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OBJECTIVES

At the end of this unit, you are expected to:

· Understand Systems Engineering Concepts
· Be able to construct Concept Maps
· Be able to construct Activity Cycle Diagrams
· Understand System Life Cycle Stages


Introduction

This unit will address some aspects of system design using graphical models and the case study of car design





















The following criteria should be added to the E3S3 model
· ELEGANCE - The system should appeal to the aesthetic requirements of the user
· SUSTAINABILTY:
RELIABILITY is the continued achievement of these outcomes over time under intended contexts
RESILIENCE is the achievement of these outcomes under intended conditions and unexpected, possibly extreme conditions


Process and system design fundamentals

1) The Grammar of Design – design as a communication process is accomplished more effectively and efficiently, with less error and rework if participants (including customers) adhere to a common language. The following operational definitions are presented to support this process.

2) Systems and processes
a) A system is described by a noun and measured (qualified, quantified) by an adjective.
b) A process involves the interaction of two or more systems. It is described by a verb and measured (qualified, quantified) by an adverb. A process will usually result in a change to one or more of the participating systems. 
c) Diagrammatically we describe processes by rectangles and systems or resources / entities by circles.

3) Systems analysis addresses Structure, Process and Outcomes
a) Structure – the tangible components of a system.
b) Process – the interactions among system components.
c) Outcomes – the change in state of one or more system components as a result of the process.

4) Requirements and Specifications
a) A process has performance requirements as set by the various customers; performance requirements are measured by reference to some standard or by comparison with other processes.
(i) Performance may be measured by a change in subsystem / component state.
(ii) Requirements will generally be classified into:
(a) E3S3 - Effectiveness, Efficiency, Ease of Use, Safety, Security, 	Satisfaction.
(b) Often a customer may desire high levels of all of these outcomes, but may have to settle for a compromise.
b) A system has specifications, usually quantitative, that are necessary for design.
(i) Adjectives- big engine, dry road, trained driver, restrictive speed limits.

5) Validation and Verification
a) Processes are validated by being implemented in a realistic context (environment, users etc) or simulation.
(i) Driving involves human, vehicle, environmental and regulatory subsystems.
(ii) Driving quickly involves all these subsystems.
(iii) Driving “quickly” is relative to other occurrences of the driving process which has different subsystem values.
(iv) Driving safely involves all of these systems and may not occur if one or more of the subsystems is “out of tolerance”.

b) Driving quickly and safely depends on high levels of all the subsystems. Systems are verified objectively by measurement of key features (adjectives) and comparison with the system design specifications (with tolerances):
(i) Big engine – V8
(ii) Trained driver – attended and passed safe driving course
(iii) Restrictive speed limits – 50 kph


	
	Activity
Develop a simple system diagram for a bus service




Concept maps

















1) Concept maps are a diagrammatic way of describing a complex situation, system or process showing key sequences, interactions and links to supporting information.
2) http://cmap.ihmc.us/conceptmap.html
a) http://cmap.ihmc.us/download/
i) Adaptations of concept mapping will be used throughout the course to assist in organizational structure and process analysis.
ii) An operational discipline in concept mapping is to separate activities (processes) from entities (systems) and apply “grammar of design” concepts.
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	ACTIVITY
Draw a concept map to describe the processes and systems (resources) involved in setting up a company safety management system  



Activity Cycle Diagrams

1) A graphical way of describing the flow of entities / resources around a complex network of activities and queues based on embedded logic. Can be used for complex system description or as a basis for discrete event simulation.
2) Each entity will move around a different activity cycle consisting of activities and queues (times when the entity (system) is not being used).
3) Activity cycle diagram concepts will be used throughout the course to describe complex systems and processes.
4) Check the activity cycles and branching logic of the following activity cycle diagram that shows the resources (entities), activities and pathways associated with a bar or café.





	
	ACTIVITY
Draw an activity cycle diagram to describe the delivery of materials to a building site.




Design Process

1)  The Human Factors Cycle
a) The human factors cycle is superimposed upon the general process model (inputs – process – outputs) by adding both process and outcome analysis and the decision process used to modulate the inputs based on process and outcome analysis. Furthermore the inputs are separated into those factors that can be changed and those environmental / context factors that usually cannot be changed, but which must be considered in system and process design.




b) The Human Factors Cycle deals with analysis of processes that occur by the interaction of designed systems in an uncontrollable, but often predictable context. Human Factors analyses of the process itself and the outcomes of the process is fed to the decision makers along with inputs from other analysts, such as costing, engineering, operations etc. It is management that makes policy decisions regarding changes to the design inputs in order to optimise the outcomes.

	
	ACTIVITY

Use the Human Factors Cycle model to describe the process of transporting the victims of an industrial accident to the emergency room (Note there may be multiple activities, so the HF Cycle may need to be amalgamated with an Activity.



2) 
Design as a control problem

[image: ]

	
	ACTIVITY

Discuss this model with regard to the design of a fast food process




i) Inputs (systems) – must be designed.
(1) Human inputs: affected by selection, training, assignment, abilities, limitations, motivation, attention, fatigue, etc.
(2) Equipment and materials: can be designed, must be resilient with regard to users and context.
(3) Context / environment: cannot be designed, must be addressed, for example by barriers or shields.
(4) Regulations may be applied to Human, Technology and Environmental subsystems:
(a) Passed driving test, Energy efficient car, Day time driving

ii) Process
(1) The interaction of two or more systems with a measurable outcome in terms of process performance and the change in state of one or more contributing systems.


iii) Outcomes
(1) Generally measured in terms of:
(a) Effectiveness: quality – matching customer requirements.
(b) Efficiency: optimal use of resources (money, time, materials, energy, people etc.).
(c) Ease of use: resilient to varied users, usage and contexts.
(i) See 6Us handout
Add Elegance (Aesthetic appeal)
(d) Safety: systems resilient to catastrophic failure, wear
(i) Process / system failure mitigated to reduce severity of unwanted outcome
(e) Security: process / systems resilient to accidental or malicious interference by third parties.
(f) Satisfaction – (all) human users (customers) should be satisfied by their experience with the process /systems.
(i) There may be compromises.
Add Sustainability (reliability and Resilience)

iv) Feedback, adaptation and learning control

(1) Feedback: mechanism for communicating outcomes (error) to modulate inputs:
(a) Flying in wind under Visual Flight Rules (VFR) conditions
(b) Catching a ball
(c) Balancing on one foot
(d) Heart rate (what about anticipatory heart rate increase?)
(2) Adaptive:  automatic adjustment to inputs based on pre-defined context.
(a) Thermostat – heating / cooling changes to pre selected conditions.
(b) Jockeying in queue behaviour.
(c) Diabetes medication.
(3) Learning: behaviour modification and performance improvement with experience / practice.
(a) Hitting a golf ball
(b) Driving
(c) Taking examinations

v) Feedforward (anticipation)

(1) Prediction of the effects of context on the process behavior, modulation of inputs (subsystem changes) accordingly.
(a) Environmental, technology or regulatory context etc.
(2) Necessary for the design of resilient systems – systems that can withstand the effects of intended and unexpected context and time.
(a) Market research
(b) Weather planning

(3) Feedforward information may be erroneous or at best probabilistic.
(a) What will the other driver do?
(b) Will it rain / snow / freeze today?
(c) Will the technology subsystem (e.g. car) deteriorate over time or without maintenance?
(4) Human beings usually make considerable use of “feed forward” / anticipation.
(a) This activity often leads to timely actions that may be in error due to uncertainty in the anticipation process as in choosing a menu item based on a verbal description, preparing answers to questions at an interview, designing an advertisement aimed at a subset of customers or selecting a technology for fuel efficient cars.
(b) Market research is a mechanism used to predict customer needs and wants in the future. However as product (e.g. car) design take a few years and operates in a competitive context these customer requirements may be a “moving target”.

vi) Decisions regarding process inputs are usually made with reference to the cost of resources such as money, time, people, equipment, fuel, materials etc.

(1) The Socio Technical System Design philosophy will face decisions by managers who may be more focused on technology than the vagaries  / requirements of multiple customers / stakeholders.
(2) Decisions are usually the prerogative of management.
(3) Decisions in the design process are usually made in the progress review meetings where the components, including HFE advice are presented in the context of the big picture.
(4) These decisions will be biased by the managers’ / committee prejudices and the ability of the engineer to sell his or her point of view.
(a) Effective communication is a learned skill – practiced in the classroom in preparation for the workplace.

	
	ACTIVITY

Use the Ergonomics Process model to describe a Building Evacuation Plan





3)	 Design as a Communication problem, using car design as 	a case 	study





i) Concept / idea of someone involved in a design or purchase process.
(1) An economical family car (requirements)

ii) Semantic and Physical encoding
(1) Semantic encoding – translating the idea into some known language, diagram, model etc.
(a) Using automotive jargon – “ a mid – size, base level sedan” – relative statements / requirements.
(2) Physical encoding - Translating the conceptual model into an explicit physical form, such as drawing, writing or speaking
(a) 4 seat, four door, sedan with cloth, automatic, Quad 4, entry level IP.
(i) Note use of jargon and abbreviations.
(ii) There are many variations / interpretations of this initial verbal set of high level specifications.

iii) Transmission, Noise, Added information.
(1) Transmitting the idea to the intended (unintended) audience.
(a) The transmission may involve a series of translations by individuals with different priorities.
(b) Note that the idea may not be clearly articulated (lost in translation – omissions, additions, changes).
(c) Note also that there may be external physical or informational “noise” during the transmission process.
(d) The full message may not reach the intended recipient for a variety of technical reasons.

iv) Physical and Semantic decoding by multiple customers with different priorities
(1) Manufacturing, maintenance, sales, drivers, regulators etc.
(a) Receiving and understanding the information.
(b) The receiver may not physically receive / sense the message.
(c) Note that understanding requires knowledge of the language and a reception framework – the translation may be biased by the receiver.

v) Consolidation, Retention, Forgetting, Action
(1) The receiver must consolidate (fit into his framework), remember (or forget) and translate the information into action.
(2) The eventual set of high level specifications could now be:
(a) 5 seat – mid level vehicle usually have 5 seats not four.
(b) Sedan heard as “van” (physical decoding).
(c) Automatic referred to gearbox, but added windows, door locks and seats – typical of less economical vehicles (semantic decoding / added information).
(d) Four door translated into two conventional front doors plus two rear sliding doors – common in vans.
(e) Quad 4 engine, typical of small cars, was converted to V6 based on common choice of engine for minivans.

vi) Feedback, Adaptation, Learning, Iteration.
(1) The originator of the idea needs feedback in order to modify the idea / concept (see control model above).
(2) The feedback cycle should reduce the communication errors. However if feedback is not available the communication may lead to designs that don’t satisfy the initial intent (requirements).

vii) Design is vulnerable to communication failures and participant inconsistencies 
(1) A problem similar to this actually occurred with an attempt to design a front wheel drive Camaro.


	

	ACTIVITY

Use the communication model to develop safe lifting guidelines for office staff.




System Life Cycle

Major focus is on car manufacturing from the Socio Technical and micro ergonomics perspective.





	

	ACTIVITY

Describe the life cycle of a bicycle.







The concurrent design process is an overlapping sequence of activities, each activity starting with a set of requirements and culminating in a review board that judges whether or not the requirements have been met.


	

	ACTIVITY

Discuss the phases of a manned mission to Mars and a beach camping weekend.




Quality Function Deployment

A process similar to Quality Function Deployment is used to translate the requirements into specifications as the design process proceeds.








QFD can become cumbersome if used literally. A simpler version with limited rows and columns is
a good analysis tool for various stages of the product life cycle.





	

	ACTIVITY

Use the (simpler) QFD process to describe the conversion of mobile phone customer requirements into design specifications.




Verification and Validation




	

	ACTIVITY

Use this model to describe the design of a bus entry/exit process. Discuss the issue of resilience as related to this process.







	

	ACTIVITY

Describe this class on system safety using this model.



Case Study – The Life Cycle of a Car

a) Consider the life cycle of a car
i) Product design
(1) The mission / purpose will vary enormously depending on the functional requirements of the intended user / buyer / customer. – a sedan, truck, sports car, luxury car.
(a) The seven ages of “carman”:
(i) Teens – wheels (Civic), 20s -  style (Camaro), 30s – function (minivan), 40s – prestige (Buick), 50s –lavish style (Corvette), 60s - comfort and safety (Cadillac), 70s – wheels (Civic)
(b) The mission / purpose should consider many other customers.
(i) Manufacturers, maintainers, shareholders, regulators.
(2) Within each general lifecycle stage there will be subcategories, each aimed at emphasizing particular aspects of the vehicle.
(a) These sub requirements will be based on generally accepted customer standards.
(3) The design process will include many iterative steps of “design – make – test– decide”.
(a) These cycles will be at both the component / subsystem level and at the system level.
(4) Concept selection will be based on many “weighted “ criteria.
(a) Use, manufacturing, safety, maintenance, disposal.
(b) Concept selection is an imprecise process carried out around a conference room table.
(i) “Votes equal opinion time salary” – seniority is equivalent to wisdom?
1. The front wheel drive Camaro:
a. Conflict between engineering and marketing and management
2. Hard or soft seats in a Caprice.
a. An opportunity for a psychophysical investigation.
3. The ACCESS Car:
a. A marketing mistake?
b. An engineering opportunity.
c. A human factors driven process.
4. Intermediate shaft installation.
a. Transatlantic disagreement.
5. Battery location (engine compartment or trunk).
a. Engineering and manufacturing conflict.
6. The proliferation of warnings.
a. Conflict between human factors, marketing and legal staff.





ii) Manufacturing and Production Design
(1) DFM / DFA (Design for manufacturing and assembly)
(a) Aimed at productivity, quality and worker comfort and convenience.
(i) Access, easy targets, force, posture and fastener repetition reduction are the general aims.
(ii) See “Tight Targets Take Time” handout.
(b) Cars with pressure for a low cowl height will create engine compartment packaging challenges, which in turn lead to accessibility problems in assembly and maintenance
(c) A decision to sequence the seat install after the doors have been installed can lead to longer cycle times, mutilations during the seat transfer into the vehicle and difficult access for installing the seat belts and the seat secure bolts.
(2) Major allocation of function decisions
(a) Mechanization and automation.
(i) Articulating arms very useful for heavy components / subassemblies
1. Often found tied to a pillar for intermediate weight components.
a. The job is possible without the arm.
b. The job may be faster without the arm.
c. The repeated load may give rise to injury.
(ii) Robotic undercoat and paint spraying is the norm, but robots cannot easily access certain inside facing areas such as the bottom of the doors which need to be painted by human operators, who have to sustain awkward postures throughout the job cycle, giving rise to quality and injury problems.
1. Cleaning the paint booths of residue is a largely residual manual task. Pulling grates is a difficult and physically stressful task.

(b) Tool selection
(i) Threaded fasteners are usually torque controlled. Task completion often induces a stressful torque reaction, giving rise to injury. This is sometimes reduced by a torque bar but alternative technologies such as hydraulic/ pneumatic / electric pulse tools can remove the torque reaction problem with no loss of quality (torque control).
(ii) Inline, pistol grip or right angle tools can sometimes be used to allow more convenient arm postures, depending on the amount of torque and the location of the fastener. Inappropriate tool selection can cause discomfort and injury.
(iii) Tools may be supported by balancers, but these may interfere with task access and so may be discarded by the operator.

(c) Modular design for model differentiation/ subassembly content:
(i) Major trend to increase module content, thus reducing the final assembly operations:
1. Steering columns include lighting, windshield, cruise control, HVAC, entertainment and navigation functions.
a. The module becomes heavy and awkward.
b. The residual intermediate shaft (between the steering column and steering box) installation is a major source of difficulty for the operator.

2. Windshield wiper motor and brake booster install.
a. These two components are hard to reach in the center / bottom of the engine compartment respectively.
b. Task can be made easier by product design (for the windshield wiper motor) bringing it out board and by assembling the brake booster module on a different station on the production line.
c. Spare tire in the bottom of the trunk is both difficult for assembly and difficult for the driver who needs to change a wheel, but a convenient place for packaging.
i. Product design solutions include the mini spare, which is lighter and may be packaged at the side of the trunk for easier access.
ii. Question -Does the car owner need a spare tire or a cell phone to summon help?

3. Seats / seat belts
a. Difficult install postures – seatbelts can be designed to be integral with the seat, given appropriate structural modifications, which in turn leads to a much easier assembly task.
b. 
4. Layering and Fastener orientation for operator access
a. This is a packaging and component design problem. Product design engineers should spend time on the line installing their own components to appreciate the line operator difficulties

(d) Vehicle carrier systems
(i) Many opportunities in manufacturing design to improve operator posture:
1. Overhead rail – bring low and under-body work to accessible height more convenient than working in pits.
2. Tilting – rotates the vehicle 45, 60 or 90degrees to improve visual and hand tool access.
3. Skillets – operator adjustable vertical height.

iii) Production operations
(1) Production targets affect staffing levels and choice of shift system (1, 2 or 3 shifts).
(2) Shift work should be based on operational, human and technological system needs:
(a) Production targets
(b) Physiological and social requirements
(c) Access to equipment for maintenance
(3) Task design
(a) Will vary according to line speed and work area footprint
(b) Learning curves for job content and “experienced worker standard” assignment
(c) Balance of non value added work – carrying, walk back etc.
(4) Stock / components / fastener / hand tool presentation
(a) Aimed at reducing error, non value added time, and improving comfort and convenience
(5) Work team design / task allocation
(a) Job enlargement / rotation and team assignment philosophy
(6) Rotation and enlargement strategies
(7) Quality, productivity and safety monitoring
(8) Methods engineering

iv) Distribution and Sales – class discussion / exercise of customer requirements and design:
(1) Substantial human contribution
(2) Order management
(3) Transport
(a) Protection
(b) Long distance driving / railways / container ships
(4) Brochures, warranties, financing, insurance, taxes, incentives
(5) Salesperson employment strategy
(a) Incentives, salary?

	

	ACTIVITY

Discuss the human factors issues related to the Use or Operations phase of an automobile; make use of one or more of the models described earlier in this class. Address the following issues:
1) Buyer / driver / passenger
2) Road ways
3) Traffic
4) Taxes
5) Garaging / parking
6) Adverse environmental conditions
a) Night and day, fog
b) Snow and ice
c) Heat and cold
d) Traffic noise
e) Vibration
f) Road condition
7) Service and maintenance – class discussion / exercise
a) Context of maintenance
i) Tools
b) Training of maintainers
(1) Support manuals
(2) Spare parts
(a) Distribution strategies

8)  Disposal
a) Green car
i) Design / materials / manufacturing cost constraints
b) Used car market 
i) Warranties
ii) Spares availability

9) Concurrent engineering - a delivery opportunity for Socio Technical System Design
a) All life cycle stages, customers and stakeholders need to be accommodated
b) Multiple overlapping steps
c) Feedback and iteration
d) Technical memory
e) Evaluation
Aided by adhering to the discipline of the “Grammar of Design”, including control and communication models






	

	ACTIVITY 

Explore the Internet for information about System Life Cycle – identify at least 10 sources.





SUMMARY

This module presents a series of models / diagramming processes to describe the design, development and operation of complex systems. The purpose of these modeling tools is twofold:
i) To obtain a big picture of the system from various viewpoints.
ii) To direct the analyst towards aspects of the system that merit in depth analysis.

	


	READ:
Jeffrey W Vincoli, Basic Guide to System Safety:  Chapters 1 and 3.




	

	SELF TEST QUESTIONS

1. Describe the following terms – system, process, specifications, requirements, verification, and validation.
2. What is concurrent engineering?
3. What is Quality Function deployment?
4. Draw a Concept Map to describe your University Degree program.
5. Draw an Activity Cycle Diagram to describe the preparation of a meal.
6. Describe Design as a Control activity.
7. Describe Design using a Communication model.








System Safety

UNIT 2
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· Objectives
· Introduction
· 5 Ws
· 5S
· 5 Whys
· 6 Ms
· 6 Us
· Failure Modes and Effects Analysis (FMEA)
· SHEL Model
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· Human Factors Analysis and Classification System (HFACS)
· Self-Test Questions



OBJECTIVES


At the end of this unit, you are expected to:

· Understand and apply simple system safety analysis tools
· Understand and apply preliminary hazard analysis and Failure Mode and Effects Analysis
· Understand and apply Human Factors Analysis and Classification System









Introduction

System Safety may be addressed by a variety of qualitative or descriptive techniques that may be applied to accident investigation or failure prediction.

Manufacturing industry adopted these techniques, largely from the Japanese automobile industry (The Toyota Production System) to investigate and design systems, products, environments, tasks and processes. Over the past decade many of these methods have been incorporated in the practice of SIX SIGMA.

5Ws

Perhaps the simplest of all tools is to ask Who, What, Where, When, How and Why whenever an accident occurs. This approach will help the investigator to avoid focusing on the obvious “What” by asking more questions about the background and conditions surrounding and preceding the accident. At the design level a similar simple process will help to broaden the scope of analysis of the use of a product or process.




	


	ACTIVITY

Use the 5 Ws to:
1. Describe an accident you had at home or while travelling to work.
2. Describe the design of a transportation system for newly purchased furniture.





5S

The 5S process is another method adopted from the Japanese, but in reality it has been used for generations by mothers telling their children “there is a place for everything and everything should be in its place” in reference to tidying up their room. The purpose of 5S is to eliminate unused equipment and materials from the workplace and to create an orderly safe place to work effectively and efficiently.




The method of application of 5S is to have at least two people involved, one is the owner of the room, workplace or factory and the other is there to question the honesty of the owner when asked “when did you last use that -----?” You may not like being asked these questions but it really works and saves industry millions of dollars by reducing “just in case” inventory.





	


	ACTIVITY

Use the 5S process to analyze the contents of the classroom, your room and the hard drive on your computer.




5 Whys

The 5 Why’s process can also be used in accident investigation and in design. It is often used in conjunction with other processes such as the 5Ws, 5S, 5M, 6Us etc. It is a very simple way of getting to the root cause of an accident. It is possible that inquiry pathways may branch and link up. Concept mapping is a useful adjunct, particularly because of their utility in adding links containing detail to background material.





	


	ACTIVITY

Apply the 5 Whys process to one or more of the following scenarios:
· An elderly lady tripped on the stairs in the shopping mall and broke her wrist.
· The same elderly lady was run down by a bicycle while walking on the sidewalk and suffered a broken leg.
· While recovering from these injuries in hospital the elderly lady was given the wrong dose of medicine and died.
.




6Ms

The 6Ms method is quite similar to Ishikawa (Fishbone) diagrams and Cause and Effect diagrams.







The method of application is to:
· Agree on what actually is the problem
· Systematically list the different causes of a problem on each branch
· List all feasible causes, however remote
· Analyze in detail (5 Why’s) all possible causes and sequences for each node
· Discuss causal pathways
· Simplify the diagram by amalgamating less populated branches
· Split up over populated branches 
· Add likelihoods and risks

	


	ACTIVITY

Apply the 6Ms method to the analysis of a car repair shop, a university course or an overseas vacation to a beach resort.




The 6 Us and 2 Ms

The 6Us is a process for analyzing qualitatively the many factors that affect the success and safety of a product or process.
 
Product or Process Evaluation Sheet
Product			  Analyst			Date		
Reference 
	
	Product  or Process Description
	Why?
Why?
Why?
	Product or Process Analysis
	Why?
Why?
Why?

	Utility
	Why is the product or process useful?
	
	Why should the product be improved?
	

	Usage
	In what way will the product or process be used
	
	In what context will the product be used?
	

	Utilization
	How often and by how many people will the product or process be used?
	
	What are the probability and frequency of failure?
	

	User
	Who is the intended user?
	
	How can the intended user be selected or trained to use the product or process?
	

	Misuser
	Who is the expected misuser?
	
	What kinds of users will be associated with these failure modes?
	

	Usability
	How easy is it to use the product or process
	
	How could the product or process be changed to make it easier to use?
	

	Misuse
	How easy is it to misuse the product or process
	
	How could the product or process be changed to prevent and mitigate the effects of misuse?
	

	User Error
	What kinds of failure modes can be predicted?
	
	What are the consequences of failure?
	



	


	ACTIVITY
Use the 6Us to analyse a simple consumer product (such as a cell phone) and a complex system (such as an airport or recreation park.).





Failure Modes and Effects Analysis (FMEA)

Sometimes extended to Failure Modes Effects and Criticality Analysis (FMECA)


















	


	ACTIVITY
Develop a FMEA Chart for one of the following:
· A salmonella outbreak associated with a particular restaurant
· A heat exposure fatality on a construction site
A bank card security failure 


Risk Assessment Codes

The second step in FMEA is to develop Risk Assessment Codes that relate the probability of system failure to the severity of the consequences of the failure. A Risk Assessment Code of 1 is clearly a cause for concern




	



	ACTIVITY

Develop Risk Assessment Codes for one or more of the class examples discussed earlier.








	


	ACTIVITY

Describe the differences between interventions that involve Technology, People, Interfaces and Operations.








	



	ACTIVITY
Discuss the differences among these qualitative accident analysis techniques;






The SHEL Model

Developed by Edwards to indicate the factors associated with system operation and failures. The model emphasises the Interactions, Interdependencies, Interruptions, Interfaces and Integration of these factors:
Liveware – the people
Software – the organization
Hardware – now should include software
Environment – physical social and temporal context








	


	ACTIVITY

Describe the following processes using the SHEL model
· Public transportation
· Apartment complex construction
· A kitchen
Suggest possible system failure modes due to failures of the Interfaces / Interactions among the main factors.





Swiss Cheese Model

The Swiss Cheese model was developed by Reason. The logic is that for every unsafe act there are predisposing causes, such as the equipment, context, operator training etc. Next in most work operations it is the responsibility of the supervisor to implement a safe working environment, including training and monitoring of operators. Finally, the behaviour of the organization management regarding safety cascades down through procedures and communications as well as up through active monitoring. Ultimately, whereas the clear cause of an accident or system failure may be because an operator made an error, it is usually possible to trace a causal pathway through the various layers of context and support structures.




	


	ACTIVITY

Discuss the safety of passengers on public busses. Use the Reason model and then add the SHEL model.





HFACS

The Human Factors Analysis and Classification System was developed by Shappell and Weigmann, mainly for use in aviation accident investigation, although it is applicable in many other complex system safety situations, including design. HFACS was developed from Reason’s Swiss Cheese model of accident causation.

The Human Factors Analysis and Classification System (HFACS) Scott Shappell and Douglas Weigmann, DOT/FAA/AM-00/7, office of Aviation Medicine, Washington, DC
HFACS addresses and dissects Unsafe Acts, Predisposing causes, Unsafe Supervision and Organizational Safety Climate.

Unsafe Acts

Unsafe acts are divided into errors – usually due to a failure of the operator information processing and action execution performance – and violations, which are usually may be a one off short cut in a procedure or a habitual disregard of proper procedure.





	


	ACTIVITY

Describe some unsafe acts associated with
•	pedestrians crossing roads
•	working at a height
•	floor surface maintenance in a kitchen
Distinguish between errors and violations 




Preconditions

The preconditions for unsafe acts address most of the factors associated with ergonomics in design. They include equipment and environmental contexts; it is also possible to include social, operational and temporal contexts. They also include the condition of the operator and operations team in terms of “readiness to work.”





	


	ACTIVITY

Give two or three examples of each of the base level categories of “Preconditions” that could be associated with an industrial accident.






Unsafe Supervision

In most operational contexts individuals have someone who selects, trains and assigns them to a task and supervises their attitude, behaviour and performance. In large organizations these responsibilities of the supervisor are usually explicit. However in some organizations considerable autonomy may be ascribed to the individual operator with supervisor involvement only following an incident or accident.

The failure of supervision may include inappropriate training or assignment, including planned deviations from safe procedures. Also the supervisor may be delinquent in monitoring or failing to correct known problems. Often supervisory violations are due to a conflict between productivity and safety interests.






	


	ACTIVITY

Discuss the role of supervision in distributed workplaces. Discuss span of control and semi autonomous work teams. Use examples of assembly operations and street maintenance.






Organizational Influences

It is well recognized that the priorities of most organizations are effectiveness (product or process quality) and efficiency (optimal use of resources such as people, money, time materials etc.) Even so many organizations state in their mission statement that “Safety is our first priority.” Or “Our employees are our biggest assets.”

	


	ACTIVITY

Discuss the short and long term philosophies behind these statements. Give examples of where clear conflicts may arise.




Despite these priority issues it is clear that some organizations are better at instilling a positive safety climate than others through strategies such as formal responsibilities and regular communications (meetings, statistics etc.) regarding safety issues. Such organizations may be particularly hard on middle management / first line supervision when system safety failures occur.




	


	ACTIVITY

Assume that you are the head of a small, medium sized or large organization, how would you go about instilling a positive safety climate?




SUMMARY

The complexity of accidents and design for safety is such that it does not lend itself to deterministic, quantitative analysis tools. Statistical tools may be used for collecting, analyzing and modeling safety data, but the analysis of system failure and design for safety usually relies on ad hoc, domain expert centered discussion, which can be guided by the use of a set of qualitative analysis tools. These tools include the 5Ws, 6M, 5s, 5 Whys, 6Us, FMEA, SHEL, Swiss Cheese Model and HFACS.


	


	READ:
Jeffrey W Vincoli, Basic Guide to System Safety:  Chapters 6 -11.




	


	SELF-TEST QUESTIONS

1. Give an example of the use of
a. 5W
b. 6M
c. 5s
d. 6Us
e. 5 Whys

2. Describe a school using the SHEL model.

3. Describe how Reason’s Swiss Cheese model may be used to analyse road accidents.

4. Use the HFACS analysis tool to analyse Slip, Trip and Fall accidents on public sidewalks.











System Safety

UNIT 3

Human Reliability

OBJECTIVES


At the end of this chapter, you are expected to:

· Understand Human Reliability concepts

Contents

Part I
· Objectives
· Human Reliability
· Performance Shaping Factors
· Human Physical Factors
· Human Information Processing Factors
· Environmental Factors
· Social Factors
· Temporal Factors
· Age Factors
· Technological Factors
· Workplace Factors
· A Discounting Model
· Reliability Block Diagrams
· Human Reliability Modelling Process
· Case Study – Oil Spills
· Self Test Questions


Human Reliability

Human Reliability is not an exact science. Rather it is an attempt to apply techniques of systems analysis, mathematical logic, probability, human factors and simulation to the prediction of system (process) performance as affected by human contributions.

The basic unit of human performance is the TRANSACTION – a (similar) activity that is definable and repeatable – turning on a switch, driving to work, taking a test. A transaction has an intended outcome (success) and possible failures. The expected success rate of a transaction is its RELIABILITY. This can be estimated by repeating the transaction many times

There may be variability associated with the transaction – the information content, the time taken, the conditions, the frequency of repetition, the person carrying out the transaction. All of these “Performance Shaping Factors” affect the likelihood of success, or failure. 

The failure of a transaction may be because the conditions or timing are beyond the capabilities of the operator. The Three Mile Island nuclear power plant accident was exacerbated by the fact that seventy warnings went off at once – and the operator had too much information to handle in the time available. A bad landing in an airplane may be because of wind shear or a sudden gust of cross wind.

A RESILIENT system is one that succeeds despite the conditions.

The time of occurrence and the conditions (performance shaping factors) of a transaction may be predictable. – The red light follows green, the command “GO” follows the warnings “ready ---- set”, it will be dark on the roads at night, a pilot will hear a weather forecast if he tunes in to CTAF. These predictable conditions provide the operator with the “mental set” or preparedness to participate in the transaction. 

Human error often occurs when the conditions and timing of the transaction are unpredicted or unpredictable.

The success of transactions by human operators is greatly affected by practice.

The occurrence of a transaction may be due to the design of the system – such as a conveyor belt or the behaviours of other, external activities, such as other traffic. The operator may also initiate a transaction at a time of his own choosing; sometimes the transaction may be initiated when the conditions are not appropriate – we may start a drive to work when the roads are icy. Often the transaction may take place in parallel with other transactions – driving and using a cell phone.

The information needed to carry out the transaction may be limited. The lighting may be poor or it may be noisy; we may not pay attention to or understand the information or the needed information may not be available. All of these informational issues will give rise to risky decision making and increase the likelihood of transaction failure.

	

	ACTIVITY 
 
Discuss the activities of lifting a heavy suitcase and hooking a safety harness on to a suitable anchor while working at a height from the human reliability viewpoint.


 

The OUTCOME of a transaction may be classified as a success or failure, but in reality many outcomes are somewhere on the continuum between complete success and catastrophic failure. The consequence or severity of the outcome may be due to the correctness of performance of the transaction or the conditions surrounding the transaction.



The OUTCOME may affect the individual, the equipment, a third party or the environment. Other unwanted effects of failed transactions may include loss of business. The costs of a failed transaction may include equipment replacement, operator or third party medical costs, environmental cleanup, lost production time, legal costs etc.

Transaction (a VERB) measurement (an ADVERB) is usually in terms of time and accuracy (or error). There may also be QUALITATIVE outcomes. The consequences of a transaction will be the change in state (ADJECTIVE) of a resource (NOUN – person, machine, time, environment, money etc.)

	

	ACTIVITY 

What measurements could be applied to the following transactions? What possible outcomes could occur? How would the prevailing conditions, including time, affect the success or failure of the transaction and the severity of the outcome? (Note that some characteristics of the system involved in the transaction are included)
•	Riding an old bicycle
•	Repairing a broken window
•	Crossing the busy street
•	Tying a shoelace
•	Sending a text message

How would operator / user / human variability affect the likelihood of success of these activities / transactions?



Human error probability may be expressed as a decimal (0.01), a fraction (1/100) or an exponent 10-2. The subjective estimate will be based on the observers observations and biased by his experience or motives. Objective estimates are based on observation of many transactions. The reliability of the estimate will be affected by the number of observations and the conditions under which the transaction takes place.

	

	ACTIVITY 

What is the probability of making an error while texting? How is this probability affected if the operator is simultaneously carrying out a secondary task like riding a bicycle? In 1000 keystrokes how many errors are likely to be made?

How would you obtain a reliable prediction of the following human error probabilities – Hitting the wrong button on a key pad, entering the wrong 16 digit credit card code, turning on the wrong burner on the cook top, missing a cracked tile while inspecting the space shuttle?




A common safety measure is the number of accidents (numerator) per 200,000 hours (denominator). This denominator is equivalent to 100 people working 2000 hours per year (40 hours per week) 


Performance Shaping Factors

Performance shaping factors include human, equipment, environmental operational and temporal factors. Performance shaping factors are Adjectives that describe the nature / state of a subsystem.




Human Physical Factors




	

	ACTIVITY 

Describe some transactions / activities that are limited by human physical variation?



Human Information Processing Factors




Human Information processing is the main cause of human failure due to the many complex stages in the process. For example a simple “failure” such as a slip or trip may have underpinnings in sensing:
· you may not see the hazard, attending
· you may be looking elsewhere, perceiving
· you may see the hazard but not recognize it as such, calculating
· you may misjudge the height of the hazard, and so on. 

Forgetting is a very common cause of failure, particularly in high cognitive workload conditions. Why would anyone forget to fasten their seat belt or switch off the lights before leaving? At the task implementation end of the process it is common to miscommunicate items such as codes or input an inappropriate control response to a task such as steering or braking. 

It should also be noted that learning is a major contributor to the human information processing activity. Comparison of a novice musician with a skilled one shows enormous differences. The classification of human performance into knowledge, rule and skill based levels provides a clear demonstration of the variability of human variability in information processing. Highly skilled operators are very flexible in their response to unusual conditions – just picture the many ways a soccer player can bring the ball under control or a pilot can deal with difficult wind conditions or equipment malfunctions.

	

	ACTIVITY 
Describe some transactions / activities that are limited by Human Cognitive variability


Environmental Factors




Human operators may perform reliably under normal conditions but fail because they cannot adapt to changing or extreme conditions. For example in dim light it is difficult if not impossible to read; similarly the visual system becomes dysfunctional in the presence of glare. High ambient noise makes accurate perception of audible commands impossible. It is difficult to use a tool accurately if it is vibrating. Cold heat and humidity have considerable influence on sustained motor performance. All of these factors will turn an otherwise accurate action into a failure.

	

	ACTIVITY 

Describe some transactions / activities that are limited by Environmental variation
How does Lighting affect visual performance?
How does Noise affect communication performance?
How dos Vibration affect motor performance?
How do Heat and Humidity affect prolonged physical work?




Social Factors





It is very common for people to carry out activities in collaboration with others – either directly or indirectly and the relative status, knowledge or attitude of the other person or persons will have considerable bearing on performance. For example customer service agents have to deal with irate and uninformed customers, team members must play specific roles in games such as basketball and one always has a “boss” to please who is hard to please and always in a hurry. Consequently the social context will greatly influence human performance and may precipitate categorical failure. Consider for example a bus driver who is being berated by an irate passenger or challenged by an aggressive manoeuvre of another driver.

	

	ACTIVITY 

Describe some transactions / activities that are limited by Human Social factors.



	

	ACTIVITY 

Search the Internet for information on the Yerkes Dodson Law




Temporal Factors




Mental workload may be described as information divided by time. However, because of the human ability to learn, people need less time to process the same amount of information when they are experienced in the task at hand. Also workload may be affected by other performance shaping factors as described elsewhere in these notes. Thus a more appropriate equation is as follows

Mental Workload = (Information x Context)/ (Time x Experience)

There are many other temporal factors that affect performance. For example sleep loss, fatigue and the vigilance decrement will reduce human performance capability. Why do medical interns work 24 hour shifts? The recent highly publicised oil spill around the Great Barrier Reef was precipitated by a tired sailor.

	

	ACTIVITY 

Describe some transactions / activities that are limited by Temporal factors




Age Factors

[image: ]





	

	ACTIVITY 

· Develop some examples of how age may affect human reliability.

· Should airline pilots be required to retire at the age of 60 or car drivers at the age of 80?


· Why should young people give up their seats to old people on Singapore public transport?


· What are the differences between chronological and functional age?


· Is it true that age and cunning will usually beat youth and experience?


· Should older people be expected to work less for the same pay?




	

	ACTIVITY 

How would you investigate the decline of human sensory or cognitive factors with aging?



Technological  Factors 

Equipment design factors can have a considerable effect on human performance, including both speed and accuracy of transactions. This is the most common focus of Ergonomics.

Vision is greatly affected by font / object size and contrast. Communication is affected by sound level and ambient noise. Sensory performance in general is affected by contrast and change.

Perception and Understanding are affected by display and control design and panel / screen layout. 

Displays may be analogue, digital, representational or pseudo realistic; they may vary in their physical characteristics such as size, font, contrast, colour coding, etc.

Controls may be discrete or analogue and vary in their type (knobs, levers, buttons etc.), range of motion, gain, linearity, layout, etc.

Panels may contain controls and displays with functional arrangement and grouping according to importance, sequence and frequency of use, etc. They may also contain labels, and with computer displays readily available explanatory information.

Human performance is also affected by the cognitive (mental model of the system) and emotional interfaces.

	

	ACTIVITY 

Using the following person – machine interface model, describe how the design of the various (4) interfaces could affect human performance using examples such as a web site, car or TV remote control.

Sensing
Perceiving
Thinking
Deciding
Remembering
etc

Controlling
Displays
System
Controls
Product
Energy,
Materials
And
Information
Cognitive Interface
Emotional Interface
Environment






Workplace Factors

Workplace factors may also affect performance by design features such as equipment location, work surface height and orientation, seating, access, activity sequences, reach, fit, tool and materials storage etc.

	

	ACTIVITY 

Discuss none value added work in assembly transactions.




For manipulative tasks features such as target size will greatly affect performance.

	

	ACTIVITY 

Discuss Fitts Law. 
How will button size on an interactive web site affect performance?



For cognitive tasks factors such as information content / mental workload will affect performance.

	

	ACTIVITY 

Discuss Hicks Law and Millers Magic Number 7.




A discounting model

It is clear that human performance is a very variable concept. Consequently it is very difficult to accurately describe human reliability. However there have been many attempts (Swain) to create tables that can be used with similar information regarding mechanical and electrical components. An alternative approach using a discounting model (similar to the NIOSH Lift Equation) applies a variety of performance shaping factors to human physical capability. A similar approach can be developed for cognitive ability.
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Reliability Block Diagrams

1) Develop a logical description of the sequence of activities / transactions in the process
a) Draw reliability block diagram for INDEPENDENT systems
b) The system RELIABILITY – probability of SUCCESS - of a system with two subsystems in SERIES is 

A
B


.9
.8




i) RS = RA * RB, where RA and RB are the reliabilities of sub systems A and B respectively – Both A and B succeed
(1) RS  = .9 * .8 = .72
c) The unreliability – the probability of system FAILURE is
i) FS = FA + FB  - FA * FB  = (1-RA) + (1-RB) - (1-RA)(1-RB)
(1) FS  = .1 + .2  - (.1 * .2) = .3 - .02 = .28
ii) FS = 1 – RS = 1 – RA*RB
(1) FS = 1 - .72 = .28
(2) Or FS = 1 – .9 * .8 = .28

2) For two subsystems in PARALLEL  
A
B






.9
.8






a) the probability of PARALLEL system FAILURE is
i) FS = FA* FB – Both A and B Fail
ii) FS = .1 * .2 = .02
iii) FS = (1 - RA) * (1 - RB)
iv) FS = (1 - .9) * (1 - .8)
v) FS = .1 * .2 = .02

b) The RELIABILITY of a redundant / parallel system (Independent subsystems in parallel)
i) RS = 1 - FS  - Either A or B succeeds
ii) RS = 1 - .02 = .98
iii) RS = (1 - FA) + (1 - FB) - (1 - FA) * (1 - FB)
iv) RS = .9 + .8 - .9 * .8 
v) RS  = 1.7 - .72 = .98

	

	ACTIVITY 

Draw Venn Diagrams to help with the description of these calculations.


 
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]

	ACTIVITY 

Calculate your chance of survival if both your main and your reserve parachutes have a reliability of .9




	

	ACTIVITY 

If in an airport security system the reliability of an electronic sensor is .9 and a dog is .7 and that of a back up human inspector is .8, what is the chance that the bad guys will escape detection? Draw the Reliability Block Diagram and then calculate the system reliability and probability of failure.




Human Reliability Modeling Process

It must be emphasized again that many reliable people believe that, because of the subjectivity and unreliability of elemental human reliability estimates, the attempt to link human reliability to engineering reliability is likely to be unreliable. (Think this one through!)

Here is a process for Human Reliability Modeling

1. Assign ordinal performance shaping factors
2. Assign error probabilities (HEPs) to each basic transaction
1. Use tables
2. Published statistics
3. Expert opinion
4. Epidemiological data
5. Empirical data
6. Best guess (median) with optimistic and pessimistic range values
3. Weight these probabilities with performance shaping factors
1. Use a discounting model)
4. Construct Reliability Block Diagrams
5. Estimate system reliability
6. Assign cost / utility functions to system / process failures
1. See the material on Quantum Risk Analysis (Study Unit 4)
7. Test the sensitivity of the analysis to changes in HEPs as affected by system redesign alternatives or changes in performance shaping factors
1. In Quantum Risk Analysis terms use +/- one quantum (exponent) as the confidence interval
2. Evaluate expected, best and worst case
8. Make recommendations for system redesign


Case Study – Oil Spills

The EXXON Valdes created an oil spill in Alaska in 1989 that cost billions of dollars and is still an active issue. In 2010 the Shen Nang 1 ran aground on the Great Barrier Reef. In 1985 an investigation into the human factors issues of LNG transportation resulted in the following (much abbreviated) analysis. Fault Tree Analysis is a natural extension of reliability block diagrams and will be dealt with in a later class.






[image: Barrier Reef]



	

	ACTIVITY 

Search the Internet for Human Reliability Analysis Tools – Identify at least 10 sources.






	

	SELF TEST QUESTIONS 

1) Describe what is meant by a “transaction”
2) How would you estimate the probability of the number of failures in passing football?
3) What factors are likely to affect the success of these transactions?
4) What is a resilient system?
5) Describe 3 each of the following classes of “performance shaping factors”
a) Human
b) Technological
c) Environmental
d) Social
e) Temporal
6) Describe, with examples, a series and parallel system.
7) What is the reliability of a fall prevention system that consists of operator tie off behavior (0.9), supervisor vigilance (0.5) and the presence of an engineered fall protection barrier (0.5)?
8) List and describe the steps in a human reliability analysis
9) Discuss the shortcomings of human reliability analysis.







Part II: Event and Fault Tree Analysis


· Objectives
· Introduction
· Fault Tree Analysis
· Venn Diagrams
· Event and Fault Tree Analysis
· Tree Design and Calculation Exercises
· Conclusions
· Self Test Questions


OBJECTIVES

At the end of this chapter, you are expected to:

· Understand the concepts of Boolean Algebra
· Be able to apply Fault Tree Analysis to safety analysis and design

Introduction

Fault tree analysis is a logical extension of Reliability Block Diagrams and is based on Boolean Algebra. It can be applied to a wide variety of complex engineering and human systems. The reliability of the analysis is only as good as the estimates of base event probabilities and the comprehensiveness and logic of the tree structure.

	

	ACTIVITY 
Refer to Case Study – Oil Spills in Chapter 1.



 
Fault Tree Analysis
Review the theory of Reliability Block Diagrams in Study Unit 3


An OR gate states that the higher event will occur if any one of the lower events occur.


An AND gate states that all lower events or systems must fail to cause the higher event to occur.


Fault trees can be applied either to processes (functions, activities) or systems (structures such as people, equipment, context etc) and at any level of detail. It may help to draw concept maps, activity cycle diagrams and reliability block diagrams to describe where the failures occur. FTA is also a useful adjunct to FMEA.

	

	ACTIVITY 

Process Redundancy Exercises 
· Describe the process redundancies to prevent falling while standing on a bus or MRT train. 
· What processes may be used to prevent a drowning accident in a public swimming pool?

System Redundancy Exercises 
· Describe the redundant systems available to prevent falls from a height on a construction project.
· Describe the redundant systems available to mitigate the effects of a head on car crash





Venn Diagrams

Venn Diagrams are used to describe the membership of events, functions or entities in one or more sets. An overlap implies that the entity is a member of both sets. For example people may be classified according to age and sex. The classifications old and young and male and female are said to be mutually exclusive. However an individual may be classified as young and male.



	


	ACTIVITY 

Draw a Venn Diagram to classify the journey to class according to Bus Travellers, Train Travellers, Standing. How would you describe members of the group that did not fit into a particular category, such as not bus travellers. What about people who used both a bus and a train and found a seat both times?



The basic symbols used in Boolean Algebra and for the construction of Fault or Event Trees are AND and OR





Venn Diagrams may be used to describe either entities or probabilities. The probabilities are calculated by dividing the number of entities in a particular classification by the total number of entities in the sample space.










Set Theory, Boolean Algebra and Fault Tree Analysis also make use of other logical concepts.




	

	ACTIVITY 

Research the application of Bayes Theorem in Boolean Algebra.


 

Example – discuss the success or failure of a bicycle trip.





Exercise - Plan a bicycle trip



	

	ACTIVITY 

Integrated Exercise
How would you use the following tools to analyse and design a MEDEVAC flight?
–	Concept Maps
–	FMEA
–	5 Whys for each failure mode
–	Activity Cycle Diagrams
–	Reliability diagrams
–	Venn Diagrams
–	Fault trees.

	
	
How would you collect data to estimate the probabilities associated with each mission – the bicycle trip or the MEDEVAC mission?















Event and Fault Tree Analysis


















 Tree Design and Calculation Exercises





	

	ACTIVITY 
 
Create event or fault trees for the following:
· Taxi way collision
· Car / airplane safety check
· Changing a flat tire
· Accident due to driver distraction
· Child poisoning accident 

	
	
Research
What is meant by Birnbaum importance?







Conclusions

Event and Fault Tree Analysis are very useful ways of describing the logic of system success or failure. They may be developed at the highest and lowest level of detail – the LNG transportation fault trees (constructed before the availability of computer packages, covered three walls in a large room!). The Internet has many sites devoted to FTA and there are many commercially available computer packages for FTA and other safety and reliability processes, such as FMEA, Human Factors and Reliability, Reliability Block Diagrams, etc.


	

	ACTIVITY 

Search the Internet for Human Reliability Analysis Tools – Identify at least 10 sources. Focus on:  http://www.relex.com/




	


	ACTIVITY 

Discuss the application of Systems Safety Methods to the nuclear energy challenges.

[image: Singapore Nuclear Power]




	


	READ:
Jeffrey W Vincoli, Basic Guide to System Safety:  Chapters 4 and 12.




	

	 SELF TEST QUESTIONS

1. What is a Venn Diagram? Draw diagrams with member / event counts and probabilities.
2. List six logical functions used in Boolean Algebra. 
3. What is the difference between an AND gate and an OR gate?
4. Give an example of an Event Tree.
5. Develop an example of a Fault Tree
6. How would you obtain data to estimate the probabilities of Base Events? 
7. What is a “Cut Set?”
8. Contrast the logic of Reliability Block Diagrams and Fault Trees.
9. Describe at least 5 web pages that deal with Fault Tree Analysis.
10. How would you address the Nuclear Energy Challenges from the System Safety Viewpoint







System Safety

UNIT 4

Contents


· Objectives
· Overview
· Ergonomics Purpose(s)
· Typical Hazards
· Hazard Categorization / Consequences
· Some Risk Criteria
· FMEA
· Likelihood
· Risk Matrix
· Residual Risk
· Hierarchy or Controls
· Rafaat Risk Model
· Quantum Risk Benefit Analysis
· Case Study
· Self Test Questions


 OBJECTIVES

At the end of this unit, you are expected to:

· Understand Risk, Likelihood, Consequence
· Develop Risk matrices
· Apply Rafaat model, with exposure
· Understand relationship with Value of Process and Cost of Intervention
· Apply Quantum Risk Benefit Analysis


Overview

This course addresses the concepts of Risk in the context of systems safety. The course first addresses traditional Risk Matrices (Likelihood, Consequences). Next, the concept of exposure is introduced through the Rafaat model. Risk is then placed in the context of the value of the process and cost of intervention. Finally students will learn to apply Quantum Risk- Benefit Analysis to complex problems, often with insufficient data.

Introduction

The purposes of all processes are Effectiveness, Efficiency, Ease of Use, Safety, Security, Satisfaction plus Reliability (over time) and Resilience (in harsh contexts) (E3S3+RR). 
Add Esthetic appeal and Sustainability (Reliability and Resilience) (E4S4)




Risk analysis focuses on unwanted outcomes – usually Safety and Security, but sometimes shortcomings in Effectiveness, Efficiency, Ease of Use and Satisfaction.

Process failure may be a categorical event such as loss of mission through equipment or human failure, or extreme contexts. Normally however the process outcome is a continuum between complete success and catastrophic failure.

Typical Hazards

· Physical - Fall from height, falling objects, slips, trips and falls
· Chemical - Inhalation, ingestion, injection or direct contact with toxic chemicals
· Biological - H1N1 Influenza, Dengue fever, Tetanus
· Mechanical – Pinch points, sharp objects, moving objects
· Electrical - Shock 
· Radiation - LASER, X-Ray etc. Thermal
· Thermal conditions – high and low temperatures, humidity, air movement
· Noise and Vibration – high intensities.
· Operational / Temporal  - Poor postures, extreme ranges of motion, high forces, high repetition, long duration, shift work


Hazard Categorization / Consequences

At the simplest level the outcomes are defined as:

Minor		-	Minimal personal injury, requiring only first aid
Moderate	-	Serious injury requiring hospitalization and time off work
Major		-	Fatality or life threatening disease

These outcomes are limited to the human outcome, including both operators and third parties. There may be additional adverse outcomes affecting equipment, the mission or the environment and these too may be categorized as minor, moderate or major depending on their severity. Later we shall discuss a method that reduces all these outcomes to a monetary scale.

Some Risk Criteria
 
UK (fatalities per year)	
			General Public		“Hazardous occupations”
Negligible 		< 1 in 10 million		< 1 in 1 million
Tolerable 		- Requires Cost - benefit analysis 
Unacceptable		> 1 in 10 thousand		>1 in 1 thousand 



USA Regulatory Improvement Act of 1998 (especially environmental risk)
Criteria:
· Scientifically sound risk analysis
· Risk based prioritization
· Benefit cost analysis
· Flexible, efficient, cost effective management
· Public participation in all phases of the process



FMEA

It is useful to use an FMEA Chart to classify and analyse the Hazards



	


	ACTIVITY

Use the FMEA chart to describe the major hazards associated with the following processes –
•	Road transportation of building materials, 
•	Preparation and delivery of food in a restaurant
•	Airline baggage handling




Likelihood

The likelihood of an adverse outcome of a process is categorized as Remote, Occasional or Frequent. Again these categories represent regions on a continuum defined as follows:

Remote 	– 	Unlikely to occur
Occasional	 – 	Known to occur, fairly common
Frequent	 -	Common






Risk Matrix

Given this level of definition, the following risk matrix may be constructed and further categorized according to the level of intervention needed.



Sometimes the Red, Yellow, Green categorization relates the problem to the Intervention

Red		- Problem without a solution
Yellow 	- Problem with known solution, not yet implemented, or by administrative controls
Green		-Solution / Mitigation implemented


Residual Risk

The principles of Control Charts – developed by Schewart and widely applied by Deming separate the concepts of Special Causes and Common Causes in Statistical Process Control. The logic is that a Special Cause as defined by a process value outside the 6σ range must be addressed. On the other hand “Common Causes” occur by chance and attempts to intervene are likely to be counterproductive and perhaps lead to process instability. Thus residual risk must be monitored, but interventions only implemented where the causes of the deviation are clear. Again statistical process control is seen as a continuous process where heightened monitoring is implemented as the incidents (near misses) become more frequent.  


Hierarchy of Controls

The intervention activity should be through the “Hierarchy of Controls”

· Engineering Controls (Safe System)
· Elimination- abandon the process all together
· Process substitution – use different equipment, procedures
· Process Isolation – Guarding etc

· Administrative Controls (Safe Worker)
· Increased monitoring
· Selection, training, task assignment
· Facilitators - instructions, warnings, supervision
· Personal Protective Equipment, hard hats, safety glasses etc.


	

	ACTIVITY

Using a Failure Modes and Effects Analysis table, make lists of familiar domestic, transportation, recreational, industrial and commercial unwanted outcomes. Categorize them according to Likelihood, Consequence and needed intervention, including the form of intervention.





Rafaat Risk Model

Rafaat introduced the concept of Exposure to the risk analysis process and linked the descriptive likelihood level to a probability scale and the consequences to a monetary scale. The risk analysis device is used by placing a straight edge linking the probability to the exposure scales and marking where this line crosses the centre line; this point is then extended through the Consequence scale to the ordinal (High, Medium, Low) risk levels.

http://www.ucc.ie/services/safety/nifast%5B1%5D/index.htm



The concept of Risk can only be addressed by first identifying the main purpose (Benefit) of the process of interest. For example the catastrophic risks associated with war are judged acceptable by the protagonists, given their world view. Driving in the United States accounts for 40,000 fatalities annually, yet this risk is deemed acceptable because the probability level is low (1 in 25,000,000 miles driven). The risk of minor injury in sport and recreation is judged acceptable even though the probability is high.



Quantum Risk Benefit Analysis (QRBA)

The method of Quantum Risk – Benefit Analysis (QRBA) is based on the concept of a Transaction, such as a journey to work, a day on a construction site, repairing a flat tire or lifting a box.  QRBA addresses factors such as Likelihood, Exposure (number of people affected), Consequence (damage to people, equipment, process, environment), Value of the Process (daily revenue) and Cost of Intervention (replacement, repair, mitigation Etc.). For ease of application the analysis is based on exponent arithmetic to measure likelihoods, costs etc. It is implemented by using the following sequence of charts.
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	ACTIVITY

Use the various risk analysis tools presented in this class to analyse the following two case studies – The road accidents case is based on real data compiled by Barfield and Dingus (1998) and the Heavy Manufacturing Case is based on hypothetical data.

















	

	ACTIVITY 

Discuss the concept of Risk, the reliability of data to support analyses and the utility of the methods described above to analyse Risk.




	


	READ:
Jeffrey W Vincoli, Basic Guide to System Safety:  Chapters 2 and 5.




	

	
SELF TEST QUESTIONS

1. Describe unwanted process outcomes.
2. Describe the Hierarchy of Controls
3. Describe the Rafaat Risk Model
4. How can one quantify outcome severity?
5. How can one estimate the likelihood on an unwanted outcome?
6. Describe the basic elements of a Risk Matrix
7. Describe the mathematical principles behind Quantum Risk – Benefit Analysis
8. How would you analyze the Risk associated with riding a motor cycle?
9. How would you assess the value of alternative interventions to reduce slip trip and fall accidents in MRT stations?















System Safety

UNIT 5

Contents


· Objectives
· The Hierarchy of Controls 
· Engineering Controls
· Administrative Controls
· Personal Protective Equipment
· Facilitators
· Ergonomics Standards
· Manual Materials Handling
· Summary
· Self Test Questions

OBJECTIVES


At the end of this unit, you are expected to:
· Understand the “hierarchy of controls”
· Be able to analyze a complex safety problem and select the appropriate intervention strategy
· Understand the utility of engineering and administrative controls in manual materials handling
· Describe the process of implementation of the chosen intervention strategy

OVERVIEW

This study unit introduces the hierarchy of controls as a formal way of introducing safety methods in system design. The case study will cover the controversial proposal for the introduction of ergonomics programs and a federal ergonomics standard into the automobile manufacturing process. The exercise and homework will direct the student towards the major challenge of back injuries in manual materials handling with particular reference to the construction industry.

The Hierarchy of Controls

There are two levels of control of that can be applied to the Safety of industrial operations: 
1. Engineering controls 
2. Administrative controls. 

In general engineering controls are more effective and permanent than administrative controls.

	

	ACTIVITY 

Engineering controls usually consist of hardware or software whereas administrative controls are to do with people or procedures – How would you apply engineering and administrative controls to reduce the frequency and severity of Traffic accidents?





Engineering Controls

1) Engineering controls as the name implies involves some hardware (or software) intervention.

a) The highest level of engineering control is process elimination. At one level this implies that the process and its outcomes are no longer needed – for example baggage handling in airlines could be eliminated if passengers were not allowed to bring (heavy, checked) baggage. Pedestrian crossings are not needed if roads are closed to traffic and changed into pedestrian precincts. The dangers (and costs) of human space flight would be eliminated by using robotic only missions.

	

	ACTIVITY 

Suggest other dangerous processes that could be eliminate. 



b) Process substitution is by far the most effective method but in many cases may not be feasible, cost effective, efficient or otherwise acceptable. 
i) An extreme example is that of a Nuclear Power Plant, which, if it fails could have a catastrophic outcome; but the substitution of a coal or oil fired plant may be less effective or efficient and not environmentally friendly. The substitution of solar or hydro electric power may be ideal, but not currently feasible.

ii) Another example would be the introduction of a hands free airline baggage handling process using conveyors and standard containers that are packed directly into the airplane hold. An alternative process would be to use conveyors for most of the handling and cobots for the more precise final packing and unloading stages.

iii) In automobile manufacturing heavy subassemblies, such as seats, batteries, exhaust systems, spare wheels and floor mats used to be loaded manually, but now operators use a hoist. One disadvantage of this process is it may be slower than the manual method and some operators may tie the hoist to the nearest pillar and continue with manual operations. There is also the possibility of robotic loading devices where the operator is left with the fastening operation. Robotic devices because they are powered need guarding. Another alternative is to use a Cobot, which uses mechanical power and computer based guidance, but with a small amount of operator interactive finesse.

iv) Traditional agriculture is a very strenuous and often dangerous manual occupation. The introduction of mechanization for harvesting reduced much of the physical labour but introduced mechanical hazards in the form of drive belts etc. Later combined harvesters were introduced that essentially removed the operator from the danger zone during normal operations.

	

	ACTIVITY 

Discuss the application of “process substitution” in the following contexts – coal mining, warfare, recreation, food preparation.
 



c) The next level of engineering controls is pathway intervention or isolation. Generally this takes the form of mechanical guarding. 

i) For example in robotic operations an interlock prevents the entry of an operator into the danger zone either by a mechanical guard or a proximity sensor such as a light beam which shuts off the power if the operator enters the danger zone.

ii) The practice of lock out prevents the operation of machinery by electrical cut off while maintenance workers are in the danger zone, to for example, change a welding tip. However some maintenance operations require power being available and this requires alternate, usually administrative controls.

iii) Many small power presses require an operator to feed blanks into press and then actuate the press by closing an interlock guard. More rudimentary approaches use sweep away or pull away devices to remove the operators hands as the press actuates.

iv) Where noise is a hazard the offending machinery can be completely enclosed.

v) Where radiant heat, as in outside work, is an issue shelters are an obvious way of reducing the heat load.

vi) Radiation hazards are dealt with by, for example, lead barriers.

vii) Chemical operations use splash guards.

viii) Construction safety (fall hazards) use barriers, or as a second resort harness and tie off procedures. This latter defence of course requires operator compliance and therefore is not strictly an engineering control.  

	

	ACTIVITY 

List some more process isolation examples.
 


 

Administrative Controls

1) These are generally procedures that require operator compliance and vigilant supervision.

2) The use of exposure reduction may be appropriate for thermal, noise and vibration, and repetitive mechanical strain hazards. The process is to reduce the daily exposure of the operator to the hazard. 

a) Noise, radiation and heat standards are based on (daily) dose levels.
b) On way of achieving this form of control is to rotate workers into and out of the hazardous area of from the hazardous job.
c) A second approach is to use horizontal job enlargement where the operator reduced his exposure to a hazardous activity.

	

	ACTIVITY 

List some occupations where exposure reduction is a viable way of reducing physical stress.
 



3) Warnings are a form of facilitator and are dealt with in greater detail in the next section. Briefly, warnings are acoustic, verbal, pictorial symbolic message placed prominently adjacent to the hazard. There are to shortcomings of warnings, first they may not be seen or understood, second they require compliance.

4) Training – Selection, training, task assignment and supervision are all strategies to assure operator compliance with proper, safe procedures. All of these forms of administrative control may fail due to erroneous or inadequate implementation, deliberate or inadvertent non compliance or simple distraction.

	

	ACTIVITY 

Discuss the fundamental purpose of ergonomics – should it be confined to the change of technology and control of the environment or should it also consider complementary selection, training and assignment of people? Is it feasible for everyone to be an astronaut, professional sports player, engineer, car driver, pilot, doctor? 



Personal Protective Equipment

1) Personal protective equipment is the last resort in safety management, but often it is the only available mechanism. Examples include ear plugs, safety glasses, hard toed shoes, hard hats / helmets, aprons, overalls, gloves, knee pads, bullet proof vests, breathing apparatus etc.

a) Such devices as harnesses may also be considered as personal protective equipment

b) The use of PPE in sport and recreation – gloves, helmets, pads, ski boots, parachutes (just kidding) etc. May be a double edged sword – the PPE itself may cause the participant to extend his activity beyond normal limits or may divert the hazard to some other form.

	

	ACTIVITY 

List some situations where PPE is the only viable intervention.
 



Facilitators

1) Facilitators include labels, warnings, instructions and procedures. They exist to increase the performance or safety gap between engineering design and the level of training of the operator.

2) A facilitator must be seen (heard), understood and convey the nature of the hazard and the consequence of inappropriate use. They may also convey appropriate mitigation action.

3) Facilitators are often temporary in nature – experienced operators may not need or use them due to their level of training. For example the label on a keyboard may not be used by an experienced typist, who uses feedback from the associated display to confirm correct entry.

4) Facilitators have their greatest uses where the hazard is hidden or the task is performed infrequently. For example the facilitators associated with tire change on a car are needed because the hazards are not always obvious and the operation is only performed infrequently. Also in this context it should be noted that the facilitators may be needed in adverse contexts – in the tire change example – it may be dark and raining. Also in this context, it may be argued that the best “facilitator” is a phone number for a service centre where the experienced operator may not need the facilitator.

5) Facilitators also require compliance by the operator and may fail because they are not designed well, are not available / seen or are not understood.

6) Facilitators should be designed and tested like any other product for their effectiveness in intended and unexpected conditions.

	

	ACTIVITY 

List at least 10 facilitators and discuss how they might fail and how they might be better designed. Discuss, with examples the argument of “failure to warn” in products liability cases.
 



Ergonomics Standard

1) The major challenge for a specification standard for ergonomics is that of human, contextual and temporal variability. It is possible to have standard equipment and standard procedures but to be resilient these must be flexible to deal with variable contexts and people.

	


	ACTIVITY 

Discuss the role of standardization in traffic speed limits – should speed limits be dictated by driver ability, weather conditions, night and day, size of vehicle? 




	

	ACTIVITY 

In assembly work should it be assumed that the productivity standards (assembly line operations per unit time) be dictated by the operator with the lowest, average or most skill? 



2) Generally speaking there is a monotonic relationship between work stress level and the likelihood of injury. There may be considerable individual variability around this trend line. Also there are multiple interacting causes of musculo skeletal injuries, including: posture, movement, force, repetition, duty cycle and duration of activity.  Consequently the “line in the sand” of a specification standard can only be made by a consensus of experts; These work design specifications are best handled within an organization.

	

	ACTIVITY 

Discuss the concept of 5th percentile in ergonomics.



3) An alternative approach is to epidemiological in nature – those organizations that have significantly greater morbidity levels should be required to implement a preventive program.

	

	ACTIVITY 

How would an outcome (epidemiological) standard affect the behaviour of management and employees with regard to reporting of injuries and illnesses?
 



4) A programmatic standard has the following components:
a) Management commitment
i) There must be formal activity in line management and committee structures within the organization related to ergonomics
b) Employee participation
i) Employees must be involved at all levels of the program, including policy, process, evaluation and design

	

	ACTIVITY 

How would you set up an ergonomics committee structure in a large manufacturing organization?
 



c) Surveillance
(1) There must be a medical management process that provides treatment for injured employees and recommends intervention and prevention strategies.
(2) The medical management process should also address placement of injured employees in task that will not exacerbate the condition
(3) The medical management process should introduce a symptoms survey

	

	ACTIVITY 

How would you make sure that the doctor understood the implications of work stress limitations, such as “no lifting more than 10 lbs” or “no bent wrists”?



d) Training
i) Staff and employees should receive training in ergonomics

e) Work evaluation
i) There must be a formal task evaluation process including a screening checklist, the use of validated tools for specific task analysis and in depth investigations of troublesome tasks.

	

	ACTIVITY 

What factors should be contained in an ergonomics screening checklist? (See handout on “A checklist for Ergonomics Checklists.”)
 



f) Task redesign
(1) There must be a documented approach to demonstrate that changes in equipment and tasks are made in response to a systematic pattern of injury
(2) Engineering controls are generally preferred to administrative controls

g) Proactive work design
(1) The organization should institute a proactive, preventive ergonomics process by addressing product, tooling and task design in the pre production phases of the product life cycle

	

	ACTIVITY 

How would you set up a proactive ergonomics program in a large manufacturing organization?
 



Manual Materials Handling

1) Task features
a) Manual materials handling includes the activities of lifting, holding, carrying, pulling, pushing and throwing.

b) The objects may vary in size, weight, shape and interface
i) The objects may have designed handles
ii) The task may be one or two handed

c) The location of objects may vary horizontally and vertically, with various access and pathway constraints
i) These constraints may impose reaching, bending and twisting
ii) The objects may be on shelves, racks, pallets or in baskets, or in trucksThe relative location of the destination may vary:
iii) The destination target may be constrained
iv) The transfer pathway may involve steps or ramps

d) The environment may include thermal and motion stress and slip and trip hazards.

e) The frequency and duration of the task may vary.

	

	ACTIVITY 

List and describe at least 6 common manual materials handling jobs. Describe the types of load, equipment used and spatial and temporal characteristics of the tasks.




2) Analysis methods

a) Checklist analyses of above lifting task features
i) Amalgamation of checklist results to produce risk index
b) Use of the NIOSH lift equation
c) Use of energy assessment models
d) Physiological assessment – heart rate, oxygen consumption
e) Physical Work Strain Index (see handout)
f) Psychophysical methods – maximum acceptable weight of lift
g) Use of Borg scale
h) Kinematic analysis of MMH methods
i) Lumbar motion monitor

 
	

	ACTIVITY 

Check the Internet for articles and guidelines for the use of the NIOSH Lift Equation and other ergonomics analysis tools- create a bibliography and a dossier of the various worksheets.
 



3) Interventions
a) MMH equipment – hoists, conveyors, racks etc
b) Storage and destination constraints
i) The “Box” – see handout on “Physical Work Strain Index”
ii) Separation of objects to enhance grasping
iii) Lift and tilt tables
iv) Sloping racks

	

	ACTIVITY 

Check the Internet for commercial workplace materials handling aids.



v) Frequency and duration control
(1) Job rotation and enlargement
vi) Lifting training
(1) Stance, posture, grasp, motions
(2) Biomechanical and physiological criteria

	

	ACTIVITY 

Simulate some typical manual materials handling tasks and describe the postures, joint motions and joint moments.
 



	

	ACTIVITY 

Check Barbara Silverstein’s manual materials handling guidelines on the Internet - discuss their rationale, Give suggestions about changes and implementation. 
 



	

	ACTIVITY 

Handout: Alternative Ergonomics Standard
Case Study: : Manual Materials Handling
Exercise:  Develop a manual materials handling standard for aviation passenger luggage. 
Search Internet for International (ISO, EEU, USA) and local (Singapore) Safety Standards
Learning Objective:
 Be able to apply safety standards to the design of a complex system
Expected Outcomes
Understand the hierarchy of controls and be able to select an appropriate response to a safety hazard. In addition, you will become familiar with the development of safety standards and their application. The manual materials handling case study will provide you with practice in the application of hazard controls.




SUMMARY

This module addresses the hierarchy of controls, including engineering and administrative controls for hazard reduction. Next the nature and role of “facilitators” are addressed. The general features of a workplace safety standard are discussed followed by a case study on manual materials handling.

	


	READ:
Jeffrey W Vincoli, Basic Guide to System Safety:  Chapters 13 and 14.




	

	
SELF TEST QUESTIONS

1. Describe the two main types of hazard controls
2. What is meant by “process substitution”, give three examples.
3. How would you design a guard for a table saw?
4. What is job rotation? Give three examples.
5. What are horizontal and vertical job enlargement? Give two examples of each.
6. Name, with examples, four kinds of facilitator.
7. What are the main features of a warning? Give examples.
8. Describe a “programmatic” standard.
9. Describe a “specification” standard.
10. What is “maximum acceptable weight of lift?”
11. What are the components of the NIOSH Lift equation?
12. List 6 features of storage systems.
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OBJECTIVES

At the end of this unit, you are expected to:

· Understand the principles of Resilience Engineering
· Be able to set up a reactive and proactive safety program

Introduction

This last class in the course addresses safety from two directions – first in a reactive way through accident investigation and then in a proactive way through the setting up of a proactive safety management program. The principles of resilience engineering are applied to the development of systems to withstand the effects of intended and unexpected and sometimes extreme situations.


Definitions: The Difference between a System and a Process – Operational Definitions

A “System” is a thing, entity or resource; systems are described by nouns and qualified or quantified by adjectives. Systems/resources include equipment, people, materials, money, time etc. A “process” is an activity, described by a verb and qualified or quantified by adverbs. A process involves the interaction between two or more systems that consumes a certain amount of the time resource. The outcome of a process will be a change in the status of one or more of the contributing systems. A system may have many subsystems and processes. For example a person has many structures and processes; a bus system has various assets and operating procedures. A process may consist of many systems and sub processes. It is usual for energy and information resources to be involved in a process. The acts of walking, driving, manufacturing or producing energy are all processes.

The process of driving involves the driver, the vehicle, the road and the environmental context, including the time and other traffic. The outcome of the process will include a change in the time and the location of the driver and vehicle. There will be minimal change to the roadway and other traffic. Over time there may be considerable change to the environment. At the subsystem level, the driver may become fatigued and the fuel tank empty. The location and health status of the driver and vehicle may be changed by an accident which consists of an unwanted interaction between the vehicle and another vehicle.

The purpose of this grammatical discipline is to assist in the analysis and communications regarding systems and processes. In the design context, a process has requirements and a system has specifications. The process (outcome) requirements may be validated and the system specifications verified. For example, in the practice of ergonomics it is not possible to have a comfortable seat; rather the process or activity of sitting, which involves the seat, the sitter, time and the sitter’s other activities while sitting may be described as “sitting comfortably.” This process outcome will certainly be affected by the seat’s characteristics, the amount of time involved, the task and the many characteristics of the sitter.

Similarly, the process of driving safely may conflict with other possible requirements such as driving quickly. Driving safely will be dependent on the characteristics of the driver, vehicle, roadway, traffic control devices, environment and other traffic. It will also depend on a sub process of following certain adaptive procedures depending on the situation.

It follows that systems and processes can be designed by reference to specifications and requirements respectively.

	

	ACTIVITY 

Describe the following from:
a) the system (structure) viewpoint, 
b) the process (activity) viewpoint and 
c) the outcome viewpoint

A city, a transportation service, a bus route, a bus, a passenger.





Purposes and Outcomes of Systems and Processes

There are multiple, sometimes conflicting purposes of system and process design including:
· Effectiveness (Quality), 
· Efficiency (Optimal use of resources, productivity), 
· Ease of Use (by intended users, but not by foreseeable misusers),
· Elegance – Esthetic appeal 
· Safety (prevention of acute or cumulative harm to users, third parties, equipment, the process and the environment, by system failure), 
· Security (prevention of harm by malicious or accidental acts of people) and 
· Satisfaction (the system and its use should be pleasing to all customers and stakeholders)
· Sustainability (Reliability – lifetime use under normal conditions and Resilience – use under abnormal and extreme conditions)







	

	ACTIVITY 

Describe the purposes and outcomes of road, air and sea transportation of people and goods using the E3S3+R&R framework. What factors affect reliability and resilience?

Discuss the possible conflicts and tradeoffs among these purposes and outcomes for products such as web pages and suitcases.

Discuss possible conflicts and tradeoffs regarding human, equipment, process and environmental damage.




Usability

The design of any product, system or process for human use must address the 6Us – Utility, Users and Misusers, Usage and Misuse, Utilization, Ease of Use and User Error




	


	ACTIVITY 

Discuss these concepts of usability with regard to a TV remote control and a mobile crane.


 
Reliability
Reliability is the maintenance of process outcomes within acceptable limits over time under predictable and foreseeable contexts. There is a large literature in the area of engineering reliability and a human reliability focus has been around for the past few decades. The biggest challenge with human reliability is that of human, situational and temporal variability, although over time and repetition both performance average times and variability of times show asymptotic reductions.

	


	ACTIVITY 

Describe the reliability of a car, a driver a bridge and a restaurant.



Resilience

Resilience is the maintenance of process outcomes within acceptable limits despite unexpected and sometimes extreme contexts. This objective is achieved by feedback and feed forward. Feedback requires reliable memory and often interpretation, including extrapolation. Feed forward is about prediction and anticipation and analogous reasoning from similar contexts.





	

	ACTIVITY 

Discuss the concept of resilience in human space flight, the design of buildings in earthquake and flood prone areas, the design of food supply and the design of toys for young children.






Prevention and Mitigation

Resilience can include the design of a system or process to prevent failure or to mitigate the effects of possible failure. (See Edward’s SHEL Model, Hale’s Bowtie Model and Reason’s Swiss Cheese Model)
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Example – Driving

In the context of driving it is feasible to control the unwanted conflict between cars by engineering controls – such as traffic lanes, stop lights, radar controlled headway and braking etc. When these systems fail then crush space, friendly interiors, seat belts and air bags are designed to reduce the harm done to the car occupants.

A second level of prevention is driver behaviour control by regulations (e.g. speed limits) and driver training (for prevention). Mitigation for the failure of these systems is through monitoring and punishment for aberrant behaviours. 

A third level of prevention is by close supervision – either by automatic means (such as speed cameras) or by greatly increasing the presence of traffic police.

Taken together these preventive and mitigation processes aim to reduce the harm done to road users to acceptable levels, despite the unpredictability of environmental conditions (ice, fog, darkness), traffic congestion and habitual speed, and considerable driver variability.

Despite these prevention and mitigation processes, failures of the driving process do occur – in fact there are about 40,000 fatalities a year on the US roads. However this is only 1 fatality per 25,000,000 miles driven per year. Also some 50% of these fatalities are associated with the driver being under the influence of alcohol or drugs, including prescription drugs, which reflects a failure of compliance with or enforcement of laws to prevent such hazards.

	

	ACTIVITY 

· Is the driving process resilient? Is resilience a matter of degree? How could the resilience of the driving process be improved?

· Describe the prevention and mitigation processes that are put in place for sky diving, SCUBA diving, rock climbing.




Stability  


A stable process is by definition reliable and resilient. Schewart and later Deming describe the use of process control charts to monitor such things as component quality in industrial processes.

LCL
Target Value
UCL
Common Causes
Special Causes














Time



Such methods require quantitative process measures, such as daily productivity, daily product rejects, weekly injuries, monthly complaints and so on. 

The philosophy behind the use of control charts for process monitoring is that so long as the values lie between the upper and lower control limits – often set at 6σ – the process is considered to be in control – the deviations from a target value are “within normal variation” or are due to “common causes” and any attempt to intervene under these circumstances is likely to result in process instability. On the other hand a process value lying outside the control limits is said to be due to “special causes” and intervention is warranted. The processes and process measurements / monitoring are continuous and lead to recalculation and narrowing of the control limits if the special causes have been addressed. 

	

	ACTIVITY 

Describe how the principles of stability can be applied to clothing manufacturing (cutting and sewing), patient throughput in a hospital emergency room, the safety record of a construction site.




Flexibility

The key to resilience is flexibility – the ability of the process and its constituent systems to predict and respond to unexpected and possibly extreme contexts. One strategy is that of redundancy in defences against disrupting forces. For example defensive tactics in balance, soccer, chess, product quality, process safety, tsunami management and airport security have multiple layers of defence to maintain system integrity. These layers are not static; rather they are designed to be adaptable to threats as they build up and defeat the first and subsequent lines of defence.

	

	ACTIVITY 

· Sketch the processes described above; identify the failure pathways and the flexible defences against process failure through prevention and mitigation.

· Develop a conceptual process (using a concept map) to prevent and mitigate the effects of closure of the Changi airport due to failure of the equipment, human or environmental contexts.




Accident Investigation





These requirements are also true for accident investigation; especially where there is thought to be a significant human causal contribution. A common accident investigation scenario is that the cause is simply put down to “human error” and no further investigation is needed. However contemporary approaches by Reason (the Swiss Cheese Model) and the Shappell and Weigmann development of the Human Factors Analysis and Classification System (HFACS) go beyond this simplistic diagnosis to explore the technological, organizational, operational, temporal and contextual factors that led up to this “human error.” Even Petrovsky in his insightful book “To Engineer is Human”, which is a study of infamous civil engineering failures, explains why engineering designers make errors, often due to resource limitations, such as time, money and materials. Petrovsky uses the analogy of a child learning to walk by occasionally falling down to argue that failure is important in the design process. The science of Ergonomics and Human Factors attempts to explain the causes of “human error” and relate these causes to the design of equipment, workplaces and the environment.

This ergonomics and human factors science becomes a “technology” by the development of tools for analysis and design rules. For example there are standard tools for the analysis of manual materials handling tasks (the NIOSH lift equation), situation awareness (SAGAT ) and the overall level of stress on the operator (NASA TLX). Likewise there are tombs written on design guidelines (Woodson, Tilman and Tilman). These analysis tools and design rules allow the accident investigator to go beyond the simplistic diagnosis of “human error”.

Two major oil spill cases – the Exxon Valdes and the Chinese tanker that ran aground recently on the Great Barrier Reef were both caused by “human error”. The crew members were incapacitated by alcohol (in the Exxon Valdes Case) and sleep deprivation. Both causes were predictable and preventable by the application of fundamental human factors analysis and design.

However, human factors knowledge alone is of limited value without domain knowledge. Even simple tools such as the 5Ws (Who, what, where, when, why and how) and the 5 Whys (asking Why? at least five times in an enquiry sequence) require both human factors and domain knowledge. In a manual materials handling situation the investigator needs to know where the particular MMH task fits into a manufacturing or distribution process and what are the engineering alternatives. Similarly to understand situation awareness in runway incursion, it is essential to understand the movement and communication processes of airplanes around airports and the organizational structures and processes that are in place to prevent such occurrences.

Accident investigation therefore is best accomplished by a team approach with specialists representing all the technological, organizational, human and environmental aspects of the case. These specialists should be sufficiently versed in each other’s subjects and tools to have a sensible conversation and come to a reliable and resilient conclusion. Despite such ideal approaches to accident investigation, there are fundamental issues associated with human groups and teams, such as dominance and false consensus that get in the way of effective and efficient prevention and mitigation strategies.

	

	ACTIVITY 

How would you compose a team to investigate a series of back injuries in the Fed Ex or UPS services? What processes would you have the team use? Describe a solution framework.



In the case of an accident reduction program the target value may become asymptotic due to different forms of intervention. An example is the accident or error rate with new technology such as UAVs.




A general trend with new technology such as aviation, road vehicles and UAVs is that as the engineering problems are solved a greater proportion of accidents become due to human causes, despite improvements in task design, selection, training and task assignment.



The Design of a Proactive Safety Program

1. Management Commitment

The first principle in a proactive safety program is Management Commitment. Commitment is different from involvement as explained by the English breakfast metaphor – if you have bacon and eggs for breakfast the chicken is involved, but the pig is committed. Management is of course interested in other process outcomes such as quality (effectiveness) and efficiency (optimal use of resources, such as people, money, time and materials), but the safety objective, although a constraint, must also be part of their everyday purpose and activities. The commitment of management will be reflected in organizational design, to include safety oriented resources, and safety oriented processes, such as training, assignments, monitoring and design.

	

	ACTIVITY 

How would you recognize management commitment? 



2. Employee Involvement

The second principle in a proactive safety program is Employee Involvement or participation. Employees are at the “sharp end” of safety, they are the ones who get hurt when things go wrong; also they are the ones who are associated with the unsafe acts that cause things to go wrong. Consequently employees have considerable knowledge and motivation to contribute to the design of safe working conditions, equipment and procedures.  The mechanism of employee involvement may include such things as critical incident reporting (non punitive) and suggestion plans, possibly with associates incentives or rewards. But at a more fundamental level, employees should participate in investigation and design committees and task forces in a similar way to the operation of quality circles. In fact it may be useful for these employee teams to have multiple objectives, including quality, productivity and safety. There are two basic ways in which these teams are convened and operate – top down and bottom up. In the top down approach the teams eventually report to management, whose criteria may differ. In the bottom up format, the teams may report up the ladder via employee union representation. Whichever format is in place, an effective proactive safety program must involve collaboration between management and employees through some formal structure and process.

	

	ACTIVITY 

How would you recognise employee involvement?



[bookmark: _GoBack]
3. Timeliness 

The third principle in proactive safety program design is Timeliness. In large scale operations, design decisions regarding products, components, manufacturing processes and operations may be made months or years before production starts. Often these system specifications a “carved in stone.” Late changes to designs may be extremely costly. For example a thing as simple as the height of a production line which has enormous impact on the posture and back safety of the operator may be decided years before the production line is operational. Similarly, the training of newly hired workers in appropriate operations and safety procedures may warrant a substantial commitment of time and resources. 





	

	ACTIVITY 

Class Exercise – What actions would be considered “timely” in the design of a crowd safety strategy for a major pop concert in a large stadium?



4. Data

The fourth principle of proactive safety program design is (are) Data. Data collection, analysis and reporting must address all unwanted process outcomes, such as injuries to workers, damage to equipment, delays in the process, product defects and damage to the environment. In addition reporting should also include “near misses” or critical incidents. The analyses should include severities, frequencies and rates, which imply the need for appropriate denominators, such as transactions, people exposed or time. It may also be useful to record data about context, such as operation or department or time of day. The characteristics of the persons involved should also be recorded including age, sex and pertinent experience. Data reporting of a qualitative form should be encouraged through such programs as anonymous, non punitive reporting schemes and suggestion plans.

	

	ACTIVITY 

Describe the kinds of data and the methods of data collection that you would expect to see in a safety program for a kindergarten.



5. Visual Controls

The fifth principle is that of Visual Controls. Visual controls include such things as tables and graphs placed prominently both at the production site and at the locations of the various support and management functions. Objectivity and openness regarding process outcomes and deviations, including injuries are important. However, such communications should not in any way influence incident or accident reporting. For example there may be pressure not to report an accident if a large poster proclaims “this worksite has been accident free for three years.”

	

	ACTIVITY 

Design a poster(s) to demonstrate safety and quality outcomes on a production line for meat packing.



6. Hierarchy of Controls.

The sixth principle of proactive safety program is adherence to the Hierarchy of Controls. The hierarchy of controls includes Engineering (or structural) controls and Administrative (or process) controls. Engineering controls include process elimination, substitution or isolation.  Examples of engineering controls might include such things as mechanized materials handling or safety guards. Administrative controls include procedures, training and warnings. A realistic view of system design suggests that engineering and administrative decisions should be made hand in hand throughout the design process with due regard to their effectiveness and efficiency. For example in complex designs such airplanes or power plants or robots it is unthinkable that the issue of operator training should not accompany the engineering design, as both are key to successful process outcomes.

	

	ACTIVITY 

Provide examples of where engineering and administrative controls might be interchangeable.



7. Consensus Decision Making

The seventh principle of proactive safety program design is Consensus Decision Making. Safety, like quality, productivity and customer satisfaction, is not a simple matter. There will inevitably be tradeoffs among competing process outcomes such as safety and productivity or product quality and cost. Whereas the consensus process may be cumbersome, contentious and even wrong in retrospect, the chance of success is greater than with engineering, marketing, management or safety driven decisions operating in isolation. For example engineering may be excited by new, but untried technology, marketing may be very concerned by product cost, management may be in a hurry to get the product to market before the competition and the safety department may emphasize risks that are neither likely nor serious. Consequently the best approach to all proactive design decisions, including those associated with safety is the consensus process, with the proviso that decisions are made with access to reliable data.




	

	ACTIVITY 

Conduct a high level meeting to decide whether or not to send an astronaut to the International Space Station.




8. Prevention and Mitigation

The eighth principle of proactive safety program design is design for Prevention and Mitigation in the event of system failure. Prevention is central to the application of the hierarchy of controls as also is mitigation. For example if a crane loses its load through some operational failure, then third parties at risk below should be prevented from entering the danger zone by engineering and administrative mechanisms. Mitigation includes both the prevention of harm in the event of system failure and a reduction in the severity of the outcome. Eye protection may be useful where an operator must work with cutting or grinding equipment, but there must also be an eye treatment station available for first aid purposes. Continuing this concept of mitigation to reduce the severity of unwanted outcomes is the need for appropriate medical services, including ambulance services for transportation to emergency rooms. The level of these services will of course be related to the likelihood and possible severity of an unwanted system failure.

	

	ACTIVITY 

Use the Prevention and Mitigation Resilience model to discuss the design of a proactive safety strategy for the management of motorised bicycles in Singapore.




9.  Sophisticated Methods

The ninth principle of proactive safety program design is that of Sophisticated Methods. It must be noted that sophisticated does not mean complicated, rather it implies what mathematicians call “elegant solutions.” At one end of the spectrum there is the KISS principle (Keep it Simple Stupid!) The implication of this principle is that the method or solution should be understandable by those involved in analysis, decision making and implementation.  In ergonomics terms, the processes of analysis, decision making and solution implementation should be subject to usability analysis (6Us.) Examples of sophisticated analysis tools include checklists, worksheets and design guidelines that are easy to use and understand by all involved. A prime example is the General Motors Proactive Wall Worksheet which is comprehensive regarding risk factors, uses easily understood metrics and decision rules.

	

	ACTIVITY 

What methods would you use to assure the safety of customers in retail establishments?



10. Continuous Improvements

The tenth principle of proactive safety program design is that of Continuous Improvement. The Japanese call this Kaizen engineering and employ a variety of tools, such as task forces, process monitoring and regular process reviews to make changes where warranted. It should be noted however that the risk of “tampering” where process outcomes are within the range of “common causes” may be counterproductive. 

	

	ACTIVITY 

Use a Concept map to describe the components of a Kaizen Engineering approach to the design and modification of a repair shop for Singapore buses. Alternatively – use the case of pedestrian safety on Orchard Road.





	

	SELF TEST QUESTIONS 

(Give examples with your answers.)

1. Describe briefly the concept or resilience.
2. What does “mitigation” mean?
3. What is a “domain expert?”
4. What is a “control chart?”
5. What is an “administrative control?”
6. Describe “management commitment” (to proactive safety program design.
7. Give some examples of “employee involvement” in proactive safety program design.
8. Compare “systems” and “processes”.
9. Describe the concepts of “structure”, process” and “outcome.”
10. What kinds of data would you collect in a safety management program?












1

Microsoft_Office_PowerPoint_Slide2.sldx
E3S3 

Effectiveness – The product or service meets customer quality expectations

Efficiency – Productivity – optimal use of resources (people, money, materials, equipment, energy etc.)

Ease of Use – Human interaction with the product or service should be convenient, comfortable and error free

Safety – The system (product, service) should not fail and cause harm to the user, associated hardware, the environment or the organization.

Security – The system should be resilient to malicious or accidental interference by third parties.

Satisfaction – All users of the system should be satisfied with their experience and be motivated to continue to use the system
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This sample fault tree demonstrates the multiple contributions process safety of task assignment, hazardous conditions, trained, untrained and incapacitated crew members and the availability of technology (radar, intercom) to extend human capabilities to detect and evaluate hazards. 
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Singapore to start reasibliity
study into nuclear energy

SINGAPORE — As more countries seek to
explore the use of nuclear energy for civilian
purposes, the international community faces
a dilemma: How does it juggle a nuclear
non-proliferation regime while acknowledg-
ing the right of countries pursuing nuclear
energy and technology for peaceful uses?

There are still about 20,000 nuclear
warheads in the world, many of them on
trigger alert, Singapore noted in its state-
ment at the International Disarmament and
Non-Proliferation Conference in the Iranian
capital of Tehran, which ended yesterday.

And even with the non-proliferation
treaty (NPT), which has limited the number
of nuclear weapons states (NWS), the world
faces proliferation concerns.

For example, the NPT did not stop
North Korea from acquiring and testing
nuclear weapons, while NPT member Iran
has been suspected of pursuing nuclear
weapons ambitions.

Moreover, India, Pakistan and Israel,
who have or are believed to be nuclear-
armed, are not part of the NPT, representing
“a lacuna in the NPT regime”.

“As interest in nuclear energy growsasa
result of rising costs in traditional fuel as well
as the concerns over climate change, nuclear
technology will continue to spread with-
out checks.” the Ministry for Foreign Affairs

(MFA) said in the statement. “These would
include activities that could be used for a
nuclear weapons programme (like) uranium
enrichment and plutonium reprocessing.”

“Non-state actors, particularly, terror-
ists groups, are believed to be keen on
acquiring nuclear material and nuclear
weapons to launch terrorist attacks.”

Both NWS and non-NWS alike should
adopt higher standards of nuclear safety
and security to ensure that nuclear material
and facilities under their control remain
safe from theft or terrorist attack, urged
the MFA, while export controls need to be
tightened to prevent llicit trafficking of nu-
clear weapons and their delivery systems.

A “multilateral fuel assurance mecha-
nism” could also prevent further spread of
nuclear know-how, while providing coun-
tries interested in pursuing nuclear energy
and technology the means to do so.

Singapore, which has not ruled out
nuclear energy, will start a feasibility study
“which will entail a careful and rigorous
examination of the technical, economic and
safety aspects of nuclear energy”.

“This process is still at a preliminary
stage, but we will enhance our cooperation
with the IAEA (International Atomic Energy
Agency) and nuclear suppliers as our study
progresses,” said the MFA.
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Case Study 1 - Road Accidents

Data from Barfield and Dingus, 1998

• Perceived value of driving = Annual Cost of car + fuel + extras / miles per year

– (7000 + 500 + 2000) / 10,000 = $1 per mile

• 45,000 fatalities, 5.4 million non fatal accidents, 28 million vehicles damaged

• 193 million vehicles registered, including commercial

• 10,000 miles per year, 60,000 commercial miles per year

• 1,930,000,000,000 miles driven per year

• 1 accident per 100,000 miles driven

• 1 fatality per 25,000,000 miles driven

• Average 1.1 crashes in 13 years vehicle lifetime

• Annual economic cost of accidents is $137.5 billion

• Average cost per crash is $8,600

• “Monetary value” of a crash is $7,200

• A device that would avoid all crashes would be worth $7,200 per vehicle

• A device that would avoid 25% of crashes would be worth $1,800 per vehicle 


Case Study 1 - Road Accidents
Data from Barfield and Dingus, 1998

Perceived value of driving = Annual Cost of car + fuel + extras / miles per year

(7000 + 500 + 2000) / 10,000 = $1 per mile

 45,000 fatalities, 5.4 million non fatal accidents, 28 million vehicles damaged

193 million vehicles registered, including commercial

10,000 miles per year, 60,000 commercial miles per year

1,930,000,000,000 miles driven per year

1 accident per 100,000 miles driven

1 fatality per 25,000,000 miles driven

Average 1.1 crashes in 13 years vehicle lifetime

Annual economic cost of accidents is $137.5 billion

Average cost per crash is $8,600

“Monetary value” of a crash is $7,200

A device that would avoid all crashes would be worth $7,200 per vehicle

A device that would avoid 25% of crashes would be worth $1,800 per vehicle 
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Case Study 2 Heavy Manufacturing

(Hypothetical Numbers)

• 5,000,000 items per year sell for $5,000 each

• Annual revenue = $25,000,000,000

• Average wage + benefits = $20 / hour @ 10 hours per 

day for 200 days per year = $40,000 per year

• Daily cost of labor = $200

• 100,000 employees

• Annual labor cost = $4,000,000,000

• Annual materials cost = $10,000,000,000

• Annual equipment cost = 5,000,000,000

• All other costs = $3,000,000,000

• Margin = $3,000,000,000 = 12% revenue

• 2,000 hours per employee per year


Case Study 2 Heavy Manufacturing
(Hypothetical Numbers)

5,000,000 items per year sell for $5,000 each

Annual revenue = $25,000,000,000

Average wage + benefits = $20 / hour @ 10 hours per day for 200 days per year = $40,000 per year

Daily cost of labor = $200

100,000 employees

Annual labor cost = $4,000,000,000

Annual materials cost = $10,000,000,000

Annual equipment cost = 5,000,000,000

All other costs = $3,000,000,000

Margin = $3,000,000,000 = 12% revenue

2,000 hours per employee per year
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•0 fatalities per year

•10,000 lost day cases per year

•10 lost day cases per 100 employees per 2000 hours

•Average lost days per case = 2

•Days lost per year = 20,000

•Simple cost of days lost = $4,000,000 = 4% revenue

•Medical costs @ $100 per day = $2,000,000 = 2% revenue

•Replacement employee cost per year = $4,000,000

Health and Safety Statistics

(hypothetical)
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0 fatalities per year

10,000 lost day cases per year

10 lost day cases per 100 employees per 2000 hours

Average lost days per case = 2

Days lost per year = 20,000

Simple cost of days lost = $4,000,000 = 4% revenue

Medical costs @ $100 per day = $2,000,000 = 2% revenue

Replacement employee cost per year = $4,000,000

Health and Safety Statistics

(hypothetical)
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•Intervention by hiring additional 10,000 employees (10%) 

–Annual cost = $400,000,000

–Half the injury rate 5,000 lost day cases per year = 10,000 lost days per year

–Simple cost of days lost = $2,000,000

–Medical costs = $1,000,000

–Replacement employee costs = $2,000,000

•Intervention by automation

–double plant cost, half the labor cost

–Plant cost $10,000,000,000

–Labor cost $2,000,000,000

–Half the injury rate 5,000 lost day cases per year, 10,000 lost days per year

–Simple cost of days lost = $2,000,000

–Medical costs = $1,000,000

–Replacement employee costs = $2,000,000

Intervention Alternatives

Additional Manpower or Automation?


Intervention by hiring additional 10,000 employees (10%) 

Annual cost = $400,000,000

Half the injury rate 5,000 lost day cases per year = 10,000 lost days per year

Simple cost of days lost = $2,000,000

Medical costs = $1,000,000

Replacement employee costs = $2,000,000

Intervention by automation

double plant cost, half the labor cost

Plant cost $10,000,000,000

Labor cost $2,000,000,000

Half the injury rate 5,000 lost day cases per year, 10,000 lost days per year

Simple cost of days lost = $2,000,000

Medical costs = $1,000,000

Replacement employee costs = $2,000,000

Intervention Alternatives

Additional Manpower or Automation?
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•

Utility

–

Is the system useful?

•

Users and misusers

–

Who are the users?

•

Usage

–

How is the system process used?

–

What is the context?

•

Utilization

–

How often and by how many people?

•

Usability

–

Is the system easy to use?

•

User Error

–

What kinds of error can be made, how frequently 

and what are the consequences?

7/29/2009

(C) Brian Peacock Ergonomics (BPE) Pte. 

Ltd.
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The Six Us of Usability

6Us


Utility

Is the system useful?

Users and misusers

Who are the users?

Usage

How is the system process used?

What is the context?

Utilization

How often and by how many people?

Usability

Is the system easy to use?

User Error

What kinds of error can be made, how frequently and what are the consequences?
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The Challenge of Design

Control

The Process Outputs Inputs

Uncontrollable 

Factors

Feedback

Feedforward

Will your 

system design 

inputs make 

the process 

resilient to 

uncontrollable 

factors?


The Challenge of Design
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The Process

Outputs

Inputs

Uncontrollable Factors

Feedback

Feedforward

Will your system design inputs make the process resilient to uncontrollable factors?
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Good Ergonomics Requires 

1. Knowledge of human characteristics, 

capabilities and limitations

plus

2. A bag of tools and techniques

plus

3. Domain knowledge

B

P

E
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20

Improvements in Reliability

(DoD, 2003)
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17

Design Purposes

• Objectives

– Product quality

– Productivity

– Speed to market

– Health and 

safety

– Satisfaction

• Internal and external 

customers

Impact Cost

Time to Market

Research – Design - Production - Deployment

Changes

Apply Tools Early

“Concurrent Engineering”
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Consensus

Consensus

•HFExperts

•Engineers

•Managers

•Customers

Policy

Science

History

Experience

Data

Predictions

Rule

Rule

Implementation

Rule Evaluation:

•Verification

•Validation

•Sensitivity
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The HFE Cycle

Environment/Context

•Spatial

•Mechanical

•Physical

•Chemical

•Biological

•Psychological

•Social

•Organizational

•Financial

Mission

Job

Task

Simulation

Screening Analysis

(Process and System Design)

Decisions

•Risks

•Benefits

•Costs

Design (Processes and Systems)

•Hardware

•Software

•Organization

•Humanware

•Interfaces

Outcomes:

•Quality - Effectiveness

•Productivity - Efficiency

•Safety – Acute

•Security

•Health - Cumulative

•Motivation - Satisfaction

In Depth Analysis

(Process and System Design)

Evaluation

(Processes, Systems and Outcomes)

What 

can

be changed

What 

cannot

be 

changed
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Ergonomics Process
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BP System Safety Lecture 2 66

Life Cycle in Product Design

• Mission / Purpose

• Concept(s) design

• Concept evaluation and testing

• Concept selection

– Design for use (Usability Testing)

– Design for manufacturing and assembly

– Design for service and maintenance

– Design for disposal

–

Design for SAFETY

• Manufacturing and Production Design

• Production

• Distribution and Sales

• Use

• Service and Maintenance

• Disposal
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The Design Process

Mission Design

System Design
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Operations Design
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The Design Process

Mission Design

System Design

Process Integration

Operations Design

Operations Implementation

Process Design

Overlapping sequences of requirements, design activities and verifications

Manned Mars Mission

Navigating, Launching, Eating, Exercising, Landing, Modeling

Propulsion, Biomass Production Equipment, Communications Equipment, Robots

Analogs, Modeling

Time, Resource and Activity Planning, Modeling

Monitoring, Anticipating, Responding

Concurrent Engineering

Feedback / Lessons Learned / Technical Memory





62







The Design Process






image11.emf
1

•A systematic process to obtain the 

Voice of the Customer

•Cross-functional teams 

•To design products, processes, services and strategies. 

House of Quality - divided into several rooms. 

•Typically you have customer requirements, design considerations and design 

alternatives

•Weighted scores – prioritization

•Matrices connected together using priority ratings from the previous matrix.

Interviews, surveys, focus groups, customer specifications, observation, warranty 

data, field reports, etc. 

•Summarized in a product planning matrix  - "house of quality". 

•These matrices are used to translate higher level "whats" or needs into lower 

level "hows" 

•Product requirements or technical characteristics to satisfy the customer needs. 

Quality Function Deployment - QFD

Safety
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A systematic process to obtain the Voice of the Customer 

Cross-functional teams 

To design products, processes, services and strategies. 
House of Quality - divided into several rooms. 

Typically you have customer requirements, design considerations and design alternatives

Weighted scores – prioritization

Matrices connected together using priority ratings from the previous matrix.
Interviews, surveys, focus groups, customer specifications, observation, warranty data, field reports, etc. 

Summarized in a product planning matrix  - "house of quality". 

These matrices are used to translate higher level "whats" or needs into lower level "hows" 

Product requirements or technical characteristics to satisfy the customer needs. 

Quality Function Deployment - QFD

Safety
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Introduced to the auto industry in the 1980s



Now they use lean and 6 sigma
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Detail
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Quality Function Deployment



Nouns

(Engine, Aerodynamics)

Verbs

(Travel)

Adverbs

(Quickly)

Adjectives

(V8, Low Profile)

Voice of the Customer
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System

Process

2

The Tasks of the HFE
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The QFD process



HFE had the responsibility in the 1980s
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Refrigerator Product Planning Matrix
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Quality Function Deployment - QFD.
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Quality Function Deployment
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2

The Tasks of the HFE
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The QFD process



HFE had the responsibility in the 1980s
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One Step in the Design Process

Guidelines

Requirements

Specifications

Activities

Reviews

(Verification)

Reviews

(Validation)

People

Information 

Feedback

Properties
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Each step in the design process involves these sub steps / activities



Describe for paper airplane / training airplane manufacturing, given that the design has been agreed upon
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The Classroom Analogy

Syllabus

People – Professors, Students, Assistants, Subjects

Properties – Notes, Books, Presentations, Discussions, Laboratories, Computers

Classes, Labs

and

Homework

Exams

Test the specifications

Department 

Reviews

Test the performance requirements

The Course

Feedback?
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The Classroom Analogy

Syllabus

People – Professors, Students, Assistants, Subjects

Properties – Notes, Books, Presentations, Discussions, Laboratories, Computers

Classes, Labs

 and

Homework

Exams



Test the specifications

Department 

Reviews



Test the performance requirements

The Course







Feedback?
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Discuss this and other courses in these system design terms





The Classroom Analogy






image16.emf
5Ws

• What

– what happened / will or might happen?

• Where

– what was / will be the context of the event?

• When

– when will the event occur, what will be the time scale?

• Who

– who was / will be directly / indirectly involved?

• Why

– Why did / will the whats, wheres, whens and whos occur?

• And How

– What were / will be the details / methods / processes of the 

events / activities?




5Ws

What

what happened / will or might happen?

Where

what was / will be the context of the event?

When

when will the event occur, what will be the time scale?

Who

who was / will be directly / indirectly involved?

Why

Why did / will the whats, wheres, whens and whos occur?

And How

What were / will be the details / methods / processes of the events / activities?
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5S

(Japanese for tidy up your room!)

• Seiri - Sort

• Seiton - Set in Order (Store)

• Seiso - Shine

• Seiketsu - Standardize

• Shitsuke - Sustain




5S
(Japanese for tidy up your room!)

Seiri		- Sort

Seiton		- Set in Order (Store)

Seiso		- Shine

Seiketsu	- Standardize

Shitsuke	- Sustain
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55

apanese o iy up your room)

seiri -sort
Seon  -Set in Order (Store)
Seso  -Shine

Seketsu - Standardize
Shitsuke - Sustain
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• Sort

– Eliminate unnecessary items from your workplace

• What, where, when, why, how many

• Use red, yellow and green tagging

• Get help from an independent advisor

• Get rid of the “just in case mentality”

• Order (Store)

– Chose the appropriate location for each item

– Use visual controls (painted lines, labeled shelves etc.)

• Shine

– Thoroughly clean your work area 

– Keep it clean and clear of clutter

• Standardize

– Standardize the best practices for your work

– Check out Blockbuster, McDonalds, UPS

• Sustain

– Do not revert to the bad old ways

– Regularly review your work practices

The 5S Process

http://www.isixsigma.com/dictionary/5S-486.htm

http://net1.ist.psu.edu/chu/wcm/5s/5s.htm


Sort

Eliminate unnecessary items from your workplace

What, where, when, why, how many

Use red, yellow and green tagging

Get help from an independent advisor

Get rid of the “just in case mentality”

Order (Store)

Chose the appropriate location for each item

Use visual controls (painted lines, labeled shelves etc.)

Shine

Thoroughly clean your work area 

Keep it clean and clear of clutter

Standardize

Standardize the best practices for your work

Check out Blockbuster, McDonalds, UPS

Sustain

Do not revert to the bad old ways

Regularly review your work practices

The 5S Process

http://www.isixsigma.com/dictionary/5S-486.htm

http://net1.ist.psu.edu/chu/wcm/5s/5s.htm
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The 5S Process
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5 Whys Example

Why did the car 

crash?

Because the 

brakes failed

Because the 

road was icy

Because the driver 

was asleep

Why?

Why?

Why?

Why?

Why?

Why?

Why?

Because it hadn’t 

been sanded

Because the city 

had run out of 

budget

Because of a lack 

of preventive 

maintenance

Because the force 

was short of 

money

Because he worked 

on the night shift

Because his employer 

required shift rotation

Because the public 

require 24/7 protection
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5 Whys Example

Why did the car crash?

Because the brakes failed

Because the road was icy

Because the driver was asleep

Why?

Why?

Why?

Why?

Why?

Why?

Why?

Because it hadn’t been sanded

Because the city had run out of budget

Because of a lack of preventive maintenance

Because the force was short of money

Because he worked on the night shift

Because his employer required shift rotation

Because the public require 24/7 protection
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6Ms

(Fishbone Diagrams, Cause and Effect Diagrams)

Ishikawa Diagrams

• Materials

• Machines

• Men (and women)

• Methods

• Measurement

• Management

– Plus procedures,and context 

http://mot.vuse.vanderbilt.edu/mt322/Ishikawa.htm

http://www.mindtools.com/pages/article/newTMC_03.htm


6Ms
(Fishbone Diagrams, Cause and Effect Diagrams)
Ishikawa Diagrams

Materials

Machines

Men (and women)

Methods

Measurement

Management

Plus procedures,and context 

http://mot.vuse.vanderbilt.edu/mt322/Ishikawa.htm

http://www.mindtools.com/pages/article/newTMC_03.htm
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6Ms
(Fshbone Disgrams, Cause and Effct isgrars)
Ishikawa Diagrams

* Materials
* Machines S
* Men (and women)

* Methods

* Measurement
* Management
—Plus procedures and context
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Management Men
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Materials Machines Measurement

Methods
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Cause
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Elements of FMEA

•

Activities or Systems

– Subsystems or  functions

– Components or  functions

• Failure modes

• Causes

• Predisposing causes

• Context, environment

• Outcomes, consequences

– Frequency, probability

– Severity

• Risk assessment codes

• Solutions

– Engineering controls

– Administrative controls


Elements of FMEA

Activities or Systems

Subsystems or  functions

Components or  functions

Failure modes

Causes

Predisposing causes

Context, environment

Outcomes, consequences

Frequency, probability

Severity

Risk assessment codes

Solutions

Engineering controls

Administrative controls







11





Elements of FMEA
- Aotz or Syems

- Foremens

Gl

- Prassposingcavss

G animnmert

" Outcomes crsemences

- R sesesemert s

 Souons





image23.emf
FMEA Chart

Component Failure 

Mode

Effects on other 

Components 

Effects on 

System

(Worst case)

Hazard 

Probability

Outcome

Severity

Risk 

Assessment 

Code

Comments

Solutions

System

Subsystem 

Analyst 

Date 

Page


FMEA Chart

		Component		Failure Mode		Effects on other Components 		Effects on System
(Worst case)		Hazard Probability		Outcome
Severity		Risk Assessment Code		Comments
Solutions

																

																

																

																

																



System	

Subsystem 

Analyst 

Date 

Page
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FMEA Chart
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FMEA Chart

Component Failure 

Mode

Effects on 

other 

Components 

Effects on 

System

(Worst 

case)

Hazard 

Probability

Outcome

Severity

Risk 

Assessment 

Code

Comments

Wiring Short Burn House 

fire

10-5 Major 2 No fire alarms, 

sprinklers

Cover Crack Minimal Minimal 10-5 Negligibl

e

4 Buy a new one

Screws Loose Minimal Minimal 10-5 Negligibl

e

4 Tighten

Contacts Broken Open circuit Loss of 

lights

10-5 Moderat

e

3 No flashlight

System House Lighting

Subsystem - Switch

Analyst - Me

Date – 10/25/06

Page - 10


FMEA Chart

		Component		Failure Mode		Effects on other Components 		Effects on System
(Worst case)		Hazard Probability		Outcome
Severity		Risk Assessment Code		Comments

		Wiring		Short		Burn		House fire		10-5		Major		2		No fire alarms, sprinklers

		Cover		Crack		Minimal		Minimal		10-5
		Negligible		4		Buy a new one

		Screws		Loose		Minimal		Minimal		10-5
		Negligible
		4		Tighten

		Contacts		Broken		Open circuit		Loss of lights		10-5
		Moderate		3		No flashlight

																



System	House Lighting

Subsystem - Switch

Analyst -  Me

Date – 10/25/06

Page - 10
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Example – Functional FMEA

• Activity – travel

– Components – Driving, walking, flying

• Failure modes – crash

• Causes – mechanical failure, human error

• Predisposing causes - maintenance, schedule

• Context – weather, light, traffic

• Outcomes

– Probability – 10

-4

- 10

-6

– Severity – Single or multiple fatalities

– Risk assessment codes

HFACS

5 Whys


Example – Functional FMEA

Activity – travel

Components – Driving, walking, flying

Failure modes – crash

Causes – mechanical failure, human error

Predisposing causes -  maintenance, schedule

Context – weather, light, traffic

Outcomes

Probability – 10-4 - 10-6

Severity – Single or multiple fatalities

Risk assessment codes





HFACS

5 Whys
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Example — Functional FMEA
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Example – Hardware FMEA

• System Car

• Subsystem Wheel

• Component Lug nut

• Failure modes Loose

• Cause Not tightened

• Context Bumpy road, lateral gs

• Outcome Crash

– Probability 10-6

– Severity Severe


Example – Hardware FMEA

System			Car

Subsystem		Wheel

Component		Lug nut

Failure modes		Loose

Cause			Not tightened

Context			Bumpy road, lateral gs	

Outcome			Crash

Probability		10-6

Severity		Severe
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Example — Hardware FMEA

- System
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Risk Assessment Codes

Catastrophic Critical Marginal Negligible

Frequent

1 1 1 3

Probable

1 1 2 3

Occasional

1 2 3 4

Remote

2 2 3 4

Improbable

3 3 3 4

MIL Std 882B

How are FREQUENCY and OUTCOMES quantified?

Are ratings Ordinal (ranking) , Equal Interval or Ratio?

Are the scales LINEAR or NON LINEAR? Draw them!


Risk Assessment Codes

				Catastrophic		Critical		Marginal		Negligible

		Frequent		1		1		1		3

		Probable		1		1		2		3

		Occasional		1		2		3		4

		Remote		2		2		3		4

		Improbable		3		3		3		4



MIL Std 882B

How are FREQUENCY and OUTCOMES quantified?

Are ratings Ordinal (ranking) , Equal Interval or Ratio?

Are the scales LINEAR or NON LINEAR? Draw them!
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Hazard Control Rating Matrix

Design Passive 

Safety 

device

Active Safety 

Device

Warning 

Device

Eliminate 

Energy 

Source

1 1 2 3

Limit Energy 

Accumulated

1 1 2 3

Prevent 

Release

1 2 2 3

Provide 

Barriers

2 2 3 4

Change 

Release 

Patterns

2 3 3 4

Minimize / 

Treat harm

3 3 4 4

These Interventions are NOMINAL with the implication of being ORDINAL

The interventions may vary in their effectiveness


Hazard Control Rating Matrix

				Design		Passive Safety device		Active Safety Device		Warning Device

		Eliminate Energy Source		1		1		2		3

		Limit Energy Accumulated		1		1		2		3

		Prevent Release		1		2		2		3

		Provide Barriers		2		2		3		4

		Change Release Patterns		2		3		3		4

		Minimize / Treat harm		3		3		4		4



These Interventions are NOMINAL with the implication of being ORDINAL

The interventions may vary in their effectiveness
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FMEA Pros and Cons

• Systematic

• Detailed

• Widely used and 

accepted

• Flexible

• Frequency / 

probability estimates

• Outcome 

classification

• Subsystem 

interactions

• Minimal Human 

Factors

Discuss


FMEA Pros and Cons

Systematic

Detailed

Widely used and accepted

Flexible

Frequency / probability estimates

Outcome classification

Subsystem interactions

Minimal Human Factors

Discuss
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The SHEL Model

•

Humans

vary on many dimensions

– Performance shaping factors

•

Hardware

provides the mechanisms and the interfaces

•

Environments

/ contexts make unpredictable demands 

on human (and system) performance

– The need for robustness

– Physical, social, economic

– Temporal

•

Resilience - Processes, systems and interfaces must 

accommodate human and environmental variation

• The 

organizational

, management and regulatory context 

often determines process / system performance 

objectives and contexts

•

Software

has evolved as a major component of system 

design

–

Communication, computation and control


The SHEL Model

Humans vary on many dimensions

Performance shaping factors

Hardware provides the mechanisms and the interfaces

Environments / contexts make unpredictable demands on human (and system) performance

The need for robustness

Physical, social, economic

Temporal

Resilience - Processes, systems and interfaces must accommodate human and environmental variation

The organizational, management and regulatory context often determines process / system performance objectives and contexts

Software has evolved as a major component of system design

Communication, computation and control
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4/12/2010 Accident Investigation - Brian 

Peacock
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Swiss Cheese Model

Organization

Supervision

Preconditions

Unsafe Acts

Accidents are 

caused by a 

sequence / 

hierarchy of failure 

pathways

The “base 

event”

Reason
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}

Ease of Use

}

Effectiveness

}

Efficiency

}

Safety

}

Security

}

Satisfaction

E3

S3

Often there 

will be 

TRADEOFFS

Reliability is the 

maintenance of these 

outcomes within desirable 

limits over time with 

expected contexts

Resilience is the 

maintenance of the 

integrity of the system and 

its outputs in unexpected, 

sometimes extreme 

contexts

R&R


Swiss Cheese Model
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Accidents are caused by a sequence / hierarchy of failure pathways

The “base event”

Reason
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Unsafe Acts

Errors Violations

Skill based 

Errors

Decision 

Errors

Perceptual 

Errors

Routine Exceptional

Hands 

and Eyes

•Problem Solving

•Procedures

•Poor Choices

Degraded 

Inputs

•Speeding

•Drinking

•Bending 

the rules

One off 

acts- low 

flying


Unsafe Acts

Errors
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Decision Errors
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Routine

Exceptional
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Problem Solving

Procedures
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Preconditions

Environmental

Physical Technological

Personnel

Crew Resource 

Management

Personal

Condition of 

Operators

Adverse 

Mental 

States

Adverse 
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States

Physical / Mental 

Limitations

•Stress

•Vigilance

•Distraction

•Fatigue

•Hypoxia

•Intoxication

•Senses

•Aptitude

•Experience

•Weather

•Noise

•Interfaces

•Facilitators

•Communications

•Teamwork

•Rest

•Medication

Social
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Unsafe 

Supervision

Inadequate 

Supervision

Supervisory 

Violations

Failure to 

Correct 

Problem

Planned 

Inappropriate

Operations

•Training

•Assignments

•Monitoring

•Untrained 

Supervisor

•Assignments

•Workload

•Uncorrected 

hazard

•Uncorrected 

behavior

•Unauthorized 

assignments

•Procedure 

violation

•Fraud


Unsafe Supervision
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Supervision

Supervisory 
Violations

Failure to 
Correct 
Problem
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Inappropriate
Operations

Training
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Monitoring

Untrained Supervisor
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Workload
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Uncorrected behavior
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Organizational 

Influences

Resource

Management

Organizational

Process

Organizational 

Climate

•Priorities

•Productivity

•Cost cutting

•Training

•Unofficial rules

•Ill defined policies

•Cronyism

•Communications

•Assignments

•Schedules

•Procedures
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Resilience is the maintenance of the integrity of the system and its outputs in unexpected, sometimes extreme contexts

R&R















image1.jpeg









]
S3|

ofErgonomics are the same as e
ofal poce:
involve human users






The Transaction Cycle

Environment/Context

Spatial

Mechanical

Physical

Chemical

Biological

Psychological

Social

Organizational         TIME

Financial

The

Transaction

Monitoring

Decisions

Risks

Benefits

Costs

Hardware

Software

Organization

Humanware

Interfaces

Outcomes:

Quality	- Effectiveness

Productivity - Efficiency

Safety – Acute

Security

Health - Cumulative

Motivation - Satisfaction

In Depth Analysis

Evaluation 



INPUT



















What can be changed

What cannot be changed





16












image38.emf
8

People vary


8



People vary











8



image1.jpeg














image39.emf
Physical Characteristics, Capabilities 

and Limitations

Size

Strength

Skill Stamina


Physical Characteristics, Capabilities and Limitations

Size

Strength

Skill

Stamina















Physical Characteristics, Capabilties
andLimitations






image40.emf
Mental Characteristics, 

Capabilities and Limitations

Sensing

Deciding

Learning

Planning

Perceiving

Attending

Communicating

Controlling

Calculating

Understanding

Remembering

Forgetting

Consolidating


Mental Characteristics, Capabilities and Limitations

Sensing

Deciding

Learning

Planning

Perceiving

Attending

Communicating

Controlling

Calculating

Understanding

Remembering

Forgetting

Consolidating











6





Mental Characteristics,
Capabilities and Limitations

=
eevg





image41.emf
Environmental Factors

Thermal

Heat

Humidity

Cold

Air movement

Acoustic

Communication

Hearing loss

Vibration

Hand / Arm

Whole body

Light and 

Dark

Vision

Contrast

Color


Environmental Factors

Thermal

Heat

Humidity

Cold

Air movement

Acoustic

Communication

Hearing loss

Vibration

Hand / Arm

Whole body

Light and Dark

Vision

Contrast

Color















Environmental Factors.





image42.emf
Customers

Social Factors

Groups

and

Teams

Hierarchies

Cooperation

Communication

Competition

Language

and

Jargon

Roles

Jobs

Businesses and 

Companies


image2.emf
E3S3 

•

Effectiveness – The product or service meets customer 

quality expectations

•

Efficiency – Productivity – optimal use of resources 

(people, money, materials, equipment, energy etc.)

•

Ease of Use – Human interaction with the product or 

service should be convenient, comfortable and error free

•

Safety – The system (product, service) should not fail and 

cause harm to the user, associated hardware, the 

environment or the organization.

•

Security – The system should be resilient to malicious or 

accidental interference by third parties.

•

Satisfaction – All users of the system should be satisfied 

with their experience and be motivated to continue to 

use the system
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Men Outdoor Analysis


						100			200			400			800			1500			Mile			3000			5000			10000			1 Hour			Hurdles			Long Hurdles			High Jump			Pole vault			Long jump			Triple Jump			Shot Put			Discus			Hammer			Javelin			Decathlon			Pentahlon


			M40			10.84			21.86			48.1			01:51.3			03:47.6			04:02.5			08:05.1			13:45.6			28:30.9			19.149			13.96			52.7			2.11			5.5			7.57			16.58			21.41			69.48			75.66			78.84			7789			4083


			M45			10.96			22.13			50.2			01:56.2			03:58.3			04:16.8			08:27.7			14:23.6			30:02.6			18.862			14.7			55.18			2			5.1			7.27			14.55			20.77			66.12			64.7			67.92			7780			4038


			M50			10.95			22.91			51.39			01:58.7			04:05.2			04:27.9			08:53.7			14:55.6			31:01.9			18.576			13.57			58.1			1.98			4.57			6.84			13.55			18.45			68.4			63.76			65.76			8114			4283


			M55			11.57			23.37			52.6			02:03.7			04:12.5			04:40.4			08:57.3			15:41.7			32:46.5			17.261			14.49			58.92			1.83			4.26			6.35			13.85			17.5			61.22			63.7			65.74			8726			4104


			M60			11.7			24			53.88			02:10.4			04:27.6			04:54.1			09:29.5			16:16.5			34:14.1			16.854			14.74			42.31			1.72			3.9			6.07			12.68			18.2			65.52			61.7			64.74			8610			4089


			M65			12.62			25.6			57.52			02:14.3			04:39.9			04:56.4			09:47.4			16:38.8			34:42.2			15.892			16.3			45.2			1.66			3.77			5.43			11.94			15.12			55.62			53.32			55.02			7668			4282


			M70			12.91			26.8			61.29			02:20.5			04:57.6			05:23.6			10:42.4			18:33.4			38:04.1			15.474			12.99			49.07			1.52			3.3			5.19			10.61			14.77			49.34			50.78			49.2			8450			4286


			M75			13.4			28.14			66.88			02:40.0			05:22.7			05:57.2			12:00.9			20:00.1			42:03.4			13.699			13.68			55.33			1.44			2.95			4.78			10.05			13.84			45.68			40.68			41.24			7825			3917


			M80			14.35			30.89			72.85			02:53.5			06:04.3			07:51.9			13:12.6			21:57.9			44:29.4			12.13			16.98			62.61			1.34			2.51			4.19			8.95			12.27			37.86			34.72			33.84			4680			3410


			M85			16.16			35.82			90.99			03:28.1			07:03.4			08:04.7			16:32.0			25:47.5			52:50.8			10.088			18.06			89.11			1.2			2.24			3.75			7.91			10.42			30.81			28.01			27.34			5565			2472


			M90			18.08			42.78			97.50			04:28.2			09:23.2			13:43.6			20:08.4			36:00.6			11:40.8						22.76						1.05			1.2			3.07			6.59			6.97			22.06			18.97			17.44						2118


			M95			24.01			57.58			158.60						13:53.8			14:48.2						50:23.5																											5.11			13.56			10.6			13.92


			M100			43												16:46.4																																				3.15			8.91						6.69


			Age			100			200			400			800			1500			Mile			3000			5000			10000			1 Hour			Hurdles			Long Hurdles			High Jump			Pole vault			Long jump			Triple Jump			Shot Put			Discus			Hammer			Javelin			Decathlon			Pentahlon			Count			Average			SD


			M40			100			100			100			100			100			100			100			100			100			100			100			100			100			100			100			100			100			100			100			100			100			100			22			100			0


			M45			99			99			96			96			96			94			96			96			95			99			95			96			95			93			96			88			97			95			86			86			100			99			22			95			4


			M50			99			95			94			94			93			91			91			92			92			97			103			91			94			83			90			82			86			98			84			83			104			105			22			93			7


			M55			94			94			91			90			90			86			90			88			87			90			96			89			87			77			84			84			82			88			84			83			112			101			22			89			7


			M60			93			91			89			85			85			82			85			85			83			88			95			125			82			71			80			76			85			94			82			82			111			100			22			89			12


			M65			86			85			84			83			81			82			83			83			82			83			86			117			79			69			72			72			71			80			70			70			98			105			22			83			12


			M70			84			82			78			79			76			75			76			74			75			81			107			107			72			60			69			64			69			71			67			62			108			105			22			79			15


			M75			81			78			72			70			71			68			67			69			68			72			102			95			68			54			63			61			65			66			54			52			100			96			22			72			14


			M80			76			71			66			64			62			51			61			63			64			63			82			84			64			46			55			54			57			54			46			43			60			84			22			62			12


			M85			67			61			53			53			54			50			49			53			54			53			77			59			57			41			50			48			49			44			37			35			71			61			22			53			10


			M90			60			51			49			41			40			29			40			38			40						61						50			22			41			40			33			32			25			22						52			19			40			12


			M95			45			38			30						27			27						27																											24			20			14			18									10			27			9


			M100			25												23																																				15			13						8									5			17			7








Outdoor Men


			100 Meters


			DIV.			MARK			AGE


			M40			10.84			40


						10.6n			40


			M45			10.96			45


			M50			10.95			50


			M55			11.57			57


			M60			11.7			61


			M65			12.62			65


						12.5n			65


			M70			12.91			74


			M75			13.4			75


			M80			14.35			80


			M85			16.16			85


			M90			18.08			90


			M95			24.01			96


			M100			43			100


			200 METERS


			DIV.			MARK			AGE


			M40			21.86			41


			M45			22.13			46


			M50			22.91			52


						22.9n			50


			M55			23.37			56


			M60			24			61


			M65			25.6			65


			M70			26.8			70


			M75			28.14			75


			M80			30.89			80


			M85			35.82			85


			M90			42.78			90


						p40.97			90


			M95			57.58			96


			400 METERS


			DIV.			MARK			AGE


			M40			48.1			41


			M45			50.2			45


			M50			51.39			50


			M55			52.6			58


			M60			53.88			63


			M65			57.52			65


			M70			61.29			70


			M75			66.88			76


			M80			72.85			80


			M85			90.99			85


			M90			01:57.5			91


			M95			02:38.6			98


			800 METERS


			DIV.			MARK			AGE


			M40			01:51.3			41


						p1:50.69			40


			M45			01:56.2			45


			M50			01:58.7			50


			M55			02:03.7			55


			M60			02:10.4			60


			M65			02:14.3			66


			M70			02:20.5			70


			M75			02:40.0			75


			M80			02:53.5			80


			M85			03:28.1			86


			M90			04:28.2			90


			1500 METERS


			DIV.			MARK			AGE


			M40			03:47.6			40


			M45			03:58.3			46


			M50			04:05.2			50


			M55			04:12.5			55


			M60			04:27.6			60


			M65			04:39.9			65


			M70			04:57.6			70


			M75			05:22.7			75


			M80			06:04.3			80


			M85			07:03.4			85


			M90			09:23.2			90


			M95			13:53.8			95


			M100			16:46.4			100


			ONE MILE


			DIV.			MARK			AGE


			M40			04:02.5			40


			M45			04:16.8			45


			M50			04:27.9			50


			M55			04:40.4			55


			M60			04:54.1			60


			M65			04:56.4			65


			M70			05:23.6			70


			M75			05:57.2			75


			M80			07:51.9			81


			M85			08:04.7			87


			M90			13:43.6			90


			M95			14:48.2			95


			3000 METERS


			DIV.			MARK			AGE


			M40			08:05.1			40


			M45			08:27.7			45


			M50			08:53.7			50


			M55			08:57.3			55


			M60			09:29.5			60


			M65			09:47.4			65


			M70			10:42.4			70


			M75			12:00.9			76


			M80			13:12.6			80


			M85			16:32.0			85


			M90			20:08.4			90


			5000 METERS


			DIV.			MARK			AGE


			M40			13:45.6			40


			M45			14:23.6			46


			M50			14:55.6			51


			M55			15:41.7			55


			M60			16:16.5			60


			M65			16:38.8			65


			M70			18:33.4			70


			M75			20:00.1			75


			M80			21:57.9			81


			M85			25:47.5			86


			M90			36:00.6			93


			M95			50:23.5			95


			10,000 METERS


			DIV.			MARK			AGE


			M40			28:30.9			40


			M45			30:02.6			45


			M50			31:01.9			50


			M55			32:46.5			55


			M60			34:14.1			60


			M65			34:42.2			65


			M70			38:04.1			70


			M75			42:03.4			75


			M80			44:29.4			81


			M85			52:50.8			88


			M90			11:40.8			90


			ONE HOUR RUN


			DIV.			MARK			AGE


			M40			19.149			40


			M45			18.862			45


			M50			18.576			50


			M55			17.261			56


			M60			16.854			60


			M65			15.892			65


			M70			15.474			70


			M75			13.699			75


			M80			12.13			81


			M85			10.088			85


			STEEPLECHASE (3000m: 35-59,36"; 2000m: 60+,36" )


			DIV.			MARK			AGE


			M40			08:41.5			40


			M45			09:16.1			45


			M50			09:38.8			50


			M55			09:55.0			56


			M60			07:03.8			60


			M65			07:53.0			65


			M70			08:38.2			71


			M75			09:28.8			76


			M80			11:11.2			80


			STEEPLECHASE (2000m: 60+,30" )


			DIV.			MARK			AGE


			M60			06:30.2			60


			M65			07:25.1			65


			M70			08:03.5			70


			M75			09:17.4			76


			M80			10:52.5			82


			M85			13:50.9			85


			HURDLES 110m: 35-39,42"; 40-49,39"; 100m: 50-59,36"; 60-69,33"; 80m: 70+,30"


			DIV.			MARK			AGE


			M40			13.96			41


			M45			14.7y			45


			M50			13.57			50


			M55			14.49			55


			M60			14.74			60


			M65			16.3			65


			M70			12.99			70


			M75			13.68			75


			M80			16.98			80


			M85			18.06			85


			M90			22.76			90


			LONG HURDLES (400m: 35-49,36"; 50-59,33"; 300m: 60+,30")


			DIV.			MARK			AGE


			M40			52.7			40


			M45			55.18			47


			M50			58.1			50


			M55			58.92			56


			M60			42.31			60


			M65			45.2			65


			M70			49.07			70


			M75			55.33			77


			M80			62.61			82


			M85			89.11			85


			HIGH JUMP


			DIV.			MARK			AGE


			M40			2.11			40


			M45			2			45


			M50			1.98			50


			M55			1.83			55


			M60			1.72			63


			M65			1.66			65


			M70			1.52			70


			M75			1.44			75


			M80			1.34			80


			M85			1.2			85


						1.2			85


			M90			1.05			90


			POLE VAULT


			DIV.			MARK			AGE


			M40			5.5			44


			M45			5.1			45


			M50			4.57			51


			M55			4.26			56


			M60			3.9			61


			M65			3.77			65


			M70			3.3			70


			M75			2.95			75


			M80			2.51			80


			M85			2.24			85


			M90			1.2			90


			LONG JUMP


			DIV.			MARK			AGE


			M40			7.57			41


			M45			7.27			46


			M50			6.84			50


			M55			6.35			55


			M60			6.07			60


			M65			5.43			66


						p5.44			65


						p5.47			65


			M70			5.19			70


			M75			4.78			75


			M80			4.19			81


			M85			3.75			85


			M90			3.07			90


			TRIPLE JUMP


			DIV.			MARK			AGE


			M40			16.58			40


			M45			14.55			45


			M50			13.55			51


			M55			13.85			55


			M60			12.68			60


			M65			11.94			65


			M70			10.61			70


			M75			10.05			75


			M80			8.95			80


			M85			7.91			85


			M90			6.59			90


			SHOT PUT (35-49: 16; 50-59: 6Kg; 60-69: 5Kg; 70+ 4Kg)


			DIV.			MARK			AGE


			M40			21.41			40


			M45			20.77			45


			M50			18.45			50


			M55			17.5			55


			M60			18.2			60


			M65			15.12			66


			M70			14.77			70


						p14.80			72


			M75			13.84			75


			M80			12.27			80


			M85			10.42			85


			M90			6.97			90


			M95			5.11			95


			M100			3.15			100


			DISCUS THROW (35-49: 2Kg; 50-59: 1.5Kg; 60+: 1Kg)


			DIV.			MARK			AGE


			M40			69.48			43


			M45			66.12			45


			M50			68.4			52


			M55			61.22			56


			M60			65.52			60


			M65			55.62			65


			M70			49.34			70


			M75			45.68			75


			M80			37.86			80


			M85			30.81			86


			M90			22.06			90


			M95			13.56			96


			M100			8.91			100


			HAMMER THROW (35-49: 16; 50-59: 6Kg; 60-69: 5Kg; 70+:4Kg)


			DIV.			MARK			AGE


			M40			75.66			40


			M45			64.7			46


			M50			63.76			50


			M55			63.7			56


			M60			61.7			60


			M65			53.32			66


			M70			50.78			70


			M75			40.68			75


			M80			34.72			80


			M85			28.01			86


			M90			18.97			90


			M95			10.6			96


			JAVELIN THROW (35-59: 800g; 60+: 600g)


			DIV.			MARK			AGE


			M40			78.84			41


			M45			67.92			47


			M50			65.76			50


			M55			65.74			57


			M60			64.74			60


			M65			55.02			65


			M70			49.2			70


			M75			41.24			75


			M80			33.84			80


			M85			27.34			85


			M90			17.44			90


			M95			13.92			95


			M100			6.69			100


			DECATHLON (1994 WAVA AGE GRADED SCORING TABLES)


			DIV.			MARK			AGE


			M40			7789			41


			M45			7780			45


			M50			8114			51


			M55			8726			55


			M60			8610			60


			M65			7668			65


			M70			8450			70


			M75			7825			75


			M80			4680			81


			M85			5565			85


			PENTATHLON (1994 WAVA SCORING TABLES)


			DIV.			MARK			AGE


			M40			4083			40


			M45			4038			45


			M50			4283			50


			M55			4104			56


			M60			4089			61


			M65			4282			65


			M70			4286			70


			M75			3917			75


			M80			3410			81


			M85			2472			85


			M90			2118			90


			WEIGHT PENTATHLON (1994 WAVA SCORING TABLES)


			DIV.			MARK			AGE


			M40			3937			41


			M45			4390			47


			M50			4701			52


			M55			5152			57


			M60			5334			61


			M65			5230			65


			M70			4666			70


			M75			4582			75


			M80			4787			82


			M85			4104			85


			M90			2225			93








Women OutdoorAnalysis


						100			200			400			800			1500			3000			5000			10000			2000S			2000S			Short Hur			Long Hurdles			1 Hour			High Jump			Pole Vault			Long Jump			Triple Jump			Shot Put			Discus 1 kg			Hammer 4kg			Javelin 300g			Pentathlon			Heptathlon


			W35			10.74			21.93			50.56			01:56.5			03:57.7			08:27.8			15:11.3			31:20.3			07:05.8			06:30.8			12.47			52.94			16.521			2.03			4.22			6.99			14.02			21.38			69.6			61.68			67			3894			7241


			W40			11.99			24.84			53.68			01:59.3			03:59.8			09:11.2			15:51.7			32:12.1			07:47.6			07:06.6			11.25			62.08			15.844			1.72			3.5			6.21			12.48			19.05			67.1			54.07			64.06			4308			5995


			W45			12.5			25.46			56.82			02:02.8			04:05.4			09:17.3			15:55.7			32:34.1			07:38.1			07:44.5			12.22			64.09			14.167			1.76			3.38			5.59			11.98			16.95			59.3			45.76			47.74			4481			5766


			W50			12.5			25.72			58.51			02:21.1			04:43.1			10:11.5			17:17.0			35:37.0			07:43.10			07:58.8			12.68			47.01			15.052			1.57			3.25			5.4			11.37			14.85			45.48			51.73			48.56			4313			6469


			W55			13.3			27.9			62.4			02:22.5			04:57.4			10:47.9			18:32.5			37:47.9			08:13.4			07:58.4			13.19			49.14			12.427			1.46			3			5.01			9.93			14.47			43.36			50.56			46.08			4826			6298


			W60			13.89			28.87			67.8			02:36.9			05:24.7			11:41.9			19:14.8			41:38.0			10:29.9			08:47.6			13.89			53.05			13.66			1.38			2.63			4.75			10.03			13.2			39.24			46.04			41.28			5295			5882


			W65			14.29			30.46			71.45			02:44.4			05:48.5			12:32.4			21:37.8			44:20.9						10:23.8			15.63			63.53			12.467			1.27			2.25			4.47			9.03			12.21			34.95			44.38			34.49			5340			5469


			W70			15.33			32.24			78.26			03:10.7			06:14.5			13:27.5			22:55.4			48:10.10						11:24.3			18.91			68.82			11.425			1.22			2.16			4.15			7.87			9.57			27.54			30.6			28.2			4141			4683


			W75			16.12			34.4			88.42			03:31.4			06:42.1			16:33.0			25:14.4			52:08.7									25.56									1.1			1.7			3.34			6.31			7.91			22.44			25.55			23.02			4234


			W80			18.42			41.11			100.5			03:54.8			07:32.2			21:18.6			28:32.7			58:40.0															7.049			1						2.78			5.65			7.71			20.5			20.04			19.86			3557


			W85			21.18			49.83			133.7			05:00.6			10:33.4			24:08.6			37:02.3			26:55.7																								2.19			5.5			5.92			13.92			18.26			13.74			3624


						100			200			400			800			1500			3000			5000			10000			2000S			2000S			Short Hur			Long Hurdles			1 Hour			High Jump			Pole Vault			Long Jump			Triple Jump			Shot Put			Discus 1 kg			Hammer 4kg			Javelin 300g			Pentathlon			Heptathlon			Count			Average			Stdev


			W35			100			100			100			100			100			100			100			100			100			100			100			100			100			100			100			100			100			100			100			100			100			100			100			23			100			0


			W40			100			100			100			100			100			100			100			100			100			100			100			100			100			100			100			100			100			100			100			100			100			100			100			23			100			0


			W45			96			98			94			97			98			99			100			99			102			92			92			97			89			102			97			90			96			89			88			85			75			104			96			23			95			6.5373533056


			W50			96			97			92			85			85			90			92			90			101			89			89			132			95			91			93			87			91			78			68			96			76			100			108			23			92			12.1855646913


			W55			90			89			86			84			81			85			86			85			95			89			85			126			78			85			86			81			80			76			65			94			72			112			105			23			88			12.9739850911


			W60			86			86			79			76			74			79			82			77			74			81			81			117			86			80			75			76			80			69			58			85			64			123			98			23			82			14.3584896052


			W65			84			82			75			73			69			73			73			73						68			72			98			79			74			64			72			72			64			52			82			54			124			91			22			76			14.9294886251


			W70			78			77			69			63			64			68			69			67						62			59			90			72			71			62			67			63			50			41			57			44			96			78			22			67			12.9596662778


			W75			74			72			61			56			60			56			63			62									44						0			64			49			54			51			42			33			47			36			98						19			54			19.7705869233


			W80			65			60			53			51			53			43			56			55															44			58						45			45			40			31			37			31			83						17			50			12.9045996047


			W85			57			50			40			40			38			38			43			37																								35			44			31			21			34			21			84						15			41			15.1345519055








Outdoor Women


			100 METERS


			DIV.			MARK			AGE


			W35			10.74			36


			W40			11.99			40


			W45			12.5			48


						12.5			45


						12.5			45


			W50			12.5			50


			W55			13.3			55


			W60			13.89			60


			W65			14.29			65


			W70			15.33			72


			W75			16.12			75


			W80			18.42			80


			W85			21.18			86


			W90			47.84			90


			200 METERS


			DIV.			MARK			AGE


			W35			21.93			35


			W40			24.84			42


			W45			25.46			47


			W50			25.72			50


			W55			27.9			55


			W60			28.87			60


			W65			30.46			65


			W70			32.24			70


			W75			34.4			75


			W80			41.11			82


			W85			49.83			86


			400 METERS


			DIV.			MARK			AGE


			W35			50.56			35


			W40			53.68			40


			W45			56.82			45


			W50			58.51			50


			W55			62.4			55


			W60			67.8			61


			W65			71.45			65


			W70			78.26			70


			W75			88.42			77


			W80			01:40.4			80


			W85			02:13.7			86


			W90			03:06.9			90


			800 METERS


			DIV.			MARK			AGE


			W35			01:56.5			36


			W40			01:59.3			42


			W45			02:02.8			46


			W50			02:21.1			50


			W55			02:22.5			55


			W60			02:36.9			60


			W65			02:44.4			65


			W70			03:10.7			71


			W75			03:31.4			75


			W80			03:54.8			80


			W85			05:00.6			86


			W90			06:59.2			90


			1500 METERS


			DIV.			MARK			AGE


			W35			03:57.7			35


			W40			03:59.8			42


			W45			04:05.4			46


			W50			04:43.1			50


			W55			04:57.4			55


			W60			05:24.7			60


			W65			05:48.5			65


			W70			06:14.5			71


			W75			06:42.1			75


			W80			07:32.2			80									1609.344


			W85			10:33.4			85


			ONE MILE


			DIV.			MARK			AGE


			W35			04:17.3			35


			W40			04:23.8			40


			W45			04:48.4			45


			W50			05:24.6			50


			W55			05:32.7			56


			W60			05:48.9			60


			W65			06:32.5			65


			W70			07:26.0			70


			W80			09:00.5			80


			W85			11:54.3			86


			3000 METERS


			DIV.			MARK			AGE


			W35			08:27.8			35


			W40			09:11.2			40


			W45			09:17.3			45


			W50			10:11.5			50


			W55			10:47.9			55


			W60			11:41.9			60


			W65			12:32.4			66


			W70			13:27.5			71


			W75			16:33.0			77


			W80			21:18.6y			80


			W85			24:08.6			86


			5000 METERS


			DIV.			MARK			AGE


			W35			15:11.3			35


			W40			15:51.7			43


			W45			15:55.7			45


			W50			17:17.0			50


			W55			18:32.5			56


			W60			19:14.8			60


			W65			21:37.8			65


			W70			22:55.4			71


			W75			25:14.4			75


			W80			28:32.7			80


			W85			37:02.3			86


			10,000 METERS


			DIV.			MARK			AGE


			W35			31:20.3			35


			W40			32:12.1			42


			W45			32:34.1			46


			W50			35:37.0			50


			W55			37:47.9			55


			W60			41:38.0			61


			W65			44:20.9			65


			W70			48:10.10			71


			W75			52:08.7			75


			W80			58:40.0			80


			W85			26:55.7			86


			2000 METER STEEPLECHASE (36")


			DIV.			MARK			AGE


			W35			07:05.8			35


			W40			07:47.6			40


			W45			07:38.1			49


			W50			07:43.10			51


			W55			08:13.4			55


			W60			10:29.9			61


			2000 METER STEEPLECHASE (30")


			DIV.			MARK			AGE


			W35			06:30.8			35


			W40			07:06.6			40


			W45			07:44.5			45


			W50			07:58.8			52


			W55			07:58.4			55


			W60			08:47.6			60


			W65			10:23.8			67


			W70			11:24.3			73


			SHORT HURDLES (35-39: 100m,33"; 40+: 80m,30")


			DIV.			MARK			AGE


			W35			12.47			35


			W40			11.25			40


			W45			12.22			47


			W50			12.68			50


			W55			13.19			55


			W60			13.89			60


			W65			15.63			67


						p14.91			65


			W70			18.91			70


			W75			25.56			75


			LONG HURDLES (400m: 35-49, 30"; 300m: 50+, 30")


			DIV.			MARK			AGE


			W35			52.94			36


			W40			62.08			40


						p61.02			40


			W45			64.09			49


			W50			47.01			50


			W55			49.14			55


			W60			53.05			60


			W65			63.53			65


			W70			68.82			71


			ONE HOUR RUN


			DIV.			MARK			AGE


			W35			16.521			39


			W40			15.844			43


			W45			14.167			45


			W50			15.052			51


			W55			12.427			57


			W60			13.66			60


			W65			12.467			67


			W70			11.425			70


			W80			7.049			84


			HIGH JUMP


			DIV.			MARK			AGE


			W35			2.03			35


			W40			1.72			44


						1.72			40


			W45			1.76			46


			W50			1.57			50


			W55			1.46			56


			W60			1.38			60


			W65			1.27			65


			W70			1.22			70


			W75			1.1			75


			W80			1			81


			W85			p0.80			85


			POLE VAULT


			DIV.			MARK			AGE


			W35			4.22			35


			W40			3.5			44


			W45			3.38			47


			W50			3.25			52


			W55			3			55


			W60			2.63			60


			W65			2.25			66


			W70			2.16			70


			W75			1.7			75


			LONG JUMP


			DIV.			MARK			AGE


			W35			6.99			35


			W40			6.21			40


			W45			5.59			48


			W50			5.4			50


			W55			5.01			56


			W60			4.75			60


			W65			4.47			66


			W70			4.15			72


			W75			3.34			75


			W80			2.78			81


			W85			2.19			86


			TRIPLE JUMP


			DIV.			MARK			AGE


			W35			14.02			35


			W40			12.48			41


			W45			11.98			45


			W50			11.37			50


			W55			9.93			56


			W60			10.03			60


			W65			9.03			65


			W70			7.87			70


			W75			6.31			75


			W80			5.65			84


			W85			5.5			86


			SHOT PUT (35-49: 4Kg; 50+: 3Kg)


			DIV.			MARK			AGE


			W35			21.38			35


						p21.46			36


			W40			19.05			40


			W45			16.95			45


			W50			14.85			50


			W55			14.47			56


			W60			13.2			62


			W65			12.21			65


			W70			9.57			70


			W75			7.91			77


			W80			7.71			81


			W85			5.92			86


			W90			5.24			90


			W95			3.39			98


			DISCUS THROW ( 1Kg )


			DIV.			MARK			AGE


			W35			69.6			35


			W40			67.1			40


			W45			59.3			45


						p64.09			45


			W50			45.48			50


			W55			43.36			57


			W60			39.24			61


			W65			34.95			68


			W70			27.54			70


			W75			22.44			76


			W80			20.5			80


			W85			13.92			88


			W90			12.1			90


			HAMMER THROW (35-49: 4Kg; 50+: 3Kg)


			DIV.			MARK			AGE


			W35			61.68			37


			W40			54.07			42


			W45			45.76			45


			W50			51.73			53


			W55			50.56			55


			W60			46.04			63


			W65			44.38			65


			W70			30.6			70


			W75			25.55			75


			W80			20.04			81


			W85			18.26			85


			W90			p14.40			90


			JAVELIN THROW (30-49: 600g; 50+: 400g)


			DIV.			MARK			AGE


			W35			67			35


			W40			64.06			40


			W45			47.74			45


			W50			48.56			51


			W55			46.08			55


			W60			41.28			60


			W65			34.49			65


			W70			28.2			70


			W75			23.02			77


			W80			19.86			80


			W85			13.74			85


			W90			9.33			90


			WEIGHT PENTATHLON (1994 WAVA SCORING TABLES)


			DIV.			MARK			AGE


			W35			3894			36


			W40			4308			41


			W45			4481			46


			W50			4313			50


			W55			4826			55


			W60			5295			60


			W65			5340			65


			W70			4141			70


			W75			4234			75


			W80			3557			80


			W85			3624			85


			W90			4339			90


			HEPTATHLON (1994 WAVA SCORING TABLES)


			DIV.			MARK			AGE


			W35			7241			35


			W40			5995			41


			W45			5766			45


			W50			6469			52


			W55			6298			56


			W60			5882			60


			W65			5469			65


			W70			4683			71


						p5157			71


			W75			p3039			75








Sheet1


						Womens Indoor			Men Indoor			Women Outdoor			Men Outdoor			Age			Men			Women


			40			100			100			100			100			40			100			100
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Indoor Women


			Age			60			200			400			800			1500			1600			3000			3000W			60Hurdles			High			Pole			Long			Triple			Shot


			35			7.01			23.04			53.13			02:01.5			04:03.1			04:59.3			08:39.1			12:28.8			8.04			2			4.25			6.81			13.85			21.47


			40			8.01			25.58			56.82			01:58.4			04:05.2			04:57.7			09:15.9			13:33.1			8.73			1.72			3.2			5.61			11.14			19.16


			45			8.02			26.06			59.86			02:19.7			04:44.0			05:18.1			09:11.7			14:43.7			9.18			1.58			3.31			5.75			11.02			14.88


			50			8.05			26.52			62.56			02:25.3			04:51.8			05:22.7			10:17.5			15:11.2			9.38			1.55			3.06			5			10.49			12.66


			55			8.59			29.31			66.99			02:36.8			05:11.4			05:43.10			11:06.1			15:58.5			10.08			1.48			2.6			4.62			9.33			12.57


			60			9			30.39			70.69			02:44.2			05:41.9			06:05.7			12:06.9			17:22.4			10.86			1.32			2.5			4.58			9.45			12.54


			65			9.34			32			71.89			02:53.5			06:06.1			06:28.9			13:09.4			17:38.4			11.24			1.23			2			3.92			8.12			11.64


			70			10.12			33.11			88.79			03:28.1			06:50.6			07:19.4			14:07.1			18:26.5			14.98			1.19			2.09			3.4			7.83			8.58


			75			10.89			40.52			101.2			03:46.8			07:43.3			08:26.8			15:43.7			22:17.1			16.01			1			1.6			3.1			6.08			7.75


			80			11.52			46.03			145			05:16.5			12:37.1			12:05.9			23:41.3			24:28.0						0.93			1.2			2.49			5.15			6.3


			85			12.58			52.01			159.2			05:59.10						13:00.10			25:57.9			28:47.1						0.8												5.29


						60			200			400			800			1500			1600			3000			3000W			60Hurdles			High			Pole			Long			Triple			Shot


			35			100.00			100.00			100.00			100.00			100.00			100.00			100.00			100.00			100.00			100.00			100.00			100.00			100.00			100.00			14.00			100.00			0


			40			100.00			100.00			100.00			100.00			100.00			100.00			100.00			100.00			100.00			100.00			100.00			100.00			100.00			100.00			14.00			100.00			0


			45			99.88			98.16			94.92			84.73			86.33			93.59			100.77			92.01			95.10			91.86			103.44			102.50			98.92			77.66			14.00			94.28			7.3609525297


			50			99.50			96.46			90.82			81.48			84.03			92.24			90.02			89.23			93.07			90.12			95.63			89.13			94.17			66.08			14.00			89.43			8.1975016856


			55			93.25			87.27			84.82			75.52			78.75			86.55			83.45			84.83			86.61			86.05			81.25			82.35			83.75			65.61			14.00			82.86			6.4779696437


			60			89.00			84.17			80.38			72.08			71.71			81.41			76.48			78.00			80.39			76.74			78.13			81.64			84.83			65.45			14.00			78.60			6.0315832592


			65			85.76			79.94			79.04			68.21			66.97			76.55			70.42			76.82			77.67			71.51			62.50			69.88			72.89			60.75			14.00			72.78			6.983595547


			70			79.15			77.26			63.99			56.88			59.72			67.75			65.63			73.48			58.28			69.19			65.31			60.61			70.29			44.78			14.00			65.16			8.960429032


			75			73.55			63.13			56.15			52.19			52.92			58.74			58.91			60.81			54.53			58.14			50.00			55.26			54.58			40.45			14.00			56.38			7.3755770032


			80			69.53			55.57			39.19			37.40			32.38			41.01			39.11			55.39						54.07			37.50			44.39			46.23			32.88			13.00			44.97			10.8401082244


			85			63.67			49.18			35.69			32.88						38.12			35.68			47.08						46.51												27.61			9.00			41.83			10.9094931307
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Men Indoor Analysis


						60 Meters


						DIV.			AGE			MARK


			60			W35			38			7.01


			60			W40			40			8.01


			60			W45			48			8.02


			60			W50			50			8.05


			60			W55			55			8.59


			60			W60			62			9


			60			W65			65			9.34


			60			W70			70			10.12


			60			W75			75			10.89


			60			W80			81			11.52


			60			W85			85			12.58


						200 Meters


						DIV.			AGE			MARK


			200			W35			35			23.04


			200			W40			41			25.58


			200			W45			47			26.06


			200			W50			50			26.52


			200			W55			55			29.31


			200			W60			60			30.39


			200			W65			65			32


			200			W70			70			33.11


			200			W75			78			40.52


			200			W80			80			46.03


			200			W85			85			52.01


						400 Meters


						DIV.			AGE			MARK


			400			W35			35			53.13


			400			W40			40			56.82


			400			W45			46			59.86


			400			W50			50			62.56


			400			W55			55			66.99


			400			W60			60			70.69


			400			W65			65			71.89


			400			W70			71			88.79


			400			W75			75			01:41.2


			400			W80			80			02:25.0


			400			W85			87			02:39.2


						800 Meters


						DIV.			AGE			MARK


			800			W35			35			02:01.5


			800			W40			40			01:58.4


			800			W45			46			02:19.7


			800			W50			50			02:25.3


			800			W55			55			02:36.8


			800			W60			60			02:44.2


			800			W65			65			02:53.5


			800			W70			71			03:28.1


			800			W75			75			03:46.8


			800			W80			84			05:16.5


			800			W85			87			05:59.10


						1500 Meters


						DIV.			AGE			MARK


			1500			W35			38			04:03.1


			1500			W40			44			04:05.2


			1500			W45			45			04:44.0


			1500			W50			52			04:51.8


			1500			W55			55			05:11.4


			1500			W60			61			05:41.9


			1500			W65			65			06:06.1


			1500			W70			70			06:50.6


			1500			W75			75			07:43.3


			1500			W80			80			12:37.1


						One Mile


						DIV.			AGE			MARK


			1			W35			35			04:59.3


			1			W40			41			04:57.7


			1			W45			45			05:18.1


			1			W50			50			05:22.7


			1			W55			55			05:43.10


			1			W60			60			06:05.7


			1			W65			65			06:28.9


			1			W70			71			07:19.4


			1			W75			75			08:26.8


			1			W80			84			12:05.9


			1			W85			87			13:00.10


						3000 Meters


						DIV.			AGE			MARK


			3000			W35			35			08:39.1


			3000			W40			44			09:15.9


			3000			W45			45			09:11.7


			3000			W50			51			10:17.5


			3000			W55			55			11:06.1


			3000			W60			60			12:06.9


			3000			W65			65			13:09.4


			3000			W70			71			14:07.1


			3000			W75			75			15:43.7


			3000			W80			84			23:41.3


			3000			W85			87			25:57.9


						60 Meter Hurdles


						DIV.			AGE			MARK


			60			W35			35			8.04


			60			W40			40			8.73


			60			W45			48			9.18


			60			W50			50			9.38


			60			W55			55			10.08


			60			W60			61			10.86


			60			W65			65			11.24


			60			W70			70			14.98


			60			W75			75			16.01


						High Jump


						DIV.			AGE			MARK


			High			W35			35			2


			High			W40			41			1.72


			High			W45			48			1.58


			High			W50			50			1.55


			High			W55			55			1.48


			High			W60			62			1.32


			High			W65			65			1.23


			High						65			1.23


			High						65			1.23


			High			W70			70			1.19


			High			W75			77			1


			High			W80			80			0.93


			High			W85			85			0.8


						Pole Vault


						DIV.			AGE			MARK


			Pole			W35			35			4.25


			Pole			W40			40			3.2


			Pole			W45			49			3.31


			Pole			W50			53			3.06


			Pole			W55			55			2.6


			Pole			W60			60			2.5


			Pole			W65			65			2


			Pole			W70			70			2.09


			Pole			W75			76			1.6


			Pole			W80			80			1.2


						Long Jump


						DIV.			AGE			MARK


			Long			W35			35			6.81


			Long			W40			40			5.61


			Long			W45			47			5.75


			Long			W50			50			5


			Long			W55			55			4.62


			Long			W60			62			4.58


			Long			W65			65			3.92


			Long			W70			70			3.4


			Long			W75			76			3.1


			Long			W80			82			2.49


						Triple Jump


						DIV.			AGE			MARK


			Triple			W35			35			13.85


			Triple			W40			41			11.14


			Triple			W45			47			11.02


			Triple			W50			50			10.49


			Triple			W55			55			9.33


			Triple			W60			62			9.45


			Triple			W65			65			8.12


			Triple			W70			70			7.83


			Triple			W75			75			6.08


			Triple			W80			80			5.15


						Shot Put (35-49: 4Kg; 50+: 3Kg)


						DIV.			AGE			MARK


			Shot			W35			35			21.47


			Shot			W40			41			19.16


			Shot			W45			45			14.88


			Shot			W50			51			12.66


			Shot			W55			55			12.57


			Shot			W60			60			12.54


			Shot			W65			65			11.64


			Shot			W70			71			8.58


			Shot			W75			75			7.75


			Shot			W80			82			6.3


			Shot						81			p6.36


			Shot			W85			87			5.29


						3000 Meter Walk


						DIV.			AGE			MARK


			3000			W35			35			12:28.8


			3000			W40			40			13:33.1


			3000			W45			47			14:43.7


			3000			W50			52			15:11.2


			3000			W55			55			15:58.5


			3000			W60			61			17:22.4


			3000			W65			66			17:38.4


			3000			W70			70			18:26.5


			3000			W75			75			22:17.1


			3000			W80			83			24:28.0


			3000			W85			85			28:47.1
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						60			200			400			800			1500			Mile			3000			60 Hurdles			High Jump			Pole vault			Long Jump			Triple Jump			Shot			3000 M Walk


			M40			6.97			22.19			49.14			01:48.8			03:45.3			03:58.1			08:09.1			7.96			2.1			5.18			7.52			16.08			20.07			12:25.9


			M45			7.02			22.57			49.89			01:57.3			04:03.7			04:21.9			08:36.6			8.36			1.92			4.78			6.9			14.82			15.78			12:38.7


			M50			7.2			23.26			52.72			02:02.9			04:14.7			04:26.8			08:54.7			8.47			2			4.3			6.5			13.72			16.27			12:34.9


			M55			7.53			24.09			54.36			02:08.1			04:27.0			04:50.2			09:23.4			8.63			1.81			4.08			6.34			13.35			15.74			13:19.6


			M60			7.7			25.1			56.32			02:14.8			04:37.8			05:01.8			09:43.9			9.14			1.65			3.91			5.8			12.53			16.83			14:34.3


			M65			7.8			26.2			59.35			02:16.8			04:47.1			05:13.3			10:11.6			9.8			1.62			3.42			5.31			10.92			15.28			15:28.8


			M70			8.39			27.4			61.31			02:20.4			05:27.4			05:32.4			11:08.5			9.89			1.49			3.15			5.05			9.99			14.39			17:03.3


			M75			8.67			29.57			69.59			02:42.4			05:37.3			06:27.2			12:12.7			10.09			1.4			2.82			4.41			9.4			13.02			18:35.8


			M80			9.39			32.85			75.58			03:11.2			06:19.3			07:04.2			14:10.8			12.23			1.27			2.75			4.01			8.3			11.58			17:41.4


			M85			9.78			36.4			100.9			03:46.10			08:16.7			08:33.1			16:41.3			14.36			1.06			1.67			3.4			6.95			9.68


			M90			11.84			68.6			167.3						14:28.4												0.99						2.95			5.18			6.64


			M95			16.96			66.78																					0.86												4.06


			M100			27.29																																				3.52


			Age			60			200			400			800			1500			Mile			3000			60 Hurdles			High Jump			Pole vault			Long Jump			Triple Jump			Shot			3000 M Walk


			40			100			100			100			100			100			100			100			100			100			100			100			100			100			100			14			100			0


			45			99			98			98			93			92			91			95			95			91			92			92			92			79			98			14			93			5.1808403425


			50			97			95			93			89			88			89			91			94			95			83			86			85			81			99			14			91			5.3603929499


			55			93			92			90			85			84			82			87			92			86			79			84			83			78			93			14			86			5.0471841911


			60			91			88			87			81			81			79			84			87			79			75			77			78			84			85			14			83			4.694631317


			65			89			85			83			80			78			76			80			81			77			66			71			68			76			80			14			78			6.3661573833


			70			83			81			80			77			69			72			73			80			71			61			67			62			72			73			14			73			6.8985643275


			75			80			75			71			67			67			62			67			79			67			54			59			58			65			67			14			67			7.5133848795


			80			74			68			65			57			59			56			57			65			60			53			53			52			58			70			14			61			6.8518549853


			85			71			61			49			48			45			46			49			55			50			32			45			43			48						13			50			9.25943173


			90			59			32			29						26												47						39			32			33						8			37			10.8611998833


			95			41			33																					41												20						4			34			9.8127145085


			100			26																																				18						2			22			5.6581809051








			60 Meters


			DIV.			MARK			AGE


			M40			6.97			40


			M45			7.02			45


			M50			7.2			51


			M55			7.53			55


			M60			7.7			60


			M65			7.8			66


			M70			8.39			70


			M75			8.67			75


			M80			9.39			80


			M85			9.78			85


			M90			11.84			90


			M95			16.96			95


			M100			27.29			100


			200 Meters


			DIV.			MARK			AGE


			M40			22.19			44


			M45			22.57			48


			M50			23.26			51


			M55			24.09			55


			M60			25.1			61


			M65			26.2			65


			M70			27.4			70


			M75			29.57			75


			M80			32.85			80


			M85			36.4			85


			M90			p68.6			90


			M95			66.78			95


			400 Meters


			DIV.			MARK			AGE


			M40			49.14			40


			M45			49.89			45


			M50			52.72			52


			M55			54.36			56


			M60			56.32			60


			M65			59.35			65


			M70			61.31			70


			M75			69.59			75


			M80			75.58			80


			M85			01:40.9			86


			M90			p2:47.3			90


			800 Meters


			DIV.			MARK			AGE


			M40			01:48.8			40


			M45			01:57.3			45


			M50			02:02.9			51


			M55			02:08.1			56


			M60			02:14.8			60


			M65			02:16.8			65


			M70			02:20.4			70


			M75			02:42.4			75


			M80			03:11.2			82


			M85			03:46.10			85


			1500 Meters


			DIV.			MARK			AGE


			M40			03:45.3			40


			M45			04:03.7			45


			M50			04:14.7			50


			M55			04:27.0			55


			M60			04:37.8			61


			M65			04:47.1			65


			M70			05:27.4			70


			M75			05:37.3			75


			M80			06:19.3			80


			M85			08:16.7			85


			M90			14:28.4			90


			One Mile


			DIV.			MARK			AGE


			M40			03:58.1			41


			M45			04:21.9			46


			M50			04:26.8			51


			M55			04:50.2			56


			M60			05:01.8			60


			M65			05:13.3			67


			M70			05:32.4			70


			M75			06:27.2			75


			M80			07:04.2			80


			M85			08:33.1			85


			3000 Meters


			DIV.			MARK			AGE


			M40			08:09.1			40


			M45			08:36.6			46


			M50			08:54.7			50


			M55			09:23.4			56


			M60			09:43.9			61


			M65			10:11.6			65


			M70			11:08.5			72


			M75			12:12.7			75


			M80			14:10.8			80


			M85			16:41.3			85


			60 Meter Hurdles


			DIV.			MARK			AGE


			M40			7.96			40


			M45			8.36			48


			M50			8.47			51


			M55			8.63			55


			M60			9.14			60


			M65			9.8			66


			M70			9.89			70


			M75			10.09			76


			M80			12.23			80


			M85			14.36			85


			High Jump


			DIV.			MARK			AGE


			M40			2.1			40


			M45			1.92			46


			M50			2			50


			M55			1.81			56


			M60			1.65			62


			M65			1.62			65


			M70			1.49			70


			M75			1.4			75


			M80			1.27			81


						1.27			81


			M85			1.06			85


						p1.07			85


			M90			0.99			90


			M95			0.86			95


			Pole Vault


			DIV.			MARK			AGE


			M40			5.18			40


			M45			4.78			45


			M50			4.3			54


						p4.32			50


			M55			4.08			55


			M60			3.91			60


			M65			3.42			65


			M70			3.15			71


			M75			2.82			76


			M80			2.75			80


			M85			1.67			86


			Long Jump


			DIV.			MARK			AGE


			M40			7.52			40


			M45			6.9			45


			M50			6.5			51


			M55			6.34			55


			M60			5.8			60


			M65			5.31			66


						5.31			66


			M70			5.05			70


			M75			4.41			75


			M80			4.01			80


			M85			3.4			85


			M90			2.95			90


			Triple Jump


			DIV.			MARK			AGE


			M40			16.08			40


			M45			14.82			46


			M50			13.72			50


			M55			13.35			55


			M60			12.53			60


			M65			10.92			65


			M70			9.99			70


			M75			9.4			75


			M80			8.3			80


			M85			6.95			89


			M90			5.18			90


			Shot Put (35-49: 16 ; 50-59: 6Kg; 60-69: 5Kg; 70+: 4Kg)


			DIV.			MARK			AGE


			M40			20.07			40


			M45			15.78			45


			M50			16.27			52


			M55			15.74			56


			M60			16.83			60


			M65			15.28			67


			M70			14.39			71


			M75			13.02			77


			M80			11.58			81


			M85			9.68			85


			M90			6.64			90


			M95			4.06			97


			M100			3.52			100


			3000 Meter Walk


			DIV.			MARK			AGE


			M40			12:25.9			42


			M45			12:38.7			49


			M50			12:34.9			50


			M55			13:19.6			57


			M60			14:34.3			60


			M65			15:28.8			66


			M70			17:03.3			70


			M75			18:35.8			75


			M80			17:41.4			80
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This sample fault tree demonstrates the multiple contributions process safety of task assignment, hazardous conditions, trained, untrained and incapacitated crew members and the availability of technology (radar, intercom) to extend human capabilities to detect and evaluate hazards. 
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“very tired Sallor Caused
Great Barrier Reef crash

SYDNEY — Australian officials
yesterday said a “very tired”
sailor’s simple navigation er-
rors caused a cargo ship to run
aground and badly damage the
Great Barrier Reef.

A preliminary report into
the April 3 incident, which saw
tonnes of oil and threatened a
major ecological disaster, said
the Chinese officer steering the
Shen Neng 1 had had very little
sleep in the previous 37 hours.

“The first mate had had a
very busy time while the ship
was in Gladstone (port) loading
and he had had only two-and-a-
half hours of broken sleep in the
previous 37 hours,” the Australian
Transport Safetv Bureau said

“In essence, a simple suc-
cession of errors on the part of
a very tired crew member had
resulted in the grounding.”

Captain Wang Jichang, 47,
and crewmate Wang Xuegang,
44, have been charged over the
accident. They are out on bail
until June 9.

The ship master is charged
with liability for a ship which
caused damage to the world
heritage-listed reef, and faces a
fine of up to A$55,000($69,000).
His colleague, who is accused
of being in charge of the
230m ship when it crashed
could be handed a three-year
jail term and a maximum fine
of A$220.000 fine. A5




