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Introduction 
Worker injury prevention in the construction industry has traditionally been relegated to the contractors and subcontractors working on projects. Over time the contractor’s efforts have seen some improvement but it has been less than stellar. There are companies that have better records than the industry at large but these are few in relationship to the total number of contractor firms engaged in construction. Even some larger companies have injuries and fatalities in spite of their best efforts. 

There has been a movement in recent years to find a better solution than that which has been utilized by the industry thus far. There have been a number of research studies done in both the United States and The European Union countries to identify causes of injuries and fatalities on construction worksites. One in particular is interesting. This was done in 1991 in Europe and they found that the cause of about 60% of accidents on worksites could be traced back to decisions made before any construction work started. 

This and the results of other studies have been used to try to encourage changes to the design process. The intent is to identify design decisions that create risks faced by workers on the construction site.  The thrust of this effort is to get the designers to assess the risk their designs create for the construction worker as they go about building structures. Once these risks have been identified, ideally they should be eliminated or the design modified so as to minimize their impact. 

This is a truly worth endeavor and should be embraced by the industry. But there are numerous potential impediments that have to be addressed and resolved to facilitate this. Some perceived barriers include potential means and methods infringement concerns, contract risk transfer issues, case law, industry practice, liability considerations, traditional industry practices, understanding of worksite risks, educational opportunities, etc. These have to be evaluated and reasonable measures implemented so as to facilitate and enable the designer to actively participate in the process. These challenges are complex and should be the focus of another paper.

Traditional Construction Practices

The three key parties participating in the construction process are the owner team, the designer team and the constructor team. The owner team may consist of the owner, the users, the facility managing personnel and other interested parties. The design team is usually headed up of an architect, who engages a number of primary as well as secondary consultants. These consultants may have sub consultants as well.  The constructor team involves a primary contractor (usually the general contractor) who engages a number of subcontractors who are going to have vendors and suppliers. Some of the subcontractors may have sub-subcontractors as well.

This process by its nature involves many organizations that have business and financial goals that may not necessarily be mutually compatible. They also have internal practices and procedures that also may not necessarily be compatible and aligned with the overall project processes and goal. Complexity creates risk. The complexity of this endeavor can be increased by the owner by introducing a construction manager into the process. 

As more and more entities and people are added to the mix more communication interfaces are created. This increases the potential for miscommunication or may hinder the free flow of it. Two people have one interface, three people have three interfaces, four people have 6 interfaces, five people have ten interfaces, and so on. The more people involved the longer the communication chain, and potentially the longer it takes to address and resolve issues. This may result in the creation of risk at the worksite. 

These days, fast-track construction is the norm rather than exception. In situations where accelerated schedules are a contract requirement and competitive bidding is the project delivery method, a greater quantity of risk is introduced into the system and more than likely increases the likelihood of worksite incidents occurring. Given the required accelerated production schedule, the contractor may not be able to eliminate the imposed risks. And the aggressive pricing may limit resources available for instituting some of the mitigating interventions so as to diminish the impact of the identified risks which the construction worker will have to deal with.
So ideally prevention through design should take a holistic approach to identifying all possible risks and devising methods for eliminating or mitigating their potential impact at the work site. 

The Owner

The whole venture starts with the owner. By virtue of this fact the owner has the greatest influence and control over it. The decisions made at project inception may influence the design and later the construction process. Given this fact it stands to reason that the owner may contribute to the resultant risks encountered by the construction worker at the worksite.  The owner selects and procures the site. The owner determines the nature of the project. More importantly the owner establishes the project budget as well as the construction duration. These two critical elements are usually driven by financial and business considerations. 
The owner selects and engages the key participants, the designers and contractors, who will participate in the whole process. During design development the owner plays a key role in guiding the design towards a predetermined budget, and so exerts some influence over the development of the design which ultimately has an impact on the cumulative project risk faced by the employees who will build the building.

The site the owner selects will influence the design as well, its location, the geology, size, orientation, etc, all will in one way or another have some influence on the design which may increase the risks faced by the workers building the project. The city, county or district in which the site is located can also impact the risk picture. These decisions quite possibly may create barriers to risk elimination strategies that may be considered downstream by the contractor as well.  

The next important element is the project schedule. This is usually driven by economic considerations. The owner would like to bring the project on line as soon as possible so as to start the income stream and limit the carrying construction costs. As long as the schedule is reasonable it does not increase risk to the safe construction operations. But the contractor does not have a good way to assess the risk related to each incremental decrease in time to the inverse increase in risk. As a result this risk is ignored. 
The owner selects the project delivery method. The traditional method is design-bid-build. The owner hires the architect. The architect produces a set of drawing when complete the owner solicits bids based on these drawings and specifications. The general contractors in order to price the project solicit quotes on much of this information from perspective subcontractors. The contractor usually selects the lowest quote and includes it in its quote to the owner. The owner then selects the lowest of the bids and awards the project to that contractor. 
A different approach to establishing a project price starts with the owner soliciting estimates from a preselected group of contactors by providing them 40-60% completed drawings. The contractor prices this. If the price is not within the owners expected budget then the designer is asked to modify the drawing to bring it in line with the budget. This process goes through a number of iterations until the expected budget is met. The contractor then signs a guaranteed maximum price (GMP) contract and construction starts. 

Nowhere in this process is there a conscious effort to evaluate the risks that worker may face during the building of the project. Worker safety may be considered after the contractor secures the contract or during the construction process. So in a sense worker safety is left to the field staff to deal with it as best they can.  Or it becomes the job of the safety practitioner to influence safety outside of the operational building process. 

 The designers, contractors, and safety practitioners selected by the owner can play a critical role at the inception of the project by providing the owner with input on the risk and safety consequences of decisions being considered. They may also assist in the selection of design solutions and materials, as well as address means and methods, which will either eliminate the resultant "system" risks or lower their impact to an acceptable level during construction.

The Design Team

Prevention through design is a methodology applied to the various phases of the design process so as to identify and mitigate the risks and hazards that will be encountered by construction workers during the building of the facility. This involves systematically incorporating hazard identification, analysis, and mitigation steps during the design phases of construction or renovation drawings and specifications. To accomplish this, one has to visualize the physical hazards and the exposure to the construction workers to conceptual design solutions.

In their specifications architects and engineers routinely referring to standard such as ASTM, NFPA, ANSI, etc. if safety is to be referred to by the designers then the OSHA 1926 standards are the natural source of their information. Unfortunately, following the standards does not guarantee an injury-free worksite. These are standards generally relate to hazards and exposures in the physical environment. There has been considerable research that indicated that most of the source of injuries is not conditions but the action of the individual worker albeit in “risky” situations. 
So to achieve risk free solutions the designer must go beyond quoting standards. This requires an understanding of risks in the design, the ability to identify and evaluate these risks. And to modify the design to either eliminate them of to mitigate their adverse impact. Three dimensional visualization may aid in this endeavor. But the designer must acquire an education in the understanding and addressing these risks. Seeking input from contractors and safety practitioners may be helpful. 

The designer faces challenges during all phases of the design so as to be able to identify risks and potential physical hazards to construction operations from the design decisions. This may require contractor input on their anticipated means and methods to be utilized during construction. There are many potential opportunities for evaluating the constructability and risks associated with the design of the building frame, foundations, the exterior cladding, roofing, equipment placement, mechanical and electrical systems, spatial relationships, access, etc.  

Some of the things to consider include allowing enough space/room for workers to make the installation in a safe manner, enough room for tools and equipment to be used safely, questioning if the work area can be safely accessed, etc. Does the design lend itself to prefabrication, modularization, or "make-ready" to minimize worker exposure time? The goal is to create design solutions that are inherently safe to install. 
Besides getting input from contractors and safety practitioners the designers will have to get a better understanding of how to use their design tools to facilitate their ability to more easily address the risk identification and assessment needs. The real challenge is to come up with risk mitigating solutions that will meet the design requirements and intent as well as creating a safer work environment for the construction worker. Designing for safety also encompasses communicating to the contractor the remaining risks and hazards that could not be eliminated during design so that the contractor may plan for appropriate controls to reduce their impact in the field.
Construction Risks

 There are a number of areas that may create risk during the construction effort that may be the result of the design. These may include the requirement for workers to work at elevation, near unprotected edges, with inadequate or limited access, in difficult to reach places, not enough room to accomplish the task, and so on. There are other instances where the design risk is compounded by the contractor’s selected means and methods.  As an 

example from the list above: working at elevation; the contractor chooses to use ladders instead of say, a scissor lift. The likelihood of an incident is increased in the case of the ladder and greatly diminished with the scissor lift. So the contractor may in fact unwittingly add to the design risk.   
When it comes to construction field operation, the contractor has two major elements to address: the means and methods selected in order to execute the construction operational plan and the safety procedures to be employed to create a "safe" work environment. To assist the designer in addressing construction risk, the contractor will have to provide the proposed project operational plan prepared for pricing purposes. This plan indicates some of the key decisions made on how best to meet the owner’s expectations, contract terms, and design intent. The designer and contractor may review this plan and its associated risk to see how best to eliminate or diminish their impact.

Generally for many contractors, safety is not a critical element of the preconstruction operational planning process, except for maybe major exposures. Things like fall protection systems, scaffolding needs, excavation protective systems, etc., are usually addressed by subcontractors. The means and methods selected by the contractor usually are those used successfully on past projects. If safety is not a contractor core value then it may not be addressed at this stage with the subcontractors, potentially leading to greater worksite risks.  

Another area that contributes to the risk picture involves contractors who are not thoroughly analyzing the task demand factors on their workers. That means fully understanding what the task features are that increase the task difficulty and affect the likelihood of error and incidents. Workers are put into situations where the risk of accomplishing the task can be greatly reduced or eliminated through changing the work process. An example of this is working bent over for extended periods of time, having to get into awkward positions to accomplish the task, using excessive force, reaching, lifting cumbersome loads, etc. Some of these tasks may be part of the design but the contractor may be able to provide temporary solutions to minimize these risks. 

The contractor may try to perform work at grade by prefabricating building elements and so eliminate or reduce the time needed to perform the task in compromising situations. All this points to the fact that the designer and the contractor should collaborate during the design process so that each can better understand the issues and constraints faced by the other and as a result come up with a “builder friendly design”. 

Conclusion

The owner plays a crucial role in orchestrating and managing the process, ensuring cooperation between the design team and the contractor team. Paying close attention to the risks associated with the owner's requirements and the design of the facility are critically important. The designer must better understand construction operations and safety requirements during the design process. The contractor must select means and methods that address task demands and rigorously manages the supply chain, reduce variability, plan for inconsistency and, inefficiencies as well as actively participates in a three-way sharing of information and innovation. 

This collaboration has tremendous benefits for all three parties. The designer is faced with fewer questions requiring clarification, and corrections in the design. This reduces unproductive use of staff and resources. The contractor can better plan the work and faces fewer surprises. All this reduces cost, and ensure project delivery at the expected time. 
There is no question that effective safety outcomes can only be achieved if the organization approaches it in a holistically manner. The creation of a safe work environment on a construction site requires a team effort in identifying, evaluating, and managing the risks that manifest themselves at the worksite. All the participants—owners, designers, contractors, and safety practitioners—must cooperate and contribute to achieve this lofty goal. 
