safety design guideline
© Commonwealth of Australia 2005 ISBN to be supplied This work is copyright. You may download, display, print and reproduce this material in unaltered form only (retaining this notice) for your personal, non-commercial use or use within your organisation. Apart from any use as permitted under the Copyright Act 1968, all other rights are reserved. Requests for further authorisation should be directed to the Commonwealth Copyright Administration, Intellectual Property Branch, Department of Communications, Information Technology and the Arts, GPO Box 2154, Canberra ACT 2601 or by email to: mailto:commonwealth.copyright@dcita.gov.au
The Australian Safety and Compensation Council (ASCC), formerly the National Occupational Health and Safety Commission (NOHSC), leads and coordinates national efforts to prevent workplace deaths, injury and disease in Australia and aims to improve national workers compensation arrangements and return to work of injured employees. Through the quality and relevance of the information it provides, the ASCC seeks to influence the awareness and activities of every person and organisation with a role in improving Australia’s occupational health and safety (OHS) performance. More specifically, the ASCC aims to: • support and enhance the efforts of the Australian, State and Territory governments to improve the prevention of workplace deaths, injury and disease, • work in alliances with others to facilitate the development and implementation of better preventative approaches, and • ensure the needs of small business are integrated into these approaches. The National Occupational Health and Safety (OHS) Strategy 2002-2012, which was endorsed by the Workplace Relations Ministers’ Council on 24 May 2002, records a commitment by all Australian, State and Territory governments, the Australian Chamber of Commerce and Industry and the Australian Council of Trade Unions, to share the responsibility of ensuring that Australia’s performance in work-related health and safety is continuously improved. The National OHS Strategy sets out five ‘national priorities’ to achieve short-term and long-term improvements. The priorities are to: • reduce high incidence and high severity risks, • improve the capacity of business operators and workers to manage OHS effectively, • prevent occupational disease more effectively, • eliminate hazards at the design stage, and • strengthen the capacity of government to influence OHS outcomes. This guideline has been developed to support the priority – eliminate hazards at the design stage – of the NOHSC National OHS Strategy 2002-2012. The Office of the ASCC acknowledges the assistance of all the persons and organisations who contributed to this Guideline, in particular: • Chris Beale (Risk Manager - Sinclair Knight Merz); • Liz Bluff (National Research Centre for Occupational Health and Safety Regulation, Australian National University); • Sandra Cowell (Health Safety and Environment Manager – PMP Limited); • Dr John Culvenor (Consulting Engineer); • Dr Tim Driscoll (ELMATOM Pty Ltd); • Rob McLaughlan (University of Technology Sydney); and • Commission for Occupational Safety and Health (Western Australia)
The Australian Safety and Compensation Council (ASCC), formerly the National Occupational Health and Safety Commission (NOHSC), leads and coordinates national efforts to prevent workplace deaths, injury and disease in Australia and aims to improve national workers compensation arrangements and return to work of injured employees. Through the quality and relevance of the information it provides, the ASCC seeks to influence the awareness and activities of every person and organisation with a role in improving Australia’s occupational health and safety (OHS) performance. More specifically, the ASCC aims to: • support and enhance the efforts of the Australian, State and Territory governments to improve the prevention of workplace deaths, injury and disease, • work in alliances with others to facilitate the development and implementation of better preventative approaches, and • ensure the needs of small business are integrated into these approaches. The National Occupational Health and Safety (OHS) Strategy 2002-2012, which was endorsed by the Workplace Relations Ministers’ Council on 24 May 2002, records a commitment by all Australian, State and Territory governments, the Australian Chamber of Commerce and Industry and the Australian Council of Trade Unions, to share the responsibility of ensuring that Australia’s performance in work-related health and safety is continuously improved. The National OHS Strategy sets out five ‘national priorities’ to achieve short-term and long-term improvements. The priorities are to: • reduce high incidence and high severity risks, • improve the capacity of business operators and workers to manage OHS effectively, • prevent occupational disease more effectively, • eliminate hazards at the design stage, and • strengthen the capacity of government to influence OHS outcomes. This guideline has been developed to support the priority – eliminate hazards at the design stage – of the NOHSC National OHS Strategy 2002-2012. The Office of the ASCC acknowledges the assistance of all the persons and organisations who contributed to this Guideline, in particular: • Chris Beale (Risk Manager - Sinclair Knight Merz); • Liz Bluff (National Research Centre for Occupational Health and Safety Regulation, Australian National University); • Sandra Cowell (Health Safety and Environment Manager – PMP Limited); • Dr John Culvenor (Consulting Engineer); • Dr Tim Driscoll (ELMATOM Pty Ltd); • Rob McLaughlan (University of Technology Sydney); and • Commission for Occupational Safety and Health (Western Australia)
1. INTRODUCTION This guideline provides information and advice on eliminating hazards and controlling risks at the design stage to persons involved in the design or modification of products, items (including buildings, vehicles and structures) and processes used for work. In response to societal demands for safer products and workplaces, governments, businesses, engineers and other decision makers are requiring that safety be a fundamental element of design. There are health and safety duties for designers in State and Territory occupational health and safety laws. This document introduces the concept of safe design and the principles underpinning it. 1.1 What is Safe Design? Safe design is a process defined as the integration of hazard identification and risk assessment methods early in the design process to eliminate or minimise the risks of injury or damage throughout the life of the item being designed. It encompasses all design including facilities, hardware, systems, equipment, products, tooling, materials, energy controls, layout, and configuration.1 A safe design approach begins in the conceptual and planning phases; with an emphasis on making choices about design, methods of manufacture or construction and/or materials used which enhance its safety. The designer needs to consider how safety can best be achieved in each of the lifecycle phases eg. designing a machine so that maintenance activities will not require removal of protective guards. Safe design will always be part of a wider set of design objectives, including practicability, aesthetics, cost and the functionality of the designed-product. Safe design is the process of successfully achieving a balance of these sometimes competing objectives, without compromising the health and safety of those potentially affected by the designed-product over its life. New risks may emerge as designed-products are modified or the environments in which they are used change. Any person who influences decisions in any of the lifecycle phases should apply a safe design approach. There are many groups involved in the function of design. They include: • design professionals such as architects, engineers, industrial designers, software developers; • other groups who can influence design decisions, such as developers, builders, owners, insurers, project managers, purchasers, clients, OHS professionals, human factors and ergonomics practitioners; • suppliers (including manufacturers, importers, plant-hire), constructors, installers and trades/maintenance personnel; and • government regulators and inspectorates.
1 modified from; W Christensen & F Manuele, Safety Through Design, National Safety Council,
1.2 What are the Principles of Safe Design? The key elements that impact on achieving a safe design are: • Principle 1: Control and Duty of Care – the responsibility for ensuring safe design rests with parties or persons having control or influence over the design of products, items or processes. • Principle 2: Lifecycle of Designed-Products – safe design applies to every stage in the life-cycle from conception through to disposal; and involves eliminating hazards or minimising risks as early in the lifecycle as possible. • Principle 3: Systematic Risk Management – the application of hazard identification, risk assessment and risk control processes to achieve safe design. • Principle 4: Knowledge and Capability for Safe Design – should be either demonstrated by, or accessed by, any person with control or influence over design. • Principle 5: Information Transfer – effective communication and documentation of design and risk control information between all persons involved in the phases of the lifecycle is essential for the safe design approach. These principles have been derived from a report titled Towards a Regulatory Regime for Safe Design2; with some modification following public consultation. Further detail on each of the principles is outlined in Chapter 2. Ergonomics and Safe Design Safe design also incorporates ergonomics principles. Ergonomics is a scientific, user-centred discipline applied to design but it is also a philosophy and way of thinking. An ergonomics approach ensures that the design process takes into account a wide range of human factors, abilities and limitations3 affecting end users. An ergonomics approach to design considers the physical and psychological characteristics of people, as well as their needs in doing their tasks – how they see, hear, understand, make decisions and take action. User safety, efficiency, productivity and comfort are indicators of how effective the design is in fulfilling its purpose. Ergonomics Principles When analysing the need for a designed product or space, an ergonomics approach will address five main elements:4 • The user – their characteristics, including the physical, psychological and mental capacities, skills knowledge and abilities • Job and task characteristics – what the user is required to do or actually does. This includes task demands, capacity to make decisions, work organisation and time requirements • The work environment – the work area and space, lighting, noise and thermal comfort
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minimum standards for structural adequacy, fire safety, ventilation, etc). These regulations impose duties on relevant building practitioners (designers, engineers) and provide a verification process by independent authorities. 1.5 The Benefits of Safe Design The opportunities to create safer workplaces and plant are most cost effective in the earliest phases of the lifecycle of designed-products. In contrast, by the time the designed-product is ready for import, supply or commissioning (in the case of a building) there are likely to be fewer options to make the product inherently safer. A safe design approach results in several benefits, including: • Improved useability of products, items, systems and facilities; • improved productivity; • reduced costs; • compliance with legislation; and, • innovation, in that safe design demands new thinking. Better prediction and management of production and operational costs across the lifecycle of a product can be achieved. The costs associated with unsafe design can be significant (e.g. retrofitting, workers compensation levies, environmental clean up costs, public liability). Figure 1 shows the relative cost advantages of applying a safe design approach in construction. Figure 1 – Cost Effectiveness of Early Intervention on Safety Problems in It is estimated that inherently safe plant and equipment would save at least 5%, often 10%, of their cost through reductions in inventories of hazardous materials, reduced need for protective equipment and the reduced costs of testing and maintaining the equipment. 7
2. THE PRINCIPLES OF SAFE DESIGN 2.1 Persons with Control have a Duty of Care Responsibility for safe design rests with parties or persons with control over design functions. Responsibilities should be consistent with the degree of control that a person has. Often, the design process will occur over various stages and involve different persons who make specialist or technical decisions for incorporating into the design, which may affect the safety of the product or item. In these situations there will be shared responsibility between the parties, depending on the level of control they have over the design function. For example, persons who have a responsibility to ensure safe design in the case of a building or structure include: • architects, building designers or draftspersons who undertake the design on behalf of the client, including conducting a feasibility study, producing a schematic design or preparing construction documentation or tendering, depending on the contractual arrangement; • persons who participate in the design or make decisions during any of the project phases, such as engineers, building surveyors, interior designers, builders, contractors; • anyone who alters a design, or who specifies the use of a particular method of work or material (for example, a quantity surveyor who insists on specific material, or a client who stipulates a particular layout); • building service designers or others designing fixed plant such as ventilation and electrical systems; • those purchasing material where the choice has been left open (for example, people purchasing building blocks and so deciding the weights that bricklayers must handle); • temporary works engineers, including those designing formwork, false-work, scaffolding, and sheet piling; • anyone specifying or designing how demolition, dismantling work, structural alteration is to be carried out. 2.2 Lifecycle of Designed-Products The lifecycle of a designed-product is a key concept of safe design that provides a framework for eliminating the hazards at the design stage and/or controlling the risk as the product is: • constructed or manufactured; • imported, supplied or installed; • commissioned, used or operated; • maintained, repaired, cleaned, and/or modified; • de-commissioned; demolished and/or dismantled; and, • disposed of or recycled.
Figure 2 – Lifecycle of Designed-Products8 A safer product will be created if the hazards and risks that could impact on downstream users in the lifecycle are eliminated or controlled during design, manufacture or construction. In these early phases there is greater scope to design-out hazards and/or incorporate risk control measures that are compatible with the original design concept and functional requirements of the product. This means that a designer must have a good understanding of the lifecycle of the item they are designing, including the needs of users. Safety can be further enhanced if each person who has control over actions taken in any of the lifecycle phases, takes steps to ensure health and safety is pro-actively addressed by reviewing the design. Subsequent stages of the designed product’s lifecycle should not proceed until the preceding stage design reviews have been considered and approved by those persons with control. The following sections outline what persons involved in each stage of the lifecycle should do to ensure safe design. 2.2.1 Concept Development or Planning Phase The concept development is the pre-design stage. It provides the functional specification required for the workplace and may include a number of options about the design, methods of manufacture or construction and/or materials used which enhance the safety of the product. In the context of the different areas of designed-products this includes considering the human interaction or exposure of users to hazards in work environments, equipment, substances, and/or systems. The concept development phase often commences with a functional needs analysis or feasibility study. In addition to the necessary functions of the designed-product, the relevant safety requirements for all phases of the lifecycle should be identified and included in the functional specification. Persons in control of a workplace and/or persons in control of work are often involved in this element of the concept development phase because they identify the needs and issues in the workplace. The functional specification should be supported by research into the state of knowledge about issues for this type or similar designed-products. Reviews of injury/fatality data, as well as risk assessments relating to such or similar designed-products provide a helpful insight into the issues requiring attention. It is also important to seek the views of users who may be affected by existing and potential hazards. Consultation and feedback are generally much easier for employers, as they have established channels for communicating with employees. Designers, manufacturers and suppliers, however, need to establish communication methods with users to identify and explore existing and potential hazards (see section 2.5). Building a strong customer focus and good client relationships can provide the basis for seeking health and safety input. This can be achieved in various ways:
• Conducting workshops with customers/clients at the conceptual design stage • Using models or mock-ups to facilitate user input • Receiving feedback through user surveys • Field testing or trialling proto-types with users • Inviting specialist expertise (such as engineers) as well as end-users to participate in the risk assessment process • Consulting users while doing technical and market research. All issues identified through research and consultation should be documented so that they can be used to inform future phases of the lifecycle. Employers or purchasers of design services should have contractual arrangements and procurement systems that operate to minimise the OHS risk of designed-products they purchase. Such arrangements should ensure: • purchasing and contractual arrangements (e.g. specifications, supplier pre-qualification and tender documentation) include a requirement to eliminate OHS hazards, minimise OHS risks, and provide residual OHS risk information; and, • the design brief or draft specifications include an agreement to carry out a safe design approach. The agreement should also include production of a lifecycle OHS risk evaluation and a residual risk register. 2.2.2 Design Phase The design phase involves development of design plans in consultation with users. It should include, as part of the design plan: • assessment of the risk in each of the lifecycle phases beyond the design phase; • development of a trial and evaluation plan; • development of risk control options; and, • appropriate instructions for safe construction/manufacture, supply/installation, commissioning/use, maintenance, de-commissioning, and disposal/recycling. Consultation with the person commissioning designed-products at this stage can inform the designer’s understanding of the requirements, and better enable the designing-out of hazards. Designed-products should be designed so that they can be used safely. They must therefore be designed to suit the capacities of the widest range of people. The science of ergonomics has been developed for this purpose. Ergonomic studies include allowing for the range of physical dimensions of users (anthropometry), their strength capabilities, their skills of perception, and their expectation of the use of products. Designed-products should be evaluated for all reasonably foreseeable uses and harm that may affect users. Effective trials and evaluation of the designed-product and any risk control options (including maintenance and emergency cut-off switches), in consultation with the users, is critical to the design phase. The trial and evaluation of design should extend into all phases of the lifecycle that follow, in order to: • monitor the design risk, • confirm the effectiveness of risk controls, and
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2.2.3 Construction/Manufacture Phase The construction/manufacture phase involves manufacturers/constructors following design plans. Design plans should detail processes for safe construction/manufacture, as well as safety requirements/features to be included in the designed-products. Monitoring and evaluation of the risk controls communicated with the design plan should be factored into manufacturer/constructor’s risk assessments and OHS management systems to ensure safe production processes. In the case of plant and equipment design, trials should confirm the effectiveness of risk controls in the designed-products before they are provided for supply or use.
2.2.4 Supply/Install Phase The supply/install phase involves the safe receipt, storage, handling and transfer of designed-products to a user. Suppliers include importers, leasing or hire agents, auctioneers and second-hand dealers. Suppliers need to be aware of the risks and should communicate the residual risk and risk control measures necessary for safe use of designed-products to users, such as employers, workers and/or their health and safety representatives. Suppliers should also conduct risk assessments for the safe receipt, storage and handling of designed-products. Risk assessments should be informed by the residual risk and risk controls communicated by designers and manufacturers, whether the designed-products come from within Australia or from overseas. Suppliers should encourage persons in control of a workplace and/or persons in control of work to discuss relevant health and safety issues associated with the designed-products they make commercially available. The supplier should pass relevant risk information back to designers and manufacturers/constructors.
2.2.5 Commission/Use Phase The commission/use phase of the lifecycle implements the designed-product into the workplace. It involves: • confirmation of trial results and ongoing evaluation activities; • effective passage of information; and, • appropriate training, instruction and supervision. Persons in control of workplaces and work need to assess the risks arising from the implementation and ongoing use of designed-products, using the knowledge of the residual risk passed from designers, manufacturers and suppliers. Any additional design issues identified at this stage should be fed back to the designer through the manufacturer, supplier and/or importer.
2.2.6 Maintain/Modify, Decommission and Dispose/Recycle Phases Each of these phases also requires risk assessment, based on the information obtained through the lifecycle about the residual risk and risk control measures required. Additional design issues identified in these phases should be fed back to the designer. Any modification to a designed-product requires re-application of the processes detailed in the concept and design phases. This not only ensures that new hazards are not introduced, but also that safety features already designed in are not affected, and other opportunities for improved elimination/control of risks are identified.
2.3 Systematic Risk Management The primary duty of a designer, manufacturer/constructor or supplier of designed-products is to eliminate any hazards that may create a risk of harm from use or exposure to the designed-product throughout its lifecycle. If it is not practicable to eliminate the hazard, then the designer, manufacturer/constructor or supplier should control the risk as much as possible and provide information about the residual risk. The duties apply to the extent that a person has control and/or influence over the design, manufacture/construction or supply. The ability to control and/or influence the risk of harm will differ depending on the specific function to be undertaken. 2.3.1 Risk Management Process To effectively undertake their duties designers, manufacturers/constructors and suppliers should: • identify design-related hazards in relation to the range of intended use, including foreseeable misuse of the product; • conduct risk assessments; • eliminate hazards and control risks; • monitor and review the risk control measures; • maintain records of risk assessments; • consult with persons involved in the lifecycle of the product; and, • provide information on the intended use of designed-products for the benefit of users throughout the product lifecycle.
2.3.1.1 Identify hazards There are two broad sources of hazards relevant to designed-products: • hazards relating to the designed products themselves. Designed-products are likely to have a range of hazards that need to be identified. For example, a patient trolley in a health care facility may involve hazards relating to its mobility and its moving parts and its load-carrying capacity, while a building or structure may have hazards relating to access and egress. • hazards relating to how the designed-products will be used and the environment where they will be used. The patient trolley, for example, may have hazards stemming from the kind of loads that it is used to move, the gradient and type of surface (eg, unstable or slippery flooring) on which it is used that may affect the user. A designer should consider hazards posed by the environment in which the item will be used. Hazard identification should take place as early as possible in the concept development and design phases, before the designed-product is finalised, constructed and/or installed. It is important that hazard identification activities are systematic and not limited to one or two people’s experiences of situations. Systematic identification of hazards requires: • Research – information that can help identify hazards and assess and control the risks of designed-products. These may range from injury and incident data kept by users, OHS authorities, or other suppliers, manufacturers and/or designers of similar designed-products, to records of research and trials previously conducted by any of these parties.2.3.1.1 Identify hazards There are two broad sources of hazards relevant to designed-products: • hazards relating to the designed products themselves. Designed-products are likely to have a range of hazards that need to be identified. For example, a patient trolley in a health care facility may involve hazards relating to its mobility and its moving parts and its load-carrying capacity, while a building or structure may have hazards relating to access and egress. • hazards relating to how the designed-products will be used and the environment where they will be used. The patient trolley, for example, may have hazards stemming from the kind of loads that it is used to move, the gradient and type of surface (eg, unstable or slippery flooring) on which it is used that may affect the user. A designer should consider hazards posed by the environment in which the item will be used. Hazard identification should take place as early as possible in the concept development and design phases, before the designed-product is finalised, constructed and/or installed. It is important that hazard identification activities are systematic and not limited to one or two people’s experiences of situations. Systematic identification of hazards requires: • Research – information that can help identify hazards and assess and control the risks of designed-products. These may range from injury and incident data kept by users, OHS authorities, or other suppliers, manufacturers and/or designers of similar designed-products, to records of research and trials previously conducted by any of these parties.
• Consultation – consultation is a critical element in all steps of safe design as well as in the risk assessment process. Designers will be best informed if they have consulted all parties involved in the lifecycle of designed-products about hazards and the ease of use of designed products. • Guidance material – checklists for hazard identification may be found in: o related standards; o codes of practice; o guidance notes; o technical standards; and/or, o other resource material. 2.3.1.2 Assess the risk of harm If use in any subsequent phase of the lifecycle of the designed-product has the potential to result in harm, designers, manufacturers/constructors and/or suppliers need to analyse and evaluate the risk. Analysis utilises research to determine: • if there are any existing controls; • the likelihood of a harmful event occurring; • the consequence of the harmful event; and, • the resultant estimated level of risk. Evaluation allows for comparison of the estimated risk levels against the guidance provided on acceptable levels of risk. It also provides for prioritisation of the risks leading to the next risk management step of elimination or control. • Risk assessment tools and techniques – risk assessment tools should be selected depending on the context of the risk (is it a building, plant, substance or system of work?) and the risk type (are there manual handling, confined-space, falls from height risks?). Examples of risk assessment tools that might be used include: o Hazard & Operability Studies (HazOp)10 – is a method of identifying hazards and operability problems. It uses group review of the significance of all the ways that a particular process can deviate from its expected operation. The technique is a structured brainstorming approach using specific guide words to examine each part of a process plant at detailed design level prior to construction. It is particularly applicable to process plant but can be modified through the use of different guidewords to apply to other product areas of design. o Event Tree Analysis (ETA)11 – is used to identify initiating events and their frequency into possible outcomes. o Fault Tree Analysis (FTA)12 – is a technique used to identify, and pictorially depict, conditions and factors (or top events) that can lead to an undesired • Consultation – consultation is a critical element in all steps of safe design as well as in the risk assessment process. Designers will be best informed if they have consulted all parties involved in the lifecycle of designed-products about hazards and the ease of use of designed products. • Guidance material – checklists for hazard identification may be found in: o related standards; o codes of practice; o guidance notes; o technical standards; and/or, o other resource material. 2.3.1.2 Assess the risk of harm If use in any subsequent phase of the lifecycle of the designed-product has the potential to result in harm, designers, manufacturers/constructors and/or suppliers need to analyse and evaluate the risk. Analysis utilises research to determine: • if there are any existing controls; • the likelihood of a harmful event occurring; • the consequence of the harmful event; and, • the resultant estimated level of risk. Evaluation allows for comparison of the estimated risk levels against the guidance provided on acceptable levels of risk. It also provides for prioritisation of the risks leading to the next risk management step of elimination or control. • Risk assessment tools and techniques – risk assessment tools should be selected depending on the context of the risk (is it a building, plant, substance or system of work?) and the risk type (are there manual handling, confined-space, falls from height risks?). Examples of risk assessment tools that might be used include: o Hazard & Operability Studies (HazOp)10 – is a method of identifying hazards and operability problems. It uses group review of the significance of all the ways that a particular process can deviate from its expected operation. The technique is a structured brainstorming approach using specific guide words to examine each part of a process plant at detailed design level prior to construction. It is particularly applicable to process plant but can be modified through the use of different guidewords to apply to other product areas of design. o Event Tree Analysis (ETA)11 – is used to identify initiating events and their frequency into possible outcomes. o Fault Tree Analysis (FTA)12 – is a technique used to identify, and pictorially depict, conditions and factors (or top events) that can lead to an undesired • Consultation – consultation is a critical element in all steps of safe design as well as in the risk assessment process. Designers will be best informed if they have consulted all parties involved in the lifecycle of designed-products about hazards and the ease of use of designed products. • Guidance material – checklists for hazard identification may be found in: o related standards; o codes of practice; o guidance notes; o technical standards; and/or, o other resource material. 2.3.1.2 Assess the risk of harm If use in any subsequent phase of the lifecycle of the designed-product has the potential to result in harm, designers, manufacturers/constructors and/or suppliers need to analyse and evaluate the risk. Analysis utilises research to determine: • if there are any existing controls; • the likelihood of a harmful event occurring; • the consequence of the harmful event; and, • the resultant estimated level of risk. Evaluation allows for comparison of the estimated risk levels against the guidance provided on acceptable levels of risk. It also provides for prioritisation of the risks leading to the next risk management step of elimination or control. • Risk assessment tools and techniques – risk assessment tools should be selected depending on the context of the risk (is it a building, plant, substance or system of work?) and the risk type (are there manual handling, confined-space, falls from height risks?). Examples of risk assessment tools that might be used include: o Hazard & Operability Studies (HazOp)10 – is a method of identifying hazards and operability problems. It uses group review of the significance of all the ways that a particular process can deviate from its expected operation. The technique is a structured brainstorming approach using specific guide words to examine each part of a process plant at detailed design level prior to construction. It is particularly applicable to process plant but can be modified through the use of different guidewords to apply to other product areas of design. o Event Tree Analysis (ETA)11 – is used to identify initiating events and their frequency into possible outcomes. o Fault Tree Analysis (FTA)12 – is a technique used to identify, and pictorially depict, conditions and factors (or top events) that can lead to an undesired event. Possible causes or fault modes in functional systems (or elements of products) are identified, by assessing ‘what can go wrong?’ o Fault Mode Effects Analysis (FMEA)13 – is used to identify potential failures in a structural or mechanical design. The process breaks down the design into appropriate levels for examination to identify the potential modes and consequence of failures and the effects this may have on the component and the systems as a whole. o Preliminary Hazard Analysis (PHA)14 – is used to identify hazards, hazardous situations and events that can cause harm for a given activity, facility or system. It is commonly used early in the development of projects, however it can be used when analysing existing systems or prioritising hazards if a more extensive method cannot be used. o Human Reliability Assessment (HRA)15 – deals with the impact of people on system performance and the influence of human errors on reliability. o Construction Hazard Assessment Implication Review (CHAIR)16 – is a tool designed specifically for safe design in construction. 2.3.1.3 Control the risks Where an assessment of a designed-product results in unacceptable levels of risk, a designer should consider whether the risk can be designed-out by re-designing aspects of the product. However, if design risk is assessed as extreme or very high the design approach may need to be reconsidered. A fundamentally different design approach may be required to remove (eliminate) those risks. If the risk cannot be eliminated, the designer should attempt to minimise the risk as far as is practicable by using one or more control measures. The hierarchy of controls (as detailed in section 2.3.2.4 below) should be used to assist identification of the most effective risk control options. Designers need to make sure that any control put in place does not create another risk or introduce a new hazard for users. If, after attempts to eliminate or control risk, the residual risk remains too high, the designer should provide information on the remaining or residual risk and advise on measures required to control this in the workplace. All relevant information should be provided to the manufacturer, supplier and user of the designed-product. The hierarchy of control model is usually presented as a problem-solving and creative-thinking tool for use at the control stage of the risk assessment process which requires: • Elimination of the hazard as a first priority. • If the hazard can't be eliminated, minimisation of the risks by: o substituting with something safer; o modifying the plant or system of work;
o isolating the hazardous aspects of plant or systems; or, o introducing engineering controls. • Introduction of 'back-up' controls by: o implementing administrative controls and safe work practices, and ensuring that users are trained accordingly and/or, o requiring that personal protective equipment be used. The higher up the hierarchy the more effective the risk control. Risk controls at the higher end of the hierarchy function without the need for input by workers and are commonly termed passive safety measures. Whenever possible, the use of passive safety measures is preferred as a means of control. Examples include: • guarding on machinery; • safety interlock systems; and, • earth leakage devices (also known as residual current devices). Passive safety measures can be designed to decrease the likelihood of an incident occurring (for example, guarding on machinery), decrease the likelihood or severity of an injury resulting from an incident (for example, Roll-Over Protective Structures on mobile equipment; residual current devices), or even to decrease the consequences of an injury that has occurred (for example, a safety alarm system allowing early localisation and treatment of an injured person). These are preferred because they do not require the actions or cooperation of workers, and function regardless of whether unforeseen events occur, or whether workers or others are using the equipment as intended. Most passive safety measures are effective because they are designed into the equipment, building, or system of work. For this reason, in recent years there has been an increasing focus on the contribution of design to OHS. 2.3.1.4 Monitor and review the residual risk and effectiveness of risk control measures Designers, manufacturers and suppliers each have a duty to monitor and review the effectiveness of the risk control measures applied. Designers should first confirm the effectiveness of risk controls through testing or trials. This may include controlled prototype studies across the identified range of tasks or uses. Designers should then ensure the ongoing evaluation and correction/amendment of the risk controls as the product and systems of work transit through the lifecycle phases. Manufacturers and suppliers should monitor and review the risk controls communicated by the designer, as well as those identified and implemented internally. New information and more effective risk controls should be communicated to users as well as back to the designer. They should also monitor new information that informs improved risk controls and ensure this is communicated to all parties (see Figure 7 in section 2.5.1). 2.3.1.5 Maintain records of risk assessments A designer should keep a record of the risks identified during the design process and the steps taken to eliminate or minimise those risks. The designer should keep the record for as long as the designed-products remain in use in a workplace. o isolating the hazardous aspects of plant or systems; or, o introducing engineering controls. • Introduction of 'back-up' controls by: o implementing administrative controls and safe work practices, and ensuring that users are trained accordingly and/or, o requiring that personal protective equipment be used. The higher up the hierarchy the more effective the risk control. Risk controls at the higher end of the hierarchy function without the need for input by workers and are commonly termed passive safety measures. Whenever possible, the use of passive safety measures is preferred as a means of control. Examples include: • guarding on machinery; • safety interlock systems; and, • earth leakage devices (also known as residual current devices). Passive safety measures can be designed to decrease the likelihood of an incident occurring (for example, guarding on machinery), decrease the likelihood or severity of an injury resulting from an incident (for example, Roll-Over Protective Structures on mobile equipment; residual current devices), or even to decrease the consequences of an injury that has occurred (for example, a safety alarm system allowing early localisation and treatment of an injured person). These are preferred because they do not require the actions or cooperation of workers, and function regardless of whether unforeseen events occur, or whether workers or others are using the equipment as intended. Most passive safety measures are effective because they are designed into the equipment, building, or system of work. For this reason, in recent years there has been an increasing focus on the contribution of design to OHS. 2.3.1.4 Monitor and review the residual risk and effectiveness of risk control measures Designers, manufacturers and suppliers each have a duty to monitor and review the effectiveness of the risk control measures applied. Designers should first confirm the effectiveness of risk controls through testing or trials. This may include controlled prototype studies across the identified range of tasks or uses. Designers should then ensure the ongoing evaluation and correction/amendment of the risk controls as the product and systems of work transit through the lifecycle phases. Manufacturers and suppliers should monitor and review the risk controls communicated by the designer, as well as those identified and implemented internally. New information and more effective risk controls should be communicated to users as well as back to the designer. They should also monitor new information that informs improved risk controls and ensure this is communicated to all parties (see Figure 7 in section 2.5.1). 2.3.1.5 Maintain records of risk assessments A designer should keep a record of the risks identified during the design process and the steps taken to eliminate or minimise those risks. The designer should keep the record for as long as the designed-products remain in use in a workplace.2.5 Information Transfer and Feedback Information transfer is the process by which those who will work with the product are made aware of the risks involved, risk control measures, and any specific training requirements. Key information, concerning action required to control risks, should be adequately recorded and transferred from the design phase to all users in later phases of the lifecycle, and users should be informed about any residual risks that may affect their health and safety and the mechanisms to control them. All parties should similarly ensure feedback to designer parties regarding newly identified or realised risks. Figure 4 depicts the reciprocal transfer of information and feedback required for the safe design approach. Figure 4 – Lifecycle with Feedback Develop Concept Design Construct /manufacture Commission/Use Maintain De- commission Disposal/ recycle Supply/ install Reciprocal Transfer of Information and Feedback Ideally good design should eliminate the need for information. Products, systems, equipment, buildings and so on should be safe and easy to use without instructions. However labels, instructions, passive warnings, etc. are the means to deal with hazards that cannot be mitigated by design. Instructions, warnings and labels should be designed to be easily seen and understood. The addition of these informative features cannot be done without careful thought. After all, the designer is relying on these measures to mitigate hazards that ideally would have been addressed through more reliable means. It is very difficult to design information to be effective as a risk control. If the designer thinks that the only risk control option is to provide information, the designer should reconsider the design to see if the need for information can be designed out. Figure 5 provides an information design loop that steps through the information minimisation process. Where it is impractical to eliminate hazards through design or to reduce the associated risk to an acceptable level with safety and warning devices, then clear procedures and training should be provided.19 The specific form of information needed will vary according to the type of designed-product, but might include instructions aimed at those: • involved in erection, installation, commissioning or set up; • involved in transport or storage; • who will use, handle or otherwise work with it as end users, once it is produced; • involved in ongoing cleaning, maintenance, repair or adjustment; and, • responding to a failure, breakdown or blockage. Different forms of information provision include product safety data sheets or manuals, labels, and health and safety files. Product safety information for substances is well developed. The recognised mechanisms are labels and material safety data sheets, and
there are national model codes of practice for each of these (e.g. The National Code of Practice for the Labelling of Workplace Substances – [NOHSC:2012(1994)])20. For plant it is common practice for manufacturers to produce either warning labels or notices that are attached to plant and/or an operation manual, which may include OHS information. The scope and quality of this information is variable. All of the Australian OHS statutes require manufacturers, importers and suppliers of plant to provide information (and most States and Territories establish the same duty on designers). 2.5.1 Consultation The process of consulting within a workplace with those potentially affected by design decisions concerning plant, workplace layout, work systems, etc. is now generally commonplace. Employers with responsibility for ensuring the safe design of these factors within the workplace cannot fulfill their duties without consulting those affected. However, consultations on safe design between designers and end users, as depicted in Figure 6, presently occurs without any formal structure for seeking the views of those affected. There should be no significant barriers to consulting in this way. Figure 6 – Information Exchange Model Consult about Design - Product Safe Design outside of the Workplace (Designer, Supplier, Manufacturer) Hazard ID, Risk Assess, Risk ControlHierarchy of Control/Safe Design Design for the end user Consult with end users or representatives Consult during each phase of the lifecycle Safe Design Safe Design withinthe Workplace Hazard ID, Risk Assess, Risk Control Hierarchy of Control/Safe Design Consultation Employer-Employee Consult with designer/manufacturer ConsultEmployees or Health and Safety Representative Employer = Designer
ATTACHMENT A Definitions Commission to put into active service or use. Design the conceptual process used to bring together innovation, aesthetics, and functionality to plan and create an artefact, a product, a process or a system to meet an artistic or industrial requirement of an individual or group. It includes research and development, conceptual design, general design, drawings, plans, systems, quantities, method of construction or manufacture, detailed cost and risk analysis (including analysis of OHS risks), feasibility, detailed design, technical specification, and redesign. Design phase involves development of design options and trials in consultation with users. Designed-product the item to be designed, which might be a built environment, equipment, chemical, work system or process; or any other physical attribute or system associated with either the work place or the interface with people. Ergonomics the process of designing or arranging workplaces, products and systems so that they fit the people who use them Hazard a source or situation with the potential to cause harm in terms of human injury or ill health, damage to property, environment or a combination of these. Person with control (a) a person who, by virtue of their position or level of influence, can exercise management decisions that affect health and safety; and (b) the person's duty only goes as far as the extent of control the person can exercise taking account of their position or level of influence. A person with control includes: (a) a person with control of the workplace; and (b) a person with control of work. Lifecycle all phases in the life of a designed-product. Specific phases depend on the type of product but may include design, development, manufacture, construction, assembly, import, supply, distribution, sale, hire, lease, storage, transport, installation, erection, commissioning, use or operation, consumption, maintenance, servicing, cleaning, adjustment, inspection, repair, modification, refurbishment, renovation, recycling, resale, decommissioning, dismantling, demolition, discontinuance, disposal.
Residual risk the risk that remains after the application of controls, barriers and other risk reducing methods or techniques. Risk in relation to any hazard, means the probability and consequence(s) of occurrences of injury, illness or damage arising from exposure to a hazard. Risk assessment the process of analysing the probability and consequences of injury, illness or damage arising from exposure to identified hazards. Safe Design the integration of hazard identification and risk assessment methods early in the design process, and then taking the necessary actions so that the risks of injury or damage are eliminated or minimised, for the life of the item being designed. Supply includes retail sale, wholesale, exchange, second hand ATTACHMENT B Legislative Clauses for Designers Duty of Care This Attachment provides the relevant legislative clauses for each OHS Jurisdiction on a designer’s duty of care. Australian Capital Territory Occupational Health and Safety Act 1989 Section 42 – Duties of manufacturers in relation to plant and substances Commonwealth Occupational Health and Safety (Commonwealth Employment) Act 1991 Section 18 – Duties of manufacturers in relation to plant and substances New South Wales Occupational Health and Safety Act 2000 Section 11 – Duties of designers, manufacturers and suppliers of plant and substances for use at work Northern Territory Work Health Act 2005 Section 30B – Duties of manufacturers, &c. Queensland Workplace Health and Safety Act 1995 Section 23 – Obligations for workplace health and safety Section 32 – Obligations of designers of plant Section 34B – Obligations of designers of structures used as workplaces South Australia Occupational Health, Safety and Welfare Act 1986 Section 23A – Duties of designers and owners of building Section 24 – Duties of manufacturers etc Tasmania Workplace Health and Safety Act 1995 Section 14 – Duties of designers, manufacturers, importers, suppliers and installerssale, auction, lease, Victoria Occupational Health and Safety Act 2004 Section 27 – Duties of designers of plant Section 28 – Duties of designers of buildings or structures Western Australia Occupational Safety and Health Act 1984 Section 23 – Duties of manufacturers, etc.hire, hire-purchase and distribution, and includes any form of resupply. Users A user can be any person who interacts with the designed-products throughout the lifecycle of the designed-products. The term “use” is also common in respect to the “use or
Victoria Occupational Health and Safety Act 2004 Section 27 – Duties of designers of plant Section 28 – Duties of designers of buildings or structures Western Australia Occupational Safety and Health Act 1984 Section 23 – Duties of manufacturers, etc.
ATTACHMENT C Safe Design Resources This attachment aims to provide a list of known Safe Design documents available from WorkCover Authorities and the ASCC. ASCC • The role of design issues in work-related injuries in Australia 1997-2002 (http://www.ascc.gov.au/SafeDesign/Information_sources/SafeDesignWorkInjuries.pdf) • Design Issues in Work-Related Serious Injuries (http://www.ascc.gov.au/PDF/Standards/10605DesignIssues_fa.pdf) • Safe Design for Engineering Students (not yet available on the internet – contact the Office of the ASCC for further information) Jurisdictions: NSW • Code of Practice: Safety Aspects in the Design of Bulk Solids Containers including Silos, Field Bins and Chaser bins, 2005 (http://www.workcover.nsw.gov.au/NR/rdonlyres/756EBFFA-CC2B-4605-9DA2-915AA59482F0/0/code_safety_aspects_design_bulk_solids_containers_4734.pdf) • Health and Safety Guidelines for Hairdressers (http://www.workcover.nsw.gov.au/safebusiness/Publications/guide_hs_hairdressers_123_1.pdf) QLD • Code of Practice: Safe Design and Operation of Tractors, 2005 (http://www.dir.qld.gov.au/workplace/law/codes/tractors/) VIC • Designing Safer Buildings and Structures (http://www.workcover.vic.gov.au/dir090/vwa/publica.nsf/Site+Search/2F2442883CD15F7CCA2570DD001F5502) • Designing Workplaces for Safer Handling of Patients and Residents (http://www.workcover.vic.gov.au/dir090/vwa/publica.nsf/docsbyUNID/9C015A405548624ECA256FD30008931C?Open) • Safety by Design – Eliminating Manual Handling Injuries in Road Transport (http://www.workcover.vic.gov.au/dir090/vwa/publica.nsf/docsbyUNID/CC798B9513282F07CA256FD30008930D?Open)
