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ABSTRACT
Around the world, the construction industry is known for its high rates of injuries and
accidents. Having a safer working environment is a priority not only during construction, but also
during the early phases of the design. Current literature shows the positive impacts of design
integration on both safety performance and green construction. The design for safety process
improves safety performance and reduces risks on construction worksites. Similarly, decisions
made during the design phase have significant effects on sustainability and end building
performance goals. Recent studies have identified the safety risks associated with specific
sustainable design attributes and practices. Current literature lacks in identifying the discrepancy
between the value of integration for both safety and green building design and construction, and
the noted increased safety incidents on green projects.
The goal of this research is to identify, at a company level, if there is a correlation
between quantity of green construction performed and safety performance of green contractors.
This research study quantified the impact on safety metrics at a company level for the amount of
green construction captured via revenues. With this intention, for the main efforts of this research
study quantitative research methods were used, including analysis of covariance by considering
year as a categorical variable to examine the relationship between safety and green construction,
and continued with qualitative methods, including tracking project data by conducting case
studies and conducting interviews with safety experts to support the findings of statistical
analysis.
The results include that higher revenues are suggestive of higher safety incidents. The
more green construction revenue, the higher the number of recordable incidents and lost time
cases measured. When the amount of design-build work was considered as a percentage of
revenue, the impact is significant and negatively correlated to recordable incidents and lost time
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cases. This suggests that despite a positive correlation with increased green revenue and designbuild revenue, the use of integrated delivery, such as design-build, may help mitigate safety
impacts. Case study findings suggest that a contractor might have different implementations on
project level based on the project requirements even though it is expected to have the same
strategies and implementations that come from the company level safety program. Also, they
indicate the impact of owner and designer involvements and the effect of owner requirements to
achieve better implementation for safety. Interviews add value to this research study by
identifying the translation from company strategies to projects for achieving successful safety
performance in green building construction. Results suggest that safety responsibilities in
construction lie with site teams; resources can help mitigate risks and availability of resources can
have drastic influence; and training and accountability are important in planning.
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Chapter 1

Introduction

1.1 Background
Developments in construction technology help achieve greener, safer, and more
productive working environments for end users. It is generally accepted that designing and
constructing green buildings provides ethical and practical responses to environmental issues.
Simply put, green buildings are environmentally responsible to nature and its resources; provide
economic sense on a lifecycle cost basis for the owners; and when compared to conventional
construction, green building design aims to achieve better performance on indoor environmental
quality for occupant’s health (Kibert 2007). However, recent research has suggested that green
building initiatives may not be creating safe and productive environment for construction
workers, since new practices are changing the way buildings are designed and constructed. For
instance, constructing green roofs increases the risk of falling because they are sometimes
constructed by landscape contractors who are used to work at the ground level (Mulhern 2008).
Similarly, recent studies by Fortunato III et al. (2012) have identified safety risks associated with
specific sustainable design attributes and practices, and Dewlaney et al. (2012) quantified the
relative impacts of those safety risks. They have addressed specific contexts and the scale of the
risks seen at the project level using case study techniques; however the relative impact of green
building construction on safety performance was not quantified at a higher level using a broader
sample of data, which may indicate other driving factors influencing study instances.
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1.1.1

Construction Safety and Health
Construction is known as the most hazardous industry because of its high rates of injuries

and accidents (Behm 2005). The construction field has many risks that pose threats to the safety
of workers, occupants and passersby. Figure 1-1 shows the number of fatal work injuries and fatal
work injury rate of all US industries. With 751 deaths in 2010, construction had the highest
fatality rate among all the industries (BLS 2010). These numbers emphasize the potential threat
of construction industry; thus, having a safer working environment is a priority during
construction for safety and health of workforce.

Figure 1-1: 2010 Number and rate of fatal occupational injuries, by industry sector (BLS 2010)
The factors that affect the safety performance of building projects and methods to
improve safety performance have been thoroughly studied. For example, by conducting
questionnaires Jaselskis et al. (1996) identified possible strategies in order to obtain excellent
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safety performance. The ten strategies can be categorized into the six possible quantitative
strategies at company level, such as expending greater monetary resources on safety programs;
and four at project level, such as, increasing the number of safety meetings with supervisors.
Mohamed (2002) correlated the safety climate to safe work behavior of workers by analyzing the
conducted questionnaires and by identifying a number of factors affecting the safety climate on
construction sites; such as management commitment, organizational communication and worker’s
involvement. Sun et al. (2008) developed the safety risk assessment model for monitoring and
controlling the risks. The researchers studied the safety risk factors in 30 construction buildings
where new technologies, new materials and innovative designs were implemented. The model
incorporated 25 critical factors that were identified which are mainly the responsibility of the
contractors and subcontractors; such as, lack of emergency response plan and measures, workers’
unsafe operation, and ignoring safety under schedule pressure.
It is crucial to monitor and control potential risks in order to improve safety performance.
New working environments, systems, or techniques on construction sites may create new risks for
construction workers. With the changes to design practices, green building construction may
bring new risks and may be challenging for creating safer and healthy environments. A gap still
exists in examining the relative impacts of green building construction on company safety
performance.

1.1.2

Design for Safety
Design for construction safety is the consideration of construction safety during the

design phases (Behm 2005). Gambatese (2003) points out that architects and design engineers are
responsible for helping improve construction safety because they typically lead the decision
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making process on building projects. Considering safety in the design phase is suggested to
reduce the potential hazards in the field, thereby, improving safety performance.
Behm (2005) studied the link between the design for construction safety concept to the
injuries and fatalities which occurred on construction sites; and suggested that 42% of the
fatalities could have been reduced if the identified concepts had been implemented. Weinstein et
al. (2005) studied the impacts of considering safety concerns during the facility’s lifecycle;
including programming, design and construction phases. The researchers further suggested that
significant safety and health hazards can be mitigated by the consideration of safety during
lifecycle of a facility, since different trades integrate and work together; especially in facilities
delivered through a design-build system.
As these studies indicate, construction input in the design process increases the safety of
workers through integration of project participants; and consequently helps reduce risks on
construction worksites. Decisions made during the design process can have significant effects on
safety outcomes. Similarly, it is expected that decisions made during the design phase affect end
building performance goals of green buildings. However, recent studies suggest that designs for
high performance green buildings increased the safety risks to construction workers on those
projects. Previously integration in high performance building projects has been suggested to have
positive effects on the outcomes of projects (Korkmaz 2007, Gultekin 2011). Thus, there is a gap
in the literature in integration in green building design and construction with regards to
construction safety outcomes.
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1.1.3

Green Building Design and Construction
In recent years the idea of protecting the environment from pollution induced the idea of

constructing green buildings (Li et al. 2011). The U.S. Green Building Council (USGBC) defines
green building as: “Designed, constructed, and operated to boost environmental, economic, health
and productivity performance over that of conventional building” (USGBC 2002). Briefly, green
building design and construction aim to sustain natural resources and provide better life standards
to its habitants.
The USGBC reported that there are 23,268 LEED Certified projects covering
1,549,520,309 ft2 of commercial space (USGBC 2011a). These numbers are the result of the
rising environmental awareness and increasing demand for constructing green buildings on the
architecture, engineering and construction (AEC) industry. According to Kibert (2007) the
primary reasons of this increasing demand are:


Constructing green buildings provides ethical and practical responses to
environment.



Green buildings provide economic sense on a lifecycle cost basis for the owners.



Green building design achieves better performance on indoor environmental
quality for occupant’s health.

Thus, these positive features of green building design and construction have lead to the
demand of owners.
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Interest in High Performance Green (HPG) Buildings
‘The term high performance building (HPG) has recently become popular as a synonym
for green building in the United States’ (Kibert 2007). Korkmaz (2007) defines that, while green
buildings focus on reducing resource consumption, high performance green buildings focus on
indoor environmental quality and energy conservation issues. Typically, owners’ main concerns
are the economic benefits of these buildings and often the main reason why they want to construct
HPG buildings; these buildings focus more on indoor environmental quality and energy
conservation issues that have the potential to provide financial benefits.
According to the USGBC’s report, the building industry makes up 14.7% of U.S. Gross
Domestic Products (GDP) and uses 40% of U.S.’s energy; therefore, greening buildings could
result in an estimated savings of $160 billion in energy costs (USGBC 2009). Lapinski et al.
(2006) stated that HPG buildings would minimize energy use; reduce resource consumption; and
provide healthy and productive environments for occupants. Because of the energy efficiency, the
high indoor air quality, and economic benefits those buildings maintain, owners want to construct
HPG buildings. Providing healthy and comfortable spaces would bring productive environments
and increase user efficiency, which is also one of the major concerns of owners.

Different Process to Achieve HPG Buildings
Klotz (2008) stated that “Integrated design is a primary feature of sustainable building
delivery.” The process for delivering green buildings is challenging and needs greater integration
of stakeholders, such as owners, designers, and contractors, in order to meet the expectations and
develop sustainable solutions.
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The factors that affect the project performance of green buildings have been discussed in
different studies and formats. Korkmaz (2007) developed HPG building project delivery
evaluation metrics in order to understand and measure HPG building project delivery and impacts
of integration on project outcomes; and suggested that early involvement of contractors and
owner’s ability to make decisions have significant effects on most of the performance outcomes.
Klotz (2008) further studied the process transparency in sustainable building delivery; and
showed that increasing the process transparency in sustainable building delivery would lead to
reduced costs. Gultekin (2011) analyzed the project team integration variables during the design
and construction process based on building performance, such as level of green, cost and
schedule, and categorized in-process metrics for integration and their level of influence on project
outcomes. The study proved that a Design-Build delivery method; contractor’s involvement in
design; as well as having energy and lighting simulations early in design, have positive impacts
on building performance outcomes.
The literature suggests that integration brings positive outcomes to project performance
in HPG buildings; however recent studies suggested that HPG building construction projects
increased construction safety risks. There is a lack of literature explaining this inconsistency
between integration and safety performance in HPG projects.

1.1.4

Green Building Construction Safety
Different from traditional buildings, the design elements and construction practices

implemented to achieve green buildings might require higher construction standards, additional
site precautions, and the use of new and often unfamiliar materials with new technology and
innovative designs. To analyze the impact of green building construction on safety and health of
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workers, Rajendran et al. (2009) investigated the differences of the green and non-green projects
with respect to their safety performances and LEED information; and the results indicated that
green building projects have a 48% higher injury rate than non-green projects.
Different from traditional design and construction approaches that owners, designers,
contractors and even workers are used to, green buildings bring an excessive change of different
practices and techniques (Rajendran et al. 2009). According to the book written by Kibert (2007)
using renewable energy sources and energy efficient lighting systems to reduce energy
consumption; or recycling and reuse of water to minimize potable water use are some examples
of these new practices. The changes to design practices can increase potential risks and ultimately
affect safety on construction sites. For example, constructing green roofs has been linked to
increases in safety incidents in the form of falls, because they are typically constructed by
landscaping contractors accustomed to working at the ground level (Mulhern 2008). Similarly, a
recent research study conducted by Fortunato III et al. (2012) identified the safety risks associated
with LEED credits by investigating six detailed case studies and two validation case studies. The
results include that 13 credits increased the safety and health risks of construction workers. For
instance, ‘Innovative wastewater technologies’ includes a dual system to remove and recycle
wastewater whereas there is a single removal system in traditional plumbing systems. This
increases the required piping; and correspondingly increases safety risks to workers exposed to
repetitive tasks and overexertion .
Lack of understanding of the HPG project qualifications and the safety risks they pose
can lead to poor safety performance. Inappropriate job-site management and poor construction
practices on-site can also weaken the best building design and create potential problems that can
affect the whole lifecycle of the building. Rajendran and Gambatese (2009) proposed the
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Sustainable Construction Safety and Health (SCSH) rating system for analyzing the effectiveness
and degree of implementation of 50 safety elements in safety performance of construction
projects, such as safety and health in contracts and safety training for designers. By investigating
25 projects the researchers concluded that there is negative correlation between SCSH rating
system implementation outcomes and safety performance of the study sample. In other words, the
higher the credits a project received from SCSH rating system, the lower the recordable incident
rates a project had. Results also suggest that the type of delivery methods has an impact on the
number of SCSH credits received and projects delivered by design-build had a higher correlation.
Different studies demonstrate both the positive impact of integration on construction
safety (Gambatese 2003; Behm 2005; Weinstein et al. 2005); and on delivering sustainable
buildings and their project outcomes (Korkmaz 2007; Klotz 2008; Gultekin 2011). Thus, it is
expected that the demand in constructing green buildings through increasing the integration
among the stakeholders should consequently increase safety performance. However, studies to
date seem to suggest the opposite outcome. There is a need for studying the relationship between
the high performance green buildings and construction safety to clarify the source of this gap.

1.2 Problem Statement
Current literature demonstrates the positive impact of integration on project performance
outcomes in HPG buildings; however, recent studies suggested that HPG building construction
projects increased construction safety risks. Thus, current literature lacks in identifying the
discrepancy between expected benefits of integration and safety performance in HPG projects.
Recent research studies have identified specific safety risks associated with green (LEED
Certified) construction projects; however, the relative impact of green construction across a
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portfolio of projects on company safety performance have not been studied to verify the
generalizability of these safety risks on HPG projects. There is a need for a statistical approach in
order to better define the magnitude of the impact and to identify mitigating factors such as
learning curve and other trends related to safety and health for high performance green buildings.

1.3 Research Scope
This research study will build on the current research efforts by quantifying the relative
impacts of green building practices on construction company safety ratings, and identifying
potential strategies being implemented or suggested to minimize the safety risks and to achieve
successful safety performance in green building construction.

1.3.1

Research Goal and Questions
Recent research has shown at a project level, green building design and construction

increased the occurrence of specific safety incidents. The goal of this research is:
To identify, at a company level, if there is a correlation between quantity
of green construction revenue and safety performance of green
contractors.
With this intention, this research study will try to answer these questions:
1. What is the correlation of the safety impact relative to revenues from green construction
projects?
2. What project delivery factors may impact the safety outcomes?
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3. What are the concerns from company to project level implementation specific to green
building projects? What safety strategies are being used by the firms?

Identifying the relationship would raise awareness and would make the risk mitigation
strategies gain more recognition for protecting the health and welfare of the construction
workforce in green building construction projects.

1.3.2

Research Objectives
Based on the research goal and research questions, the objectives of this research study

are as follows:
1. To identify the relationship between safety and sustainability ratings at a company level,
2. To identify the impact of delivery approaches on safety performance of companies,
3. To identify safety management strategies suggested for improving safety performance on
HPG projects,
4. To quantify the relative impact of company strategies and project level implementation
on project safety.
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Chapter 2

Literature Review

2.1 Introduction
The aim of this literature review is to provide an overview of the relationship between
green building construction and safety; to understand the current challenges in the industry and to
identify gaps in the literature. It will discuss construction safety and health; green building design
and construction; project delivery approaches and integration; their relationship with the found
knowledge gap and expected area of contributions. This literature review begins with the existing
definitions and research methods in construction safety and health. Next, it examines the delivery
methods to demonstrate the importance of integration on project performance outcomes. The
green building design and construction section discusses the general knowledge and different
practices that have changed the building industry, and identifies the seeming discrepancy between
integration and safety performance in green projects. Finally, for the purposes of the study, this
literature review tries to identify the safety risks related to High Performance Green building
projects; and emphasize the gaps to provide the point of departure for this research study.

2.2 Construction Safety and Health
Around the world, the construction industry is known for its high rates of injuries and
accidents (Levitt and Samelson 1993). Not only in US, but also in many countries, having a safer
working environment is a priority during construction because construction sites have a lot of
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risks and potential hazards contributing to fatal accidents. Figure 2-1 shows the number of fatal
work injuries and fatal work injury rate of all US industries. Among all the industries construction
had the highest fatality rate with 751 deaths in 2010 (BLS 2010). These numbers emphasize the
potential threat of construction industry to the safety of workers, occupants and adjacent public;
and consequently the significance of ensuring high standards for human health and safety both on
the work site and in the surrounding environments.

Figure 2-1: 2010 Number and rate of fatal occupational injuries, by industry sector (BLS 2010)
Construction sites are hazardous environments because of the dynamic nature, great
amount of work processes, project specific requirements, and context they have (Mitropoulos and
Cupido 2009). Each construction site creates its own environment; thus, it is important to know
the potential hazards to cope with these dynamic environments. From the literature, Fortunato III
et al. (2012) identified the traditional safety risks that are major concerns for the construction
industry. The four major concerns were shown in Table 2-1 with the descriptions and examples of
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each. It is crucial to know and understand the common causes of construction injuries in order to
be prepared and take precautions against potential accidents.
Table 2-1: Traditional Safety Concerns in Construction Sites (Fortunato III et al. 2012)
Major Concerns with Examples
Falls from roofs, scaffoldings, staging, ladders or on the same level
Overexertion injuries due to greater amount of physical force repetitive motions
Caught-in injuries such as collapse and trench work
Struck-by incidents caused by equipment, vehicles and falling materials

It is important to identify, monitor, and control the potential risks to decrease the number
of accidents, reduce penalties and achieve better safety performance. To do that, construction
companies hire full-time safety coordinators, increase the number of safety inspections, develop
detailed safety programs, and try to understand the reasons for injuries by maintaining safety
records (Jaselskis et al. 1996). There are several measures and records used in the industry to
evaluate a company’s or a project’s safety performance; such as, OSHA Recordable Incident Rate
(RIR) and Lost Time Case Rate (LTCR); and Experience Modification Rate (EMR). Rajendran et
al. (2009) defined the RIR as the number of workplace incidents requiring medical treatment or
first aid per 100 person crew working for 200,000 hours per year. LTCR refers to the number of
cases with the lost work days which occurred in the workplace incidents that result in keeping
workers away from work (Rajendran et al. 2009). Experience Modification Rate (EMR) defines
the degree of experience in order to understand which company is better or worse in the industry
by comparing their workers’ compensation claims (OSHA 2010). It is calculated for three year
span of data and used as an insurance multiplier. These records are significant indicators for
reflecting how a contractor performs on construction safety. Thus, creating a safe working
environment would provide good safety records and consequently would benefit companies.
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Having the active support of top management is expected to be crucial to identify,
monitor and control the potential risks because without the active support of top management no
safety program would be successful. Inappropriate job-site management and poor construction
practices on site can weaken the best building design and create potential problems that can affect
whole lifecycle of the building (Kibert 2007). Improving safety is essential, not only for meeting
clients’ demand on safety performance, but also for more economic benefit and increased
productivity (Ghosh and Young-Corbertt 2009). Simply put, ensuring safety on construction sites
has an impact not only on human life, but also on project outcomes including scheduling and
budget management.
To sum up, monitoring and controlling potential safety risks is important in order to
maintain safe construction environments. Green building practices may create working
environments containing with new potential risks for construction workers and may be
challenging for creating safe and healthy environments.

2.2.1

Construction Safety Research Studies and Methodologies
In the literature, extensive work has attempted to investigate safety concepts in

construction industry. This research study intends to quantify the impact of green construction on
safety performance of contractors and identify potential strategies for risk mitigation. With this
intention, this section reviewed the literature on the factors that affect the safety performance of
building projects; the strategies about how to improve the safety performance; and the
identification and assessment of the safety risk factors where new technologies, new materials
and innovative designs were implemented.
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Mohamed (2002) studied the factors affect the safety climate in constructions site and
relationship between safety climate and safe work behavior of workers. As seen in Figure 2-2, the
researcher developed hypotheses to examine the relationship between 10 identified determinants
and safety climate; and correspondingly assessed the main hypothesis that seeks for a correlation
between safety climate and safe work behaviors.

Figure 2-2: Safety Climate Determinants in Construction Sites (Mohamed 2002)
The determinants shown in Figure 2-2 were identified from the reviewed literature; and
Structural Equation Modeling (SEM) quantitative research method was used for further
measuring the extent to which the hypotheses linked these determinants to safety climate; and
safety climate to safe work behavior. The hypotheses were examined by questionnaire targeting
construction workers in six different construction sites. 68 questionnaires were collected
representing 10 different organizations. The results proved the hypotheses are shown in Table 22. Finally the researcher proved relation between the safety climate and workers’ safe behavior
which states that higher levels of safety climate bring higher levels of safe work behavior.
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This research study represents the impact and significance of project level
implementations and strategies; such as, greater management commitment and worker’s
involvement, by testing on safety climates.
Table 2-2: Hypothesis and corresponding path (Modified from Mohamed 2002)
Major Concerns with Examples
H1—Greater management commitment
H2—Effective organizational communication
H3—Better perception of safety rules and procedures
H4—Higher level of coworkers’ support
H5—Higher level of quality supervision
H6—Higher level of constructive involvement
H7—Higher level of willingness to take risk
H8—Greater level of safety’s integration
H9—Higher perception of work pressure
H10—More of one’s experience and knowledge
H11—Higher level of safety climate

Impacts
Positive safety climate
Positive safety climate
Positive safety climate
Positive safety climate
Positive safety climate
Positive safety climate
Negative safety climate
Positive safety climate
Negative safety climate
Positive safety climate
Positively impacts safe behavior

Jaselskis et al. (1996) studied the quantitative strategies to improve the safety and health
performance of construction workers. They identified the factors and measures that related to
improved safety performance; such as, EMR and OSHA RIR, then, conducted questionnaires
related to company and project level performance. The researchers analyzed the data collected
throughout the study and recommended the strategies, as seen in Table 2-3 and 2-4, for both
company and project level in order to improve site safety performance.
Table 2-3: Achieving better safety performance – Company Level (Jaselskis et al. 1996)
Recommendations in Company Level
Providing more detail to the written safety program
Expending greater monetary resources on safety programs
Providing additional training to part-time safety coordinators
Providing better instruction to new foremen related to company policies and guidelines
Increasing the number of meetings to discuss safety performance with field supervisors
Increasing the number of informal inspections on each project
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Table 2-4: Achieving better safety performance – Project Level (Jaselskis et al. 1996)
Recommendations in Project Level
Hiring experienced project manager
Reducing project turnover
Increasing the number of safety meetings with supervisors
Increasing the amount of money expended on safety awards

The researchers stated that achieving better site safety performance at the company level
is related to lowering the EMR and OSHA RIR; and in project level is related to improving
project recordable rates. Thus, it indicates the link between company and project safety
performance, and importance of both.
Sun et al. (2008) identified and assessed the safety risk factors in 30 construction
buildings where new technologies, new materials and innovative designs were implemented.
Several structured questionnaire surveys, workshops and interviews were conducted with the
experts throughout the study. The researchers first identified the common safety risk factors
inherent in the investigated construction projects and established a safety checklist consists of 57
risk factors. As a next step, the questionnaire surveys and workshops were conducted to evaluate
probability of occurrence of the identified safety risks with respect to the experience and
knowledge that these respondents had. Those safety risk factors were prioritized and reduced to a
total of 25 critical factors from the contractors and subcontractors; such as, lack of emergency
response plan and measures, workers’ unsafe operation, and ignoring safety under schedule
pressure. Further, the researchers developed a safety risk assessment model, shown in Figure 2-3,
for monitoring and controlling the risks. The model was also used for understanding which risk
factors were more critical for each project; and consequently which projects were more risky. As
seen in Figure 2-3, the model has a hierarchical order which has the safe construction as the
overall goal and the other specific attributes that categorize the 25 critical factors at the lower
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levels. The study represents a framework and systematic tools which consist of the procedures
that could be utilized for managing the safety risk factors (Sun et al. 2008).

Figure 2-3: Hierarchy of Safety Risk Assessment Model (Sun et al. 2008)

As seen in Figure 2-3, new technologies, materials and innovative structure in design scheme and
hidden safety troubles in design scheme inconvenient for execution of construction have been
linked to problems resulting from design. The weights of the two safety risks are some of the
highest, which indicates the significance of providing the safety measures to eliminate these
issues during the design phase by designers.
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2.3 Design for Safety
When the literature is reviewed, the factors that affect the safety on construction sites, the
strategies to improve safety performance and the risks identification and how to mitigate them
have been discussed in different studies and methods, such as providing the safety measures to
eliminate the risks during the design phase by designers.
In the study by Behm (2005) the design for construction safety concept is identified as
the consideration of construction safety during the early phases of the designing. The design for
construction safety concept specifically focuses on the impact of design in construction site
safety. For example permanent design features of a building; such as a roof parapet, can
negatively or positively impact safety on the construction site Behm (2005). The parapet can
enhance the safety when it acts as a guardrail depending on its height, or safety is not taken into
account for fall protection when the perimeter does not have the required features such as the
anchorage. Behm (2005) concludes, it burdens the design professionals with responsibility in the
decision making process. To be able to eliminate hazards and improve the safety performance in
the field, it is important to consider safety in the design phase.
There are several studies which propose that some of the construction site accidents and
injuries are linked to decisions made earlier than the construction phase. For example,
Szymberski (1997) stated the importance of considering safety in the conceptual and preliminary
design phases in order not to lose the ability to impact construction site safety. Figure 2-4 shows
the time/safety influence curve that represents the idea of the earlier the project schedule phases,
the greater the ability to influence safety on a project.
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Figure 2-4: Time/Safety influence curve (Szymberski 1997)
Behm (2005) studied how the design for construction safety concept linked to the injuries
and fatalities occurred on construction sites. The researcher developed several hypotheses
examining the relationships between the construction project aspects and fatalities. The
hypotheses were tested and the large data sample including 224 fatality reports selected from
approximately 500 fatality description were evaluated based on the design-construction incident
investigation model as shown in Figure 2-5.

Figure 2-5: Design-Construction incident investigation model (Behm 2005)
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The model was developed to facilitate examining the link between the design for safety
concepts and construction fatalities. The model consists of three questions investigating the
relationship between the fatalities and permanent features of the project; existing design
suggestions in the literature; and new design suggestions developed during the review of the
incident reports. The study concluded that 42% of the fatalities could be linked to the design for
safety concept and could have been reduced if the concept had been implemented.
In the study conducted by Weinstein et al. (2005), the impact of safety in design is
measured in a different aspect and named as life cycle safety (LCS). LCS reflects the
consideration of safety concerns during the lifecycle of the facility, throughout programming,
design and construction phases; thus, it encourages many different stakeholders integrate during
the process. It has been suggested that significant safety and health hazards could be eliminated
by the successful implementation of the LCS process. It has been also suggested that safer
designs can be achieved by increased awareness; safety-in-design checklists; and discussing the
safety implications of specific design features throughout the planned interactions between
designers and constructors. It may be easier to implement these processes in a design-build
project delivery method since the designers and builders work together in this delivery method.
Reviewed literature showed that having a safer working environment is not only related
to construction phase decisions, but also that design choices have significant effects on
construction safety outcomes. Considering construction safety in design processes should lead
project participants to integrate; and consequently help reduce risks on construction worksites.
Similarly, it is expected that decisions made during the design phase affect sustainability and end
building performance goals. However, recent studies suggested that high performance green
building design and construction increased safety risks. Thus, it demonstrates an apparent
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inconsistency of the literature in green building design and construction with regards to
construction safety.

2.4 Green Building Design and Construction

2.4.1

Introduction
The purpose of designing and constructing green buildings is to decrease the negative

impacts of the built environment on the natural environment and to increase the end user’s
productivity, safety and health throughout a building’s lifecycle. Different from traditional design
and construction, green design and construction bring a great variety of different practices and
techniques that change the way buildings are implemented. This section summarizes, from the
literature, the green building concept and how green building design and construction practices
are evolving the building industry.

2.4.2

Interest in Green Building Design and Construction
In recent years the idea of protecting the environment from pollution induced the idea of

constructing green buildings (Li et al. 2011). American Society of Heating Refrigerating & Air
Conditioning Engineers (ASHRAE) defines that green buildings, “minimize the impact on natural
surroundings, materials, processes present in nature” (ASHRAE 2003). Day by day, the
environmental awareness is increasing the demand for constructing green buildings on the
Architecture, Engineering and Construction (AEC) industry.
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According to the U.S. Green Building Council (USGBC) reports there are 23,268 LEED
certified projects covering 1,549,520,309 ft2 of commercial space (USGBC 2011a). Kibert (2007)
explained the three primary reasons of this increasing demand. First, green buildings are
environmentally responsible to nature and its resources during planning, design, construction and
operations of the facility. Constructing green buildings provide ethical and practical responses to
these issues. Second, green buildings provide economic sense on a lifecycle cost basis for the
owners although their capital costs seem to be more expensive due to their new techniques and
practices. These building types would eventually overcome initial investments and provide
benefits to owners. Third, when compared to conventional construction, green building design
aims to achieve better performance on indoor environmental quality for occupant’s health. These
design issues include such as preventing the use of potentially hazardous materials, promoting
dehumidification through more precise sizing of heating and cooling; aiming to reduce mold and
bacteria in ventilation. Thus, these positive features of green building design and construction
make raise the demand for constructing them.
It can be seen that the benefits of green construction is not only limited to the
environmental issues. The building industry makes up 14.7% of U.S. GDP and buildings use 40%
of U.S.’s energy (USGBC 2009). Thus, going green in the Architecture, Engineering and
Construction (AEC) would provide better energy performance and consequently decreased
operation. To sum up, besides the environmental awareness, building green decreases in
operation costs, increases in energy performance and indoor air quality of the building spaces,
and consequently the user productivity have become major interests of green design and
construction.
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2.4.3

Leadership in energy and environmental Design (LEED)
In the last two decades some green building assessment systems were launched in

different countries. The U.S. Green Building Council (USGBC) launched Leadership in Energy
and Environmental Design (LEED) that is an internationally recognized green building
certification system (USGBC 2011b). LEED tries to achieve greener solutions through the
strategies based on such considerations (USGBC 2011b):


Sustainable Site Design,



Material and Resource Efficiency,



Water Efficiency,



Indoor environmental Quality,



Energy Efficiency and Innovation in Design

The LEED rating system is applicable to all building types for identifying and
implementing green building design, construction, operations and maintenance solutions
(USGBC 2011b). Buildings are certified by USGBC with one of the four levels of certification;
Certified, Silver, Gold, and Platinum, according to the number of points they receive required by
LEED rating system (Rajendran et al. 2009). Figure 2-6 shows a typical rating system for a new
construction with the required points for each certification level.
After the introduction of LEED to the industry, sustainable developments have become
more popular and have seen rapid growth due to government mandates; reduction in maintenance
costs; improved quality for end users; marketing; and decrease in construction costs due to the
increase in availability and reliability of green building supplies (Fortunato III et al. 2012;
Eicholtz et al. 2010; Fuerst and McAllister 2008; Miller et al. 2008). However, LEED rating
system is more related to environmental, economic and social values which make the industry
focus on these issues with little explicit emphasis on occupational safety during construction.
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Therefore, there is a need for evaluating LEED design and practices in terms of construction
safety and health.

Figure 2-6: LEED for New Construction (USGBC 2011)
Green buildings bring a great variety of different practices and techniques to the
traditional approach that owners, designers, contractors and even workers have towards building
design and construction (Rajendran et al. 2009). The book written by Kibert (2007) provides
examples of these practices; such as, using renewable energy sources and energy efficient lighting
systems to reduce energy consumption; or recycling and reuse of water to minimize potable water
use. These new techniques and practices change how buildings are designed and constructed.
Schaufelberger and Cloud (2009) mentioned that waste management, site development, and
material selection became more challenging because the LEED rating system changed the typical
means and method of construction.
To sum up, studies conducted on green buildings mostly focus on environmental impacts
of green building design, natural resources efficiency, energy performance, indoor environmental
quality and their impacts on end user’s productivity, safety and health. However, different from
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traditional design and construction, green design and construction bring a great variety of
different standards, practices and techniques that change the way buildings are constructed; which
might eventually affect construction safety. The new environments created by the sustainable
developments might have significant impacts on construction safety performance of contractors
and there is little research focusing on the relationship between the green building concept and
construction safety.

2.4.4

High Performance Green (HPG) Building Concept
‘The term high performance building has recently become popular as a synonym for

green building in the United States’ (Kibert 2007). As seen in Figure 2-7, green buildings cover a
smaller section of all buildings, and HPG buildings stands at a portion of green buildings which
primarily concentrates on indoor environmental quality and excellent energy conservation
(Korkmaz 2007).

Figure 2-7: High-performance green building definition (Michael Horman et al. 2006)
Kibert (2007) stated that:
“HPG building design relies on renewable resources for energy systems;
recycling and reuse of water and materials; integration of native and adapted species for
landscaping; passive heating, cooling and ventilation; other approaches that minimize
environmental impact and resource consumption.”
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The strategies implemented on green building design and construction, such as resource
consumption, water and energy conservation strategies, and emissions reductions, are often
perceived as additional costs instead of providing financial benefits to owners (Korkmaz 2007).
Lapinski et al. (2006) stated that HPG buildings would minimize energy use; reduce resource
consumption; and provide healthy and productive environments for occupants. Owners want to
construct HPG buildings because of the energy efficiency, the high indoor air quality, and
economic benefits those buildings maintain. The potential of reducing energy costs and providing
healthy and comfortable spaces make the HPG buildings highly adopted (Korkmaz 2007).
It is expected that the new techniques and practices of HPG building design and
construction make the building process differ from traditional delivery systems. Riley et al.
(2004) identify that HPG projects require integrated design approaches to achieve complex design
analyses, energy modeling, and system optimizations. Thus, in order to succeed the sustainable
design and solutions, HPG buildings require to be considered as a whole with its delivery process.

2.5 Project Integration
“The movement towards high performance building is changing both the nature of built
environment and the delivery systems used to design and construct the facility according to
client’s needs” (Kibert 2007). It is crucial to know the common construction delivery systems in
order to understand the difference of HPG building delivery system; and the inconsistency
between construction safety and integration in HPG building delivery. This section summarizes,
from the literature, the definitions of common project delivery systems, integrated delivery
approaches and HPG building delivery system.
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2.5.1

Project Delivery Systems and Integration
In the study conducted by Korkmaz (2007), project delivery is defined as the process that

starts with the owner’s decision which then converted into a facility for occupancy by the design
and construction teams operations. Many stakeholders from various disciplines; such as,
architects, engineers, contractors, construction managers, owners, building occupants, building
operators and government agencies, take part in the delivery of a building in order to perform
their roles during planning, design, construction and operation phases (Klotz 2008).
Projects are delivered by several project delivery systems being used in the U.S.
construction industry; however, three project delivery systems the most widely used are designbid-build, construction management at risk, and design-build. Konchar and Sanvido (1998)
defined these delivery methods in their study as below:
Design-Bid-Build delivery method is the traditional project delivery system. The
owner contracts separately with design firms and contractors in which the process
completed sequentially in design, bid and build.
Construction Management at Risk delivery method provides the involvement of
Construction managers in the design and construction process to increase the
constructability and to decrease schedule growths. In this system the owner contracts
separately with the design firm for providing the facility design and the contractor for
performing the construction activities with a guaranteed maximum construction price.
Design-Build delivery method offers the owner to contract with a single entity to
perform both design and construction works which provides the involvement of the
contractor’s input early in the design phase.
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The Design-Build Institute of America (DBIA) defines the Design-Build as an integrated
approach to achieve best value while meeting schedule, cost and quality goals (DBIA 2011). This
integration brings collaboration and teamwork for the relationship between designers and builders
which ultimately brings better construction outcomes (DBIA 2011).
In literature, many research studies focus on the effects of project delivery attributes on
project performance. A study conducted by Konchar and Sanvido (1998) examined 351 U.S.
building projects that used design-bid-build (33%) , construction management at risk (23%), and
design-build (44%) project delivery systems by comparing project performance outcomes as cost,
schedule and quality based on statistical analysis. Multivariate regression analyses proved that
design-build project delivery system outperformed all the others with better project performance
in unit cost, construction speed, delivery speed, cost growth and schedule growth. Moreover, the
study also showed that quality performance of design-build projects are equal and sometimes
more desirable than construction management at risk and design-bid-build projects. Another
study conducted by Victor et al. (2000) studied the ways to improve and succeed the delivery
process of high intensity projects and mentioned the importance of owner, designer and project
team integration early in the delivery process. Thus, integration between the stakeholders during
the delivery process is crucial in order to achieve the desired project outcomes.
This section summarizes the existing project delivery methods and emphasizes the
importance of integration to achieve the better project outcomes. The reviewed literature
identifies the design-build delivery method as the best performing project delivery method among
the others and it has been suggested that integration has positive impacts on project delivery
outcomes. However, recent studies demonstrate the negative impacts of building design features
for HPG’s on construction safety performance. It has been accepted that integration is a critical
element for success in HPG delivery. Therefore, the suggestion that HPG projects increase safety
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risks conflicts with the inherent benefits of integration for safety in design and the gap needs to be
examined so the relationship can be identified.

2.5.2

High Performance Green Building Delivery
Owners want to construct HPG buildings because of the energy efficiency and the high

indoor air quality those buildings maintain. However, the process for delivering green buildings is
challenging and needs more integration of various parties such as owners, designers, and
contractors in order to meet the expectations and sustainable solutions (Klotz 2008).
Kibert (2007) defined the deficiencies of the conventional methods in delivering HPG
buildings. To deliver HPG buildings and achieve owner satisfaction it is crucial to have
communication, collaboration, integration and transparency between the project team members.
However, design-bid-build creates an adversarial environment consists of non-collaborative
spirit. Construction management at risk provides client satisfaction; however, it lacks in
communication between the project team members. Design-build delivery system is compatible
to deliver HPG buildings since it provides a collaborative environment; however, it is devoid of
transparent interaction. It can be seen that these systems are insufficient to satisfy the additional
responsibilities and qualifications that HPG building delivery requires. Kibert (2007) stated that
the sustainable development and HPG building movement are changing the conventional delivery
systems; thus, it results in the rise of HPG building delivery.
To execute the process it is crucial to be aware of the challenges and differences that
HPG building delivery has. Table 2-4 represents the differences of HPG building delivery from
these conventional delivery systems (Kibert 2007). As seen, other than integration, HPG building
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delivery requires additional responsibilities, special qualifications, familiarity and understanding
of green concepts.
Table 2-5: Difference of HPG Building Delivery from Conventional Delivery (Kibert 2007)
Distinguishable by:
Selection of project team members based on their green building expertise
Increased collaboration among the project team members
More focus on building performance than on building systems
Heavy emphasis placed on environmental protection during the construction process
Careful consideration of occupant and worker health throughout all phases
Scrutiny of all decisions for their resource and life-cycle implications
The added requirement of building commissioning
The emphasis placed on reduced construction and demolition waste

It is generally accepted that green building design and construction require earlier
coordination and integration in the delivery processes in order to achieve better project outcomes.
However, it has been suggested that HPG building design and construction increased the safety
risks. Thus, it demonstrates the apparent inconsistency of the literature in green building design
and construction; and construction safety. Thus, there is a need for researching the relationship
and possible strategies to have better safety performance in green construction.

2.5.3

Integration in HPG Delivery
Klotz (2008) stated that integrated design is the most important characteristic of

sustainable building delivery. If integration is not present in the delivery process, it would result
in a lack of designer knowledge of construction (Korkmaz 2007).
Kibert (2007) defines the integrated design as:
“Integrated building design or integrated design is the name given to the high
levels of collaboration and teamwork that help differentiate a green building design from
the design process found in a conventional project.”
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It is generally accepted that a lot of significant sustainable decisions are made during the
design phase which is earlier when compared to conventional delivery processes. Decisions made
early in the planning and design process result in improved building performance outcomes; thus,
unless the integration is fully understood, the delivery process in HPG buildings can make the
design opportunities overlook and can result in poorly performing buildings (Korkmaz 2007).
Thus, it is important for the team to understand the project requirements in order to achieve the
desired sustainable goals.
Kibert (2007) defines the integrated team process as:
“In the integrated team process, the design team and all affected stakeholders
work together throughout the project phases to evaluate the design for cost, quality of
life, future flexibility and efficiency; overall environmental impact; productivity and
creativity; and effect on building’s occupants.”
Unlike the conventional, in green building delivery collaboration between stakeholders
starts at the very beginning of the project and provides early input of all team members.
‘Separation between stakeholders and disconnects in processes mean that few, if any,
stakeholders understand all aspects of the delivery process outside their specific area of expertise’
(Klotz 2008). It has been shown that early involvement of green concepts in projects, owner’s
commitment to sustainability, including contractor input, incorporating LEED as a standard
element in project planning enables achievement of sustainability goals at lower costs (Lapinski
2005; Beheiry et al. 2006; Schaufelberger and Cloud 2009).
It is generally accepted that integration brings positive outcomes on project
performances. The factors that affect the project performance of green buildings and how to
improve it have been discussed in different studies and formats. For instance, Korkmaz (2007)
developed HPG building project delivery evaluation metrics in order to understand and measure
HGP building project delivery and impacts of integration on project outcomes; and proved that
early involvement of contractors and owner’s ability to make decisions have significant effects on
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most of the performance outcomes. Klotz (2008) studied the process transparency in sustainable
building delivery; and proved that increasing the process transparency in sustainable building
delivery would lead to reduced costs. Gultekin (2011) analyzed the project team integration
variables during delivery process based on building performance; such as level of green, cost and
schedule and by categorizing in-process metrics. The study proved that having design-build
delivery method; contractor’s involvement in design; and having energy and lighting simulations
early in design have positive impacts on building performance outcomes.
When the literature is reviewed, there are several studies conducted on the impacts of
integration on delivery, schedule, quality and cost benefits of both green construction and
construction safety. The studies demonstrate the positive impacts of integration on project
performance outcomes in HPG buildings (Korkmaz 2007; Klotz 2008; Gultekin 2011) and
construction safety performance (Gambatese 2003; M. Behm 2005; Weinstein et al. 2005).
However recent studies suggested that HPG building construction projects increased the
construction safety risks. There is a lack in literature for identifying this inconsistency between
integration and safety performance in HPG projects.

2.6 High Performance Green Building Construction Safety

2.6.1

Introduction
As seen in other industries, the construction industry is evolving and developments in

construction technology help achieve healthier and more productive working environments for its
occupants. It is accepted that sustainable design and construction adopts additional criteria to
minimize resource consumption, and applies environmental procedures to achieve healthier built
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environment. Thus, with the reduced resource consumption people assume greener is better; and
correspondingly it is safer.
It is expected that constructing green buildings bring healthier and more productive
working environments for its end users. This expectation made researchers investigate whether
the idea is also applicable for the construction workers since the current design elements
implemented to achieve LEED Certification includes new techniques and practices; and change
how buildings are designed and constructed. Some results of the study conducted by Fortunato III
et al. (2012) indicate the positive impacts between IEQ Credit 4.1: Low-emitting materialsadhesives and sealants on safety during construction. It is known as the volatile organic
compounds (VOC) have dangerous health effects. Implementing low-emitting materialsadhesives and sealants can help achieve lower exposure to VOC during installation of these
products. Lower levels have less detrimental health impact on construction workers Fortunato III
et al. (2012). However, changes in construction techniques due to the current green building
developments may be challenging for creating safer working environments on construction sites.
Mulhern (2008) identified that constructing green roofs increases the safety risks of falls since
they are implemented by landscape contractors who are used to work at the ground level. Despite
having guardrails around roofs, coming close to edges during installing and maintaining green
roofs has increased potential of falls. Thus, green construction might increase potential risks and
ultimately affects safety on construction sites.
Inappropriate job-site management and poor construction practices on site might weaken
the best building design and create potential problems that might affect whole lifecycle of the
building. It is believed that constructing green buildings without any precautions might lead to
poor safety performance. Thus, researchers supported that there is a need for investigating the
relationship between green construction and safety.
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2.6.2

Pilot Studies
Different from traditional buildings, the design elements and construction practices

implemented to achieve green buildings require higher construction standards, additional site
precautions, and the use of new and unfamiliar materials with the new technology and innovative
design. As a pilot study, Rajendran et al. (2009) studied the impact of green building construction
on safety and health of workers, and identified differences by comparing the green and non-green
projects with respect to their safety performances and LEED information. Although the safety
risks associated with LEED design elements are not specifically defined in the study, they
analyzed 86 projects and found that green building projects have a 48% higher injury rate than
non-green projects. The authors found suggestive, but inconclusive evidence representing
statistically important differences in safety performances between green and non-green buildings.
The study has shown that LEED Certified projects result in typically a higher OSHA RIR than
traditional non-LEED buildings.
Rajendran and Gambatese (2009) further supported that if a building is designed to
perform as a sustainable project, not only end users, construction of that facility should also focus
on the safety and health of the workforce during construction phase. As a further step to the study
of the impact of green building construction on safety and health of workers, the researchers
proposed The Sustainable Construction Safety and Health (SCSH) Rating system for analyzing
whether the so-called sustainable building are truly sustainable or not. As seen in Table 2-5, the
SCSH Rating system rates projects in parallel with the LEED scorecard and consists of credits in
13 categories under the 50 safety and health elements. The system tries to analyze the
effectiveness and degree of implementation of those elements in safety performance of
construction projects.
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Table 2-6: SCHS Rating System Categories (Modified from Rajendran and Gambatese 2009)
# of Elements SCSH rating system categories
Possible Credits
6.6
3
Project team selection
5.5
3
Safety and health in contracts
8.1
4
Safety and health professionals
4.3
2
Safety commitment
27.8
13
Safety planning
15.3
8
Training and education
1.8
1
Safety resources
1.8
1
Drug and alcohol program
3.7
2
Accident investigation and reporting
4.2
2
Employee involvement
3.8
2
Safety inspection
8.0
4
Safety accountability and performance measurement
9.1
5
Industrial hygiene practices
100
50
Project total

Table 2-5 represents the possible credits that can be obtained with the proper
implementation of the elements. With the highest score range, which corresponds to 91-100, a
facility would gain platinum certification. The ranges for the other level of certification are; 76-90
for gold, 61-75 for silver and 54-60 for certified. To validate the SCSH rating system, the
researchers assessed 25 construction projects and as a result, the system could be effectively used
in the industry in order to develop, plan and evaluate safety in construction projects. A detail
description of the rating system can be found in chapter 5.
As seen in pilot studies, the researchers suggested that the idea of constructing green
buildings without any precautions can lead to poor safety performance, and supported the
significance of considering safety during not only construction, but also whole lifecycle of a
green facility. Thus, it is crucial to understand the green project qualifications, the possible threats
and the safety risks associated with these buildings.
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2.6.3

Safety Risks Associated with LEED Design and Practices
Recent research studies suggested that green features have safety impacts for field

construction. A recent research study conducted by Fortunato III et al. (2012) identified the safety
risks associated with LEED credits by investigating six detailed case studies and two validation
case studies. In order to be familiar with the construction injuries and to be able to evaluate
whether the studied construction environments were hazardous, the research team first identified
the traditional safety concerns. These major concerns were shown in Table 2-6 with the examples
of each.
Table 2-7: Traditional Safety Concerns in Construction Sites (Fortunato III et al. 2012)
Major Concerns with Examples
Falls from roofs, scaffoldings, staging, ladders or on the same level
Overexertion injuries due to greater amount of physical force repetitive motions
Caught-in injuries such as collapse and trench work
Struck-by incidents caused by equipment, vehicles and falling materials

Further, the research team defined the green design features and construction practices
implemented in those case studies in order to achieve LEED certification. Through interviews
they assessed the hazards of each design feature and practice, and supported the assessment with
injury reports. In the results, they found that there were increases in the safety risks associated
with LEED project construction. The LEED credits were analyzed as sub-units and among the 55
LEED credits, 13 credits were noted for increasing the safety and health risks of construction
workers. The LEED credits increased the safety risks are shown in Table 2-7 with respect to the
types of injuries they are related to. Compared to the traditional methods, implementing LEED
design and practices increased duration of exposure to known hazards, increased exposure to
repetitive motion, and placed workers in unfamiliar environments (Fortunato III et al. 2012).
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Table 2-8: Credits that increase the hazards faced by workers (Modified from Fortunato III et
al. 2012)
LEED Credits

Increase in Hazard

Struck-by, Fall, Caught-in,
Standing water
Overexertion, Fall
SS Credit 7.2:Heat Island Effect-Roof
Overexertion, Exposure to chlorine
WE Credit 2:Innovative Wastewater Technologies
Overexertion, Fall
EA Credit 1:Optimize Energy Performance
Struck-by, Fall
EA Credit 2:On-site Renewable Energy
Fall
EA Credit 3:Enhanced Commissioning
Struck-by, Exposure to abrasions, air born
MR Credit 2:Construction Waste Management
gypsum & musculoskeletal injuries
Fall
IEQ Credit 1:Outdoor Air Delivery Monitoring
IEQ Credit 3.1: Construction IAQ Management Plan-During Constr. Fall
Fall, Exposure to silica
IEQ Credit 4.1:Low-Emitting Materials-Adhesives and Sealants
Overexertion
IEQ Credit 5:Indoor Chemical and Pollutant Source Control
Fall
IEQ Credit 6.1:Controllability of systems-Lighting
Overexertion
IEQ Credit 8.1:Daylight 75% of Spaces
SS Credit 6.2:Stormwater Quality Control

The duration of working at height; with electrical current; near unstable soils; and near heavy
equipment are increased by the implementation of LEED design and practices. Moreover,
implementation of those practices required lifting heavy materials; such as piping, roofing,
windows and ductworks, in awkward positions which increased the exposure to overexertion
hazards. Finally, the new working environment was often unfamiliar to workers with the new
techniques and materials; such as constructing an atrium, implementing vegetative roofs, and
installing photovoltaic panels (PV), all of which created new potential safety risks. For example,
WE Credit 2: Innovative Wastewater Technologies includes a dual system to remove and recycle
wastewater whereas traditional design has a single removal system. Since the new system
requires greater amount of piping, the exposure to repetitive tasks and overexertion is increased.
IEQ Credit 4.1: Low-Emitting Materials-Adhesives and Sealants requires rework during
construction due to typically lower quality of materials; therefore, increases the exposure to falls
especially in roof installations.
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As a follow-up to the previous research, another study by Dewlaney et al. (2012) quantified
the increase in the identified safety risks by conducting 26 interviews and 11 validation
interviews with owners and designers. The objective of this research study is stated as “to
quantify the increase or decrease in base-level safety risk resulting from the design elements and
construction means and methods implemented to achieve LEED credits.” The results included
percentage base increase in the risks associated with LEED credits. The most significant impacts
are summarized below:


Lacerations, strains, and sprains are 36% increased due to recycling construction
materials,



Falls to lower level during roof work; such as, installation of on-site renewable
energy, are 24% increased,



Due to the installation of reflective roof membranes there is 19% increase in eye
strain,



Exposure to harmful substances is 14% increased because of the installation of
innovative wastewater technologies.

Before constructing a green building, it is important to understand the impacts of LEED
design and practices in order to have enough precautions to the potential risks and to achieve a
better safety performance. Current literature demonstrates that constructing green buildings has
increased the safety risks. However, a gap that examines the relative impacts of green
construction on safety performance of green contractors still exists.
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2.7 Problem Statement and Contributions
Current literature shows the positive impacts of integration on both green construction
and safety performance. Since green building design and construction requires integration, it is
expected to have better safety performance in green construction. However, Fortunato III et al.
(2012) identified the safety risks associated with LEED design and practices in HPG building
projects and Dewlaney et al. (2012) quantified the relative impacts of those safety risks.
Therefore, current literature lacks in identifying the seeming discrepancy between integration and
safety performance in green building construction (Figure 2-8).

Figure 2-8: Problem definition
The case studies addressed the context of these risks and the scale of these problems at
the project level; but the relative impact of green building construction on safety performance was
not quantified yet on a company level and the confirmation that the case study outcomes can be
generalized to the green building industry was not fully demonstrated. There is a need for a
statistical approach in order to better understand the magnitude of the impacts and to support with
the necessary safety and health elements. Thus, the goal of this research is to identify if there is a
correlation between quantity of green construction projects and safety performance of green
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contractors. Showing the potential relation would raise the awareness on the importance of risk
mitigation strategies and make them gain more recognition for protecting the health and welfare
of the construction workforce. To that end, this study will contribute the current literature by
scaling the impacts of green building practices and identifying the potential strategies in order to
achieve successful safety performance in green building construction.
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Chapter 3

Research Methodology

3.1 Introduction
Recent research studies have suggested that green projects increase safety risks at the
project level. This research study aims to perform a large data set analysis to see the strength of
correlation between safety metrics at a company level to the amount of green construction
performed in revenues, and to identify the company strategies for achieving better safety
performance on green construction. With this intention, quantitative research methods were used
for the main efforts of this research study and the research techniques used for this study include;


Identifying variables to test the relationship at the company level,



Developing surveys to gather data



Collecting quantitative data



Performing statistical analysis to develop regression models,

And followed by qualitative casing effects, which concentrate on;


Tracking project data by conducting case studies



Conducting interviews with safety experts.

This chapter contains a description of the research process, selected techniques and
specific methodological steps followed in the investigation of research questions.
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3.2 Research Process
The research process that was followed throughout the research study is explained
sequentially in the following sections. Figure 3-1 shows the research process with respect to the
research steps followed.

Figure 3-1: Research process for collecting and analyzing data
The researcher reviewed the literature in order to identify how company safety ratings
and sustainability could be compared. Based on the reviewed literature, the researcher developed
the data collection tools; surveys were conducted to collect the required quantitative data from top
green contractors. The researcher also examined the public sources to collect quantitative
company data. After collecting both publicly available and survey data, and making the necessary
transformations to the data sets, the researcher performed the statistical analysis. In order to
match up more clearly the company implications to the project impacts, the researcher also
pursued case studies and interviews by using early suggested outcomes.

3.3 Research Steps and Techniques
The research steps followed throughout the study, the research techniques used and how
they contributed to the research study are described in the following sections.
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3.3.1

Literature Review
It is crucial to have a supporting background on construction safety and green building

construction to be able to investigate the relationships amongst the factors. A literature review
was performed by reviewing journal papers mostly from Journal of Construction Engineering and
Management, Journal of Safety Science, Construction Safety Management, Journal of Safety
Research and related MS theses and dissertations on the topics related to green building design
and construction, integrated delivery, and construction safety, green building construction safety,
and company and project level implementations. Review on construction safety and health helped
gain familiarity with the existing research methods and safety metrics; such as Experience
Modification Rate (EMR), OSHA Recordable Incident Rates (RIR) and Lost Time Case Rates
(LTCR). The green building design and construction review gave the general knowledge and
helped understand different practices that change the building industry. Review on the delivery
methods demonstrated the importance of integration and design-build delivery on project
performance outcomes in green building design and construction. The overall literature review
helped to identify the seeming discrepancy between integration and safety performance in green
projects. The literature review is presented in Chapter 2.

3.3.2

Company Level Data Collection
Review of the literature suggested the gap in research related to the generalizability of the

outcomes and lack of study of safety metrics at the company level which helped the researcher
define the variables for the data collection. The literature review also helped identify the testing
of integrated design for mitigating factors and company strategies in safety outcomes of green
building design and construction; such as, contracting method or timing of contractor
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involvement in design. After identifying the variables, the quantitative data was categorized as
publicly available data and publicly unavailable data, which determined the survey needs. This
section describes the data collection procedure.

Identification of Contractors
The research study aims to test the relationship at the company level by investigating
whether the amount of green revenue is correlated to the company safety performance; thus,
ENR’s Top 100 Green Contractor lists were reviewed to represent the potential contractors
delivering HPG buildings. The first ENR’s Top 100 Green Contractor list was published in 2007,
thus this research study aims to examine the relationship between 2007 and 2011. The contractors
listed at least three times in ENR’s Top 100 Green Contractor lists over the last five years were
selected for the first round survey. 83 companies were identified with respect to the inclusion
criteria to provide likely responses to generate a large enough data sample for significant
findings.

Collecting Publicly Available Data
The publicly available data that the researcher gathered included green building project
revenues, design-build revenues and total revenues of the identified contractors. Each year ENR
ranks companies based on their annual revenue at home and abroad. Companies are asked to
perform in the survey developed by ENR to demonstrate their particular fields of expertise.
Among the participants, companies are ranked in different market categories. For example, based
on contractors’ green contacting revenue or revenue from their services, the top 100 green
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contractors were listed to demonstrate the volume of sustainable and green projects companies
have worked on. The projects should have been registered with or targeting to achieve
certification from third party rating groups, such as the LEED by the U.S. Green Building
Council or the Green Building Initiative (Tulacz 2011).
ENR’s top lists were reviewed for the period 2007-2011 to obtain company ratings within
particular sectors, based on their annual revenues and to begin to study how revenues are related
to the amount of green work they performed during that period. The total revenues were gathered
from ENR’s Top 400 Contractors list, green revenues were gathered from ENR’s Top 100 Green
Contractors list, and design-build revenues were gathered from ENR’s Tops 100 Design-Build
Firms. Each year ENR’s top contractors are listed based on the previous year revenue data. For
instance, the collected revenue data for the top contractors lists published in 2007 contain data
from 2006.

Collecting Publicly Unavailable Data
Building upon the literature review, the researcher collected company revenues from
public sources and for data not publicly available, surveys were conducted with the safety
experts. Review on literature defined the characteristics for the survey data collection and the
contractors listed at least three times in ENR’s Top 100 Green Contractor lists over the last five
years were contacted for the first round survey. The survey candidates of this research were
selected from the identified contractors on the basis of their expertise. The safety experts; such as,
vice presidents of safety, company safety directors, regional safety directors and safety directors,
were asked for the company safety ratings over the last 5 years. Through surveys, the researcher
collected company safety ratings from 2007 through 2011; notably, EMR, RIR and LTCR.
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3.3.3

Regression Analysis and Analysis of Covariance (ANCOVA)
This research aimed to develop regression models to identify the relationship between

green construction and safety performance of green contractors. The statistical technique of
regression is selected to assist the researcher in this study since the research study aims to predict
the relationship between the variables that are described in the following section in detail.

Description of Variables
As seen in Figure 3-2, in order to test the relationship between green construction and
safety at the company level, the researcher collected revenue data to represent the amount of
green work a company performed in a year and annual safety ratings which are commonly
tracked by companies, based on occurred incidents. The descriptions of the variables are listed
below.

Figure 3-2: Representation of variables


Year as control variable
Due to the challenge of time related data collection from same companies, year might
have significant effects on the analysis based on the possible outside factors. Thus, year is
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identified as the control variable for the analysis between dependent and independent
variables.


Total Revenue
In each year companies are ranked by gross revenue in ($) millions in ENR’s Top 400
Contractors list. The researchers identified total revenue as one of the variables to
represent the amount of construction work performed in a year in testing the relationship
between green construction and safety at the company level.



Green Revenue
The green revenue data was selected in order to represent a company’s amount of green
work performed in a year. Starting from 2007, each year companies are ranked by green
construction revenue in ENR’s Top 100 Green Contractors list. The green revenue
represent the interest in constructing environmentally friendly buildings in ($) millions.



Green Revenue Percentage
A company might be performing more civil works than green works; thus, higher green
revenue of a company may not be representing the actual amount of green work. To
indicate the actual quantity of green work a company performed, the researcher also
quantified the percentages of green revenues from the total revenues for each year.



Design-Build (DB) Revenue
The idea of testing integrated design for mitigating factors on safety outcomes of green
building design and construction helped identifying design-build revenue as another
predictor of safety performance. In each year companies are ranked by design-build
revenue in ($) millions in ENR’s Top 100 Design-Build Firms list.
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Design-Build (DB)Revenue Percentage
A company might be implementing Design-Bid-Build delivery method more on its
projects than design-build delivery; thus, higher design-build revenue of a company may
not be indicating the actual amount of design-build works. To indicate the actual quantity
of design-build works a company performed, the researcher also quantified the
percentages of design-build revenues from the total revenues for each year.

Safety records are significant indicators for reflecting how a contractor performs on construction
safety. The safety variables selected for this study are:


Experience Modification Rate (EMR)
EMR defines the degree of experience in order to understand which company is better or
worse in the industry by comparing their workers’ compensation claims. It is calculated
for three year span of data and used as an insurance multiplier.



OSHA Recordable Incident Rates (RIR)
RIR is the number of workplace incidents requiring medical treatment or first aid per 100
person crew working for 200,000 hours per year.



OSHA Lost Time Case Rates (LTCR)
LTCR refers to the number of cases with the lost work days which occurred in the
workplace incidents that result in keeping workers away from work.
Revenue and safety data of each selected company were organized in a spreadsheet

format under each year from 2007 to 2011. The safety ratings (RIR, LTCR and EMR) were tested
for the impact based on the amount of total revenue, green revenue, design-build revenue, green
revenue percentage and design-build revenue percentage.
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Data Cleaning and Normalization
The revenue data differ by companies and years, and they need to be converted to allow
comparisons across the sample. The researcher identified the average construction cost indexes
from ENR’s publications for each year between 2007 and 2011 based on 2006 cost data in order
to overcome the impact of inflation. Thus, the researcher transformed the collected revenue data
in a comparable scale based on the identified indexes.
Before the analysis, it is crucial that the collected data is accurate and the level of
completeness is accounted for in the analysis. The data set was checked for normal distribution by
using the statistical analysis software, Minitab 16, in order to represent the variables into
comparable scales. When compared the other years, 2007 data did not have large enough
samples to have a reliable analysis. Thus, the researcher decided to remove the 2007 data from
the data set since it might bias the results.
For the period 2008-2011 the researcher performed Box-Cox transformation for each
year in order to transform non-normal data to follow a normal distribution. The Box-Cox helped
the researcher find optimal value of lambda as a parameter for the power transformation of the
response variables which are, in this study, RIR, LTCR and EMR. To be able to perform the BoxCox transformation the data needs to be greater than 0. Since the collected LTCR data includes
‘0’s in some years for some companies, the researcher added ‘1’ as a constant to be able to
perform the transformation. The Box-Cox transformation helped researcher correct non-normal
data between 2008 and 2011. The researcher checked the variables for normality after
transformation. 2009 LTCR data was not normally distributed (p<0.05) even though the BoxCox and other type of transformations were performed. The researcher removed 2009 LTCR from
the data set before the analysis since it might bias the results.
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Once all the data was normalized, the researcher performed ANCOVA to develop the
regression models of the variables and to test the strength of the correlations with respect to the
year effect.

Analysis of covariance (ANCOVA)
ANCOVA is the combination of regression and analysis of variance. It calculates the
impact of the covariates on the response variable and helps compare treatments (Kuehl 2000). By
analyzing data from the period between 2008 and 2011, this research study aims to identify if
safety incidents can be shown as a trend with strong correlation to green work performance; and
if integration factors can be considered to affect the safety outcomes. In this research study, due
to the challenge of time related data collection from same companies, year might have significant
effects on the analysis based on the possible outside factors. It is more appropriate to use
ANCOVA in cases with large number of variables including both categorical and continuous
values (Garcia-Berthou 2001). ANCOVA can be used if data set involves continuous and
categorical data for independent variables, and continuous data for dependent variables. Thus, the
researcher performed analysis of covariance (ANCOVA) by using the statistical analysis
software, Minitab 16, to find the significant variables in construction safety by examining both
the selected independent variables and the control variable.
By defining year as a categorical variable, each dependent variable (RIR, LTCR, and
EMR) was tested for five independent variables (Total revenue, green revenue, design-build
revenue, green percentage and design-build percentage) to measure how much they change
together. The detail results of the analysis can be found chapter 4.
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3.3.4

Project Level Data Collection
Company level analysis would show the strength of the relationship between green

building construction and safety performance; however, there is still a need to match up how the
company level implications relate to the project level impacts. Green construction projects consist
of different project outcomes; including cost, level of green, schedule and safety performances.
These projects outcomes come together and form company outcomes (Figure 3-2).

Figure 3-3: Company vs. project level
To quantify the safety approaches implemented on the construction projects for analyzing
the degree of implementation of the safety elements from company to project levels, case study
findings were used.

Case Study Approach
Company level analysis shows the strength of the relationship between green building
construction and safety performance of companies. However, case studies are important to
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present basic information of comparative project data to show planning for appropriate analysis
outcomes (Taylor et al. 2011). The research study aims to analyze the degree of implementation
of the safety elements from company to project levels; thus, case study findings were used to
quantify the safety approaches implemented on the construction projects.
The compiled case study pool includes three green building construction projects of one
green contractor from the top 83 identified companies in order to isolate context and differences
of strategies on project implementations. The contractor was selected based on personal contacts
related to emphasis on safety, interest in the research study and the possibility to have a selection
of green building construction projects to draw from. The main criterion for the case study sample
selection was to be registered as green buildings. The case studies were tracked and tested in the
focus of safety and health elements.
The main focus of the case study approach is to track project data by implementing the
Sustainable Construction Safety and Health (SCSH) rating system. The description of the SCSH
rating system and case study data follow in the investigation of the relationship between green
building construction and safety performance explained in Chapter 5.

3.3.5

Interviews with Safety Experts
This research step includes preparation of interview questions and conducting semi-

structured interviews with safety experts. In the initial survey, each of the safety experts was
asked whether they would like to participate in follow up interviews. Depending on their
responses, follow-up phone interviews were conducted in order to obtain information about the
company safety culture, use of design for safety approaches, and the company strategies to
mitigate the potential safety risks.
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Interviews are expected to add value to this research study in order to identify the
potential company strategies for achieving successful safety performance in green building
construction, and to provide detail and context for interpreting gaps between data analysis from
surveys and findings from case studies. The interview questions, which can be found in Appendix
A, address the safety issues both at the company and project level; which helps to analyze the
degree of implementation of the safety elements from company to project levels. The questions
also address the company strategies to achieve better safety outcomes; such as, any requirements
or reductions the company applies specific to green building projects or providing feedbacks in
design.
The data collected through interviews consist of words and observations of the
individuals. Thus, the analysis and interpretation of the interview data rely on the content analysis
for key phases. Before analysis, it is important to understand and organize the data; thus, the
responses to the questions are sorted into categories by coding of common words; such as top
management support or safety inspections. The detail explanation of the results can be found in
Chapter 5.

3.3.6

Summary
This chapter explained the methods and processes selected for this research study.

Quantitative and qualitative approaches are utilized as data analysis methods. A survey method
was selected as the primary data collection tool in order to obtain company data that is publicly
unavailable. The survey methodology was followed by analysis, case study evaluations and
interviews. The details of the data collection process, quantitative and qualitative data analysis
procedures, and results can be found in Chapter 4 and 5.
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Chapter 4

Data Analysis and Results

4.1 Introduction
As explained in Chapter 3, this research study aims to perform a large data set analysis to
see the strength of correlation between safety metrics at a company level to the amount of green
construction performed in revenues, and to identify the company strategies for achieving better
safety performance on green construction. With this intention, quantitative research methods were
used for the main efforts of this research study and followed by qualitative casing effects. This
chapter describes the data sets, variables, quantitative analysis steps and results. The quantitative
analysis procedure starts with normality checking and performing necessary transformations and
continues with Analysis of Covariance (ANCOVA) to test the regression by considering the year
effect between identified variables.

4.2 Data Sets and Variables
In order to test the relationship between green construction and safety at the company
level, the researcher collected revenue data to represent the amount of green work a company
performed in a year and annual safety ratings which are commonly tracked by companies based
on occurred incidents. With this intention, ENR’s Top 100 Green Contractor lists were reviewed
to represent the potential contractors delivering HPG buildings. Since the first ENR’s Top 100
Green Contractor list was published in 2007, companies were tracked covering the period
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between 2007 and 2011. 83 companies which listed at least three times in ENR’s Top 100 Green
Contractor lists over the last five years were identified to provide likely responses to generate a
large enough data sample for significant findings.
The quantitative data collected through public sources and surveys include:









Total Revenue
Green Revenue
Green Revenue Percentage of Total Revenue
Design-Build Revenue
Design-Build Revenue Percentage of Total Revenue
Experience Modification Rate (EMR)
OSHA Recordable Incident Rates (RIR)
Lost Time Case Rates (LTCR)
As seen in Figure 4-1, among the 83 green contractors, 23 ranked five times (28%), 35

ranked four times (42%) and 25 ranked three times (30%) over the last five years. The 83 firms
survey data set also consists of 50 contractors ranked at least one time in ENR’s top design-build
contractors between 2007 and 2011; however, 33 contractors (40%) were not listed in the top
design-build firms during that time period.

Figure 4-1:Data set – Demographics of 83 green contractors
Safety experts of the 83 green contractors were contacted with surveys to collect the data
not publicly available. The safety experts; such as, vice presidents of safety, company safety
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directors, regional safety directors and safety directors, were asked for the company safety ratings
over the last five years. As seen in Figure 4-2, 22 of the green contractors (26.5%) contacted
responded to the survey. Of the contractors which responded, eight green contractors ranked five
times (38%), six ranked four times (29%) and eight ranked three times (33%) in ENR’s top green
contractors list between 2007 and 2011. Among the 22 responded contractors, 14 of them (63.6)
ranked at least one time in ENR’s top design-build firm between 2007 and 2011.

Figure 4-2:Respondent demographics
Revenue and safety data of each selected company were organized in a spreadsheet
format under each year from 2007 and 2011 to test the safety ratings (RIR, LTCR and EMR) for
the impact based on the 5 variables; the amount of total revenue, green revenue, design-build
revenue; and green revenue percentages and design-build revenue percentages.

4.3 Data Cleaning, Normalization and Transformation
The quantitative data was organized in a spreadsheet format in order to prepare the
variables for the statistical analysis. The total, design-build and green revenues differ by
companies and years, and they need to be converted to allow comparisons across the sample. The
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researcher identified the average construction cost indexes from ENR’s publications for each year
between 2007 and 2011 in order to overcome the impact of inflation. Each year ENR’s top
contractors are listed based on the previous year revenue data. Thus, the researcher identified the
construction cost indexes based on 2006 cost data, and converted the collected revenue data in a
comparable scale based on the identified indexes.
Before the analysis, it is crucial that the collected data is accurate and the level of
completeness is accounted for in the analysis. The data set was checked for normal distribution by
using the statistical analysis software, Minitab 16, in order to verify the mean “0” and represent
the variables into comparable scales. When compared the other years, 2007 data did not have
large enough samples to have a reliable analysis. Thus, the researcher decided to remove the 2007
data from the data set since it might have biased the results. The eight variables were tested for
normality separately for the period between 2008 and 2011, and non-normality was identified in
the collected data. In cases when the data are not normally distributed, it is expected to apply a
function to make the data approximately normal to be able to complete the analysis. Thus, the
researcher performed Box-Cox transformation for each year in order to transform non-normal
data to follow a normal distribution. The Box-Cox transformation helped researcher to find an
optimal power transformation and optimal value of lambda from the regression equation for the
transformation of the response variables which are, in this study, RIR, LTCR and EMR. As seen
in Figure is 4-3 the RIR data of 2008 was successfully transformed (p=0.623) into a normal
distribution with the help of calculated lambda. The full set of transformations of the response
variables can be found in Appendix B.
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Figure 4-3:Representation of the normality of the transformed RIR of 2008
To be able to perform the Box-Cox transformation the data needs to be greater than 0.
Since the collected LTCR data includes ‘0’s in some years for some companies, the researcher
added ‘1’ as a constant to be able to perform the transformation. The Box-Cox transformation
helped researcher correct non-normal data between 2008 and 2011. As seen in table 4-1, the
researcher checked the variables for normality after transformation. The p values should be higher
than 0.05 to be accepted as normally distributed. 2009 LTCR data was not normally distributed
(p<0.05) even though the Box-Cox and other type of transformations were performed.
Table 4-1: Normal distribution after transformation (*p>0.05)
Response Variable
RIR
LTCR
EMR

2008
p=0.623
p=0.065
p=0.402

2009
p=0.361
p<0.005
p=0.612

2010
p=0.162
p=0.222
p=0.345

2011
p=0.133
p=0.319
p=0.096

The researcher removed 2009 LTCR from the data set before the analysis since it might
have biased the results. Once all the data was normalized, the researcher performed ANCOVA to
develop the regression models of the variables with respect to the year effect.

61
4.4 Analysis of Covariance (ANCOVA)
ANCOVA is the combination of regression and analysis of variance. It calculates the
impact of the covariates on the response variable and helps compare treatments (Kuehl 2000).
Due to the challenge of time related data collection from same companies, year might have
significant effects on the analysis based on the possible outside factors. It is more appropriate to
use ANCOVA in cases with large number of variables including both categorical and continuous
values (Garcia-Berthou 2001). Thus, the researcher performed the analysis of covariance
(ANCOVA) by using the statistical analysis software, Minitab 16.

4.4.1

Results
By defining year as a categorical independent variable, each dependent variable (RIR,

LTCR, and EMR) was tested for five independent variables (Total revenue, green revenue,
design-build revenue, green percentage and design-build percentage) to measure how much they
change together. Minitab also calculated unusual observations which are the data with large
standardized residuals. They are not the outliers, but they have the potential to skew the data as an
outlier and might have a strong influence on the results. When unusual observations occurred,
necessary corrections were applied in the next iteration by removing the unusual observations.
The researcher performed the tests three times for each set of dependent and independent
variables. Test-1 represents the first model with all data points, test-2 represents the second model
without the unusual observations from test-1 removed, and test-3 represents the third model
without the unusual observations from test-1 and test-2. The researcher decided which model to
use based on the R-Sq values. The presented results were explained through examination of the
R-sq and p values for the covariates. The following sections briefly describe the results, the detail
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analysis results of test-1, test-2 and test-3 can be found in Appendix C and regression model can
be found in Appendix D.

Recordable Incident Rate (RIR)
The researcher performed ANCOVA tests on the response variable, RIR, by pairing with
the variables total revenue, green revenue, design-build revenue, green percentage and designbuild percentage. The researcher performed the tests on three iterations for each pair. When the
regression analyses are performed on Minitab 16, regression graphs are produced. Figure 4-4 is
the regression graph of green revenue and RIR from the third iteration and indicates that the data
is normally distributed. The regression models of the other pairs for RIR can be found in
Appendix D.

Figure 4-4:Regression model of Green revenue and RIR
The researcher selected the models shown in Table 4-2, after three iterations, based on
the R-Sq values in order to identify the strongest fit of model data.
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Table 4-2: ANCOVA Results-RIR
Total Revenue vs. RIR

Coefficient

R-sq= 97.73%

Category (year)
Total Revenue
Category * Total Revenue

0.56263
0.000073

p=0.000***
p=0.000***
p=0.000***

Green Revenue vs. RIR

Coefficient

R-sq= 97.02 %

Category (year)
Green Revenue
Category * Green Revenue

0.56778
0.000247

p=0.000***
p=0.000***
p=0.000***

Design-Build Revenue vs. RIR

Coefficient

R-sq= 97.83 %

Category (year)
DB Revenue
Category * DB Revenue

0.57079
0.000210

p=0.000***
p=0.000***
p=0.000***

Green Percentage vs. RIR

Coefficient

R-sq= 94.21%

Category (year)
Green Percentage
Category * Green Percentage

0.67715
-0.000952

p=0.000***
p=0.340
p=0.625

Design-Build Percentage vs. RIR

Coefficient

R-sq= 95.39 %

Category (year)
DB Percentage
Category * DB Percentage

0.77388
-0.001518

p=0.000***
p=0.036**
p=0.115

*p=0.05 **p=0.01 ***p=0.001

Since the sample includes smaller number of companies, it was expected that some
companies occurred as unusual observations. Among the sample, four companies were removed
as unusual observations from each analysis on RIR. Based on the unusual observations, it was
recognized that the firms with much higher or lower revenues and higher or lower proportions of
green or DB work might skew the analysis and were removed, with the corresponding safety
records removed from the analysis on the response variable, RIR.
As seen in Table 4-2, the models represent very good fits with the R-sq’s above 90%.
The year is significant for all the relationships between RIR and total revenue, green revenue,
design-build revenue, green percentage and design-build percentage (p<0.05). All of the revenue
data is positively related to RIR and their relation is statistically significant, which suggests the
more the construction revenue from projects, regardless of the type or organizational structure of
projects, the higher the recordable incidents noted. However, higher revenues of a company may
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not be representative of the amount of green or design-build work that company performed. To
test the impact of the proportion of work, the researcher also tested the impact of percentages of
green revenues and design-build revenue from the total revenues for each year. Whereas the
revenue data is positively correlated, the percentages of green works and design-build works are
negatively related to RIR; however, impact of green percentage is not statistically significant
(p>0.05) while design-build percentage is statistically significant. This suggests that despite a
positive correlation with increased revenue and DB revenue, the use of integrated delivery, such
as Design-build, may mitigate safety impacts.

Experience Modification Rate (EMR)
The researcher also performed the tests for three iterations on the response variable,
EMR, by pairing with the variables total revenue, green revenue, design-build revenue, green
percentage and design-build percentage. Figure 4-5 is the regression graph of green revenue and
EMR with the highest R-sq iteration and indicates that the data is normally distributed.

Figure 4-5:Regression model of Green revenue and EMR
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The other regression models of the each pair for the EMR impact can be found in Appendix D.
When the unusual observations are reviewed, among the sample three companies arose as
unusual observations and were removed from each analysis on EMR. These unusual observations
are consistent with the unusual observations which occurred in the RIR analysis. Similarly, the
unusual observations with much higher or much lower revenues and percentages with the
corresponding safety records were removed from the analysis on the response variable, EMR.
Among the three tests for each pair, the researcher used the models shown in Table 4-3
based on the R-Sq values in order to the best model fits.
Table 4-3: ANCOVA Results-EMR
Total Revenue vs. EMR

Coefficient

R-sq=97.74%

Category (year)
Total Revenue
Category * Total Revenue

1.17596
0.000079

p=0.000***
p=0.006***
p=0.000***

Green Revenue vs. EMR

Coefficient

R-sq=97.31%

Category (year)
Green Revenue
Category * Green Revenue

1.16870
0.000156

p=0.000***
p=0.098
p=0.000***

Design-Build Revenue vs. EMR

Coefficient

R-sq=94.62%

Category (year)
DB Revenue
Category * DB Revenue

1.31448
-0.000120

p=0.000***
p=0.324
p=0.109

Green Percentage vs. EMR

Coefficient

R-sq=95.50%

Category (year)
Green Percentage
Category * Green Percentage

1.54517
-0.007556

p=0.000***
p=0.001***
p=0.002***

Design-Build Percentage vs. EMR

Coefficient

R-sq=98.58%

Category (year)
DB Percentage
Category * DB Percentage

1.34406
0.000222

p=0.000***
p=0.807
p=0.059

*p=0.05 **p=0.01 ***p=0.001

As seen in Table 4-3, the models again have the R-sq’s above 90%. The year is
significant for the relationships between EMR and total revenue, green revenue, design-build
revenue, green percentage and design-build percentage (p<0.05). Total revenue is positively
correlated to EMR. Only total revenue is statistically significant whereas Design-build and green
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revenue are not. This aligns with the findings from RIR suggesting higher revenue is suggestive
of higher safety incidents. The researcher also quantified the impact of percentages of green
revenues and design-build revenue from the total revenues for each year. Whereas the percentage
of design-build is not statistically significant, the percentage of green works is statistically
significant and negatively correlated to EMR. The higher the revenue from green building
projects the lower the experience modification ration. When controlled by year, total revenue,
green revenue, and green percentage are statistically significant; however design-build percentage
and design-build revenue are not significant.

Lost Time Case Rate (LTCR)
The response variable, LTCR, was also tested in three iterations by pairing with the
variables total revenue, green revenue, design-build revenue, green percentage and design-build
percentage.. Figure 4-6 is the regression graph of green revenue and LTCR with the highest R-sq
and indicates that the data is normally distributed. The regression models of the other pairs for
LTCR can be found in Appendix D.

Figure 4-6:Regression model of Green revenue and LTCR
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Based on the unusual observations which occurred during the analysis on LTCR, it was
recognized that the same companies with RIR and EMR analysis were again identified as the
unusual observations on LTCR. When reviewed, the unusual observations are the same as the
companies with much higher or much lower revenues and percentages.
Among the three iterations for each pair, the researcher selected the models shown in
Table 4-4 based on the previous iterations of three with the highest R-Sq values to that point
Table 4-4: ANCOVA Results-LTCR
Total Revenue vs. LTCR

Coefficient

R-sq=26.72%

Category (year)
Total Revenue
Category * Total Revenue

0.37091
0.000192

p=0.064
p=0.002***
p=0.272

Green Revenue vs. LTCR

Coefficient

R-sq=12.56%

Category (year)
Green Revenue
Category * Green Revenue

0.52209
0.000264

p=0.630
p=0.023**
p=0.686

Design-Build Revenue vs. LTCR

Coefficient

R-sq=11.53%

Category (year)
DB Revenue
Category * DB Revenue

0.57554
0.000054

p=0.843
p=0.599
p=0.989

Green Percentage vs. LTCR

Coefficient

R-sq=4.39%

Category (year)
Green Percentage
Category * Green Percentage

0.68562
-0.001962

p=0.967
p=0.273
p=0.662

Design-Build Percentage vs. LTCR

Coefficient

R-sq=43.76%

Category (year)
DB Percentage
Category * DB Percentage

0.87826
-0.005492

p=0.905
p=0.001***
p=0.958

*p=0.05 **p=0.01 ***p=0.001

The results of the tests on LCTR are represented in Table 4-4 with very low fits when
compared to the models of RIR and EMR. The year is significant for none of the relationships
between LTCR and total revenue, green revenue, design-build revenue, green revenue percentage
and design-build revenue percentage. Only total revenue and green revenue are statistically
significantly and positively correlated to LTCR. This aligns with the findings from RIR and EMR,
which suggest that higher revenues are suggestive of higher safety incidents. Design-build
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revenue percentage is statistically significantly and negatively correlated to LTCR. This suggests
that in terms of lost time injuries, the use of integrated delivery, such as design-build, can help
mitigate safety impacts. When controlled by year, none of the variables has statistically
significant relationship to LTCR. This might be because of the removal of 2009 LTCR data from
the analysis due to the lack of normality of the data.

4.4.2

Summary
This chapter examined the relationships between company revenue data and safety

performance outcomes of green building contractors by performing quantitative analysis
techniques. The analyses contributed to understanding of the relationship between green building
design and construction, and safety at the company level; and quantifying the impact of integrated
delivery approaches. Findings from the quantitative data analysis were helpful in expanding
knowledge of green building construction safety. Table 4-5 is the prescriptive representation of
the significance of the relationships between the variables of total revenue, green revenue, designbuild revenue, design-build revenue percentage and green revenue percentage and Recordable
Incident Rate (RIR), Experience Modification Rate (EMR) and Lost Time Case Rate (LTCR).
Table 4-5: Prescriptive results of the relationships between variables
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The results represented in Table 4-5 show that quantity of work (revenue data) is the
largest indicator of expected safety performance. The higher the revenue from construction
projects, the higher the safety incidents. Green revenue is positively and statistically significantly
correlated to RIR and LTCR, which means the higher the green revenue, the higher the number of
incidents. However, green revenue has no significant relationship to EMR. When considered as
percentage of work, the impact of green revenue has no significant relationship to RIR and
LTCR; which suggests, the increase in the proportion of green work there is no significant
correlation to RIR and LTCR, however, it is statistically significant and negatively correlated to
EMR.
This research study continued with the qualitative data analysis in order to match up more
clearly the company implications to the project impacts. With a richer set of information at the
project level, the research study quantified the safety approaches employed on the construction
projects to identify the implementation of the safety elements from company to project levels.
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Chapter 5

Case Studies and Interviews

5.1 Introduction
Recent studies have identified safety risks associated with specific sustainable design
attributes and practices, and shown the relative impacts of those safety risks at the project level
(Fortunato III et al. 2012; Dewlaney et al. 2012). Green construction projects consist of different
project outcomes; including cost, level of green, schedule and safety performance. These projects
outcomes come together and generate company outcomes (Figure 5-1). The relative impact of
green construction across a portfolio of projects on company safety performance was not
considered in the recent studies. Thus, this research study quantified the impact of green building
construction on safety performance at the company level.

Figure 5-1: Company vs. project level outcomes
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Although macro level analysis shows the strength of the relationship between green
building construction and safety performance of companies in some way, there is a need to match
up more clearly the company implications to the project impacts. Thus, this research study also
aims to show, with a richer set of information at the project level, how these company strategies
relate to project implementation.
To quantify the safety approaches employed on the construction projects for the
implementation of the safety elements from corporate to project levels, case study findings were
used. Three case studies from a single contractor were tracked and tested in the focus of safety
and health elements. The main focus of the case study approach is to track project data by
implementing the Sustainable Construction Safety and Health (SCSH) rating system. With this
intention, this chapter contains the description of the Sustainable Construction Safety and Health
(SCSH) rating system and case study methodology followed by the investigation of the relation
between green building construction and safety performance.
While the case studies demonstrate the differences in implementation, to better
understand how companies plan their design involvement and project implementation for green
projects and to provide detail information and context for interpreting gaps between data analysis
from surveys and findings from case studies, interviews were conducted with dedicated safety
professionals from the responding firms. The researcher conducted three semi-structured
interviews consisting of open-ended questions. This chapter describes the study results with the
potential company and project level strategies for achieving successful safety performance in
green building construction.
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5.1.1

Sustainable Construction Safety and Health (SCSH) Rating System
Rajendran and Gambatese (2009) supported that not only the safety and health of the end

users, but also the construction workforce safety should be considered if a building is designed to
perform as a sustainable project. This idea induced the purpose to analyze whether sustainable
buildings are truly sustainable in terms of workers safety.
To identify the level of effort with respect to safety on a project, the researchers proposed
the Sustainable Construction Safety and Health (SCSH) rating system which provides
information on the safety efforts implemented on construction projects. The SCSH Rating system
rates projects in parallel with the LEED scorecard to analyze the effectiveness and degree of
implementation of those elements in safety performance of construction projects.
Reviewed literature showed that having a safer working environment is not only related
to construction phase decisions, but also design choices have significant effects on construction
safety outcomes (Behm 2005; Szymberski 1997; Weinstein 2005). Considering construction
safety in the design processes lead project participants to integrate; and consequently help reduce
risks on construction worksites. With this intention, the SCSH rating system accounts for
integration of project participants; and considerations of safety during the early stages, planning
and design of projects.
The SCSH rating system collects basic project data, design and owner interaction
information, and specific safety implementation practices at construction projects. It consists of
50 safety and health elements under 13 categories, which also indicate the degree of
implementation of the safety elements from company to project levels. Table 5-1 presents the
summary list of the SCSH rating system categories, along with their corresponding total credits
that can be obtained when the elements are fully implemented. If a project implements more
safety and health elements, it would receive more credits.
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Table 5-1: SCSH Rating System Categories (Modified from Rajendran and Gambatese 2009)
# of Elements SCSH rating system categories
Possible Credits
6.6
3
Project team selection
5.5
3
Safety and health in contracts
8.1
4
Safety and health professionals
4.3
2
Safety and health commitment
27.8
13
Safety and health planning
15.3
8
Training and education
1.8
1
Safety resources
1.8
1
Drug and alcohol program
3.7
2
Accident investigation and reporting
4.2
2
Employee involvement
3.8
2
Safety inspection
8.0
4
Safety accountability and performance measurement
9.1
5
Industrial hygiene practices
100
50
Project total
With the highest score range, which corresponds to 91-100, a facility would gain
“platinum” certification. The ranges for the other level of certifications are; 76-90 for gold, 61-75
for silver and 54-60 for certified. ‘The premise of the rating system is that a higher number of
total credits received by a project would indicate a lower potential for hazards that lead to
construction worker injuries, illnesses, and fatalities’ (Rajendran and Gambatese 2009).
The rating system was implemented on 25 construction projects for validation;
consequently, it has been suggested that the higher the number of credits received by a project
increased; the lower the recordable incident rates. Thus, the SCSH rating system was shown to be
an effective indicator when used in the industry in order to develop, plan and evaluate safety in
construction projects.
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5.1.2

Description of Study Sample and Procedure
With the rating system, which accounts for owner, designer and contractor decisions, it

provides an opportunity to compare safety implementation on multiple projects to better
understand how one firm’s approach to safety influences green projects.
The compiled case study pool includes three green building construction projects of one
green contractor from the pool of 83 contractors that was selected based on personal contacts
related to emphasis on safety, interest in the research study and the possibility of multiple green
building construction projects to draw from.
The main criterion for the case study sample selection was to be registered as green
buildings and over $5M capital projects. The selected projects were seeking LEED level of
certification which consisted of one certified and two gold certifications. As it can be seen in
Table 5-2, the study sample included office building projects in two different states, though from
the same geographic region, which consisted of one renovation and two new construction
projects. The cost of the sample projects ranged from $8 million to $200 million and the size
ranged from 50,000 ft2 to 575,000 ft2. The data provided on the three projects also included the
project delivery methods (PDM) which are construction management (CM) at Risk (2) and
design-bid-build (DBB).
Table 5-2:Representation of case study characteristics
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The data received for three projects also included the number of workers, which ranged
daily from 40 to 315 workers; however, none of the projects had any OSHA recordable injuries to
date. Also, it should be noted that construction was in progress at the time of the study and the
projects ranged from 30% complete to 95% complete.

5.1.3

Data Collection Procedure
The researcher implemented the SCSH rating system on two campus projects to be able

to obtain familiarity with the rating system. The pilot study on the campus projects helped the
researcher to identify the gaps and uncertainties in the rating system and prepared the researcher
for the implementations on the three case studies.
To collect basic project data, design and owner interaction information, and specific
safety implementation practices at the projects, the researchers performed site visits to the
identified projects and met with the project teams. Project data was collected by the
implementation of the SCSH rating system through meetings with the project team members. The
project team members included project managers, project engineers, superintendents, and safety
inspectors, which provides multiple points of data to validate the collected data. Getting
responses for the same questions from multiple people who experience the process in different
perspectives decreased the bias factor for the data collection process.
Most of the questions related to the project management team; however, along with
considering some of the project specific follow through and documentation, some of the questions
related to how safety is approached by the design team and owner. Project team members were
unable to respond to some of the owner and designer related questions at the time of the meetings.
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The researcher was provided with those responses later by the project team members who
contacted the required practitioners.
In the study by Rajendran (2007) a detailed SCSH rating system guide was provided to
industry members in order to help implement the rating system with detail descriptions of each
safety and health element; including the purpose, requirements, submittals, and how to calculate
the possible credits. Based on the guide, the collected project data was arranged in a spreadsheet,
which is located in Appendix E, for the analysis to compare the projects approach the safety and
health items. The project data has been analyzed based on the SCSH rating system guide, with the
same structure and content. The following section describes the results.

5.1.4

Results and Conclusion
Implementation of the rating system provided the researcher with data on safety at both

the company and the project level, which help to analyze the degree of implementation of the
safety elements. Each safety element has a different method for calculating the potential credits.
The analysis was performed in the spreadsheet by using the suggested formulas to calculate the
received credits by each safety element for each construction project. Using the provided project
information, the total number of SCSH credits received by each project was calculated (See Table
5-3).
Since the contractor is the same for the three projects, it is expected to have the same
strategies and implementations that come from the company level safety program. However, the
total number of credits received by each project is different, which actually represents the
different implementations at the project level. Project A received 50.24 credits whereas Project B
received 74.43 and Project C received 71.17.
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Table 5-3: Representation of rating system results

As seen in Table 5-3, the company strategy items had low variability of implementation.
The three projects received the closer degree of credits for the categories which reflect the
company culture and strategies, including:






Project Team Selection
Drug and Alcohol Program
Accident Investigation and Reporting
Employee Involvement
Safety Inspection

Project implementation had higher variability between the case studies. The categories
which represent the project level are:









Safety and Health in Contracts
Safety and Health Professionals
Safety and Health Commitment
Safety and Health Planning
Training and Education
Safety Resources
Safety Accountability and Performance Measurements
Industrial Hygiene Practices
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As seen in Table 5-3, Project B and C received closer degree of credits for almost each
category. These projects have the same owner and are similar in terms of their location, type,
cost, size and LEED certification type. Project B and C are also larger projects than Project A,
which was rated significantly lower than B and C. The provided information during the data
collection process indicates that the owner of the Project A was not involved with the design and
construction process extensively, and this situation affected almost each category in receiving
lower credits.
The most dramatic differences occurred in the safety and health planning category. While
Project B and C received 22.68, Project A received 15.72. When safety and health elements under
this category are reviewed, the difference occurred at:





Safety and health during conceptual planning phase
Safety checklist for designers
Subcontractor site specific safety plan
Job hazard analysis

The project teams were asked to rate whether the safety of workers was considered
during the conceptual planning stage, whether the designer was provided with a safety checklist,
whether any requirements existed for all subcontractors to prepare a site specific safety plan, and
whether any job hazard analyses were performed prior to each major phase of work. The
responses indicated that Project A had a lower degree of implementation of these safety and
health elements.
Another higher variability occurred in safety resources category. This category requires
task-based hazard exposure database and the project teams were asked whether a detailed task
based hazard exposure database prepared and implemented. The responses indicated that Project
A did not employ this category and received 0 credits for this category.
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Project A also received dramatically lower credits for safety accountability and
performance measurement when compared to the other projects. Whereas Project A received 2.2,
project B received 8.0 and Project C received 6.5. The safety and health elements that this
category requires proper implementation to receive higher credits are:




Project Accountability and Responsibility
Safety Performance Evaluation using safety metrics
Contractor Evaluation Based on Safety Performance

Based on these safety and health elements, the project teams were asked whether a job
responsibility matrix establishing clear safety accountability and responsibility was created as
part of the project; whether project supervisors were evaluated based on safety performance on
the project; whether any safety performance evaluation metrics were used including OSHA and
company violations, OSHA recordable and LTA incident rates, near misses, accident costs or
accident investigation and claims rate; whether the owner evaluated the contractors based on
safety performance. It can be seen that the category requires owner decisions and responses
indicated that Project A did not implement most of the safety elements in this category and
received lower credits.
For industrial hygiene practices, the three projects had variations in the safety and health
element, engineering controls for health hazards. Project teams were asked whether engineering
controls was considered for all health hazards and to rate how detailed the process was. Project A
did not implement this element and eventually had the highest variation and received the lowest
credits for this category.
This section represented the case study data collection, analysis procedures and results.
Case study analysis was performed using the SCSH rating system and based on the received
credits the case study sample consisted of one “uncertified” project due to a lower SCSH rating
system outcome (Project A=50.24). Two projects received SCSH silver certification (Project
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B=74.43 and C=71.17) due to very good SCSH rating system outcome, which indicates the
higher level of implementation of the safety and health elements. Even though Project A and
Project C had the same delivery method, Project C received a higher score than Project A based
on SCSH rating system. Moreover, although Project B and Project C had different delivery
methods, they received closer degree of implementation from the SCSH rating system. Thus, it
was evident that delivery method was not the only factor driving the degree of safety and health
elements implementations. While the similar construction projects (Project B and C) received
closer number of credits, Project A received much lower number of credits, which is influenced
by different project characteristics and the impact of project complexity. This also represents the
impact of owner and designer involvements and the effect of owner requirements to achieve
better implementation for safety. It can be concluded that larger projects had better safety
implementation and safety resources. Among these three case studies, the projects with higher
levels of green received better SCSH rating system outcomes. A contractor might have different
implementations on project level based on the project requirements even though it is expected to
have the same strategies and implementations that come from the company level safety program.

5.2 Interviews with Safety Experts
While the case studies demonstrate the differences in implementation, to better
understand how companies plan their design involvement and project implementation for green
projects, interviews were conducted with dedicated safety professionals from the responding
firms.
Interviews add value to this research study because they help identify the potential
company strategies for achieving successful safety performance in green building construction.
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Interviews provided detail information and context for interpreting gaps between data analysis
from surveys and findings from case studies.
The researcher conducted semi-structured interviews with three safety experts consisting
of open-ended questions; a copy of the questions can be found in Appendix A.

5.2.1

Interviewee Selection
In the surveys, each of the safety experts was asked whether they would be willing to

participate in follow up interviews. Depending on the responses, follow-up phone interviews were
conducted with the representatives from the responding green contractors. Three interviews were
conducted and the interviewee pool consisted of at least one representative from 3, 4 and 5 times
ranked contractors. The goal was to obtain information about the company safety culture, use of
design for safety approaches, and the company strategies to mitigate the potential safety risks.

5.2.2

Interview Analysis and Results
Each individual respondent was asked about information regarding his/her company

safety and project safety programs. The interview questions addressed the safety issues both at
the company and project level. The questions also address the company strategies to achieve
better safety outcomes; such as, any requirements or reductions the company applies specific to
green building projects or providing feedback in design.
The data collected through interviews consists of content analysis using words and
observations of the individuals. Thus, the analysis and interpretation of the interview data rely on
the content analysis for key phases. Before analysis, it was important to understand and organize
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the data; thus, the responses to the questions are sorted into categories by coding of common
words. Based on the responses, the results consist of company level and project level strategies
and implementations, and how company safety culture influences project level safety.

Company Level
Questions regarding the company approaches were related to company characteristics,
culture and company safety program. Respondents also provided data on how companies plan to
mitigate general safety risks and adapt to new or innovative systems. Table 5-4 summarizes the
common company level approaches and strategies.
Table 5-4:Company Level Approaches and Strategies
Safety Input
Upper management support
Training, education and orientation
Company safety manual with customized elements for projects
Mock-up strategy
‘Unsafe until it is proven’
Interviews indicated that company safety culture starts with upper management support.
Having the active support of top management is crucial to identify, monitor and control the
potential risks because without the active support of top management no safety program would be
successful. Respondents also pointed out that it is crucial to train the people in the field and give
proper training to be able to identify safety risks, how to deal with them, and how to be prepared
to mitigate certain safety risks.
Based on the interviewee responses, it can be stated that the safety programs on both
company and project level cannot possibly be separated. Companies have a safety and health
reference manual which provides overall company guidelines for safety in order to meet project
needs. It is important to note that according to one of the safety experts “it is difficult to identify
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different company level safety strategies specific to green building design and construction,”
since so many projects are moving toward LEED. It is basically the same strategy across all
projects, which is planning with additional scope.
One of the strategies employed to adapt to new or innovative systems or methods
included a mock-up strategy. The new systems are implemented on a test project and if
implementation is successful, then appropriate safety planning is implemented on the regional
level, then on the national level. Another approach suggested by interview respondents includes
“assuming the process is not safe until proven”.
To sum up, the company safety program characteristics were similar for all the
interviewed companies used as benchmark to develop effective safety programs. Based on the
responses, for best company safety performance, safety inputs found in Table 5-4 are important.
The interviews helped identify new approaches and strategies other than those listed in SCSH
rating system or the study by Jaselskis et al. (1996) which describes the strategies both at the
company and project level to achieve better safety performance. In this research study, two of the
company level approaches and strategies identified from the interviews with the safety experts,
mock-up strategy and assuming the process is not safe until proven, are not captured in SCSH
rating system or in the study by Jaselskis et al. (1996).

Project Level
Questions regarding the project level approaches were related to project safety inputs and
safety programs. They also provided data on the responsibilities for safety and strategies at the
project level, including providing feedback in design and examples of challenges in green
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building design and construction. Table 5-5 presents the common project level approaches and
strategies.
Table 5-5:Project Level Approaches and Strategies
Safety Input
Project lead responsibility: “Typically” Superintendent
Activity hazard analysis and safety task assignment
Accountability
Site specific orientation and training
Safety inspections
As seen in Table 5-5, responses indicated that safety is everybody’s responsibility at the
project level, but the person who typically oversees the safety on the project is the superintendent.
Superintendents are responsible for the entire project site, which means they are responsible from
schedule, quality, production, cost control and safety commissioning. Safety is one of the most
important pieces of their overall responsibilities.
The interviewees also stated that each subcontractor is responsible for developing
specific activity hazard analysis for each task they are going to be performing and using activity
hazard analysis to create accountability in planning. Activity hazard analysis is developed in
cooperation with subcontractors. Foremen and superintendents from subcontractors are
responsible to bring that plan into life on job sites. After the potential hazards are identified,
controls are assigned, and each person is trained on the systematic steps of what the potential
hazards are and how to plan and control them. According to the responses, one way that is
employed at the project level to mitigate the risks is accountability. If there is an issue or an
accident on the job site, investigations are held to identify what happened or where the break
down occurred. Accountability must be the big part of this investigation process since
superintendent is responsible from ensuring safety on job sites. Safety is a part of
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superintendent’s review and the managers evaluate superintendents on how well they did or did
not.
On the job site, companies provide site specific safety orientations which cover the things
that are very specific to the jobsite from a safety perspective. There might be overlaps and
similarities with the company level orientation due to the subject, or there might be very unique
requirements to job sites. Nevertheless, companies require everyone to be oriented to every
project, even including the owners.
Companies hire management personnel to do safety inspections at controlled intervals,
such as every day or once a week. Often companies have full time or part time project safety
managers and safety engineers to conduct formal weekly job site walks. According to one
respondent, schedule can play a significant role in safety. With the safety directors’ involvement
on job site walks, feedback is obtained on planning, that is tied back into activity hazard analysis,
schedules and sequencing. Some companies also prefer having an internal auditor who is
responsible for conducting a formal audit on every project within the divisions, which is not
limited to job site observations; the formal audit has to deal with managing of safety on the
projects and requirements within the site specific safety plans. Other times, external audits are
conducted by the insurance carrier. It is conducted on a periodic basis; from a risk stand point and
how the risks are being controlled.
The interviewees were also asked to identify some of the challenges that they were faced
in green building design and construction. The challenges raised were related to new
technologies; such as, PV Panels, which have an impact both to the end user and construction
workers. Once they are installed, they are always going be absorbing energy; there would be no
way to shut off these panels and maintenance would be another challenge when they are
energized. Another challenge would be the green roof installation since it requires a proper
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planning for fall protection. One interviewee indicated that the most unique safety needs he has
observed are associated with the insulated foams and natural lighting. Insulated foams could be
the other challenge because of the product itself, which requires contractors to go to a
containment situation and it also requires industrial hygiene work to be done.
Natural lighting requires architect to capture the light with high form of windows or
skylights. Those skylights systems, depending on how they are designed, can be extremely
difficult to protect, not only for construction workers installing the product but for the end user as
well who have to access the roof to service the mechanical system for example. That comes to the
point the system complexity and the importance of the architect’s knowledge on construction
safety and working together during the design phase.
Some questions were raised for the delivery methods impacts. Respondents suggested
that in a design-build project it is easier to influence safety; because the contractor often holds the
contract over the design of the project, which is helpful to build safety into the design. In a
design-bid-build project, the opportunity to provide feedback and implement safety in design of
the actual building is limited. Providing feedback in design depends on the project complexity. As
the project complexity begins to increase, the potential to provide feedback may increase. There
are times that project designs need safety directors and estimators to be involved in almost every
step and that typically would be on the complex operations.
To sum up, in this research study, project level approaches and strategies identified from
the interviews with the safety experts are similar to those captured in SCSH rating system and the
study by Jaselskis et al. (1996). From the interview responses it can be concluded that safety
responsibilities in construction lie with site teams; resources (audits, design feedback) can help
mitigate risks; training and accountability are important in planning, and availability of resources
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can have drastic influence; such as, observations and audits which help maintain focus on safety
planning.

Company to Project Level Implementation
The researcher also asked questions to obtain information on how company level
strategies and approaches implemented on project levels, and how changes or additions are
tracked from company to project level.
Respondents suggested that the processes start with the top management, typically
identified as the vice president of risk management or safety. Then it is conveyed to the board of
safety directors to lead initiatives or changes that have to be implemented based on learning,
requirements or due to an accident. After the safety leadership approves the recommended
changes, they are communicated out through the company safety resources. The process goes on
by communicating through regional safety managers. From there it goes to the project level for
execution and training of safety managers, project managers, superintendents and project
engineers. One of the interviewees suggested that it is the regional safety manager’s responsibility
to make sure that company level strategy is implemented at the project level.
Consequently, changes in the safety programs at the project level starts with the upper
management’s approval at the company level; distributes from executive members to field teams.

5.3 Summary
This chapter represented case study data analysis and interviews for company to project
level safety implementation. Three case studies from a single contractor were tracked by
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implementing the Sustainable Construction Safety and Health (SCSH) rating system and tested in
the focus of safety and health elements. The case study approach provided data to match up the
company implications to the project impacts with a richer set of information at the project level
and helped identify how these company strategies relate to project implementation. The company
study items of the SCSH rating system had low variability between the case study
implementations. The three projects received the closer degree of credits for the categories which
reflect the company culture and strategies, including project team selection, drug and alcohol
program, accident investigation and reporting, employee involvement and safety inspection.
The categories which represent the project level had higher variability. These occurred
for safety and health in contracts, safety and health professionals, safety and health commitment,
safety and health planning, training and education, safety resources, safety accountability and
performance measurements and industrial hygiene practices. The contractor was the same for the
three projects, thus it was expected that all three projects would have the same strategies and
implementations that come from the company level safety program. The variations in the project
implementations were notably different, particularly for owner engagement specific to safety and
for the scale of projects, with larger projects having notably higher ratings. It can be concluded
that larger projects may have better safety implementations, possibly due to the availability of
safety resources.
While the case studies demonstrate the differences in implementation, to better
understand how companies plan their design involvement and project implementation for green
projects, interviews were conducted with dedicated safety professionals from the responding
firms. Semi-structured interviews were conducted with safety experts from identified contractors.
Interviews add value to this research study by identifying the translation from company strategies
to projects for achieving successful safety performance in green building construction. Project
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level approaches and strategies identified from the interviews with the safety experts are similar
the ones captured in SCSH rating system. From the interview responses it can be concluded that
safety responsibilities in construction lie with site teams; resources (audits, design feedback) can
help mitigate risks; training and accountability are important in planning, and availability of
resources can have drastic influence; such as, observations and audits ability to help maintain
focus on safety planning. Interviews provided detailed information and context for interpreting
gaps in three areas: implementation resources, consistency in project implementation for safety
planning, and how safety culture affects project safety environments.
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Chapter 6

Summary and Conclusions

6.1 Summary
Recent studies have identified safety risks associated with specific sustainable design
attributes and practices, and shown the relative impacts of those safety risks at the project level
(Fortunato III et al. 2012; Dewlaney et al. 2012). However, the relative impact of green
construction across a portfolio of projects on company safety performance was not considered in
the recent studies. Thus, this research study quantified the impact of safety metrics at a company
level based on the amount of green construction captured via revenues. With this intention,
quantitative research methods were used for the main efforts of this research study and the
researcher performed statistical analysis to develop regression models. The statistical technique of
regression is selected to assist the researcher in this study because the research study aims to
predict the impact of the variables, total revenue, green revenue, design-build revenue, designbuild revenue percentage and green revenue percentage on the three safety metrics; Recordable
Incident Rate (RIR), Lost Time Case Rate (LTCR), and Experience Modification Rate (EMR).
The study was followed by qualitative methods, including tracking project data by
conducting case studies and conducting interviews with survey respondents. In order to obtain
data to match the company implications to the project impacts and to identify how these
company strategies relate to project implementation three case studies from a single contractor
were compared by implementing the Sustainable Construction Safety and Health (SCSH) rating
system. While the case studies demonstrate the differences in implementation, to better
understand how companies plan their design involvement and project implementation for green
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projects, semi-structured interviews were conducted with dedicated safety professionals from the
responding firms. Interviews add value to this research study by identifying the translation from
company strategies to projects for achieving successful safety performance in building
construction including green projects. Based on the quantitative and qualitative analysis, the
following conclusions were derived.

6.2 Conclusions
The major objective of this research study was to investigate whether the volume of green
building construction impacts safety performance of contractors. Regression analyses were
performed among green construction and safety metrics of 22 companies to test the presence of
relationships among the variables at the company level. Based on the analyses of the study
sample, this study found the following outcomes based on the research questions:
1. What is the amount of the safety impact relative to revenues from green construction
projects?
Table 6-1: Prescriptive representation of the significance of the relationships
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Table 6-1 is the prescriptive representation of the significance of the relationships
between the variables of total revenue, green revenue, design-build revenue, design-build revenue
percentage and green revenue percentage and Recordable Incident Rate (RIR), Lost Time Case
Rate (LTCR), and Experience Modification Rate (EMR). From the table representation, it can be
concluded that:


Quantity of work (revenue data) is the largest indicator of expected safety performance.
The higher the construction revenue, the higher the safety incidents.



Green revenue is positively and statistically significantly correlated to RIR and LTCR,
which means the more green construction revenue, the higher the number of incidents.
However, green revenue had no significant relationship to EMR.



When controlled by year, the impact of green revenue is significant for RIR and EMR;
however, it was not significant with LTCR.



When considered as percentage of work, the impact of green revenue has no significant
relationship to RIR and LTCR; however, it is statistically significant and negatively
correlated to EMR. When controlled by year, the impact of green revenue percentage still
is not significant on RIR and LTCR; however, it has still statistically significant
relationship with EMR.

2.

What project delivery factors may impact the safety effects?


Based on the ANCOVA results that are represented in Table 6-1;
o

Design-build revenue is statistically significant and positively correlated to
recordable incidents; however the amount of design-build works based on
percentage, is significant and negatively correlated. The year is a significant
factor on both their relations to recordable incidents; however when controlled by
year the percentage is no more significant.
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o

Neither design-build revenue nor the percentage is statistically significant with
regard to EMR; however the year is a statistically significant factor on both their
relations to experience modification factor.

o

In terms of the impact on the lost time cases, only design-build percentage is
statistically significant and negatively correlated.



Based on case study and interview results;
o

In a design-bid-build project, the opportunity to have feedback and implement
safety in design of the actual building is limited.

o

It was not evident in the case study results that having different delivery methods
affected the degree of safety and health elements implementations; however, the
level of involvement in preconstruction, noted by the project team, led them to
discuss it as a Design-Bid-Build until more detailed timing was verified.

o

Design-build projects may be easier to influence safety in design; since
contractor often has control over the design of the project to build safety into the
design.

3.

What are the concerns from company to project level implementation specific to green
building projects? What safety strategies are being used by the firms?


Based on the case study results:
o

Project level categories had higher variability whereas the company categories
had low variability.

o

The variations in the project implementations were notably different for owner
engagement, and designer involvement.
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o

Larger projects received notably higher ratings from SCSH implementations.
Potentially due to the availability of safety resources; larger projects had better
safety implementations.



Project level approaches and strategies identified from the interviews with the safety
experts are similar to those captured in SCSH rating system, which are;
o

Safety responsibilities in construction lie with site teams,

o

Resources (audits, design feedback) can help mitigate risks,

o

Training and accountability are important in planning,

o

Availability of resources can have drastic influence; such as observations and
audits ability to help maintain focus on safety planning.



Interviews provided detailed information and context for interpreting gaps in three areas:
o

Implementation resources; greater access at larger and more complex projects,

o

Consistency in project implementation for safety planning,

o

Safety culture affects project safety environments, but is led by the site team at
the project level.

This section represented the conclusions derived from the quantitative and qualitative
analysis. Quantitative analysis includes testing the impact on safety metrics at a company level
for the amount of green construction captured via revenues. The statistical technique of regression
is selected to assist the researcher in this study since the research study aims to predict the impact
of the variables, total revenue, green revenue, design-build revenue, design-build revenue
percentage and green revenue percentage on the three safety metrics; Recordable Incident Rate
(RIR), Experience Modification Rate (EMR) and Lost Time Case Rate (LTCR). Qualitative
methods included case studies and interviews. While the case studies demonstrate the differences
in implementation, interviews helped to better understand how companies plan their design
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involvement and project implementation for green projects, and identify the translation from
company strategies to projects for achieving successful safety performance in building
construction including green projects.

6.3 Contributions
The core contribution of this research is to demonstrate that the relationship of green
design to construction safety is not simple and that having green aspects does not inherently make
a construction project less safe. The relationship of integrated practices, such as design for safety,
along with owner engagement and allocation of safety resources and planning are critical to the
safety of the workforce on any jobsite, whether pursuing green certification or not.
Contributions of this research study are described below:
1) Testing the relationship between green construction and safety at the company level:
Previous research has studied the impacts of green building design and construction on
construction safety, and identified the increased safety risks at the project level. This research
study investigated the relationship at the company level and results suggested that the increase in
the percentage of green construction works over the total construction works did not affect safety
outcomes and did not emerge as increased safety incidents.
2) Identifying integrated design approaches as a mitigating factor:
This research study identified the potential impact of implementing design-build delivery method
on achieving better safety outcomes in green building projects. Despite a positive correlation with
increased revenue, the increase in the use of integrated delivery, such as design-build, was
suggested to mitigate safety impacts.
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3) Contributing the literature in green construction safety:
This research study contributed the construction community to better discuss and understand the
context with the expanded knowledge base in green construction safety. This research study also
provides a path for future green building construction safety research at the company level and
contributes the green building community to achieve better safety outcomes.

6.4 Limitations
The following are the limitations to the research being undertaken:


Survey based methodology –Although selected sample contains a large number of

contacts, response rates were lower than desired at. Respondents might have had biases regarding
the requested data, might have relied on memory for certain metrics; inaccurately and
consequently, it might have led the respondents to share incorrect information. The analyses in
this research study were performed by assuming that the data received represented the accurate
company ratings.


Selected Contractor Pool– The researcher identified contractors from the Top 100

Green Contractors. However, the top contactors list may not properly represent the green
contractor population since it was not a random sample and also was unable to represent the
variable size projects; number of small vs. large projects; and this might have influenced the
analysis. The Top 100 Green Contractors of each year through 2007 to 2011 have already been
listed; thus, the approach of selecting the Top 100 Green Contractors is not a normal population.
Moreover, since the Top Green Contractors List published in 2007 includes only 50 contractors,
the researcher was unable to use 2007 data of companies; this also limits and made the sample
smaller. Similarly, using survey respondents for interviews might have created bias problem
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because the respondents would not represent safety practices outside the pool. The largest
revenue may simply have come from companies with the largest green projects, which based on
the finding that larger projects received greater safety resources, may be a factor in the outcomes.


Certainty of Project Level of “High Performance Green” – The interest of this

research is on safety of HPG Projects. In this research the researcher assumed that the top green
contractors had a representative portion of HPG projects; however, there is no simple way to
verify this assumption. Revenues could have been skewed by one or two large projects as
opposed to many smaller green projects. Green projects are variable and has different levels of
certification. The number of projects in different sizes and different levels of certification, such as
certified vs. platinum, is unclear in the revenue data. The statistical analyses in this research study
could have been representative of minimal green attributes rather than the challenging dynamic
expected in HPG. However, by cultural measures alone, in green building construction companies
might have strong environmental health and safety cultures which might be sufficient to balance
the increased risks previously introduced.

6.5 Future Work
The future green construction safety work would rely on the outcomes and lessons
learned from this research study and would consider working on the following concepts:


Because of the survey response rates and removal of the unusual data occurred, the

research study analyzed the relations with a small sample size. Analysis with more cases is
recommended for further consideration to provide a better understanding of the relationships
among the response variables; RIR, EMR and LTCR, and independent variables; total revenue,

98
green revenue, design-build revenue, green revenue percentage and design-build revenue
percentage.


In this research study, the relationships between the variables were tested separately.

Future work should focus on testing the relations one at a time by using a combination of the
statistical data for the inherent year by year dependencies; such as testing the relationships with a
more complex model using structural equation modeling.


For the purpose of the study the researcher collected safety data including RIR, EMR,

and LTCR. One of the respondent contractors also provided total OSHA recordable injury rate
with the subcontractors data. This induced that idea that the future work would focus on the TRIR
data which would better represent overall project safety.


Future work should also focus on the relationship between safety and green construction

specifically differentiating different levels of certification; certified, silver, gold and platinum,
and different levels of delivery methods; design-bid-build, design-build and construction
management at risk, of the projects at the company level.


Future work should also focus on the impact of learning curve of companies. By tracking

the process and changes from the start with the initial attempts to delivering green buildings.
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Appendix A

Interview Questions
1. How does your company approach safety in terms of corporate strategy / culture / type of
safety program?
a. What are the responsibilities for safety at project level? (Who?)
2. What strategies does your company employ to plan and mitigate general safety risks?
a. How do you implement corporate safety approaches at project level? Example?
3. Do you provide feedback in design to try to influence safety on your projects? If so –
How/when?
4. How does your company plan and approach new or innovative systems or methods for
projects? How does this differ from typical approach? Do you engage any design assistance
from Design-Assist subs?
5. How often do LEED projects or green systems have this occurrence? (innovative / new
systems) – contrast to non-green projects
6. Have you noticed any particular safety impacts associated with green buildings? Could you
please give examples?
7. Have you noticed any unique safety needs, planning, or reduction in requirements specific to
green building projects? Do you employ any strategies specific to green attributes?
OTHER:
1. Are project managers required to have site specific safety orientation in all projects?
2. Do you provide on-site audit / observation programs for safety? How?
3. Do you provide on-going safety training directed at subs’ foreman and workforce, (other than
toolbox talks and monthly meetings)?
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Appendix B

Normality Tests
The researcher performed Box-Cox transformation for each year in order to transform
non-normal data to follow a normal distribution. The Box-Cox transformation helped researcher
to find an optimal power transformation and optimal value of lambda from the regression
equation for the transformation of the response variables which are, in this study, RIR, LTCR and
EMR. Below are the figures of the transformed data.

Figure B-1: Transformed RIR of 2008 with p=0.623

Figure B-2: Transformed EMR of 2008 with p=0.402
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Figure B-3: Transformed LTCR of 2008 with p=0.065

Figure B-4: Transformed RIR of 2009 with p=0.361

Figure B-5: Transformed EMR of 2009 with p=0.612
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Figure B-6: Transformed LTCR of 2009 with p<0.005

Figure B-7: Transformed RIR of 2010 with p=0.162

Figure B-8: Transformed EMR of 2010 with p=0.345
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Figure B-9: Transformed LTCR of 2010 with p=0.222

Figure B-10 Transformed RIR of 2011 with p=0.133

Figure B-11: Transformed EMR of 2011 with p=0.096

`109

Figure B-12: Transformed LTCR of 2011 with p=0.319
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Appendix C

ANCOVA Results
The researcher performed ANCOVA tests on the response variables, RIR, EMR and
LTCR, by pairing with the variables total revenue, green revenue, design-build revenue, green
percentage and design-build percentage. The researcher performed the tests three times for each
pair by using the statistical software, Minitab 16. Minitab also calculated unusual observations as
data with large standardized residuals which might have a strong influence on the results. When
unusual observations occurred, necessary corrections were applied on datasheet by removing the
unusual observations. In each Table below, Test-1 represents the first model with all data points,
test-2 represents the second model without the unusual observations from test-1, and test-3
represents the third model without the unusual observations from test-2. The researcher decided
to use the model based on the highest R-Sq values and n>30 in order to identify the strongest
relationships. The selected models are highlighted with green color.
Table C-1: Total Revenue vs. RIR
Test -1
Category
Total Revenue
Category * Total Revenue
Test -2
Category
Total Revenue
Category * Total Revenue
Test-3
Category
Total Revenue
Category * Total Revenue
*p=0.05 **p=0.01 ***p=0.001

Coefficient
0.63600
0.000030

R-sq= 84.31%
p=0.000***
p=0.068
p=0.041*

Coefficient
0.57294
0.000065

R-sq= 95.83%
p=0.000***
p=0.000***
p=0.000***

Coefficient
0.56263
0.000073

R-sq= 97.73%
p=0.000***
p=0.000***
p=0.000***
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Table C-2: Green Revenue vs. RIR
Test -1
Category
Green Revenue
Category * Green Revenue
Test -2
Category
Green Revenue
Category * Green Revenue
Test -3
Category
Green Revenue
Category * Green Revenue

Coefficient
0.62715
0.000125

R-sq= 84.58%
p=0.000***
p=0.122
p=0.013**

Coefficient
0.57604
0.000221

R-sq= 94.65%
p=0.000***
p=0.000***
p=0.000***

Coefficient
0.56778
0.000247

R-sq= 97.02%
p=0.000***
p=0.000***
p=0.000***

Table C-3: Design-Build Revenue vs. RIR
Test -1
Category
DB Revenue
Category * DB Revenue
Test -2
Category
DB Revenue
Category * DB Revenue
Test -3
Category
DB Revenue
Category * DB Revenue

Coefficient
0.67681
0.000031

R-sq= 89.85%
p=0.000***
p=0.345
p=0.408

Coefficient
0.61446
0.000126

R-sq= 96.00%
p=0.000***
p=0.009***
p=0.000***

Coefficient
0.57079
0.000210

R-sq= 97.83%
p=0.000***
p=0.000***
p=0.000***

Coefficient
0.72450
-0.000981

R-sq= 81.20 %
p=0.000***
p=0.499
p=0.951

Coefficient
0.71019
-0.000596

R-sq= 88.47%
p=0.000***
p=0.622
p=0.980

Coefficient
0.67715
-0.000952

R-sq= 94.21%
p=0.000***
p=0.340
p=0.625

Table C-4: Green Percentage vs. RIR
Test -1
Category
Green Percentage
Category * Green Percentage
Test -2
Category
Green Percentage
Category * Green Percentage
Test -3
Category
Green Percentage
Category * Green Percentage
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Table C-5: Design-Build Percentage vs. RIR
Test -1
Category
DB Percentage
Category * DB Percentage
Test -2
Category
DB Percentage
Category * DB Percentage
Test -3
Category
DB Percentage
Category * DB Percentage

Coefficient
0.70812
-0.000157

R-sq= 88.59 %
p=0.000***
p=0.893
p=0.954

Coefficient
0.73571
-0.000810

R-sq= 92.24 %
p=0.000***
p=0.448
p=0.815

Coefficient
0.773888
-0.001518

R-sq= 95.39%
p=0.000***
p=0.036**
p=0.115

Coefficient
1.17945
0.000033

R-sq= 88.73%
p=0.000***
p=0.118
p=0.001***

Coefficient
1.19282
0.000036

R-sq= 94.89%
p=0.000***
p=0.212
p=0.000***

Coefficient
1.17596
0.000079

R-sq= 97.94%
p=0.000***
p=0.006***
p=0.000***

Coefficient
1.20721
0.000084

R-sq= 88.90%
p=0.000***
p=0.449
p=0.004***

Coefficient
1.14849
0.000185

R-sq= 95.46%
p=0.000***
p=0.046*
p=0.000***

Coefficient
1.16870
0.000156

R-sq= 97.31%
p=0.000***
p=0.098
p=0.000***

Table C-6: Total Revenue vs. EMR
Test -1
Category
Total Revenue
Category * Total Revenue
Test -2
Category
Total Revenue
Category * Total Revenue
Test -3
Category
Total Revenue
Category * Total Revenue

Table C-7: Green Revenue vs. EMR
Test -1
Category
Green Revenue
Category * Green Revenue
Test -2
Category
Green Revenue
Category * Green Revenue
Test -3
Category
Green Revenue
Category * Green Revenue
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Table C-8: Design-Build Revenue vs. EMR
Test -1
Category
DB Revenue
Category * DB Revenue
Test -2
Category
DB Revenue
Category * DB Revenue
Test -3
Category
DB Revenue
Category * DB Revenue

Coefficient
1.19506
0.000055

R-sq= 87.06 %
p=0.000***
p=0.447
p=0.333

Coefficient
1.31448
-0.000120

R-sq= 94.62 %
p=0.000***
p=0.324
p=0.109

Coefficient
1.29079
0.000022

R-sq= 96.19%
p=0.000***
p=0.910
p=0.156

Coefficient
1.21314
0.000649

R-sq= 85.96 %
p=0.000***
p=0.754
p=0.915

Coefficient
1.42684
-0.004176

R-sq= 93.26 %
p=0.000***
p=0.036**
p=0.115

Coefficient
1.54517
-0.0075556

R-sq= 95.50 %
p=0.000***
p=0.001***
p=0.002***

Table C-9: Green Percentage vs. EMR
Test -1
Category
Green Percentage
Category * Green Percentage
Test -2
Category
Green Percentage
Category * Green Percentage
Test -3
Category
Green Percentage
Category * Green Percentage

Table C-10: Design-Build Percentage vs. EMR
Test -1
Category
DB Percentage
Category * DB Percentage
Test -2
Category
DB Percentage
Category * DB Percentage
Test -3
Category
DB Percentage
Category * DB Percentage

Coefficient
1.2919
-0.001014

R-sq= 86.58%
p=0.000***
p=0.686
p=0.473

Coefficient
1.34303
-0.001316

R-sq= 94.95%
p=0.000***
p=0.406
p=0.084

Coefficient
1.34406
0.000222

R-sq= 98.58%
p=0.000***
p=0.807
p=0.059
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Table C-11: Total Revenue vs. LTCR
Test -1
Category
Total Revenue
Category * Total Revenue
Test -2
Category
Total Revenue
Category * Total Revenue
Test -3
Category
Total Revenue
Category * Total Revenue

Coefficient
0.51839
0.000062

R-sq= 12.84 %
p=0.664
p=0.009***
p=0.729

Coefficient
0.46154
0.000125

R-sq= 17.19 %
p=0.510
p=0.004***
p=0.585

Coefficient
0.37091
0.000192

R-sq= 26.72 %
p=0.064
p=0.002***
p=0.272

Coefficient
0.52209
0.000264

R-sq= 12.56%
p=0.630
p=0.023**
p=0.686

Coefficient
0.52125
0.000260

R-sq= 8.31%
p=0.781
p=0.099
p=0.926

Coefficient
0.53202
0.000217

R-sq= 4.41%
p=0.777
p=0.281
p=0.909

Table C-12: Green Revenue vs. LTCR
Test -1
Category
Green Revenue
Category * Green Revenue
Test -2
Category
Green Revenue
Category * Green Revenue
Test -3
Category
Green Revenue
Category * Green Revenue

Table C-13: Design-Build Revenue vs. LTCR
Test -1
Category
DB Revenue
Category * DB Revenue
Test -2
Category
DB Revenue
Category * DB Revenue
Test -3
Category
DB
Category * DB Revenue

Coefficient
0.57554
0.000054

R-sq= 11.53 %
p=0.843
p=0.599
p=0.989

Coefficient
0.6545
-0.000293

R-sq= 23.03 %
p=0.326
p=0.396
p=0.329

Coefficient
0.6493
-0.000256

R-sq= 16.68 %
p=0.454
p=0.650
p=0.613
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Table C-14: Green Percentage vs. LTCR
Test -1
Category
Green Percentage
Category * Green Percentage
Test -2
Category
Green Percentage
Category * Green Percentage
Test -3
Category
Green Percentage
Category * Green Percentage

Coefficient
0.68562
-0.001962

R-sq= 4.39 %
p=0.967
p=0.273
p=0.662

Coefficient
0.67711
-0.001563

R-sq= 1.82 %
p=0.987
p=0.455
p=0.883

Coefficient
0.64252
0.000221

R-sq= 0.69 %
p=0.871
p=0.928
p=0.908

Table C-15: Design-Build Percentage Revenue vs. LTCR
Test -1
Category
DB Percentage
Category * DB Percentage
Test -2
Category
DB Percentage
Category * DB Percentage
Test -3
Category
DB Percentage
Category * DB Percentage

Coefficient
0.87826
-0.005492

R-sq= 43.76 %
p=0.905
p=0.001
p=0.958

Coefficient
0.95380
-0.006303

R-sq= 70.03 %
p=0.706
p=0.000
p=0.608

Coefficient
0.95702
-0.006623

R-sq= 74.67 %
p=0.714
p=0.000
p=0.821
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Appendix D

Regression Models
When the analyses are performed on Minitab 16, regression graphs are produced. Figure
4-4 is the regression graph of green revenue and RIR with the highest R-sq and indicates that the
data is normally distributed. The regression models of the pairs can be found below:

Figure D-1:Total revenue and RIR

Figure D-2:Green revenue and RIR
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Figure D-3:Design-build revenue and RIR

Figure D-4:Green revenue percentage and RIR

Figure D-5:Design-build revenue percentage and RIR
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Figure D-6:Total revenue and EMR

Figure D-7:Green revenue and EMR

Figure D-8:Design-build revenue and EMR
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Figure D-9:Green revenue percentage and EMR

Figure D-10:Design-build revenue percentage and EMR

Figure D-11:Total revenue and LTCR
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Figure D-12:Green revenue and LTCR

Figure D-13:Design-build revenue and LTCR

Figure D-14:Green revenue percentage and LTCR
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Figure D-15:Design-build revenue percentage and LTCR
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Appendix E

SCSH Rating System Results

Credits

Project A

Project B

Project C

Yes=1 No=0

Yes=1 No=0

Yes=1 No=0

6.6

3.066666667

3.066666667

3.066666667

2.3

Points

1.Project Team Selection
1.1 Constructor Selection

1.15

1.15

1.15

EMR

1

1

1

Incident rates

0

1

1

OSHA citations

0

1

1

Personal interviews/knowledge

1

0

0

Safety program reviews

1

0

0

Claims rate

0

0

0

1.916666667

1.916666667

1.916666667

1.2 Subcontractor Selection

2.3
EMR

1

1

1

Incident rates

1

1

1

OSHA citations

1

1

1

Personal interviews/knowledge

1

1

1

Safety program reviews

1

1

1

0

0

0

0

0

0

Past safety experience

0

0

0

Knowledge of construction safety and health

0

0

0

willingness to design for safety

0

0

0

Personal interviews/knowledge

0

0

0

5.5

0.63

3.22

3.56

2.2

0.63

2.20

2.20

Safety Representative

0

1

1

Claims rate
1.3 Designer Selection

2

2.Safety and Health in Contracts
2.1 Safety and Health Requirements in Contracts
Drug and alcohol program

0

1

1

Orientation and site specific training for all workers

1

1

1

Near miss investigations

0

1

1

Site specific safety plan

0

1

1

Top management commintment

1

1

1

0

1

1

0

0

0

0

0

0

Pre-bid, award, construction safety meetings
2.2 Safety and Health Hazard Identification in Drawings
Were safety and health hazards identified in the construction
drawings? If yes, how detailed was the process, rated on a scale from
1 to 5? If this criteria was not considered, 0 points will be awarded. (1
= Very low, 2 = Low, 3 = Moderate, 4 = High, 5 = Very high)

1.6
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2.3 Specification of Less Hazardous Materials

1.7

0

1.02

1.36

0

3

4

8.1

1.9

4.3

6.3

2.4

0

2.4

2.4

0

1

1

0

0

0

0

0

0

0

0

2

0

0

1

1.9

1.9

1.9

1

1

1

Was specification of less hazardous materials considered/ specified? If
yes, how detailed was the process, rated on a scale from 1 to 5? If
criterion was not considered, 0 points will be awarded. (1= Very low, 2
= Low, 3 = Moderate, 4 = High, 5 = Very high)
3.Safety and Health Professionals
3.1 Competent Personnel for All High Hazard Tasks
Were competent personnel assigned for all high hazard tasks?
3.2 Owner Safety Representative

1.8

Did the project have an owner safety professional?
3.3 Constructor Safety Representative
Did the project have a full time safety professional representing the
constructor?
3.4 Subcontractor Safety Representative
Did the project have a subcontractor safety professional (full-time/parttime)?
4.Safety and Health Commitment

1.9

4.3

3.30

2.84

3.17

4.1 Management Commitment to Safety and Health

2.3

2

2.3

1.84

1.84

Safety mission statement signed

1

0

0

Safety addressed in meetings

1

1

1

Job site visits (monthly)

1

1

1

Participation in accident investigation

1

1

1

Review of project safety plan

1

1

1

1.00

1.00

1.33

Safety mission statement signed

0

0

0

Participation in meetings

0

0

1

Job site visits (monthly)

1

1

1

Participation in accident investigation

1

1

1

Review of project safety plan

1

1

1

Safety budget

0

0

0

4.2 Owner/Representative Commitment to Safety and Health

2

5.Safety and Health Planning

27.8

15.72

22.68

22.68

5.1 Safety and Health During Conceptual Planning Phase
Was safety of workers considered during the conceptual planning
stage? If yes, how detailed was the process, rated on a scale from 1 to
5? If safety was not considered, 0 points will be awarded.
(1 = Very low, 2 = Low, 3 = Moderate, 4 = High, 5 = Very high)
5.2 Constructability Review
Was a detailed constructability review conducted? If yes, how detailed
was the process, rated on a scale from 1 to 5? If not conducted, 0
points will be awarded. (1 = Very low, 2 = Low, 3 = Moderate, 4 = High,
5 = Very high)

2.3

1.38

2.3

2.3

3

5

5

1.84

1.38

1.38

4

3

3

2.3
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5.3 Designing for Worker Safety and Health
Was safety of workers considered during the design stage? If yes, how
detailed was the process, rated on a scale from 1 to 5? If safety was
not considered in design, 0 points will be awarded.
(1 = Very low, 2 = Low, 3 = Moderate, 4 = High, 5 = Very high)

2.2

5.4 Life Cycle Safety Design Review (LCS)
Was safety of workers considered from a life cycle safety design
perspective? If yes, how detailed was the process, rated on a scale
from 1 to 5? If life cycle safety was not considered in design, 0 points
will be awarded.(1 = Very low, 2 = Low, 3 = Moderate, 4 = High, 5 =
Very high)

2

0

0

0

0

0

0

0

0

0

0

0

0

0

2.1

2.1

0

1

1

2

2

2

1

1

1

0

2.1

2.1

0

1

1

0

2.3

2.3

0

1

1

2.3

2.3

2.3

1

1

1

2.1

2.1

2.1

1

1

1

2.1

2.1

2.1

2.1

1

1

1

2.2

2.2

2.2

2.2

1

1

1

1.8

1.8

1.8

Were all workers required to wear PPE?

1

1

1

Was information on all PPE available to the workers?

1

1

1

15.3

9.36

12.36

10.7975

2

2

2

2

1

1

1

5.5 Safety Checklist for Designers

2.1

Was the designer provided with a safety checklist?
5.6 Constructor Site Specific Safety Plan

2

Did the project have a constructor site-specific safety plan?
5.7 Subcontractor Site Specific Safety Plan
Did the project have a subcontractor site-specific safety plan reviewed
and approved by the constructor?

2.1

5.8 Job Hazard Analysis
Were Job Hazard Analyses performed for all of the tasks on the
project?

2.3

5.9 Pre-task Planning

2.3

Were pre-task plans prepared for all jobs on the project?
5.10 Look Ahead Schedule

2.1

Were look-ahead schedule prepared on the project to avoid trade
stacking?
5.11 On and Off site Traffic Plan
Was a traffic control and lay down area plan prepared?
5.12 Good housekeeping Plan
Was a detailed housekeeping plan with assigned responsibility
prepared and implemented?
5.13 Personnel Protection Equipment (PPE) Plan

6.Training and Education
6.1 Safety Training for Designers

1.8

Did the designers receive safety training?
6.2 Safety Orientation for All Workers

2

2

2

2

Total number of workers on the project

300

230

235

Number of workers receiving safety orientation

300

230

235

6.3 Safety Training for All Field Supervisors

2

1

2

0.4375

Total number of field supervisors on the project

20

11

32

Number of field supervisors receiving OSHA 30 hr certification

10

11

7
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6.4 OSHA 10-hour Training for All Workers

1.8

Total number of workers on the project
Number of workers receiving OSHA 10 hr certification
6.5 Equipment Operators Skills and Training Assessment
Were the construction equipment operators skills and training verified
before operating equipment on site?
6.6 Toolbox Meetings
Are toolbox (safety) meetings held regularly on the jobsite at the crew
level?
6.7 Regular Safety Training for All Project Personnel

1.8

1.8

2

Was regular safety training given to all project personnel?
6.8 Constructor Mentors Subs to Improve Safety Performance

1.9

Were subs mentored by the constructor? If yes, how frequent was the
process, rated on a scale from 1 to 5? If no, 0 points will be awarded.
(1 = Very low, 2 = Low, 3 = Moderate, 4 = High, 5 = Very high)

0

0

0

300

230

235

0

0

0

1.8

1.8

1.8

1

1

1

1.8

1.8

1.8

1

1

1

0

2

2

0

1

1

0.76

0.76

0.76

2

2

2

7.Safety Resources

1.8

0

1.8

1.8

7.1 Task-based Hazard Exposure Database
Was a detailed task based hazard exposure database prepared and
implemented?
8.Drug and Alcohol Program

1.8

0

1.8

1.8

0

1

1

1.8

1.8

1.8

1.8

8.1 Drug and Alcohol Testing Program

1.8

1.8

1.8

1.8

Pre-employment screening

1

1

1

Random testing during course of employment

1

1

1

Post incident testing

1

1

1

3.7

3.7

3.7

2

2

9.Accident Investigation and Reporting
9.1 Accident and Near Miss Investigation

2

2

2

Total number of accidents and near misses on the project

0

1

1

Number of accidents and near misses investigated

0

1

1

1.7

1.7

0

0

1

1

0

1

0

9.2 Accident and Near Miss Investigation with pre-task/JHA

1.7

Total number of accidents and near misses on the project
Number of pre-task plans and JHAs prepared during accidents and near
misses investigated
10.Employee Involvement

4.2

2.3

2.3

2.3

10.1 Employees Empowered with Stop Authority

2.3

2.3

2.3

2.3

1

1

1

Are the workers empowered to stop hazardous work?
10.2 Employee Safety Committee and Leadership Team

1.9

0

0

0

Total number of weeks in the project multiplied by four

32

96

80

Number of worker committee and leadership committee meetings held

0

0

0
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11.Safety Inspection

3.8

3.47

3.47

3.13

2

1.67

1.67

1.33

Superintendent inspections

1

1

1

11.1 Safety Inspections
GC safety Rep inspections

1

1

1

Sub safety Rep inspections

1

1

1

Owner safety Rep inspections

0

0

0

Foremen inspections

1

1

0

Management personnel inspections

1

1

1

11.2 Safety Violations identified and corrected

1.8

1.8

1.8

Total number of safety violations identified during project

1.8

12

1

600

Number of safety violations corrected

12

1

600

12.Safety Accountability and Performance Measurement
12.1 Project Accountability and Responsibility

8

2.2

8

6.5

2.4

0

2.4

2.4

0

1

1

2.2

2.2

2.2

1

1

1

0

1.9

1.9

Was a job responsibility matrix establishing clear safety accountability
and responsibility created as part of the project?
12.2 Supervisors Evaluated Based on Safety Performance

2.2

Were project supervisors evaluated based on safety performance on
the project?
12.3 Safety Performance Evaluation using safety metrics

1.9

OSHA and company violations

0

1

1

OSHA recordable and LTA incident rates

0

1

1

Near misses

0

1

1

Accident costs

0

1

1

Accident investigation

0

1

1

Claims rate

0

1

1

0

1.5

0

0

1

0

9.1

2.8

4.9

4.06

2.1

0

2.1

1.26

0

5

3

1.28

1.28

1.28

4

4

4

1.52

1.52

1.52

4

4

4

12.4 Contractor Evaluation Based on Safety Performance

1.5

Did the owner evaluate the contractors based on safety performance?
13.Industrial Hygiene Practices
13.1 Engineering Controls for Health Hazards
Was engineering control considered for all health hazards? If yes, how
detailed was the process, rated on a scale from 1 to 5? If this criterion
was not considered, 0 points will be awarded.
(1 = Very low, 2 = Low, 3 = Moderate, 4 = High, 5 = Very high)
13.2 Hearing Protection Program

1.6

Was a hearing protection plan created and implemented as part of the
project safety plan? If yes, how effective was the process, rated on a
scale from 1 to 5? If this criterion was not considered 0 points will be
awarded.(1 = Very low, 2 = Low, 3 = Moderate, 4 = High, 5 = Very high)
13.3 Respiratory Protection Program
Was a respiratory protection plan created and implemented as part of
the project safety plan? If yes, how effective was the process, rated on
a scale from 1 to 5? If this criterion was not considered, 0 points will
be awarded.(1 = Very low, 2 = Low, 3 = Moderate, 4 = High, 5 = Very
high)

1.9
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13.4 Stretch and Flex Program
Were workers required to perform stretching exercises at the start of
the work shift each day? If yes, how effective was the process, rated
on a scale from 1 to 5? If this criterion was not considered, 0 points
will be awarded. (1 = Very low, 2 = Low, 3 = Moderate, 4 = High, 5 =
Very high)
13.5 Ergonomic Task Analysis and Remediation

1.5

2

Was ergonomic task analysis performed as part of the project safety
process? If yes, how detailed was the process, rated on a scale from 1
to 5? If this criterion was not considered 0 points will be awarded.
(1 = Very low, 2 = Low, 3 = Moderate, 4 = High, 5 = Very high)
TOTAL

100

0

0

0

0

0

0

0

0

0

0

0

0

50.24

74.43

71.17

