chapter focuses on transportation infrastmectughlighting the past, present

and future issues concerning the safety of thosewdrk in this industry.

13
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BLANK
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2.1 The UK Construction Industry - An introduction

The construction setting incorporates many engingersectors including
mechanical, electrical and chemical engineeringgsses. These engineering sectors
are facilitated by the presence of suitable inftecttire, as provided mainly by civil
engineering. This further establishes infrastriectmanagement as playing an
important role within construction, maintenance aperational activities associated

with our quality of life.

This chapter will concentrate on infrastructure aasubset of the Construction
Industry and shows the importance of the Industrgeiation to UK and worldwide
economies. Statistics from UK Government bodieshe Health and Safety
Commission (HSC), the Health and Safety Executid®K), the Office of Rall
Regulation (ORR) etc — highlight the level of ocatipnal accidents in the UK.
Campaigns to improve practice are discussed alatigtihe implication of the UK

skills shortage on company culture and future woakls.
The chapter is structured in seven sections:

e Section 1 — The UK Construction Industry

Brief introduction and chapter structure.

* Section 2 — Infrastructure: The Cornerstone of UK ®ciety

Modern civilisation requires many basic servicesd aimfrastructure for the
improvement of society. In this section the resleatopic of transportation

infrastructure and subsidiary topics of road anldara introduced and compared.

15
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* Section 3 — Infrastructure Management

Discussion of the role of transportation infrastane and a brief history of both the
roads and railway networks in the UK is presenidds section also highlights the
various UK Acts of Law, Regulations and regulatanghorities (HSE/ORR) relating
to the safety of workers in the management of prartation infrastructure.

e Section 4 — Accidents

This section highlights published accident statsstnherent to workers in the Road

and Rail Industries.

* Section 5 — Reuvitalising Health and Safety

The campaign to improve current practice and redamsdents and injuries is
highlighted and the Construction (Design and Managd) Regulations 2007 are
discussed.

*  Section 6 — Skill shortage , Company Culture & Futue growth

The industry’s loss of skilled workforce is discedsand issues relating to efficient

knowledge transfer between old and new working geimas are highlighted.

¢ Section 7 — Conclusions

Lack of safety knowledge and expertise has beemtiftel as significantly

contributing to fatalities and injuries in the UKfilastructure workforce.

Despite encouraging trends in worker fatalitiesrode last few decades, worker
safety in the Infrastructure Sector must continuatiprove. To facilitate ambitious
safety targets, companies must manage and actsgiety critical information and
knowledge more effectively. This, in turn will imgve the low levels of safety as
perceived by Media, currently overshadowed by tpgifile public train crashes. In
addition to these knowledge management issues, amiegpmust direct the skills of
their staff efficiently to negate the impact of Ikkishortages and escalating legal

culpability.

16
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2.2 Infrastructure: The Cornerstone of UK Society

Modern civilisation requires many basic services tfee improvement of society.
Throughout the ages these have progressed accdodihg advancement of industry

and technology but can still be simplified into f@ategories:

Materials for shelter and provision of food - wobdgcks, bronze, steel etc

Fuel - wood for fires, coal for steam power, matehicle fuel

Basic Amenities - drainage, fresh water.

Self Improvement - establishment of education aadning facilities.

The advancement of ‘society’ from a subsistencaterce is not world wide and
developing counties lie at a different area ofidirsf) Civilisation Scale from the UK.
Consider the proposed current UK position in Figitdl. It is not the aim of the
author to judge or make comment on whether cerairieties are ‘better’ than
others. However, it is obvious that society in the at present is heavily reliant on

material needs and services along with an eveeasong logistical demand:

* What do we need and where? When do we need it?
 How can we get it there on time?

* How can we improve?

Developing Countries UK

Subsistencs l l Society

A
v

Figure 2.1 Civilisation Scale

In short, UK society is very dependant on ‘infrasture’ as the basic underlying
asset, framework or system of our organised sacietfhese include our
transportation networks such as road and rail, mdigtribution and waste removal

and power generation not to mention subsidiary kemppr retail related processes.

17
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“Every year, over two billion tonnes of goods areved within the UK and nearly
half of all trips made by people involve some farinteraction with business. A
properly resourced, well managed transport systenessential not only to the
efficient running of business but to everyone'slityuaf life”. Richard Lambert,
Director-General, Confederation of British Indus{GBI), (Construction Products
Association 2006)

The management of existing infrastructure and tmstuction of new and improved
infrastructure schemes are clearly integral toetkigansion of UK society.

18
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2.3 Infrastructure Management

As touched upon in the previous section, the tenfnastructure’ can relate to many
different aspects of our everyday life. In thigtgen the role of transportation
infrastructure is introduced and a brief historypoth the roads and railway networks

in the UK is given.

2.3.1 Transportation

The UK transportation sector facilitates the movemef valuable physical
commodities for the individual needs of the nataand the expansion of business.
The existence of modern roads and railways arenlserént in our everyday urban
lives that the concept of being without these assah be quite alien and certainly
outside living memory. The next two sections seagea brief reminder of the
history of roads and railways in the UK and haverbdrawn from The Future of
Rail White Paper (Department for Transport 2004yl amformation downloaded
from official web pages:

* Highway Agency - www.highways.gov.uk.

* Department for Transport - www.dft.gov.uk/pgr/roads

*  Welsh Assembly - http://new.wales.gov.uk/topicsis@ort/roads
» Department for Regional Development (NI) - www.drdav.uk
e Transport Scotland - www.dft.gov.uk/pgr/roads

2.3.2 Roads

In the UK primitive tracks were evident from StoAge times, however Roman
engineers are often given credit for building ‘medeoads. Originally intended to
give strategic advantages to their conquering antieese roads were soon adopted
for trade and general transport between citiesa Afipia, the first Roman road was
started in 312 BC and stretched for over 6,018nkétves across Western and

Southern Europe. Although some Roman roads remhamese for more than 1,000
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years after the decline of the Roman Empire, iregairoads started to wear away

due to no maintenance after the Romans left Britathe 8" century.

In the Middle Ages, individual parishes were respble for the road maintenance in
their area, with local people forced by law to warkpaid in order to keep the roads
in good repair. This system using both paid andauhfabour continued circa 1555-
1835 until turnpike trusts were introduced by tB¢éhlcentury.

Turnpike trusts were a collection of businessmero vgained permission from
Parliament to either maintain and toll a sectioneafsting road, or build and
maintain a new one for a given period. This finah@rrangement led to new
building methods for stronger roads allowing whdeieffic to travel more easily.
By 1830 there were more than 1,000 Turnpike congsam England, maintaining
32,000 kilometres of road. Big cities became cotew by stagecoach networks and
travel time was reduced from weeks to days whenpeoad with travel in the
preceding century. The arrival of the first raijwianes resulted in a decrease in road
custom (both passengers and freight). Turnpikest§rgradually became bankrupt
with the last company closing in 1895 and town afstrict councils became
responsible for the roads by the end of the 19itiurg. Spurred on by the national
and political issue of increased number of motdriales, the ‘Trunk Roads Act’ in
1936 ensured that the UK Government had directrabotver 30 of the principal
roads of Britain.

This system is still in use today with less impotteoads left in the control of the
local parishes and councils however the respoitgithdr the trunk roads has been
split over the last decade or so to devolved gawent powers in Scotland, Wales
and more recently Northern Ireland:

e The Scottish Executive, established in 1999, ipamsible for managing and
awarding'Term Maintenance Contracts for Management and Maiance of the
Scottish Trunk Road Network’ The network comprises almost 3,500km and
although representing only 6 per cent of Scottesds, it carries almost one third

of the total traffic volume and 57 per cent of he@ommercial vehicle traffic.
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Four main contractors maintain the trunk roads he southeast, southwest,
northeast and northwest of Scotland. Similarlg Tmansport Act 2000 provides
the Scottish Executive with a role in determiniragl iservices provided by the
Scotrail franchise, under Network Rail. Currentlgtrathclyde Passenger
Transport Executive is a co-signatory to the Sdotrantract and has a role
specifying services in the West of Scotland. “Bort Scotland’, an executive
agency, was established in 2006 to help deliver 8uottish Executive’s

investment programme over the next decade andasth}i accountable to Scottish

Ministers.

* The Welsh Assembly, established in 1999, is resptanfor over 1,600 km
of trunk road and 120 km of motorways and spendsirat £210 million per
annum (2008 prices).. The Railways Act 2005 cadiplgth the Transport
(Wales) Act 2006 gave the assembly a broader rahgewers for the delivery of
improved transport infrastructure and services @mlé4 such as specifying services

and fares for local services. .

* The Highways Agency (HA), established in 1994, curgs to be responsible
for all national roads in England - a total of B4kilometres of trunk roads and
motorways valued at over £72bn (2008 prices). Th® id responsible for

assessing and prioritising improvement to trunkdspaawarding the work to
contractors based on quality, ability and cost.s lenvisaged that Network Rail
will continue in it's current role as several of itesponsibilities are gradually

given to devolved governments.

+ The Northern Ireland Road Service are currentlypaasible is for over
25,000 kilometres of public roads and 5,800 bridgeasorthern Ireland. However,
Northern Ireland foresees high growth in transpmma infrastructure and a
Regional Strategic Transport Network (RSTN) is geimvestigated. The RSTN
would consist of the rail system, five key trangpmrridors, four link corridors,
and the Belfast Metropolitan Area transport comsjqDepartment for Regional

Development 2001).
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2.3.3 Rail

The evolution of steam engines enabled public eybvto boom in the mid to late
1800s with fluctuating build quality. This varidéebm the Brunel's Great Western
Line designed for speed, to low standards lineregjea backdrop of soaring land

price (Department for Transport 2004).

The UK Government nationalised the railways in 18d0s, reducing the plethora of
small privately financed companies grown in thetdlimn era into the “Big Four”

regional companies. Although significant investinér ‘wear and tear’ of two

world wars was promised, little Government fundugs available until the 1950s
modernisation plan by which time transport and ecoic change towards car and
lorry had resulted in declining numbers in rail g&sger and freight traffic. This
modernisation plan and the Beeching railway closwfethe 1960s failed to reverse

this dwindling trend (Department for Transport 2004

The rail industry was privatised in the early 19@0sthe assumption that private
sector innovation, discipline and mentality wouddluce the railway’s public funding

requirement and improve quality of service.

Several countries across Europe can be used asgemaat models for the rail
industry with separate ownership of track and trainExamples include
Scandinavia’s and the Netherlands’ separate antichubwned infrastructure and
operating companies, whilst Germany unites traierafions and infrastructure

management companies under a single holding company

Rail privatisation in the UK proved less successfith ill defined Government
outputs leading to distorted and inefficient incezs between the different parts of
the industry. During this move, the network infrasture ‘owner’ Railtrack retained
few core engineering skills due to a Governmentapdsorily outsourcing scheme
and instead awarded engineering work to infrastrectmaintenance companies

(Department for Transport 2004)
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These companies were responsible for carrying @imtenance / renewals, defining
specification and inspecting their own work. Thdaetors contributed to the
inability of Railtrack to know the extent of tradondition and effectively monitor
the quality of works. The subsequent accidentsaaldigton, Hatfield and Potters
Bar caused by ill maintained or degraded infrastme; a progressive collapse in
confidence in the condition of the rail networkddncation-wide speed restrictions

across the network.

In October 2002 Network Rail (limited by guarante®pok over Railtrack’s
responsibilities for the management and operatioth® network. Accountable to
the industry via its members, Network Rail is ritmabcommercial basis with access
to private sector finance and management skillsviatiout shareholders. More
recently the need to address Railtrack legacy ss$as required Network Rail to
restructure the company and take maintenance apesaback in-house to improve

cost efficiencies and reliability.

Examples of high profile crashes Network Rail hatérited’ over the last decade

include:

e Southall crash, 1997 killed seven people and injured more than 150nde
driver missed a red light and collided with a godmisomotive crossing its path.
The in-cab automatic warning system, as recommehgeprevious inquiry into

a similar crash at Clapham almost a decade béfiak peen fitted to the Southall
train but was not operating. Manslaughter chasggsnst 52-year-old driver and
the train operator were dropped however, and oper@reat Western Trains fined
£1.5million (BBC News 1999).

e Paddington Collision, 1999 killed 31 passengers and injured more than 400
people when a Thames train collided with a Greastéfe Express after passing a
red light near Paddington station. The signal heehlthe scene of six ‘near miss’
incidents over prior years (Massey 2006). NetwRdil pleaded guilty under the

Health and Safety at Work etc Act (1974) by failitg ensure the signal was
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clearly visible and admitted that part of the sigmas obscured (Fernandez 2007,
Massey 2006).

» Hatfield derailment, 200Q killed four when the London to Leeds express
passenger train derailed whilst travelling at 11Bngwer a degraded section of
track. Five rail managers were charged with bresahdnealth and safety and the
maintenance contractor (Balfour Beatty Rail Maiatere) was charged with
corporate manslaughter. Balfour Beatty was find®nf for negligence, later
reduced to £7.5m by an appeal court due to disphastween this fine and the
smaller fine of £3.5m on Railtrack for failing tonsure the contractor was

performing its duties. All managers were acquittéthe charges (Dyer 2006).

» Potters Bar derailment, 2002 was caused by faulty points near Potters Bar
station, killing seven. Three rail repair contsacbperated by Jarvis, the
maintenance contractor at the centre of the inguiargre taken ‘in-house’ by
Network Rail in 2003. Rail infrastructure compahNgtwork Rail and Jarvis
accepted liability on behalf of the rail industir fclaims brought over the Potters

Bar crash “whilst the accident remained under itigaton” (Massey 2002).

e Tebay worker fatalities, 2004 Four workers died after being hit by a flatbed
trailer while working on a section of the West Qadslain Line in February 2004.
Two men were jailed for nine and two years aftendgpéound guilty of four counts
of manslaughter (BBC News 2006).

*  Grayrigg 2007, resulted in the death of an 84 year old womangrags and
injuries to 22 others when the London to Glasgowgiii Pendolino train derailed
near Kendal in Cumbria. A report into the derailinénom the Rail Accident
Investigation Branch (RAIB), said faults with theipts meant the tilting train
could not follow its intended path over the tragRail Accident Investigation
Board and Department for Transport 2007). Ingastrs found one of three
stretcher bars keeping them a set distance aparhetan position whilst two were
fractured and bolts were missing. Two Network Rafployees, aged 60 and 64,
are currently under arrest on suspicion of mansisrg(BBC News 2007; The

New Civil Engineer Magazine: Briefs 2007).
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The first two train incidents involved ‘driver errand a SPAD (§nal Passed A
Danger). These types of incidents are decliningh wiite advent of intelligent
braking systems that do not allow such ‘driver érto occur. The Tebay incident
was caused by faulty brakes in a subcontracted trailler during ‘green zone
working’ whereby normal trains are suspended, aligwonly work related plant on
site. This incident happened at relevantly lowespeThe remaining three incidents
in 2000, 2002 & 2007 were caused by degraded &mndaintained track. Of special
note is the most recent incident in 2007 at Grayrighere the modern design of
Pendolino trains was hailed to have saved mang kwel injury due ton-built safety
features including crumple zones at the front @f ttains, safety exits and ladders.
The carriages remained intact and none of the wisdoroke as the train tumbled
down an embankment, meaning no passengers wenartlttoough the windows.
Also the driver of the train was ‘hailed a heroteafit emerged he stayed at the
controls suffering neck and shoulder injuries - tRail Accident Investigation
Branch said there was no evidence to indicate tivend of the train or the condition
of the train were contributory factors to the dienaint (BBC News 2007).

The way in which these events are reported by tesspsignify greater public
interest to passenger fatalities, even anger onellsfines administered towards
companies from the Courts. Some have felt so slyotigat they have created
campaign groups for better safety, for example'$adety on Trains Action Group’
was founded by a mother after the death of herisahe Southall train crash in
1997.

There is little of this vehemence in national ne@wsacerning the death of the Tebay
workers who were killed in2004.
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2.3.4 Reporting Safety

The construction industry is reported by the Healtid Safety Executive as being
one of biggest industries in the UK with over twdlion workers (Health and Safety
Executive). Despite economic prowess, the industeydangerous place to work and
over the last quarter century approximately 3000ppe have died in the UK from
injuries they received during construction workhwihany more injured or made ill.
Research in 2005 suggested that the fatality rateonstruction corresponds to a
1:165 chance of being killed at work (assuming ayd@r work term for the average
worker), and theorised that it is almost inevitablat an individual worker will
experience several reportable non-fatal injuriesr dlie course of a working lifetime
in construction (Vedder and Carey 2005). A few pwn features that characterized

the construction industry, thus leading to unusiséts are:

* Limited scope for preassembly of construction eleimedue to mobility

constraints, requiring structures or elements tbuk on-site,
* Unique projects requiring specific planning and poment parts,
* Relatively high levels of manual labour,

* Automation for mechanising hard physical work mpdiiited to manual

handling of materials and logistics (trucks, cramts.).

The UK has many legislative acts and regulationgnsure those working in the
infrastructure management are protected from hame Appendix Q. Of special
note are the 8porting of hjuries, Dseases and &hgerous ©currences Bgulations
(1995) or RIDDOR(Health and Safety Executive 1999). These reguiatrequire
employers to notify certain occupational injuriesseases and dangerous events to
the Health and Safety Executive (HSE) or in thesaafsrail related incidents, the
Office of Rail Regulation (ORR). The RIDDOR injutypes are broadly categorised
as major injuries, diseases, ‘3-day’ injuries wibgrthe person is incapable of work
for three days, or any ‘near miss’ incidents thdtribt result in people being harmed
but easily could have done. RIDDOR reporting idateral across all industries and
provides the main statistics for the Health ance&§a€Commission and the Office of
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Rail Regulation to convey the current state ofghtety to the UK Government. A

brief explanation of the these two UK governmerdibs is given below:

* The Health and Safety Commission (HSC) consista ohairman and nine
industrial members who are responsible for setting high level goals and
initiatives of health and safety issues in the Ukhe Health and Safety Executive
(HSE) are a large government body consisting ofisads, inspectors and
researchers who facilitate these initiatives anoliplh government reports. Similar
government bodies exist in Australia (National Quational Health and Safety
Commission), Hong Kong (Occupational Safety and ItHeaCouncil
http://www.oshc.org.hk) and the United States ofefica (Occupational Safety
and Health Administration, http://www.osha.govhe function of such groups is
to promote safety in the work community, regulat@gsessment and further
development of country-wide strategies.

« The Office of Rail Regulation (ORR), established ®rjuly 2004 by the
Railways and Transport Safety Act 2003, indeperigergulates Network Rail's
income. All aspects of health and safety regufatiwere transferred from
HSC/HSE to the independent Office of Rail Regulat{®RR) in 2006 as an
attempt to simplify the regulatory structure of treel industry and provide a
platform to encourage cultural change across thié iralustry. Specific

responsibilities of the ORR involve enforcemenheélth and safety legislation in
respect of the operational railway, ensuring timea tailway provides value-for-
money for fare-payer / taxpayer and acting as glesirepository for rail industry

data.
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Under the Reporting of Injuries, Diseases and DemgeOccurrences Regulations
1995 UK employers are required to inform the HSHRORHealth and Safety
Executive 1999):

* Immediately (e.g. by telephone) to report deatb{ghajor injuries requiring
employees, self employed or general public affettgdhe works to be taken to
hospital.

» If a doctor notifies you that your employee suffén@m a reportable work
related disease you must send a completed disepset form (F2508A) to the
enforcing authority.  Examples include: occupatlordermatitis, asbestos,

leptospirosis (Weil's disease) etc.

e If there is an accident connected with work resgltin a 3-day injury. This
is where employees or self employed are absenteourgable to do the full range
of normal duties for more than 3 working day. Ttinsescale including days they
wouldn’t normally be expected to work such as weekei.e. an accident on a
Friday resulting in a worker being absent from workthe day of the accident and
the following Monday would be reportable as a 3-oguyry.

* If something happens which does not result inp@ntable injury, but which
clearly could have done, it may be a dangerousroeace which must be reported
immediately (eg by telephone) to the enforcing atiti.

e A completed accident report form (F2508) is requliv@thin ten days of
informing the enforcing authority.

The UK statistics as reported by the HSE/ORR arkegping with other European
countries and suggests the issue of health antysaféhe construction worker is of
worldwide significance. Figure 2.2 and Figure 2a8 published by the Health and
Safety Executive compare the UK to other EU membgtealth and Safety
Executive 2006). However, it is theorised that régmb statistics of non fatal
accidents are likely to be overly optimistic whée effects of poor reporting, failure

to collate and undertake effective analysis aresiciemed (Haslam et al. 2005).
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Rate of Fatal Injury
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Figure 2.2 Rate of fatal injuries (2003) of EU mefver states (Health and Safety Executive 2006)
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Figure 2.3 Standardised Incidence Rate of over 3 gaaccidents at work in Europe, 2003Health
and Safety Executive 2006)

None-the-less the reporting of accidents by coostrm companies has been viewed
as ‘generally poor, coupled with a failure to ct#land undertake effective analysis
of the data collected’ (Gyi et al. 1999).
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2.4  Accidents

Construction work has been described to be nortteee and ergonomically

dangerous, requiring heavy lifting and awkward poet, resulting in a high

proportion of injuries and fatalities (Byung 1998)he most common kinds of fatal
injury to workers in recent years have been falfiregn a height, being struck by a
moving vehicle and being struck by a moving orifgllobject. In 2005/06, these
three kinds of accident combined accounted for ©4%ll fatal injuries to workers

(Health and Safety Executive 2006).

This section highlights published accident statsstnherent to workers in the Road
and Rail Industries.

2.4.1 Rail Workers Injuries

A previously discussed, safety within the rail sectan be dominated by high profile
crashes and derailments of passenger trains sudhadild, but accidents and
injuries sustained by rail workers in the constiuttand maintenance operations
cannot be ignored. Figure 2.4 shows the numberabfworkers fatally injured
between 1975 and 2005 reproduced from HSE and O&RrBs (Health and Safety
Executive 2005b; Office of Rail Regulation 2007a)he sources and methods of
reporting these statistics may not be directly caraple but the trend clearly shows
track worker fatalities have generally reduced dtierlast 20 years from circa 20 per
annum in the late 1970s and early 1980s, reaclowgrl figures in the 1990s to and
increasing again in the new millennium. Histordigahost fatalities to track workers
resulted from being struck by trains or road/radamine plant but some fatalities
have been contact with electricity (5 fatalities 2003) or during unloading of
materials from a wagon. Increasing number of deathrecent years cannot solely
be attributed to lax safety but more likely to litgiluted to the increase in relevant
work load. No government information is availabtarelating the number and type

of construction or maintenance workload with work®guries.
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Figure 2.4 shows some interesting trends and has lm®ned’ for discussion. At
first glance the steady falling trend in Zone A ¢tencompared with a dramatic drop
in fatalities in Zone B, corresponding to privatisa and skills outsourcing, whilst
Zone C shows an increase in fatalities after NeitwRail reclaimed maintenance
works. This trend would suggest that worker safeg better managed in Zone B

due to privatisation.

Fatal Injuries to Rail workers
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Figure 2.4 Fatal Injuries to rail Workers 1975 to 205.

However, other factors must be taken into accoudt a quick praise of the UK’s
privatisation regime must not be hastily given. §&éactors suggest a microcosm

and include:

« Differences in reporting strategies and associapaditical pressures

justifying privatisation as a ‘good decision’.

e Delay or lag time associated with disseminationderstanding, and
compliance with regulations such as CDM (introduned994, revised 2007) and
new contract types. Increasing trends could sygreimplacency or re-direction of

effort resulting with other internal / externaltiatives.
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e Increasing trend in Zone C could signify a loss shilled workers or
interaction problems caused by incoming workersfdifferent work experience

i.e. learning curve for highway or ‘road’ experiedovorkforce.

» Simultaneous degrading of infrastructure reachifggiical’ time in rail life-

span.

This last would suggest the trend in Zone C wilhtooue to rise, irrespective of
Network Rail reclaiming maintenance ‘in house’, esf serious investment for
infrastructure replacement is commissioned. Preseaies and prioritising methods
for investment schemes can be likened to usingchirsg plaster to solve an ailing

leg joint when a hip replacement is the necessary.

2.4.2 Road Worker Injuries

It is very difficult to extract meaningful statiss relating to road workers as it is
unclear if these are reported in either the HSEBS®ruction or Transport categories.
2005/2006 saw 8 of the 59 Construction Industrytttee13.5%) occurring in the
construction of highways, roads, airfields and tpdacilities, whilst 18 of the 63
deaths (28.5%) to transport workers occurred id laansport. There is no indication
if there are any deaths or injuries relating todro@aintenance tasks. Realising that
these statistics are not infallible and are ondidative, the number of deaths to road
workers can be estimated at around 26 deaths i5/2006. There is little evidence

of injury data in previous years for road workers.

However anecdotal evidence suggests injuries td vwaakers is far higher than rail
counterparts (Highways Agency 2006). A campaignthieyHighways Agencyn
August 2005 to inform motorist of the impact thdrving towards worker safety,

states the following:

“So far this year (2005), four workers have dieddafive have been seriously
injured in incidents on Highways Agency routes imgland. This compares to one
death and 17 serious injuries in 2004 and two deahd 10 serious injuries in
2003.” David Virden of Mouchel Parkman
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In addition, a survey of the 400 road workers cated in 2004 showed the
following (Highways Agency 2006):

* Almost 20% said they had suffered some injury cdumsepassing vehicles in

the course of their careers while working on thedroetwork

3% sustained major injuries.

13% sustained slight injuries.

77% said they had suffered verbal abuse from dsiver

40% reported having objects thrown at them by msir

54% had experienced a near miss with a vehicle.

As there is little statistical data, it is reasdeabb assume that had data been
available the resulting trends would follow thoséibited by general injuries in the

Construction Industry due to the similarity of waddsk.
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2.4.3 Injuries in General
Consistently, the most common kinds of fatal injtsyworkers in recent years have
been published by the Health and Safety ExeculiNgH) as:

* Falling from a height.

* Being struck by a moving vehicle.

« Being struck by a moving or falling object.

In 2006/07 these three kinds together accountedIoto (126 of 241) of all fatal

injuries to workers. Table 2.1 shows similar figsifor proceeding years.

Year — fr.om Height ' : Al UK Percentage
Struck by moving vehicles / objecty Fatalities
2006/07 126 241 51%
2005/06 114 212 54%
2004/05 134 220 61%
2003/04 140 235 60%

Table 2.1 Most common fatal injuries in UK Industries

(Health and Safety Executive 2004; Health and $dfsecutive 2005a; Health and Safety Executive
2006; Health and Safety Executive 2007b).

Figure 2.5 and Figure 2.6 are taken from HSE pabbos and show the
improvement in fatal and major injuries over thetldecade (Health and Safety

Executive 2006).

The Health and Safety Executive (HSE) estimates @5%ll fatal accidents in the
building and civil engineering industries in the U#te generally caused by

ineffective management action (Health and Safeigchtive 1988)
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The Labour Force Survey (LFS) is carried out by 8urial and Vital Statistics
Division of the Office for National Statistics. [pairpose is to provide information on
the UK labour market under a European Union Divectusing internationally
comparable measures that can then be used to gewetmage, evaluate and report
on labour market policies. The LFS estimates tl®rgevere under reporting from
the self-employed workers who are estimated to rtelegss than 5% of non-fatal
injuries; meaning that numbers and rates of injang more meaningful for
employees than the self-employed. Furthermore,slibletween sub-contractors
numbers and increased accidents figures due to comsation issues and lack of
coordination have been proposed (Rowlinson 199Hhis Tinfers an increased
frequency of accidents when third/fourth party safitactors are involved unless
greater effort in controlling management and comication processes is instilled in

the work ethic.

Considering the effects of poor reporting, andui&lto collate and take effective
analysis, the reported statistics of non fatal deis are likely to be overly
optimistic and are linked to a lack of understagdand / or communication between

parties at a reasonably high ‘design level’ to vepkce users (Haslam et al. 2005)

UK Government statistics (Health and Safety Exeeu2003b; Health and Safety
Executive 2003c) has also shown the high fataditg bccurring to male construction
workers aged over 55 years and those who are desiéidr within the Construction
Industry. This identifies two groups of workersavbuffer greater risk than others;
the ‘New Worker’ with little or no experience ofelgiven site and the ‘Retirement
Age Worker'. This finding is consistent with oth&tudies, such as Byung's research
classifying national construction statistics fou8oKorea in terms of company size,
work experience, accident type etc - over 90%aof fatal injuries and deaths occur
during the first year of employment (Byung 1998).
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Research into behaviour and decision making dugngroject has shown that
accident numbers can depend on the project tineedimd reach a peak during the
middle of projects (Humphrey et al. 2004). The satudy shows that allocation of
safety resources, in the case of the study finhrexgenditure, was relatively
constant yet dipped during the middle section & pnoject. These trends are
exaggerated and reproduced in Figure 2.7 and shavesea where these two tends
coincide as having higher accidemtgotentia

Accidentsin potentia
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Figure 2.7 Safety During Project Cycle, adapted 'm Humphrey et al (2000)

Thus accident@ potentiaarea could be further compromised as the numbeewf
workers increases during the busiest and most falmbensive time of a project.
Increased levels of recruitment of ‘new hires’ hmeen shown to correlate with

higher rates of workplace injury (Health and Satexgcutive 2005c¢).

Better monitoring and effective management of gaéependiture during the project
lifetime and ‘smoothing’ peaks and troughs of labaaoquisition / placement could
ensure incoming ‘new workers’ benefit from the sasadety allocation as those
working from the start of the project. Also, theses the question of company size
and ‘relative’ allocation of safety resources, such as small ediom enterprises
(SMESs) or the self employed who may have limitesbregces and training available

in comparison to large scale organisations (Harmmgidahl 2004).
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A further interesting phenomenon is where thesedaots happen. Research has
found a significant proportion of accidents relaieoff-task activities where method
statements relating to specific tasks are not epple, with few of these off-task
activities appropriately scoped or assessed faek (fHaslam et al. 2005). This is
corroborated by Health and Safety Executive stesighat around 1/5 of accidents
are not linked directly to construction activitiesnd occur off-task, such as
preparation activities or moving around site (Headhd Safety Executive 2003a;
Health and Safety Executive 2003b). Nearly halfofidents may relate to work
place factors such as poor house keeping and wohedsling, leading to

inappropriate site layout and space availabilitggldm et al. 2005).
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2.5 Revitalising Health and Safety

Despite improving safety trends, the general opingothat Industry cannot afford to
become complacent. This is shared by the Hous€omimons Transport Select
Committee on the railways and also various autldrpublic inquiries into ralil
safety (Cullen 200l1a; Cullen 2001b; Uff 2000). Twey publications are the
Revitalising Health and Safety StrateagydThe Future of Rail White Paper

The June 2000 Revitalising Health and Safety Siyatetatement (Department of
Environment Transport and the Regions 2000) coeathihe first ever UK targets for
health and safety systems. These ambitious tatgete fulfilled by 2010 for all
industries, and their progress are given in Talfe 2

UK Targets Reduction | Progress so far
Rate of work related ill health 20% | xNot on track
Rate of fatalities and major injuriep 10% | v'On Track
Rate of working days lost 30% | xNot on track

Table 2.2 Revitalising Health & Safety Targets(Health and Safety Executive 2007a)

Rising to the challenge, the Construction Induaings to surpass the national targets
and reduce the rate of fatal and major injury takecs by 66% by 2009/10. This
can be compared to the UK-wide targets to redneedte of fatal and major injury
to workers by 10% over the entire economy withia §ame timescale (Department
of Environment Transport and the Regions 2000; tHeahd Safety Commission
2004).

Although the HSE have not published the progresthefRevitalising Health and
Safety campaign specifically to the Constructiorduistry, the 28% rise in
construction fatalities in 2007, accounting forafthe total of 241 industry deaths is

a great concern.
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The Future of Rail White Paper (Department for Bt 2004) is another key

document highlighting areas where rail safety cdaddmproved, namely:

e Creating a streamlined process of risk assessnteméeglace the current
regimented, over-emphasised standard-based safstgdure. This would bring
Rail in line with other industries where such prwes can negate innovative

safety issues and lead to expensive engineering&os.

* Encouraging a cultural move towards a risk-basdetywasystem where
decisions are based upon analysis instead of stsdiallowed unquestioningly,

whatever their impact.

« The ORR is responsible for data and informatiomagje to ensure one set of
consistent data for use by Government and the indushus centralising

information to reduce a major bureaucratic burdethe rail industry.

Both the HSE and the ORR regularly run safety cagmsaand working groups to
facilitate these dramatic changes. Both governrgemips inform employers of the
many UK regulations and legislative acts to enghee health and safety of the

general public and their employees and subcontimatandustry (sedppendix Q.

The next section gives more details on one of thegalations: the Construction
(Design and Management) Regulations 2007 along @igbussion on other issues

for improving safety.
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2.5.1 CDM 2007

CDM is a common abbreviation for the UK Constructibegign and Management)
Regulations, first introduced 1994 and revisedd@722

Industry-wide consultation in 2002 lead to the dexi to revise CDM, in the hope of
reducing the bureaucracy that had frustrated mdrtizgeoCDM 1994 duty holders,
including:

Main Contractor.

Client.

CDM Co-ordinator.
» Designer.

The new CDM 2007 Regulations offer a single reguiatpackage including a
revision to the previous CDM 1994 publication amdlision of the previously
separate Construction (Health Safety and WelfareguRations 1996. The CDM
(2007) Regulations are divided into 5 parts:

» Part 1 deals with the application of the Regulatiand definitions.

* Part 2 covers general duties that apply to all tang8on projects.

* Part 3 contains additional duties that only apmynbtifiable construction
projects, i.e. those lasting more that 30 daysneolving more than 500 person

days of construction work.
* Part 4 contains practical requirements that appblltconstruction sites.
* Part 5 contains the transitional arrangements ewacations.

An Approved_@de of Ractice (ACoP) has also been issued to aid thos&ingp

under CDM 2007 by offering practical examples obdagoractice and provides
guidance to what i§easonably practicableto comply with this law. Approved
Codes of Practice have a special legal statusisesgdrd of an ACoP may result in

prosecution unless compliance with health and gafdated law can be proven in
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another way. Practitioners who demonstrate theye hallowed ACoP advice

comply with the law in respect of those specifidters on which it gives advice.
The ACoP for CDM 2007 explains:
e« The legal duties placed on clients, CDM co-ordingtaesigners, principal
contractors, contractors, self-employed and workers

* The circumstances in which domestic clients dohase duties under CDM
2007 (but the regulations still apply to those doivork for them).

e Gives information on the new role of CDM co-ordorat- a key project
advisor for clients and responsible for coordingtime arrangements for health and

safety during the planning phase of larger and raoreplex projects.

*  Which construction projects need to be notifiedH8E before work starts

and gives information on how this should be done.

* How to improve co-operation and co-ordination betwall those involved in

the construction project and with the workforce.

« What essential information needs to be recordedoimstruction health and

safety plans and files, as well as what shouldoednhcluded.

« How to assess the competence of organisationsratidduals involved in

construction work.

The last point of competency highlights a very ¢apiproblem: the UK skill

shortage.
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2.6  Skill Shortage, Company Culture & Future Growth

A further problem to the industry, impacting updre tdirection of the research
project, is the dilution of tacit knowledge withoonstruction companies. This is in
part due to the UK skKill shortages (Egan 1998) andaging and retiring working

population.

The skills shortage has effected other related nemging disciplines with UK
universities unable to supply enough graduate eegs (Spinks et al. 2006; The
New Civil Engineer Magazine:Spotlight Article 2008}his is not confined to the
UK as the American Society of Civil Engineers(ASCIEgs reported that three
quarters of firms in the USA rank skills shortagegheir top worry (Owen 2006a).

In addition, the cultural mix of the available wdidkce demonstrates different needs
compared to the older generation workforce. Tiigirn is contributing to increased
staff turnover as companies fail to grasp workessiad, cultural and work life
balance needs. A case in point is the report by Revil Engineer Magazine that
almost half (46%) of those partaking in a job $atiBon survey cited poor salary as
a motivator to leave their present employer witlheot factors such as being
undervalued and / or poor staff benefits. Those whre satisfied with their present
job cited their variety of work, good job prospedezling valued and working close

to home as their most important factors (The Newl E&ngineer Magazine 2006a)

The eventual replacement of UK national structalesign codes and standards by
the European Building Regulations or ‘Eurocodelging with recruitment of foreign
manual workers, may ease this pressure but pregéfgsent dilemmas; how to
dynamically collect, store and transfer safetyictknowledge from one generation
to another whilst considering differing technicahguage, culture, experience and

training.
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Without efficient use of engineering and managestaff the Construction Industry
may risk delays and high costs in future infradtices ventures such as CrossRail and
the 2012 London Olympic Games (Baker 2008; The Kewvil Engineer Magazine:
News Article 2006a).

In addition to specific transport needs for the 2Qbndon Olympics, future major

work currently includes:

* Nottingham Express Transit - £578M investmentramt system (The New
Civil Engineer Magazine 2006b).

» £2.4bn expansion and upgrade of Thameslink stafionen 2006b)

* The northern extension of London’s Docklands LiBailway includes 6km
of route running from Canning Town to Stratfordeimtational. Completion of the
£200M project is due in 2010, ahead of the 2012rQigs.

* London’s £10.3bn Crossrail project connectingwail networks east and
west of London via tunnels under the capital betweaddington, Liverpool Street
and Docklands (Hansford 2006a).

* With an estimated 10% growth in freight traffic owbe next few years a
£4M project is underway to upgrade 430km of eassttine between Elgin and

Mossend near Glasgow (Greenman 2006).

* Phased widening of 100km of M25 to four lanes ichedirection (2008-
2016) and 30 year maintenance contract worth ardiifadM a year (Hansford
2006b)

* European Ralil traffic Management System (ERTMS)ew £59M signalling
system, is due to be trialled in North Wales in0@oung 2006)

* Continuation of the Scottish Maintenance and Mansegg of Trunk Roads
Contracts (The New Civil Engineer Magazine: Newsod 2006b)
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* Replacement Forth Road Bridge (Scotland) and assati transport
infrastructure estimated around £3.25 billion expasompletion by 2016 (Baker
2008).

Currently construction represents approximately 180the UKs Gross Domestic
Product. The estimated 27% rise in governmentdipgrnsince 2000 to £37billion
along with Private Finance Initiative (PFI), Pubkeivate Partnerships (PPP) and
Early Contractor Involvement (ECI) schemes has teabthe Construction Industry,

especially road and rail infrastructures (Arnold&)
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Figure 2.8 Construction as percentage of Gross Dorsgc Product (Construction Products
Association 2006)

None-the less, Figure 2.8 shows the UK at the logred of the European scale,
perhaps atttibuted by the following:

« The UK overall value of GDP could be higher thaheotcountries, thus
reducing the percentage rate for construction.
* The UK has an ‘established’ infrastructure, unBatugal for example.

« The UK being a physically smaller country therefomgy be more

comparable to more financial based countries,ingapore.
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* The UK may have smaller freight movement due todpein island with the

only physically connection to Europe via the Chainanel.

e The economic strength of the UK currency may haeedu these results by
being unable to compare ‘like for like’ i.e. economimpact on trading

construction materials between Europe and Asia.
2.7  Discussion and Research Direction

This chapter identifies the role of transportatimrastructure within the UK

Construction Industry with a specific focus on safssues.

The UK construction industry is one of the largestployers - it is also one of the
UK’s biggest killer industries for workers. Despite a reductiowiorker deaths
over the last two decades, the UK cannot be coraptaand must continue to strive
towards ambitious targets set by tlRevitalising Health and Safety Strategy
Statement Regulatory authorities report around 5 to 10keos die every year in the
Rail Industry whilst deaths relating to Road Infrasture can be estimated in the 20s

(ambiguity, however, lies in reporting categories).

Statistics from reinforce the issue that lack afesy knowledge and expertise both
in specific and general terms contribute to faediand injuries to those working in

Infrastructure Management. The following trendseveoted:

«  Safety is slowly improving and accident numbersgaeerally decreasing.

* Road and Rail worker trends are not strictly corapkr but suggest ralil
workers are safer than road workers (6 rail faeditvs 26 road fatalities in
2005/2006). This does not take into account @tiah of fatalities to ‘man hours’

on site or the coverage / linear distance involveithe associated infrastructure.

*  Two worker types have been identified as high:risk
0 ‘New Worker’ with little or no experience of thevgin site

0 ‘Retirement Age Worker’

e Around 1/5 of accidents happen ‘off task’
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* Relationship between project lifecycle, expenditafesafety resources and
accident rate has been cited as an area of concé&mlink between labour

scheduling in conjunction with these factors ioglkausible.

The present condition of both Roads and Rail aherited from past construction
and maintenance or legacy issues. Existing rdibstructure also dictates future
design such as the inability to use double-deckaing whilst issues of road
maintenance, existing capacity and congestion amgigave climbed higher on the
political and environmental agenda. The devolvemehtScotland, Wales and
Northern Ireland presents an interesting situaioriboth road and rail industries.

Theperceivedevel of safety in infrastructure is overshadovlgcdigh profile public
train crashes. Conversely, there appears to beolgssy over the 1000+ driver and
passenger accidents happening every year on UKsrean is this yet to come?
Devolution has brought many changes to the way bds are managed including
outsourcing of maintenance and management schencesitracting companies. The
narrow public mindset and low tolerance towardsséhdailing to communicate
safety critical knowledge effectively and efficigntmay transfer to the Roads
Industry.

High public interest and escalating legal culp&piignify a step change in the way
companies must manage and act upon safety critit@mation and knowledge.

This is further recognised by regulatory bodieshwifficial comments stating

‘Inadequate planning of work has been a featurdatdl and major workforce

incidents’ (Office of Rail Regulation 2005).

Lastly, current work in the Transport Infrastruetu8ector is booming with many
more projects planned for the next decade. Wty must continually improve
to demonstrate the Infrastructure Sector is wodhyguch ambitious projects and
positive accolades must attempt to combat the Ulal ‘by media’ society. In

addition to these knowledge management issues, aaieg must direct the skills of

their staff efficiently to negate the impact ofliskshortages.
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2.8 Conclusions

This chapter highlights the importance of infrastame assets road and rail towards

maintaining and improving UK economy.

As a subset of the UK’s Construction Industry, tiieastructure Industry poses risk
of injuries and fatalities to its workforce and paafety knowledge and lack of

expertise, have been identified as significant oations to these statistics.

In addition, the increasing trend of litigation,ngpany reprimands and individuals
being charged and imprisoned signify a step changée way companies must
manage and act upon safety critical information lamalvledge.

The following three chapters focus on research @e®naimed towards further

understanding these problems and developing ai@oiut

e Chapter 3: Risk & Hazard Management.
* Chapter 4: Managing Safety Knowledge.

*  Chapter 5: Artificial Intelligence Methods.
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CHAPTER 3: RISK & HAZARD
MANAGEMENT

Hazards within transportation based projects maygeaerious harm — not only to
company employees but also to the general pulilitese hazards, their associated
risks and mitigations must be managed in ordeetince the possibility of accidents

and lighten harm severity.

Most legislation delegates the technical contrahatards to those who create them.
This chapter provides an insight into current pcast used to manage such
‘technical control’ in industry: risk assessmentdamsk management processes.
Possible weaknesses within these current practcesidentified and research

direction is proposed as an attempt to addressissuahbs.
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3.1 Introduction

Accidents and their impacts have been describedjaadtified in Chapter 2. These
can be seen as unexpected / undesirable eventsddanim an unmitigatedisk or
an unidentifiedhazards In brief, hazards are circumstantial events byspal
substances that can potentially cause harm to eeppbperty or processes, whilst
risks are classed as the combination of the likelthand severity of these given

hazards occurring.

This chapter introduces the concepts of identifyinganaging hazards and risks,
discussing integral safety management processeardsweducing accidents and

ultimately saving workers’ lives.
The chapter is structured in seven sections:

*« Section 1 — Introduction

Introduction and chapter structure is given.

* Section 2 — Clarifying Hazards and Risks

This aim of this section is to clarify the diffetgorocesses attributed to hazard and
risk management in order to reduce fatalities aaties to workers in infrastructure
management. Hazard processes are identified @isatriowards improving the

safety of infrastructure worker.

e Section 3 — Safety Management

The Safety Management Flow Chal¢monstrates the establisHek Management
Cycle (RMC)depends upon hazard identification and analysisgases. Also, the
establishedRMC model does not account for ALARRAY Low As Reasonably

Practical) tolerance levels and an enhanced toRMC model is proposed to allow

continual improvement.
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¢ Section 4 — Past Research

Four research categories are identified towardsompg safety for infrastructure
workers;Knowledge Management, Artificial Intelligence MatepMonitoring Tools
& Frameworks and Behaviour / Cultural Issues Knowledge Managemerand
Artificial Intelligence Methodsre identified for further research in Chapter 4 an

Chapter 5 respectively.
¢ Section 5 — Infrastructure Workers ‘At Risk’

Anecdotal evidence suggests risk analysis methasl uo keep infrastructure
workers safe are predominately qualitative and B&pee based. Two examples of
risk assessment bring into sharp focus that thehwodst of hazard and risk
management processes often between companiegtuélisimilarity even within the

same project.

¢ Section 6 —Discussion and Research Direction

Many hazards associated with preparatory stagesuarently not being correctly
identified; hazards that are not identified canbet effectively managed. It is
proposed that the development of @l can aid hazard identification processes and

provide improved performance at individual, teard arganisational levels.
» Section 7 — Conclusions

The main conclusions of this chapter are:

o Unidentified hazards act as bottle-necks in the msnagement process.
o There is little evidence of the effectiveness dfigaitions.
o There is high reliance on worker competence aamgontrol measures

during risk analysis stages.
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3.2 Clarifying Hazards & Risks

The UK Government, like many other countries, dateg the technical control of
hazards to those who create them, concentrating ithie instead towards policy
making and assessment of safety related manageysteims (Swuste and Arnoldy
2003). Industry’s answer is the useRisk Managemergrocesses.

The British Standard BS4884-3:1996, identical todpean standards IEC 300-3-
9:1995, provides guidelines to risk analysis anfthde the following (BSI 1996):

e Harm- physical injury or damage to health, propertyherenvironment.

* Hazard- a source of potential harm or a situation wihogential for harm.

« Hazard identification— the process of recognizing that a hazard exists

defining its characteristics.

 Risk— combination of the frequency, or probability, afcurrence and the

consequence of a specified hazardous event.

« Risk Assessment the overall process of risk analysis (identiima and

estimation) and risk evaluation (measurement aledatioce).

« Risk Management the systematic application of management pdljcie

procedures and practices to the tasks of analysirajuating and controlling risk.

BS4884-3:1996 explains that these concepts areataral to many disciplines,

hazard groups and risk categories. Examples stthee given in Table 3.1.
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Disciplines Risk Categories Hazard Group
Systems Individual | | Technological
Analysis
Probability & Occupational Social
Statistic:
Engineering Property Lifestyle
Damage &

Economic Los

U7

Management
Science Huma|
factors Societal

Social Scienc¢

Natural

Health Scienc

D

Environmenta

Social Scienceg

Table 3.1 Examples of Industrial Disciplines, Hazad Groups & Risk Categories, adapted from

BS4884-3:1996

1. Risk Identification

5. Risk Monitoring

19%

2. Risk Estimation 4. Risk Respons

3. Risk Evaluation

Figure 3.1 Established Risk Management Cycle adapiefrom Baker et al (1999)

The establishe®isk Management Cyc(®&MC) is shown in Figure 3.1 (Baket al.
1999). Although BS4884-3:1996 does not explicitkpress each of these stages in

this form, definitions from this document are padmased below:

« Risk Identification is formalised after significant hazards have been
identified. Hazard Analysis includes hazard id@gdtion, classification and

assessment of associated mitigation techniquestablesh whether hazards can be
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avoided or that they will not affect the dependabibf a working system (Smith
and Harrison 2005). Where hazards are eliminateld an their consequences are
deemed insignificant, analysis may be discontinaiethis point and assumptions

and deciding judgements documented.

« Risk Estimationor the calculation of risk, can be expressed raslipted
mortality rates, frequency versus consequence plody or expected loss rates. A
common method is to determine a risk level by camnigi the frequency of hazard
event with and severity of associated consequer@ssgnment of frequency and
severity values, in addition to associated weigigjrallows the level of risk to be

estimated as the product of these two terms e.g.
Severity x Frequency = Risk Level.

Frequency and severity values can be estimated itherequalitative or
quantitative methods. Qualitative methods are #ladsby descriptive arguments,
such as a range ‘low to high’, or enumerated oneglgfined scale (Cuny and
Lejeune 2003; Smith and Harrison 2005) whilst gitative examples include:

o Statistical analysis e.g. regression, least squpegh analysis.

o Artificial Intelligence Methods such as Expert &yss.

o Probability Theory.

0 Bayesian Inference.
* Risk Evaluationdetermines whether risk is tolerable or warrantssponse.
This phase can be conducted using quantitativelitaiige methods or a
combination thereof. Table 3.2 gives some exampleswever a more
comprehensive list can be found in BS4884-3:19®isk tolerance is still a
developing area of research of its human dynam#as.example of risk tolerance
is whether or not companies decide to tender fav peojects (Kahneman and
Lovallo 1993). Risk tolerance has been linked &rgimproved decision-making
performance and resource efficiency in additiofoteer costs and shorter project
durations (Kwak and LaPlace 2005). However, thenendoubtedly a juggling act
between good and bad outcomes; taking large risksertable opportunity,

balancing the overall result (Kwak and LaPlace 2005

55



Safety Hazard and Risk Identification and Managemnten

In Infrastructure Management

* Risk Responsacludes:
o Avoidanceor elimination of hazard.
o Retention,whereby risk falls below a given level or rangeeched
acceptable or tolerable level. No further respossecessary.
o Transfer of the risk to a third party (i.e. employing subtractor or
insurance premiums)
o Reductionof the severity or frequency associated with givezard.

This may produce a residual risk that lies withiiolarable zone.

« Risk Monitoringensures the responses are performing adequatelygtiout
the lifecycle of the system, facility or activityThus can be achieved using audits

and / or retrospective evaluation analyses.

Quantitative Qualitative
Bayesian Analysis Individual experience
Sensitivity analysis Engineering judgement (gutifep
Delphi Peer group Brainstorming / Group Work
Cost benefit analysis

Decision Matrix & Decision trees

Table 3.2 Risk Evaluation Methods (quantitative & qialitative) adapted from BS4884-3:1996
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The Safety Management Flow Chant Figure 3.2 incorporates the hazard inputs and
processes necessary to fulfil the fRBIC processes (see Figure 3.1). This flowchart
recognizes several important issues that are ignamethe established model,

namely:

« Complete dependence on hazard processes:
o Hazard ldentification acts as the main ‘bottle neck’ and barrier td ris
identification
0 Hazard Analysismust be performed to allow estimation and evabmati
of risks based on proposed responses.

* Internal cycle and iteration between risk evaluatend estimation stages

based on hazard analysis process and results.

e Continual improvement by searching for ‘new risks well as evaluating

previously identified risks, linking Risk Monitognand Estimation stages.

e Deviation from the model could result in accidems3 specific hazard

related locationsRisk Identification, Risk EvaluatiandRisk Monitoring

These findings corroborate research linking comftgein risk management directly

to the rigour and accuracy of hazard analysis ($amd Harrison 2005).
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Figure 3.2 Safety Management Flow Chart
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3.3  Safety Management

Safety Managememixhibits the same processes as described iRM@ model but

within this specific setting and includes the sgstéic application of management
policies, procedures and practices to the tasksamdlysing, evaluating and
controlling safety risks (Papadakis and Amendol@7)9This also includes safety

policy, initiatives, programs, training, campaighgure research etc.

Occupational accidents are never intentional amil @ecur through risk being
unidentified, incorrectly analysed or the respobséng ineffective. This section
examines hazards and risk within the safety settitignately towardd<eeping Bob

Safe(see Chapter 1)

Figure 3.3 shows various disciplines, risk categpand hazard groups identified in
BS4884-3:1996. The fields applicable to the curresearch focus are highlighted

in yellow (see also Table 3.1).

Disciplines Risk Categories Hazard Group
Systems Individual Technological—
Analysis
Probability & Occupational Social Research
Statistic:. [ L Focus
Engineering — Property Lifestyle Safety
Damage & Management
Economic Loss
Management _ _
Science Humal Social Science
factors Societal

Health Sciencs Natural

A1%4

Environmenta

Social Scienceg

Figure 3.3 Research Focus

59



Safety Hazard and Risk Identification and Managemnten

In Infrastructure Management

3.3.1 Safety Hazards & Risks

Accidents have been attributed to poor identifmatof hazards at a high level or

inconsideration by those responsible for desigppguand purchase of material and

equipment (Alistair et al. 1997). Some examplesazards identified from previous

construction-based research are given below (Adistaal. 1997):

Unsafe working conditions at heights.

Stepping on, striking against or tripping over alge
Poor lighting conditions.

Collapse of working platforms i.e. scaffoldings.
Lifting operations.

Electrocution.

Fire hazards.

Lack of proper access.

Inadequate education and training.

Engagement of poor tools and equipment.

Many safety hazardsare identified in numerous publications by goveenimbodies,

researchers and industry. These publications catalsified into three main groups:

Retrospective analysesvolve investigating causes and interconnected

relationships of specific accidents (causal models)

Opinion polls using questionnaires, surveys and interviews tmpaoe

individuals or corporations findings with estabéshhazard analysis methods and /

or case studies.

Prospective AnalysisThese identify hazards based on ‘what if...?’" sac@s

through systematic reasoning and /or graphicalniecies.

The most prominent in the day-to-day safety manageéns prospective analysis,
and of special note is tH#AZOP method. HAZOPstands for Haard and oprability
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studies andoriginated in process based fields of chemical @secengineering
HAZOP is used to systematically identify every concbleadeviation from the
original intention of events or processes, allowaligthe possible abnormal causes
and the adverse hazardous consequences of theiaewia be determined (Kletz
1992; Vaidhyanathan and Venkatasubramanian 1996a).HAZOP-type
methodologies are common in the literature alont widustry specific variations
and sub headings for consideration (Tixier et &02). However, HAZOP type

analysis can be a laborious task, involving teafrexperts.

Evaluatingsafety risksand tolerable levels can be complicated with régarthe
legal requirements imposed on Industry. Health and Safety at Work etc Act
(1974)(Health and Safety Executive 1974) states in @eneral duties of employers
to their employees’:

“It shall be the duty of every employer to ensuse, far as is reasonably
practicable, the health, safety and welfare at woirkll his employees.”
ALARP is a common term in Industry relating to tktstement and is an acronym

for ‘AsL ow As Reasonablyractical’.

There is no robust definition of what constituté®&easonably Practicdl. The
ALARP threshold level is set retrospectively by deuto reflect social demand
which is constantly changing (Rail Safety and 8éads Board 2005).

Smaller companies tend to emplogafety management personneiho are
responsible for managing the safety hazards ahkd rsthin the company in the
absence of formulated safety policies (Harms-Ringd@904). One of the main
debates in these legal proceedings is whether ggooompanies should be excused
higher tolerance regimes due to financial restsaimthereas this same level in a
‘wealthy’ company would result in negligence. Suatmpanies often perform a
cost-benefit analysis as a decision making aidpbiied as the cost of a mitigation
set against the cost of the undesired event.
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The UK Rail Industry estimates the costs of acdislém be in the region of £1.36M

per fatality although the overall cost is close£i®M when consideration is given to
associated costs such as public enquiries, compemspayments, loss of

time/earnings, additional management costs andtchioes (Rail Safety and

Standards Board 2005). The cost of proposed satitigtives over time is therefore
compared to savings in fatalities and where moaa thne option is available, like-
for-like comparison between initiatives can be mad®ther factors are often
combined in these types of analysis to produce i@ moherent estimation ofalue-

for-money’comparisons.

Monitoring residual risks, along with the effectivss of existing response
measures, are critical steps to ensure identifigkk rare being suitably managed.
Equally important is the continual effort to iddpthew and previously unidentified
risks. However, the establish&MC model shown in Figure 3.1 does not take
tolerance associated with ALARP into account. slproposed that theMC model
can be enhanced to facilitate ALARP by addinBeasonably Practical Tolerance
Zone This is shown in Figure 3.4 as a decreasirgraoice zone in red along with
the five RMC processes as a tightening 3dpiral’. This highlights the importance
of effective riskmanagement processes in striving to actively red\o&RP levels

in line with continual safety improvements and stadi expectations.

Reasonably Practical
Tolerance Zon

1. Risk Identification

2. Risk Estimation 5. Risk Monitoring

3. Risk Evaluation

11%

4. Risk Respons

L. N

Figure 3.4 Continual Improvement Risk Management Sjpal
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3.4 Past Research

Research aimed to improve safety for infrastructmogkers has taken many forms

but can be seen as residing in one of four categori

* Knowledge management

« Artificial intelligence methods

e Monitoring tool and frameworks
* Behaviour / cultural issues

Knowledge Managementand decision support systems tend to rely heamily
manual data collection and interpretation. Forngple, investigating and drawing
inferences from case studies such as paper basilaicreports. The advantages of
the system mean someone of little knowledge or rexpee can use the collective
knowledge or ‘knowledge base’ to make a betterrmfd decision. Effective
communication and information transfer between rganegent and employees has
been shown to yield better safety standards andreehsafety policies (Holt 2001).

Examples include:

* Identifying variables contributing to a group ofcalents (Haslam et al.
2005)

« Health and safety management systems includingpip@rtunities/benefits
provided (Ray and Rinzler 1993) and the barrieoantered (Hinze 1997; Levitt
and Samelson 1993) .

« Safety audit checklists to monitor safety perforoemf construction sites
(Duff et al. 1994)

Monitoring Tools can be used to enhance the existing safety mareagguolicy by
flagging up areas of weak safety. This type of eystalso reduces human and
mathematical errors as data is now directly enténethe user and data collection

and calculation is now performed by the computer.
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In addition to being highly bureaucratic, anothewdside of these systems is a

tendency to become:

* Orphaned if maintenance is not ongoing to ensuliditya

e Scrapped due to inaction of management to cordecttified problems.

Some examples of this type of research include:

 The use of incentives and performance assessmeeniance workplace
safety (Cooper et al. 1994; McAfee and Winn 1989).

* measuring the effectiveness of safety campaignspanirmance of safety
objectives using checklists, inspections, attitusleveys, walk-throughs, and
document / record analysis (Haupt 2002).

Artificial Intelligence methods can be viewed as a ‘black box’ where the’sis
inputs and factors are processed to give the eluticn These systems can require
sophisticated modelling techniques (neural netw@atk3 and rely on training sets
based on:

* Past occurrences transposed from original documetdsthe programming
language. These are reliant on a large knowledge twith ongoing maintenance,

monitoring and re-evaluation of the system

* Recording, interpreting, coding and transposing twnversation and

methodology of experts the as they solve a giveblpm

Examples include:
e Applying probability theory to predict undesiredeets or accidents in
situations (Cuny and Lejeune 2003).

* Prediction of safety levels of marine vessels basedarine input variables
such as vessel type, location, cargoes etc (Hasdteah 1995)

« Development of nuclear safety systems (Lee and ¢s2605; Renders et al.
1995; Ziver et al. 2004) and Light Water Researabad®rs (Mazrou and
Hamadouche 2004).
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« Decision support for aircraft safety inspectors xhoj and Williams 1996;
Shyur et al. 1996).

e Accident diagnosis) (Lee and Seong 2005).

e Safety assessment of existing structures (Dengd. &085; Lee et al. 2005;
Yun and Bahng 2000).

Behaviour / cultural issues,along withmanagerial attitudes, can be seen as a subset
of the overall organization of the company cultuidolt 2001). Poor attitude and
behaviours are difficult to monitor and controhaltigh employee perception surveys
have been used to test attitudes and effectivasfeggomotional safety campaigns
(Toole 2002). To this end, Behaviour-Based SafBBS) has been widely adopted
by the industry as the basis of safety and heatttkshops, induction talks, charters,
and other safety endeavours (DePasquale and G&E9). BBS can aid safety
culture changes by setting out the goals of themmtion and highlighting the

safety responsibilities of various parties accagtlin

Studies have also suggested the BBS model canitdgeilinterpersonal trust,
management support, and active employee partioipgBandura 1997; Cheung et
al. 2004).

 Workers' behaviours and attitudes (Cox and Cox 1%@§er et al. 1997;
Lingard and Rowlinson 1997; The Health and Safeteddtive 2000; Waring
2005).

e Training and workshops (Glendon and McKenna 1996ldéhar et al.
2001; Hammer 1989)

e The value and culture of safety management syst@fmause 1993;
Smallwood 2002)

» Development of other theoretical ‘root cause’ medelth attention to site
personnel, their behaviour and actions (Haslanh @085). (Duff et al. 1994; Gibb
et al. 2001; Suraji et al. 2001)
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35 Infrastructure Workers ‘At Risk’

Hazards encountered by workers in Transportatitmagdtructure are not unlike those
of other construction work but may have some sutlifferences. The issues below
are not exclusively ‘transportation’ yet demonsr#tie types of constraints often

found in this Industry:

*  Work can be influenced by the behaviour of un-calted third parties such
as drivers or the public. There is intense pudiid political pressure to ensure the
given ‘infrastructure’ remains open and usable valibsure only accepted when

deemed absolutely necessary.

e Some work tasks are repetitive and / or seasonaitdbyre, such as grass

cutting or winter maintenance.

* With the exception of bridge-type work, infrastue tasks are more likely

to be carried out at (or near) ground level.

* Smaller work teams may be needed due to limitedsgfice and can be more
geographically distributed, e.g. several smallams (fewer than 10 workers)

along a rail line working with no visual contact.

« The work environment can be dynamic and traffic agwment such as
contra flow systems on roads (Department for Trarisp001) whereas ‘zoned

working’ in rail to safeguard workers is more patant.

* Providing these safe systems can be constraineg@obiical pressure to
achieve time and cost limitations. Many work taske scheduled for off-peak,
holiday and other unsociable hours; adding incléemezather, low temperatures,

long shifts and poor family/work balance factorghte work environment.

Systematic hazard analysis (HAZOP etc) can invelgaificant personnel effort and
time commitment (Pumfrey 2000; Smith and Harris@%). Common methods of
identifying these hazards in industry involve inregive anticipation of hazards and

operation problems based on individual experiencatd group discussion and / or
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brainstorming-type activities. However, there igld evidence whether hazard

events identified in this manner are ‘exhaustive’.
A few pertinent findings from recent publicatiomglude:

* Large-scaled construction companies generally hadwetter safety
performance and fewer accidents due to the higkl le¥ safety support and
commitment shown from the top management (HinzeRadobud 1988; Mattila et
al. 1994).

* Complexities involving communicating and coordioatof sequential work
between contractors and sub-contractors can ras@ituations where a smooth

work flow is virtually impossible (Vedder and Car2g05).

* Main contractors may shift all safety responsit@itto subcontractors and
neglect to ensure subcontractors are capable ofidimg a safe working

environment (Wilson and Koehn 2000)

3.5.1 Workers Risk Assessments

The Transportation Industry relies heavily gualitative risk assessmernts ensure
the safety of its work force. This is due to lamktime and resources needed to
collect and process quantitative data. The majaitythese risk assessments are
based on technical factors, however individual oiggtional and / or cultural issues
should also be considered such as financial cantrar political pressures.

Examples of these risk factors in a constructidtirgginclude:

* Technical and socio-technical systems (Annet arahtS8h 2000; Harms-
Ringdahl. 2001)

« The influence of ‘Risk Factors’ such as operatdioas, site conditions and
construction practices and ‘Managerial Processesmivatds accidents in

construction (Suraji et al. 2001).

Risk analysis for occupational health and safetyofkers predominately relies on
qualitative yet statistical approach expressings tmsvels for specific periods or

locations as tables, diagrams, curves, indice§Giny and Lejeune 2003).
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Two examples of technical risk assessments excarptseproduced and shown in
Table 3.3 and Table 3.4. These excepts are takemthe method statements used
during the reopening of a railway line in Scotland004/2005 entitled ‘excavating
trial pits’ and a ‘station car park’. The firstarple (Table 3.3) was undertaken by a
subcontractor and shows ‘risk rating’ before antkrathe introduction of control
measures or mitigations. The second example, themMain Contractor, appears to
only show the residual risk level after the sans& reduction process. The residual
and retained risk highlights the scale of tolerdinhits.

Risk Consequence Risk Control Measure | Risk Rating
Rating after control

Repair Skin irritation 18 Wearing suitable 8
material PPE, including
affecting skin gloves
Manual Back Injury 18 Competently trained 8
handling staff under
injury supervision

following approved
method of working

Contaminants | Skin Irritation 18 Wearing suitable 8
affecting skin PPE, including
gloves

Table 3.3 Risk Assessment ‘Excavating Trial Pits’ PH/MS0013

In Table 3.3 the risk level of 18 has been deensdoegond this limit and warrants a
control measure to reduce the rating level of8thls example there is no indication
of how the levels of 18 and 8 were derived. Theralso no evidence that the
introduction of the given control measurement watsahis reduction of risk from

18 to 8. The derivation of risk level in Table 3c4n be seen as being the

multiplication of the frequency and severity valuedowever there appears to be
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little actual meaningto these values other than as experience, based up

‘guesstimates’ by the originator of the risk anedys

Item Risk Rating Control Measure
z| gl _
sl 3| S
ol 2 F
LL
Working Struck by plant 5 1 5 | Site Briefing. Banksman with
with heavy| resulting in machines, competent plant
plant serious injury, operatives, certified by
possible fatality approved training organisation.
Records kept on file. Only enter
area when required.
Drainage / Trench collapse, 5 1 5 | All work to be supervised by|a
ducting falls into competent person.
excavations excavation, A barrier will be erected and
contact with maintained around any opeén
underground excavation, a permit to dig
services and uf system will be installed g
authorised accegs security guard will be on duty
to the public during off-site hours

Table 3.4 Risk Assessment on ‘car park’, MS/Larkhdl111 Rev B
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Table 3.5 to Table 3.8 demonstrate how a subcdntrfom the same infrastructure
project performs risk assessment within their métsimtement. A reproduction of a
risk matrix is given in Table 3.5, definitions oéwerity and likelihood values are
given in Table 3.6 and Table 3.7 and a table ofagament action is outlined in
Table 3.8. These are based on the method statemeihtd ‘Resistivity Survey and

Earth System Testing’ from method statement Anae$IMS/049. Severity issues
relating to property damage and commercial / finglreoncerns have been omitted.

Risk Severity

3 2 1

Rating

15 10 5

Likelihood

Table 3.5 Risk Matrix Example

Likelihood Title Description
1 Remote Less than once in a five year period
2 Possible Once within every 1-5 year period
3 Occasional Once in a period between 2 monthsesar y
4 Regular Once in a period between 1week & 1month
5 Common Once in a period between 1 day &lweek|

Table 3.6 Likelihood Example
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Severity Description
1 Trivial, minor or no injury.
2 Injury requiring first aid treatment. Lost time to 3 days
3 Major injury requiring hospitalisation or repdsta under RIDDOR
4 Serious injury that results in the loss of eymbl or ability to
continue work
5 Any fatality / fatalities.

Table 3.7 Severity Example

Risk Rating Risk Level Action

Very High Stop the activity immediately. Implement control
Risk measures to reduce risk to ALARP. Ensure that
controls are documented and staff are briefed on

Unacceptable
their importance.

High Risk | A safe system on work must be implemented fand

10-16 Requires briefed prior to the work commencing. Consider

‘action’ stopping the activity if control measures are npot

suitable. Seek an alternative solution where

possible

Medium Risk | Control measures should be reviewedrisure

they continue to be effective. Acceptable to wprk

05-09
with care. Consider additional safety controlg to
reduce risk further before implement a change.
01-04 Low or No action required. If control measure in place,

minimal risk | ensure that they are reviewed in order to remain

effective.

Table 3.8 Management Action based on Risk Matrix Exmple
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These examples bring several issues into shargfocu

 The method of hazard and risk management processesliffer between

companies. In addition, variability has been shawithin the same project.

* The assignment of severity and frequency valuesnspletely dependent on
the opinion of the risk assessor who must ‘guesghvalues and their perception

of the risk.

* There is an implied relationship between assignnoémbntrol measure and
reduction of either severity or frequency valuebhaigh there is no evidence of

the magnitude.

e There is high reliance on worker competence actisga sole control

measure.

The perception of risk, and therefore risk estioratand impact on tolerance is
inherently subjective in qualitative risk assessta@md relies on the risk assessors’
knowledge. Although subjective evaluations coroesp closely to objective data
obtained from both internal and external sourcgm€b and De Burca 2005), it must
be recognised that subjectivity/objectivity can induenced by several factors,

including:
*  Selective memory.
* The desire to please.
* The presence of ulterior motives.

* Actively blocking free expression in others.

This problem ofisk perceptionn the construction industry has been recognised a
has generated a plethora of research topics towelsmprovement of Safety
Management. One example is the identification oéahtypes of hazards by Delft
University of Technology, Netherlands, towards edung future risk managers;
Low probability-high consequence, common accidestands and chronic health
hazards (Swuste and Arnoldy 2003).
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3.6 Discussion and Research Direction

Despite the identification of hazards via estaldéhisk management methods and
processes, many accidents relate to generic wateplactors such as poor house
keeping / work scheduling or occur ‘off-task’ ineparation for the main work task.
Many hazards associated with preparatory stagesuwarently not being correctly
identified; hazards that are not identified canbet effectively managed. In
addition, continual improvement towards loweringkriolerance levels (see Figure
3.4) and dependence on hazard analysis (see F#jRyehave been identified as

integral to risk management.

This chapter has highlighted four possible reseaditections; Knowledge
Management, Artificial Intelligence Methods, Monitay Tools & Frameworks and
Behaviour Issues. The next two chapters will ferthnvestigateKnowledge
Management and Artificial Intelligence Methodswith a view towards the
development of a safety model to enhance hazardifidation and the management

of control measures.

It is envisaged that such a model could improvéoperance in individual, team and

organisational levels, ultimately:

* Saving lives by improving the management of hazaalysis processes.
* Allowing continual improvement during the risk mgeanent cycle.

* Facilitate a move to more quantitative-based safetgagement decisions.
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3.7 Conclusions

* Hazard Identification or lack thereof, acts as a bottle-neck to Risk
Assessment and Risk Management processes.

e Hazard analysis acts as a major input to the iergprocesses ofisk
evaluationandrisk estimatiorwithin theRMC model.

« The process of assigning risk is inherently subjectand depends on

individual risk assessors’ perception and tolerdacels.

* Anecdotal evidence suggest risk levels are assigasdd on the experience-
based guesstimates with little evidence presenteartls the effectiveness of

assigned mitigation and how these reduce risk.
* There is high reliance on worker competence a@sgontrol measures.

* Knowledge ManagemenndArtificial Intelligence Methodsire identified for
further investigation with a view towards the deprhent of a safety model to

enhance hazard identification and the managemertrdfol measures.
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CHAPTER 4: MANAGING SAFETY
KNOWLEDGE

Dangerous decision making can occur through rediarcincomplete or ‘corrupted’
knowledge. The problem can be exacerbated if ffecteveness of knowledge
transfer of between managerial strata and thosekimgrat the sharp end is
diminished. The collection and use of knowledg@eeglly in the context of safety

knowledge, is therefore of extreme importance.

This chapter will investigate ‘knowledge managerhantl the differences between
knowledge and information. It will further considdére various research methods
employed in managing safety critical knowledge wvitie aim of improving worker

safety in Infrastructure Management.
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4.1 Introduction

Chapter 2 identifies the link between lack of knedge and worker injuries whilst
the concept of hazard and risk management is dieduis Chapter 3. This chapter
marries these two themes by identifying ‘safety Wienlge’ in relation to hazard
management and occupational injuries and offersindication of the different

research methods employed to improve knowledge gement of safety related

ISsues.
The chapter is structured in six sections:

¢ Section 1 — Introduction

Introduction and chapter structure is given.

* Section 2 — Knowledge Management

A brief section defines the differences betwadarmationandknowledge

» Section 3 —Identifying and Transferring Safety Knowedge

Three types of communication are identified as ¢peised on site in infrastructure
projects; written, verbal and physical. These pecast along with current problem
solving ethos are identified as needing review Howa ‘trial by success’ and

continual improvement by identifying and monitoriggod safety practice(s)

* Section 4 —Reviewing Safety Knowledge Literature

A literary review of past studies presents fougthodsand five types omediumis

presented.
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¢ Section 5 — Research Discussion and Direction

This section discusses three main issues for cersidn towards a proposed

research direction. These are:

0 Sustainability of research led safety tools inI'ngarld’ situations

0 Resource issues both in the ‘development’ and tesal’ sense

o Internet technology is cited as being an attractaalitating platform
and deployment medium along with the possibilityAdfcollaboration and
ways in which the proposed research approach differm other internet
research work is highlighted.

e Section 6 — Conclusions
The main conclusions of this chapter are:

o0 There is a clear need to showcase and praise ‘gadefy practices.

o Method statements are identified as a source afdgsafety knowledge
and will be collected for possible inclusion ifaol

0 Target user audience must be identified and thedrincorporated into
theTool process.

o Knowledge based systemodel, along withinternet technologyare
highlighted as possible methods towards develogihgol.

o Artificial Intelligence Methods are identified agassible hybrid partner

and are further investigated Chapter 5.
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4.2  Knowledge Management

The idea that knowledge is the most valuable soafasompetitive advantage has
been widely considered for years, becoming an anamoesource more important

than olil, steel, or any of the products of the ktdal Age (Liaw 2005).

The actual definition of ‘what knowledge is’ cansuét in a socio-philosophical
debate well outside the scope of this thesis. Hawen simple terms knowledge is
gained through trying to understand the contexbfmirmation within our society and

experiences, in conjunction with the way in whicé mdividually view the world.

Information can be categorised into three stridtniteons; structured (drawings or
plans), semi-structured (written documents) and -stamctured information
dialogues and sketches (Gardoni et al. 2005). Masgarchers have theorised

definitions of ‘knowledge’ as:

e The advanced stage of informationand hence requires interpretation,

processing and constructs to form knowledge (Li@@a5).

» Information in context, together with an understanding of how to findnt
how to use it (Nonaka 1994).

* The product of a learning activity in which cognitive experiences such as
perception, interpretation, and analysis are usdiletinformation into a cognitive
structure based on understanding the local enviemirand collaborating with
other people (Kang and Byun 2001; Liaw 2005).

The two main forms of knowledgexplicit andtacit were recognised in the 1960s
(Polanyi 1966). Explicit knowledge can be easilpressed in words, numbers and
organized forms communicated via computers, netwarld databases (Trentin
2001). Tacit knowledge can be highly personal hadl to define such as bodily
skills and mental models that cannot be easilycadted. There is difficulty in
communicating and sharing tacit knowledge with ctfdue to individual perception
and intuition, therefore users generally tend teufo their efforts on explicit
knowledge to createkmowledge basf@.iaw 2005).
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4.3 Identifying and Transferring ‘Safety Knowledge’

Knowledge management is a huge research area angdecapplied to many, if not

all, types of research.

Identifying ‘safety knowledge’ is a difficult taslSafety knowledge is subjective and
deep rooted in experiences (both good and badhaget who work in the given

environment; in other wordscit knowledge.

The main problem in identifying ‘safety knowledge’the way in which ‘problem
solvers’ view the problem. This is demonstratedi®y‘gestalt-shift’ diagram shown
in Figure 4.1 where either a young or old womanissble. Examples of both the

young and old women are also given to illustratedifference in viewpoints.

Safety knowledge can be likened to how people \Reyure 4.1 based upon perhaps
a million different variants of ‘young’ or ‘old’ wman examples or somewhere in
between. This brings us back full circle to comsithe main problem in identifying
safety knowledgethe way in whichproblem solversiew the problem.

This issue can be further simplified as not ‘whaé wee’' rather ‘what we
communicated to others’. In other words, studentdld describe the ‘young
woman’ to student B who is looking at this visuakple for the first time. Student B
may or may not see the ‘young woman’ based on stullis description or may be

predisposed to see the ‘old woman’ irrespective.

There are various different ways of communicatiregween people working in
Infrastructure Management, all of which have caseat

*  Written documentation such as method statementsaegident reports.

* Verbal instructions and tool box talks.

* Physically shared experiences.

Using the analogy of the visual puzzle, physicalared experience could be one
person of ‘greater knowledge performing one-on-oggidance during tasks,
outlining precisely how he/she saw the ‘old wom#&m’'one of lesser knowledge.
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Unfortunately, due to continual learning the persoth ‘greater’ knowledge would
require one-on-one guidance from someone with tgreal’ knowledge etc. This
would result in excessively large teams of peopla iconstant stream or ‘pyramid’
of knowledge. Although an aspirational intelledtigal, this scenario is unfeasible
due to skill shortages and also, so many peoplddvoe learning that less people

would be doing!

Figure 4.1 Visual Puzzle (Covey 2004).
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Tool box talks are a well known verbal communicatan site. These consist of
quick hints and tips on safe procedures to grompsite. This can be likened to flash
cards of different possible ‘noses’ or ‘eyes’ tce tgroup to help ‘old woman’
recognition. This does not necessarily meanttiegroup can identify ‘mouths’ for
example or indeed ‘noses’ that they have never deefore. Other verbal
instructions include safety briefings whereby soneeavith ‘greater’ knowledge
gives salient issues to those with ‘lesser’, sula avork ganger or supervisor to his
team of manual workers. This produces a limitezlwodf the ‘old woman’ solely
based on the supervisors’ description — if he isangood drawer his team may end

up looking at a squiggly blob. This raises sevssles:
* Is the supervisor correct in his assumptions ofartgnce?
* Has his communication imparted the knowledge hetechaeffectively?

* Who ultimately is responsible for the integrityksfowledge transfer?

e ‘Quis custodiet ipsos custodiegWho guards the guards)

Who will go to jail if something ‘goes wrong’ ?

The last point is somewhat sensationalised, yeleieties toward social and legal
culpability are an ever climbing fear for workenslnfrastructure Management ( see
Section 2.3.3).

Written methods of communication are more easitjitable for use in court and are
generally in great supply within projects. Thesan cinclude electronic
correspondence along with traditional paper rep@iens and drawings. Accident
reports and analyses concentrate on ‘what went gviamd why’. This biased
negativity, when badly managed, can be viewed awitch hunt’ and the
apportionment of blame. These methods say:

“We've identified the failing- you saw the ‘youngman’. Here is a method we

will use for the next time, so workers see the Wwttnan’ correctly”.

Unlike accident reports that focus on specificaljpat went wrong’ when there is

an incident, method statements can be used totigéccapture the ‘null’ reports

82



CHAPTER 4: Managing Safety Knowledge

and encourage a more optimistic view of ‘what wght'. Method statements can
be viewed as work task recipes for given site anddffice based tasks. This gives
the writers view of the ‘old woman’ explicitly, tButurningtacit knowledge into
explicit knowledge. Method statements are prepared by cemipeorkers who are
responsible for the planning and completion of widlial work tasks, usually at
supervisor or engineer level. Method statements atier written recipe-type
documents such as Health & Safety Plan / File u@ie® regulations (Health and
Safety Executive 1994) demonstrate that someonhe@norganisation has given
consideration to safety practice. These documemis,subsequent document under
version control, are seen as discrete events grshoés during various stages of
work. Seldom do they actively demonstrate excebefin the field’ — this is an
opportunity missed. Never-the-less, they are adgamurce of safety knowledge as
they can capture how the person preparing the rdethiatement perceived the

characteristics or important factors of the work.

Anecdotal evidence suggests safety solutions thaioti result in accidents or worker
injuries are not recorded, monitored or their ‘far purpose’ level assessed

effectively.

A ‘trial by success’ model is proposed to identifyood’ safety knowledge

associated with null events or non-accident woidkda This is aimed towards
identifying, monitoring and improving existing metts and, ultimately, celebrating
success of good safety practices within the inglugtris proposed this model can be
created by identifying, collecting and transferrisite knowledge relating to non-
accident (or null) events within a real infrasturet project. The next section

explores the various techniques and methods alailalfacilitate this model.
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4.4  Reviewing Safety Knowledge Literature

Capitalising on existing knowledge and efficientiyerpreting and / or re-using has
proved an important commercial asset, resultingzast research. However, this
research can be categorised into two key aspeethodand medium Methodsare

the underlying models or principals, whilstediumis the tool or process used to
convey the method to the intended destination. s Haiction acts as a literature
review of past studies and key research paradigad un the management of safety
knowledge applicable to the UK Construction Indystnder these two sub headings.

4.4.1 Method

There are few holistic methodologies that have ls&ewn to be effective in both
the ‘capture’ and ‘convey’ elements of safety rethknowledge management; many

concentrate on one aspect to the exclusion ofttiesr.0
Four examples are given below:

* Human-relation models such as behaviour-based safetgn allow the
addition of related parameters to highlight the am@nce of workers' attitudes and
relationships among parties (DePasquale and G&86©; Feyer et al. 1997).
‘Constructivism’ is a learning theory that descsbi®w individual minds create
knowledge, how it is structured and how it is atféelc by understanding and
feedback (Oliver 2000).

e Causal modelsexamine the underlying issues or causes of acpdati
scenario such as accident investigatiommdlysis (Cooper 1986; Cox and Ricci
2005; Haslam et al. 2005; Lehto and Salvendy 1Williamson et al. 1996).
Numerous research has used causal models aimddrttify and improve project
performance issues (Duff et al. 1994; Haslam e2@05; Jin and Ling 2006; Sousa
et al. 2006) (Suraji and Duff 2001; Suraji et &02).
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 Knowledge based systemswvhereby tacit knowledge is transferred to
explicit. This can be achieved by filtering andreasingly classifying, codifying
and documenting individual or group knowledge (M@a2002) or knowledge
mapping (Lin et al. 2006). There are also numeidession support techniques
such agyroup decision making (Boose et al. 1993) or faaes (Carpignano and
Poucet 1994; Demichela et al. 2004). Good managerpeactice, such as
preventing back disorders in the construction sectm also fall into this category
(Gervais 2003). Frameworks are another method afaging the knowledge
process and are wide spread in research (OussathiNewby 2004; Teo et al.
2005). In a corporate setting, these types of nsdueve been used to identify key
safety shareholders such as the supply chain mareagestrata (Hallikas et al.
2004; Nagurney et al. 2005; Young and Kielkiewioztvig 2001) and can also act
as a platform to discuss training and mentoringiiregnents. Some frameworks
are based on other model types, examples include:
0 Model-based framework is the basis HAZOPExpert, a tool for
automating Hazard and Operability (HAZOP) analysisthe chemical
engineering industry (Vaidhyanathan and Venkatasubnian 1996a).
HAZOP is described as a technique of imaginativicgation of hazards
and operation problems by considering events exivalyswithin a system
or process (Pumfrey 2000; Smith and Harrison 2005).
0 Machine-based learninghas been used to create a ten stage knowledge
acquisition process aimed at the prevention of ttooon accidents
(Arciszewski et al. 1995)
o Network Knowledge Maps (NKM) gives users an overview of available
and missing knowledge in core project areas, emghiacit and explicit
knowledge to be managed appropriately (Yu-Chera. &005).
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e Practical inventions can improve safety of workers by creating a physica
barrier between workers and harm such as an imgrdesign of crash barriers.
Within a transportation setting, examples includatomated Train Warning
Systems (ATWS) warning rail workers of approachtregns (Evans 2004) and
highly-portable positive protection technologiestttprotect highway workers
(Ullman et al. 2007).

The first three models (human relations, causal elsocind knowledge based
systems) rely heavily on their given process ofraoting knowledge from the

original medium to the new system. There are nomeexamples and methods of
how to achieve this transition including interviewt key witnesses, surveys and
‘data mining’. Unlike survey and interviews, ‘dataning’ can identify and extract

relevant information from historical documents it the need for contacts with
individuals (Browneet al.2006; Michalski R.S 1992).

The last model ofpractical invention’relies not only on the ingenuity of the creator
but also on the knowledge and culture of workindividuals who may have to
actively seek out an innovation for a given circtamse... but how can the person
judge the best innovation based on their, perhapted, individual knowledge? In
addition, innovations are (generally) new to indgshow are such innovations

deployed and accepted to becoming the norm?

4.4.2 Medium

In this section the use of different forms of mediused to facilitate methods of

knowledge management is highlighted. In shoriséhare given as:

* Document Control

» Databases

e Locally held computer programs

e Distributed computer programs or systems

o Internet
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Document and version control is the underlying gpal of all the other medium
types. In the most simple form document contral ba a filing system whereby
information is stored in specific categories depegan their intended use and stage
of updating; in other words a quality managemestesy or QMS. One example of
QMS is the ISO 9000 Quality Management Seridsom the International
Organization for Standardization. The Internatlddeganization for Standardization
(ISO) is one of the world’s largest developersrgéinational standards, established
in 1946 “to facilitate the international coordir@ti and unification of industrial

standards” (International Organization for Standaatibn Accessed 23 May 2007).

Although all of the medium types rely on ‘qualityamagement’ in some form or

another on, one step beyond document control isliaelatabase.

A database is a structured collection of informatidhereby computer programs may
easily query and search the information for spedtéms or groupings. Database
Management Systems can be structured into mangreliff layouts such as a
hierarchical or tree-like structure with set paréctiild categories and relational
networks where all entities are placed accordintpéar individual relationships with
one another. An example of key research in tleisl finclude interfacing algorithms

in large database management systems (Lavingtain E299)

The method of structuring and querying databases & easily achieved via
computer programs; either locally or distributed &inetwork. In addition, common
‘querying’ language can be used on commerciallyilabke software (such as
productsMicrosoft Excelor Microsoft Accessor bespoke applications. A further
example includes software packalfdLEN (inference & larning) developed to
acquire knowledge about construction accidentsthed prevention.INLEN is an
automated rule learning and building decision supjonl used in conjunction with a
10 stage knowledge acquisition process and STARhaodetogy-based machine
learning. (Arciszewski et al. 1995; Michalski R.992; Michalski R.S 1986).

Internet use in the new millennium has surpassedt m&pectations; from it's

practical invention in the 1960s to aid academicshare research information, it is
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now used by the masses for both education andtaim@ent. Within the corporate
community, the internet is used to facilitate shgrcontractual and project-based
information such as drawings along with correspocde(e-mail). Like e-mail, the
World Wide Web is a subsidiary group within theeimtet. The Web uses shared
protocol language to enable links between resoureasally with the aid of a ‘web
browser’ such as Internet Explorer from computing application giant Microsoft.
These browsers interpret website or domain nam&s usquests as an IP or Internet
Protocol address e.g. if a user wants to visit gsearch engine website
www.google.com, their computer relates this domaiame to I[P address
209.85.165.147 and requests access to view theciassd web pages (see
www.myip.co.in for more details). The advantagdsirdgernet technologies in

comparison to other types of medium is demonstriat&igure 4.2

Group Size Deploy Maintain
Small Difficult Difficult
Local
Programs
Distributed
Programs
Internet Large Easy Easy

Figure 4.2 Advantages of Internet Medium
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Many academic and research fields have made goedofisnternet and www
technology. Seven examples pertinent to managifggmation relating to general

knowledge management or worker safety include:

e The Open Research System (ORS)s a web-based metadata and data
repository. ORS was designed and built to assesiggaphically distributed
scientific research teams by promoting open shaohgata within and across

organizational lines and geographic distances (8thet al. 2005).

«  WAKC or Web-based Asisted Kiowledge ©nstruction tool is based on the
theory of_(nstructivist_Kowledge_Aalysis of_Tasks (CKAT) where users can
revise their concepts and enhance their understgngith each stage using a
knowledge retrieval tool (Liaw 2005). Researchthg same author suggests
search engines such as Google and user behavibuows$ing web page contents,

bookmarks and abstracts can facilitate and algstds®wledge transfer.

e Construction Safety and Health Monitoring (CSHM) is a web-based
safety and health monitoring system for constructitanagement systems. Both
internet and database systems are used with thetitd create a total automated
safety and health management tool. CSHM uses ®id§ramming Language in
conjunction with a MYSQL Database Backend (Cheengl. 2004). This system
allows remote access of management data includimgneted collection,
measurement, assessment, storage, and presemfitiata. The output data was
selected by the researchers based on literatureh&sa and later formed a basis
for discussion and interviews with experts and @ssionals in the field, these
included:

o Number of accidents/lost man-days
Fire Protection /Electrical safety
Safe work practices
Housekeeping

Personal protective equipment

o O O O O

Hygiene & first aid facilities
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These performance parameter (above) depend orasiescale of projects, the
current law / regulations and the market situatiof$is research proposed the
role of a Data Administrator using templates touinpelative health and safety

performance data.

* Virtual construction sites have been used to create a databases of actual
buildings under construction for distribution viaetinternet or in a CD-ROM
form. This is aimed to aid teaching/learning imilcengineering education when
‘real time’ site visits may not be possible duestbeduling, access difficulties, and

| or safety requirements (Wilkins and Barrett 2000Another ‘virtual safety’
application is the creation of a 3-D virtual mod#l a structure to help those
involved in the design stages visualise inherezatds and modify these before

the construction phase (Hadikusumo and Rowlins@2p0

« The SAFETYNET webpage and collaborative framework aim is to cedu
the time delay between research results and thagtipal use in industry and
stimulate further development and adoption of tebbgies in process safety
(Nivolianitou et al. 2001).

* The ANnotation tool for I ndustrial TeAms (ANITA) is a research activity
at the EADS Corporate Research Centre, concergratm managing academic
word documents and visual presentations (Frank .2608nk. C 2003; Gardoni et
al. 2005). ANITA differs from other tools by allomg the user to attribute points
of view / annotations to documents, add descriptheta-data indexes/keywords
and place the document in specific geographicalchent zones. A template
hosted on PHP and MySQL platforms facilitates dapture whilst a retrieval
module searches document zones by content desaripiuthors suggest these
indexes and annotations are ‘more up-to-date tlnen published document’,
proposing this tool could facilitate ‘asynchroncarsd delocalised exchanges of
content description among experts’. They furthegotise ANITA as a way of
partially tracking tacit knowledge as an expert eapresses doubts, concerns or
remarks more easily. An interesting scenario i€mhuser Nol' can retrieve
documents from the research library of ‘user N@2ig automatically place them

in the index classification of ‘user No3'. Howeydhis benefit of ongoing
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updating could potentially be a curse in an indaksetting; there may serious
implications regarding intellectual property, thespibility of lax document control
and the assignment of legal responsibilities usmgysystem.

» Safety Risk Model (SRM)is used in the corporate setting by the Office of
Rail Regulation (Office of Rail Regulation 2007b)The model

is a structured representation of the causes amskqoiences of potential accidents
arising from railway operations and maintenancethan railway. It comprises a
total of 120 individual computer based models, eagpresenting a type of
hazardous event. This enables users to identifyakegs of risk associated with
their operations and to prioritise investment ifesa using a risk-based decision-
making approach. It is populated using data froe WK rail industry's safety
related incident data as taken from a Safety Mamagé Information System
(SMIS) supplemented by other industry data sourc&satistical methods and
structured expert judgement from technical spextmliare used to enable
predictions from low frequency but potentially higlonsequence accidents for
which there is little or no relevant data availabl&he SRM uses FaultTree+
software by Isograph Ltd and although the SRM adldameakdown of risk profile
to fine level of detail, there are some notable kmeases; not all hazards are
analysed to same the level of detail, the tool iregthigh levels of expertise to use
and lastly, the tool is not sensitive to suddemglea in frequency or consequence
of hazards due to periodic (rather than continuapslating. The aim of the model
is to inform the UK Railway Group/ Rail Safety & @ddards Board (an
independent not-for profit organisation producingil rstandards and safety
guidance) and those in the wider railway industiryhe dominant contributors to
risk on the mainline railway. The most recent ressof the model were published
within the 'Profile of Safety Risk on the UK Mainé Railway' in February 2005

and version 5 of the model is currently in develepin
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45 Research Discussion and Direction

In this Chapter the difference between knowledge amformation has been
discussed and a ‘trial by success’ model aimed rdsvaelebrating good safety

practices within the industry is proposed.

It is proposed ‘good’ safety knowledge associateth mon-accident work tasks

within a real infrastructure project can be ideatf collected and transferred.

A review of past literature relating knowledge mgement relating to worker safety

includes highlights several possible research tioes:

e Four methods are highlighted; human-relation models, causal efsd

knowledge based systems, and practical invention.

* Five different types oimediumare discussed including document control,
databases, computer programs (local and distripaiedg with internet and www

technologies.

In considering the direction of the current reskaitis important to acknowledge
that others have attempted to create suitable lediyel management systems and/or
frameworks (Arciszewski et al. 1995; DePasquale @mdler 1999; Liaw 2005).
Many research scenarios have proved to be unsabtaifor ‘real world’ situations
and enjoy short-lived success or were unable testea from research to industry by
being poorvalue-for-money(Kaneko et al. 2006; Sousa et al. 2006). Sinyilarl
innovative individuals within the corporate settimgve taken on this huge challenge,
only to realise their achievements are ‘orphangabrutheir career progression or
retirement. Mining these legacy or ‘orphaned’tegss for general knowledge and
/or integration into a new system can be cumberswitielittle validation of whether
the transposition is accurate. Also, collectingairaples to train models can be
difficult or expensive and the process is oftenaredtimated by researchers in terms
of collecting accident records, identifying attribsi preparing examples etc
(Arciszewski et al. 1995).
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Secondly, the issue of resources is an importabifan the research direction; both
in the ‘development’ and ‘end user’ sense. In sogphe research direction, one
must establish realistic goals based on the resdaesm size, additional specialist
resources and type / quantity / quality of avagatihita when deciding on a particular
research method. In addition, the research domecthould clearly focus on what
level of competence or computer literacy the maseruwill have and who will

ultimately benefit from the research.

The third issue towards clarifying a research dioecis acknowledging that internet
technology has undoubtedly changed safety resedmahone must ask “is the

internet is here to stay?”

If so, the use of internet discussion groups (sat2004) and weblogs for
knowledge sharing and learning spaces (Ras eD@b)2may become more readily
accepted in a corporate setting and future appicatould use this technology to
sharing knowledge among people with similar intexesne example is ‘buddy
finding’ where collaborative software agents ottefiing techniques on emails,
mailing lists, chat rooms and social networking @sed to match ‘buddies’ (Li et al.
2006). The use of wiki-based websites are beconmmuge wide spread e.g.
Wikipedig, a collaborative authoring encyclopaedia wheréorts can add, remove,
and edit content. Other examples include ‘DICOMNEa web-based collaboration
and knowledge database system (Nakata et al. 28@%)proposals to use wiki

technology in general classroom settings (WangTamder 2004).

If the internet is set to become obsolete with ddgent of new technologies, what
form will they take? Relevant new technologieshsas GRID computing allow

geographically distant and unused resources suéhesktop PCs to solve massive
computational problems. This technique of distliitoy processing problems is being
used at to simulate ‘faster than real time’ firg@m structures at the University of

Edinburgh to offer varying scenarios and safe radb fire engineers and firemen

2 http://en.wikipedia.org/wiki/Main_Pagaccessed 25 May 2007
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(Berry et al. 2005). None-the-less, the extensi¥ert required to translate between

a

possible new or different technology and thathef existing internet will not be

limited to this particular research thesis, andl w&ihount to a huge overhaul of

existing systems and computer networks worldwidEhis event was considered

unlikely over the three year duration of this reshavork.

Id

entifying major pitfalls of current research alled further development of

research direction and distinguishing how the newr@ach will differ from other

such work.

The seven research examples given in previousoseelie not without certain

limitations:
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* ANITA could create an unmanageable audit trail of lezgdonsibility.

« SRMsend user could be labelled as a group board mearkdirector level,
and as such decisions at this level may have lesstdmpact on those workirat

the sharp end

« BothSAFETYNET andThe Open Research System (OR%¥e basically a
web assisted management-level frameworks. Thesedependant on expert
‘users’ to prioritise generic objectives but do gote the much needed guidance to
those communicating these requirements to the iade. In other words they
draw their own version of the ‘old woman’ withoutiigance or suggestions on

how this is to be communicated.

« WAKC and the concept ofirtual construction sites are good examples of
synchronising education and good safety practidewever, they both appear to
be very ‘development’ intensive. In a practicatss it is difficult to envisage the
cost of creating a ‘virtual site’ as being gooduweafor-money compared to the
individual responsible for identifying and mitigady hazards conducting a ‘walk-
over’ on a day to day basis.

e CSHM is a well rounded management-level system / fraonkvand is a

good example of a prototype web-based safety aatthheonitoring system for
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construction projects. However the reliance onitaafthl staff as ‘administrators
could lead to two scenarios;
o Highly trained engineers and supervisors beinghaurstretched in their
duties by becoming data input clerks,
o Employing those who have no or little experiencéealth and safety re-

typing information into the system from paper basedk documents.

Both scenarios are unattractive and difficult tgplement in an industrial setting in
the UK due to limited funds and skill shortages.

Lastly, the CHSM research represents much largeurees in terms of researchers

and funding that this research project can offer.

Researching different literature has shown thatpado of solely one method or
medium may not be the best direction for the curresearch. This chapter has also
highlighted several different methods of knowledgeanagement and on

consideration a hybrid is an attractive approach.

There is a clear need to showcase and praise ‘gadéty practices in industry. This

action will aid in redressing the imbalance of bpttblic and industry in their regard

of ‘important’ events. Using a ‘trial by successéntality negates certain research
methods such as a casual approach. As the linkekatknowledge and injuries has
been established, this leads towards usingnawledge based systemodel.

However, there are a further two related issues:

e Collecting and storing knowledge is pointless uslésinfluences future

decision making for the betterment of working cadiadis.

e Quality of this knowledge must be management tarmsa ‘rubbish in =

rubbish out’ model does not occur.

Lastly, there is an issue of effective communicatid safety knowledge, achieved
via shared physical experiences, verbal instrustimnwritten documentation. The
process of collecting the first two types wouldahxe the researcher being part of a

work team. This may bias results as the act ofrésearcher simply being present
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may interfere with the manner those with ‘greateowledge’ impart knowledge to
others. Those involved in these case studies eelyféar of reprisal or resentment
towards their organisations or the researcher. reltere additional problems
concerning the multi-valued and multi-source naturembining subjective
knowledge (Dembicki and Chi 1991)

Written documentation can be collected after thenewithout these issues and have
the advantage that they have already transfermkiaowledge, from the writer, to
explicit knowledge in the form of a report. Unlikee other two types of knowledge
transfer, they are easily auditable and are ofsmdun courts of law. Thus method
statements have been identified as source of ‘geafty knowledge for ‘trial by

success’ model.

4.6  Conclusions
e There is a clear need to showcase and praise ‘gsafdty practices in
industry and a ‘trial by success’ model is proposed

+ Method statements associated with non-accident tevare identified as

source of ‘good’ safety knowledge.

« Examples of effective communication of safety kneage must be collected

i.e. method statements

» Target user audience must be identified and thedrnincorporated into the

Tool process.

 Knowledge based system model, along with interrethriology are

highlighted as methods towards developinigpal.

» Further investigation of Artificial Intelligence Meods as a possible hybrid

partner. This is achieved in the following chapter
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CHAPTER 5: ARTIFICAL INTELLEIGENCE
METHODS

Artificial Intelligence (Al) emulates human decisionaking or reasoning. The aim
of this chapter is to identify a suitable Al teaiume to improve and facilitate the
transfer of Safety Knowledge associated with irifftagure management work tasks.
Four different forms of Al methods are comparedhis chapter; Expert Systems,
Case Based Reasoning, Artificial Neural NetworksAbINs) and Fuzzy& Hybrid

Systems.

Case Based Reasoning is identified for an extemitir@ture review focussing on
research within the Construction Industry. A newthod of grouping literature is
proposed as a means to identify opportunities BBR@llocations in Infrastructure

Management; th& hink, Plan, Do’model. .
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5.1 Introducing Artificial Intelligence

Artificial Intelligence (Al) is a collective term used to describe researchcadsd
with emulating human decision making in artific@mputer based systems and
strives to replicate human thought processes andéearning methodologies. The
digital revolution and advances in computationha early 1950s led to the birth of
Artificial Intelligence (Al) from research parentybernetics and cognitive science
(Mirzai 1990). In 1950 a landmark paper by Profegdan Turing proposed a means
to test the capability of a machine ‘to think’ bdsen the concept ahe imitation
game(Turing 1950). Now commonly known as tharing Testa machine is said to
pass when a human judge cannot reliably tell tliflerénce between two un-seen
subjects: a real human and a machine imitatingnaalmu Many variations of the test
have been suggested such as substituting theafollee subjects (replacing the judge

for a machine etc), but to date no machine haspaspurduring Test

Never-the-less, there are many practical applinatiopased on the concept and the
research field continues to grow as the philosadtdebate on defining ‘thinking’,

‘consciousness’ and ‘intelligence’ continues.

This chapter aims to find a suitable Al method &gilftate the knowledge based
system models identified in Chapter 4. The chaptstructured in five sections:

* Section 1 — Introducing Atrtificial Intelligence
A brief introduction to the history of Artificialntelligences is given along with
details of chapter structure.

* Section 2 — Reviewing Artificial Intelligence

Four different forms of Artificial Intelligence tbaiques methods are compared and
discussed in this section. Case Based reasoniB&)@& identified as a potential
methodology to stop worker wasting time, effort aedources in ‘re-inventing the

wheel’ and is further investigated in the followisgction.
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* Section 3 - CBR in Construction Industry

A new method of mapping current research againstggneric project life-cycle
diagram is proposed. ThEhink, Plan, Do’model is used to delineate different uses
of CBR applicable to the Construction Industry acldarly demonstrates the
imbalance of CBR applications throughout the cyole projects. The model
highlights the opportunity to use CBR methods mdion safety management, but

also as an educational aid and a method to actimeBsure safety competence.

*+ Section 4 — Discussion & Research Direction

This section discusses three main issues for cersidn towards a proposed

research direction. These are:

o Developing aTool based on Al methods to highlight work site dangers
and possible solutions?
o A method of aiding construction workers’ educateomd demonstrating

competence in safety management?
e Section 5 - Conclusions
The main conclusions of this chapter are:

o0 Combining Case Based Reasoning (CBR) and hazarcdgearent is
identified as a new research niche.
o Case Based Reasoning (CBR) is identified as metbiodacilitating a

Tool.
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5.2  Reviewing Al Methods
This section examines the key differences betweenAl methodologies:

* Expert Systems,

» Artificial Neural Networks (ANNS)
» Case Based Reasoning.

e Fuzzy & Hybrid Systems

This chapter is used to identify a possible metbbonproving processes of hazard
and risk identification / management, followed by extended literature review of

this research method applicable to Industry.

5.2.1 Expert Systems

Expert system$ollow a set of rules established by the expersrand judgement of
‘experts’ in the given discipline and are by ddfomn, reliant on the quality and
breadth of the knowledge obtained from the humareds used to train the system

or model (Lavington et al. 1999; Suokas et al. 3990

Expert systems are a form of ‘IF/THEN’ rules. Thk®n be summarised as ‘if ‘A’
occurs, then perform action ‘B’. The number, dstand interactions of ‘A’

occurrences and ‘B’ actions are collated from huergperts.

The process of extracting these expert judgemantsde complex computer models
based on transcribed conversation and reasoninggdgroup work, surveys and
one-on-one interviews. This process can be wot&nsive for all parties; the
knowledge facilitator who creates the scenarios, ibsy and expensive group of
‘experts’ and the modelling specialist who mustreotly interpret this data. The
modelling specialist may encounter additional peoid due to their lack of
understanding in ‘expert’ language or use of qatliie or fuzzy terms. The
resulting model may also bias due to low numbenuality of experts and their

judgements, thus requiring a longer data gathesxeycise to train the model than
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originally intended and perhaps a complete re-akesifjthe model relationships.
Thus, solutions, relationships and input critenaekpert systems tend to be ‘hard-
wired’ with little flexibility for future acquisiton of expert knowledge or changes in

research direction.

5.2.2 Artificial Neural Networks

Artificial Neural Networks (ANNSs), is the term associated with the mapping and
interconnection between basic attributes calledifi@al) neurons or nodes.
Research into neural network were inspired by Igicll processes in the human
brain, thus connections between neurons are bgsmdmathematical formulae and
can allow changes in overall network structure Baseinformation flowing through
the network (Kurd and Kelly 2007). Increasing amtoofnneural network research is
being conducted for a diverse range of businesgitses (Wong et al. 1997). Within
the construction industry examples include estiomatf product costs (Zhang and
Fuh 1998), safety predictions based on marine inputibles such as vessel type,
location, cargoes etc (Hashemi et al. 1995) asd as a method of identifying key
financial project performance issues (Chua et @07} and stakeholder perceptions
(Baets et al. 1998),

ANN’s can allow dynamic structuring of data basedimformation flowing through
the ‘network’ in terms mapping, interconnection aathtionships. Back propagation
techniques can also be used to recognise patteunsfiltered data (Ung et al. 2006;
Zhang and Fuh 1998).

Figure 5.1 shows relationships between basic ategcalled (artificial) neurons or
nodes. The connections between these are basadegearch related mathematical
formulae (Kurd and Kelly 2007).
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Figure 5.1 Artificial Neural Network Diagram

Examples of industrial applications of ANN’s aramerous, some include:

e Estimation product costs (Zhang and Fuh 1998).
* Fault diagnosis in batch chemical plants (Ruiz.e2@00) .

* Method of identifying key financial project perfoamce issues (Chua et al.
1997).

Within the safety domain, ANN’s have been used vaigety of different settings:
« Development of nuclear safety systems (Lee and ¢2605; Renders et al.

1995; Ziver et al. 2004) and Light Water Researabad®rs (Mazrou and
Hamadouche 2004).

« Decision support for aircraft safety inspectorsxthoj and Williams 1996;
Shyur et al. 1996).

* Accident diagnosis advisory system (ADAS) (Lee &edng 2005).

» Safety assessment of existing structures using-paxpagation to estimation
parameters in complex structural systems (Dend. &085; Lee et al. 2005; Yun
and Bahng 2000).
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5.2.3 Case Base Reasoning

Case Based Reasoning (CBR) is a methodology arisang research into cognitive
science (Watson 1999). CBR is an analogy baseatljggn that uses past examples
to learn from past solutions. CBR is not limitenl research fields with expert
knowledge in artificial intelligence, nor is it ked with any particular technology
and as such, researchers are free to use any tegiinor combination thereof, that
can facilitate CBR (Watson 1999). Thus, reseaci@ve an abundant choice of
applications with which to facilitate CBR methodgyo from simple databases to
web applications; information technology and thieiinet have been cited as major
drivers for changes in all aspects of businessga®®s and activities (Sung-Sik et al.
2004).

In the wake of these, the use of CBR has expandgdnil the realm of Artificial
Intelligence to be applicable in many other rededreld and real-life businesses.
The wide scope of CBR has enabled applicationsimgnfjom medical diagnosis
and management (Chang 2005; Hsu and Ho 2004 igation outcomes (Sung-Sik
et al. 2004), education (Smith et al. 1992) andketarg (Chiu 2002). Within an
engineering backdrop CBR has been used in mechd@ea et al. 1998; Xu et al.
2003), electronic (Vong et al. 2002) and chemicajieeering processes (Surma and

Braunschweig 1996).

CBR research has been attributed to many areasgiwat the life-cycle of projects
(Campbell and Smith 2006),examples include:

*  Cyclical construction processes (Graham and Sn@i€# 2

» Transportation planning (Khattak and Kanafani 1996)

*  Procurement construction tools (Bao et al. 2004)

Irrespective of technology used or intended ingustrCBR system requires at least

four processes; Retrieve, Re-use, Revise and Retain

The CBR cycle in Figure 5.2 shows the establisloedney of a ‘case’ (or a stored

solution to a past problem) from being retrieveohfrthe case base or library, to
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being re-used or revised depending on the curnextilgm, and finally being stored

for use in the next cycle (Campbell et al. 2007b).

\

Figure 5.2 CBR Cycle (Campbell et al. 2007k} adapted from Watson (1995

Although consistency in describing ‘cases’ and rtfaiributes is needed to make
case retrieval meaningful, exact matching of a lemb/ solution set is not required
due to the concept of a similarity threshold value.

This similarity value is based on comparison betwegributes inherent to the
current problem, and those exhibited in the stosess.
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Attribute values can be user defined arbitrary &sJubased on experiences or
estimated by empirical functions. Alternativelymgarity techniques can be used
such as:

* Nearest neighbour techniqyashere total similarity of a given case to a new
case is based on the sums of weighted similarityegafor each case attribute.

* Induction techniqueswhere algorithms can be used to build decisieestr
based on clustering of similar cases together dedtifying patterns from case

histories.

e Fuzzy Techniquesvhere linguistic terms such as ‘good’, ‘fair’ ‘moor’ are
used instead of quantitative values or scales. ddseription and limits of these

qualitative terms can be more easily altered thaanttative step changes.

Irrespective how the similarity between the currprablem and the stored cases is
defined or calculated, the method must not obstnoctbias the process in which a
user can accept or decline recommended cases frentibrary. Consistency in
assigning case values during their journey thraihghCBR cycle is crucial to ensure
a consistent definition of attributes. With theseats, the validity of the retrieval
mechanism must be periodically assessed; ensurBfg &pplications in everyday

use do not spiral into a decaying ‘rubbish in /high out’ model.

5.2.4 Hybrid & Fuzzy Systems

Fuzzy logicis a concept where an entity can be categorisdéidguistic terms such

as ‘good’, ‘poor’ and ‘slightly’ and fuzzy set tiem allows entities to be grouped
out with traditional crisp ‘O or 1’ logic definitits. Examples of ‘fuzzy’ systems
include a supply chain model enabling decision make analyse and trade-off
customer service levels, product cost etc, depgnaimtheir risk attitude (Wang and
Shu 2007), decision support tools for contractddlig queries (Lin and Chen 2004)
and geotechnical excavation (Cheng and Ko 2002nglet al. 2002). There are
also many application of fuzzy logic being usedhimtrisk analysis and safety
engineering systems (Chou and Yuan 1992; Karwowas#i Mital 1986; Keller and

Kara-Zaitri 1989; Lee and Cha 2005; Lee 2006; Wetrgl. 1995; Wang et al. 1996).
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Fuzzy analysis has even been used to compare algsanhe effectiveness of
different industrial safety tools (Tam et al. 200Qjher examples of ‘fuzzy’ research
and applications include:

e« Supply chain model enabling decision makers to yaealand trade-off
customer service levels, product cost etc, depgndimtheir risk attitude (Wang
and Shu 2007)

e Optimising building performance using fuzzy problisbic functions
(Holicky 1999)

* Risk-assessment approach based on fuzzy functembden used to derive a
model based on relative risk assessment (MRRA)ip gsavigation (Hu et al.
2007)

e Quality control measures to minimize falsework Ue#ls uses fuzzy sets,
fuzzy logic concepts and fuzzy probability to datere critical event combinations
(Hadipriono 1986)

Hybrids, where two or more Al techniques or methods are combines cuite
common in the literature. The most common is tmlnation of fuzzy logic with
ANNSs to allow linguistic or qualitative terminolagg. Examples of Fuzzy / ANN
Hybrids include:

« SCANN - Safety Critical Artificial Neural Networkuses a neuro-fuzzy
system called FSOM (fuzzy self-organising map) &samework to better describe
gualitatively and quantitatively behaviour in sgfefritical systems (Kurd and
Kelly 2007) .

* Neural network techniques and fuzzy logic have besed to develop a
model to assist ordinary operators during theitydaperations to increase safety
and improve operating performance of biological teaster treatment process.
(Du et al. 1999)

 ‘Risk Prediction Model’ uses ANNs and fuzzy set dhe to evaluated

navigational safety by converting linguistic risdated parameters from the fuzzy
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property to the crisp-valued attribute to assessaverall risk level (Ung et al.
2006)

* ‘Integrated fuzzy neural network’ has been showiawe superior learning
performance and decreased computational time ofimgucase studies of two
engineering analysis and design examples (Hungland 999).

« Partnering of ANNs and knowledge-based computatiarchitecture to

explain the output of neural subsystems (Johnsah &093)

* A computer assisted crack diagnosis tool aids nqe#ts in diagnosing the
cause of cracks in reinforced concrete structufidee tool uses expert knowledge,
primarily from technical books about concrete aadarete cracks and users inputs
in the form of linguistic variables to evaluate ttrack causes under consideration
(Kim et al. 2007-in press; Lu and Simmonds 1997).

* Fuzzy-based and knowledge-based intelligent schegukystem for
estimating rainfall effect on productivity and diioa of highway construction
projects (Nang-Fei et al. 2005a; Nang-Fei et aD52).

Similarly, research applications in fuzzy-experbhgs include:
e Crack diagnosis tool aids non-experts to diagnbee dause of cracks in
reinforced concrete structures (Kim et al. 200p#iess; Lu and Simmonds 1997).

e Platform ‘start-up’ tool for the offshore petroleumdustry uses heuristic

rules for automated of the start-up procedures (et al. 2001).

» Decision Support System (DSS) for safety monitoraighillsides applies
fuzzy set theory to collected data and identifiepe stability, locating areas of
adverse conditions requiring attention and listimgir possible causes (Cheng and
Ko 2002).
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8.2.5 Discussing Al Methods

In this section the main differences between CBRpef Systems, ANNs and

fuzzy / hybrid combinations have been highlighted.

CBR methodology has many advantages over the EXjestems and ANNs. In
Expert Systems, solutions, relationships and icpteria tend to be ‘*hard-wired’ and
inflexible due to onerous knowledge extraction psses. This process is often work

intensive for all participants:

* Knowledge facilitator(s) researching and creatinigedle scenarios.
« Busy and expensive group(s) of ‘experts’.

* Requires conversational statements or ‘know howiveged during group
work / surveys / one-on-one interviews to be trabed / translated into computer

algorithms.

* Modelling specialist(s) who must correctly interptieis data and produce a

final product.

Lastly, validating Expert Systems can be diffiadlie to a low number or quality of
experts and their judgements, resulting in perlaalohger data gathering exercise to
train the model than original intended, or evenompglete re-design of the model
relationships. The time and resource constraints wi@ved as an unacceptable risk
towards completing the research project and reasuliethis methodology being

unviable.

ANNSs, unlike Expert Systems, allow relationships amteraction to be redesigned in
accordance with the information available, makingNMs a good tool to recognise
patterns in data. Comparative case studies betdbB®s and CBR techniques have
been published (Arditi and Tokdemir 1999). Suchmparative studies include
predicting construction litigation (Arditi and To&dhir 1999) and estimating
construction costs (Kim et al. 2004) favoured CBR itss ability to cope with

missing data and impacts of long term use.
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Disadvantages to using ANNSs are three fold andrgbedow.:

* ANNs cannot detect when they are working outsideirtirange of
competence or using ‘bad’ quality of data beyondirttrange of experience
(Johnson et al. 1993) .

« ANNSs cannot communicate with human decision maketsuman terms to
explain their output, nor can they easily expldiait decision processes (Johnson
et al. 1993).

*  Ensuring ongoing maintenance and validity of ANMsrainitial certification
is difficult (Kurd and Kelly -In press, due 2007)

ANNs can be viewed as a ‘black box’ with little agity of the why a particular
answer is chosen by the system. This can presebtems within the industrial
setting if users fear that the new tool will re@abeir job, or even worst, workers
may become complacent in the belief that the nestesy is infallible leading to

legal culpability issues for the tool designers araintenance operators.

Expert Systems and ANNs are generally digital atiire hybridisation with fuzzy
logic or linguistic terms to convey any real meania users. Once the development
stages are complete there is little guaranteetheste system will be able to cope
with situations unanticipated by the initial exgedr modellers. The technologies
involved may bias the system or behave in a walytlimpers natural evolutionary
change within the knowledge domain. In any caseret is little doubt that
maintenance upgrades and retrofits of these systamsprove costly and will
eventually lead to conversion of a legacy systeto mew and improved future

technologies.
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Unlike Expert System and ANNSs, the case orientatl aralogies based techniques

of CBR are able to deal with qualitative data,stmegating the need to combine

with fuzzy logic systems. Additional benefits inde:

Unlimited number of users

Solution can adapt & allow change

Self learning with minimum calibration

Users can incorporate their own ‘expertise’ inst@ed library

The main advantages of CBR are the transpareraffeits, along with the ability to

continually learn and calibrate itself with usetenmactions. Table 5.1 compares the
three main Al methods - Expert Systems, ANNs andRCBCBR is identified as

having many advantages and could easily be pitaheebrkers as a knowledge aid

running parallel to their daily task of identify zeads and deciding on control

measures, rather than an alien artificial intetlicee engine with the aim of replacing

high skilled workers. CBR is identified as a pdi@inmethodology to stop workers

wasting time, effort and resources in ‘re-inventihg wheel’ and requires further

investigation.

Solutions

Solutions are ‘har!

wired’ into system

ANNs

CBR

Solutions can be
skewed by missing
data

Users can
incorporate their
own ‘expertise’

Validation

Is the ‘expert’
solution correct fo
every situation?

Post certification
validation is difficult]
to validate

Solution can adag
& allow change

. Small groups ‘Meaningful’ outpytUnlimited number
Group Siz¢ .
translation by expeft of users
Re-design of Data collection & | Self learning with
Calibration| relationships can e Modelling can be minimum
work intensive work intensive calibration
‘black box’ ‘black box’ Analogy
U Replaces high [Replaces high skilld Stops high skilled
ser .
. skilled workers? workers? workers
perceptior] o ;
reinventing the
wheel'

—

Table 5.1 Comparing

Al Methods
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5.3 CBRin the Construction Industry

As established in Chapter 2, the Construction Itvgluslays an important role by
employing around 2 million workers (or 7% of thealoworking population) and
accounts for 10% of the UK Gross Domestic Prodiddp@artment of Trade and

Industry websitewww.dti.qov.uk.

Furthermore, this particular industry plays a majole improving the quality of

people’s lives by providing infrastructure. Noimetless, an expanding global
market coupled with consumer desires to buy cheapdependable products have
lead to streamlining within the industry. As higlrnover does not necessarily
equate to high profit, companies seek to reducés dos competitive advantage by
improving working efficiencies, reducing wastaged goursuing both internal and

external collaborative networks.

This section uses an innovatiVehink, Plan, Do’ model to demonstrate how Case
Based Reasoning (CBR) is being used against tdisstny backdrop to fulfil both

consumer and engineering needs.

5.3.1 The Management Life-cycle of Construction Projects

The construction industry has been described asyleiperience oriented, and that
the correct application of this expertise is crutasolving problems (Yau and Yang
1998b). Hence, there is little surprise that CBased Reasoning methodology has

been used to solve various construction problems.

A new model is proposed to establish research $remithin a generic project
lifecycle; the Think, Plan and Domodel. This new model maps the current trend of
CBR research directly onto the conventional projeeinagement phases within a

project life-cycle, see Figure 5.3.
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The six phases shown as project lifecycle include:

Scoping and feasibility assessment of the project.
Estimating, scheduling and design phases.
Construction, relating to building a completely nasset.
Operational maintenance of the asset.

Improvements, where the asset undergoes renowvaticimange of use.

o 0k w0 N PR

Decommission and demolition. This can be seenhasréverse of the

construction stage where the original environmgmétinstated.

THINK PLAN

___________

DO
1. Scoping 2. Estimation /| 3. construction | e.g.
/Feasibility /Scheduling Stage Procurement
/Design ] \ and tender
selection.

[
’
PO U ’
Py \ e PR 7
o7 4L N T T -l .
S T T T ——— -
S I T P

— <:: Performance,
! 6.Decommissior 5.Improvements 4.0Operationa cost & quality|
/ Demolition. renovation maintenance / validation

Litigation

Safety

Figure 5.3 Life-cycle of a Construction Project

5.3.2 Thinking and Planning Phases

Starting at the early stages of an infrastructugept, the customer or client will
have identified a ‘need’. Whether this need isea rhousing development, road
maintenance or bridge strengthening becomes iateo the process of finding the
best type of contract and choosing a competentticart®n firm; in other words

procurement. A decision system for procuremerdgcsign is particularly suited to
CBR because ‘intuition and experiential knowledgatd@ire highly’(Luu et al. 2003).

Luu’s prototype ‘Case-based Procurement Advisorgt&yw (CPAS) uses case
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attributes of different procurement strategies aadtract types to mimic decision
processes exhibited by experts. Similar researchising on the procurement stages
of construction include ‘QuickBids’ (Bao et al. 200 ‘CASEBID’ (Chua and Li
2001), the contractor pre-qualifier tool EQUAL (12601) and MADM the multiple
attribute decision-making for offshore structur8s and Wang 2003).

Following on this theme, it is intuitive that wegllanned, managed and controlled
construction projects are more likely to be findheithin the agreed time scale,
budget and specifications when compared to lackaddiprojects. As such, this area
of research is rich in CBR applications to enhatiee planning, scheduling and
estimating processes such as transportation plgn{Bhavsar et al. 2007), and
choosing pre-engineered steel buildings (Lotfy afidhamed 2002). Futher

examples using CBR methods include:

* CBR-CURE, a construction planning tool estimateasstwction duration and

cost based on project characteristics (Yau and Y&9§b),

* CBRefurb, a system used towards the refurbishmémoases (Marir and
Watson 1995),

 CBRidge, a bridge construction planning and schedutool (Tah et al.
1999).

CBR applications can function in more than one etspéthe project life cycle. By
functioning in both a case-based estimating andgdesle, the NIRMANI tool
(Perera and Watson 1998) generates schematic dedmn light industrial
warehouses based on past designs and client rewgrite and gives cost estimations

for any structural or architectural changes.

‘Design’ is also an important part of the plannipgbcess, sometimes requiring
inventive solutions to the restrictions imposed ttwe realities of the working
environment; thus ‘design’ is also a prolific afea CBR research. Bridge design
using CBR method features highly and includessygem CASETOOL (Kumar
and Krishnamoorthy 1995) and various other CBR dwidlesign research and
applications (Andrade et al. 2003; Moore and LehEgf9; Reich and Fenves 1995).

114



CHAPTER 5: Atrtificial Intelligence Methods

Other applications include the design of a watgpbludispatching system (Zhang
and Wang 2004) and the analysis and selectiomamisport planning schemes
(Khattak and Kanafani 1996).

CBR in the ‘design’ role extends beyond an irthiadure setting to the CASTLES
selection system for retaining walls (Yau and Ya8§8a), ship design (Kowalski et
al. 2001; Kowalski et al. 2005) off shore well dgsi(Mendes et al. 2003) and a
proposed system to help design engineers and @lagrgineers in the submarine
cable laying industry (Mejasson et al. 2001).

Following on from design, the advancement of engjimg tools and materials has
also been a CBR research topic, including CBR &sohfor materials selection

(Amen and Vomacka 2001) and integrating designiwitbmputer aided drawing or

CAD packages as the next evolutionary stage (PuRasthberger 1991; Sun and
Chen 1996).

5.3.3 ‘Doing’ Construction, Operation and Maintenance Phases

The ‘thinking’ and ‘planning phases’ discussed ieannainly focus on providing a
holistic yet limited view of the entire project.h& estimations and predictions from
these initial stages are constrained by the faat this difficult and financially
impractical to predict every eventuality in detailhus, due to the dynamic nature of
construction, operational and maintenance typevitie8 the iteration of planning,
estimating and scheduling within the ‘doing’ aspe€tthe project life cycle is

customary.

Construction phase activities within infrastructumeanagement are diverse and
domain specific. CBR applications, systems andstdwve been applied to solve

specific operational activities, including:

e ‘CasePlan’ for boiler assembly in power plants, dbg and Tommelein
2004)

* Research in estimating productivity of masonry walhstruction (Karshenas
and Tse 2002)
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e Estimating productivity of cyclic construction opéions (Graham and Smith
2004)

* Improving concrete placement simulation with a dagsed reasoning input
(Graham et al. 2004)

* Construction of PC-based expert system for coldjifg process design
(Katayama et al. 2004).

In comparison, there are comparatively few exampfe€BR applications relating

specifically to operational and maintenance adésit within infrastructure

management. Examples portraying CBR in a maintenaole include research to
ensure the safe performance of steel bridges dn@r temaining lifetime (Waheed
and Adeli 2005) and similar research in bridges ag@ment and deterioration
embrace inspection tasks such as testing, strlictesanalysis and re-evaluation of
bridges (Morcous et al. 2000; Morcous et al. 200@arcous et al. 2002b). CBR
research in a maintenance role can also be setaulindiagnosis for commercial
aircraft (Haigiao et al. 2004) and jet engines e€tal. 2003).

CBR research and applications in ‘operational’ saslave been mainly geared
towards the domain of process engineering. Exasripdude resource management
application for warehouse operation (Chetval. 2006), process/ control support
systems for a bleached chemi-thermo-mechanical fXig and Rao 1999) and

electric furnace for slag de-coppering (Moczukskd Szulim 2004).

Enveloping many of the ‘doing’ phases are busiress$ performance related CBR
applications. Examples include predicting the sgscof information systems
outsourcing (Hsu et al. 2004) and assessment dfamar scheduling (Dzeng and
Lee 2004).

Similarly, research into financial and litigatiospects of the construction industry
has lead to CBR being used to support constructegotiation (Li 1996), predicting

the outcome of construction litigation (Arditi afdekdemir 1999; Tokdemir 1999)

and aiding auditors assessing risk within manufaggu industry accounting

processes (Sung-Sik et al. 2004)
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Notwithstanding the diversity of CBR research, #pplication of decision support
methods, tools and systems in safety and risk neanagt appears to be one of the
fastest growing topics. Some examples of CBR aptitins within safety and risk
management include construction safety planninguéCland Goh 2002), the
HAZOPEXxpert analysis system (Vaidhyanathan and W&gubramanian 1996b),
risk management and deployment (Gouriveau and N@@3¥), and incident

reporting in safety-critical systems (Johnson 2002)

5.4 Research Discussion and Direction

The ‘Think, Plan and Do’'model has been presented and used to map se\&ral C
research methods, systems and tools directly toptbgect lifecycle. Using this
methodology demonstrates CBR research is strongbusSed on facilitating
‘thinking’ and ‘planning’ phases. This can be cargd with relatively little
research on the ‘doing’ phase, despite this phasd@raiting most of the project life-

cycle (see Figure 5.3).

Past CBR applications have presented a holisti wigiven project (whether this
be in a planning, scheduling, estimating, predgtito inform management either of
current or past trends for consideration. It appélaat many researchers overlook
these ‘human’ elements of their systems extendinly as far as CBR and ‘fuzzy’
hybrids. In addition, many CBR ‘doing’ examplesidze seen as the application of
the previous phases within a specific task-oriergetting with the exception of

safety and risk management applications.

Surprisingly, very few examples were found of CB&nlg used as collaborative
educational aids despite the genre of safety akdmianagement presenting itself as

an obvious and ideal partner.
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This presents a new and exciting prospect culmigatin new and original

applications of CBR research towards:
» Developing aTool based on Al methods to highlight work site dangerd
possible solutions?

* A method of aiding construction workers’ educatiand demonstrating

competence in safety management?

THINK PLAN Research

Focus

DO
1. Scoping 2. Estimation /| 3 construction | e.g.
[Feasibility /Scheduling ' Stage Procurement
/Design ] : and tender
selection.

— <:: Performance,
! 6.Decommission 5.Improvements 4.Operationa cost & quality]
/ Demolition. renovation maintenance validation

- Litigation

Safety

Figure 5.4 Research Focus usin@hink, Plan Do’ Model

55 Conclusions

e Case Based Reasoning (CBR) has many advantageslovethods, namely
the transparency, unlike the ‘black box’ of Expgystems and ANNSs.

e Combining CBR and hazard management is a new saahe.
« CBRis identified as a method to facilitate thegoeedT ool.

The following two chapters demonstrate the develapnand testing of th&€ool
using CBR methodologydentified in this Chapter, in addition tdnowledge
Based Systempproach identified in Chapter 4.
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CHAPTER 6: DEVELOPING A SAFETY
TOOL

The thesis thus far has considered the problem lyateeping Bob Safe

The thesis proposes improvements to hazard ideaidin and management
processes can be achieved by utilising the knowealyd experience of existing

workers and disseminating it to others.

To this end, & ool has been developed using CBR methodology wheretxyation
measures are retrieved from a database searchctiSelof suitable risk mitigations
is based on whether these have been used in siexidnples of past work tasks.
These suggested mitigations can either be accepteelclined by users and / or new
mitigations can be added and uploaded to the dsgaliarary for use in the next

cycle.

This chapter details the development stages of tlod
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6.1 Maintaining Research Focus - Keeping Bob Safe!
Consider the two different types of hypotheticakkess introduced in Chapter 1.

* Bobis part of a team of workei the sharp endoncentrating mainly on

manual tasks.

* Andy is an engineer who is effectively Bob’s boss. isl@esponsible for

ensuring aafe system of worfor Bob and his team.
 How can Andy keep Bob safe?

As highlighted in previous chapters, method statémproduced by Andy describe
how the given work task is to be undertaken. Thgseerally include some form of
risk management documentation and in theory, concaterthese to Bob. Bob may
be asked to read and familiarise himself with thecpedures in the document, but
more usually this information is collated by therlwdask foreman and verbally

explained to the team.

Current practice does not ‘close the feedback leai little or no way of knowing

whether:

 Bob (including his foreman or members of his tedwmljowed Andy’s

procedures on site.

* Andy’s mitigation procedures are effective or wiegtlother methods were

employed.

In addition, it must be remembered that Andy iskiay within the confines of his
own work and personal experiences — An ‘Andy’ with years work experience via
a trades background may highlight different issfresn one with 2 years site

experience and an engineering degree.

Now consider if Andy could quickly call upon thepextise of other ‘Andys’ when
writing his method statement to keep Bob safe. th# knowledge in method

statements could be collected, catalogued ande@;perhaps Andy could be spared
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the onerous task of effectively ‘re-inventing théegl’. Consider also that this
process provides a platform for quickly generatbespoke method statements in
seconds.

It is proposed that the Al methd@hse Based Reasonii@BR) can be employed in
the form of aTool. This is intended to improve the effectiveness @hagement
action by aiding hazard identification and managenpeocesses performed by those
responsible for ensuring a safe system of work.

The physical outcome of th€ool is the creation of bespoke site-specific method
statements for those working on construction antht@aance tasks ‘in the field'.
This is based on an extension of existing pracicetmarketed to potential users as
a simple, yet more time-efficient method of achmgycurrent tasks.

Chapter 6 focuses on the method employed to makestenario a reality and is
structured in three sections:
e Section 1 — Maintaining Research Focu¥eeping Bob Safe!

Brief introduction and chapter structure is given.

e Section 2 - Development Strategy

The development strategy of tleol to accommodate thEool is based on four key

elements to enable tA®ol features to be defined.

Target Users.

Methodology & Hosting Platform.

0
0

o Data.
0 User Interface.

0 Tool Features.

e Section 3- Summary & FAQs

The chapter summary includes a section in the féiQs (frequently asked
questions) to highlight the limitations of tfieol.
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6.2 Development Strategy

It is proposed the development of Tmol can to improve the effectiveness of
management action by aiding those responsiblerfsurenga safe system of wark

The development strategy of tleol to accommodate theool is based on four key

elements to enable tA®ol features to be defined. These are:

* Target Users.

 Methodology & Hosting Platform.
 Data.

e User interface.

6.2.1 Target Users

There are many different typeswbrkersinvolved in construction and maintenance
tasks ranging from labourer to corporate executihed, in one way or another,
could benefit from & ool. Other examples dfool users include those working in the

established roles of thH2esigner Contractor, Client, CDM Coordinatoretc.

As the target audience of Andy has been identifeechew group of workers is
proposed; those who actfagilitators and aithors of nethod_satementor FAMS.

FAMS primarily include frontline supervisors andgareers who are responsible for
ensuring a safe system of work by creating safgted documents, such as method
statements, and distil this knowledge to their teResearch has recognised workers
that have important daily influence with staff hahie opportunity to control unsafe
conditions and prevent accidents (Chew 1988; Hagaml. 2005; Heinrich et al.
1980; Simard and Marchand 1994). Health & Safetyigors could also be
included in this group as research has identifled role as influential with the

ability to stimulate others towards improving sgf€dwuste and Arnoldy 2003).
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Despite the central role of FAMS, past researchsi@inet al. 2005) has portrayed

front-line construction supervisors as having:

» Little safety awareness with poor understandingaedident causation and

prevention.
* No positive incentive for prioritising safety ovaroject deadlines.

This research found the effectiveness of interastiof those in FAMS-like roles can
be enhanced by:

* Positive attitudes and approaches to safety amdrica
* Improving the nature and extent of interaction vathployees
* Thoroughness and willingness to learn from accidmréstigation

Although these alarming findings have relevancenalysis of specific accidents,
their application to generic safety management aqgpkmited. The study itself is
predominately focussed on ‘trial by error’, withrigdbles such as sample size,
company size or ratio of accident scenarios to ammdent work tasks being
ignored. Never-the-less, Haslam’s study reinfortes importance of FAMS
competence and their integral part in communicasedgty related knowledge to the

work team.

Statistics in UK surveys have found around 75%lloflagal accidents in the building
and civil engineering industries are caused byf@wgive management action (Health
and Safety Executive 1988). Thus it is proposeihgi FAMS in their daily job of

identifying and managing hazards will reduce thehar of accidents.
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Having established this new group of workers, asigim into FAMS needs was
facilitated by informal staff interviews. This wasnducted in a series of site and

office based visits to real infrastructure projea@smely two Carillion plc projects:

e The Term Maintenance Contract (TMC), awarded by wdlampton City
Council in 2005 provides routine maintenance inlgdpatching, draining,
kerbing and footway works, together with streebtigg, sign erection and winter
services. The project is worth £3 million a year fioe years with an option to

extend for a further two years.

« The £35m railway construction project at Larkhallkdavie was the first
new branch line to open in Scotland for 25 yead was funded by the Scottish
Executive with support from South Lanarkshire. Tgreject was completed in
2007 and involved laying three miles of track fr@njunction near Hamilton
Central to the new station at Larkhall, and a onle mxtension of the Northern

Suburban Line from Maryhill to Anniesland.

These visits and associated interviews were aimedkaief introduction to the types
of projects undertaken by Carillion plc and sevelifferent possible aspects for the

Tool were suggested.

The main consensus was the development Bda to act as a ‘one-stop-shop’ for
health and safety knowledge and enable streamlwfilgzard identification and risk
management processes by reducing bureaucracy gmavimg document control.
Other issues are given below:

* Visible routes of communication and updating praced.

e Streamlining hazard identification and risk managetiprocesses.

e Quick information gathering and processing to infomanagement of

important issues.

* Ways of identifying and linking tasks and projettsvarn of likely hazards.
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* Scope to expand for collaborative and commerci#tings i.e. access for
prospective or currenClients to view strategic safety information or Key
Performance Indicators (KPIs). Succinct handovesafety critical information to

theClient at the end of the project.

These site visits aided in the creation of a sysfiiagram and main interactions of

the proposed ool (Figure 6.1).

The main feature is 2-way communication betweerdtitabase holding information
on hazards, risks and best practice data and thebased user interface, enabling
specific hazard and risk data to be downloadedsplayed based on specific user
requests. There is also scope to fast-track sSpetiicuments or safety alerts to a

strategic monitoring team with a visible review aution cycle.

Database

{}

2-way
communication
between tool and
data base

Reporting J\ /l

function for

Monitoring of KPI
senior by Clients (or

managemen H&S prospective clients
: Tool in marketing

(Web-baseq) campaigns

Advisors ‘One stop shop
and Download H&S
specialists data for a
particular event,
task or projects

Figure 6.1 System diagram offool (Campbell and Smith 2007b)
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6.2.2 Methodology & Hosting Platform

There are various research methods available ieldewmg aTool and examples of

past research are highlighted in Chapters 3-5.

It is proposed & ool employing a hybrid methodology of thetificial Intelligence
method (see Chapter 5) in addition tcKaowledge Managemerechnique (see
Chapter 4) can be utilised to aid the protectionwofkers performing construction
and maintenance tasks from harm. The Al metGade Based ReasonifGBR
and Knowledge Systemare identified as a complementary methods of fatitig
the Tool whilst the internet technologies are identified aspreferred hosting

platform. This is shown in Figure 6.2.

Methodology Safety Management
v

! . | ‘

Knowledge Monitoring Tool Behaviour / Cultural Artificial

Management & Frameworks issues Intelligence Methods

| L

<
<

> Human Relation Model Expert Systems

A 4
VA

Causal Model Artificial Neural Network

VA

> Practical Invention Hybrid & Fuzzy System
Research

»| Knowledge Based Systerlns, Focus || Case Based Reasonin

Hosting | |Distributed computdl,| Local computer, [

Platform | | programs or system programs _‘

Document Control Internet

Database

Figure 6.2 Tool Development
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Many hosting platforms are available to facilitake Tool including locally held

computer programs and databases or distributed @i@mprograms / systems. High
costs associated with ongoing maintenance and dipgyaf a locally held version of
the Tool lead to the decision to use now ubiquitous intetaehnology to host the
user interface while employing a database centiadlijd on a computer network

server (Campbell et al. 2008) .

During development of th&€ool, a locally held prototype of thEool is hosted on a
laptop using aMicrosoft Acces@application. This interim prototype phase allowed
relatively easy changes in visual layout, databdssign, along with aiding the
calibration process and testing (Campbell et a7®). The database used in the
prototype is a structured collection of informatihereby computer programs may
easily query and search the information for spedt@ems or groupings.Server
Query Language(SQL), a common ‘querying’ language, is used tdoval
communication between commercially available opb&s software. This enabled
the database used in the prototype to be trandféora network server for use with
internet technologies.

Hosting theTool on a computer server, as opposed to specific aoftywackages,
also gives many advantages including version cbatrd dissemination of upgrades
(Campbell and Smith 2007a; Campbell et al. 2007angbell et al. 2007b). A
database containing tHeéase Bas€library) and other data is held on a computer
server and is accessed through a dynamic webpdgg ssrver query language
(SQL) and browser interface engi@ldFusion (an Adobe product). Another
Adobe productDreamweaverwas used to develop a dynamic web site and acts a
an editing interface witoldFusion
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Using an analogy of a driving a car instead of & wite:

*  The resource of fuel is th@ase Bas®ef past solutions.
e The drivers controls such as the accelerator attteageb page.

« The ColdFusionelement can be viewed as the mechanical actiotsrvthe

car that translate the driver’s action into motion.

« The Dreamweavermpackage gives web developer tools to view the engin

working.

There are many different types of web architecwenmercially available. The
decision to use Adobe packages was based on thalakg of the software through
UoE’s procurement and licensing schemes, the dibijaof Dreamweavetraining
and contact with staff with past experiences ushotdFusion(Campbell and Smith
2007b).

6.2.3 Data

Many documents are used on UK construction and tera@mce sites relating to
safety including the ‘Health & Safety Plan / Filehd accident reports. Method
statements describe how the given work task istaralertaken and are an excellent
source of safety knowledge as they can capturethewerson preparing the method
statement perceived the characteristics of the wask. These documents are
prepared by competent workers who are responsibltné planning / completion of
individual work tasks and demonstrate that someonnde organisation has given
consideration to safety practice. Unlike accidetorts that focus on specifically
‘trial by error’ when there is an incident, methasthtements can be used to
effectively capture the ‘null’ reports and encowean more optimistic view of ‘trial

by success’.

Method statements rely, in part, on subjective eepees and tacit knowledge of
those involved in authoring and approving theseudwnts. However, anecdotal

evidence into this process has revealed that mestatdments (FAMS) can suffer
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from blind cut & pastetechniques, whereby the writers of method statésneave

used control methods from previous documents witdemonstrating:

* How the dangers and their control methods from ghevious work task

relate to a current job.
»  The suitability or effectiveness of the methods.
e Quality assurance that these controls are beingeimgnted on site.

Method Statements are often paper-based and ggnecilide some form of hazard
identification and/or risk management documentasooh as &isk Assessmenr
COSHH related information. Method statements are useal Variety of workers as
a recipe forsafe system of wowkith copies stored at the work task location atieéo
storage facilities such as main or satellite officgte offices, remote / sub-contracted

storage facilities etc.

Like other paper-based documents, method staterasntsot stored indefinitely and
often destroyed after a given period of time aft@mpletion of the work task. This
time limit can relate to the duration of warrantgripds, or specific clauses in

contractual agreements.

A three phase method of extracting safety knowlddgen method statements was

developed and used to populate Tro®l:

1. Data Collection
2. Designer
3. Engineering Volunteers (students)

The Data Collection Phasés self explanatory whilst thBesigner Phasemulates
the attempts of an innovative individual extractdega from an existing system into
a new format, system or tool. Tlngineering Volunteer®hasedemonstrates

potential roll-out problems as the designer becoessinvolved.

3 COSHH = Control of Substances Hazardous to Health
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Phase 1 - Data Collection

A series of visits over a two month period allowedthod statements from a real
transportation project to be collection from a Biesite office in Larkhall, Scotland
(UK). This £35m railway construction project wae ffirst new branch line to open

in Scotland for 25 years was funded by the Scolisécutive.

Examination of the method statements demonstratsliversity of transportation
projects by featuring many traditional civil engenmg works such as bridges,
earthworks and general concrete works in additionrdil specific work tasks.
These method statement formed a basis for ‘nytibreas they were not associated
with accidents / accident reports. A total of 5éthod statement were collected; 27
related to civil / structural works, 22 relatedRail specific works and 8 related to

general construction issues.

Phase 2 - Extraction by Tool Designer

This phase establishes a method of extracting ysdfebwledge from method
statements with a view to populating the TodCsse Baseor library of past
solutions. Five method statements were randombgeh for entry into th@ool’s

Case Basaising this process, relating to the following wtatkks:

Construction of Cabinet, REB & container Compou(rdg specific).
* Junction Mast Erection & wiring modifications (rapecific).

* General Concrete Works (civil / structural).

* Shot blasting / Painting of structures (civil /ustiural).

» Bridge Demolition (civil / structural).
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TheDesigner Phasevolved four steps:
1. Background Knowledge The Designerreads each work task in order to
gain background knowledge.

2. Mining Statements TheDesignermines each of the method statements for
information relating to the safety or wellbeing wbrkers on site. This is
achieved by highlighting and grouping similar waldeassages relating to a
common feature. This step enabled a list of 6&dht mitigations towards

improving worker safety to be captured (Table 6.1).

3. Visual Matrix . A simple matrix is used to identify and show thkationship
between the work task method statements and ttesl Imitigations and is
performed in parallel with the previous step. Mmual matrix is shown in
Figure 6.3.

4. Case Base Entry The mitigations (in this case all 62) are transfd into

theCase Base

Table 6.2 gives a summary of tBesigner’s Visual Matrixand shows between 30

and 34 mitigations are extracted from each methatement.

Six mitigations (as detailed in Table 6.3 Commomi@a Measures) appeared in all

five method statements, namely:

* Site Security

* House Keeping

e Manual Handling Training
»  Safety Briefing

* Access & Egress Routes

* First Aid Procedure
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Nu“n?ber Mitigation Title Nu“n?ber Mitigation Title
1 Exposing services 32 Waste Material Management
2 Certified Lifting Equipment 33 Fuel Spill Kits
3 Site Security 34 Welfare (Main office)
4 Traffic Management 35 First Aid
5 Storage of COSHH Substances| 36 Authorising start of work
6 House Keeping 37 PPE (General Road)
7 Fire Extinguishers 38 PPE (General Rail)
8 Approved Working Platforms 39 PPE(Specific - Road or Rail)
9 Crane / Lifting Operations 40 Completion Criteria (Rail
10 Lighting (Temp or Normal) Possessions)
11 Noise Protection 41 Certified Plant and Equipment
12 Limiting Shift Hours 42 Lighting- Temporary (RAIL)
13 Access / Egress Routes 43 Fuels on site
14 Handling of materials (Steel) 44 Method Statement Briefing
15 Manual Handling Training 45 Compliance Monitoring Method
16 First Aid Procedures Statements
17 PTS Training 46 Removal of Existing Waste
18 Safety Briefing 47 Preventing Weil's Disease
19 Isolation & permit system (Leptospirosis)
(Overhead Line) 48 Watercourse Protection
20 Correct Fuel Storage 49 Wildlife Protection
21 T3 Possession 50 Hand Arm Vibration (White
22 Banksman Finger)
23 Supervised Reversing o1 COSHH-Concrete
Movements (Rail) 52 Daylight Working
24 24 Trained Plant Operativelg 53 Welfare (site compound or
25 Fall Arrest Systems office)
26 Use of Ladders 54 Dust Suppression
27 Handling of Radially loaded 55 Dewatering Arrangements
wires 56 Concrete checklist
28 Tensioning Conductors and 57 Tools(Hand and powered)
rigging (Rail) 58 Excavation protection
29 Burning Operations 59 Asbestos Management
30 Works / Equipment "On or neaf| 60 COSHH-Lead paint
the line" (Rail) 61 COSHH-Shot blasting
31 Identifying hidden services 62 Ground Investigation

Table 6.1 Mitigation Table
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Designer work tasks Designer work tasks
1. Construction of Cabinet 1. Construction of Cabinet
2. Junction Mast Erection 2. Junction Mast Erection
3. General Concrete Works 3. General Concrete Works
4. Shot blasting / Painting of structures 4. Shot blasting / Painting of structures
5. Bridge Demolition 5. Bridge Demolition
Mitigation Mitigation
Numbers 1 2 3 4 5 Numbers 1 2 3 4 5
1 . . . . 32 . . . 5
2 . . . . 33 . . . B
3 . . . . . 34 . .
4 . . 35 . . . .
5 . . . 36 . . 5
6 . . . . . 37 . .
7 . . . . 38 . . 5
8 . 39 . . . . .
9 . . . 40 .
10 . . . 41 . . . .
11 . . . . 42 . . .
12 . . 43 . . . o
13 . . . . . 44 . . . . o
14 . . . 45 . .
15 . . . . . 46 B B
16 . . . . . 47 . B
17 . . . 48 B 5
18 . . . . . 49 B B
19 . 50 .
20 . . . 51 . .
21 . 52 . . .
22 . . . 53 . . o
23 . . 54 . .
24 . . B . 55 .
25 . . . . 56 B
26 . 57 . B
27 . 58 .
28 . 59
29 . 60 . .
30 . . 61 .
31 . . 62 . .
Figure 6.3 Designer’s Visual Matrix
Work Task | Construction | Junction Mast| General Shot blasting & Bridge
of Cabinet Erection Concrete Workg painting of structures| Demolition
Number of
Mitigations 31 34 34 33 35

Table 6.2 Summary of Designer Matrix
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Mitigation Title

Mitigation Description

Site Security

extreme cases all plant, equipment and materidld®/idelivered to site at th

start of the shift and removed at the end of eath s

House Keeping

Working areas and welfare facilislesuld be kept clean and tidy

Access & Egres

5 Designated access and egress routes to be clegihed and briefed to al

conditions of a given work task have changed.

Table 6.3 Common Control Measures

working hours and security present between shif&nti-vandal guards and
immobilisers should be fitted to plant and any esutised by the public must

be maintained (i.e. no trip hazards etc) and segeelgfrom operations. In

Appropriate site barriers should bedito ensure unauthorised persons cannot

enter the site. Appropriate 'sign-in/ sign-outqadure should be used during

Routes Routes should be checked for faulty manhole/catawier etc. Highlight trig
areas before taking equipment to site. Where thesy change, this
information must be given prior to work commencing.

Manual Use mechanical means where possible .All persomagled / competent in

Handling team lifting and aware of twisting and repetitivewvements. Health screening

Training should be used to monitor progressive cases.

First Aid First Aider to be on site and identified in sitéefings and listed on site and

Procedure | office notice boards. First Aid boxes to be kepsite office and mobile phorje
to be made available to contact emergency serviEest Aid boxes may alsp
be found in cabs of designated vehicles. The imcabf nearest hospital|/
A&E and the journey time should be taken into actou

Safety Briefing | Safety briefings must be given befovork commences and where the

135



Safety Hazard and Risk Identification and Managemnten

In Infrastructure Management

Phase 3 - Engineering Volunteers (students)

Engineering Volunteersipdating theCase Basewith a larger selection of method
statements comprises the third phase. In this, aaderther 21 work tasks are
uploaded by two undergraduate student volunteersh&ir final year of Civil
Engineering studies at the University of Edinbur@gvid Moriarty and Philip
Beausang. The two undergraduates had similar bagkds in education, ability
and age. The only notable difference was thatwrergraduate (Phil) had worked

on a construction site during one summer vacation.

This process was achieved using bespoke templatestér descriptive information
such as title, works manager etc. This phasesmitheDesigner Phasewhereby
volunteers read and familiarise themselves withpqger method statements in order
to gain background knowledge of the work task andoaraged to replicate the

matrix technique (see Figure 6.3 Designer’s Viddatrix).

Tutorial style instructions were given to the vdkers and an example method
statement processed by the volunteers under thenssipn of theTool Designer
(the Designerhas no direct involvement in the volunteer decisitaking process in
order to limit bias). The volunteers processed rém@aining work tasks without
supervision, identifying 3 new mitigations for inslon to theCase Basg'working
with compacting equipment’, ‘boring operations’ dtréhl pitting’

Table 6.4 shows between 17-40 mitigations areesnith each method statement
with only one mitigation (First Aid Procedure), dgnt in all method statements.
Also, thirty-five percent (22 out of 62) of the igdtions identified in the previous
phase by the designers occurred 15 or more times.
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Work Tasks I\I>Il il:iggt(iac;r?sf

Bridge Completion Works 40
Collection, removal and disposal of sharps 18
Construction of Stations 38
Demolish Merryton Bridge 37
Demolition of Clyde Avenue Road Bridge 29
Environmental Investigation 26
General site clearance 34
Ground Investigation (Exploratory) 37
Hamilton Rd. Raploch St. Bridge Parapet upgrade 33
Hauchhead Jnct-Mast Erection , wiring modifications 34
Install Concrete foundation signal base MH 419 39
Larkhall line Running of return conductor 33
Long line public address installation 39
Merryton footbridge 26
Removal, disposal & destruction of Japanese Knatwee 17
Repair to Merryton Footbridge 14
Shot blasting / Painting structure 34
Signalling civil works 24
Site Survey 22
Support to Sheet piles 40
Unloading of S+C Materials & building up of panels 40

Average number of Mitigation extracted gvB(A) 31.6

Average number of Mitigation extracted Wyl PB) 315

Table 6.4 Engineering Volunteers Adding a further 2 Method Statements
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In conclusion, the three phase extraction method sgessfully allows the transfer of safety
knowledge between paper-based method statements atiek Tool's Case Baseln addition there

are a number of observations namely:

* Phase 1-Data Collection
o Site visits are crucial in this phase to allow noetlstatements from a real
transportation project to be collected.
o Examination of the method statements from a reaisportation project
demonstrates work diversity including traditionalilcengineering and ralil

specific work tasks.

* Phase 2-Designer
0 Four steps are identified as a valid method of asting safety
knowledge from method statements with a view toytaing theCase Base
(Background Knowledge, Mining Statements, Visualtita& Case Base
Entry).
o This step allowed 62 mitigations to be extracteanfr5 random method
statements.
o Each method statement was found to have betwee3¥ 3ditigations

with six mitigations appearing in all five methsthtements.

* Phase 3-Engineering Volunteergstudents)
0 21 method statements uploaded to thase Baseand a further 3
mitigations were added to the library.
o Each method statement was found to have betweefD Iitigations
with ‘first aid procedure’ being the only mitigatidound in all 21 method
statements. In addition, 22 out of 62 (35%) mtimas identified in the

previousDesigner Phaseccurred 15 or more times.

The diversity and the proportion of method statemarsed in each of the three

phases is highlighted in Table 6.5 and given fudlAppendix D

138



CHAPTER 6: Developing a Safety Tool

Civil / Structural _ -
Total Number _ ) Rail Specific | General
Engineering
Phase 1 57 27 22 8
Phase 2 5 3 2 0
Phase 3 21 13 4 4

Table 6.5 Number & type of method statements used ieach extraction phase

6.2.4 User Interface & Reporting

The interface of thelool was aimed to be straight forward in order to attra
practitioners who currently use ‘cut & paste’ teicjues from past method
statements. In addition, workers who identify amahage hazards in their everyday
work do not relate hazards within RIDDOR (the UKReporting of Injuries,
Diseases and Dangerous Occurrences Regulationg.129%der these regulations
companies must register major injuries and / ceabss, ‘3-day’ injuries whereby the
person is incapable of work for three working dags any ‘near miss’ incidents that
did not result in people being harmed but easilyidthave done (Health and Safety
Executive 1999). The method of RIDDOR reporting usilateral across all
industries and provides the main statistics for lHealth and Safety Executive to
convey the current state of the safety to the UKveBoment. However, those
responsible for identifying and managing hazardsheir everyday work (FAMS) do
not often relate hazards or harms to RIDDOR clasgibns, with many viewing this
reporting as a regulatory paper chase and increasddoad. Thus, it is proposed
basing the proposebiool on the robust classification of RIDDOR will furthalign
normal working practice with regulatory hazard ngeraent requirements
(Campbell et al. 2007b). Furthermore, the use rofeatablished classification
technique was conducive @ase Based Reasonimgethodology whereby cases are

retrieved based on similarity of classified atttdsi
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Consistency in describing case attributes is neéaletbke case retrieval meaningful
but exact matching of a problem / solution setasrequired due to the concept of a
similarity threshold value. This similarity values based on comparison between
attributes inherent to the current problem, andsehexhibited in the stored cases
(Campbell and Smith 2006). Attribute values caruber defined arbitrarily values,
based on experiences or estimated by empiricaltitmez Common similarity
techniques used include:

* Nearest neighbour techniqyeshere total similarity of a given case to a new
case is based on the sums of weighted similarityegafor each case attribute.

* Induction techniquesvhere algorithms are used to build decision thsesed

on clustering of similar cases together and idgimiif patterns from case histories.

e Fuzzy Techniquesvhere linguistic terms such as ‘good’, ‘fair’ ‘moor’ are
used instead of quantitative values or scales. ddseription and limits of these

gualitative terms can be more easily altered thantjtative step changes.

Whichever way the similarity between the currerdlgpem and the stored cases is
calculated, the method must not obstruct or bigasptocess in which a user can
accept or decline recommended cases from the yibr&onsistency in assigning
values to new, reused or revised cases on theingguthrough the CBR cycle is

crucial to ensure a consistent definition of atttés.

The proposed ool assesses similarity by prompting the user to assigassification
to the new case or work task broadly based upagoaes on RIDDOR.

9 Hazard Categories were mapped to 20 RIDD@&hgerous occurrences’
classifications with ‘failure of any load-bearingifground equipment’ as this

deemed irrelevant (see Table 6.8).

5 Harm Categories were similarly taken from RIDDO® differ between

the prototype and internet version of theol.
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Tool Harm | Weighting RIDDOR Category equivalent
Categories
Main Body 6 ® fracture other than to fingers, thumbs or toes;

Injury (i) amputation;

(i)  dislocation of the shoulder, hip, knee or spine;

Loss of Sight 5 (iv)  loss of sight (temporary or permanent);

(V) chemical or hot metal burn to the eye or any
penetrating injury to the eye;

Electric 4 (vi)  injury resulting from an electric shock or elecafic
shock or burn burn leading to unconsciousness or requifing
resuscitation or admittance to hospital for mpre
than 24 hours;

Contact with 3 (vii) acute illness requiring medical treatment, or loss
Harmful of consciousness arising from absorption of any
Substance substance by inhalation, ingestion or through|the

skin;

(viii) acute illness requiring medical treatment where
there is reason to believe that this resulted from
exposure to a biological agent or its toxins| or
infected material;

(ix)  unconsciousness caused by asphyxia or exposure
to a harmful substance or biological agent

Heat related 2 ) any other injury: leading to hypothermia, heat-
injuries induced illness or unconsciousness; or requifing

resuscitation; or requiring admittance to hospital
for more than 24 hours;
Other 1

Table 6.6 Tool Harm Classification

- D

Table 6.7 Harm Categories — Online version

n

n

ngiegiigi Weightings RIDDOR Category equivalent
. . Major Body Injury (broken limbs, amputation etcg)
Major Injury 6 Loss of Sight, Electric Shock / Burn , hypothermia
Injuries leading to workers being absent or areblm
3-Day Injury 5 to do the full range of normal duties for more tta
working day i.e. broken finger(s) or toe(s)
Di Poisoning, Skin disease, Lung Disease, Infectiah|a
iseases 4 .
occupational cancers.
Includes inhalation, asphyxia ingestion or absoip
l through the skin of:
STJ?);TatJ]CG 3 . bio!ogical agent
e toxins
» infected material
Muscular Repetitive strain injuries, hand and arm vibratjo
Skeletal 2 syndrome (HAV), recurring back pain, sprained
Injuries ankles etc
Other 1
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Tool Hazard Weighting RIDDOR Category equivalent
Categories
Lifting equipment 1 (i)  collapse, overturning or failure of load-bearing
and operations parts of lifts and lifting equipment;
Electricity 1 (i)  plant or equipment coming into contact wjth
overhead power lines;

(iii)  electrical short circuit or overload causing fjre

or explosion;
Unintentional 1 (iv) unintended collapse of: any building |or
explosion or structure under construction, alteration |or
collapse demolition where over five tonnes of matelial
falls; a wall or floor in a place of work; any
false-work

(v) collapse or partial collapse of a scaffold oyer
five meters high, or erected near water wtjere
there could be a risk of drowning after a fall

(vi) any unintentional explosion, misfire, failure |of
demolition to cause the intended collapse,
projection of material beyond a site boundaryy,

(vii) explosion or fire causing suspension of normal
work for over 24 hours

COSHH harmful 1 (viii) accidental release of a biological agent likely
substance release pr to cause severe human illness;
contact (ix) failure of industrial radiography or irradiatign
equipment to de-energise or return to its safe
position after the intended exposure period

(x) accidental release of any substance which may
damage health

(xi) See(xix & (xx)

Collision or 1 (xii) any unintended collision of a train with ahy
derailment vehicle

(xiii) derailment or unintended collision of cars|or
trains

Working at Height 1 See (v)
and Falling Objects
Confined Spaces 1 (xiv) malfunction of breathing apparatus while [in
and Diving use or during testing immediately before use

(xv) failure or endangering of diving equipment, the
trapping of a diver, an explosion near a diyer,
or an uncontrolled ascent

(xvi) dangerous occurrence at a well (other thgn a
water well)

Pipework, pipeline 1 (xvii) explosion, collapse or bursting of any closed
and closed vessels vessel or associated pipework;

(xviii) dangerous occurrence at a pipeline

Containers 1 (xix) failure of any freight container in any of its
load-bearing parts;

(xx) a road tanker carrying a dangerous substance
overturns, suffers serious damage, catcheq fire
or the substance is released

(xxi) a dangerous substance being conveyed by road

is involved in a fire or released

Table 6.8 Tool Hazard Classification
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The prototypeTool, a locally held version hosted on a laptop computeed harms
based on RIDDOR’sMajor Injury classification (see Table 6.6) whilst these
categories were upgraded in the internet-rélamby to include:

Major Injury.

« 3-Day Injury.

* Disease.

* Harmful Substance.

e Muscular Skeletal Injury.

The first three categories mirror RIDDOR classificas, whilst the category of
Harmful Substanceelates to another of the UK’s regulations oftensidered when
identifying hazards - COSHH or the Control of Sabses Hazardous to Health
(2002). Although muscular skeletal injuries do nearrant isolation within
RIDDOR, the addition of this category within tfieol reflects the large numbers of
workers suffering these injury types in the workgla Industry-led and UK
government campaigns have sought to highlight #weatds associated with these
injuries, and the inclusion of the category wasoat®en as an opportunity to

reinforce these ‘good practice’ campaigns. Theseshown in Table 6.7.

In both cases of the prototype or internet-re@dyl, the nine hazards and five harms
were used as a matrix to form the method of clgisgifwork tasks using an entry
template. Figure 6.4 shows the entry template &ran in the locally held

version of thelrool whilst Figure 6.5 is applicable for the interneady version.

TheTool user must assess the likelihood of each of thengpombinations of hazard
and harm events as likely, unlikely or not applleabThis process assignsC8R
Numberto the new work task and is used to compare aselsassimilarity with past

work tasks or stored ‘cases’.
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Figure 6.4 Work Task Classification Entry Template— Version 1, prototype
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Total Safety

April 17, 2007
PART 2 - Classify the task
Please assign Likelihood to each of the hazard/harm combination below for the online survey of Work Task ‘ Larkhall Carpark v \
+ Role play or pretend that the job has not started yet, and that you are the person who will ultimately write the method statement,
* The method statement gives information on what types of things might go wrong during the construction task, and how to avoid them. For this
stage, concentrate only on 'unsafe’ issues even if these dangerourous situation were r d in the d. and were avoided.
*+ You will now assign a Likelihood to each combination of hazard and harm using a new clasification method. For each of the hazard/harm
combination you must pick either ‘Likely’ , 'Unlikely' or 'Not Applicable’ . Hazard/harm combinations have been pre-determined and are viewed as
a pivot table. Below gives an exarnple how to record then lifting operation and/or equipment’ is likely’ to cause major injuries.
Major Injury
Lifting Equipment fOperations Likely Unilkely  N/A
@® O O
CLICK HERE if you would like to open reference description of hazards and harms in a new window, you may find these helpful when assigning
Likelihood values,
% %k %
Major Injury 3 Day Injury Disease Harmful Substances "‘“"—'ﬂ;::::‘ﬂﬂl
Lifting
Equipment Likely Unlikely N/A Likely  Unlikely.  N/A Likely Unlikely  N/A Likely Unfikely  N/4 Likel "
ly Unlikely  N/A
fOperstions | & O O |@ O O ® o o [&FoEr Y
Major Injury 3 Day Injury Disease Harmful Substances M"“;:;::::’""
Electricity Likely Unlikely N/A Likely. Unlikely  N/A Likely Uniikely  N/A Likely Unlikely  N/A 3
Likely Unitkely  N/A
® O O |e o o |e © ® o i A
Major Injury 3 Day Injury Disease Harmful Substances Mus:;:;;:::letal
Explosion Or ” y ’ 0 y "
Collapse Lg:}ely Unhck)e.'y N{,f; Likely Unhcisev’y A Lgefy anﬁclsm‘y Né/.)d Likely Unﬂe;efy Nc/')ﬂ Likely Untikely /A
® O O
Major Injury 3 Day Injury Disease Harmful Substances M"’cr:?;r?::““'
COSHH -
Harmful Likely Unlikely N/A Likely Unlikely N/4 Likely Unbikely WA Likely Unlikely N/A s o
Likely Unfikely  N/A
substances 0] O o @ O o |e O o |@ (@] O | 0O
Major Injury 3 Day Injury Disease Harmful Substances "“’c;’:;::::’“a'
Collisions /
Derailments/ | Likely Unlikely N/A Likely Unlikely W/A Likely Unlikely N/A Likely Unlikely  Nfa Likely Uniikely /A
impacts ® O O |e o o e @ o o [gr"sr %
Major Injury 3 Day Injury Disease Harmful Substances M"“ﬂ;::::’“"
Working at
Height /Falling |tikely Unlikely #/4 Likely Unlikely  N/A Likely Unlikely N/4 Likely Unlikely N4 Liksh o
v Uniikely  N/A
objects  |® O O (@ O o €@ © O [
3 5 Muscular Skeletal
l:onﬁnel} Major Injury 3 Day Injury Disease Harmful Substances rifusios
Spaces e i . " " . "
Diving Likely Unlikely WA |Likely Unlikely #/A  |Likely Uniikely N/A |Likely Uolikely N/ | el Lniikely /A
Operations © O O o} o |@® O Q O @ 0 0
Major Injury 3 Day Injury Disease Harmful Substances Mus:;:r!;;r'ij::ietal
Pipework
Pipeline 8'( Likely Unlikely N/A Likely Unlikely N/A Likely Unitkely  N/A Likely Unfikely  NfA Likely Unlikely /A
Closed Yessels | (&) O O O] (3] O ® O O ® O (@] ® 0 0O
Major Injury 3 Day Injury Disease Harmful Substances M“";’:;;:::‘“"
Containers Likely Unlikely  N/A Likely Unlikely N/a Likely Unlikely N/A Likely Unfikely d/a A o
Likely Unfikely  N/A
® O o|le o ofe o o le o o [gr"s" 8
Continue

Figure 6.5 Work Task Classification Entry Template— Version 2, internet
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Only three choices dikely, unlikely andnot applicableare given to the user due to
scaling limitations used in assessing similariffhere are 243 or’3wvays in which
each hazard can be defined under the five harngaaés leading to over 2000
different ways in which the work task can be clfadi across the nine hazard
categories; this number was deemed sufficientferdevelopment stage of tfieol.
The choice of linguistic terms was intended towalkthe capture of null reports i.e.
that a combination was considered and deemed mdicabple. This feature allows
evidence, commonly undocumented and discardedratapa work task assessment,
to be collected. The format of a 9 by 5 matrix mgle page display and the use of
radio buttons as opposed to drop down menus auibtig user inputs were designed

to streamline the process.

It is proposed that the statistical risks assodiatiéh the classification of work tasks
and associated hazard management decisions / cmmseg be collated and
analysed by a central specialised risk team. Eurtbre it is proposed that this
method of splitting risk and hazard management dalilow FAMS to concentrate
on creating and managing control measures, whilst dtatistical risk team can
benefit from targeted and centralised risk managennaining. In short, this method
diverges from the establishefck of all trades and master of nong@ersona

prevalent in the Industry, with a view to estallghcompetent workers with diverse

skill bases.
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6.2.5 Tool Features
The features of the propos@&dol are shown in Figure 6.6 as a process flow chart.
The items prior to the CBR Function are facilitated prescribed input templates
aimed to accommodate:

* Project and / or work task registration (titlessdriptions, key workers)

» Commercial information ( project references, wortey numbers) and

* Estimations (projected cost, duration and man hetas

Project Registered?

4 )

\ 4
| No |»Register Projedt CBR Eunction
Work Task Defined? Perform Work Task
Classificatiol
Yes r -
IM—' Define Work Assign CBR Number to
/Task current work tas
CBR Function ¢
((SeeAdditiolnal Process) / Calculate Similarity \
Current Work Task vs Case B
* r - \ /
Accept or decline items from t ¢
dynamic Hazard Mitigation List
l Create dynamic list of Haze
. Mitigations
Semantic (keyword) Search?
l S Display Hazard Mitigations
Add Searched Mitigation? \User j
Add a new Hazard Mitigationp

Generate Report &
Action Work Team

Figure 6.6 Tool Features Represented as Process WI€hart (Campbell and Smith 2007b)
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The CBR Function Process involves the classificatof the work task using

RIDDOR, the assignment of a CBR Number based andlassification followed by
an assessment of this value against previouslgadtoases. Th&ool produces a
dynamic list of hazards and control measures basdtie classification of the work
task by the user and the retrieval algorithm. BExam of these hazard / control
measure are given in Figure 6.7 and Figure 6.8hemprototype version of thEool
and the internet ready version. The user can aamepecline these suggestions,
search all mitigations using a keyword search at edmpletely new mitigations
using prescribed templates This new work task és tiploaded to a library @ase

Basewhere the information can be used in the next cgee.

0T
x\ L7
c, H%\ "7

e, -
Ry €'C1rlllu:m TO tal_bafety

CBR Tool Main Menu

1.New Projects 2.Add New M‘Il;n;:gn
1 Work Tasks Mitigations [?ata

5."Close out'
N

I
== Total-Safety
. otal->afe
€ 4rillion
4.Input Mitigation Data
Select Risk Assessment 80 v pi st TotalSafely o g rumpbest
ProjectMame :  ProjectTestl Work Task Title_; NeNameWorkTask Loo -
Upload
Proiect Manager; Jennder Campbell Work Task Manager:
Risk_Ass_no 80/ mit_no 1 Mitigation_Name Exposing services Control Measureis...
& Accepted

Mitigation_Description  Services should be located by sie surveys (CAT scans) and contact with appropriate authorities, Use hand Dig' technique to expase
services . Drawing and sketches should be included in method statements. Where operatives are working near plant etc sutable
excavation barriers | supports and warring signs such as ‘goal posts’ must be used to protect the workers and inform those adjacent O Declined
tothe site. Trench supports may also be required, as may consideration of confined spaces

[ Good_pata?
g i
Risk_Ass_no 80/ mit_no 2 Netigation_hame Ceritified Lifting Equipment o easiae s
| @:Accepled i
Mitigation, jon AL ifting are gowerned by Lifting Operations and Lifting Equipment Regulatiorss (LOLLER )- this can also S dl
inchide Manual handing equlpmenl Plart and equipment must be regularly maintained and hold valid certicats, without thess
certificates the plant MUST NOT BE USED, Operatives using such equipment should be competent. Be aware that plant may require O Declined

different specific requirements such as a barrier against the crushing zones, SWL, boom and counter-balance radi.
[J Good_pata?

Figure 6.7 User Selection Screen, Prototype
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Total Safety

April 17, 2007

Part 3 - The Case Base Reasoning Tool
Instructions
* The CBR tool analyses the results from Part 2 of the survey and generates a list of suggestions to avoid the dangers of the construction task.

* Look through this list and decide whether or not information in the original method statement agrees with the CBR tool suggestions.
* Click ‘continue’ to move to the next stage

* %k k
Mitigation — —_—
9 Mitigation Description Accept?
Name
Services should be located by site surveys (CAT scans) and contact with appropriate
aut?'loritjes. Use 'hand Dig' technique to expose s_ervices . Drawing and sketches should
Exposing be included in method statements. Where operatives are warking near plant stc ® o)
services suitable excavation barriers / supports and warning signs such as 'goal posts’ must be Yes No
used to protect the workers and inform those adjacent to the site. Trench supports
may also be required, as may consideration of confined spaces
ALL lifting equipment and operations are governed by Lifting Operations and Lifting
Ceritified Equipment Regulations (LOLLER )- this can also include Manual handling equipment.
Lifting Flant and equipment must be regularly maintained and hold valid certificate, without ® 0
Exuipment these certificates the plant MUST NOT BE USED. Operatives using such equipment Yes No

should be competent. Be aware that plant may require different specific requirements
such as a barrier against the crushing zones, SWL, boomn and counter-balance radii,

Appropriate site barriers should be used to ensure unathorised persons cannot enter
the site. Appropriate 'sign-in/ signout’ procedure should be used during working hours
and security present between shifts, Anti-vandal guards and immobilisers should be
Site Security  [fitted to plant and any routes used by the public must be maintained(i.e. no trip ®ves ONo
hazards etc) and segregated from operations. In extreme cases all plant, equipment
a;»d mate:;:s will be delivered to site at the start of the shift and removed at the end
of each shift,

Traffic Barriers installed to segregate plant/ workers, Banksman(Trained and competant) to ® O
|Management |be used to control any plant adjacent to carriageway Yes No

REMEMBER ta check whether a less COSHH sensitive option is available for your task,
Storage of Substances should be clearly labeled in a suitable container and stored in a locked
COSHH storage area. This facility and the related COSHH information sheets will be managed ®ves Ono
Substances by atrained and responsible person. Pravisions for specific COSHH First Aid, PPE and
Spill Kits should also be made.

House Keeping |Working areas and welfare facilities should be kept clean and tidy ®ves Ono
Only improved working bariers are to be used. These must be erected, inspected and

Approved maintained ('Scaf-tags’ or other system) by a trained and competent operative and in

Working accordance with CDM Regs. Remember to include a segregated area below the ®ves Ono

Platforms platform, edge protection and consider the positioning of loading areas. Check
exposed & infrequently used structures such as walkways on bridges

PPE (General |Safety Helmet (in date). Highways specification high visibility vest/ jackets, Safety @ O

Road) footwear Yes UNo
Copies of manufacturer certificates to be kept in site offices. RRW's certificates to be on

Certified Plant |the machines and checked and recorded on crane controller's checklist, Test Ol @i

and Equipment |certificates for sub-contracted plant will be kept in nearby(desinated) sub-contractor
office for inspection or copies kept at main site office,

Plant fully fuelled before arriving on site- tank capacities should last until completion of
works, Fuel bowser (if required) will be double skinned. Fuel for small pplant should be ® O
stored in approved containers. Drip trays to be used for all refuelling operations and Yes Ne
spill kits will be available on site,

Fuels on site

Method The site manager or Eingineer shal brief all staff invilved in the works on the content of

Statement {the method statement and give an opportunity for a question and answer session_ho @‘{ On

Briefing ensure the workgroup understand the methodology. & record of who has been briefed L o
and when must be recorded and attached to the method statement

Compliance

Monitoring Undertake supervisorory and management checkes as per proceedures laid down ® o

Method within Project Specific Quality Plan- Measurment, Analysis and Improvement Yes No

Statements

Existing waste can include fly tipping,burnt out vehicles, trolleys, contaminated track
ballast and/ or general household garbage, The éxtent of this will be assessed and
|Removal of removed from site prior to any work starting, probably to a licienced tip. Rats may also ® o)
Existing Waste |be present, Bear in mind that some areas may also be prone to drug related activity Tes Ne
and proceedures must be in place for safe handling of needles and /or related sharps.
Additional PPE may be required.

Preventing Rats urine {and somethimes contact with dairy cattle) can carry weil's disease.

Weil's Disease |Operatives working in areas likely to have rats (canals, river etc) should be briefed as @Yes ONU
{Leptospirosis) to the correct proceddure

Daylight : ke : :

Wo‘:'kignu All works to be carried out within daylight working hours @ves Ona
Welfare (site |Comnprehensive welfare facilities including toilets, washing and canteen facilities must

compound or  |exist at the site compound / offiice and personnel introduced to these during their site ®ves Ono
office) induction brief

Figure 6.8User Selection Screen, internet-ready veion (Campbell and Smith 2007a)
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The Tool stores case information such as the work tasksifilzegtion, the list of
suggestions given by thEool, and the users selections in thase Base The next
‘case’ search will include this information and nedrom it to produce a better

selection of suggestions.

after feedback and completion to ensure an auditabil of safety management

ownership.

The physical outcome of thienol is the generation of a paper method statemerg to b

actioned by the work team containing salient fectfrthe decision making process,

Finally, both work taskd projects can be ‘closed out’

listing possible hazards and the methods employethéir control.

1t Summary

Method
ID Code: 7 Created by:

RAID 2 Approved BY /

) §Task

_ Description

ProjectLi ProiectTesN
‘ ork Task title: Test of cbr working >

Site briefing Given by: Date:

Pri/mua-/signalure
(
N

\

Test of ‘cbrquery' form 19/10/06. Choosing random
Likely, Unlikely or N/A on risk assessment No X,

/

Date: :

Method ID Code: 2 ID 2
Test of cbr working
[Created by: Approved BY
Date: Date: o
Hazard Control Control Description Authorised
— by (initial)
Exposing services  Services should be located by site surveys (CAT scans) and aitialed
contact with appropriate authorities. Use hand Dig’ technique to
expose services . Drawing and sketches should be included
Ceritified Lij d b k S 1 g Initialed
rimen | -€€0ADACK Signatory fi-
Site Security Appropriate sitc barricrs should be used to ensure mathorised  nitialed

persons cannot enter the site. Appropriate 'sign-in/ signout’
procedure should be used during working hours and security

Traffic Barriers installed to segregate plant/ workers. Banksman(Trained  Lujtialed
Management and competant) to be used to control any plant adjacent to

carriageway
Storage of REMEMBER to check whether a less COSHH sensitive option s Injtialed
COSHH available for your task. Substances should be clearly labeled in a
Sibstizicss suitable container and stored in a locked storage area. This

Guse Keeping

‘Working areas and welfare facilities should be kept clean Sy  Initialed

/ Fire Extinguishers  Fire extinguishdks on site at all times. Only trained personnel to — Initialed
/ use fire extingulphers. Extinguishers to be suitable for the
2 environment anf have valid certification. Everyone to be
— Slte Bnefln pp d Only imp bariers are to be used. These must be Initialed
g Working o other system) by
ce with CDM
Signatories Platforms List of Hazard =
~ e
Crane / Lifting C t I R Initialed
Graadion ontrols _ fr o
TIPS, DTS AT e CTOrSIT ZOMe oI VORT Cranc overturning
Lighting (Temp Adequate lighting must be provided at all times both in the Initialed
or Normal) working and welfarc arca. Care will be taken when positioning
Emergency Proceedure temporary lihting to ensure it docs not constitut a nusiance to
Local Hospital: Noise Protection Noisc assessment will be carried out and where altermatives such — nitialed
as a less noisy method of working, bunding, noise barriers ot
Company Contact: mufflers have been considered hearing protection will be issucd to
Other: Limiting Shift Shifts will be limited to a 12 hour rota to cnsure concentration and Toitigled
Fours performance docs not deteriorate.  This may be decreased due to
arduous conditions. See working time regulations for more details
Access / Egress Designated access and egress routes to be clearly defined and Initialed
Routes bricfed to all. Routes should be checked for faulti
‘manhole/catchpit cover etc. Highlight trip arcas before taking
Created by using www.total-safety.comon .. 15 August 2007 Created by using www.total-safety.comon . 15 August 2007 Page2 ol 7

Figure 6.9 Example of a Method Statement
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The method statement generated by Tloml separates the descriptive work or
project related material from the mitigations. Tim&igation section mirrors the
format of current practice of risk assessment bindgdabulated but adds an
additional column for quality control and site feadk purposes. This new column
requires a signatory to ensure each of the mibgatis used for the work task. The
signatory must specify alternative mitigations wehénose in the method statement
are not applicable for the task, the control idfestive throughout the duration of
the task or where a better mitigation is availabléel'his acts as a feedback loop
enabling tacit knowledge within site-based indiatiuto be captured and input back

into theCase Base.
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6.3 Summary and FAQs

Effective communication of safety knowledge throoigha project relies on many
different types of worker whether in the traditibfi2esign or Construction roles.
Thus a new group of workers is proposed to cha#letngditional stereotypes of
safety responsibility by including those whacilitate and / or act as éthors of
Method _$atementor FAMS.

FAMS distil safety knowledge to others through prodg written reports such as
method statements, verbal interaction and / or etstdnding such documents with
others i.e their work team. Examples of FAMS aupe3visors, Safety Advisors and
Engineers (Designer / Construction etc). Unfortelya research has shown that
these groups can have poor concept of risk relatecesses. This is a serious issue
when coupled with Industry’s reliance in qualitativisk assessments (see Chapter
3).

The development of th€ool was therefore aimed to reduce these qualitatipecs
and focus the user towartiezardrather tharrisk management. Risks associated
with these hazard management decisions and conssgpiean be collated and
analysed by a central specialised risk team udistisscal methods. It is proposed
that this method of splitting risk and hazard mamagnt would allow FAMS to
concentrate on creating solutions to safety problemhilst the statistical risk team
can benefit from targeted and centralised risk rgameent training with a view to

establishing competent workers with diverse skibés.

This chapter has highlighted the general proceslsulation methods, user inputs
and reporting facilities of a neWwool developed to aid FAMS in their daily task of

identifying and controlling hazards.

However, the design and functions of theol are by no means perfect or without
limitations. This section addresses some pertinssies using the format of

frequently asked questions FAQs. These are given as:
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« “Isn't the RIDDOR classification too generic for laltransportation

projects?”

Further study is required to assess this issueveder, a secondary filter layer could
be used to delineate between different types okuasks. Examples could be in the
form of Railway / Highway, Construction / Mainterz@) Small Projects / Large
Projects or combinations thereof. The option &feaondary filter was viewed as
customisation to be added by the end user, spdoiftbe company specialisation,

rather than rigid structuring in the design of Tro®l.

e “RIDDOR classification method does not include gaees for
psychological damage or mental well being!”

Although this caveat of RIDDOR has been identifiadthe Rail Industry (Ralil
Safety and Standards Board 2005), mental health @sythological damage
continues to be unidentified and suffers from dostigma. Challenging this stigma
and discrimination is relatively new, such as tletsh-basedsee me”campaign
launched in October 2002/vw.seemescotland.org.gk

To counter this, an advanced version of Tle®l would need to investigate methods
of identifying and classifying these types of irgdote illnesses. Avenues for this
type of research may include psychological assessofewar veterans or mental

health patients. Time constraints did not allovitfar investigation into these issues.
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* “The Tool does not consider risk assessment pearsaéthe user has no way

of knowing the risk level.”

These issues are considered benefits offttad and the classification and template

layouts have been specifically designed to this end

0 The user is constrained in the number of subjetguesstimates’, i.e. 45
for all work tasks. Qualitative risk analysis amdk assessment is
effectively taken away from the user in preferetstatistical quantitative
methods

0 Risk can be calculated and analysed with the aideeflback and
accident rates as statistics based on real data.

0 These statistics allow the effectiveness and silitiabf mitigations to be

monitored for different types of work tasks.

The caveat here is the need for a group of riskeskiworkers to analyse the

quantitative statistical results.

In addition to monitoring these statistics, theugraould act as quality control for
the Case Basdy researching different control measure or newowations, deleting
obsolete or unsafe mitigations and monitoring $igaunt trends for the benefit of the

company.

* “The User can't revisehe Tool's suggestions as per the CBR Cycle”

The revision aspect is achieved by teer addendum templatehere additional
information can be linked to a specific mitigatioffhis ensures version control of
the mitigation by the monitoring group, and re-acitly or similar aspects of

addendums deemed as good practice can be added dahieduled updates.

Currently additional templates are available @ ithiternet version in order to:

0 Add addendum comments to accepted mitigations .
o Perform keyword searches on thase Baséor additional mitigations .

o Add completely new control measures to Gese Base.
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e “Can it work with small and large scale tasks?urd8y subjective issues

such as user competence, experience and trainirygskew the case base”

Economies of scale can be a major issue as initialelling data sets are often small
and the content of th€ase Basewill be subject to scaling effects based on the
number, qualifications and experience of the esp@fhoi and Eboch 1998; Fynes
and De Burca 2005). Firstly, the retrieval algarithas been designed to take growth
of the Case Basénto account by using the nouwelnge intersection methodWhere
neededthe monitoring group could advise adding appropridgters if significant

trends are found.

Secondly, this scaling phenomena is not a disadganbut rather an opportunity for
corporate benefit; linkinCase Basérends with data on user experience and training
will enable companies to bench mark their overalinpetence level for continual

improvement.

“What advantages does the Tool have over ‘cut peste techniques’?”

Cut and pasteéechniques are prevalent in a wide range of indassand are informal
applications by which information from one documean be reused in other (Bush
and Finkelstein 2001) Cut & pastetechniques have been advocated in literature for
minor review and modification of documentation fao similar projects (Kelly and
Lees 1986) and studies have also shown betweerb0%0of hazard analysis is
reused (Smith and Harrison 2005) .

In general, practitioners who currently use ‘cup&ste’ techniques from past method
statements demonstrate little or no quality cortrdieedback on suitability. In short,

theTool facilitates quality assurance by being able to @estrate the following:

o How the dangers and their control methods frompiteeious work task
relates to a current job.
o The suitability or effectiveness of the methods.

o Quality assurance that these controls are beinteimgmted on site.
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*  “How long will it take a User to go through the mess”

Inputting information on the project and work taskno different from writing a
normal report or conveying the information via edmaThe time taken for the
retrieval algorithm to return mitigation suggestsoin the internet ready version of
theToolis a few seconds and is predominately dependatiteospeed of the internet
connection. However, due the SQL commands chdseni¢lay may lengthen if the
Case Basés very large and careful management is requdceep this run time to a
minimum. Alternatively, other SQL commands and met could be investigated
to generate the same results, as could other gpestwork server and databases.
As the total number of records in tGase Basavas in excess of 3500 with the run
time remaining at few seconds, no further invesiigaon sample size or alternative

coding were made.

Similarly, generating a method statement basedhemser’s selection and additional

information takes a few seconds with the majorityser time spent either:

* Inputting information such as work task descripgion
e Work task specific decision processes, i.e. degidivhether to accept /

decline thel ool suggestions and implement the mitigations accgiietc.
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CHAPTER 7: TOOL DESIGN &
DEVELOPMENT TESTING

A CBR basedTool is proposed toward&eeping Bob Safand its development

strategy is fully detailed in the previous chapter.

This chapter explores the inner workings of el in greater detail, highlighting
the Case Basestructure and retrieval mechanisms. Lastly, twststeare used to
further aid the develop of thieooland as precursors to proof of concept testingen th

next chapter.
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7.1 Introduction

This chapter further investigates the inner working theTool including the design
of the Case Baseand the mechanism used to identify, retrieve aisplay past
similar cases to the user. Chapter 7 is presentéalr sections, these include:

¢ Section 1 — Introduction

Brief introduction and chapter structure is given.

* Section 2 - Case Base Design
This section gives a brief explanation of eachheffourDatabase Objectavailable
to the designer along with examples of how thesauaed in th€ase Base

» Section 2 - Retrieval Algorithm

This section highlights the way in which tfeol retrieves hazards and their control
measures. The critical steps in creating a robeisteval algorithm are described

under subheadings:

o Calculating a classification value (t&d8R Number

0 Assessing similarity between classification values
* Section 3 - Development Testing
Two tests are performed towards identifying furtineprovements to th€ool:

0 Test 1 - User Classifications

0 Test 2 - Tool Weightings
¢ Section 4 - Conclusions

A summary of the chapter findings is presented.
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7.2  Case Base Design

As highlighted in the previous chapter, MicrosoftccRss was used in the
development of the prototype and later transfetoetie internet-ready version of the
Tool. This commercially available application offerfedrr types ofDatabase Object

for inclusion in theCase Base

* Tables
e Queries
e Forms
* Reports

This section will give a brief explanation of eaghtheseDatabase Objectand
highlight examples how they are applied in the (Base.

7.21 Tables

A database consists of one or mdblesarranged in rows (records) and columns
(fields); tablesare the basic building blocks of a database. Aample of adatabase
tableis given below.

l l l Fieldsin Columns
Records
Hazard No* | Hazard ID Hazard Name in Row:
1 DO 1 Lifting equipment and operationsge
2 DO 2 Electricity <
3 DO_3 Unintentional explosion/collapse <

Table 7.1 Example of a Database Table

Tablesare a collection of data about specific topicghsas products or suppliers,
with each field in theTable containing characteristics information, and eastord

containing detailed information about the topig;tsas the name, ID number etc.
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Using a separate table for each topic can redutzafdry errors and make data
storage more efficient by eliminating duplicate adatable 7.2 shows aspects for

consideration when determining the structure ohtalohsd able

Consideration Description

Type of data the table | Field properties are a set of characteristicsphatide
will contain additional control over how the data in a fieléisred,

entered, or displayed and depend on a field'stgpt&a

Number of fields in the | Examples of data types incluBate, Currency Number /

table and their data typg AutonumberandText / Memo

Type of indexes i.e. the | A primary keyuniquely identify each record in a table,
primary key and foreign| cannot allowNull valuesand must always have a unique
key(s). index. A primary key is used to relate a tabléot@ign keys

in other tables.

Table 7.2 Determining Database Tables

In the creation of th€ase Baseall information was separated into four different

types ofTables Reference, User, Input and Output. There arédldesin total:
» Table 7.3 details the fields and data type involiedhe three ‘Reference
Tables’relating tdHazard Harm andLikelihood

e Table 7.4 details the fields and data type involirethe two ‘User Tables’;

User Access LevalindUsers

« Table 7.5 details the fields and data type involirethe three Input Tables;

Project, Work Task and Mitigations.

» Table 7.6 details the fields and data type involwethe two ‘Output Tables’;
AssessmendCBR
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Table Fields
List
Title Title Type
Number* Auto-number
ID Text i.e. MA_ 1
1 Harm Name Text i.eMA_1=Main Body Injury
Description Text
Severity _No Number i.e arbitrary Weighting
Number* Auto-number
ID Text i.e. DO_2
2 Hazard
Name Text i.e, DO_2 = Electricity
Numberi.e arbitrary Weighting
ID* Auto-number
3 Likelihood | Name Text i.e. Likely, Unlikely, N/A
Value Numberi.e arbitrary Weighting
Table 7.3 Reference Tables
Table Fields
List
Title Title Type
ID* Auto-number
User Access
4 Name Text
Levels
Access Level | Number
ID* Auto-number
Username Texti.e generated by registering
S Users | password process
Access Level Texti.e. e-mail address
-Linked to Table 4, User Access LeV

Table 7.4 User Tables
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_ Table Fields
List
Title Title Type
Number* Auto-number
Name Text
6 Project | Corporate Data| Texti.e. Manager Name, job code
Datei.e. Project Start/End Date
Currencyi.e. Estimated / actual cos
Number* Auto-number
7 Work Task | Name Text
Project_No - Linked to Table 6, Project Number
Number* Auto-number
8 Mitigations | Name Text
Description Memo

Table 7.5 Database Input Tables

Data in theReference Tablds predetermined by thBool Designerand can only be
amended by users with administrator access prigdlegypes of privileges and user
access are stored in thiser Tableswvhilst project-orientated information is stores in
Input Table: Projectand Input Table: Work Task The Output Tablesstore case
specific information such as classification andiegal information. Dividing the
database into a series of smaller related tablesved the Case Baseto be
effectively condensed into these last two tabfessessmer@andCBR This resulted
in easier management of the overall database aed diata entry.

The relationships between these 10 tables are shoftigure 7.1and Figure 7.2.
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Table Fields
List
Title Title Type
Number* Auto-number
WorkTask _No | Linked to Table 5, WorkTask Number
9 Assessment User_Selection| Linked to Table 3, Likelihood Value
CBR Number | Number, calculated by CBR Function
Mitigation_No | Linked to Table 8, Mitigation Number
CBR_Key* Auto-number
Assessment_No Linked to Table 9, Assessment Numb
Accepted Number, user defined as
0 = Decline tool suggestion
1 = Accept tool suggestion
10 CBR P 9
2 = Accept with addendum
3 = Conduct keyword search and a
mitigations manually
4 = Create new mitigation and adg
data to Table 8

dd

Table 7.6 Database Output Tables
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\Work Task

Assessment »Work Task ID* Project
Assessment IL Project ID—— | |Project ID*
\Work Task ID ‘Users

User ID “UserID* | [yser Access Leve

Likelihood ID — Level ID™T1, ILevel ID*

CBR I\Aumber

Likelihood Hazard Harm
Likelihood ID* Hazard ID* Harm ID*
\Weightin Weighting— | [Weighting—
N \ AR A
Generate CBR
CBR Number FUNCTION
Figure 7.1 Case Base Relationships - 1 of 2
CBR
CBR Key*
Assessment H9—| Assessment
User ID Ascessment ID*
CBR Number Work Task ID Nitoat
Mitigation ID <« *User ID M!:!ga':!ons ot
User Selection Likelihood ID T'Itll’ga 'ons
A —|CBR Number__ | |/
Description
\ 4
\ 4
Generate a RETRIEVAL
User list of ALGORITHMN
Accepts or Mitigations
Declines <

Figure 7.2 Case Base Relationships - 2 of 2

165



Safety Hazard and Risk Identification and Managemnten

In Infrastructure Management

7.2.2 Queries

A Querycan amalgamate data from multiple tables and parfictions on the data.

There are several types of queries in Microsoftessc

* Select Queriesetrieves data from one or more tables and displag results
in a datasheet where you can update the recorais. cdn be used to group records

in order to perform calculations such assums, ®Quaverages, etc.

» Parameter Queriesdlisplay dialog boxes prompting users for informatifor

retrieving or filtering records

* Crosstab Queriegalculate and restructure data for easier anabsih as

calculating sums, averages.

e Action Queriescan make changes or move many records in just one
operation. There are four types:
o Delete Queriesleletes a group of records from one or more tables
0 Update Queriesmake global changes to a group of records in ane o
more tables
0 Append Queriesdds a group of records from one or more tabldbdo
end of one or more tables.
0 Make-Table Queriesreates new tables from all or part of the datane
or more tables.
0 SQL Queriesuses Structured Query Language (SQL) to queryatepd
and manage relational databases by using an SQlmeads, such as
SELECT, UPDATE and WHERE.

During the development of thieool, the designer friendly interface of the Microsoft
Access application allowed queries to be easilgled and updated with limited
knowledge of computer coding as SQL statementganerated in the background.
SQL-type queries were chosen for easy translaboweb technology in latefool
versions. Figure 7.3 shows an example of bothMoeosoft Accessnterface used

during development and the generated SQL code.
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E Microsoft Access - [CBRCalc4 : Select Query]

4

2 B By ABG { % N | | o LA a2 5
s ST A | " ! I e AT
T=RA™ KW= ! B : V|§'|?||Z|E|*" Ak Y

L Fle Edt View Insst Query Took  Window Help Type aquestionforhelp (51 &L

s oo || CBR Key
Riskfss_No =] Risk_fss_no
‘WorkTaskMo mit_no
username accepted
Date_completed Good_Data
Risk_Combo_ID date_completed
Frame_DO_1_MA_L o USErnanme

= Survey_CBR_Table.Risk_Ass_no

WHERE

(((Survey_CBR_Table.accepted)=1 Or (Survey_CBRIeTatrepted)=3)
AND

((Survey_CBR_Table.Good_Data)<>0)
AND

((Survey_Risk_Assessment.bad_Data)=0));

@) B 5
Field: |Risk_ass_no mit_no arcepted Good_Data CER_Malue bad_Data
Table: |Survey CBR_Tablz Survey _CBR_Table Survey CBR_Table Survey CBR_Table Survey Risk_fsses | Survey_Risk_Asses
Sart:
Show: ] [1
Criteria: | 1003 | ==0 | o |
2 ] ¥
SELECT
Survey_CBR_Table.Risk_Ass_no, Survey CBR_Talitlerm,
Survey_CBR_Table.accepted, Survey_CBR_TablelGoata,
Survey_Risk_Assessment.CBR_Value,Survey Risk Ssessd.bad Data
FROM
Survey_Risk_Assessment LEFT JOIN Survey_CBR_Table&survey_Risk_Assessment.RiskAss_No

Figure 7.3 Example of Microsoft Access Query (intdace & SQL statement)
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7.2.3 Forms

A Microsoft Accesd-orm has three usesnteror display data in a database, act as a
switchboardto open other forms, or facilitate action based on user input, i.e.
clicking a ‘search’ or ‘submit’ button. Figure 7uées an example of the prototype

version of thelool to highlight these three features.

Total-Safety | oo

€ 4rillion
CBR Tool Main Menu
1.New Projects 2.Add New 3 Classify Risk | M‘l\il{iln:.tiL:n
] Work Tasks Mitigations _Level Dgata

5."Close out'

Total-Safety |

€ 4rillion

Hints

o

New Projects or Work Tasks
Main Menu

|_ 1(b)Work Tasks
L 4
Total-Safety

=carillion

1(a) Register a New Project
Project Name Project Description
Project Ref
Buisiness Group hd Project Start Date FProjected End Date

ActuslEndDate
Business Area hd

EstimatedPrice £0.00 Actual Cost: £0.00

Upload New
| Project
Action Buttor
—

Figure 7.4 Form Example

Project Manager

Total Safety
Coardinator
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Most Formsare bound to one or more record source, suctels fin the underlying
tables, queries or SQL statements. These are libkading graphical user interface
objects calledontrolssuch as a text box, check box, scroll bar, or camarbutton.
These can be used to display data or choices,réorpeactions such as calculations

and can be stored within tR®rm'sdesign as an expression.

7.2.4 Reports

A Report presents information in a printed format based ba tayout and
presentation options available to theol user such as totals, charts, record groupings
etc. MostReportsare bound to one or mofeble or Queryin the database with
other information (title, page number etc) stomrethieReport'sdesign.

Method Statement Summary Date: Method Statement ID Code: 2 D 2
ID Code: o Created by: Test of cbr working
RAID 2 Approved BY reated by: Approved BY
Date: Date:
. " Hazard Control Ci I De ipti Authorised
Project Title - ontrol Description JOTIS
i ProjectTest2 —_— by (initial)
Work Task title: Test of cbr working Exposing services  Services should be located by site surveys (CAT scans) and Initialed
o . . contact with appropriate authoritics. Use hand Dig technique to
Description: Test of 'cbrquery' form 19/10/06. Choosing random expose services . Drawing and sketches should be included in
plion: Likely, Unlikely or N/A on risk assessment No X. » .
Ceritified Lifting AL lifting cquipment and operations arc governed by Lifting — Initialed
Equipment Operations and Lifting Equipment Regulations (LOLLER )- this
can also include Manual handling cquipment. Plant and
Site briefing Given by: Date:
s 4 % it Site Security Appropriate site barriers should be used to ensore vnathorised  Tnitiated
persons camnot enter the site. Appropriate 'sign-in/ signout’
Altends procedure should be vsed during working hours and security
lendance:
) . Traffic Barricrs installed to segregate plant/ workers. Banksman(Trained  Tnitizted
Print Name Signature Date: Management and competant) to be used to control any plant adjacent to
carriageway
Storage of REMEMBER to check whether a less COSHH sensitive option is  Initialed
COSHH available for your task. Substances should be clearly labeled in a
suitable container and stored in a locked storage arca. This
House Keeping Working areas and welfare facilities should be kept clean and tidy Toitizted

Fire Extinguishers ~ Fire extingoishes on site at all times. Only trained persomnelto  Initialed
use fire extinguishers. Extinguishers to be suitable for the
environment and have valid certification. Everyone to be.

Approved Only improved working baricrs arc to be used. Thesemustbe  Tnitialed
Working erected, inspected and maintained (‘Scaf-tags’ or other system) by
Plaiar atrained and competent operative and in accordance with CDM
Crane / Lifting All Lifting equipmentent is governed by LOLLER Tnitialed
Operations ...Consideration should be given to the positioning of cranc,
crane pads, ballast and the ‘crush zone' to avoid crane overtorning
Lighting (Temp Adequate lighting must be provided at all times both in the Initialed
oo N} working and welfare arca. Care will be taken when positioning
Emergency Proceedure temporary lihting to ensure it docs not constitut a nusiance to
Local Hospital: Noise Protection ~ Noise assessment will be carried out and where alternatives such - Tnitialed
as a less noisy method of working, bunding, noise barriers or
Company Contact: ‘mufflers have been considered hearing protection will be issued to
Other: Limiting Shift Shifts will be limited to a 12 hour rota to cnsure concentration and Ttialed
Hours performance does not deteriorate. This may be decreased du to
arduous conditions. Sce working time regulations for more details
Access / Egress Designated access and egress routes tobe clearly defined and  Lnjtiated
Routes bricfed to all. Routes should be checked for faulti

‘manhole/catchpit cover cte. Highlight trip arcas before taking

Created by using www.total-safety.comon .. 15 August 2007 Created by using wiww.total-safety.comon . 15 August 2007 Page 2ot 7

Figure 7.5 Example of a Report
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7.3  Retrieval Algorithm

Hazards and their control measures are retrievdgeesented to theool user based
on how similar the stored work tasks are in congaarito the current problem. Thus

establishing taxonomy is a critical step in cregqinrobust retrieval algorithm. This
is achieved in two steps:

e Calculating a classification value (the CBR Number)

* Assessing similarity between classification values

7.3.1 Calculating a CBR Number

The calculation performed in the background duringrk task classification

involves calculating th€ BR Numbem order to compare new and stored cases.

The CBR Numberis calculated as the standardised sum of the raticdhe

classification values as assigned by the usergovitrse case scenario (see below).

i=1
CBR Number= ) X; / Xmax  *100

i=n

Where:
X; = Classification Value for each hazard/haveang
= 4K Y
Xmax = Worst Case for each pre-determined hazard/haeemt €i.e. likely
= ZJ* KJ *Ymax

Y; = Likelihood weighting value associated with hazdram event
Ymax = Maximum possible likelihood weighting value il&kely’

Z = Harm weighting value
K =Hazard Classification weighting
n = Number of hazard/harm events

Equation 7.1 Classification Method
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To provide clarity, the entry template in Figurd @:ill be used as an example of this
method. In this figure all 45 predetermined eveats set to the worst case
(‘Likely’), thus resulting in a standardised maximwf 100%, or &BR Numbeiof

100, let this be calleExample 1.

Example 1
X1 = Xmax = (1*6 *3) + (1*5 *3) + (1*4 *3) + (1*3 *3) + (1*2*3) = 60
X2 = X3 .....etc =Xmax= 60
Where Yiikely= 3, Yuniikely= 2, YNot Applicable= 1
Z; = 1 for all types of hazard classification

CBR Number = (540/540) *100 = 100

Example 2demonstrates how@BR Numbeof 97.4 is calculated when four events
in Example lare downscaled to ‘Unlikely’ in the following eusrrelating toLifting

equipment and lifting operations’

e Loss of sight. e Contact with harmful substances.
*  Electric shock or burn. * Heat related injury.
Example2

X1 = (1%6 *3) + (1*5 *2) + (1*4 *2) + (1*3 *2) + (1*2*2) + (1*1 *2) = 46
Xo = X3 ..... etc =Xmax= 60 (sedexample )
Where Yiikely= 3, Ynot likely= 2, YNot Applicable= 1

Z; = 1 for all types of hazard classification

CBR Number = (526/540) *100 = 97.4

The weightings Table 6.6 Tool Harm Classificatiomd alable 6.8 Tool Hazard
Classification used for these examples along witthitrary values of 3:2:1 folikely,

unlikelyandnot applicable
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7.3.2 Assessing Similarity

The similarity between the newly classified workkand those stored in ti@ase
Base is calculated using one of two method®ange Intersectiorand Nearest

Neighbour

As repetition of mitigations is expected, each Ww# associated with varyinQBR
Numbersas the Cases Base grows. Thus each mitigatidriomh a normal or Bell

distribution curve that will change as tGase Basgrows.

The method of intersecting ranges uses these hlifohs to assess similarity
between new and past cases on the intersectiomoofanges; th&earch Range(A)
and theMitigation Range(Bas shown in Figure 7.6 (Campbell et al. 2007b).

B

Mitigation
Range

A = Search Rangecorresponding to the new case

Where CBRLower Range < A < CBRUpper_Range,
and

CBRUpper_Range = CBR Number of new case + 5% 100%
CBRLower_Range = CBR Number of new case - 5%> 0%

B = Mitigation Range, corresponding to stored mitigations

Where CBRmit_lower < B < CBRmMmit_upper,

and

CBRmit = CBR Number associated with each sted mitigations
CBRmit_lower =Average CBRmit — 1 Standard Deviaon
CBRmit_upper =Average CBRmit + 1 Standard Devion

Figure 7.6 Similarity using Range Intersection Metlod (Campbell et al. 2007b)
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The Search Rang€A) corresponds to the new case and is calculagetheCBR
Number+5%. The value of £5% assigned is arbitrary fog tturrentCase Base
however this value can be modified for calibratotber data sets. THditigation
Range(B) is dependant on the standard deviation oflieibution and hence on the

number of cases, and will therefore account fomgnan the case library.

Where a new case exhibitsGBR Numbeteyond the current limit of the stored
cases or outwith the intersected ranges, very femoanitigations will be returned to
the user. This is because the méBR Numbefalls within the ‘outlier’ section of the
distribution curve. This scenario will be littlelp to the user and a second level of
similarity calculation is required. Nearest neighbtechnique is used to retrieve the
nearest work task using the root mean squared mhetho

J (Stored CBR Numbers- CBR Numbergyren ) >

Equation 7.2 Nearest Neighbour Method

Example 3 shows how theBR Numbeof 97.4 (see Example 2) would generate a

search range of 92.5 to 100.

Example3
CBR Number=97.4(see Example 2)

Search Ranggower = 97.4 — 5%= 92.5
Search Rangeypper= 97.4 + 5%-= 102 (but no greater than 100)
=100

Search range( A) = 92.5to 100

Table 7.7 represents a simplified version of theedaase along with the lower and
upper limits of the mitigation search range. Bagedhe intersection of these ranges,
the Tool would select mitigations 2, 4 and 5.
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Control Measures| CBRmit_lower CBRmit_upper
1 55.6 68.4
2 77.4 98.2
3 48.5 75.9
4 85.6 100
5 72.6 89.4

Table 7.7 Mitigation Range (B) based on a Simpliéid Case Base

WhereCBR Numbefalls within the ‘outlier’ section of the mitigatn distribution a
second layer of similarity calculation using NearBeighbour is required. This
would be applicable for @BR Numbebf 50, where the search range would be 47.5
- 52.5 resulting in no mitigations from Table 7 &irgy selected.Appendix Egives
examples of SQL code employed to facilitate theseaval algorithms.

Figure 7.7 and Figure 7.8 highlight another exangpld shows a distribution for a
given mitigation stored within Case Base. Runge Intersection Methadentifies
and displays this mitigation when th&earch Rangdies within + lstandard
deviation, e.g if new work task has GBR Numberof approximately 45. The
Nearest Neighbour Methad employed if the new work task has a value bdyalh
the mitigation distributions. Nearest Neighbour Methad used when the work task
has, for example, @BR Numberof 15 resulting in the work task with the closest
CBR Numbebeing selected and all mitigations associated thith stored work task
displayed to the user. In the case of Figure 7GBR Numbef 15 would result in

all the hazard controls used in work task 8 beunggested by th&ool.
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Figure 7.8 Nearest Neighbour Method
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It is envisaged that extended use of this methdtl shkbw some mitigations are
predominantly used by work tasks with low or hiGlBBR Numbersresulting in
skewed distributions towards the left or right espvely.
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Figure 7.9 Examples of mitigation or user distribtions

Inspection of the distributions of the control m@&as over time could assesslue-
for-money for specific control methods or equipment. Semy user distributions

can be inspected to pinpoint specific training rseed

* Flat user distributions with spikes could mean siseno usually experience
similar hazards, may have encountered a work thak posses extra-ordinary

dangers.

e User with a constanEBR Numberof 100 indicate the user classifying the
work task as ‘Likely’ in all 45 hazard/harm everdtegory and needs further
training in using thélool. This is important to ensure ‘bad’ user input does

skew theCase Baselata.
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7.4  Development Testing
This section explains two tests with the aim towdtdther developing th€ool.

* User Classification
e Tool Weightings

7.4.1 Test 1- User Classifications.

The aim of this section is to compare how potenisgrs classify work tasks. In
addition, this exercise complements ffteee Phase Extraction Methalgscribed in
Chapter 6 with the aim of classifying the work mg@opulating th&€€ase Base This
Is achieved in two stages involving ti®ol Designerand volunteers(Dave and
Phil).

Both the Tool Designerand thevolunteersclassified the work tasks using the
RIDDOR Classification Scredmsted on the prototypleool with the following role-
play considerations:

« Each work task is assumed to be in preliminaryesag
» Classification of the work task and site conditiembappening imeal-time.
* Personally responsible for ensuringsafe system of workacting as an

‘Andy’) and who will ultimately write the work tasiethod statement.

A discussed earlier, five random work tasks wenegssed by th€ool Designeffor

inclusion within theCase Basand 21 work tasks by volunteers.

Figure 7.10 shows the prototype classificationetnesed for the test.
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Figure 7.10 Prototype Classification Screen
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Method A B CBR
Statement Dave | Phil | Number
Bridge Completion Works . 63.7
Collection, removal and disposal of sharps . 58.3
Construction of Stations . 80.4
Demolition of Clyde Avenue Road Bridge . 71.7
Environmental Investigation . 67.4
General site clearance . 61.3
Ground Investigation (Exploratory) . 71.5
Hamilton Rd. Raploch St. Bridge Parapet upgrade . 84.4
Install Concrete foundation signal base MH 419 . 78.0
Installation of switching equipment . 71.3
Larkhall line Running of return conductor . 74.8
Long line public address installation . 76.5
Merryton footbridge (MS/Lark/064 REV 0) . 69.5
Removal/disposal/destruction of Japanese Knotweed 61.3
Repair to Merryton Footbridge (MS/Lark/086) . 81.1
Signalling civil works . 67.0
Site Survey . 47.6
Sheet piles: Supply & installation of . 76.86
Sheet Piles(MS/Larkhall/110 Rev.0) . 84.5
Support of Sheet Piles during driver training . 73.5
(MS/Lark/133)
Unloading of S+C Materials & building up of panels . 78.1
Total number of Work Tasks 11 10
Average CBR number 65.6 77
Minimum CBR number 47.6 71.
Maximum CBR number 76.7 84
Standard deviation of CBR number 83 94

Table 7.8 ComparingCBR Numbersfrom Engineering Students
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Method Statement Title CBR Number
Construction of Cabinet, REB & container Compounds 85.9
Junction Mast Erection & wiring modifications 33.
General Concrete Works 86.7
Shot blasting / Painting of structures 84.6
Bridge Demolition 86.9

Table 7.9 DesignelCBR Numbers

The CBR Numberdor each of the work task are generated by thes assigning
‘Likely’, ‘Unlikely’ or ‘Not Applicable’ for each d the pre-defined hazard/harm
events. Th&€BR Numbergenerated by th€ool Designerare given in Table 7.9
whilst Table 7.8 shows the results from the vadens

A number of observations can be made from thedegahamely:

e The CBR Numberss classified by th@ool Designerrange from 73.3 to
86.9 whilst those by thEngineering Volunteemsanged from 47.6 to 84.5

« The averageCBR Numberfor the Tool Designerand the Engineering
Volunteers(Phil and David) are 83.4, 77.8 & 65.5 respectivelhis suggests that
the current weighting used in the prototype versibtheTool may skew th€€BR

Numbertowards the top of the distribution curve.

* This difference of approximately 12% in the undedyrate’sCBR Numbers
could be attributed to the differences in:
0 Ambiguity in method statement documentation
o Complexity of work task
o Work experience
0 Weighting calibration. This suggests the arbitreajues 3:2:1 attributed
to ‘likely’, ‘unlikely’ and ‘not applicable’ requie further investigation in

order to minimise these discrepancies.
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* The undergraduate who had worked on site duringuranser vacation
appears to show consistently a more pessimistiw viethe likelihood of hazards
in comparison to his peer.

0 HighestCBR Numbebf 84.5

o Highest averag€EBR Numbepf 77.8

0 Smallest standard deviation GBR Numbe(4.9)

In conclusion, the prototype version of thool successfully facilitates the
classification of work tasks, generati@@R Numbersor both theTool Designerand
theEngineering Volunteers

These results highlight that users may differ im Way they classify work tasks. To
further investigate these issues, Yaunteersprocessed an identical work task for
‘Larkhall Station Carpark’ using the prototypEool and the same methods as

described in previous sections. This can be sunserhas two key elements:

 Role Play- Classify the work task by role playing as thespe responsible
for writing method statements.

* Knowledge Capture - Detail the mitigations used in the actual method
statement,

The results of theole play element show€BR Number®f 66 & 81 and mirrors
previous observations that tAéolunteerwith ‘site experience’ assigns a higher
value. This difference of around 14% is attributed whether the volunteers
assigned ‘likely’, ‘unlikely’ or ‘not applicable’ @ each of the predetermined
hazard/harm events. The volunteer with the siteeegpce (Phil) selected a higher
likelihood than his peer 20 times while Dave (with site experience) selected a
higher likelihood only three timed - all 3 occaswhere found in the hazard / harm
event ‘containers’. These finding support the ssign thal/olunteerB (Phil) with
the greater site experience has a more pessimistic of the likelihood of safety

concerns.
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The volunteers classified the work task similady 22 out of the 45 pre-determined
hazard / harm events (49%). Many of the discreeanoccurred under the
hazard/harm events in only 3 hazard categorieselyatxplosion and collapse’,

‘Collision and derailment’, ‘Pipe work, pipeline dclosed vessels'.
Further examination of the 23 discrepancies showed

e 15 occasions where Volunteer B (Phil) chose ‘Likedilst Volunteer A

(Dave) selected ‘Unlikely’

* 4 occasions where Volunteer B elected ‘likely’ avalunteer A viewed the
event as ‘not applicable’. This occurred in:

0 ‘Collision and derailment’ &‘Electric shock or mir

o ‘Collision and derailment’ & ‘Heat related injuries

o ‘Pipe work, pipeline and closed vessels’ & ‘Electshock or burn’

o ‘Pipe work, pipeline and closed vessels’& ‘Heattel injuries’

» 1 occasion where Volunteer A selected ‘Likely’ adblunteer B selected

‘Not applicable’ in -‘Containers’ & ‘Contact witharmful substances’

» 1 occasion where Volunteer B selected ‘UnlikelydaRolunteer A selected

‘Not applicable’ - ‘Lifting equipment & operationg ‘Heat related injuries’.

» 2 occasion where Volunteer A selected ‘UnlikelydaWolunteer B selected
‘Not applicable’:
0 ‘Containers’ & ‘Main body injuries’.

0 ‘Containers’ & ‘Loss of site’.

On closer examination of tHewowledge capturelement, the volunteers agree that
29 of the 64 possible mitigations applied to thwkwvask. This number is in keeping
with the ranges found in Chapter 6, section 6.Pi& undergraduate also agree that a
remaining 23 from the same list do not apply, r@sglin a total of 52 instances of

agreement or 81%.
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Agreement was not reached on the remaining 12 atibigs where undergraduate B
elected 8 of these 12 to be applicable and theirenga4 not present in the original
method statement document. Conversely, undergiadualected 4 of these 12 as
applicable and the remaining 8 not present in tbeuthent. The 12 mitigations

under scrutiny are given in Table 7.10 along whtd ool Designer’'sview.

In short, theDesigneragreed with four of B's comment and one of A’s lewer it
could be argued that the use of a further threeatibns (No 29, 30 & 53 denoted
by * in Table 7.10) are implied from the text yebtngiven explicitly. Similar
ambiguity is seen in mitigations 37, 38 and 39 tratrelated to Personal Protective

Equipment in either a ‘rail’, ‘road’ or ‘generaleting (denoted by ** Table 7.10).

These issues of ambiguity highlight further shamaowogs in traditional method
statements that they do not record ‘nulls’ i.e. thmcument does not say that
‘Burning Operations’ were considered but decidediras}, but rather does not
mention them at all. The documents lack of infdioraon such subjects forces
those involved in th&nowledge capturprocess to make reasoned judgements based
on their understanding of the text.

This section has combined the processe&nmiwledge captureand role play to
further examine how the tw&ngineering Volunteerslassify and extract safety

knowledge from method statements.

The main finding is the poor quality and ambigudly method statements. This
substantiate findings from previous chapter tratitional method statements do not
record ‘null’ reports, unintentionally hide safelgnhowledge and rely upon the

interpretation of the reader.
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BPhil | ADave | Designer
CBR Number | 80.6 66.3 N/A

Mitigations Yes/No
2.Certified Lifting Equipment Yes No Yes
7.Fire Extinguishers Yes No Yes
19. Isolation & permit system (Overhead Line Yes| o N No
29.Burning Operations Yes No No*
30.Works/Equipment "On or near the line" (Railyes No No*
37.PPE (General Road) No Yes Yes**
38.PPE (General Rail) Yes No Yes**
39.PPE(Specific - Road or Rail) No Yes Yes**
46.Compliance Monitoring Method Statements No Yes esY
53.Welfare (site compound or office) No Yes Yes*
58.Excavation protection Yes No Yes
64. Working with compacting equipment Yes No Yes

Table 7.10 Subjectivity

Feedback from thevolunteerssuggests some hazard/harm events are difficult to
relate to, especially those with specific typesimbrry i.e. loss of sight. These
comments verified the decision to amend the ingategories during transition to
the internet version of the Tool towards more rexsaple terminology, including:

e Major Injury

e 3-day injury

* Reportable Disease

¢ Harmful Substances

¢ Muscular Skeletal Disorders
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7.4.2 Test 2 - Tool Weightings

This section analyses the significance of changimgweightings employed by the

Toolto generat€BR Numbersnamely:

* The effect of upgrading the RIDDOR classificatiarren during transition

between the prototype and on-line versions ofTtbel is investigated.

» Sensitivity analysis demonstrates the significaotehanging the arbitrary
weightings used to generaBBR NumbersThus establishing them variability of
CBR Numbeproduced by th&ool and the validity of mitigation suggested by the
Tool

Test 2a) Prototype vs. Online Tool

Both versions of th@ ool use a pre-determined hazard / harm classificatiatrix,

using nine hazards and five harms.

The prototype version focuses on the major injuaesl hazards as defined by
RIDDOR* . However théeharm categoriesised in the prototype version of tfieol
are unable to consider infectious diseases or ssselating to deteriorating health
such as leptospirosis or occupational asthma (s&éT17.11). Further examples of
these types of diseases are given in Table 7.12.

Improvements to the harm categories to remedypttublem are given in Table 7.13
and used in the web-enabled version of heol (See Chapter 6 for a full

explanation of why each category was chosen).

Finally thevolunteergPhil and David) who populated the prototype reeased each

of the work tasks using these new harm categooiethé web enabledool.

The results inrable 7.14 demonstrates the differences inGB& Numbegenerated
using the prototype and the web-enablexbl are, on average, very small. In both
cases the minimum and maxim@BR Numbergare 47 and 84 respectively with the

* RIDDOR = Reporting of Injuries, Diseases and Daags Occurrence Regulation
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averageCBR Numbein both cases around 70-71. Therefore, it carebsoned that
upgrading the RIDDOR classification screen to ideludangerous diseases and 3-
day alters th€ase Basweery little.

Tool Harm | Weighting RIDDOR Category equivalent
Categories
Main Body 6 0] fracture other than to fingers, thumbs or toes;
Injury (i) amputation;
(iiiy  dislocation of the shoulder, hip, knee or spine;
Loss of Sight 5 (iv)  loss of sight (temporary or permanent);

(v) chemical or hot metal burn to the eye or any
penetrating injury to the eye,
Electric shock 4 (vi)  injury resulting from an electric shock or elec#ii¢
or burn burn leading to unconsciousness or requifing
resuscitation or admittance to hospital for mpre
than 24 hours;

Contact with 3 (vii)  acute illness requiring medical treatment, or loss
Harmful consciousness arising from absorption of any
Substance substance by inhalation, ingestion or through |the

skin;

(viii) acute illness requiring medical treatment where
there is reason to believe that this resulted ffom
exposure to a biological agent or its toxins|or
infected material;

(ix)  unconsciousness caused by asphyxia or expagsure
to a harmful substance or biological agent

Heat related 2 (x) any other injury: leading to hypothermia, hejat-

injuries induced illness or unconsciousness; or requifing
resuscitation; or requiring admittance to hospiital
for more than 24 hours;

Other 1

Table 7.11 Harm Categories— Prototype

Reportable Diseases Examples
Poisoning Ingestion of toxic substances etc
Skin disease Occupational dermatitis, skin canegthma, chrome ulcer, qil
folliculitis/ acne
Lung disease Occupational asthma, pneumoconiadisstosis, mesothelioma
Infection Leptospirosis, hepatitis, tuberculosisnthaax, legionellosis
tetanus
Other Examples include occupational cancer, musksletal
disorders, decompression illness and hand-arm tidbra
syndrome

Table 7.12 RIDDOR Reportable Diseases
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Tool Harms

Categories e RIDDOR Category equivalent

Major Body Injury (broken limbs, amputation etg),
Loss of Sight, Electric Shock / Burn , hypothermia
Injuries leading to workers being absent or jare
3-Day Injury 5 unable to do the full range of normal duties for mpre
than 3 working day i.e. broken finger(s) or toe(s)
Poisoning, Skin disease, Lung Disease, Infection

Major Injury 6

Diseases 4 ;
and occupational cancers.
Includes inhalation, asphyxia ingestion |or
Harmful absorption through the skin of:
Substance 3 . blo!og|cal agent
* toxins
* infected material
Repetitive strain injuries, hand and arm vibratjon
Muscular . X ;
i 2 syndrome (HAV), recurring back pain, sprained
Skeletal Injuries
ankles etc
Other 1

Table 7.13 Harm Categories — Online version

CBR Number
Work Task Internet | Prototype
Repair to Merryton Footbridge 76.3 81.1
Larkhall Station Car Park 79.8 80.6
Demolition of Clyde Avenue Road Bridge 73.0 71.7
Install Concrete foundation signal base MH 419 7716 78.0
Hamilton Rd. Raploch St. Bridge Parapet upgrade 84.1 84.4
Unloading of S+C Materials, building up of panels  9.& 78.1
Support to Sheet piles 83.0 73.5
Ground Investigation (Exploratory) 74.8 71.5
Construction of Stations 78.3 80.4
Larkhall line Running of return conductor 75.0 74.8
Bridge Completion Works 63.3 63.7
Merryton footbridge 72.0 61.5
Signalling civil works 69.6 67.0
Larkhall Station Car Park 69.8 66.3
Long line public address installation 65.6 76.5
Collection, removal and disposal of sharps 66{9 358.
Removal/disposal/destruction of Japanese Knotwee6@0.6 63.1
Environmental Investigation 66.5 67.4
General site clearance 65.4 61.3
Site Survey 47.2 47.6
Average 71.43 70.34
Minimum 47.2 47.6
Maximum 84.1 84.4
Standard Deviation 8.77 9.36

Table 7.14 Comparing the Prototype and On-line veiens of theTool
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Test 2b) Sensitivity Analysis

The sensitivity of thd ool isassessed in two ways.

e Variability of CBR Numbeproduced by th&ool.
« Variability of mitigation suggested by tf@ol.
The first assessment evaluates BBR Numbersgenerated by thdool when

different weightings are used in each of the ltketid, hazard and harm categories.

Table 7.15, Table 7.16 & Table 7.17 each showethdifferent combinations of

values for each of the likelihood, hazard and heategories used in this test.

Likelihood Combinations
1 2 3
Likely 3 7 100
Unlikely 2 2 10
Not Applicable 1 1 1

Table 7.15 Likelihood Combinations & Weightings

Harm Combinations
1 2 3
Major Injury 6 1
3-Day Injury 5 1 3
Diseases 4 1 4
Harmful Substance 3 1
Other 2 1 6

Table 7.16 Harm Combinations& Weightings
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Hazard Combinations
1 2 3

Lifting Equipment/operations 1 9 1
Electricity 1 8 2
Explosion or Collapse 1 7 3
COSHH Harmful substances 1 6 4
Collision, Impact or Derailment 1 5
Working at height/ Falling objects 1
Confined Spaces / Diving operations 1 3 7
Pipework, pipeline & closed vessels 1 2 8
Containers 1 1 9

Table 7.17 Hazard Combinations & Weightings

These 9 individual combinations produc®r327 variations in which to analyse the
problem. As analysing all 27 variations can becamm@bersome, five variations are
highlighted for further analysis and shown in Tabl#8. (NB, to ease interpretation
of graphed results, each work tasks is assignath@er along the x-axis , found in
Table 7.22)

Combinations Combinations
Variations | Likelihood | Harm | Hazard || Variations | Likelihood | Harm | Hazard

1 1 1 1 15 2 2 3
2 1 1 2 16 2 3 1
3 1 1 3 17 2 3 2
4 1 2 1 18 2 3 3
5 1 2 2 19 3 1 1
6 1 2 3 20 3 1 2
7 1 3 1 21 3 1 3
8 1 3 2 22 3 2 1
9 1 3 3 23 3 2 2
10 2 1 1 24 3 2 3
11 2 1 2 25 3 3 1
12 2 1 3 26 3 3 2
13 2 2 1 27 3 3 3
14 2 2 2

Table 7.18 Variations
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Table 7.19 show the weightings Wkelihood, harm and hazard used to evaluate
sensitivity of thelToolto changes itikelihood The results are shown in Figure 7.11
where CBR Numbersan be seen to follow similar patterns yet areitjpoed at

different ranges:

*  The simple 3-2-1 weighting produc€8R Numberbetween 50-80%
e The 7-2-1 weighting produc&BR Numberbetween 20-70%

e The logarithmic 100-10-1 weighting produces thegyést spread of CBR

Numbers between 5-60%

o Weightings
Variation
Likelihood Harm Hazard
1 3-2-1 6-5-4-3-2-1| 1-1-1-1-1-1-1-1-1
10 7-2-1 6-5-4-3-2-1| 1-1-1-1-1-1-1-1-1
19 100-10-1 | 6-5-4-3-2-1| 1-1-1-1-1-1-1-1-1

Table 7.19 Exploring Likelihood Weightings

Exploring Likelihood Weightings| —; —10 — 19
90%
% A\
80% / \/\

70%

60% 4

50% <

40% 4

CBR Numbers

30% 94— A

20%

10% \ 7

0%

HlNlmlqlmlol'\lwlc’lolHlNlmlﬁ_lml
- - - - - -

16
17
18
19
20

Work Tasks

Figure 7.11 Exploring Likelihood Weightings
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Table 7.20 shows the weightings ltfelihood, harm and hazard used to evaluate
sensitivity of theTool to changes ilarmwhilst Figure 7.12 shows the results. This
demonstrates that experimenting with tregm weightings has very little difference
to the CBR Numbers The greatest difference can be seen at work ‘tasg line

public address installation’ (see work task 16iguFe 7.12) as being around 5%.

o Weightings
Variation
Likelihood Harm Hazard
1 3-2-1 6-5-4-3-2-1( 1-1-1-1-1-1-1-1-1
4 3-2-1 1-1-1-1-1-1}1-1-1-1-1-1-1-1-1
7 3-2-1 1-2-3-4-5-6| 1-1-1-1-1-1-1-1-1
Table 7.20 Exploring Harm Weightings
Exploring Harm Weightings | —;, —, -
90%
85%
00 A\ A
(D]
o 70% 4 AR
é 65% 1 u g
o 60% vV /
g /
O s55% -
50% \f/
45%
40% oA N MM LW o~ o oo O dA'N M LW o ' ~"To o o
Work Tasks

Figure 7.12 Exploring Harm Weightings
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Table 7.21 show the weightings Wkelihood, harm and hazard used to evaluate
sensitivity of the Tool to changes inhazard whilst Figure 7.13 shows that
experimenting with the ranking of hazards can sigantly affect theCBR Numbers
This implies that th& ool is far more sensitive to hazard weightings in cargon to

harm and likelihood.

. Weightings
Variation
Likelihood Harm Hazard
3-2-1 6-5-4-3-2-1 1-1-1-1-1-1-1-1-1
3-2-1 6-5-4-3-2-1 9-8-7-6-5-4-3-2-1
3-2-1 6-5-4-3-2-1 1-2-3-4-5-6-7-8-9

Table 7.21 Exploring Hazard Weightings

Exploring Hazard Weightings | —; —, g

AN

90%

85%

80% 4

75%
70% <
65%

60% 4—

CBR Numbers

55%

50%

45%

40%
H'N'm'v'm'@'[\'w'm'o' 'N'm'#'
= P .

15
16
17
18
19
20

—
—

Work Tasks

Figure 7.13 Exploring Hazard Weightings
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Work Task Work Task
Series Work Task Name Series Work Task Name
1 Bridge Completion Works 11 Removal/disposal/destruction
5 Repair to Merrytor of Japa_nese Knotweed
Footbridge 12 (Cj:_ollectlcl)n,f hremoval and
3 Larkhall ~ Station  Caf Sposal of Sharps
ParkA 13 Site Survey
4 ;ariga” Station  Caf 14 Environmental Investigation]
ar -
5 Merryton footbridge 15 Genera_l site clez_irance
. —— 16 Long line public address
6 Signalling civil works installation
Demoliton  of  Clyde 17 Support to Sheet piles
! Avenue Road Bridge Co—
9 Ground Investigation
Install Concretd 18 (Exploratory)
8 foundation signal base MH , .
419 19 Construction of Stations
9 Hamilton Rd. Raploch St. 20 Larkhall line  Running o
Bridge Parapet upgrade return conductor

Table 7.22 Work Task Series (x-axis)

To summarise the findings drawn from Figure 7.ligufe 7.12 and Figure 7.13 the
Tool shows little sensitivity to different weightingd bkelihood and harms but

significant sensitivity to the ranking bfazards

This leads directly to the second part of the $etyi analysis — whether the
solutions presented by tA®ol are affected by differences @BR Numbers This is
assessed by comparing the mitigations suggestédebiyool when theCase Basés
calibrated to each of the 3 hazard variation showhable 7.21 Exploring Hazard

Weightings as a worst case scenario.

Six arbitraryCBR Numbersshown in Table 7.23 represent ‘new’ work taskshwit
CBR Numbersanging from 40 to 90.

New Work Task CBR Number
40
50
60
70
80
90

mm|o|0|@|>

Table 7.23 Arbitrary CBR Numbers
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These are each submitted to the three diffefémtée Basesand the mitigations
suggested by th&ool compared. A summary of these results is shownvwbého
Table 7.24 (full results are tabulateddppendix B).

New CBR Number of mitigations returned by Tool
Work Task Number Variation 1 Variation 2 | Variation 3
A 40 22" 22" 22"
B 50 20A 22® 22"
C 60 49 1 60
D 70 58 61 58
E 80 60 58 55
F 90 4 1 10

Table 7.24 Comparing mitigations returned byTool using variations 1,2&3

The results of this study can be summarised asvigilg:

* Usinghazard variation 1where hazards are given equal weightings Tt
produces between 4 and 60 mitigations for work 4a8kto F. This variation
shows the only increasing trend.

* Using hazard variation 2 where hazards are ranked highest to lowest, the
Tool produces between 1 and 61 mitigations for workdasko F.

e Using hazard variation 3 where hazards are ranked lowest to highest, the

Tool produces between 10 and 60 mitigations for woskgaA to F.

« In Work Task F the Tool only returns four mitigations using the Range
Intersection Algorithm irvariation 1, four invariation 2and ten irvariation 3 It
is recommended that an additional feature be atlmedlow all mitigations to be

presented by thélool where the number of mitigations is below a certain
threshold, say a minimum of 15.
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e The CBR Number®f some work tasks where found to be beyond tlopesc
of the originalCase Baseresulting in the secondary level of similarityatdation
i.e. using only the range intersection algorithitumeed no mitigations and nearest
neighbour method is required. This occurred afalewing points:
0 Work Tasks A & B. TheTool produced mitigations based on work
tasks nearest neighbour in tBase Baseln all variations, thd ool returned
22 mitigations from the work task entitled ‘sitengey’ in the Case Base
The CBR Numbepf the work task ‘Site survey’ calculated usingiaons
1,2 & 3 are 47.22, 50.00 & 44.44 respectively. sTts denoted in Table
7.24 as superscript (A)
0 Work Tasks C. TheToolreturned 17 mitigations from the stored work
task entitled ‘Destruction & removal of Japanes®tueed’ using variation
2. This is denoted in Table 7.24 as superscript (Bhe CBR Numbeof
this nearest neighbour work task in the case basealculated using

variation 2 as 65.33.
In conclusion, this test has enabled some pertifirgsings, namely:

* Upgrading the RIDDOR classification screen to idelu3-day injuries,
dangerous diseases etc, altersGhse Baseery little.
 The Tool shows little sensitivity to different weightingd bkelihood and
harmsbut significant sensitivity to thieazardweightings.
o] Hazard Variation 1with equal weighting applied to all
hazards produced the only increasing trend of atibgs asCBR
Numberdncreased.
0 This study highlights scope for further study suel
calibrating theTool to target specific corporate safety campaigns
based on real accident studies.
* Finally, the weighting used in future tests aralised as:
0 Likelihood: 3-2-1
o] Harm: 6-5-4-3-2-1
o] Hazard: 1-1-1-1-1-1-1-1-1
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7.5 Conclusions
This chapter has detailed the following:

« The Case Basds hosted using commercially available Microsoftcass

application and consists of 10 related databadedab

* CBR Numbersre generated based on the classification of wasks using
an innovative RIDDOR-based classification screétxamples demonstrate how
CBR Numbers are calculated.

* Two retrieval algorithms are employed to matchexopast work tasks, and
their associated hazards and control measureswi@roblems.
0 Range Intersection Methaarches mitigation distributions and displays
those which match the criteria of tBearch Rangassociated with the new
problem.
o Nearest Neighbour Methorkturns_allmitigations associated with the

stored work task exhibiting the clos€&BR Number

* A development test is employed to further inveségahether therool is
sensitive to changes in arbitrary weightings. Rexf the test show:
0 TheToolis not sensitive to changes in likelihood or harm weiggsi.
0 TheToolis sensitive to changes in hazard weighting$is presents an
opportunity for further study to investigating thek between hazard
weightings and real accident statistics.
o The Tool weightings are finalised as Likelihood2-3-, Harm: 6-5-4-3-2-
1 and Hazard: 1-1-1-1-1-1-1-1-1
o Work experience appears to have
A development test employed to further investigates users classify work
tasks shows work experience may have significankislito the perception of risk

and therefore the classification of work tasks. isTls identified for further

investigation in the following chapteé?roof of Concept Testing
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CHAPTER 8: PROOF OF CONCEPT
TESTING

This chapter details a series of 4 tests with thea demonstrating that thBool is
fully functioning. On the whole the tests consideal data with real users to
demonstrate th&ool as fully working. The benefits of thHEool in comparison to

traditional method statements and brainstorminpriegies are also presented.

Overall it is concluded that thieool is not only functioning as intended but also has a

number of advantages over more traditional metloddafety management.
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8.1 Introduction

Chapter 8 aims to test whether the two versionthef ool, prototype and internet,
are functioning and to what extent. In additiors tthapter compares the output of
theTool, a generated bespoke method statement, to tnaalitoethods and gives an

indication of potential ‘value-for-money’ in comswn to brainstorming techniques.
Chapter 8 is structured in six sections, namely:

*« Section 1 — Introduction

Brief introduction and chapter structure is given.

e Section 2 - TEST 1: Prototype Tool

The aim of this study is to assess the prototypsioe of theTool and compar€BR
Numbersassigned by users with differing work experientée prototype version of
the Tool is shown to be fully functioning with both retridvalgorithms operating

successfully.

¢ Section 3—-TEST 2: The Online Tool

The aim of this study is to assess the web-enaldesion of theTool. A tutorial
style online survey demonstrates this version efTtbol as functioning and able to
make reasonable mitigation suggestions.

e Section 4 — TEST 3: Comparing Method statements

The reporting capability of th€ool generated method statements is shown to have
positive benefits to traditional method statemeatsd provides an auditable

alternative to ‘cut & paste’ techniques.
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e Section 5 - TEST 4: Brainstorming

This exercise seeks to compare knowledge extrdobed paper method statements
using brainstorming group techniques with the tssofl test 2 using the onlinieool.
The Tool compares favorably for user with less than 10 y/@ark experience and is

shown to be gootvalue-for-moneyin comparison to brainstorming techniques.
» Section 6 — Test Series Conclusions

The concluding section highlights the main findingshe chapter, namely:

o Both versions of theTool (prototype & web-enabled version) are
functioning and able to make reasonable mitigasiaggestions.

o0 The Tool, along with the generation of method statements, chesity
control and financial benefits over traditional ineads.
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8.2 TEST 1 - Prototype Tool
The aim of this section is to test the prototypesian of theTooland compare:

* The validity of the mitigation as suggested by Tlel

« Different classification (i.eCBR Numbensbased on user work experience
The study employs two volunteers, representatifferént types of possible user:

 ‘Admin’ Volunteer — representative of a typical data administratah w

minimal knowledge and experience in safety of fpamgation construction or

maintenance work.

e ‘Civil' Volunteer - this volunteer represented a pre-chartered eegiwith
approximately 3 years ‘graduate’ level experienteivil / structural design and

construction work.

Both Admin and Civil volunteers were asked to read three paper-basedochet
statements and perform tRele PlayandKnowledge Capturelements developed in

section 7.4.1:
* Role Play- Classify the work task by role playing as thespe responsible
for writing method statements.

 Knowledge Capture- Detail the mitigations used in the actual method

statement,

These three work tasks were described by theircagsed method statement as:

1. Earthworks
2. Drainage
3. Structure trial holes

The volunteers used the prototype version ofTthel to classify each work task, as if

this were occurring in ‘real-time’.
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Below is a description of each of the new caseslwith the volunteer who

performed the task:

e Case 1: Drainage (Admin) e Case 4: Earthworks (Civil)
e Case 2: Earthworks (Admin) e Case 5: Trial Holes  (Admin)
e Case 3: Drainage (Civil) e« Case 6: Trial Holes (Civil)

Classification involved the volunteers assigninghei likely, unlikely or not
applicablein the pre-defined hazard / harm matrix as shawiigure 8.1. Thdool
Designer was at hand to answer specific questions from \‘bkinteers but
intentionally removed themselves from the decisioaking process of classifying

the work tasks.

The Tool'sCBR Functions ‘switched on’, allowing the retrieval algoritisnto select
and present the user with a dynamic list of hazardkassociated control measures

based on a small teGase Basef five work tasks as defined previously as:

* Construction of Cabinet, REB & Container Compounds
e Junction Mast Erection & Wiring Modifications

* General Concrete Works

«  Shot blasting / Painting of structures

* Bridge Demolition
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QES.r.a.m.s '
| MENU !

Figure 8.1 Prototype Tool Classification Screen
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The volunteers were asked whether Tlo®l’'s suggestions were relevant, based on
their understanding of the work task. The methiadesments were then mined for

comparison by th&ool Designeusing the steps identified in section 6.2.3:

1. Background Knowledge The Designerreads each work task in order to

gain background knowledge.

2. Mining Statements TheDesignermines each of the method statements for
information relating to the safety or wellbeing wbrkers on site. This is
achieved by highlighting and grouping similar waldeassages relating to a

common feature.

3. Visual Matrix . A simple matrix is used to identify and show thkationship
between the work task method statements and ttesl limitigations and is

performed in parallel with the previous step.

The results are shown in Table 8.1 and Table &s2d¢ upon:

* The originalCase Basef five work tasks and 62 mitigations.
* TheCBR Functiortswitched on’ to produce a dynamic list of mitigats.

 TheCBR Learning Abilitys ‘switched off’; meaning new cases are not added

to theCase Baséor use in the next cycle.

The Range Intersection Methaetrieval algorithm yielded no results for Casartl
Case 6 due to low classification numbers actingoasiers within mitigation
distributions. Therefore the second layer of estal, Nearest Neighbour Method,
displays all mitigations associated with the waaskkt with the closest overdllBR
Number Using this method, work task ‘junction mast ei@tt & wiring
modifications’ with a classification number of 7%3wvas found to be the closest to
both Case 5 (62.6%) and Case 6 (59.46%).

Table 8.2 Summary of Results shows the percentdgenitigations correctly

identified by theTool, the average being 76%.
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Admin | Civil Admin | Civil | Admin | Civil
Drainage Earthworks Trial HolesF
Casel | Case3 | Case2 | Case4| Case5 | Case6b
8 CBR ~ Classification gq74 | g574| s87.60| o181 6260 59.46
Number ( %)
b) Number of  Actual 38 38 35 35 22 22
Mitigations
c) Number of mitigations 32 58 58 37 34 34
suggested by tool
d) Number of mitigations
correctly identified by tool 23 38 34 31 12 12
e) Number of mitigations 10 20 23 6 18 18
wrongly identified by tool
f) Number of mitigationg 15 0 0 4 9 9
missed
9) % identified correctly | gq53 | 100 | 100 | 8857 545 545
i.e. (d)H b)*100%
h) % over suggested butnbt 5 55 | 3448 4138 1620 5294 5204
accepted
i.e. (e)Hc)*100%

Table 8.1 Results using initial Case Base — CBR keéng ‘switched off’

Percentage of Controls correctly

Method SR Moy identified by Tool
Statement Civil Admin Civil Admin
Drainage 85.74 80.74 100% 60.5%
Earthworks 91.84 87.60 88.57% 100.0%
Trial Holes 59.46 62.60 54.5% 54.5%

Table 8.2 Summary of Results
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Table 8.3 demonstrates improved performance when Léarning Ability is

‘switched on’. This allows new cases and resulisnfiprevious cases in subsequent
searches usinGase Based ReasoniiGBR) methodology. Although the addition

of the first two cases to th€ase Basedo not alter the selection of mitigations

presented by the tool for Case 3, the addition€ades 1, 2 & 3 to thEase Base

produced improved results of Case 4.

CBR
Ooff | On
Earthworks
Case 4
a) CBR Classification Number 91.84| 91.84
b) Number of Actual Mitigations 35 35
c) Number of mitigations suggested by tool 37 41
d) Number of mitigations correctly identified by togl 31 35
e) Number of mitigations wrongly identified by tool 6 6
f)  Number of mitigations missed by tool 4 0
g) Percentage identified correctly 88.57 100
h) Percentage suggested, but not ‘accepted’ by uger .2216 14.6

Table 8.3 Comparing ResultsCBR Learning‘on’ or ‘off’
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8.2.1 Test 1 Conclusions

Test 1 shows th&ool (prototype) to be fully functioning and also prossda valid
method of knowledge transfer between paper docwsremd thelool's Case Base

Results from this test also signify:
 The classification screen allows user with différéppes of ‘technical
experience’ to classify work tasks.

« Work experience made little effect as the two viodens were shown to

assign similaCBR Numbergbetween 3%-5%) to the work tasks.

* Both theRange Intersectioand theNearest Neighbouretrieval algorithms

operated successfully.

* Over half of the control measures (average 76%)beaelicited from paper

documents.

* A relatively small case base of five work tasks banused to find between

54%-100% of mitigation measures in new cases.
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8.3 TEST 2 - The Online Tool

The aim of this section is to test the online \ar2f theTool and further explore the
issue of subjectivity previously identified, incing:

e The validity of the mitigations as suggested byTbel.

» Toolvalidity with regard to scaling effects & dataagtity for multiple users.
* The effect of user work experience ug@BR Numbers

*  Whether thélool acts in an intuitive way for users.

In addition, an invitation strategy and instructimethod is investigated as a possible

precursor for ‘rolling out’ th& ool within an industrial setting.

8.3.1 Invitation Strategy & Online Survey

The increased numbers of users needed to assdsg) sféects also presents the
problem of deploying th& ool whilst ensuring the integrity of data for multiple
users. This is achieved by using the web basesloreof theTool rather than the
prototype version. Th€ase Basds located on a computer server and accessed
through a dynamic webpage using server query layjggu®QL) and computer
interface engineColdfusion For the purposes of testing, tfeol is restricted to
those with access to the University of EdinburgloE) computer network as the
database holding théase Bas®f past solution is hosted on a ‘development’ serv
(Campbell and Smith 2007a).

A ‘blanket’ invitation strategy using e-mail was ployed to invite all academic /
research staff and students within the School d@irtgering and Electronics at the
University of Edinburgh to participate in an ondisurvey. This was followed up by
an e-mail from the Head of the School re-enfordimg importance of the research
along with face-to-face reminders with colleaguesAs a comparison, direct
invitation was given to small management consultabhased in Scotland, Glen
Clova Ltd.
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Potential users were invited to register for a maere and password atvw.total-
safety.com see Figure 8.2, Figure 8.3 and Figure 8.4. Tdwstration process
includes a career summary and is designed to allmwparison between different

work experience groups.

a

| Safety

Qctober 17, 2007

» HOME 3
Introduction

Construction
Industry

The Total-Safety project is an application developed at the University of
Edinburgh{UcE) and supported by the European Physical Science Research

P maven Centre (EPSRC) and the'Transport Dapartment of Canillion.

Reasoning i = 5 5
FhD Student Jennifer Campbell is undertaking the three year project to obtain a
, EE Doctorate Level Degree and supervised by Dr Simon D Smith,
Hazards ” " :
The project was inspired by another Industrial CASE project where Gregory
» CBR Tanl Carter (UoE) investigated the management of safety hazards on Carillion
construction projects, Although not fully utilised within Carillion, one of the
b Contact outcornes of Carter’s work was the development of an online tool for the .
management of health and safety hazards and associated risks in construction,
k Useful Links Despite & lack of utilisation, the fundamental aspects of the earlier project were ﬁ
recognised as having significant potential within highways and transpart prajects, Ii"

Transportation projects present very different risks to Carter’s ‘construction’ toal, o" J@y
thus the current project has been established to protect not only the wellbeing of {

Carillion Transport employess and the general public, but the financial stability a

and the carporate image of Carillion as a whole. g

Go to survey

Figure 8.2 www.Total-Safety.com

Total Safety

£l

april 17, 2007

Thank you.....By participating in this survey you are making a Log Out

differencel

The online survey is in four parts.

Partl- Background Enowledge
Partz-Rale Play and Hazard Classification
Fart3-Case Based Reasoning Tool
Partd- Feedback Questionnaire

I

Please read the instructions before starting the survey. (Techaical! problems should be directed o j.oampbell@ed.ac.uk)

Instructions

parti- Background Knowledge

In the first part you will be asked to download and read a 'method statement’ of a real life construction task. [ CLICK HERE T DOWWRLOAD ] . This will equip

you with background knowledge so you can see it from the supervisors wiewpoint, You will need a pdf reader, if you do riot have one go to www.adobe.com

A method statement is like @ plan or recipe for getting the job done and is generally collsted and produced by someone in a supervisory level, These instructions
are then given to workers on site who carry out the actual task, Scoping each work task and producing these documents relies on the extended work experience
of the person writing the method statements to identify potentially unsafe practices and remedy the situation, Gathering information from these documents for

use in other construction tasks is a key step to improving hazards identification and may ultimately save lives! By Participating in this survey you are

Figure 8.3 Online Survey
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Once logged in, users are given written instructoonthe research aims of the

‘online survey’. The sections of the online sunaeyl their order are summarised as:

e Part 1: Background Knowledge Users download a PDF version of method
statement for background knowledge relating to teastruction of Larkhall
Station Car Park.

« Part 2: Role Play & Work Task Classification. Users role play as the
person who will ultimately write the method staternand assess work task as if in
‘real- time’ (see Figure 8.5).

* Part 3: Case Based Reasoning FunctionA dynamic list of mitigations is
presented to the user based onG@B&R Numbergenerated in Part 2. Users decide
whether these mitigations are evident in the oalbimethod statement and
encouraged to add and/or perform a semantic s¢aec@ase Baséf they feel the
Tool missed something important. This is similar t@ #nowledge capture

element discussed in previous tests.

* Part 4: Feedback Questionnaire Aimed to improve the survey methods and

establish the time involved in the survey (Figuré 8

Total Safety

December 10, 2007

Register

‘_ 4 iGiven Name Family Name Gender Age Range E-mail address
|Details

J Male 4| Less than 20 years old ™ |

~ I ]Organl;ation or Employer Name Current Position
Organisation J

Work |Main Discipli Academia / Education / T
Experience | LA LUL Public Sector Consultancy Contracting Health and Safety

R None v || Nane

i Civil Engineering ~

< |

Mona = None he

{My highest level of qualification, or
Qualifications [it's equivalent is given below) False ¥ |s1Ihold a
valid CSCS card

| None b
] 4

|'Yes » 1 agree that information in this research survey will not be used far personal or commercial gain.

Get Login and Password

Figure 8.4 Registration Questionnaire
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PART 2 - Classify the task
Please assign Likelihood to each of the hazard/harm combination below for the online survey of Work Task Larkhall Carpark ¥ |
* Role play or pretend that the job has not started yet, and that you are the person who will ultimately write the method staternent,
* The method statement gives information on what types of things might go wrong during the construction task, and how to avoid them, For this
stage, concentrate only on ‘unsafe’ issues even if these dangerourous situation were recognised in the d it and were avoided,
* You will now assign a Likelihood to each combination of hazard and harm using a new clasification method, For each of the hazard/harm
combination you must pick either ‘Likely’ , ‘Unlikely’ or ‘Not Applicable’ . Hazard/harm combinations have been pre-determined and are viewed as
a pivot table. Below gives an example how to record then lifting operation and/or equipment’ is likely’ to cause major injuries,
Major Injury
Lifting Equipment fOperations | uon el WA
@ O O
CLICK HERE if you would like to open reference description of hazards and harms in a new window, you may find these helpful when assigning
Likelihood values.
¥ ok
Major Injury 3 Day Injury Disease Harmful Substances Musc;::?::::!etal
Lifting
Equipment Likely Unlikely N/A  |Likely Unlikely /A |Likely Unlikely N/A  |Likely Unlikely /A Likely Uniikely /A
/Operations ® O o @ o o |@ O ® (@] ® o) o)
Major Injury 3 Day Injury Disease Harmful Substances Mus‘i"f‘;::::!eul
Electricity Likely Unlikely  N/A Likely  Unlikely  N/A Likely Unlikely: W/A Likely Uniikely  N/A .
Likely Unlikely /A
® o O|l®e o o |®@ © © O © [E e
Major Injury 3 Day Injury Disease Harmful Substances Mus‘rr:;::::mtal
Explosi
Collapse Lg)ely Un!:é()e!y Né; Lf(l::)efy Lm.féely Ng Likely Unlikely  N/A Lgeﬂy Unrgefy N(/; Likely Uniiksly /A
® O O
Major Injury 3 Day Injury Disease Harmful Substances ""“;’:;::::’“"
COSHH -
Harmful Likely Unlikely N/A Likely Unlikely  N/A Likely Unitkely  MW/A Likely Uniikely  N/A i
Likely Unlikety /A
substances (O] O O @ (@] (&) O ® (@] o e ‘o) o)
Major Injury 3 Day Injury Disease Harmful Substances M"“;"!?;:::’“al
Collisions /
Derailments/ | Likely Unhikely WN/A Likely Unlikely  w/A Likely Unitkely  N/A Likely Unfikely  N/A
Likely Unfikel /A
Impacts ® O O o) ® O O o © [t th A
Major Injury 3 Day Injury Disease Harmful Substances Mus:;:;::::letal
Working at
Height fFalling |tikely Unlikely N4 Likely Unlikely  N/A Likely Unlikely N/A Likely  Unlikely  N/A Likely Unitkely /A
Objects @ O o @ Q Lo HO) O ® (o] O @ 0 0
2 . Muscular Skeletal
confined Major Injury 3 Day Injury Disease Harmful Substances Thjuries
Spaces / : " . " n
Diving Likely Uniikely WA Likely Unlikely  N/A Likely Unfikely N/ Likely Unlikely  N/A Likely Unlikely N/A
Operations ® O O @ o} o O] ® Q (o] ® ) o)
Major Injury 3 Day Injury Disease Harmful Substances Husﬂr:;::::ie!al
Pipework,
Pipeline & Likely Unlikely N/A Likely  Unlikely  N/A Likely Uniikely  N/A Likely Unfikely  N/A ; -
Closed Vessels | (o) O 0O | @ (o] O ® e} O Lgely Mfg‘)ﬁ‘?" Ng
Major Injury 3 Day Injury Disease Harmful Substances M"“;"!;;:::!E“l
Containers Likely Unlikely N/A Likely  Unlikely  N/A Likely Unhkely WA Likely. Unlikely N/A . o
Likely  Unfike: /A
@ o O|e o o @ ® o o s
Continue

Figure 8.5 Online Survey Work Task Classification Campbell and Smith 2007a)
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Part 3 - The Case Base Reasoning Tool
Instructions
* The CBER tool analyses the results from Part 2 of the survey and generates a list of suggestions to avoid the dangers of the construction task.

* Look through this list and decide whether or not information in the original method statemnent agrees with the CBR tool suggestions.
+ Click ‘continue’ to move to the next stage

* %k ¥k
Mitigation e -
Mitigation Description Accept?
Name
Services should be located by site surveys (CAT scans) and contact with appropriate
authorities. Use 'hand Dig' technique to expose services . Drawing and sketches should
Exposing be included in method statements, Where operatives are working near plant etc ® @)
services suitable excavation barriers / supports and warning signs such as 'goal posts' must be Yes No
used to protect the workers and inform those adjacent to the site. Trench supports
may also be required, as may consideration of confined spaces
ALL lifting equipment and operations are governed by Lifting Operations and Lifting
Ceritified Equipment Regulations (LOLLER )- this can also include Manual handling equipment.
Liftin Plant and equipment must be regularly maintained and hold valid certificate, without ® 0
Equipgment these certificates the plant MUST NOT BE USED. Operatives using such equipment Yes Mo

should be competent. Be aware that plant may require different specific requirements
such as a barrier against the crushing zones, SWL, boom and counter-balance radii.

Appropriate site barriers should be used to ensure unathorised persons cannot enter
the site, Appropriate 'sign-in/ signout’ procedure should be used during working hours
and security present between shifts. Anti-vandal gquards and immobilisers should be
Site Security fitted to plant and any routes used by the public must be maintained(i.e. no trip @Yﬁs ONo
hazards etc) and segregated from operations, In extreme cases all plant, equipment
and materials will be delivered to site at the start of the shift and removed at the end
of each shift,

Traffic Barriers installed to segregate plant/ workers. Banksman(Trained and competant) to ® o
Management |be used to control any plant adjacent to carriageway Yes No

REMEMBER to check whether a less COSHH sensitive option is available for your task.
Storage of Substances should be clearly labeled in a suitable container and stored in a locked
COSHH storage area. This facility and the related COSHH information sheets will be managed ®ves Ono
Substances by atrained and responsible person. Provisions for specific COSHH First Aid, PPE and
Spill Kits should alse be made.

House Keeping [Working areas and welfare facilities should be kept clean and tidy L @Yes ONo
Only improved working bariers are to be used. These must be erected, inspected and

Approved maintained ('Scaf-tags' or other system) by a trained and competent operative and in

Working accordance with COM Regs. Remember to include a searegated area below the ®ve: ONo

Platforms platform, edge protection and consider the positioning of loading areas. Check
exposed & infrequently used structures such as walkways on bridges

PPE (General |Safety Helmet (in date). Highways specification high visibility vest/ jackets, Safety ® (@)

Road) footwear fes Mo
Copies of manufacturer certificates to be kept in site offices. RR\'s certificates to be on

Certified Plant |the machines and checked and recorded on crane controller's checklist. Test Bt @

and Equipment |certificates for sub-contracted plant will be kept in nearby(desinated) sub-contractor
office for inspection or copies kept at main site office.

Plant fully fuelled before arriving on site- tank capacities should last until completion of
works. Fuel bowser (if required) will be double skinned. Fuel for small pplant should be ® o

stored in approved containers. Drip trays to be used for all refuelling operations and fes Mo
spill kits will be available on site,

Fuels on site

Method The site manager or Eingineer shal brief all staff invilved in the works on the content of

&taverment the method statement and give an opportunity for a question and answer session to @Y ON

Briefing ensure the workgroup understand the methodoloay. A record of who has been briefed 28 b
and when must be recorded and attached to the method statement

Compliance

Monitoring Undertake supervisorory and management checkes as per proceedures laid down ® ®)

Method within Project Specific Quality Plan- Measurment, Analysis and Improvement Yes No

Statements

Existing waste can include fly tipping,burnt out vehicles, trolleys, contarninated track
ballast and/ or general household garbage. The extent of this will be assessed and
Removal of removed from site prior to any work starting, probably to a licienced tip. Rats may also ® O
Existing Waste |be present. Bear in mind that some areas may also be prone to drug related activity fes Mo
and proceedures must be in place for safe handling of needles and /for related sharps,
‘Additional PPE may be required.

Preventing Rats urine (and somethimes contact with dairy cattle) can carry weil's disease.

Weil's Disease |Operatives working in areas likely to have rats (canals, river ete) should be briefed as @Yas OND
{Leptospirosis) [to the correct proceddure

Daylight : e 5 g

Wn‘;klgno All works to be carried out within daylight working hours @Ya_s OnNe
Welfare (site |[Comprehensive welfare facilities including toilets, washing and canteen facilities must

compound or |exist at the site compound / offiice and personnel intraduced to these during their site ®ves Ono
office) induction brief

Figure 8.6 Online Survey User Selection Screen (Cabell and Smith 2007a)
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Feedback Questionnaire

* The feedback questionnaire will help impraove our survey methods and fine tune the calibration of the CBR tool
#* ‘You can recieve information on the survey results and be informed of upcoming publications by joining a mailing list in this section.

e
I have read the introductory webpages for background information when under taking this survey lrAgrBE b |
My first language is English | ﬁgrg_e -_V_\

Overall my impression of the project is .....

Introductory Online
Web Pages Excellent Good Bad Awful Su Excellent Good Bad Awful
|General Layout O O (@) O E:::::I O @ 9] O
Content O @) O O O O O O
Project Aims O O Q O .?:srt‘:-::ﬁnns o o O O
spet | el el et e
Strongly Strongly
General . :
Agree Agree Disagree Diagree
The project is interesting O O O ®)
The survey method is clear @) @) (@) O
Fu:!:el:.a&d.lar;gua&e :sed
statement is difficalt to o o o) o
understand
Pnomtades Time Taken to complete | Less then § mins |

Part2 - Role Play and
Hazard Classification

Time Taken to complete | Less then 5 mins + |

Part3 - Case Based 3 —
Reasoning Tool Time Taken to complete | Lessthen 5 mins ¥ |
Partd - Feedback : i ]
Questiona:e i [ Time Taken to cornplets| Less then 5 mins ¥ |

Additional
Comments

‘ Yes ¥ ]Add my &-mail details to the survey mailing list, 1 am interested in publication of the survey results

Figure 8.7 Feedback Questionnaire
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Initial results using this strategy were disappomtsolely on the few numbers of
volunteers willing to undertake the survey. Thitllyee potential volunteers applied
for a username and password yet only 8 completeduhvey within a two week trial

period. This comprised two volunteers from Glenv@ld.td, a small management

consultancy based in Scotland, and six volunteera the University of Edinburgh.

Details of the volunteers work experience in gehéisciplines are shown in Table
8.4 whilst Table 8.5 gives details of their highesialification along with an

indication of their average combined work expereenithin these disciplines.

Work Experience (Years)
Academic | Consulting | Contracting| Health &
/ Education Safety
Lecturer A
(Simon 10-20 years None 2-5 yeard 5-10 yedars
= Lecturer B
g (Gareth 5-10 years None None None
Q
% PhD St_udent A Less than 2.5 years None None
Ay (Julien) 2 years
s PhD Student B Less than 2.5 years None None
> (lan) 2 years
Iz Undergraduate
_g -Engineering- 2-5 years None None None
5 (David)
Undergraduate
-Non-engineering- None None None None
(Jame3
S Management
8 Consultant None 2-5yrs 10-20 year| 5-10 years
e
= = (Gr::tjhan)
) Senior Administrator
O (Carol) None None 5-10 yearg None

Table 8.4 Demographic of User Work Experience
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The volunteers from Glen Clova Ltd comprised onegany administrator (the only
female of the test group) and a contractor curyemtrking in the oil industry. The

volunteers from the University of Edinburgh incldde
* Two engineering lectures
* One non-engineering undergraduate
* Two PhD Students

« One undergraduate student studying an engineeiscgpline

Due to the use of time ranges in the questionntieeprecise number of years work
experience for individuals could not be calculatétbwever, the average combined
work experience can be estimated based on the mmignd maximum limits of

these ranges (see Table 8.5)

Highest Combined Work Experience
9 (Range in Years)
Qualification Minimum Maximum Average
Lec_turer A Doctorate 17 35 26
(Simorn)
= Lecturer B
%n (Gareth Doctorate 5 10 7.5
o}
< PhD Student A |\ sters Degree 2 7 4.5
0 (Julien)
© PhD StudentB | \\qiers Degree 2 7 4.5
> (lan)
I Undergraduate
g -Engineering- Masters Degree 2 5 35
5 (David)
Undergraduate
-Non-engineering- H'? IF](Z\:%rg(rje 0 0 0
(Jame} 9
S Management
8 Consultant City and Guilds 17 35 26
©
c = (Grz;hanj
. Senior Administrator
O (Carol) None 5 10 7.5

Table 8.5 User Qualifications & Combined Number ofYears Work Experience (average)
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In performing the task, each volunteer is foundclassify the work task slightly
differently and thusCBR Numbersanged from 45.7 and 90.6 as given in Tabl&.8.6
The order in which the volunteers performed thek tas also shown in this

table.
Survey| CBR | Suggestion§  Suggestions
Order | Number| by theTool | accepted by Users
Lecturer A
(Simon 1st 50.7 22 5
Lecturer B
< (Gareth 8th 45.7 22 6
=
£ PhD Student A
¥ (Julien) 6th 90.6 30 29
©
)
£ PhD (IS;ﬁ)dem B ard | 710 26 25
2
'g Undergraduate
-Engineering- 7th 58.5 65 29
(David)
Undergraduate
-Non-engineering- 5th 71.3 29 16
(Jame}
o Management Consultart
3 (Grahan) 2nd 58.5 17 17
O3B
G~ Senior Administrator
0) (Carol) 4th 87.2 33 30
Total 244 157

Table 8.6 Online Survey Results

® N.B. CBR Numberdrom this tables are rounded to the nearest whoteher to ease reading and
discussion
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No appreciable similarities are found within ageougps, but examining work
experience and gender highlights some interestintpfs in how users classify work

tasks:

* Both lecturers give the lowe§iBBR Numbebnf 46 and 51 and had the largest

experience in academia/ education.

*  One of the lecturers (Simon) and the managemerguttamt (Graham) had
the same overall average number of years work epsr yet the consultant has
the higherCBR Numberand shows a more pessimistic view towards dangers

associated with the task.

* Both the management consultant (Graham) and onieofundergraduate
students (David) gave@BR Numbepf 59. The contractor showed the most non-
academic experience in the group with between 2€arsy experience in
consultancy, over 10 years experience in healthagetg and over 20 work

experience in general contracting.

e Surprisingly, both the non-engineering undergragluahd one the PhD
students from an engineering background assignedCBR Number of

approximately 71. The PhD student had an avefdgeears combined average
work experience whilst the other volunteer commentieat the area of risk

assessment was ‘alien’ to them.

* The only female assigned the second hige&R Numbepnf 87. This person
works as an administrator within the consultancer Mork experience (7.5yrs

average) is predominantly in contracting and bissrsettings.

* The highesCBR Numbenf 91 was gained from an engineering PhD student

with average of 4.5 years combined average work.

TheseCBR Numberare used by the retrieval algorithms to presehinteers with a
list of possible mitigations from th€ase BaseVolunteers then assessed whether
these mitigations presented by theol are evident in the original method statement.

The list of mitigations generated in the study ehffom 17 to 65.
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A summary of results is given in Table 8.6. Tliklé shows the classification of the
work task CBR Numbeér the number of mitigations suggestions by Toel and the
number of users agree as being evident in thénatigocument.

An interesting phenomenon is apparent in the ca$2awvid and Graham who both
attributed 2&CBR Numbepof 58.5; however David is presented with a greatenber
of mitigations by in comparison to Graham (69 ver&d). This increased number
indicates thé ool is continually learning i.e. thBool improves the selection given to
David by incorporating both Graham’s input and the®lunteers after him (lan,

Carol, James & Julien).
The main findings of the results were as follows:

 TheTool suggested a total of 244 mitigations for the ewmgbltinteers, 65%
(154 / 244) of these were accepted by volunteemnatshing information in the

original method statement.
*  The number of mitigations declined ranged from 8o

* Both the lecturers were presented with 22 mitigetibut opted that only 6
and 5 of these were evident in the original docun{2@% & 27%). The four
issues the lecturers agreed upon as being evideet entitled ‘Exposing services’,
‘Identifying hidden services’, ‘Method Statementiéing’ and ‘Fuel Spill Kits’.
Issues they did not agree on were whether issueslafse Keeping’, ‘Safety
Briefings’ and ‘Limited Shift Hours’ were in the rtied statement. It is likely
that these individuals compared fheol suggestions with thRisk Assessmeand
COSHH Sheetsit the rear of the document. This demonstrates ingportant

safety issues, hidden in prose text, can be urtioteldly overlooked or ignored.

* Non-lecturing volunteers opted that between 16 a8dcontrol measures
were evident from the method statement documerttis €orresponds to 44%-
100% of the Tool's suggestions matching evidence in the original woekth
statement (the average being 80%).

* Only one of the volunteers elected to add new atitigs to theCase Base
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* No volunteers added mitigations using the availablrch function.

8.3.2 Test 2 Conclusions

The online survey successfully proved the web-ethblersion of theTool as
functioning and able to make reasonable mitigagsaggestions despite a limited

Case Basef past events. Other findings include:

* Volunteers were able to use thieool despite differences geographical

location and work experience

 The method of using th€ool to facilitate knowledge extraction is credible
with an average of 80% of the suggested mitigatimientified as correct by

volunteer users.

* Volunteers with more academic work experiences apde be more

optimistic about in the likelihood of site dangevkilst those with contracting /
consultancy experience appear to more pessimistiere also appears to be
differences in how lecturing staff have approactiexl survey task by relying on

the tabulatedRisk & COSSH Assessmeatghe rear of the method statement.

* By relying heavily on the content of tlitisk & COSSH Assessmeatsthe
rear of the document, volunteers missed importafétyg issues hidden in prose
text. This highlights the need for clear and ceacreporting of hazards and

improved pro-forma of method statements.

* Those with less work experience appear to havengeraf optimism of site
dangers CBR Numbersare between 58&91). This important finding sudges
managers should consider work experience when alabggrisk-based tasks to

engineers with 2- 5 years work experience.

* Many volunteers elected to trust the suggestiontheflool and did not to
add further mitigations either by searching thesemg Case Baser adding new
entries. This is an indicative human behaviour emad be called a ‘lazy factor'.
This is similar to the existing problem of relianze personal work experience in

individuals. However, this problem could be ciratented by increasing the size
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of the Case Baseand hence refining the mitigations distributioi$is can be
achieved by ‘switching off’ the CBR algorithm angplaying all entries to users
for a short period of time. This step is advisakleen upgrading th&ool from the
research development stages to real-time useexiicise could also be utilised to

assess the perception of risk (and tolerance)rpacate bodies.
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8.4 TEST 3 — Comparing Method Statements

This test is aimed to compare the method statergenerated by thdool and
‘traditional’ method statements. Anecdotal evidersuggests authors of safety
documentation such as method statements, can emplag ‘cut & paste
techniques’, whereby control methods from previdasuments are re-used without

demonstrating:
* How hazards, risks and mitigations from the presiowrk task relate to a
current work tasks.
»  The suitability or effectiveness of the mitigations
e Quality assurance that these mitigations are hieipiemented on site.
This scenario can result in a misplaced assumptianworkers are being adequately

protected when in reality, inappropriate or inefifee mitigations are in place.

The Tool avoids this scenario by suggesting past mitigatiosed for similar work
tasks for which the user must take positive actmeonsider and accept. The user

must determine suitable mitigations separatelpisuitable ones are suggested.

The physical outcome of th&€ool is a generated method statement. This test
compares a generated method statementre method statement for the

construction of.arkhall Station Car Park
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A brief comparison between the original methodestant and th@ ool generated
version shows th&ool is approximately less than half the length (8 M&.pages).
The contents of the origin&isk & COSHH Assessmerdre reproduced in Figure
8.8 and Figure 8.9, whilst examples of the cont#nthe Toolgenerated method
statement are shown in Figure 8.10 and Figure 8.1Full-sized documents of
original and Toolgenerated method statements are givenAppendix G and
Appendix Hrespectively.

The total number of mitigations as suggested byl is 33, in comparison to the
17 individual items evident in thRiskand COSHHsections in the original method
statement. This signifies that mitigations aredbkid in the main body of the report-
style text and the significance of these statemémtsrds worker safety heavily
relies on the subjective understanding, judgememtd actions of the reader
(Campbellet al.2008).

To combat this, th&oolgenerated method statement separates the desenpdrk

or project related material from the mitigationshis mirrors the format of the risk
assessment in traditional method statements byglabulated but adds an additional
column for quality control and site feedback pugms This new column requires a
signatory to ensure each of the mitigations usedHe work task. The signatory
must specify alternative mitigations where thosetha method statement are not
applicable for the task, the control is ineffectieoughout the duration of the task
or where a superior method is available. Detdilhese events can be recorded on
the final page of the method statement (see FigurE) enabling a feedback loop of
tacit knowledge within site-based individuals to daptured and incorporated into
the Case Bas¢Campbellet al.2008).

Further differences between the original documemd @he method statement

generated by th€ool are shown in Table 8.7.
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T

T Y ey FHEQDL T CONTROL ¥ IASURE,
MGY
AETIMG,
i
j o BATING.
{ Working with Struck by plant resuliing Carillion Site Brigfing. Banksman wiin
: haavy plarnt in serious Injury, possible Machines, Competeni plart operators,
fataliy s i 5 certificated by approved training
organisation. Records kapt on file. Only
enter working area when required.
“Working with Struck by Carillien Site Briefing. Banksman with
stene haulage | wagons/dumper resulting Machines, Competent wagon operators,
wagons/durnp | i setious irgury, possible 5 5 PPE-Hard hats, high-vis vests, Stockpile
ers “aiality stone in designated area oniy. Cniv arter
working area when required
o Drainaga Trench Collapse, falis All work to be suparvised by & competent
/Ducting: inte sxcavations, comact parson,
Excavaticrs with underground A bartier will be eracted and mamtaineg
services and 5 i 5 around any open excavation, a4 permit to
unavthorizad access by did system will be installad,
public a security guard will be on duly during off
site hours.

Wiorking with Siruck by plant resulirg Carillion 3ite Briefing. Competent roller
campactirg in serious injury, crushed crivers. PPE-Hard hats, high-vis vest and
squipmerii possible fatality & i 5 ear dafenders. Only enter working area

when recuired.
Time Limits for riding roller- 15mins
on/15mins off on imported Fill,

Contact with Electrocution, severs Carilion Site Briefing.

services burns, Dgath Competent person to CAT scan area.
& 1 5 Protect existing services/cables
Carillion Permit to Dig to be issuad
prier to excavation starting. Hand dig only
to expose existing services, if required
General Not Working within Method Statement/Safety Brief,
Access 1o Agreed Arca. 4 2 8 Clear Demarcation.
Statt, P.T.5. Certified Staif.
Pollution of Infection from polluted Ensure welfare and hygiene facilities are
site water, &.g. (Weils salisfactory. Measures will be iaken to
Disease) Pollution of the 4 i 4 stop spills infilrating the drain run e.qg.
watercourss by the spill kits available on site.
works.
Poor lightirg Slips, trips and falls. i 2 2 Adequate task and site lighling lo be
} provided if required
Manual Straing and Sprains Method Statement.
Handling 3 2 G Safety Brief.

Trained Staff.
Passed oul in Manual Handling Skills.
Anoroved handling equipment

Figure 8.8 Original Risk Assessment
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Dyvorniting, inbalation remove parson to
well vertilated area if uncorscious put
person in recavery cosition ard assisl
I breathing sesk immediate medical back

up. if in dou
madina am

bt in any instance seak
e,

RN

10

| Sters in approved
- glowves, First aid

Fmouth with water doonot induce

cortaingrs, use
ses wash with
copious armourits of walsr, skin wash
with soap and waisr, Ingestion wash

vorniting, halation remove porson to
wali ventiated ares if unconscious ol
person in recovery position and assist
breathing seek immediate medical back
up. If in doubt in any instance seek
medical advice.

3

Hydraulic oil

10

Store in approved containers, use
gloves. First aid, eyes wash with
copious amounts of water, skin wash
with soap and water, ingestion wash
mouth with water do not induce
vomiting if more than 1 litrs seek
medical advice. Inhalation not expected |
to be a problem 1Y in doubt in any i
instance seak medical advice.

Concreie
~and Mortar

KT

Wear protective cveralls, gloves and

- baaots for conereting, mask and goggles
for cement dust. If in contact with the
aves flush with ciean water for at least
15 mins and seek medical advics
without delay. If in contact with skin,
wash with soap and water. If skin
Cirritation or pain continues seek medical

ml

| atien

ol
[

Figure 8.9 Original COSHH Assessment
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Method Statement ID Code: pS/Larkhallq  Ynigue D 103
11 rev.0

Larkhall Station Car Park

Created by: glenclova@hotmail.com 10/04/2007

Instructions:

Below is a checklist of control measure for the current work task.

An authorised site signitory MUST check these control measures are in place before starting
the job and act as signatory by initialling each measure acordingly.

In the cases below, put a number next to your initial and list addtional information at the
end of this document.

A. Control measure is not applicable for the job

B. A safer method is available
C.The control measure was not effective throwghout the duration of the task

Hazard Control Control Description A”fh_ﬂ'_'f§€‘d

by (initial)
Crane / Lifting All Lifting equipmentent 15 governad by LOLLER Tnitial
Operations = -...Considaration should be ziven to the posifioning of crane,

crane pads, ballast and the ‘crush zone' to aveld crane overbunmg
o1 loss of stability. Io-one should be beneath loads(cr parts
therecd) at any tuue and barnders should be erected if necessary.
Loads cutwith the SWL or reach of the jib should not be
attempted. All operators (incl banksman) should be trained and
competent. Tielmes attached to shing loads at all fumes and shings
checked daily be supervisor / slingers fo vizable signs of damage -
1f found, these nmst not be wsed, gquarantimned and then serapped
Trained Plant Staff trained and certified by approved tainmg organisation. Tnitial
Fecords kept on fila. All staff will canry relevant cartification on
site and , upon request, pressnt this to COSS or any other
racogmized safety / audlt persommel

Operatives

Correct Fuel All fuels to be stored in correct container. Use suitable gloves Tnitial
Storase when handling. Handlers to be trained and aware of first a:
= reponse. For petrel, deisel and hydraulic eil. .. ... Contact

with eves = wash with coplous amounts of water., Contact with
skin=wash with soap and water. Ingestion = wash mouth with
water BUT DO MOT induce vomatmg. (If more than 1/2 lite of
hydraulic oil=seek medical advice) Inhalation= removs person to
well ventilated area and 1f wmeonscious put into recovery pesiticn
to assit breathing and SEEK IMMEDIATE MEDICAL BACK
UP. Ifin doubt, seek medical advice

Safety Briefing Safaty brisfings st be given before work commences, whare Initial
7 the condifions of a given worktask have changad.

Created by using www total-safery.com on .. 20 Ocrober 2007 Page 2of 8

Figure 8.10 Tool - generated Method Statement (exaste 1 of 2)
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Method Statement 1D Code:

MS/Larkhall/1 Unique_ID 103
11 rev.0
Larlchall Station Car Park

Created by: glenclova@hotmail com 10/04/2007

Additional Site Information:

A. Control measure is not applicable for the job

B. A safer method is available

C.The control measure was not effective throughout the duration of the tash

My Ref AB/LC Description / alternative measure o
Initial

Exarnple Trench bomes not required as digging <100mm. _we b A

used barriers along with plant stop blociks instead I- Bloggs - 01/01/2

M. 1 A

Created by using www.total-saferv.comon .. 29 October 2007 Page 8of &

Figure 8.11 Tool - generated Method Statement (exaste 2 of 2)
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Method Statement
Hazard Controls Traditional Tool - Generated

Crane & lifting Operations x v

Trained Plant Operatives
Correct Fuel Storage
Safety Briefing

Fist Aid Procedure

First Aid

Manual Handling training
Ground Investigation
Exposing Services

Lighting (Temp & Normal)
Waste Material Management
Approved working platforms
House Keeping

Storage of COSHH substances
Traffic Management

Site Security

Certified Lifting Equipment
Access Egress Routes

Fuels on Site

Fuel Spill Kits

Dust Suppression

COSHH- Lead Paint

Welfare (site, compound or office)
Daylight Working

Preventing Weil's Disease
(Leptospirosis)
Removal of Existing Waste

N T I N I N U N I B B NI N IR B NI B NN N EANTIE

<

Fall Arrest Systems

Method Statement Briefing
Identifying hidden services

Certified Plant and Equipment
PPE (General Road)
Authorising start of work

Compliance Monitoring Method
Statements

SR N NN I NN I N N N N N NG N N NG N N N O N N N B N N N N I N N BN NN

LR A NN RN I NI

Table 8.7 Comparison of Traditional & Tool-generat&l Method Statements
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8.4.1 Conclusions

In short, the reporting capability and ability dfetTool to generate meaningful
method statements within seconds has positive hemefcomparison to traditional

method statements, namely the ability to provide:

* An auditable alternative to ‘cut & paste techniquegh improved quality

assurances.

* A platform for feedback between those workisgthe sharp enénd those
who must ensure their safety i.e. a feedback lolbpwimg the transfer of
knowledge between Bob and Andy.

* Shorter and more concise method statements le&ating
o Proactive management of important hazards.

0 Savings in time, cost and reduced environmentaaohp
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8.5 TEST 4 — Brainstorming Exercise

This test seeks to emulate the creative processiviedt in extracting safety
knowledge from method statements. The is achievgdfacilitating a group
brainstorming exercise and comparing group redoltsach other and individuals

who perform the same task using ffeolin test 2, section 8.3.

The Institute of Infrastructure and the Environmé&HE) at the University of

Edinburgh has an excellent variety of research ggouWeekly seminars facilitate
continual learning within the department and areegiby academic and industrial
guests, as well as members of the faculty, auyil&aff and PhD students. The
seminars are often well attended, offering a prumeue and established time slot to

conduct a group exercise.

The test was advertised to possible IIE attendses &eminar on the topic of
‘brainstorming techniques’. Brainstorming is a stured format for group problem

solving widely used in Industry.
The three main objectives of the seminar include:

*  Promote networking within the working community.
e Learn and use group problem solving techniques umsediustry.

* Apply these new skills to obtain a method of exirar safety knowledge

from method statements.
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8.5.1 Ice-breaker

Seminars at IIE often follow the traditional pretsgion or lecturing format with the
attendees sitting in rows and facing a presentatoeen or overhead projector. This

is followed by a question / answer or discussSiGEs®a.

The intention of the icebreaker exercise is toritimally take attendees out of their
comfort zoneby changing the room layout in order to createargd open space

suitable to performing an ice -breaker exercise.

The attendees, who had naturally grouped with diseand colleagues upon entering
the room, were asked to re-arrange themselvesestallest people were at the back
of the room and the smallest at the front. Additt@nstraints of eyes closed and no
verbal communication were aimed to be both phylsiGahd mentally confusing- a
representation of unfamiliar work scenarios. Tames exercise was performed at the
end of the seminar but without these additionaésulas skills gained during the
session were metaphoricalye-openin@nd amethod of communication

Observing the group during the ice-breaker exengisgided an insight on how the
attendees would address the main exercise, namely:

» High participation rate, with only a few electingtrio join in.

e Tall people gravitating to the back of the room &tning a horizontal line.

e Attendees forming a chain of people approximated/dame size.

e Attendees continually moving forward, checking tHeight against random
people they met.

Figure 8.12 shows a representation of the ice-leregitoup.

230



CHAPTER 8: Proof of Concept Testing

D> @ L
w @
o O
—
TP S @ B

@ Plan of Attendee  @PChain forming
@ Tall @Prire Engineer
@ small @Abstained

Figure 8.12 Representations of ice-breaker exercise

After a few minutes, the attendees were askedojo isttheir current position in the
room and assess:

*  Whether or not the group had achieved the task.

»  The difficulty of the task.

» The different methods employed by individuals.

In addition, an interesting phenomenon happenednt of the attendees. A Fire
Engineer (trained in recovering people within smbtked rooms) traveled sideways
to the edge of the room and remained there; thisdigative of methods employed
by the fire service to travel along the walls oé ttoom when searching for lost

colleagues.
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8.5.2 Win-win & Brainstorming Formats
The concept oWin-Winwas introduced to bring into focus mutual bendjib¢h for
the attendees and the presenter (see Table 8.8Avirsoals). Other alternatives
include (Covey 2004):

* Win-Loseor Lose-Winwhere one party gains advantage over the other.

* Lose-Losavhere both parties do not achieve their desiredsgo

* No Deal where either or both parties decide thal tHo not wish to be

associated with the other party or the venture.
The last point o Dea) was observed in the ice-breaker exercise whemeso

attendees abstained from the challenge.

Reinforcing the benefits of the brain storming el aswin-Win resulted in all

attendees patrticipating in the main exercise.

Attendees Presenter
Learn industry group solving | Use of seminar time-slot with established
techniques reputation and good attendance.

Meet & interact with new peopleé Use group as working case study
or those in different Departments

Use new skills in an actual cas¢ Examine methods employed by groups &
study results

Table 8.8 Win-Win Goals
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Three examples of brainstorming formats were ptesems linear, spider and

input/output.

All formats allow ideas, following from a generdietme, to be written down
irrespective of whether these are used in any firalsion making:

e Linearallows re-arranging of the ideas to follow progressteps.
* Spiderallows many interconnecting themes to be devel@pedexplored.
e Output / Inputallows a results oriented approach to be adopted.

These are shown in Figure 8.13, Figure 8.14 andurBigd.15 respectively.
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structure -linear

How do folk Brainstorming Control Group
get info out

of paper =

documents?

Volunteers R

Link to my schools

other e
research ”~
"‘;‘ ".Undergrads
Internet? Lit review ’ -
il Monday Talk
¥
feedback Presentation L
or just talk

= 4

structure -linear

How do folk Brainstorming Control Group
get info out
of paper =
documents?
Link to my Volunteers R I- cFack
other
research I >

|| Monday Talk

feedback Presentation
or just talk

Figure 8.13 Brainstorming - Linear Format
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Structure - spider
Presentation

Brainstorming
Talk

Research
Data

add

structure - spider

«  40/50 people

+ Ice breaker

+  Max group size 8
« 5-7 groups

+ Power point - Just
talk?

+  Fun
+ Max slides 15

Brainstorming
Talk

* No chairsftables?

Research ;
Data + How will people see me?
+ A3 paper —room for flip
+ lce breaker exercise charts!?
« Max group size 8 + paper/pens etc
« Method + Projector
+ No of safety critical + Room set up before
information hand

d

Figure 8.14 Brainstorming — Spider Format
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Strul Gllll'e
output-input
« Established « Research Data
Event « Career info
« 40 folk
« 1 hour « Method used
+ Presentation
+ 1 laptop *  Number of
* 4 days ‘safety critical
preparation information’
time
* A3 and smaller
printer
e
sructure
outpul-INPUL
. Established « Research Data
Event e « Careerinfo
olders:
* 40 folk ™ 0-A3. 15 A2
« 1 hour “Example — + Method used
+ Presentation—] brainstorming
« 1 laptop B structure . // Humberaf
+ 4days 15slides Format"/ ‘'safety critical
preparation —| rsadback information’
time
» A3 and smaller AS career| [LSIMPLE -
printer ———— "BYV€Y | linstructions
Wish List -not enough time « 1on 1 interviews
-Industry in presentation
contacts
»

Figure 8.15 Brainstorming -Output/Input Format
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8.5.3 The Group Work Task

A brief introduction of the research topic was give the attendees along with an
explanation of documentation such as method stattsneThe twenty attendees
were then split into smaller groups and variou®ueses were made available i.e.

paper, pens, highlighters, whiteboard etc.

The task was entitletextract safety related knowledge from paper documse.
The groups were asked to perform the followingOrnt@40 minute timeslot:

e Brainstorm a method to achieve this goal.

* Use their extraction method on a real method statém

The groups reported their method of brainstorminip@ end of the time limit, along
with the individual number of safety informatiorkiiowledge items extracted. The

brainstorming results are shown in Table 8.9.

ltems

Group Brainstorming Format Medium extracted

Output / Input
Led by most experienced member,
others acted as scribes Flip Chart 32
List general areas of hazards
List specific hazards
Output/Input
- Produce headings based on the Risk
2 Assessment and COSHH sheets A3 Paper
Explore body of text for more details
under these headings
Expand heading list

13

Linear
- Highlight hazards individually

3 - Report and discuss with team

List these statements

Define other useful sections

(Risk Assessment & COSHH sheets)

A3 Paper 25

Spider
4 - Reliance on quality assurance checklist White 11
Mine document to produce list of ‘key| board
words’

Table 8.9 Brain-storming Results
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Groups
1 2 3 4
Total Number in Group 3 4 6 7
Male| 3 1 6 4
Female| O 0 0 3
<20
21-35 1 3 5 5
36-45 2 1 1
Age Range 26-60 1
>60
Declined 1
Academia 27 22 30 43
Consultancy 9 4 8 7
Combined Work | Contracting 4 3 7 10
Experience H&S 5 7 25
(Years) Total | 45 36 70 60
Approx. Averagg 15 9 11.5] 8.5
£ | Mechanical 1 1 1 3
Main 8 | Civil 1 1 1
Discipline | -S| Chemical 1 1
.o | Other 5 1
None of the
Above 1 2

Table 8.10 Demographic of Brain-storming Groups

In addition, aCareer Appraisal Formis completed as a means of showing the
demographic of the group. The results are showhaiple 8.10. This form shows
many similarities to the registration questionnairged in test 2 and is used to
compare the two groups and their results; those wsd®theTool and those who

perform brainstorming techniques.

The following photographs (Figure 8.16 to Figurg3}.show each of the 4 groups

during the group task, along with their extractinathod.
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Figure 8.16 Group 1

Figure 8.17 Group 1 Extraction Method
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Figure 8.18 Group 2

Figure 8.19 Group 2 Extraction Method
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Figure 8.20 Group 3

Figure 8.21 Group 3
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Figure 8.22 Group 4

Figure 8.23 Group 4 Extraction Method
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Several possible outcomes of the brainstormingaeseirelating to work experience

are viable, namely:

* No correlation between work experience and numbekwacted items. This
could signifying past experience has little or ritea in the understanding and

extraction of safety knowledge

* A decreasing trend, whereby the number of safedynst decreases with
increased work experience of the group. This caudaify group members are
more complacent about the importance of methoérstnt content or rely heavily
on competence (i.e. relating either to the capauitthe document originator, or
that safety items do not warrant extraction as fjetent’ workers would be
expected to carry out these duties as part of tteinal daily duties).

* An increasing trend in the number of safety itemghwncreased work

experience.

The results of the exercise followed this last dravhereby the number of safety
items extracted by each of the groups increased thi# average work experience
(see Table 8.11).

Group
1 2 3 4
Number in Group 3 4 6 7
Work Experience (avg. yrs)| 15 9 11.5 8.5
Number of items extracted 32 13 25 11

Table 8.11 Summary of Results

These results are shown graphically in Figure §125lue, along with red dotted line
as a reasonable trend prediction flattening ateigmd of the distribution.

It must be noted that due to the venue, all grdwgas predominate work experience
in ‘academia’ in comparison to ‘contracting’, ‘caigncy’, and ‘health & safety’;
no appreciable trend could be assigned to theserefit types of work experience.
None-the-less, Group 3 showed the greatest numberombined years work
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experience in ‘health and safety’, yet this did oe¢rly skew the results. This group
contained one person from the field Mechanical Engineeringnd five members
from Fire Engineeringrelated disciples. Although the ‘safety’ expegerof this
group would perhaps be more applicable to evaauatiduildings in service, rather
than workers performing construction and mainteeaasks, the group showed their

experiences could be applied to different situaion

Lastly, the results showed no trends relating twmeased number of group members
in the number of safety items extracted; suggedtiegold adage that ‘quality is

better than quantity’.

Brainstorming Exercise

40 \
35 | Group 3 ——
" - 6 members - -
e 30 - 2z 7 G 1
£ roup
et 8 25 - ?roug 2 - 3 members -
Y = -4 members -
°8 20
D +~
‘Ez Ll>j 15 -
S |
> 10 _ _ ____| -——7 ™ Group4
5 - -7 members -
0 ‘ ‘
0 5 10 15 20

Group Work Experience
(Avg. number of years)

Figure 8.24 Graph showing effect of work experiencduring the brainstorming exercise
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8.5.4 Brainstorming vs. Tool

Figure 8.25 combines and compares the resultsedbrhinstorming exercise (Figure
8.24) with results from test 2 (see also Table.8Mh)s graph shows the number of
Tool solutions (shown in pink) is greater than the neambf items identified via

brainstorming methods (shown as a blue line) whaesrage work experience is less

than ten years,

In addition to these benefits, theol can also be shown to be goaalue-for-money
Figure 8.26 estimates the cost of the brainstormiatkshop aimed to extract safety
knowledge from one method statement as around 81,Pfls assumes a company
‘charge out’ rate (or loss of earnings) based @nates of the brainstorming group
i.e. participates aged 21-35 were assumed to b@a@ble with graduate engineers
etc. As a comparison, the cost of extracting then2thod statements detailed in test
1 (Section 0) would be approximately £25,000, cg tnrd of the overall cost of this
research project. Thus the financial benefits @& Tool can be seen to compare
favorably to group brainstorming techniques, baghdata extraction methods for

populating theCase Basand as a real-time decision suppoobl.

Brainstorming vs Tool
70 I
{ @Number of eNumber of Solutions
60 Tool Solutions 1 Accepted by Users [
(7]
E L 501
— QO
5o 40 —
oZ 309 °8 °
EY . ° °
> o
0
(e} o
0 T T T T
0 5 10 15 20 25 30
Work Experience
(Avg. number of years)

Figure 8.25 Comparison of Brainstorming & Online Suvey Results
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Participates

Graduate Engineers = £30/h , 14 x £30/h =420
Senior Engineers = £50/h ,4x £50/h =200
Managing Director = £60/h ,1xX£60/h = 60
Senior Administrator = £20/h , 1 x £20/h = 2@
Facilities

Workshop Facilitator = £50/h , 6 X £50/h =180
(Plus 5 hours preparation)

Room Hire = £100 =100
Lunch = £60 = 60
Miscellaneous items = £20 = 20
Total = £1,180

Figure 8.26 Estimated Cost of Brainstorming Workshp

8.5.5 Conclusion

This test demonstrates the following:

» Groups of people, with an average work experiemeatgr than 10 years are

better equipped to understand and extract knowlédge paper documents.

 TheToolwas found to have several benefits over this tyfpmlective group
work, namely:
0 Tool users with less than 10 year experience were fdaanextract a
superior number of safety knowledge items in comgparto brainstorming
groups with similar work experience.
0 The cost of theTool was shown to be comparatively gowadlue-for-
money.

* This signifies theTool's potential to provide continual learning in hazard
identification and management to relatively new keos, in addition to extracting

good safety knowledge from the older working popata
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8.6 Test Series Conclusions

The series of tests in this chapter demonstratesptbposedrool as have viable
alternative to current methods whereby traditionathod statements:

e Do not record ‘null’ reports.

* Unintentionally hide safety knowledge.

* Reliance upon the interpretation of the reader.

e Allow ‘cut & paste techniques’ to go unchecked.

To combat these problems, theol facilitates the capture and re-use of tacit safety
knowledge from existing workers and produces chaatitable documents. These
documents mirror exiting good practice by providiagcommunication platform
between thosat the sharp endnd those who create safety documentation.

With respect to th&ool, this chapter:
* Shows a relatively smaffase Basecan be used to suggest mitigations for

new work task situations.

* Proves the prototype version of theol as functioning and able to make

reasonable suggestions of mitigations.

* Proves the web-enabled version of ffaol as functioning and able to make

reasonable suggestions of mitigations.
» Highlights the quality control and financial bengfof theTool.

In addition, this chapter also highlights the impace of risk perception. Risk

perception has been cited as being based on pggshahd therefore assurance of
complete safety or “zero risk” is practically imgdse (The Royal Society 1983;

The Royal Society 1992)

247



Safety Hazard and Risk Identification and Managemnten

In Infrastructure Management

The Tool quantifies and limits this issue by using a matfiy® hazards and 5 harms
during the work task classification process, thimiting the number of risk
perception judgements to 45. The results of thes telsow users classifying these
work tasks based on work experience and competestbethose with less work
experience appearing to have a range of optimisgarding site dangers. This
implies that perhaps these individuals may berfiefit collaborative solutions from
the Tool, rather than insular and personal work experiefidee Tool therefore
demonstrates potential to benchmark company andidugl risk perception levels

and the effectiveness of targeted training iniei

On average 80% of the suggestions byThbel were identified as being correct by
volunteers, despite a relatively limited library ©ase Basef past events. Other

findings include:

o Volunteers with more academic work experiences appe be more
optimistic about in the likelihood of site dangewghilst those with
contracting / consultancy experience appear mossipestic.

o Some volunteers rely heavily on the content ofrribke assessment and
COSHH sheets at the rear of the document, missipgitant safety issues
hidden in prose text. This highlights the need &ear and concise
reporting of hazards and improved pro-forma of radtstatements.

o Those with less than 10 years work experience agpdaave a range of
optimism of site dangersCBR Numbersare between 58&91). This
important finding suggests managers should consdek experience when

delegating risk-based tasks to engineers with mimmwork experience.
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CHAPTER 9: CONCLUSIONS & FURTHER
RESEARCH

This thesis has presented the findings of a reBeproject undertaken with the
overall aim of understanding and managing hazaitsmnthe transportation sector
of the construction industry. This chapter, theali@nto the thesis, summarises this
research and bring together the main conclusioashesl. With research of this
nature it is important to appreciate that thereukhaot be an end to the investigation
of the problems; it is clear there can be much ntba¢ can be done to further the
cause of protecting the ‘Bobs’ and ‘Andys’ in intiys This chapter will therefore

also consider what directions future work in thisaashould take.
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9.1 Introduction

This chapter gathers together the conclusions whee been drawn during the
course of this research project and is structurddur sections:

¢ Section 1 — Introduction

Brief introduction and chapter structure is given.

¢ Section 2 — Conclusions

The main conclusions of the research are prese@eetall it is concluded that the
Tool is not only functioning as intended but also hasumber of advantages over

more traditional methods of safety management.

» Section 3 — Proposals for Further Work

Six areas for improvement along with opportunities future research are
highlighted for further discussion:

Deployment & Field Testing
Parallel Applications
Improve Technology
Improve Methodology
Improve Relationships

o O O O o o

Multidiscipline / Collaborative Research Opportigs
e Section 4 — Lessons Learned

The most important lessons learned include:

e The importance of time management skills.
« The importance of face-to-face contact and strategiworking in user tests.

* Continually testing prototype versions gives anapmity for improvements

to be highlighted in final versions.
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9.2 Conclusions

The research presented in this thesis has coregdhiat the fields of hazard & risk

management, and applied artificial intelligencel@pgions:

e The research aims to improve worker safety by @hag measures to reduce
fatalities and injuries to workers in the field wansportation construction and
maintenance tasks. Two hypothetical work&sb and Andy are used to

demonstrate real-life problems encounters by warlro aim to Keep Bob Safe.’

» This research proposes hazard controls used fastgopoblem can be applied

and / or modified for new work tasks.

* To this end, a fully working decision suppdrbol towards aiding hazard

identification in the work place has been develoaed tested.

 The Tool facilitates the capture and re-use of tacit safetgwledge from
existing workers by using a hybrid methodolo¢g§nowledge Based Systesnd
Case Based Reasoning
o The development of theThink, Plan, D6 model allowedCase Based
Reasoning (CBR)esearch literature to be mapped directly onto the
established project lifecycle. Applying this moddlowed CBR research
within construction and maintenance projects tadeatified as the research
focus.
o Knowledge Based Systemsas identified as a means of facilitating
knowledge extraction from corporate memory by comeging on atrial
by successmodel. This was achieved by identifying, collagt and
transferring knowledge within site documentatiofatiag to non-accident

(or null) events within a real infrastructure pudje

* TheTool produces clear auditable documents or method statisnbased on
specific site conditions, thus providing a commatian platform between those

the sharp en@nd those who create safety documentation.
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* A new worker group as the target audience — thase act ag-acilitators
and Authors of Method_$atementFAMS). This role challenges and delineates
the traditional roles such a&entractor anddesignerby recognising FAMS as an

integral part of work teams irrespective of jolbetibr company structure.

 The Tool acts as decision support by suggesting hazardatsrthat have
been used in past similar work task scenarios.s Thiachieved by identifying
similar characteristics in past and current wodksa

* An innovative method of classifying these charastes is proposed based
on the UK regulatory reporting regulations RIDDORereby linking hazard
identification directly to the UK’s legal requiremts. This is represented as a 9 by
5 matrix whereby those assessing the work task (BAMust clarify whether each
of the 45 (9 by 5) events are eithiédtely, unlikely or not applicable This
classification process in turn generat€SBR Numbeused to assess the similarity

between past and current work tasks.

e Past hazard controls are suggested to the used basthe similarity of the
RIDDOR classification. A new method of assessinglarity between stored and
new work tasks is presented as Renge Intersection AlgorithmThis algorithm

is linked the Bell curves or distributions of stbieazard controls and is therefore
self calibrating. A failsafe algorithm using nestr neighbour technique is used

where theToolis queried beyond the boundaries of the stored latye.

e The user must accept or decline a list of suggestadard controls
successfully used in past work tasks with a singlassification. Individual hazard
controls selected can be searched and selectedtifro@ase Baser knowledge

library by keyword in addition to new hazard cofgraploaded. The hazard
controls selected by the user are stored and usechake a more informed

suggestions for the next user.

 TheTool output is a generated Method Statements with irgazdayout to
allow the effectiveness of hazard identificatiord ananagement processes to be
monitored and assessed. This is achieved bysiteefeedback signatorgolumn
whereby the actuddazard controls used on site are recorded.
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* In addition to the quality control benefits of thenerated method statements
the Tool has financial benefits in comparison to traditiohazard identification

methods such as brainstorming workshops.

» It is proposed that the statistical risks assodiatéth the classification of
work tasks and associated hazard management decigicconsequences be
collated and analysed by a central specialised t&sim. Furthermore it is
proposed that this method of splitting risk andardzmanagement would allow
FAMS to concentrate on creating and managing cbmreasures, whilst the
statistical risk team can benefit from targeted apdtralised risk management
training. In short, this method diverges from #stablishedack of all trades and
master of nonepersona prevalent in the Industry, with a viewesiablishing

competent workers with diverse skill bases.

» Development testing of thBool allowed the following to be assessed:
o0 The weightings used in the generation of BBR Numberand the
sensitivity ofTool suggestions based on these weightings
o The effect upgrading the RIDDOR classification screbetween the
prototype and the internet version of the Tool.

« Proof of concept testing involved volunteers udimgTool in the prototype
and internet form. Both versions were proved tduretioning and able to make
reasonable suggestions of hazard controls.

o TheTool compares favourably to a comparative brainstornmogkshop

for those with less than 10 years average work réxpee:

o Significantly higher numbers of knowledge items tenextracted from

paper method statements using Tioel.

* These results highlighted the issue of risk pefoaph classifying work tasks
based on work experience. This presents an avemukirther study towards

investigating perception and worker competencel$evased on work experience.

e Lastly, the Tool shows potential to provide continual learning iazéard
identification / management along with benchmarkammpany /individual risk
perception levels and assessing the effectiverfdasgeted training initiatives.
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9.3  Proposal for Further Work

This research has shown a means to aid hazardficktdn and management within

Infrastructure Management.

However, the research is by no means all-embraeind, many other areas can be

further investigated. Six areas are identified:

* Deployment & Field Testing

TheTooldeveloped in the thesis is a small-sqaieof of conceptodel and full roll-
out in an infrastructure project is a long-term Igd&xamples of further research

include:

o Developing of deployment strategy and trainingréture.

0 Assessing the scalability of results with regarthtgerCase Base.

o0 ‘Value-for-money’ comparison with safety campaigns and hazard
management tools

o Monitoring user feedback regarding layout and gainsuggestions for
improvements.

o Statistical comparison of projects using / not gdimeTool.

o Investigate linkCBR Numbeweightings to real accident studies.

o Investigate links between risk perception, compesterand work

experience.

» Parallel Applications

Application of the Tool to other construction and laboratory settings d@obé
conducted and addition@lase Basesreated. This could enable comparison between
industries and weaknesses in hazard identificatiethods to be identified for future
training. An interesting research direction woble the application of th&ool to

small or medium sized business enterprises (SMEecself-employed.
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e Improve Technology

It is proposed that later stages of this ongoingeaech theme will include
investigation into small, light hand-held devicesttwill allow theTool process to
become mobile on site. This additional feature wailow site personnel to add
(electronically) whether the mitigations proposee@rev effective or if different
methods were required. This would also allow infation on how workers’ actually

carry out the given task to be added toGase Base

e Improve Methodology

Other artificial intelligence or knowledge manageteethods can be investigated /
compared along with other types of documentatiahsaiety communications. Also,
retrieval algorithms and investigation into re&liaccident distributions could

enable improved ool calibration, particularly for hazard weightings.

* Improve Relationships.

Academic and industrial collaborations must bevatyi sought and new projects
managed well to enable extended field trials. unggestion is to approach
Transport Scotlandcreated to manage devolved responsibilities e $cottish

Parliament. Contact with such high profile bodeesild allow a wider view of

industrial practice and give opportunity to be iweal with high profile projects,

such as the new bridge across the River Forth.rc8swf funding in other industry
collaborations, such aknowledge Transfer Partnership@TPs) could also be
investigated and their strategies assessed.
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e Multidiscipline / Collaborative Research Opportunities

Other avenues for future research could involvéabokation between psychology /

education and engineering fields. Some suggestedarch directions include:

0 The impacts of mental health upon hazard identiboa and risk
management.

o0 Risk education to young people and school childoapjtalising on the
‘Bob the Builder’ children’s programme. Could B&Andy take lessons
from this type of media?

* Improved Relationships — Seek academic and industrial collaborations for
field trials. In addition:
o Contact with high profile bodies such Bsansport Scotlandcould allow
a broader view of industrial practice to be examine
o Sources of funding in other industry collaboratiossch aknowledge
Transfer PartnershipgKTPs) could also be investigated and their stiateg
assessed.

e Multidiscipline / Collaborative Research Opportunties- Other avenues
for future research include:

o0 The impacts of mental health upon hazard identiboa and risk

management.

0 Risk education to young people and school childoapjtalising on the
‘Bob the Builder’ children’s programme
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9.4 Lessons Learned

| have gained a vast amount of knowledge throughimicourse of this study, both
in regard to the research topic and myself. | Hauad this experience has given me
additional confidence by developing communication @resentation skills. These
have been further reinforced by presenting my watrlseminars and conferences,

interacting with people of varying disciplines, attending appropriate training.

Early identification of the training available tlugh the University of Edinburgh
(UoE) enabled a series continuing professional lopweent (CPD) days to be
undertaken. A total of 15 CPD days were achievethé early stages of research

project (sedppendix | for details).

The research was a far greater challenge than bhguhally anticipated, especially
the development of th€ool, both in the prototype and web-enabled versionkis T
required steep learning curves in server query uagg (SQL), ColdFusion

command language and dynamic web-page design. odgdth not pleasant at the
time, these experiences acted as a reality chetk\@bhat was achievable within the

timescale.
The most important lessons | have learned from takieg this research are:
« Time management skills are paramount and realistie scales / planning

are required.

* Using the prototype for validation testing enaltleel mechanisms to be well-

defined before transposition to the web-enabledigar

* Consider the resources available to you, whethisr mtaterials, software, or
people. The web-enabled version of fheol would not have come to fruition

without the IT support team.

* Face-to-face contact and strategic networking igalimble. This is
demonstrated by the lack of response when tegtiaghline version of th&ool
when very few people elected to take part.
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