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The main objective of this research study isto incorporate construction worker safety and
health into sustainable design and construction practices. This can be fulfilled by the
development of an innovative construction worker safety and health planning tool, called
Sustainable Construction Safety and Health (SCSH) Rating System that will:

e provide an opportunity to rate projects based on the importance given to safety
and health and the degree of implementation of safety and health elements; and
e unify and coordinate the safety and health efforts of the four primary partiesin a

project: owner, designer, general contractor, and subcontractors.

Before development of the SCSH rating system, it was necessary to analyze whether
present sustainable buildings are truly sustainable from a safety and health perspective.
Currently, the construction industry’s sustainable practices are based on compliance with
the Leadership in Energy and Environmental Design (LEED) rating system. To be truly
sustainable, sustainable buildings should have superior safety performance in addition to
environmental performance. A pilot study on aLEED building project revealed that there
were both negative and positive impacts on worker safety and health. However, based on
the analysis of 86 LEED and non-LEED construction projects, it was found that there
was not a statistically significant difference in safety performance between the two types
of projects. Hence, current sustainable buildings are not truly sustainable when
considering worker safety and health. To be labeled as sustainable, the construction



industry should include worker safety and health in the project lifecycle. This can be
achieved with the SCSH rating system.

A Delphi survey technique was used to develop the SCSH rating system. The rating
system consists of 50 safety and heath elements, grouped into 13 categories that should
be implemented through the combined efforts of the project team. The rating system was
validated based on 25 rea-time construction projects and was found to accurately
represent the safety performance of projects. The rating system can be used as a tool to
help sustain the safety and health of construction workers. Recognition for using the
rating system will be an added incentive for a project team to improve the safety and
health performance of a project. Since the rating system would require the joint efforts of
al of the parties involved in a project, a team effort would be another benefit that will
help set in motion the sustainable safety and health drive throughout the construction
industry.
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SUSTAINABLE CONSTRUCTION SAFETY AND HEALTH RATING SYSTEM

1.0INTRODUCTION

1.1 Background

“Green” or “sustainable” building design and construction has become prevalent in the
U.S. construction industry in the recent past. Buildings that are designed, constructed,
operated, maintained, and demolished in an environmentally friendly manner can be
labeled as “green” buildings. The U.S. Green Building Council (USGBC) recognizes
buildings designed and constructed using these techniques by means of its Leadership in
Energy and Environmental Design (LEED) rating system released in 2000. The number
of buildings registered and certified using the LEED rating system is on the rise.

The primary purpose of USGBC LEED certification is to make buildings greener, i.e., to
reduce the environmental impacts of the building’s lifecycle and to protect the health of
the building’s occupants. Let us consider some of the environmental impacts caused
during a building’s lifecycle. Internationally, the construction and operation of the built
environment has been estimated to account for: 12-16% of fresh water consumption; 25%
of the wood harvested; 30-40% of energy consumption; 40% of the virgin materials
extracted; 20-30% of the greenhouse emissions and 40% of the total waste stream of
countries (CIB 2002). Does LEED address these issues? Yes. Does this make LEED
certified buildings “green” or ‘“sustainable”? These two terms are often used
interchangeably. However, there is a difference between the terms “green” and

“sustainable”.

“Green” is a term used to address primarily the design and construction practices that
impact the environment. For example, a green practice is reusing or recycling the
material waste generated during construction. Sustainability is a broader concept which,
in addition to the environmental aspect, addresses the continuity of economic and social
aspects of human society. A building can be called sustainable only if green principles

are applied throughout its lifecycle, which includes the end of life stage of the building.



Because of the long lifespan of a building, however, planning and control are only
possible until the penultimate (maintenance and operations) stage of a building.
Knowledge about a building’s end of life stage or its life span is not available. Therefore
it is difficult to identify a building as truly sustainable. A building can only be identified
as more or less sustainable than another building, similar to the different levels of LEED
certification. For each and every green design and construction feature added during the
early stages (design, construction, and operation) of a building, the building only takes a

step closer towards sustainability, but not necessarily becomes fully sustainable.

When considering the LEED rating system and its various green features, a question
comes to mind: How can the buildings certified by LEED be taken one step closer to
sustainability? One way to enhance the sustainability of buildings is to consider
construction worker safety and health in addition to the health of the final occupants.
Since sustainable concepts address the environmental, economic, and social well being of
human society, considering the safety and health of the construction workers who are part
of the building’s lifecycle would take green buildings one more step towards
sustainability. We call this concept “sustainable construction safety and health”. This
research introduces the concept of sustainable construction safety and health and presents
the findings of the application of this concept in this dissertation.

1.2 Problem Statement

Construction worker safety continues to be a major concern for the U.S. construction
industry. It has historically employed about 5 percent of the country’s workforce, yet has
accounted for a disproportionate number of occupationally related fatal and non-fatal
injuries as shown in Figure 1.1 (NSC 2006).
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Figure 1.1: Comparison of Construction Worker, Fatality, Disabling Injuriesas a
Percent of Total U.S. Workforce (Source: " Injury Facts', National Safety Council,
1952-2004)

The construction industry has consistently experienced higher fatality and injury/iliness
rates. The National Safety Council reports that from 1951-2004 the construction-related
fatality rate has decreased, but still is higher than all other industries combined. Figure
1.2 compares the fatality rate of the construction industry with all industriesin the United
States from 1951 - 2004 (NSC 2006). The same trend is present for disabling injury rates.
Figure 1.3 compares the disabling injury rates of the construction industry with all
industries in the United States from 1951 - 2004 (NSC 2006). It should be noted that both
the fatality and disabling injury rates have declined during the period shown. (It is
important to note that changes in fatality and injury rates from 1991 to 1992 are not to be
construed as indicating major changes in the safety trend. Beginning in 1992, the
National Safety Council employed different means of measuring fatalities and injures,
and no comparison of the data prior to 1992 should be made with data accumulated in
1992 and later). Even though there has been a decline, the fatality and disabling injury
rates in construction are severe compared to other industries, and the actual number of
fatalities in the construction industry has increased in the past decade. Increased control




of construction site hazards is needed to lower the level of risk and improve worker

safety.
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Figure 1.2: Annual Fatality Rate of Construction versus All Industries
(Source: "Injury Facts", National Safety Council, 1952-2004)
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The causes of injuries and illnesses in construction have long been recognized and their
persistence continues to frustrate construction safety and health practitioners and
researchers. Traumatic injuries have historically been caused by falls, eectrocution,
being struck by objects, or being caught in or between objects. The work lives of many
employed in the construction industry have been shortened by repeated physical hazards
posed by exposure to lead, silica, solvents, heat and cold, and a plethora of other

chemical and environmental challenges (Hill 2003).

Not only are the construction injuries a great cause of humanitarian concern, but the high
cost associated with injury/death is a motivation for a more sustaining safety performance

in the construction industry. Construction site accidents are very expensive. In 1979, the

Business Roundtable (BR) commissioned a study to determinethe true costs of accidents
and injuries in the construction industry. At that time, the BR concluded that accidents
and injuries account for 6.5% of the total cost of industrial, commercial, and utility
construction (as cited in Everett and Frank Jr. 1996). Another study by Everett and Frank
Jr. (1996) re-examined the costs of construction injuries and revealed that the total cost of
accidents has risen to somewhere between 7.9% and 15.0% of the total cost of non-
residential, new construction.

In 2004 the construction industry experienced 460,000 disabling injuries. The cost of
these disabling injuries was estimated to be $15.64 billion (NSC 2006). NSC estimates
the cost per death to be $1,150,000. The construction industry experienced 1,194 deaths
in 2004. With approximately 10.3 million employees in the construction industry the
average total cost for injuries and deaths was $1,656 per construction employee. Table

1.1 outlines the estimated cost of injuries and deaths in the construction industry.



Table 1.1: Cost of Injury/death per Construction Employee, year 2004 (NSC 2006)

Number in Cost per
2004 fatality/injury Total cost
Fatalities 1,194 $ 1,150,000 $1,373,100,000
Disabling injuries 460,000 $ 34,000 $ 15,640,000,000
Total Cost $17,013,100,000
Construction workers 10,272,000
Total cost per employee $ 1,656

Safety has traditionally rested primarily on the constructor’s shoulders. Over the past few
decades, efforts have been made to improve worker safety and health in the construction
industry. Construction companies have developed positive safety cultures and are
committed to creating an “injury free work environment” on all of the projects they

perform. However, no industry-wide recognition exists, such as a Gold or Platinum safety

certification, for those projects which stand out in their commitment to reduce workplace

fatalities and injuries. Such recognition would provide a motivation to constructors to

sustain safety and performance on all projects.

Past research has exposed the influence that owners, designers, and subcontractors have
on construction worker safety and health. An owner can impact safety through the
selection of safe contractors, inclusion of safety requirements in the contract, and active
participation in safety during project execution (Hinze 2003). Designers dictate the
configuration and components of afacility and thereby control, to alarge extent, how the
project will be constructed (Hinze and Gambatese 1996). Subcontractors also
significantly impact safety, since they perform the majority of the on-site work on a
project. Research has been conducted in the past to assess the role of the four critical
players (owner, designer, constructor, and subcontractors), individually in the project
development process (PDP). Today, however some projects involve one or more of the
four partiesin addressing safety and health in the PDP. Research on the combined efforts

of some or al of these parties is lacking. There exists a gap in research aimed at

identifying the safety performance if all four parties are involved.




Asdiscussed previoudly, stimulus for this research is LEED. LEED projects are proposed
by the owner at the start of the PDP and implemented by the designer, constructor and
subcontractors. The LEED rating system lacks a construction worker safety and health

component. LEED’s negligible consideration of construction worker safety and health,
and the potential significant impact of increased LEED presence in the industry, leads to
aquestion of itsimpact on construction worker safety and health.

Minimal research and knowledge exist on applying the concept of sustainability to
construction safety and health. However, the inclusion of safety and health in

sustainability concepts and practices is recognized within the occupational safety and
health community as imperative in order for sustainability to be addressed and achieved.
In addition to watching the financial “bottom line”, corporations and other organizations
are expected to pursue an acceptable “socia bottom ling,” in terms of social equity
(Elkingon 1998). Organizations concerned about social equity often foster a culture that
respects diversity, considers the health of local communities when making outsourcing
and other strategic decisions, and ensures employee access to healthcare and a safe work
environment. Occupational safety and health issues are a part of the social dimension in
sustainability agendas (Gilding 2002). No entity that presides over avoidable workplace
deaths, injuries, or illnesses can ever claim to be sustainable (DJSI 2006).

1.3 Sustainable Construction Safety and Health

Sustainable development can be defined as development that meets the needs of the
present without compromising the ability of future generations to meet their own needs
(the Brundtland Report 1987). As mentioned previously, sustainability or sustainable
development is about much more than just the environment. This is exhibited in the

following definitions of sustainability as:

e “improving the quality of human life while living within the carrying capacity of
supporting ecosystems” (Caring for the Earth, [lUCN/UNEP 1991)
e “development that delivers basic environmental, social, and economic services to

all residences of a community without threatening the viability of natural, built,



and socia systems upon which the delivery of those systems depends” (ICLEI
1996)

Construction worker safety and health plays a magjor role in achieving sustainable socio-
economic development of the workers in the industry. The sustainable safety and health
concept, which considers the social and economic well being of the construction workers,
is a new approach to boosting the safety and health performance of construction workers.
The sustainable safety and health concept aims to sustain the construction worker’s safety
and health:

e from start to finish of asingle project;
e for each future project aworker isinvolved in; and

e during the worker’s remaining life time after retirement.

For example, the work lives of many construction workers have been shortened by
repeated physical hazards posed by exposure to lead, silica, asbestos, and many other
chemical and environmental hazards. The condition may persist even after the exposure
has been stopped when the worker quits the job or is reallocated to a different project.
The construction worker’s health could have been sustained if he or she were properly
protected from the exposure in the first place. Many safety and health elements, if
properly implemented in a project development process, can help sustain worker safety
and health. The sustainable safety and health concept approaches the consideration and

implementation of safety and health measures from a different perspective.

1.4 Scope and Objectives
The overall goal of the proposed research is to help the construction industry sustain the
safety and health of construction workers. To meet this goal, the research involved three

main objectives.

The first objective (Phase |) was to determine the difference, if any, in safety and health

performance of green and non-green building projects as identified by LEED. Two



research activities were planned to fulfill this objective. The first activity was a pilot
study to serve as a preliminary investigation of the relationship between green design and
construction and construction worker safety and health. Questions addressed in the pilot

study were:

e Is there an impact either positively or negatively, of green building design and
construction (LEED buildings) on the safety and health of the construction
workers?

e |If s0, what are the green design and construction practices that affect worker
safety and health?

e What are the project members’ perspectives on the relationship between green
building design and construction practices and construction worker safety and
health?

The second activity undertaken to meet the first research objective involved the
determination of the difference, if any, in safety and health performance (based on OSHA
recordable and lost time injury/illness rates) of LEED rated projects and non-LEED rated
projects. A quantitative research approach was adopted for this task involving the
development and distribution of a short questionnaire. The questionnaire was sent to
construction contracting firms located in the Pacific Northwest and across the U.S.
Safety and health performance data was collected for both LEED rated and non-LEED
projects. This data was used to compare the safety performance between these two types
of projects. The scope of the projects studied as part of the research includes all building
projects built by the participating firms in the last five years. This criterion is based on
the fact that the LEED rating system was introduced in 2000 and, therefore, no LEED

rated projects exist which are more than 5 years old.

The second objective of the research (Phase Il) was to develop a sustainable construction
safety and health rating system that will provide an opportunity to rate projects based on
the importance given to safety and health and the degree of implementation of safety and
health elements. The Delphi survey technique was used in the development of the rating
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system. Delphi uses a highly structured and focused questionnaire approach in order to
establish a consensus opinion from “experts” geographically dispersed.

The fina objective (Phase I11) of the research study was to validate the sustainable
construction safety and health rating system developed based on real-time projects. The
scope of validation was limited to building projects, but was left open to other types of

projects as seen pertinent during the course of the study.
A detailed study design was developed at the start of the research study. This served as a
roadmap for the author to fulfill the research objectives. The study design followed to

fulfill the three objectivesis presented in Table 1.2.

Table 1.2: Sustainable Construction Safety and Health Resear ch Study Design

Phasel Phasell Phasell| Phase [V
I mpacts of Green Rating System Rating System Thesis Defense
Buildings Development Validation
1. Pilot study 1. Literature review 1. Select validation 1. Write
2. Comparison of 2. Plan Delphi projects dissertation
LEED and Non- process 2.Vadidate rating 2. Defend
LEED building | 3. Select Delphi panel system thesis
projects 4. Construct Delphi
process
5. Develop rating
System

1.5 Resear ch Significance

The building industry’s current perspective of sustainability is based on the principles of
resource efficiency and the health and productivity of the building’s occupants. Before
construction worker safety and health can be integrated into sustainable design and
construction practices, an understanding of whether current green design and construction
practices impact construction worker safety and health is required. This research provides
knowledge of the difference in construction worker safety and health performance
between LEED and non-LEED construction projects. The findings will indicate the

presence/absence of any relationship between injury incidents and green building design
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and construction practices. Specific green building design and construction practices that
influence the safety and health of construction workers are identified. If there is a
negative impact, or even no impact of green building design and construction on
construction worker safety and health, the building industry’s sustainability philosophy
and principles should be modified to incorporate construction worker safety and health.
This is based on claims that: (1) a building cannot be called sustainable if it leads to
injuries/illnesses, and (2) consideration should be given to the entire project lifecycle, as
opposed to current practice that focuses primarily on the phases after construction is
complete. The proposed research aims to contribute to the existing body of knowledge

with the purpose of driving such change.

The major outcome of the research is the incorporation of construction worker safety and
health into the sustainability concept. To implement the sustainable safety and health
concept in the construction industry, a sustainable construction safety and health
model/rating system is developed. The sustainable safety and health rating system
incorporates the safety and health elements to be implemented to sustain worker safety
and health from project-to-project. The rating system will provide an opportunity to rate
projects based on the importance given to safety and health and the degree of
implementation of safety and health elements. The rating system could be used as a tool
to help sustain the safety and health of construction workers. Recognition for using the
rating system will be an added incentive to the project team to improve the safety and
health performance of the project. Since the rating system would require the joint efforts
of all of the parties involved in the project, a team effort would be another benefit that
will help set in motion the sustainable safety and health drive in the construction industry.

1.6 Dissertation Organization
This dissertation is composed of four manuscripts addressing a common theme. Four

papers have been envisioned to be published of these four manuscripts.

The first manuscript (Chapter 2), titled “Impacts of Green Building Design and
Construction on Worker Safety and Health — A Pilot Study,” was published in the
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conference proceedings of the American Society of Safety Engineers Professional
Development Conference and Exposition in June 2006 (Gambatese et a. 2006). This
paper presents the findings of a pilot study that served as a preliminary investigation of
the relationship between green design and construction worker safety and health.

The second manuscript (Chapter 3), titled “Impacts of Green Building Design and
Construction on Worker Safety and Health,” will be submitted for publication to the
ASCE Journal of Construction Engineering and Management. This paper compares the
difference in safety performance (OSHA recordable and lost time injury/iliness rates)
between green and non-green buildings as defined by the LEED rating system.

The third manuscript (Chapter 4), titled “Sustainable Construction Safety and Health
Rating System,” will be submitted for publication to the ASCE Journal of Construction
Engineering and Management. This paper presents a rating system that will provide an
opportunity to rate projects based on the importance given to safety and health and the
degree of implementation of safety and health elements.

The fourth manuscript (Chapter 5), titled “Validation of Sustainable Construction Safety
and Health Rating System,” will be submitted for publication to the ASCE Journal of
Construction Engineering and Management. This paper presents the findings of the
research undertaken to validate the SCSH rating system. Additional information gained
as part of the research in developing the four manuscripts (Chapters 2 to 5) is presented in
the Appendices to this document.
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20IMPACTSOF GREEN BUILDING DESIGN AND CONSTRUCTION ON
WORKER SAFETY AND HEALTH - A PILOT STUDY

2.1 Abstract

This paper presents the findings of a pilot study to serve as a preliminary investigation of
the relationship between green buildings and construction worker safety and health. The
purpose of the study was to assess whether there is an impact, either positively or
negatively, of green building design and construction (LEED buildings) on the safety and
health of the construction workers. If so, the study aimed to determine the green design
and construction practices that affect worker safety and health. A preliminary literature
search did not uncover any documents discussing the impacts of green design and
construction on the safety and health of construction workers. For the purpose of this
study, a LEED-NC “Gold” registered building construction project was used as the focus
of the pilot study. Data used for the pilot study was collected through: focus group
interviews of project personnel and review of project documentation. Some features of
LEED buildings, such as construction material recycling programs, appear to negatively
impact the safety of construction workers, while others, such as the use of low VOC
materials, help to eliminate construction site health hazards. Project personnel felt that
green building projects were “a little safer” than conventional building projects. One of
the OSHA recordable injuries experienced on the project (foot punctured by nail) was

related to a green feature of the project (material recycling).

2.2 Introduction

Green building design and construction has become more prevalent in the U.S.
construction industry over the past decade. Green buildings are those whose design and
construction employ techniques that minimize environmental and resource impacts, and
contribute to the safety, health, and productivity of their occupants. The U.S. Green
Building Council (USGBC) recognizes buildings designed and constructed using these
technigues by means of its Leadership in Energy and Environmental Design (LEED)
rating system released in 2000. This recognition is leading to changes in the way owners,

designers, and constructors approach the design, construction, and operation of buildings.
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Currently in al 50 states and in 13 countries around the world, 2,069 new construction
projects have been registered with the USGBC and 289 new construction projects have
received LEED certification (USGBC 2005a). This amounts to approximately 235
million gross square feet of building space (USGBC 2005a). Analysts predict the number
of registered projects will grow to 5,000 by the end of 2007 with more than 1,000 LEED-
certified projects during the same time, more than a ten-fold increase over year-end 2003
(Yudelson 2004). Thisintense movement toward green design represents a major portion
of the building industry’s activity, and might have major impacts on the health and safety
of those who construct the buildings — the construction workers.

Past research has focused on the impact of green design and construction on the health
and productivity of the final occupants (end-users) of the facility. Literature indicates
that green building concepts, applied to the design, construction, and operation of
buildings, can enhance both the economic well-being and environmental health of a
building’s final occupants (USGBC 2005). However, questions exist regarding whether
the inclusion of green concepts in the building development process has positive or

negative impact on construction worker safety and health.

The objective of this pilot study is to serve as a preliminary investigation of the
relationship between green design and construction and construction worker safety and
health. The following questions were addressed in the pilot study:

e |sthere an impact of green building design and construction (LEED buildings) on
the safety and health of the construction workers?

e |If s0, what are the green design and construction practices that affect worker
safety and health, either positively or negatively?

e What are the project members’ perspectives on the relationship between green
building design and construction practices and construction worker safety and
health?
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Evidence of alink, either positive or negative, from the pilot study will help to plan and
conduct subsequent research to answer the following questions:

e |s there a difference in the safety and health performance (based on OSHA
recordable and lost time injury/iliness rates) of LEED rated projects and non-
LEED rated projects?

e What is the relationship between construction worker injuries and illnesses on
LEED building projects and the green design and construction aspects
implemented on the projects?

An understanding of whether current green design and construction practices impact
construction worker safety and health will provide the construction industry with the
knowledge required to move forward and develop green design and construction
practices, and green building rating systems, that benefit construction worker safety and
health.

2.3 Literature Review

A preliminary literature search did not uncover any documents discussing the impacts of
green design and construction on the safety and health of construction workers. This may
be attributed to the fact that the LEED Rating System is relatively new, introduced by
USGBC in 2000, and studies of its impact on construction safety have yet to be
completed and published.

2.4 Resear ch M ethodology

2.4.1 Project Description

A construction project on the Oregon State University (OSU) campus was used as the
focus of the pilot study. The project was the construction of a new, four-story, 146,000
sgquare foot, electrical engineering/computer science building. The building was designed
and constructed to the LEED “Gold” specifications for sustainability. Some of the green
features of the building include:
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e Natural ventilation: interior spaces provided with fresh air

e Indoor air quality management during construction

e Useof low emitting materials

e Energy efficiency: building systems designed to require 35% less energy than the
minimum allowed by the building code

e Atrium/day lighting: classrooms, labs, and offices supplied with natural light,
cutting energy costs by as much as 40%

e Earth-friendly concrete: reduces CO, emissions

e Bio-planters: “recycle” water runoff and provide outdoor seating

e Bicycle parking and showers: encourages alternative transportation use

e Useof local construction materials: reduces transportation costs

e Low-toxicity finishes, fiberboard, and flooring: minimizes VOC (volatile organic
compounds) off-gassing

e Demolition materials. over 90% of original materials on site were recycled

The primary reasons for the selection of this project for the pilot study were:

e |t wasbeing built to achieve a LEED “Gold” certification;
e Close proximity to the researchers;
e Itwasabuilding project; and

e Full cooperation by the general contractor on the project was provided.

2.4.2 Data Collection and Analysis

Data used for the pilot study was collected in two ways: focus group interviews of project
personnel, and reviews of project documentation. The participants in the focus group
interviews (typically 4-6 per group) included on-site representatives, both management
and labor, from the general contracting and subcontracting firms working on the project.
Focus group interviews were conducted periodically during the course of construction
(approximately once every 3-4 months) to obtain the participants’ perspectives and input
on the impact of the project’s green building design and construction features on worker

safety and health. Five rounds of interviews were conducted throughout the entire
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construction phase to obtain the views of different subcontractors who worked on the
project at different times during the project. Overall, 24 participants were interviewed in

the pilot study, some participating in more than one focus group.

The researchers used a written questionnaire to conduct the focus group interviews. The
guestionnaire was composed of questions that solicited information regarding: the
participant’s awareness, knowledge, and experience with constructing LEED buildings;
the participant’s knowledge of the green features included in the pilot building project;
the perceived negative and/or positive impacts of green features on construction worker
safety and health; the relative safety and health performance between conventional and
green buildings;, and any impacts of the green building on their regular tasks. The

guestionnaire used during the data collection process contained the following questions:

1. What type of work do you perform on this project (e.g., masonry, concrete, steel,
etc.)?

How long have you been working on this project?

Did you know that this building is being commissioned as a green building?
Have you worked on other green building projects in the past?

o~ WD

Do you know of any particular aspects of this construction project that are being

implemented as part of the green building process? If so, please describe.

6. Do the aspectslisted in Question 5 affect construction site safety or health in any
way? If so, how?

7. With regards to construction site safety and health, green building construction
when compared to conventional construction is.

O Muchsafer O A littlesafer O Same [ Lesssafe O Much less safe

8. Do you think that green designed buildings should consider construction worker
safety and health as part of the LEED accreditation process? Why or why not?

9. Hasthefact that the building is a green building impacted your work in any way?
If so, please describe.

10. Are there any aspects of the design that have made it safer to perform the work? If

yes, describe.
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11. Are there any aspects of the design that make it difficult to work safely? If yes,
describe.

The interviews were conducted in the general contractor’s office trailer on the jobsite.
Questionnaires were handed out to the participants at the start of the interview, allowing
them time to read through the questions. The researchers then asked each question to the
group and solicited responses. The participants were also asked to record their answers
on the questionnaire forms where appropriate to ensure that their responses were
recorded. Furthermore, the participants were individually given a chance to answer each
guestion verbally. The respondents were asked to provide their responses based on their
experience on this project and, where relevant, the projects they have worked on in the

past. All responses to the questions were recorded by the researchers.

In addition to the focus group interviews, project documentation was obtained from the
general contractor and reviewed to find any evidence of a connection between green
features and construction site hazards. Project documentation reviewed included: job
hazard analyses (JHAS) prepared by subcontractors; a LEED matrix showing the
categories in which each of the LEED points is obtained; and OSHA recordable and lost
time injury/illness data.

The data collected in the study was analyzed using both quantitative and qualitative
methods. Quantitative analysis involved simple statistical analyses. Since most of the
guestions were closed-ended, frequency statistics were used to evaluate the responses of
the participants. Open-ended questions were analyzed qualitatively to assess the
participants’ perspectives of the construction worker safety and health differences
between LEED and non-LEED building projects.

2.4.3 Limitations

One limitation of the methods chosen for this study is the presence of confounding
variables that might affect worker safety and health even in the absence of the building
being LEED registered. The two most significant variables are described here. The
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general contractor managing the project is certified to the 1ISO 14001 standard. This
requires the contractor to implement environmentally friendly practices on not only
LEED projects, but on all of its jobsites. Secondly, the general contractor is one of the
safest contractors in the U.S., with a very good safety program in place. These two
variables could possibly impact the effect of LEED on construction worker safety and
health on the studied project.

2.5 Results

The focus group participants had varied backgrounds representing a variety of trade
speciaties. The breakdown of participants based on trade is shown in Table 2.1. Of
those interviewed, the majority represented the general contractor (29.2%) followed by
mechanical (16.7%) and concrete (16.7%) subcontractors. The length of time spent on
the project of those interviewed ranged from one to 24 months (mean = 7.3 months,

median = 5.5 months).

Table 2.1: Distribution of Participants by Trade/Profession (n = 24)

. Percent of All
Trade/Profession Frequency Participants (%)
General Contractor 7 29.2
Mechanical 4 16.7
Concrete 4 16.7
Drywall 2 8.3
Electrical 2 8.3
Excavator 1 4.2
Structural Steel 1 4.2
Window 1 4.2
HVAC Controls 1 4.2
Carpenter 1 4.2
Total 24 100.0

General knowledge of LEED and experience constructing LEED projects among the
focus group participants was evaluated utilizing the responses to three different questions.
In theinitial stage of the interview, the participants were provided the opportunity to state
their understanding of the green concept and the LEED rating system. The specific

guestions and a summary of the responses are provided in Table 2.2. Most of those
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interviewed had knowledge about the LEED rating system and only a few did not know
about LEED. Twenty respondents (83%) indicated that they knew that the current project
was being built to be a LEED certified building. Eight respondents (33%) stated that they
had previous experience working on a LEED certified building project, while one

respondent reported that he had previously worked on several LEED buildings.

Table 2.2: Green Building Awar eness and Experience (n = 24)

Survey Question # Answering “Yes”
Did you kr_10v_v that this building is being commissioned as 20 (83.3%)
agreen building?
Have you worked on other green buildings before? 8 (33.3%)

The focus group interviews solicited input from the participants regarding the specific
green design and construction features actually implemented on the project as part of its
design. The following are the features recognized by the participants as being part of the

building’s green design:

e Recycling program

e Rain water collection system in the basement
e Useof low emitting paint

e Energy efficiency

e Heaters attached to windows

e Natural light through atrium

e Solar panels on the roof

e Useof regiona materials

e Wastediversion

e Use of permeable paving

e Useof areflective roof coating

e Indoor air quality plan
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Two questions were aimed directly at the impacts of green design and construction

practices on construction worker safety and health. Impact was considered to be either

positive (improving safety and health) or negative (making the construction work more

hazardous). Those interviewed reported some positive and some negative aspects of the

building being commissioned as green. The responses are summarized below:

e Positive aspects:

Good housekeeping — less chance for trips, dlips, and fals. The recycling
program resulted in a cleaner project site. They felt this was one of the cleanest
projects that they have worked on.
Low VOC (volatile organic compounds) materials — cleaner air provides a
reduced health hazard to workers.
Painting — more consideration is being given to the time and location of where to

paint in order to minimize the impact of the paint odor.

¢ Negative aspects:

Increased material handling — Waste materials from the construction process are
gathered on the ground and manually separated according to the type of material
(e.g., wood, stedl, plastics, and glass). In some cases materia assemblies must be
dismantled piece-by-piece before separation. Once separated, the materials are
loaded into different containers. Recycling makes workers handle material 2-3
more times than usual. Workers spend more time separating and moving
materials than in a normal project, which creates the potential for strains, sprains,
and punctures.

More dumpsters — The presence of multiple recycling dumpsters creates
congestion on the jobsite near the material lay down and entry/exit aress.

Atrium design — While the atrium provides natural light to interior areas of the
building, it increased the duration of the work due to the need for scaffolding up
to the top of the 4-story atrium. There was also an increased risk of workers

falling from the extensive scaffolding system required.
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In response to the comments of increased materials handling and congestion, the project
LEED documentation was reviewed to see if material handling was included. It was
found that the project goal was to divert 90% of the project’s waste from landfills. At one
time, the contractor reported that the project had managed to divert 99% of construction
and demolition waste from landfills. This reinforces the participants’ claims of intensive

material handling on the project.

The project site contained severa large dumpsters to collect the respective waste
materials which the participants identified as causing congestion on the project site. One
such dumpster is shown in Figure 2.1. Figure 2.2, taken from the building being
constructed, shows al of the five dumpsters placed at the entrance of the project site and
their distance from the work location. The workers had to walk a long distance to dump
the materials. With regards to materials selection, the project incorporated |ow-emitting
materials that include adhesives/seal ants, paints/coatings, and carpet systems. The project
also attempted to avoid all materials containing added urea-formal dehyde.

Figure2.1: Dumpster Used to Collect Waste M aterials
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Figure 2.2: Project Officesand Material Lay down/Storage Area and Dumpsters
(top right corner of the picture)

One survey question solicited the participant’s judgment as to how green buildings
compared to conventionally-designed buildings in terms of construction site safety and
health. A summary of the responses is presented in Figure 2.3. Of those interviewed,
twelve (50%) felt that green buildings were a little safer, seven (29.2%) stated that they
were much safer, and five (20.8%) reported that they were the same as conventional
buildings in terms of construction safety. None of the respondents felt green buildings
were less or much less safe to construct than conventional buildings.
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B Less safe
0%

| Much less safe
0%

Just as safe

21% Much safe

29%

A little safer
50%

Figure 2.3: Safety and Health of Green Building Construction Compared to
Conventional Buildings (n = 24)

Another gquestion elicited their opinion of including construction worker safety and health
in the LEED rating system in addition to that of the final occupants. Nineteen
participants (79.2%) felt that construction worker safety and health should be considered
during the LEED accreditation process, four (16.7%) responded “no”, and one participant
did not answer the question. Responses to this question are, of course, dependent on the
participant’s extent of knowledge of sustainability concepts, the LEED rating system, and

the certification process.

One survey question asked: “Has the fact that the building is a green building impacted
your work in any way?’ Most of the comments received were directed at the extra effort
needed to separate and recycle the waste materials generated on the project. Some of the

comments received include;

e Yes, separating recyclable materials takes time.

e Yes, shop for different sources of materials, intangible value to owner, LEED
documentation required and more awareness.

e Yes, more cleaning required like vacuuming.
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e Yes, cleaner and safer which means more production.

e Yes, longer to clean-up and separate material.

The last two questions of the survey were aimed at soliciting the participants’ input on
the design for safety and health concept. One question asked: “Are there any aspects of
the design that have made it safer to perform the work?’ Five participants (20.8%) felt
that none of the design aspects improved the working conditions, six (25.0%) responded
“yes”, and thirteen participants did not answer the question. Two design aspects which
they felt made it unsafe for them to work included: windows with heaters to prevent
fogging, and use of less hazardous materials on the project.

The last question of the survey asked the participants whether any aspects of the design
made it difficult for them to work safely. Ten participants (41.7%) felt that none of the
design aspects made the working conditions difficult for them to work safely, four
(16.7%) responded “yes”, and ten participants did not answer the question. Some of the
design aspects that had made it unsafe for them to work safely included:

e No engineered anchor points on roof.

e Rebar spacing in columns/walls was small. This made it tougher to use vibrators
to consolidate the concrete.

¢ Notie-offsfor steel workers when placing trusses on the roof.

e Support walls for raised floor areas that are short create falling hazards. Many
floor openings also triggered trip hazards. The raised floor system used in the
building is exhibited in Figure 2.4.

e Brick cleaning liquid has acid and is hazardous to eyes.

e Atrium design made it difficult for workers due to the fall exposure while
working on the atrium.

e Large pieces of stone and pre-cast for flooring and veneer were very heavy.

e Two story rebar cages for basement columns created obstructions for crane when

moving materials. This especially did not allow for splicing cagesin lower floors.
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e The continuous footings below the shear walls in the basement were too narrow.
It was difficult to work around the walls because there was no place to walk with
the formsin place. Design the footings to be wider

e Parapet heights should be 42 to act as guardrails.

e Atrium skylight area has exposed floor edges (no adjacent walls). Hard to install
temporary guardrails because all of the surrounding concrete will be exposed and
must have a smooth, finished surface without holes. Nothing to attach guardrails
to.

Figure 2.4: Raised Floor Areas|ncrease Chance of Trip Hazards

Project documentation was aso reviewed as part of the data collection process. Job
hazard analyses (JHAS) prepared by subcontractors describe the hazards recognized by
subcontractors and how they plan to mitigate the hazards in the performance of their
work. JHAs for the following work on the project were reviewed as part of the pilot
study:

e Concrete forming and placement



e Erection of tower crane

e Underground utilities (steam, firewater, waste, and vent piping)
e Interior partition walls

e HVAC duct installation

e Waterproofing

e Generator placement

29

While the JHASs identified the hazards associated with the work, none of the identified

hazards could be attributed specifically to the green design and construction features on

the project. While not confirmed, it is unlikely that those who prepared the JHAS

participated in the focus group interviews. Therefore it is not known whether those who

prepared the JHAs were aware that the building was designed as a green building.

Project safety performance data was obtained from the general contractor at the end of
the project. Safety data obtained included the number of OSHA recordable and lost time
injuries on the project and the details of each incident. The total number of worker hours

was also obtained in order to calculate the recordable and lost time injury rates. The

project safety performance datais summarized in Table 2.3.

Table 2.3: Injury Data on the Project

Metric Pilot Construction
Pr oj ect Industry
Total worker-hours worked on the project 26?}}200 -
Number of minor incidents (non-recordable) 6 --
Number of OSHA recordable injuries 3 --
OSHA recordable rate (# of recordable injuries per 100 23 6.3
workers per year) ' '
Number of lost timeinjuries 0 --
Lost time rate (# of lost time injuries per 100 workers per 0.0 34
year) ' '

The researchers gathered information on the three recordable injuries that occurred

during the project for the purpose of evaluating the injuries in terms of their relation to
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the green building design and construction features. The three recordable injuries were as

follows:

1. Hand scalded — A pipe fitting was not put on tight enough and came off with the
flow of hot water.

2. Slip on concrete roof — Slippery surface caused by morning dew on the roof (not
caused by the reflective roof coating).

3. Foot punctured by nail — Worker was “breaking down” a wood pallet for
separation of waste materials into different recycling bins.

The puncture injury to a worker during waste material handling reinforces the concern
raised by the project personnel during the focus group interview process. The added
effort required by the LEED certification process increases the amount of material
handing required, creating a hazard that would not be present on construction sites that do

not have recycling programs.

2.6 Conclusions and Recommendations
The pilot study provided a preliminary view of the impacts of green design and
construction practices on construction worker safety and health. The following findings

can be drawn from the study:

e Current literature does not provide evidence of the impact of green design and
construction on the safety and health of construction workers.

e Some features of green buildings designed and constructed to meet the LEED
Rating System, such as the construction material recycling programs, may
negatively impact the safety of construction workers, while others, such as the use
of low VOC materials, may help to eliminate construction site health hazards. It
should be noted, however, that these hazards may occur as well on any project
and not just on a LEED project.

e Project personnel predominantly felt that green building projects were a little
safer than conventional building projects.
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e One of the OSHA recordable injuries experienced on the project (foot punctured
by nail) was related to a green feature of the project (material recycling). As
noted above, this type of injury may also occur during general housekeeping on
any project and not just on aLEED project.

The pilot study described above revealed that there might be some impact on construction
worker safety and health on the project due to the fact that the building was designed as a
green building and a LEED rating was desired. This finding suggests a need for a larger
study of many projects to determine if the relationship between green design and
construction features and construction worker safety and health exists throughout the
construction industry or whether it is project-specific. The study undertaken for this
purpose is explained in the following manuscript of this dissertation titled “Impact of

Green Design and Construction on Worker Safety Performance.”
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3.0IMPACTSOF GREEN BUILDING DESIGN AND CONSTRUCTION ON
WORKER SAFETY AND HEALTH

3.1 Abstract

This paper presents the findings of a research study on the impact of green building
design and construction practices on construction worker safety and health. Sustainable
rating systems, such as the U.S. Green Building Council’s Leadership in Energy and
Environmental Design (LEED) rating system, are leading to changes in the way owners,
designers, and contractors approach the design, construction, and operation of buildings.
Questions exist regarding whether these “changes” to include green concepts in the
building development process have positive or negative impact on construction worker
safety and health. For instance, what is the difference in injury rates between LEED-rated
projects and non-LEED rated projects? Does the injury rate differ based on the level of
LEED certification (Certified, Silver, Gold, or Platinum) and/or numerical rating (actual
LEED points received)? This study was conducted to answer these questions.

The study consisted of two major research activities. (1) Gather and analyze OSHA
recordable and lost time injury/iliness data on green and non-green building projects (as
identified by LEED) through a structured questionnaire survey; and (2) Interview
industry personnel to obtain their input on the impacts of green building design and
construction on construction worker safety and health. The project data collected was
analyzed to test the presence of any difference in OSHA recordable incident rates (RIR)
and lost time case rates (LTCR) between LEED and non-LEED building projects. It was
found that there was suggestive, but inconclusive evidence of a statistically significant
difference between the RIR of LEED and non-LEED projects. The LEED projects had
higher mean and median RIR’s than the non-LEED projects. There is not a statistically
significant difference between the LTCR’s for the LEED and non-LEED projects
included in the current study. The study did not reveal any difference in RIR and LTCR
for the different levels of LEED certification.



3.2 Introduction

Past research has focused on the impact of green design and construction on the health
and productivity of the final occupants (end-users) of the facility. Literature indicates
that green building concepts, applied to the design, construction, and operation of
buildings, can enhance both the economic well-being and environmental heath of a
building’s final occupants (USGBC 2006). However, questions exist regarding whether
the inclusion of green concepts in the building development process has positive or
negative impact on construction worker safety and health. For instance, what is the
difference in injury rates between LEED rated projects and non-LEED rated projects?
Does the injury rate differ depending on the number of green features incorporated into
the building (actual LEED credits received)? What is the industry’s perspective on green
design as it relates to construction worker safety and health? What accidents or injuries
are prevented, or may occur, due to the implementation of green design and construction
features?

The building industry’s current perspective of sustainability is based on the principles of
resource efficiency and the health and productivity of the building’s occupants. However,
if abuilding islabeled as “sustainable”, it should be sustainable acrossits entire lifecycle,
including construction, and design and construction practice should also consider the
construction workers. Based on this belief, the building industry’s sustainability
philosophy and principles should be modified to incorporate construction worker safety
and health. This will ensure that consideration is given to the entire project lifecycle, as
opposed to current practice that focuses solely on the phases after construction is
complete. The proposed research aims to contribute to the existing body of knowledge

with the purpose of driving such change.

3.3 Resear ch Objectives

The pilot study described in manuscript one, “Impacts of Green Building Design and
Construction on Worker Safety and Health — A Pilot Study” suggested that there was an
impact on construction worker safety due to the fact that the building was designed as a
green building and a LEED rating was desired. This finding suggested a need for alarger
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study of many projects to determine if the relationship between green design and
construction features and construction worker safety and health exists throughout the
construction industry. Hence, the objective of this study was to examine the relationship
between green building design and construction practices and construction worker safety

and health by answering the following research questions:

e |sthereadifference in safety and health performance (based on OSHA recordable
and lost time injury/iliness rates) between green and non-green building projects
(asidentified by LEED)?

e Does the injury rate differ based on the level of LEED certification (Certified,
Silver, Gold, or Platinum) and/or numerical rating (actual LEED points received)?

e What green design and construction practices impact, positively or negatively,
construction worker safety and health?

An understanding of whether current green design and construction practices impact
construction worker safety and health will provide the construction industry with the
knowledge required to move forward and develop green design and construction
practices, and green building rating systems, that benefit construction worker safety and
health.

3.4 Literature Review

A detailed literature review was conducted to examine some of the world’s leading
sustainable building ratings systems and any research discussing the impacts of green
design and construction on the safety and health of construction workers. The results of

the search are presented in this section.

3.4.1 Sustainable Building Rating Systems

Three sustainable rating systems that are used around the world are: Leadership in
Energy and Environmental Design (LEED) administered by the U.S. Green Building
Council (USGBC); Building Research Establishment Environmental Assessment
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Methodology “BREEAM” of the United Kingdom; and Green Star certification of
Australia.

3.4.1.1 LEED

The most common and widely used certification is the LEED rating system. USGBC was
formed in 1993, as a coalition of leaders from every sector of the building industry
working to promote buildings that are environmentally responsible, profitable, and
healthy places to live and work (USGBC 2006). USGBC's core purpose is to transform
the way buildings and communities are designed, built, and operated, enabling an
environmentally and socially responsible, healthy, and prosperous environment that
improves the quality of life (USGBC 2006). USGBC released the LEED rating system as
a voluntary, consensus-based national standard for developing high-performance,
sustainable buildings. According to USGBC (USGBC 2006), LEED was created to:

e define"green building” by establishing a common standard of measurement;
e promote integrated, whole-building design practices,

e recognize environmental leadership in the building industry;

e stimulate green competition;

e raise consumer awareness of green building benefits; and

e transform the building market.

The pilot version of the first LEED rating system, for new construction (LEED-NC 1.0)
was released in 1998. The official version, LEED-NC 2.0, was released in March of
2000. Currently there are seven different kinds of rating systems that include: new
commercial construction and major renovation buildings, existing buildings operations,
commercial interior projects, core and shell projects, homes, neighborhood devel opment,

and application guides (currently in pilot). The most commonly used oneis LEED-NC.

LEED is organized based on a point system consisting of a total of 69 possible pointsin
Six categories. sustainable sites, water efficiency, energy and atmosphere, materials and

resources, indoor environmental quality, and innovation and design process. Buildings
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which satisfy or exceed the green requirements posed by the LEED rating system are
formally certified by USGBC. There are four levels of formal certification based on the
number of points a project receives: certified, silver, gold, and platinum. LEED has been
accepted as the national standard for green building design and construction in the U.S,,

Canada, and many other countries.

A detailed review of the LEED rating system was conducted to identify any formal
incorporation of construction worker safety and health. There are 67 elements leading to
atotal of 69 points that are part of the LEED rating system. Of the 67 elements, it was
found that 19 of the elements (28.4%) and 19 of the total points (27.5%) impact the
constructor’s scope of work. Primarily designed to reduce environmental impacts, the
LEED rating system contains only minimal focus on construction worker safety and
health. Only one element, Indoor Air Quality (IAQ) management during construction,
addresses construction worker safety and health. The intent of this element is to protect
the construction workers and building occupants from potential air quality problems
during the construction or renovation process. For example, the plan might include
protection against dust formation in the HVAC duct systems that could trigger the growth
of mold during construction. On successful implementation of this IAQ plan, the project
will receive one LEED credit. Considering that the total number of possible LEED credits
for a project is 69, one credit is amost negligible and underscores the minimal
consideration of construction worker safety and health in the LEED Rating System.

It should be noted that other elements designed to improve the safety and health of the
end-user may benefit the construction workers as well. For example, the element low-
emitting materials (Paints and Coatings), improves the health of the construction workers

compared to other paints.

3.4.1.2 BREEAM

United Kingdom’s Building Research Establishment Environmental Assessment
Methodology (BREEAM) is another commonly used sustainable building rating system.
BREEAM assesses the performance of buildings in the following areas: management,
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energy use, health and well-being, pollution, transport, land use, ecology, materials, and
water (BREEAM 2006). Credits are awarded in each area according to environmental
performance of the building. A set of environmental weightings then enables the credits
to be added together to produce a single overall score. The building is then rated on a
scale of pass, good, very good or excellent, and a certificate is ultimately awarded.
BREEAM covers a range of building types: offices, homes (known as EcoHomes),
industrial units, retail units, and schools (BREEAM 2006). The rating system was
reviewed for the presence of worker safety and health elements. Similar to LEED,
BREEAM does not consider construction worker safety and health. The “health and well-
being” is targeted towards end-users.

3.4.1.3 GREEN STAR
Green Star is administrated by the Green Building Council of Australia (GBCAUS).

Green Star certification identifies projects that have demonstrated a commitment to
sustainability by designing, constructing, or owning a building to a determined standard.
Green Star certification is given to projects that have demonstrated they meet all
requirements detailed in the relevant Green Star Technical Manuals for each of the rating
tools. Currently, there is a suite of Green Star rating tools for commercial office buildings
at all phases of development - design, construction, and operations. By the end of 2006,
there will be Green Star tools for Retail, Health, Education, Convention, and Residential
buildings. Upon award of certification, the project team is issued an award certificate and
appropriate Green Star logos. Green Star rating tools use stars to rate performance: one
star (10 — 19 pts), two star (20 — 29 pts), three star (30 — 44 pts), four star (45 - 59 pts,
Best Practice), five star (60 - 74 pts, Australian Excellence), and six stars (75+ pts, World
Leader) (GBCAUS 2006).

Green Star has built on existing systems and tools in overseas markets including the
British BREEAM system and the North American LEED system. Green Star assesses the
performance of buildings in the following areas. Energy Management, Water, Indoor

Environment Quality, Transport, Ecology and Land use, Materials, Emissions, and
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Innovation. Given its connection with LEED and BREEAM, it was obvious that Green
Star does not incorporate elements addressing construction worker safety and health.

Review of the three major sustainable rating systems reveals the absence of construction
worker safety and health consideration. This indicates that the building industry’s current
perspective of sustainability is based on the principles of resource efficiency and the
health and productivity of the building’s occupants. Of the three systems, the most
recognized is the LEED rating system administrated by the USGBC. Owing to its
popularity and widespread use, for the purpose of this research, green buildings were
defined as those that are identified/certified by USGBC’s LEED. Any reference herein to
green and non-green buildings refers to LEED and non-LEED buildings, respectively.

3.4.2 Impact of Green Building Design and Construction

A detailed literature search was performed to identify any research that has investigated
the impacts of green building design and construction on construction worker safety and
health. The search did not uncover any studies discussing the impacts of green design and
construction on the safety and health of construction workers. This may be attributed to
the fact that the most commonly used green building rating system, LEED, is relatively
new, introduced by USGBC in 2000, and studies of its impact on construction safety have
yet to be completed and published. However, the inclusion of safety and health in
sustainability concepts is recognized within the occupational safety and health
community as imperative in order for sustainability to be addressed and achieved.
Occupational safety and health issues are a part of the social dimension in sustainability
agendas (Gilding et a. 2002). No entity that presides over avoidable workplace deaths,

injuries, or illnesses can ever claim to be sustainable (DJSI 2006).

3.5 Research M ethodology

Based on the conclusion of the pilot study described in manuscript one, “Impacts of
Green Building Design and Construction on Worker Safety and Health — A Pilot Study”
and the literature review, a detailed study was performed to identify the impacts of green
building design and construction on the safety and health of construction workers. The



40

premise for the research approach is that a difference in safety and health performance
(based on OSHA recordable and lost time injury/iliness rates) exists between green and
non-green (as identified by LEED) construction projects. A two-pronged research design
was used for the research that included: (i) the collection of safety and health
performance data for both green and non-green projects, and (ii) informal interviews of
construction safety representatives on “whether green buildings have any impact on
construction worker safety and health.”

A quantitative research approach was adopted for the first task. This involved the
development and distribution of a short questionnaire as the survey mechanism. The
guestionnaire consisted of three sections requesting information on project demographics,
safety performance, and LEED. The first section was aimed at gathering information
such as the project type (new construction, major remodel or mixed), facility type
(education, healthcare, condominiums, office, mixed use, laboratory etc), project cost,
size, type of ownership, location, etc. The second section solicited information on the
safety performance of the project: total project work hours (self performed or subs
included), number of OSHA recordable and lost time injuries/iliness on the project, and
number of near misses, if recorded. The last section focused on LEED information:
certified or registered, type of certification, level of certification, number of points, and

whether the project LEED documentation was available for review by the researchers.

The questionnaires were sent to construction contracting firms located in the Pacific
Northwest and nationally. Fifteen construction firms were contacted as part of the study
via email, written correspondence, and telephone call. The construction firms included in
the study consisted of medium- to large-sized companies which construct buildings,
including green buildings. Firms selected for the study were primarily those with which
the researchers have personal contact and which have expressed an interest in helping out
with the research. The study sample included more than one firm in order to help
eliminate possible bias that one single firm might have with respect to safety and its
green or non-green projects. The 15 firms have offices in the Pacific Northwest (Portland,
Segttle, and/or the S.F.-Bay Area) and other parts of the country.
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The respondents were asked to compile the survey information for as many projects as
possible, limited to building projects constructed in the past five years. This information
normally exists in the firms’ OSHA logs and company historic project databases. The
firms’ safety directors'managers were contacted to obtain the safety performance
information. The firms’ LEED professionals or project specific managers were contacted
to obtain information regarding the LEED rating of each project designed to be
sustainable. LEED information was also obtained from other sources such as the
USGBC website. The USGBC maintains a list of all of the registered and certified
projects on its website. The information includes the project name, owner, level of
certification, number of points, and the fina LEED scorecard. The questionnaire form
and other documents used in the data collection process can be found in Appendix A.1

and A.2 to this manuscript.

A qualitative approach was followed for the second task to seek safety experts’ opinions
on the affects of green building design on construction worker safety and health. This
involved an informal, unstructured open-ended interview to provide an opportunity for

the experts to put forth their thoughts on this issue.

3.6 Results and Discussions

3.6.1 Survey Response

A total of nine firms responded to the questionnaire survey. Of the firms that responded,
seven provided data from their projects, one firm was not interested in providing the
information due to confidentiality purposes, and the other was just in the process of
building a LEED certified building and therefore was not able to contribute data. Several
follow-up emails to the respondents were unsuccessful in increasing the response rate. It
was discovered as mentioned previoudy, that the information requested was, in some
cases, difficult to obtain as it required the efforts of more than one department within a
company such as the safety, finance, and sustainable building division. In some cases,
companies either did not maintain historic records of their work or some only tracked
safety records for self-performed work. The survey response rate for the study is 46.6%
(7 out of 15), which is reasonable considering the sensitivity of the data being collected.
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3.6.2 Survey Results
3.6.2.1 Demographic Information

A total of 86 building projects from the seven construction firms were received and
utilized in this research study. All of these projects were constructed (some in progress)
in the period 2000 to 2006. The study sample included projects built in the United States
(83) and Canada (3). Canadian projects were provided by a genera contracting firm that
performs work in U.S. and Canada. The geographic locations of the 86 sample projects
are exhibited in Figure 3.1. Of the 86 sample projects, the mgjority of the projects
(82.6%) were built in Oregon and Washington. It should be noted that Oregon and
Washington are two of the top 5 states that have the leading number of LEED
registered/certified projects in the nation as of October 2005 (USGBC 2006). According
to the Cascadia Region Green Building Council, Oregon and Washington together
contain 54 certified and 324 registered LEED projects. There are less than 300 certified
and 2,500 registered projects in the country. This would provide a rough estimate that
13.5% of all certified/registered LEED projects in the U.S. are from Oregon and
Washington.

Figure 3.1: Locations of the ProjectsIncluded in the Resear ch
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The responding firms were promised that the information provided would be kept
confidential, including their name and the individual project identities. Hence, this paper
does not reveal any information about the responding firms or the project names. The
responding firms’ annual volume of work ranged from 220 million to 1 billion dollars.
All of the firms had an Experience Modification Rate (EMR) less than 1.0. This shows
that all of the firms are safe by industry standards. The breakdown of the construction
firms based on the number of projects contributed to the study sample and the

corresponding number of green/non-green projectsis presented in Table 3.1.

Table 3.1: Categorization of Projectsbased on Responding Firms (n = 86)

: . Per cent of Stud
Firm ID | No. of Projects Sample Pr oj eth Green | Non-Green
A 46 53.5 17 29
B 6 7.0 4 2
C 10 11.6 6 4
D 2 2.3 1 1
E 4 4.7 2 2
F 8 9.3 3 5
G 10 11.6 5 5
Total 86 100.0 38 48

The 86 sample projects consisted of the following three types of projects:

e 58 “New Construction” projects composed of 21 green and 37 non-green projects.
New Construction is defined as any project that leads to an entirely new facility.

e 12 “Magor Remodel” projects consisting of 7 green and 5 non-green projects.
Major Remodel is a project in which the use or architecture of an existing
building is substantially changed.

e 16 “Mixed New and Remodel” projects composed of 10 green and 6 non-green
projects. Mixed New and Remodel is used for projects where a new building is
constructed adjacent to an existing building and the existing building underwent a
major architectural or structural remodel. This differs from Major Remodel in that

it includes some entirely new construction also.
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The proportion distribution of new construction, major remodel, and mixed new and
remodel projects along with the proportion of green and non-green projects in each
category is presented in Figure 3.2. The majority of the green and non-green projects in
the study sample were new construction (67.4%) followed by mixed new and remodel
projects (18.6%).

80
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40— m All Projects (86)
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Percent of Sample Projects
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New Construction  Major Remodel Mixed

Project Type

Figure 3.2: Sample Distribution by Project Type

The 86 sample projects consisted of many facility types: housing, hotels, mixed use,
condominium, library, hospital or medical building, office buildings, K-12 education,
higher education university buildings, and convention center. For the purposes of the
study these facilities were grouped under five categories based on rough similarity in
design, construction, and operation: education — 31.4% (higher and K-12 education),
commercial offices — 18.6% (al private and government office buildings), public
gathering — 19.8%, healthcare and lab — 16.3%, and residential high-rise — 14.0% (condos
and hotels). According to USGBC, these types of buildings constituted more than 50% of
the green projects as of October 2005 (USGBC 2006). Hence, the buildings included in

the study sample are representative of the national green projects population. The
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proportion distribution of the sample projects in terms of facility type is presented in
Figure 3.3. Educational buildings were found to be predominant among the green and
non-green projects. All other facility types were lower in number and were evenly
distributed.
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Figure 3.3: Sample Distribution by Facility Type

The cost of the 86 sample projects ranged from 4 to 271 million (M) dollars (mean =
$47.86M; median = $30.0M) and the size ranged from 12,000 square feet to 1,150,000
sgquare feet (SF) (mean = 194,140 SF; median = 139,000 SF). Unit cost was calculated for
the sample projects by dividing the project cost by the project square footage to
normalize the projects based on size. The unit cost of the projects included in this study
ranged from 22 to 1,429 dollars per square foot (mean = $288/SF; median = $253/SF).
Figure 3.4 shows the unit cost distribution of all 86 sample projects.
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Figure 3.4: Sample Distribution Based on Unit Cost

Fifty of the sample projects (58.1%) were valued in the range of 100 to 300 dollars per
square foot. Comparing the green and non-green projects, the green projects were more
expensive (in terms of unit cost) than the non-green projects. This difference in unit cost
might be attributed to the fact that green projects require additional cost for materials
research, energy modeling, LEED documentation, registration cost, and so forth.
According to Schendler and Udall (2005), advanced design and coordination involved in
LEED normally raises the cost of a project by 1-5 percent.

In order to assess whether the vertical height of buildings has any impact, data on the
number of storiesin each building was collected. The number of stories was not provided
on three projects. Based on 83 projects, the height of the buildings in the study ranged
from 1 to 57 stories (mean = 7.3 stories, median = 4 stories) as shown in Figure 3.5.
Considering all of the 83 projects in the sample, there was a wide variation in the heights
of the buildings, with 57.8% of the buildings equal to or shorter than four stories. Seven

buildings were taller than 15 stories. Among the green projects, 50% of the buildings
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were equal to or taler than five stories. In contrast, more than 68.8% of the non-green
projects were shorter than five stories.
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Figure 3.5: Sample Distribution Based on Project Height

Of the 86 projects, an approximately equal number of projects were funded by the public
and private sectors. According to the USGBC, 42% of LEED registered projects are
owned by local, state or federal governments. Thus, the study sample can be considered
representative of the LEED projects in terms of type of funding. Figure 3.6 presents the
distribution of projects based on type of funding.
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Figure 3.6: Sample Distribution Based on Type of Funding

It should be noted that for 11 of the 86 projects (12.8%) the construction work was in
progress at the time of the study. Figure 3.7 presents the distribution of projects based on
their level of completion. Included in the 11 incomplete projects are eight projects which
were at least 60% complete. All of the incomplete green projects were close to 60%

complete.
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Figure 3.7: Sample Distribution of Completed Projects

3.6.2.2 Safety Information

The second section of the questionnaire survey solicited information on the safety
performance of the projects. For the purposes of the study, safety performance was
measured by using the OSHA recordable incident rate (RIR) and lost time case incident
rates (LTCR). The definitions for the two incident rates used for the study are presented
below.

OSHA recordable incidents are defined as those incidents that resulted from an exposure
or event in the workplace and that required some type of medical treatment or first-aid.
The OSHA recordable incident rate (RIR) is the number of recordable incidents per 100
workers per year (200,000 worker-hours). It is calculated for a project by multiplying the
number of recordable injuries by 200,000 and then dividing by the number of work hours

expended on the project.

Number of OSHA Recordable Injuries
Total HoursWorked

OSHA Recordable Incident Rate (RIR) = x 200,000
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Lost time case incidents are defined as those incidents that resulted from an exposure or
event in the workplace and that required the employee to be away from work or limited to
restricted work activity. Days away from work are those days in which the employee
would have worked but could not due to the injury. Days of restricted work activity are
those days in which the employee was assigned to a temporary job or worked at a
permanent job less than full time, or worked at a permanent job but could not perform all
of the duties normally required. The number of lost workdays (consecutive or not) does
not include the day of the injury or onset of illness, or any days in which the employee
would not have worked even though they were able to work. The lost time case incident
rate is calculated in a manner similar to the RIR except that it uses the number of cases

that contained lost work days.

Number of Lost TimeCaseslnjuries
Total hoursWorked

Lost TimeCaseIncident Rate(LTCR) = x 200,000

The study questionnaire requested the responding firms to provide information about the
number of OSHA recordable and lost time case injuries sustained on each of the projects
being reported. The respondents were also asked to provide the total number of work
hours that were worked on the projects. Based on these amounts, the RIR and LTCR
were calculated as explained above. All of the 86 sample projects provided information
on the number of OSHA recordable injuries, number of lost time cases, and the total
work hours expended on the projects. However, not all of the projects tracked the
subcontractor injuries/ilinesses and their work hours. Of the 86 projects, only 74 projects
(86%) provided information on total project employee incidents and work hours (see
Figure 3.9). The remaining 12 projects (14%) provided information only on the incidents
and work hours involving self-performed work of the general contracting firm. For the
86 projects, the OSHA RIR’s ranged from O to 52 (mean = 5.85; median = 4.98 ;), with
17 projects (19.8%) reporting zero injuries. The LTCR’s rates ranged from 0 to 52 (mean
= 2.48; median = 0.7 ;), with 36 projects (41.8%) reporting zero injuries. Figure 3.8
presents the distribution of RIR’s and LTCR’s among the sample projects. Further

discussion and analysis are provided in the Results section
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3.6.2.3 LEED Information

The third section of the questionnaire solicited information about the green aspects of the

projects. As discussed earlier there are several types of LEED certifying categories. Of
the 38 green projects present in the study sample, 34 projects (89.5%) were certified
under the LEED — NC category, two (5.3%) under the LEED — CS, one (2.6%) under
LEED - EB, and one (2.6%) did not have this information. Hence, the study
predominately consists of one category of LEED (green) projects. This can be attributed
to the fact that LEED — NC was the earliest certification category introduced by the
USGBC in 2000. Currently, there are very few projects that have been certified/registered
under the other types of certification categories (USGBC 2006). Hence, this sample can
be considered representative of the current population of green projects. Other
certification categories are slowly being introduced into the building market or are still in

the pilot phase.

The LEED rating system consists of four levels of certification: certified, silver, gold, and
platinum. The study sample consisted of five certified project (13.2%), 20 silver projects
(52.6%), 12 gold projects (31.6%), no platinum projects, and one (2.6%) unknown level
of certification. It should be noted that not al of the projects in the study sample are
certified. Twenty six projects (68.4%) are certified, 11 (30%) are registered, and one
(2.6%) had an unknown status. Data on the number of LEED credits received by the
projects was also documented. Five of the LEED certified projects did not have the
information on the credits. This information was only provided on 25 projects (both
certified and registered). The LEED credits received by the projects ranged from 29 to 44
credits (mean = 36; median = 35) (Figure 3.10).
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It should be noted that the word “certified” is used in two places. The researchers would
like to clarify the difference to prevent any confusion for the readers. Firstly, “certified”
is used to describe completion of the entire “process” of getting a building recognized as
green, by meeting the requirements set forth by the LEED. In order to get certified a
project team must register their project with USGBC and follow the guidelines required
by LEED rating system. The project will be labeled as a “registered” project during this
process. The word “certified” is also used to describe the minimum amount of green
features required by a building to be recognized as a green building. Increasing the
amount of green features will lead to higher levels of certification such as silver, gold and

platinum.

3.6.3 Statistical Analysis

The statistical software used for the analysisin this study was “Statgraphicsplus 5.1.” The
main statistical tools used to analyze the data in this research were the non-parametric
Mann-Whitney and Kruskal-Wallis test. The Mann-Whitney U test examines the null
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hypothesis that the medians of two samples are the same (Statgraphicsplus 5.1, 2001).
Mann-Whitney compares the medians of the two samples, by combining the two samples
and sorting the data from smallest to largest, and comparing the average ranks of the two
samples in the combined data. It provides a p-value based on which statistical
significance of the difference between the medians at the 95% confidence level can be
evaluated. A level of significance of 0.05 or smaller would mean that there is less than a
five percent probability that the finding was due to chance. For items in which there were
more than two samples to compare, the Kruskal-Wallis test was used. The Kruskal-Wallis
test examines the null hypothesis that the medians of several samples are the same
(Statgraphicsplus 5.1, 2001).

In the present study, a test for normality (Kolmogorov-Smirnov test) revealed that the
sampling distribution for both the RIR and LTCR were non-norma (p = 0.000)
(Statgraphicsplus 5.1, 2001). In addition there were several outliers present in the data
which would make the t-test invalid. The t-test is only valid when the sampling
distribution of the differences in means has a normal shape. Hence, for the present study

it was decided to use the non-parametric Mann-Whitney and Kruskal-Wallis tests.

The major objective of this analysis was to identify the presence/absence of any
statistically significant difference in median RIR and LTCR rates of green and non-green

projects. For this purpose two separate null hypotheses were framed:

e The median RIR of green projects is equal to the median RIR of non-green
projects (two-sided p-value). The aternate hypothesis is that there is a difference
between the median RIR of green and non-green projects.

e The median LTCR of green projects is equal to the median RIR of non-green
projects (two-sided p-value). The alternate hypothesis is that there is a difference

between the median LTCR of green and non-green projects.

Before proceeding to the comparison of the green and non-green sample medians, it was

necessary to address the presence of projects, which were either incomplete (in-progress)
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or provided information only on self-performed work. Of the 86 projects, only 63
projects provided complete information needed for the research. Twenty three sample
projects had either self-performed work incidents or were incomplete. The authors felt
that these projects might skew the end results if included in the analysis. Hence, the

projects were tested for any significant difference with the other projects in the sample.

Table 3.2 presents a summary of the safety performance for all 86 projects, for only the
complete projects, and for all self-performed and incomplete projects. The median RIR
and LTCR of the “complete” and “self performed and incomplete projects” were
evaluated using the Mann-Whitney test. It was found that there was not a statistically
significant difference amongst the medians of all these two groups at the 95% confidence
level for RIR (two sided p-value = 0.9999) and LTCR (two sided p-value = 0.1574).
Hence, the authors decided to retain al of the self-performed and incomplete projects in
the study sample.

Table 3.2: Project Data Reporting Status and Safety Performance

Combinations #.Of Mean Std Median
Projects Dev

OSHA recordable incident rates (RIR)
All projects 86 5.85 6.70 4.98
Compl ete projects 63 5.42 4.44 5.0
Self performed and incompl ete projects 23 7.00 | 10.77 4.94

Lost time case incident rates (LTCR)
All projects 86 2.48 6.41 0.70
Compl ete projects 63 1.51 3.09 0.63
Self performed and incompl ete projects 23 512 | 11.03 12

The statistical comparison of green and non-green projects included all 86 projects. Table
3.3 presents a summary of the RIRs and LTCRs for the 38 green and 48 non-green
projects. One of the graphical tools that will be used in the presentation of the analysisis
box plots. Box plots are a widely used statistical tool especially when comparing several
samples side-by-side. The graph gives an uncluttered view of the center, spread, and
skewness of the distribution, and indicates the presence of unusually small or large
outlying values (Ramsey and Schafer 2002). The box represents the middle 50 percent of
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a group of measurements. The top and bottom of each box indicate the upper and lower
quartiles (25 percent) of each sample. The center horizontal line in the box represents the

median value for the measurements.

Table 3.3: Green versus Non-Green Safety Performance

Mann-
# of Std . :
Type Projects Mean Dev M edian Whltney (2-
tail p-value)
Green 38 6.12 536 | 6.86
RIR Non-green | 48 5.63 7.65 | 4.63 0.1859
Green 38 2.45 424 | 0.7
LTCR  ['Non-green | 48 250 |7.75 |0.78 0.7212

Figure 3.11 shows box plots comparing the RIR of green and non-green projects. The
green projects have a higher median RIR (6.86) than the non-green projects (4.625). In
addition, the spread for the green projectsis greater than the non-green projects. A Mann-
Whitney test was performed to test the presence of any difference statistically. The
statistical result revealed suggestive evidence that the green projects experienced a higher
median RIR than the non-green projects (two sided p-value = 0.1859). Analyses similar
to that performed for the RIR were performed for the LTCR metrics. It was found that the
green and non-green projects had no difference in median LTCR’s as shown in Figure
3.12. However, it was clearly evident as seen in Figure 3.11, that there were several green
projects that have LTCR’s greater than the non-green projects. The statistical test
reveded that there was no statigtically significant difference in the median LTCR’s

between the green and non-green projects (two sided p-value = 0.7212).
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The above analyses were based on the assumption that any differences in safety
performance in the 86 sample projects were due to the project being “green” or “non-

green”. However, there are several “confounding” variables that might affect the safety
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performance of a project. A confounding variable is related both to group membership
and to the outcome. Its presence makes it difficult to establish the outcome as being a
direct consequence of group membership (Ramsey and Schafer 2002). In this study, the
group membership is green or non-green and some of the measurable confounding
variables include: project type, facility type, project complexity as defined by the unit
cost, project height, project location, and type of funding. Hence, the presence or absence
of difference in sample medians may not just be attributed to a project being green or

non-green.

In the present study it should be noted that the uni-variate analysis did not revea any
statistically significant difference between green and non-green projects (only
inconclusive evidence for median RIR), and it is unlikely that a multi-variate analysis
would show any trends in the sample. This is especialy true since the study sample size
is very small. However, the authors decided to test the individua variable’s affect on
safety performance by assuming that all other variables have been controlled and do not

have any affect on safety.

3.6.3.1 Contractor Type

All contractors are different. They vary in size, corporate culture, delivery methods,
union status, and so forth. The safety culture within each contracting firm also differs.
For instance, one contractor might choose to comply with the minimum local, state, and
federal safety regulations, while others might implement many additional proactive safety
efforts. This could also be one possible factor contributing to the difference in safety
performance in the sample projects. Even though the EMR’s of all of the contractors who
participated in the study were less than 1.0, a Kruskal-Wallis test was performed to test
the presence of any difference in median RIR and LTCR among the seven contractors.
One contractor, however only contributed two projects to the sample and has one of the
projects with an incident rate of 52. Hence, this contractor was removed from the

analysis.
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It was found that there was a statistically significant difference between the six
contractors based on the median RIR’s (two sided p-value = 0.0148). In addition, there
was suggestive but inconclusive evidence of a difference between the median LTCR’s
(two sided p-value = 0.1040). This result led to the question, “Could the suggestive
difference in RIR between green and non-green projects from the earlier analysis have
been attributed to the contactor type?’ The presence of a difference in the median RIR’s
and LTCR’s among the different contractors led the authors to compare the median RIR
and LTCR for green and non-green projects constructed by the same contractor. The
available data made such a comparison possible for contractors A, C, and G (see Tables
3.4, 3.5, and 3.6).

Contractor A provided 54% of the sample projects that included 17 green and 29 non-
green projects. A Mann-Whitney test was performed revealing that there was significant
difference in the median RIR (two sided p-value = 0.0101) between the green and non-
green projects and no difference in median LTCR (two sided p-value = 0.9226). Since,
“contactor A” contributed more than 50% of the projects to the study sample, the
“suggestive” difference between the median RIR of green and non-green projects among
the entire sample could have been confounded. For contractors C and G, there was no
evidence of a difference between the median RIR’s and LTCR’s. However, it should be
noted this conclusion is limited, since the contractors C and G, contributed very low
numbers of projects to the study sample. This made it difficult for the authors to arrive at

ameaningful conclusion.

Table 3.4: Safety Performance Comparison between Green and Non-green Projects
for Contractor A

Contractor # of Std , Mann -Whitn
A Proj ects Mean Dev Median (2-tail p-val ucS)y
OSHA recordable incident rates (RIR)
LEED 17 7.93 5.01 7.57
Non-LEED 29 546 | 243 5.09 0.0101
Lost time case incident rates (LTCR)
LEED 17 1.89 3.73 1.19
Non-LEED 29 107 | 103 | 1.02 0.9226




Table 3.5: Safety Performance Comparison between Green and Non-green Projects

for Contractor C

Contractor # of Std . Mann -Whitney
C Proj ects Mean Dev Median (2-tail p-value)
OSHA recordable incident rates (RIR)
LEED 6 5.59 5.39 5.73
Non-LEED 4 3.65 5.45 1.53 0.5824
Lost time case incident rates (LTCR)
LEED 6 2.08 3.45 0.0
Non-LEED 4 0.38 | 0.765 0.0 0.6940

Table 3.6: Safety Performance Comparison between Green and Non-green Projects

for Contractor D

Contractor # of Std . Mann -Whitn
G Projects | M | pey | Median | o il pval uee)y
OSHA recordable incident rates (RIR)

LEED 5 497 4.74 6.18

Non-LEED 5 6.44 6.03 44 0.9999
Lost time case incident rates (LTCR

LEED 5 497 4.74 6.18

Non-LEED 5 644 | 6033 | 44 0.9999

3.6.3.2 Project Ownership
Huang (2003) reported that private projects might be safer than public projects. Data

from his study indicate that the total recordable injury rate (TRIR) of private projects was
lower than public projects. This was attributed in part to public owners’ use of primarily
the traditional design-bid-build (DBB) project delivery method which awards
construction contracts solely based on lowest bid. As a result it is not necessarily the
safest contractor who gets the contract. In the DBB delivery method there is no
coordination between the designer and the constructor since the constructor enters the
system only after the design has been completed. In contrast, private owners have the
opportunity to select contractors based on safety in addition to cost, quality, and schedule
considerations. This encourages practices like constructability, design for construction
worker safety, and so forth. Hence, it was essentia to test the effect of ownership on

safety performance.
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It was found that there was not a statistically significant difference for the median LTCR
(two sided p-value = 0.4115) between the private and public projects in the study sample
(see Figure 3.7). There was suggestive evidence for a difference in the median RIR and
as a result of the presence of a reasonable number of data points, a detailed analysis
within these ownership types was performed. The absence of a difference in safety
performance between the private and public projects could be due to the confounding
variables such as the contractor type. As mentioned earlier, al of the contractors included
in the study were safe contractors and had very good safety programs in place. This factor
might have nullified the affect of ownership.

Table 3.7: Project Funding and Safety Performance

Mann -Whitney

Funding | #of Projects | Mean | Std Dev | Median (2-tail p-value)

OSHA recordable incident rates (RIR)

Public 42 5.93 8.60 6.15

Private 44 5.76 4.27 4.38 0.1831
Lost time case incident rates (LTCR)

Public 42 2.62 8.30 0.63

Private a4 234 | 395 1.07 0.4115

Of the 44 privately funded projects, 21 were green projects and 23 non-green projects,
comprising an approximately equal distribution. The private green projects had a higher
median RIR (7.06) than the non-green (4.96) projects. The difference was found to be
statistically significant with atwo sided p-value of 0.0505. For the LTCR, there was only
inconclusive evidence of any difference in the median of the two samples within the
private projects. Of the 42 publicly funded projects, 17 were green projects and 25 non-
green projects. Statistical tests did not reveal any statistically significant difference in
median RIR (two sided p-value = 0.2886) and LTCR (two sided p-value = 0.1355)

among the green and non-green proj ects within the public projects.

3.6.3.3 Project Size
Project size is a good indicator of the amount of work performed on a job site. Size can

be measured in terms of total constructed cost, the number of subcontractors on site, the
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number of workers on site, or the number of worker hours expended (Huang 2003). It
could be hypothesized that a higher unit cost implies a more complex project which could
affect project safety significantly. In previous sections, simple numerical analysis showed
that green projects were more expensive compared to non-green projects. If thisisin-fact
true, then any presence/absence of a difference in median incident rates between green
and non-green projects could be attributed to the unit cost and not the fact that the project
is either green or non-green. Hence, the authors decided to test the hypothesis that: “there

is no difference between green and non-green projects in terms of unit cost.”

A simple two sample t-test was performed between the green and non-green projects. The
38 green projects had a mean of 296.13 dollars/SF and a standard deviation of 159.04
dollars/SF, while the 48 non-green projects had a mean of 281.27 dollars/SF and a
standard deviation of 231.41 dollars/SF. The t-test compared the means of the two
samples and reported a p-value of 0.7257. Since the p-value for the t-test was greater than
0.05, no statistically significant difference was found between the mean unit cost of green
and non-green projects at the 5% significance level. A box plot comparing the two group
means is shown in Figure 3.13. The box plot revealed the presence of an outlier project
with a unit cost of 1,429 dollars/SF. For the purpose of the analysis, this outlier was
removed from the sample and the t-test was performed again. It was found that there was
still an absence of significant difference between the means of the two samples (two
sided p-value = 0.2618). Hence, it can be concluded for the study sample that the unit
cost of green and non-green projects were the same and does not have had an affect on
the safety performance. It should be noted that the purpose of the study was to compare
and the safety performance of green and non-green projects. Hence, any conclusion on

unit cost between green and non-green projects from this study cannot be generalized.

Having shown no difference in unit cost between green and non-green projects, the
authors tested the presence of any difference in median RIR and LTCR with an increase
in unit cost of the projects. A simple linear regression analysis would have been an ideal
test for testing the presence of this relationship. However, the normality assumption
required for the simple linear regression analysis was not met by the sample distribution.
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Hence, non-parametric tests were conducted. The sample projects were grouped into five
categories as shown in Table 3.8 and their mean, median, and standard deviation is
reported. A statistical analysis was performed to test the presence of a difference between
the medians of the five groups. It was found that there was not a statistically significant
difference between the medians of the five groups at the 95% confidence level. Since the
sample did not reveal any difference, any test within the green and non-green project
sample was not warranted. In addition, the study did not have enough projects within

each category to arrive at any meaningful conclusion.
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Figure 3.13: Box Plotsfor Unit Cost of Green and Non-green Projects



Table 3.8: Project Unit Cost and Safety Performance

U?gscl::(;st #of Projects | Mean | Std Dev | Median I((ZrE[J;IlTaFI)VWaﬁIJI;)S
OSHA recordable incident rate (RIR)
0-100 5 3.19 3.40 3.87
100-200 32 5.18 3.64 5.05
200-300 18 6.77 11.54 4.54 0.5494
300-400 15 6.89 5.54 7.25
>400 16 5.99 6.24 5.59
Lost time case incident rate (LTCR)
0-100 5 1.04 1.69 0.00
100-200 32 2.71 3.75 1.33
200-300 18 3.35 12.16 0.21 0.2695
300-400 15 2.13 4.43 0.00
>400 16 1.82 3.88 0.85
3.6.3.4 Project Height

Project height indicates how far the workers would have worked above ground level.
Construction workers working on tall buildings face a great threat to their safety and
health. For instance, a 50 story building might have more hazards (primarily fall) than a
one or two story building. Earlier discussions suggested that green projects might be
taler than the non-green projects in the study sample (see Figure 3.5). The 38 green
projects had a mean height of 7.5 stories and a standard deviation of 5.9, while the 43
non-green projects (3 projects did not provide this information) had a mean of 5.1 stories
and a standard deviation of 5.5.

It was desired to test whether the RIR and LTCR increased with an increase in height. A
simple linear regression was not performed due to the absence of normality in the data.
Hence, the authors grouped the project heights into four levels and tested for a difference
in the median RIR and LTCR with the help of the Kruskal-Wallis test. It was found that
thereis not a statistically significant difference between the median RIR and LTCR of the
four levels, at the 5% significance level (see Table 3.9). Since, the entire sample did not
revea any difference, any test for project heights within the green and non-green sample
was not warranted. In addition, the study did not have enough projects within each
category to arrive at any meaningful conclusion.



Table 3.9: Project Height and Safety Performance

# of # of : Kruskal-Wallis
Stories | Projects Mean Std Dev Median (2-tail p-value)
OSHA recordable incident rate (RIR)

1-4 48 5.82 8.27 4.24

5-10 15 4.24 4.09 2.06

11-15 13 6.71 3.38 7.82 0.1159
>15 7 6.37 3.53 6.02

Lost time case incident rate (LTCR)

1-4 48 2.69 8.07 0.315

5-10 15 1.94 3.32 0.41

11-15 13 147 1.20 1.04 0.5546
>15 7 1.13 1.42 0.6

3.6.3.5 Project Type
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The study sample was categorized into three types of projects. new construction, major

remodels, and mixed new and remodel. These three types of projects differ from each

other in scope and complexity. In the case of renovation projects, workers have to work

within the existing structure which might pose a greater hazard than construction of a

new structure. Table 3.10 presents a summary of the safety performance for the 86

sample projects. A Kruskal-Wallis test revealed that there was no statistically significant
difference between the median RIR’s (two sided p-value = 0.2882) and LTCR’s (two
sided p-value = 0.1368) of the three project types at the 95% confidence level.

Table 3.10: Project Type and Safety Performance

Type of Project

# of Projects

M ean

Std Dev

Median

Kruskal-Wallis
(2-tail p-value)

OSHA recordable incident rates (RIR)

New construction 58 6.17 7.71 4.95
Major Remodel 12 6.39 4.17 7.48 0.2882
Mixed 16 424 3.55 3.9
Lost time case incident rates (LTCR)
New construction 58 3.16 7.64 0.97
Major Remodel 12 1.80 251 1.13 0.1368
Mixed 16 0.51 0.61 0.0




66

3.6.3.6 Facility Type

The study sample was also categorized into five major facility types. education, office,

public gathering, medical, and residential facilities. Each type of facility has its own
impact on safety performance. For instance, hedthcare construction projects are
considered more complex to build than residential buildings due to the fact that
healthcare facilities involve instalation of major laboratory equipment and so forth. A
summary of the safety performance of each of these facility types is presented in Table
3.11. A multiple sample comparison was performed to identify any difference between
these five groups. It was found that there was no significant difference between the
median RIR’s and LTCR’s of the five facility types. Since the sample did not revea any
difference, any test within the green and non-green samples was not warranted. In

addition, the study did not have enough projects to arrive at any meaningful conclusion.

Table 3.11: Facility Type and Safety Perfor mance

Facility Type Prf)jc:cts Mean | Std Dev | Median l?zrl:j(la;vwaﬁljg)s
OSHA recordable incident rates (RIR)
Education 27 6.5 9.76 4.84
Office 16 5.58 5.87 5.15
Public Gathering 17 6.06 | 543 4.96 0.9635
Medical 14 477 3.71 4.34
Residential 12 5.66 3.63 6.49
Lost time case incident rates (LTCR)
Education 27 3.10 9.95 .63
Office 16 1.58 5.82 3
Public Gathering 17 1.72 | 378 63 0.7155
Medical 14 2.35 2.23 1.145
Residential 12 2.48 2.63 1.58
3.6.3.7 Project L ocation

The study sample included projects from nine states and Canada. Since different states
might have different environments, climates, unions, etc., it was necessary to test the
difference in safety performance between projects completed in different states. The
Kruskal-Wallis test for difference in median RIR’s and LTCR’s between the states
revealed no statistically significant difference (two sided p-value > 0.05). Two states,
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Oregon and Washington, comprised 85% of the sample projects. These two states had
enough projects to compare the green and non-green projects built in each state. Tables
3.12 and 3.13 presents a summary of safety performance of green and non-green projects
in Oregon and Washington, respectively. A Mann-Whitney test did not reveal a
statistically significant difference in safety performance between green and non-green
projects built in Oregon and Washington.

Table 3.12: Safety Performance Comparison between Green and Non-Green
Projectsfor Oregon

# of Std . Mann -Whitney
Category Proj ects Mean Dev Median (2-tail p-value)
OSHA recordable incident rates (RIR)

Green 24 6.21 5.53 6.49

Non- 24 471 | 342 | a4 0.2266
Green

Lost time case incident rates (LTCR)

Green 24 229 | 3.98 0.87

hon- 24 207 | 353 | 111 0.8815
Green

Table 3.13: Safety Perfor mance Comparison between Green and Non-Green
Projectsfor Washington

# of Std . Mann -Whitney
Owner Projects Mean Dev Median (2-tail p-value)
OSHA recordable incident rates (RIR)

Green 9 7.09 | 544 8.19

hon- 14 566 | 373 | 495 05079
Green

L ost time case incident rates (LTCR)

Green 9 381 | 571 14

Non- 14 1.04 | 1.00 0.945 0.3676
Green

3.6.3.8 LEED Certification and Safety Performance

The 38 green projects in the study sample had predominantly (90%) LEED-NC certified
projects. Hence, it was not possible to compare safety performance among different
categories of LEED certification. The sample projects consisted of three levels of
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certification certified, silver, and gold. In order to answer the question whether the safety
performance changed with an increasing amount of green design and construction
features, the median RIR and LTCR of these three certification levels were compared.

Table 3.14 presents a summary of these three levels of certification.

Table 3.14: LEED Certification Levelsand Project Safety Performance

Level of Certification | # of Projects | Mean | Std Dev | Median Kruskal-WaJhs
(2-tail p-value)
OSHA recordable incident rates (RIR)
Certified 5 511 3.73 6.12
Silver 20 7.17 4.61 7.88 0.2578
Gold 12 5.31 6.95 3.03
Lost time case incident rates (LTCR)
Certified 5 3.52 4.42 141
Silver 20 2.52 4.33 0.87 0.8298
Gold 12 2.10 4.46 0.64

It was interesting to note that the silver level projects had a higher mean RIR than the
other levels and the certified level had a higher mean LTCR. Table 3.14 did not reveal
any trend in the data. The Kruskal-Wallis test revealed that there was not a statistically
significant difference in the median RIR of the three levels of certification (two sided p-
value = 0.2578).

In order to compare the number of LEED credits to safety performance, smple linear
regression would have been an ideal test. However, the non-normal data would make this
test invalid. Hence, a simple line graph (see Figure 3.14) was drawn to observe any trend
associated with the number of credits and safety performance. The graph did not reveal
any trend in arelationship between LEED credits and safety performance.
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Figure 3.14: Comparison of LEED Credits and Safety Performance

3.6.4 Interview Data Analysis

A simple informa one-question interview was conducted with eight safety
representatives from large construction companies who oversee green and non-green
projects as part of their job. The safety representatives were asked, “whether there was
any negative or a positive impact of green design and construction on worker safety and
health. If so, what were the impacts?’ Six of the respondents said that they did not see
any difference in safety performance between green and non-green projects. The seventh
safety professional noted that green projects tend to improve the “health” of construction
workers due to the provision of less harmful construction materials as part of LEED. The
last respondent noted that the extra efforts due to material handling “could” be a cause of
concern for employee safety.

3.6.5 Study Limitations

Studies of green and non-green building projects in terms of safety have not been
performed in the past. Three major limitations are present in this study which are listed
below:
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e One of the mgor limitations of the study is the data collection process. The
projects in the study sample were not collected randomly. Since, the data was not
randomly sampled, statistical inferences could not be made to the study
population, in this case, all of the green and non-green projects built in U.S. and
Canada. The sample selection was a two-stage selection process. First, a set of
builders was selected to study. Second, a set of building projects were selected
from these builders. The selection of the builders was based on the authors’
knowledge of whether they build green projects and was not random. The projects
provided were at the discretion of the builders and the researchers did not have
any influence on this process. In summary, builder and project selection were not
random and, therefore, inferences can be made only to the data set. Any
generalization to the population would be speculative.

e A second limitation is associated with the study inferences. The OSHA recordable
and lost time injury/iliness rate data used for the study is observational data and
cannot be used to make cause and effect statements. The strongest statement that
can be made from the study is that there is an “association” between the OSHA
recordable and lost time injury/illness rates and green design and construction.

e Another limitation is the small sample size. A larger sample size would have
provided more confidence in the results. The major cause for this small sample
size was the reluctance of contractors to provide safety and LEED information
from their projects. Safety data was considered by some contractors to be part of
the client-contractor confidentiality agreements. On the other hand, the LEED
documentation which outlines the specific green design aspects of the projects
was considered as a trade secret and some contractors declined to provide this
information. This was one of the factors responsible for the lower response rate in
the study.

3.7 Conclusions and Recommendations
The major objective of this study was to investigate the impacts of green building design

and construction (as identified by LEED) on worker safety and health. A comprehensive
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statistical analysis of 86 projects (38 green and 48 non-green) was performed to test the
presence of any difference in safety performance between green and non-green projects.
Based on the above analysesit can be concluded that:

e There is suggestive, but inconclusive evidence of a satistically significant
difference between the median RIR of green and non-green projects in the study
sample. Green projects had a higher median RIR than the non-green projects.

e Thereisnot a statistically significant difference between the median LTCR’s for
the green and non-green projects included in the current study.

e Therewas adstatistically significant difference between the safety performances of
the contractors who participated in the study. Contractor A’s green and non-green
projects have significant differencesin median RIR’s and suggestive difference in
median LTCR’s.

e Other factors, such as the project size, type, facility type, ownership, height, and
location, did not have any impact on safety performance in the study sample
projects.

e There was not a significant difference between the different levels of LEED
certification and the median RIR and LTCR rates. It can be concluded that there
was no negative or positive impact on safety performance when the amount of

green design and construction features were increased in a project.

Based on this research, there appears to be little or no difference between the green and
non-green projects in terms of construction safety and health. With both green and non-
green buildings having the same safety performance, a question arises as to whether
LEED buildings should be labeled as sustainable buildings. It should be concluded that
LEED projects are sustainable environmentally but not sustainable in terms of worker
safety and health.

3.8 Recommendations for Future Research
The project LEED information that was available for the current study was the: type and

level of LEED certification, number of LEED points, and general descriptions of the



72

green features on the project (from other sources like the project owner’s website, case
studies, USGBC, etc.). Therefore, it was not possible to make connections between each
injury incident and specific green design and construction features. This analysis was also
not proposed as part of this research study. Relating injury incidents to specific green
design and construction features could be accomplished in a much larger study that
involves a significant data gathering and project documentation review effort on multiple

projects.

The researchers recommend the development of arating system similar to LEED that will
provide an opportunity to rate projects based on the importance given to safety and health
and the degree of implementation of those safety and health elements. The safety and
health rating system could be kept as a stand-alone system or combined with LEED that
leads to an environmental, health, and safety rating system for building projects.
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4.0 SUSTAINABLE CONSTRUCTION SAFETY AND HEALTH RATING
SYSTEM

4.1 Abstract

The objective of this study is to develop a sustainable construction safety and health
(SCSH) rating system that will provide an opportunity to rate projects based on the
importance given to safety and health and the degree of implementation of those safety
and health elements. A Delphi survey was conducted to develop the SCSH rating system
which consisted of four surveys. an expert background survey, an open-ended survey,
and two rounds of questionnaire surveys. The Delphi expert panel consisted of
experienced safety and heath professionals representing different sectors of the
construction industry.

Data analysis between each Delphi round included calculating the mean, median, range,
standard deviation, and the level of agreement for each element identified by the experts.
A decision diagram that combined the study criteria “level of agreement” and “mean

rating” was used to retain and/or drop elements from the rating system.

The study resulted in atotal of 50 safety and health elements in the SCSH rating system.
The rating system was organized into 13 major safety and health categories. Each
category contains sustainable safety and health elements which carry credits based on
their effectiveness in preventing construction worker injuries/illnesses. The premise of
the rating system is that a higher number of total credits received by a project would
indicate alower potential for incidents that lead to construction worker injuries, illnesses
and fatalities. The rating system can be used as atool to help sustain the safety and health
of construction workers by uniting and coordinating the safety and health efforts of the
four important parties in a project: owner, designer, general contractor, and
subcontractor. The rating system will help set in motion the sustainable safety and health
drive in the construction industry.
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4.2 Introduction

4.2.1 Problem Statement

Construction worker safety continues to be a major concern for the construction industry.
It has historically employed about 5 percent of the country’s workforce, yet has
accounted for a disproportionate number of occupationaly related fatal and non-fatal
injuries (NSC 2006). Even though there has been a decline in the fatality and disabling
injury rates in the past, it is still severe compared to other industries. The causes of
injuries and illnesses in construction have long been recognized and their persistence
continues to frustrate construction safety and health practitioners and researchers.
Increased control of construction site hazards is needed to lower the level of risk and
improve worker safety. Not only are the construction injuries a great concern for
humanitarian reasons, but the high cost associated with injury/death calls for a more

sustaining safety performance in the construction industry.

The stimulus for this research is the Leadership in Energy and Environmental Design
(LEED) rating system. LEED projects are proposed by the owner at the start of the
project development process (PDP) and implemented by the designer, constructor, and
subcontractors. The LEED rating system does not include a formal construction worker
safety and health component. LEED’s negligible consideration of construction worker
safety and health, and the fact that there is no significant difference in safety performance
between the LEED and non-LEED projects, cals for the creation of a new concept called
“sustainable construction safety and health.” There has been minimal research applying
the concept of sustainability to construction safety and health, leaving a large gap in
knowledge in this research area. This study fills this gap by applying the concept of
sustainability in construction worker safety and health with the development of the SCSH
rating system. This rating system can be ultimately incorporated into the LEED rating
system.

Over the past few decades, efforts have been made to improve worker safety and health
in the construction industry. Construction safety has been the primary responsibility of
the constructor (also referred to as the general or prime contractor). Construction
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companies have developed positive safety cultures and are committed to creating an
“injury free work environment” in each of the projects they perform. However, no
industry-wide recognition exists such as a Gold or Platinum safety certification for those
projects, built by constructors who stand out in their commitment to reduce workplace
fatalities and injuries. Such recognition will provide a motivation to constructors to
sustain a high level of safety performance on all projects.

Past research has exposed the influence that owners, designers, and subcontractors have
on construction worker safety and health. An owner can impact safety through the
selection of safe contractors, inclusion of safety requirements in the contract, and active
participation in safety during project execution (Hinze 2003). Designers dictate the
configuration and components of a facility and thereby impact how the project will be
constructed and the safety on the project (Hinze and Gambatese 1996). Subcontractors
impact safety to a large extent since they perform the majority of the work on a project.
Research has been conducted in the past to assess the role of the four critical players
(owner, designer, constructor and subcontractors) individually in the PDP. Some projects
involve the owner, designer, constructor, and subcontractors in addressing safety and
health during the PDP. However, research aimed at identifying project safety
performance if all four parties are involved and committed to worker safety is lacking.
The research described in this manuscript tries to fill this gap with the help of the
proposed SCSH rating system which consists of safety and health elements to be
implemented by owners, designers, constructors, and subcontractors.

4.2.2 Proposed Solution

Construction worker safety and health plays a magjor role in achieving sustainable socio-
economic development in the construction industry. The sustainable safety and health
concept, which considers the social and economic well being of the construction workers,
is a new approach to boosting the safety and health performance of construction workers.
The sustainable safety and health concept aims to sustain the construction worker’s safety
and health:
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e from start to finish of asingle project;
e for each future project aworker isinvolved in; and

e during the worker’s remaining life time after retirement.

For example, the work lives of many construction workers have been shortened by
repeated physical hazards posed by exposure to lead, silica, asbestos, and many other
chemical and environmental hazards to which the worker was exposed. The condition
persists even after the exposure has been stopped when the worker quits the job or
relocates to a different project. The construction worker’s health can be sustained if he or
she is properly protected from the exposure in the first place. Several safety and health
elements, if properly implemented in a project development process, help sustain worker
safety and health. The sustainable safety and health concept approaches the consideration

and implementation of safety and health measures from a different perspective.

The sustainable safety and health concept can be implemented in the construction
industry through the development of the SCSH rating system. The SCSH rating system
will consist of safety and health elements to be implemented by owners, designers,
contractors, and subcontractors to sustain worker safety and health from project-to-
project. The rating system provides an opportunity to rate projects based on the
importance given to safety and health and the degree of implementation of safety and
health elements. The rating system is aimed at certifying all project types in the

construction industry.

4.2.3 Research Scope and Objective

The objective of this study is to assist the construction industry in incorporating
construction worker safety and health into sustainability concepts and practice. The
SCSH rating system is primarily aimed at building projects but could be used to test other
project types. To fulfill the research objective, the following research questions were
formulated:
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e What are the important construction worker safety and health elements that
should be part of the SCSH rating system?

e What is the effectiveness of each of these elements in preventing construction
injuries/illnesses?

e What should be the structure of the SCSH rating system?

e How would credits be calculated for each element of the SCSH rating system?

e How feasible would it be to implement such a rating system in the construction

industry?

The potential elements for the SCSH rating system were drawn from two sources.
literature and experts. Construction safety and health research over the past severa
decades has helped to improve the safety and health performance of workers. The SCSH
rating system is envisioned to provide a new perspective on the way industry
practitioners view safety and health. Attaining injury free environments and sustaining
the effort in the construction industry will require the effort of the project team. This
rating system will fulfill the purpose of “building towards sustainable safety and health”
by uniting the safety and health initiatives of all of the major parties on a project.

4.3 Literature Review

The parties who have significant control of and/or influence on construction worker
safety and health are: the owner, general contractor, subcontractor, and designer. Just as
each party influences and contributes to the completed project in its own way, each
affects construction site safety differently. The SCSH rating system being proposed
would include the efforts of all of these four parties. Past research has focused on each
party and reveals their unique effects on construction site safety. These research studies
were identified as a potential source from where critical elements for the SCSH rating
system can be drawn. An in-depth review of literature was conducted through keyword
searches of journal article databases and the World Wide Web to locate research papers,
reports, and other documents relevant to the study. A wealth of literature on construction
safety has accumulated over the past thirty-five years. Detailed review and analysis of all
studies was not within the scope of this document. Only specific elements recommended
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from pertinent studies are extracted and reported in this section. The literature review
aims to answer the following questions:

e What are mgor safety and health elements to be implemented by the owner,
general contractor, subcontractor, and designer?

e |sthere an existing rating system that evaluates projects based on safety?

e |s there any research that has investigated the combination of al four major

players on construction worker safety and health?

Based on the results of the literature review, this section is divided into five different sub-
sections that identify the roles of each of the maor four parties and a fifth section that
includes information on existing construction safety and health rating systems similar to
the proposed SCSH rating system.

4.3.1 Owner Studies

There have been only a few studies that have examined the influence of owners on
construction worker safety. One of the earliest findings on the impact of the owner’s role
on safety was reported by Levitt and Samelson (1993). They found that an owner’s
involvement in safety during construction can have a significant impact on improving the
project safety performance. Some of the owner strategies to improve safety identified by
Levitt and Samelson (1993) include:

e Stresssafety as part of the contract during the pre-job walk-around.

e Require short-term permits, rather than ongoing permits, for hazardous activities.
e Conduct safety audits of the contractor during construction.

e Conduct periodic safety inspections.

e Require safety training of all project employees.

¢ Maintain statistics on the contractor’s safety performance.

e Set goalsfor construction safety.

e Include general safety guidelinesin the body of the contract.

e Set up aconstruction safety department to monitor contractor safety.
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e Requireimmediate reporting of all worker accidents.

e Investigate the contractors’ accidents.

e Alwaysinclude safety on the agenda at owner-contractor meetings.

e Provide contractors with special safety guidelines they must follow.

e Require the contractor to assign safety coordination responsibility to someone
onsite.

e Reimburse the contractor’s safety costsin full.

In 1998, the American Society of Civil Engineers issued Policy Statement 350 which
stated that improving construction site safety requires attention and commitment from all
parties involved. The policy which has since been updated in 2001 states that safety
should be addressed for each project on a project specific basis, and that owners should
take an active role in project safety. According to the policy statement, the various ways

that owners can actively address safety are the following:

e Assigning overall project safety responsibility and authority to a specific
organization or individua (or specificaly retaining that responsibility) that is
qualified in construction safety principles, rules, and practice appropriate for the
particular project;

e Including prior safety performance as a criterion for contractor selection;

e Designating an individual or organization to monitor safety performance during
construction; and

e Designating in contract documents responsibility for the final approval of shop

drawings and details.

Selection of contractors based on safety was found to be one of the major strategies
project owners can follow to improve project safety performance. The different criteriato
be included during the selection of contractors as summarized from three sources are the
following (Hinze 1997, Huang 2003, and Hinze and Godfrey 2003):
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e Injury incident rates (including lost workday injury rates, OSHA recordable injury
rates, first aid injury rates, etc.)

e Job site safety inspections

e Behavior based worker observations

e Experience modification rates (EMR)

e Workers’ compensation |oss ratios

e Records of OSHA citations and fines

e Litigation related to injuries

e Performance records of key personnel

e Project safety plans

e Contractor qualification safety surveys

e Worker's perception surveys

In addition to selection of contractors, specification of safety requirements in contract
documents was found to be an important strategy that has a positive impact on safety.
Hinze (1997) suggested that owners should include the following safety requirements in

contracts:

e Submittal of a project-specific safety plan

e Preparation of job hazard analyses

e Regular safety meetings with supervisory personnel

e A designated project safety coordinator

¢ Mandatory reporting of accidents, safety inspections, and safety meetings
e Inclusion of subcontractorsin the safety program

e Compliance with the owner’s safety guidelines

e Establishment of an effective worker orientation program

Gambatese (2000) also reported the positive impacts of owners on construction site
safety. He stated that the owner’s position on safety should be clearly communicated to
the project team at the beginning of the project and to all team members joining the
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project as part of the construction phase. The position can be written in the project

documents and contracts, and verbally communicated in project team meetings during

design and construction. This study added some more elements to those reported in

earlier studies. According to Gambatese (2000) the various ways owners can address
safety include:

Establish a clear position on safety

Ensure that safety is addressed in project planning and design
Consider safety performance when selecting a contractor
Address safety in the construction contract

Assign safety responsibility during construction

Participate in project safety during construction

Similar to Hinze (1997), Gambatese (2000) also suggested to include the following

requirements in construction contracts to promote safety:

A requirement that the constructor abide by all applicable safety laws and
regulations

Delineation of the responsibility for safety on the jobsite

Submission of awritten constructor safety program before work begins

A requirement for conducting a substance abuse program

Submission of an emergency plan and accident reporting procedure

Gambatese (2000) also emphasized the importance of incorporating safety during the

design and planning stages as influenced by the owner. The study reported a sample of

best practices that an owner can implement during the design and pre-planning stages of a

project. These include:

Schedule different projects or construction phases that occur at the same location
to be performed simultaneously.

Provide alist and location of toxic substances and other hazardous materials that
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are located on the site.

e Do not allow schedules that contain sustained overtime or night work.

e Impose aceiling on the number of workers on site or in a particular area.

e Confirm that the constructor knows of the potentia hazards of all construction
materials and their proper storage and disposal.

e On renovation or retrofit projects, provide the constructor with original as-built
drawings of the existing structure.

e Conduct a pre-construction meeting with the constructor (including all
subcontractors) to discuss safety issues.

e Consider involving OSHA in planning safety measures prior to starting

construction.

Huang (2003) investigated the impacts of owners on construction safety and concluded
that owner involvement can significantly influence project safety performance. Huang
suggests that the owner’s concern and participation in safety should start from the very
beginning of the project design and continue until the completion and even the operation
and maintenance of the project. The study reveals that the owner can impact safety
management and the safety commitment of the designer, general contractor, and
subcontractors in various means. According to the study, owners can achieve better
project safety performance by setting safety objectives, selecting safe contractors,
addressing safety in contracts, and participating in safety management during
construction. It should be noted that all of the studies examined in the literature agree that
these four elements or strategies have the highest impact on reducing injury incidents.
Another dignificance of this study is that, in contrast to other studies, Huang
guantitatively demonstrated the effectiveness of these owner elements on safety. Huang
provides further description of these main elements. When selecting the contractor, the

owner should include the following selection criteria:

e Tota Recordable Incident Rate (TRIR) on past projects,
e Qualifications of the contractor’s safety staff,

e Qualifications of the contractor’s project management team, and



e Assessment of the quality of the contractor’s overall safety program.

Five contractual requirements that the owner should include to experience improved
safety performance are (Huang 2003):

e Contractor must place at least one full-time safety representative on the project

e Contractor must submit the résumeés of key safety personnel for the owner’s
review and approval

e Contractor must provide specified minimum safety training for the workers

e Contractor must submit a site-specific safety plan

e Contractor must submit a safety policy signed by its CEO

In terms of the owner’s involvement in the safety practices, Huang found the following

elements to be effective:

e Owners setting their expectations on safety from the very beginning of a project,
especially the zero-injury objective.

¢ Owners imposing requirements on the safety programs developed by contractors
and emphasizing specific items including: emergency plan (medical and
hazardous materials), daily JSA (job safety analysis) conducted on the project
site, and substance abuse program.

e Owners monitoring near miss rates and the safety inspection records on the
projects along with other types of injury statistics (TRIR, lost-time injury rate,
etc.).

e Owners maintaining accident statistics by contractor on their projects and
including the contractor’sinjury statisticsin their own accident records.

e Owners establishing a safety recognition program and contributing funds to the
program.

e Owners actively participating in safety training and orientation and verifying the
comprehension of the training (such as by testing).



85

e Owners assigning a full-time safety representative on site with various
responsibilities including: enforcing safety rules; reviewing safety performance on
site and submitting reports to the home office; monitoring pre-task anaysis
programs; participating in safety recognition programs; and participating in safety

and/or tool box meetings.

Most of the safety elements reported by Huang are in agreement with the findings of
previous research (Levitt and Samelson 1993, and Gambatese 2000). In addition, Huang

reported that owners can take an active role in designing for safety through:

e Setting their expectations in the design phase that construction safety is one of
their major concerns and is to be built into the project design;

e Addressing safety issues as early as the feasibility study and conceptual design
phases and integrating safety into the objectives of the project;

e Actively participating and coordinating the efforts of the designer and the
contractor through regular safety/constructability reviews of the project design;
and

e |f possible, awarding the contract to an engineering and construction company to
help promote safety performance.

4.3.2 Constructor Studies

The OSH Act's mandate that employee safety is the responsibility of the employer places
the burden of construction site safety foremost on constructors (prime or general
contractors). Of al of the parties that play a role on a project, constructors commonly
take the lead role, and often are the sole party, in addressing construction worker safety
and health. Despite the emphasis within the Federal safety standards on the role of
employers, most construction contract general conditions state that the project’s
constructor has primary responsibility for safety on project sites (Toole 2002). Toole
(2002a) studied the general opinion on construction site safety roles among the
constructors, subcontractors, and designers involved in a project. The study revealed that

there was not uniform agreement on the site safety responsibilities that should be
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assumed by each of these groups. Most of the respondents in the survey placed the
primary responsibility for safety with the constructor. This is perhaps a reason why the
majority of past safety research has focused on a constructor's organization and actions.
Research on the constructor’s influence on safety has led to the identification of best
practices for improving safety and health and the development of tools to assist
constructors in eliminating jobsite hazards and ensuring safe work practices. Some of the

important findings regarding a constructor’s role in safety are reported below.

Levitt and Parker (1976) studied the role of top management role of a construction firm
in reducing construction injuries. Some of the findings of the study include:

e Companies whose top managers talked about safety when they visited jobsites
had lower EMR’s than companies in which safety was not mentioned during these
events.

e Companies with formal orientation programs had lower EMR’s compared with
companies with no orientation programs.

e Incentives based on lost time accidents did not have any effect on safety.

It is commonly held among practitioners that top management commitment to safety is
the most important factor responsible in improving safety performance. Findings from
two earlier research studies conducted in the 1970s revealed that safety performance
improved when companies had alow employee turnover rate (Hinze 1978, and Hinze and
Pannullo 1978). This finding has been verified in recent studies (e.g., Gambatese and
Hinze 2003). Hinze and Parker (1978) found that increased job-related pressure on

superintendents led to increased injuries.

Several research studies have been conducted on what should be the essential elements to
improve construction worker safety performance. According to OSHA, an effective
occupational safety and health program should include the following four main elements
(OSHA 2006):






