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ABSTRACT 

 

 

“Green engineering” is the newest technology implemented for sustainability in the design of 

buildings and most recently highways. Sustainability concepts applied to the design and 

construction of roadways includes long term planning, new technologies and methods, 

construction management techniques and resource reuse. Green engineering is part of the 

global goal of long-term sustainability, which is to meet the needs of today without 

compromising those of the future.  Leadership in Energy and Environmental Design 

(LEED®) rating systems have been heavily promoted and utilized in the construction 

industry, but only with applications to buildings. There is no such criteria for rating roadway 

construction.  

 

Only one documented attempt has been made to adapt the LEED rating system to highway 

construction but with limited results. While predominantly used and accepted, the LEED 

rating points are not quantitative and are not based on any traditional decision making theory. 

This research presents an evaluation of using the LEED rating system techniques for highway 

construction. A multi-criteria decision making model (MCDM) is then formulated as a 

framework for evaluating sustainability in roadway construction.  

 

Within Leon County, Blueprint 2000 is an intergovernmental organization to efficiently 

manage and plan roadway construction projects within Tallahassee, Florida.  In cooperation 

with Blueprint 2000, one of their projects will be used as the local sustainable roadway 

example.  This project will serve as the case study and be evaluated for successful 

applications of sustainable engineering utilized during roadway design and construction. This 

research will also include an analysis of the multi-criteria rating system developed on a local 

roadway project. Research will be comprehensive on the topics of stormwater design, erosion 

control and the usage of various construction materials. The completion of this research will 

offer a new insight into rating sustainability and also on both new technologies and innovative 

practices within the transportation and construction management fields.   
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CHAPTER 1 

INTRODUCTION 

1.1 Overview 

 

Within the last ten years a new urgent sense of environmental awareness arose around the world. 

Within the United States environmental concerns have been gradually gaining attention since the 

1970’s beginning with the introduction of the Clean Air and Clean Water Acts. Since then 

environmental awareness has reached almost every facet of life. Within civil engineering the 

“Green Building” movement took hold in 2000 when the United States Green Building Council 

firmly established the LEED® rating system [W-11]. LEED stands for Leadership in Energy and 

Environmental Design. The LEED rating system is an established framework to assess a 

building’s performance towards meeting sustainable building goals for design, construction and 

operation.  

 

This thesis discusses the application of green building principles applied to highway design and 

construction. Currently the LEED design standards and principles are becoming commonplace in 

the construction of new buildings throughout the world. LEED encompasses various facets of the 

structural, architectural and operational components of buildings. However, there is not a clear 

correlation or reference to suggested building practices for roadway construction on a similar 

scale. The goal of this thesis is to develop and discuss a multi-criteria scale that can be easily 

applied to roadway projects.  

 

Additionally, this research will explore the actual feasibility of sustainable design for highways 

which will also incorporate an economic analysis. Through investigating various economic 

factors a life cycle cost model will be drafted that will be functional for various roadway 

projects. In order to predict the life cost of different construction elements, information will be 

collected from: literature reviews, material manufacturers, transportation agencies and the 

expected lifespan of the construction elements. Once the various cost factors are identified they 

can be placed into a model to estimate project cost or changes in life cycle cost by either using or 

not using the different methods. The model used to determine the overall life cost in this thesis 

will be developed and tested during the research period to create a parallel comparison between 
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different sustainable construction options. As a final result, through the research conducted and 

model developed, a determination will be made on the life cycle cost effectiveness of green 

construction alternatives.  

 

1.2 Research Objectives  

 

The objective of this thesis is to examine existing efforts within the field of sustainability and the 

rating systems currently in place to develop a relationship between the existing methods and 

construction frameworks for buildings and adapt those ideas to roadways. There are several 

different suggested practices, best management practices, construction and design methods to be 

followed to achieve better roadway conditions; however, there is not a universal method that has 

been widely accepted and not a single method suggests techniques quantify roadway 

construction methods, materials, or practices.  The objective is to develop a framework for 

roadways that is focused on sustainability. This framework rating system should be both 

qualitative and quantitative and easily applied to various roadway projects.  Sustainability is 

designing using a holistic approach, incorporating the basic design with features that positively 

impact the environment and community.  

 

1.3   Scope of Research 

 

Through the completion of this research a framework will be developed to outline key 

components of the various planning, design, construction and operational phases. The goal is for 

this framework to look into various aspects of a roadway project and be comprehensive enough 

to be applied to different roadway projects as a standard quantifying measure. Due to obvious 

constraints not all of the material in the framework will be extensively discussed and therefore 

will allow for input from other research and professionals in the future. The main scope of the 

research conducted will focus on factors related to roadway construction while also analyzing 

sustainable practices and expectations; specifically the goals of this research are as follows:  

1)  Perform an extensive literature review, including background research on 

various documented efforts related to sustainability in roadway construction. 

2)  Use the LEEDs rating system as an initial basis to evaluate the current 

sustainable rating methods, in general, and specifically for roadway construction.  
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3)  Formulate a new set of criteria for sustainability rating on roadway 

construction together with the feasibility of applying a multi-criteria decision 

making model.  

4)     Perform a case study evaluating the sustainability of a local roadway project, 

including a questionnaire survey of planners, designers and construction 

management professionals.  

5)  Report the findings of the case study including both limitations and 

recommendations for future study.   

 

1.4   Report Organization 

  

Starting with Chapter 1, this thesis is logically organized to provide a consistent flow of 

information. Chapters 2 & 3 provide background information relating to the importance of 

sustainability and literature reviews of specified components within the sustainable rating system 

developed within this thesis. Chapter 4 primarily discusses the methodology in developing the 

rating system framework. Chapter 5 exclusively discusses the development of this roadway 

rating system containing a discussion of MCDM and suggested scoring procedures as well as an 

in-depth breakdown of the individual components of the framework. The case study is evaluated 

applying the sustainable roadway rating system and also a hydrologic analysis of the effects of 

permeable pavement on a stormwater management system is found within Chapter 6. Chapter 7 

provides a discussion of life cycle costing and the importance of considering cost with 

sustainable design components. The final chapter, Chapter 8, contains the conclusions and 

recommendations for future study.  
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CHAPTER 2 

BACKGROUND INFORMATION 

2.1 Overview 

 

In 1987 at the World Commission on Environment and Development “sustainability” was 

defined as “meeting the needs of the present without compromising the ability of future 

generations to meet their own needs,” [W-7]. This definition (Brundtland definition) has since 

become the most widely accepted definition of sustainability.  Sustainability is now a worldwide 

trend and is applied to every aspect of life. The sustainable movement is becoming commonly 

referred to as “green”. The main focus of sustainability has been energy intensive industries and 

making those more energy efficient and less of an environmental hazard.  

 

As the sustainability movement has taken hold worldwide there are numerous ideas and 

suggested methods to achieve efficiency in structural design and the construction process. The 

main focus in sustainable design thus far, within civil engineering, is buildings. Within the 

United States the sustainable movement has been accelerated through the Green Building 

Council and LEED requirements. LEED stands for leadership in energy and environmental 

design and since 2000 the LEED rating system has become the most widely accepted rating 

system for sustainability [W-12]. The LEED rating system goes in-depth into the various 

components of both the site and structural design. In the United Kingdom BREEAM (building 

research establishment environmental assessment method) is similar to the LEED system [W-

25].  Both of these systems have their own rating systems for building’s sustainability so that 

projects can earn credits and be rated as a sustainable structure. Eco-labeling, the marking of 

consumer products that were made without causing negative environmental effects, has become 

increasingly more popular and is essentially the same idea for achieving LEED credits for 

buildings.  

 

2.2 Sustainability Defined  

 

For the purpose of this thesis, sustainability for roadways is defined as practices and technologies 

which:  
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• Have minimal negative impact on the surrounding environment 

• Reduce the amount of virgin material used, are less energy intensive and 

minimize waste 

• Minimal maintenance requirements 

• Incorporate features that benefit the entire community 

• Are cost effective over the expected design life 

 

2.3 Importance of Energy Efficient Construction  

 

Roadway construction is energy intensive throughout the entire process. Each of the material 

production processes use extensive amounts of energy, not to mention the energy used in 

material transport. All of the equipment on the jobsite burn fuel during operation and in certain 

regions for temperature control purposes. Finally, the general public is affected due to traffic 

congestion and the reduction of travel lanes which causes longer commute time and more gas 

used in their personal vehicles. If several construction processes are improved to use less energy 

and the different construction phases are managed efficiently there would be reduced emissions 

and energy used. Additionally, having well maintained and planned traffic phases can reduce 

added costs and frustration to the general public. Not only is road construction energy intensive 

but also contributes to greenhouse gas emissions.  

 

2.4  United States Green Building Council and LEED 

 

The U.S. Green Building Council (USGBC) was formed in 1993 as a non-profit organization 

with the intention of promoting sustainability in the way that buildings are designed, constructed 

and operated [W-10].  There are currently over 15,000 member organizations to promote 

environmental responsibility [W-10].  The overall mission as stated by the USGBC is to, 

“transform the way building and communities are designed, built and operated enabling 

environmentally and socially responsible prosperous environment improving the quality of life,” 

[W-10]. The USGBC developed the LEED rating system which is a framework rating system for 

assessing building performance and environmental sustainability. LEED was developed through 

a consensus process to develop high performance, modern, energy efficient structures [W-10][W-

11][W-12]. The rating system is accompanied with detailed instructions for implementing 

sustainable practices and criteria for awarding points.  



 6

 

The LEED rating system, which began in the United States of America, is now being applied 

across the globe as it is becoming the most widely accepted structural rating system.  This rating 

system is becoming increasingly popular because it is easy to understand and apply. LEED is a 

tool that is making common terms and goals within the industry which leads to successful 

implementation.  A factor that makes the LEED rating system unique is that it is constantly being 

revised and expanded.  Implementation of the LEED rating system will certify buildings based 

on the number of credits achieved through the design and construction process [W-12].  There 

are three certification levels, silver, gold, and platinum that a building may receive. The structure 

is then labeled with its level of LEED certification.  Within the United States tax incentives are 

now available in certain areas for incorporating sustainability into the planning and design 

phases and achieving a LEED certification [W-13].  

 

The LEED rating system and the USGBC is currently focused only on buildings. There is no 

relationship between this rating system and roadways. The realization that roadways and 

highways have huge affects on their immediate environment, waterway systems, communities, 

urban sprawl, transportation trends and overall health is imperative to improving the overall 

quality of life. Developing a rating system similar to the LEED rating system applicable to 

roadways would have a significant effect on energy efficiency surface water quality and material 

usage.  

 

2.5  Green Highway Partnership  

 

In 2002 the Federal Highway Administration (FHWA) listed environmental stewardship, safety 

and congestion mitigation as vital goals [12]. This was the initiative for forming new 

environmentally focused roadway programs. Shortly thereafter the Green Highway Partnership 

(GHP) began forming. In April of 2008 the FHWA defined the Green Highway Partnership as a 

collaborative effort among the FHWA, US Environmental Protection Agency (EPA), other 

Federal agencies, State transportation and environmental design agencies, industry, trade 

professionals, members of academia and contractors to encourage the environmentally friendly 

road building [12].  The three focus areas are stormwater management relating to watershed 
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areas, recycling and reuse, ecosystem protection. Their goal is to provide innovation, stewardship 

and regulatory consistency. The GHP is a leader in researching and holding workshops featuring 

new methods, trends and technologies. The GHP also has several projects were various roadway 

sustainability efforts have been implemented for research. The main objective of the GHP for 

sustainable roadways is to form innovative policies and perspective, develop efficient and cost 

effective methods that are environmentally sound and protective [W-8].  

 

2.6  Greenroads 

 

Greenroads is a rating system similar to the LEED rating system however it is applied to newly 

constructed, reconstructed and rehabilitated roads [W-5]. This program awards credits for 

approved sustainable practices and hopes to serve as the certification standard for sustainable 

roadways. The Greenroads website states that it provides three main benefits which are a holistic 

approach, a quantitative method to assess roadway sustainability and a decision making tool [W-

5]. Greenroads was created based on a master thesis written by Martina Soderlund for the 

University of Washington in 2007 [36][W-4][W-5].  Since 2007, the basic framework that 

Soderlund developed has been changed or “modified” into the current version 0.95 [W-5]. 

Currently the Greenroads rating system is aimed towards conditions and regulations within the 

state of Washington. This system is still under review and has not yet been implemented by the 

state of Washington; however this system has gained a lot of local attention. The people at 

Greenroads have now teamed with several private companies and is being constantly researched 

and updated by several graduate students at the University of Washington [W-4]. Note that 

Greenroads was originally named “Green Roads” but has since modified their name.  It seems to 

me that the current short comings of the Greenroads rating system is that it is only focused on 

factors affecting the northwest region of the United States (namely Washington), there are no 

real quantifying factors and a life cycle costing assessment has not been completed.  

 

2.7  Legislation for Sustainability  

 

2.7.1  House Bill HR5161 
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House bill H.R. 5161, titled Green Infrastructure Research and Technology Transfer Act, was 

presented to the House of Representatives in January 2008. The objective of this was to establish 

green transportation infrastructure research and technology transfer centers.  This bill would 

allow for research for sustainable technologies while also ensuring the communication 

throughout the industry. Verbatim this act defines "green transportation infrastructure" as 

infrastructure that: (1) preserves and restores natural processes, landforms (such as floodplains), 

natural vegetated stream side buffers, wetlands, or other topographical features that can slow, 

filter, and naturally store stormwater runoff and floodwaters for future water supply and recharge 

of natural aquifers; (2) uses natural design techniques to manage stormwater; and (3) minimizes 

lifecycle energy consumption and air pollution. [W-2] 

 

2.7.2  National Infrastructure Improvement Act  S775   [W-3] 

Introduced in March of 2007 and passed on August 2, 2007 the National Infrastructure 

Improvement Act is to address the condition of America’s bridges, roads, drinking water 

systems, dams and other public works. This bill established the national commission on the 

infrastructure of the United States to ensure that it will meet both the current and future needs, 

facilitates economic growth, maintained to ensure public safety and developed or modified in a 

sustainable manner. [W-3] 

 

2.7.3  Florida Governor’s Action Team: Energy and Climate Change  [W-1] 

In July of 2007, new emission goals were set by Charlie Crist for the state of Florida. These are 

important as they could affect standard construction practices, procedures, materials and 

methods.  This could also change regulations in fuel usage and could possibly affect asphalt 

production methods.  The main points summarized of Crist’s goals are:  

• 10% Lower Green House Emissions within 5 years 

• 25% Lower Emissions in 10 years  

• Dept. of Management Services must immediately implement US Green     

Building Council LEED for all buildings it owns and operates 

• State employees will now have emission and fuel economy audits 

• Utilities should receive 20% of fuel that it uses from renewable resources 
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This bill also affects fertilizers and stormwater runoff. This is a prime example of Florida taking 

steps to become more “green” and increased environmental awareness; recognizing the effects 

that construction can have on the environment and covering the basis of fuel consumption as an 

area of concern while realizing there are alternatives to traditional methods.  
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CHAPTER 3 

LITERATURE REVIEW 

3.1   Overview  

 

The literature review conducted revealed numerous sources relating to sustainability and best 

management practices of highway construction. This chapter provides an overview of selected 

literature utilized to develop the framework and multi-criteria approach presented in this paper 

for highway sustainability. Research was first conducted on existing sustainable rating systems 

already in-place and being developed. Secondly, Literature was gathered to provide information 

on several subjects such as, highway planning, highway design criteria, sustainability, 

stormwater management, erosion control, paving technologies and life cycle cost analysis. 

Several of the resources discussed are projects and thesis previously written that are found within 

the ProQuest and Science Direct databases. Other literature was collected using the internet and 

the interlibrary loan services. The following articles and publications discussed are fundamental 

for understating the goals of highway sustainability and the main concept of this paper. These 

literature selections were made based on the validity of the source, relevance to the topic and 

substance. This chapter will describe the main points taken into consideration and help to 

provide knowledge for this research while also discussing the major components factored into 

the framework.  

 

3.2  Roadway Sustainability Concerns Worldwide  

 

New Zealand has been a leading country in sustainability research, design and implementation. 

Lean Green Engineering – Planning for Sustainability was an article published by a New 

Zealand magazine encouraging engineers to embrace sustainable design [34].  Sheppard, the 

author, begins by identifying the fact that sustainability has major consequences on engineering 

as they must become more effective in long-term planning and thinking rather than short-term 

solutions.  The article defines four dimensions of sustainable development; these are economic, 

environmental, social and cultural. Most of the progress being made for sustainability has been 

by community initiatives and there seems to be a gap between planning and central government. 

Making progress in this field requires people to do the research and development to demonstrate 

that there are alternative solutions that work. Private research and development spending is 
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improving while governmental expenditure on environmental research is declining.  Sheppard 

discusses how difficulty in planning and design for sustainability is the inter-relatedness of 

pertinent issues and long term thinking for resources. “In roadway design, it seems, we are takers 

rather than developers”[34]. It is becoming apparent that incorporating low impact design 

planning could improve numerous situations. This also includes awareness that roadway 

transportation systems have large ramifications affecting urban design, transport patterns and 

even human activity (not to mention land usage). Climate change is also a factor to consider in 

making design improvements and knowing how to balance the advantages and disadvantages of 

different construction materials. For example this article sites that, cement production contributes 

to about 8% of the world’s CO2 production and 3% of greenhouse gases however concrete 

provides thermal mass and when used in buildings can reduce the energy used in heating [23].  

The construction industry will soon be challenged to utilize renewable and perpetual resources 

and those with low environmental impacts. By deciphering the relationships between different 

aspects affecting roadways and the construction process great progress can be made in planning 

which will affect several different systems. There is room for innovative thinking and design 

techniques and regulations to aid sustainability, not to mention room to improve our existing 

systems. [34] 

 

In 2004 the International Journal of Project Management featured a paper discussing, Green 

Construction Assessment for Environmental Management in the Construction Industry in Hong 

Kong [38].  The main idea of this article is the growing concern of the impact of construction on 

the environment and how to better assess environmental factors during construction. Obviously 

construction is one of the main contributors to environmental problems. Most resources used are 

non-renewable and can create environmental disturbance during their manufacturing. The 

materials that are not renewable also add to landfill waste. Environmental assessments (EA) are 

mandatory for roadway planning and design. Common EA methods cannot be applied to 

construction due to the complexity of management and operational structure. Therefore there 

have been new methods of assessment such as Building Research Establishment Environmental 

Assessment Method (BREEAM) and Leadership in Energy and Environmental Design (LEED). 

These focus mainly on ecological and global effects of construction, such as CO2 emissions. The 

article discusses that these have been proven helpful but focus mainly on technical aspects of 
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environmental performance and not management. This article describes Green Construction 

Assessment as a new idea for management and measuring environmental performance using two 

main indicators, which are management performance indicators (MPI) and operational 

performance indicators (OPI), for construction assessment. These two represent different factors 

in construction and within these categories different environmental impacts were ranked by 

importance.  MPI mainly refer to management involvement, training, and planning. OPI cover 

maintenance of equipment, air, water, noise, and waste pollution prevention. Within these two 

areas the main points of concern were ranked from highest impact to lowest. GCA seemed to be 

an effective method and is better designed for assessing construction activities. However, it has 

been proven that environmental management depends on a team effort between the contractors, 

subs, and engineers.  This article serves to illustrate that sustainability is becoming a worldwide 

concern. The construction management techniques discussed within this paper are similar to the 

goals of framework that has been developed within this thesis. [38] 

 

3.3  Eco-Logical 

Eco-Logical: An Ecosystem Approach to Developing Infrastructure Projects [42] 

 

Infrastructure is made up of three main elements, transportation systems, communication 

networks and utilities. Often the development of these systems negatively impacts the 

surrounding ecosystems. As environmental awareness and research are increasing it appears that 

not all of the techniques that have been developed to avoid, minimize and mitigate impacts of 

construction do not always provide the best alternative or promote ecosystem sustainability. Eco-

Logical: An Ecosystem Approach to Developing Infrastructure Projects was a collaborative 

effort between several agencies to form a shared vision of a sustainable natural environment. The 

development of Eco-Logical was a three year process sponsored by the U.S. Department of 

Transportation encouraging Federal, State and local partners involved in planning, design and 

construction to put forth conceptual groundwork for innovative mitigation methods for 

infrastructure projects [29]. The “Steering Team” creating Eco-Logical represented the following 

Federal agencies: Highway Administration, Forest Service, Bureau of Land Development, 

National Parks Service, Environmental Protection Agency, National Oceanic and Atmospheric 

Administration, Fish and Wildlife Services and the Department of the Army.  Eco-Logical states 
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that “these partners were able to work together to achieve goals for each organization to protect 

natural resources and improve conservation.”  The introduction describes how the cooperative 

effort between agencies illustrated the realization that no agency alone can effectively implement 

an ecological approach for infrastructure development and each element is dynamic and may not 

be fully understood. The main challenge for any construction project is resolving conflicting 

priorities between agencies and local or regional concerns. 

 

Eco-Logical was written with the intention of becoming the starting point to identify the greatest 

conservation needs while developing infrastructure projects while also helping to coordinate 

different agencies for achieving goals and productivity. The overall goals of conservation, 

connectivity, predictability and transparency which serve to support an ecosystem approach to 

infrastructure development and comprehensive management of land, water and resources. This 

document develops an eight step integrating planning process to serve as a starting point for 

mitigation decisions.  Most often roadways projects address system capacity, maintenance and 

safety but do not always present the best opportunity for mitigation. Successful environmental 

stewardship may be lost on projects that only use the traditional isolated approach to minimizing 

environmental impacts. Traditional methods for mitigation were beneficial however a broader 

system is needed to consider the entire ecosystem affected rather than only looking at the 

immediate surroundings; Ecological suggests a regional ecosystem framework. 

 

The “Eight-Step Framework for Integrated Planning” developed in Eco-Logical is: 

• Build and Strengthen Collaborative Partnerships  

• Identify Management Plans 

• Integrate Plans 

• Assess Effects 

• Establish and Prioritize Opportunities 

• Document Agreements 

• Design Projects Consistent with Region Ecosystem Framework 

• Balance Predictability and Adaptive Management 

 

The process presented in this paper explains how infrastructure development and ecosystem 

conservation can be achieved together. Using the approach described here infrastructure projects 

can be streamlined while achieving environmental, economic and social objectives. The primary 
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objective of this process is to ensure that priorities are maximized, tax dollars are spent 

effectively, public safety is improved and infrastructure development is improved [42]. 

 

3.4 Sustainable Roadway Design – A Model for an Environmental Rating System  [36] 

 

In 2007 Martina Soderlund wrote a thesis titled Sustainable Roadway Design – A Model for an 

Environmental Rating System at the University of Washington.  The goal of her research was to 

set up an environmental rating system for roadway design for paved roads in the state of 

Washington. Soderlund states that her goal is to, “encourage and increased demand for 

environmentally sound solutions and provide common metrics in the roadway construction 

industry of important environmental impacts.” 

 

Through her research Soderlund studied the LEED program to assist in determining credits for 

her roadway framework as well as interviewed professionals that common use the LEED system. 

The rating system created used a similar format to the existing LEED building rating system 

however components within each category were slightly altered to be applicable for roadway 

design.  In order to develop the rating system she conducted extensive research on each 

component of the LEED system, various components of highways design (seeming to mainly 

focus on paving technologies), and on U.S. roadway construction statistics. Since Soderlund’s 

rating system was to be used within the state of Washington, information was also collected on 

the Washington Department of Transportation Standard Specifications.  

 

It appears that the focus of the research conducted is relating to paving technologies and 

stormwater management. Soderlund wrote extensive material reviews for both asphalt and 

concrete pavements, including numerous admixtures and methods of disposal and material 

recycling.  New stormwater management methods were also discussed as well as relationships to 

different paving technologies. For many of the credit ratings and requirements the Soderlund 

references the USGBC LEED system as a benchmark for the ideas of her rating system.  

 

The model Soderlund developed for a highway rating system is comprised of six major 

categories, each of which are broken-down into components.  The rating system has a total of 36 



 15

possible credits. The credits are then grouped to form levels of compliance (silver, gold, and 

platinum) just as in the LEED rating system.  It is noted within her thesis that this system should 

be further developed to be successfully implemented.  The hope is that rating systems such as 

this will led to improvements within the construction industry as well as create a greater sense of 

environmental awareness.  The recommendations provided is to continue to research the various 

elements within the rating system, use case studies to evaluate limitations of the system and areas 

where optimization could occur, perform a type of life cycle costing analysis and finally develop 

a plan of implementation. [36] 

 

3.5  Roadway Elements 

 

This section serves to detail various roadway components describing both the advantages and 

disadvantages of the different elements. This portion of the literature review is the basis for the 

elements within the roadway sustainability framework as well as collecting information giving 

insight for credit emphasis and weight factors.  

 

3.5.1 Stormwater Management  

3.5.1.1 Applicability of Low Impact Development in the Urban Environment [20] 

In 2003, Cassie Gorman wrote a paper for Georgia Technical University discussing the 

Applicability of Low Impact Development in the Urban Environment. The purpose of this paper 

is to determine the applicability of using low impact development (LID) stormwater management 

methods in urban areas to reduce stormwater runoff volumes and pollutants. LID was originally 

developed for low density residential. However, LID can be adapted for commercial and 

industrial areas to reduce stormwater volume and pollution. This article focuses on the history of 

stormwater management, regulatory framework, and LID methods. Gorman points out several 

basic concepts of stormwater management; there are three primary methods used, these are 

conveyance systems, detention and retention ponds and infiltration systems. Stormwater 

management attempts to address two basic issues, runoff quantity and water quality. Stormwater 

runoff is leftover rainfall that is not caught by vegetation, infiltrated through the ground, captured 

in depressions or evaporated. Quantity of runoff is the amount of water entering the water 

management system while quality is related to the amount of pollutants in the runoff.  This is 

essential since stormwater runoff is a contributor to water pollution and is one of the largest 
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sources of water quality problems.  An important point Gorman makes is that traditionally, 

stormwater management was only reacted to on an “as needed” basis, however once people 

realized of the effects stormwater has on the environment the general population became 

concerned. Stormwater management is now regulated at the federal, state, and local level. 

 

LID incorporates pollution prevention and treatment, flood control, and watershed management. 

Another goal is taking existing technologies and use them in an ecological way to manage 

stormwater by understanding relationships of organisms and the environment. LID methods 

should be applied at the parcel level.  LID focuses on structural and non-structural methods to 

mimic the natural hydrologic cycle. Examples of structural integrated management practices 

(IMPs) are rain gardens, Bioretention ponds, roof top gardens, sidewalk storage, vegetated 

swales, buffers, strips, rain barrels and cisterns, permeable pavers and soil amendments.  

Nonstructural methods include the reduction of impervious surfaces, disconnection paved areas, 

and pollution prevention.    

 

3.5.1.2 Water Resources and the Urban Environment [8] 

Coffman, L., Clar, M., & Weinstein, N., describe LID as a hydrologic analysis procedure to 

analyze the predevelopment and post-development functions of a watershed. Using this 

information best management practices (BMPs) can be developed to create a “functional 

landscape” incorporating design features mimicking predevelopment storage and infiltration 

functions. The article describes that it is important to accurately analyze watershed information 

and understand the hydrologic functions and BMPs that can best mimic preconstruction 

conditions. Employing LID technologies in site design should lead to avoiding the traditional 

“end-of-pipe’ methods and runoff is reduced and controlled at the source by reducing impervious 

surfaces, conserving the natural ecosystem, maintaining natural drainage courses, reducing the 

use of pipes and minimizing clearing and grading. Also disperse retention and detention 

uniformly throughout the site using open swales, flatter slopes, and rain gardens. Areas where 

the natural flow pattern must be altered the change should route flow to maintain the travel time 

of water flow.  An objective of LID is to leave as much undisturbed area as practical optimizing 

infiltration and detention to reduce runoff volume and discharge. LID combines a variety of 

micro-management techniques to provide stormwater management. LID planning approach can 

be used in residential, industrial and commercial developments. Factors to take into 
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consideration include: the need for conservation of the hydrologic system, reasonable and 

practical land use, conflicts with existing site planning, the importance of aesthetic and habitat 

considerations, flood prevention and development density must allow space for LID controls. 

The authors suggest that effective use of LID can reduce the overall cost of stormwater 

management. Theses savings are achieved by eliminating stormwater management ponds, pipes, 

structures and curb and gutter, less paving and reduced clearing. Overall cost can be reduced by 

10 – 25% to conventional cost.   

 

3.5.1.3 An Ecologically based Stormwater Management Program [48] 

An Ecologically based Stormwater Management Program is an article that was published in the 

Journal for Surface Water Quality Professionals in the spring of 2008. This article discusses the 

evolution of stormwater management practices in the Atlanta region, and a new design program 

using “runoff limits” to aid with aquatic habitat conservation.  The runoff limits program 

addresses both water quality and quantity issues in a single volume based performance standard 

that provides an incentive for low impact development.  The original goal was to establish a 

policy that would ensure that the runoff from new development would not jeopardize the survival 

and recovery or protected fish populations.  This focuses on for main standards: water quality 

protection, channel protection volume, overbank flood protection and extreme flood protection. 

Water quality protection standard is to capture and treat runoff from all storm events 1.2” or less, 

the treatment standard is 80% removal of total suspended solids (TSS).  Infiltration and 

minimizing impervious cover are the two critical components to LID design. The most effective 

solution to ecological impacts of stormwater runoff is to infiltrate the excess back into the soil as 

near as possible to where it was generated. Infiltration practices can achieve pollutant removal 

rates that are the highest of and stormwater treatment BMP.  Studies have shown that 

bioretention areas can remove nearly 100% of metals. Maintaining nearly-natural levels of 

infiltration also minimizes hydrologic alterations to streams. Good site design practices also 

encourage maintaining forest cover minimizing impervious surfaces and high-runoff lawns.  

The new runoff limits program can be viewed as a performance based approach to low-impact 

development.  All runoff must be directed to BMPs and given the opportunity to infiltrate, 

eliminating bypass of small storms. The second requirement is that BMPs should be distributed 

throughout the site to the extent practicable to avoid concentrating excessive volumes in one 

location. Developer can choose from various BMPs for infiltration including bioretention, 
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infiltration trenches, subsurface infiltration beds, green roofs, dry wells, infiltration basins and 

porous pavements. The cost of implementation is not necessarily higher than conventional 

methods and this program creates incentives for developers to design or redesign sites to 

minimize impervious surfaces.  The idea is that under most conditions a stormwater system 

designed to meet runoff limits standards will also meet other performance standards without the 

need for additional structures.  Another problem is identifying who would be responsible for 

inspecting and maintaining many of the small BMPs encouraged by this program. The local 

government does not want additional workload and it is thought that prove property owners will 

not adequately maintain the facilities. Crafting a program with performance standards allows for 

flexibility and innovation in design and implementation while rewarding professionals for 

implementing LID strategies throughout the design process and not just an after thought. This 

will demonstrate that it is possible to develop land without ruining species and ecosystems.  

 

3.5.2 Material Research  

3.5.2.1  Concrete Information: Stormwater Management with Pervious Concrete 

 Pavement [2] 

Pervious concrete pavement is a permeable pavement allowing surface waters to drain through 

infiltrating back into the groundwater system.  Pervious concrete can replace traditional concrete 

typically in areas with low traffic volume such as parking areas, low volume roadways, 

sidewalks and courtyards. Pervious concrete can also occasionally be used in shoulder and 

median construction for runoff mitigation. The article describes pervious concrete as a 

formulated mix of hydraulic cementitious materials, uniform open graded coarse aggregate and 

water. This mix design allows for a high percentage of voids, typically between fifteen and 

twenty-five percent.  

 

Pervious concrete can be applied in most regions however there are various concerns when 

placing it in cold climates.  When sand is applied to the pavement for deicing the sand may 

become lodged into the permeable surface. Another issue with cold weather application is frost 

heave that may occur from infiltrating runoff. Use in cold weather climates will also increase 

maintenance frequency. To prevent these cold weather problems a larger base layer can be used. 

This article suggests that snow covered pervious concrete may clear more quickly than 

traditional surfaces and reduce the need to plow. Porous pavement also seems to allow melting 
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snow to drain rather than ponding causing typical freeze-thaw problems. This article sites that 

pervious concrete has been successfully applied in Norway for over fifteen years.  

 

In urban areas that are densely developed, pervious concrete could reduce the amount of 

stormwater going into the system as well as allowing some water to naturally re-enter the area. 

Pervious pavement should not be used in areas with contaminated runoff and more pollutants 

than typically found in stormwater. Allowing contaminated surface waters to onto permeable 

pavements could lead to groundwater contamination. The use of pervious concrete can reduce 

the high temperatures associated with impervious concrete or asphalt pavement. There is also a 

reduced potential for thermal shock to receiving water bodies. Since pervious concrete acts as a 

filter periodic maintenance is required and the most important feature of landscaping near porous 

concrete is having the soil stabilized. Because porous concrete acts as a filter it has been proven 

effective at pollutant removal. Key factors to a successful system are: only using pervious 

concrete at a minimum of three feet above the high water table elevation, have an adequate base 

for drainage and stability, in cold regions the base of the stone reservoir area should be below the 

frost line. [2] 

 

3.5.2.2   Using Pervious Concrete to Achieve LEED Points  [4] 

This article was featured in the Winter 2008 issue of Concrete Infocus and describes the make-up 

of porous concrete and how it can qualify for LEED credits.   The actual concrete mix contains 

very little sand which is the main factor creating voids within the mix. Enough concrete must be 

used to that the aggregates are bound together but there are substantial voids to allow water to 

drain. Most porous mix designs have between 15 – 25 percent voids having an infiltration rate of 

approximately 480 in./hr. Note that increasing the voids reduces the strength. Porous concrete 

pavements are supported by a base layer of uniformly sized stone. This type of base forms an 

area where rainwater can be stored and percolate in the soil similar to a dry detention pond. Also 

reducing the need for other stormwater systems (retention ponds) and creates more effective land 

use. The following is a discussion of how, the author Ashley suggests, pervious concrete can be 

used to achieve various LEED credit requirements. 

The LEED rating system is a voluntary consensus-based national standard to develop sustainable 

buildings. The LEED framework provides a five category method to evaluate building 
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performance and sustainability. It is important to realize that LEED points are not earned by 

directly by using a product but rather by meeting a specific sustainability goal. Ashley identifies 

how pervious concrete can contribute to several categories; the specific LEED credits and the 

suggested method for credit achievement are as follows.  

 

LEED Credit SS-C6.1 & SS-C6.2 Stormwater Design – Quantity Control 

 

These credits aim to limit disruption and the pollution of natural water flow by increasing on-site 

infiltration and decreasing contaminants. The implementation of porous concrete filters water 

decreasing pollutants and infiltrate to the ground below. Currently credit SS-C6.1 requires 

reducing stormwater runoff by 25 percent from the two year 24 hour design storm (for sites 

where the existing impervious is greater than 50 percent). Credit SS-C6.2 is applicable to sites 

where the existing impervious is less than 50 percent and states that post-development peak 

discharge rates should not exceed the predevelopment quantities or rates.  

 

LEED Credit SS-C7.1 Heat Island Effect – Non-Roof 

 

Heat islands are described as thermal gradient differences between developed and undeveloped 

areas. The idea of this credit is to minimize the impact on humans and wildlife between these 

areas. Pervious concrete reduces heat island as it absorbs less heat from solar radiation; the larger 

pore space and light color reduce the heat reflected and minimizes these effects within urban 

areas.  To achieve the points associated with this credit a combination: 

• For 50 percent of the paved areas there must be shade within five years of 

occupancy, pavement that reflects at an index of 29, or an open grid 

paving system 

• Provide under cover parking for 50 percent of the parking spaces 

Note that trees offer shade cooling the pavement. Vegetation often has difficulty growing near 

paved areas since air and water cannot get to the roots. Pervious concrete allows for the 

vegetation to receive water and air while still having a paved surface. 

 

LEED Credit WE C1.1 Water Efficient Landscaping  
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This credit was designed to encourage the elimination of using potable water for irrigation or 

other natural resources near the site.  Potable water for irrigation must be reduced by 50 percent 

compared to the mid-summer baseline. The gravel subbase can used to store stormwater for 

irrigation. If no irrigation required for the project then two credits may be earned.   

 

LEED Credit MR-C4.1 & MR-C4.2 Recycled Content   

This credit is to reduce harvesting of new material and use materials with a greater recycled 

content. For pervious concrete fly ash, slag or silica fume should make-up 10 percent of base 

cost for all materials on the project.   

 

LEED Credit MR-C5.1 & MR-C5.2 Regional Materials 

 

To obtain this credit the building products, at least 10 percent based on cost, of the total materials 

must be harvested from 500 miles within the site. An extra credit is given if 20 percent regional 

materials are used. Typically the majority of the materials to manufacture pervious concrete are 

regional material. 

 

3.5.2.3  The Sustainable Pavement: Porous Asphalt [5] 

Porous asphalt is similar to pervious concrete. Porous asphalt conserves water, reduces runoff 

and promotes infiltration. Just as other pervious pavements the porous asphalt is an open graded 

mix design over a stone bed. Any contaminates in the runoff should be treated during infiltration. 

The stone bedding should be between 18 and 36 inches deep. This extensive stone base provides 

a strong sub-base for the pavement and is typically without cracking or potholes that usually 

develop over time. Under the base a geo-liner should be placed to prevent the fine particles from 

moving into the stone base. Porous asphalt is approximately the same post as traditional asphalt. 

Due to the nature of the design there is often less earthwork. The stone base required is more 

expensive than traditional compacted sub-base however the cost may be offset by eliminating a 

detention basin. This article cites a case study, performed in 2002 at the University of North 

Carolina in Chapel Hill, where different sections of a parking lot were paved with porous asphalt 

and pervious concrete. This study states that similar results with the exception of cost, pervious 
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concrete cost approximately four times more than porous asphalt.  Open graded pavements are 

shown to have lower nighttime surface temperatures than traditional pavements. This article also 

states that stockpiles of reclaimed asphalt do not leach and contaminants on the surface are 

washed into the stone bed where they are cleaned through natural processes.  

 

3.5.2.4 Asphalt-Based Porous Pavements [27]  

Asphalt pavement is the environmental choice. Mark’s states that asphalt pavement is the United 

State’s most recycled product.  Each year 90 million tons are reclaimed and almost all of that is 

recycled. Porous asphalt pavement was developed by the Franklin Institute in 1972 and has since 

been highly successful in managing stormwater runoff. Porous pavement is asphalt where fine 

particles are minimal and therefore more air voids. The purpose for a greater amount of voids is 

to allow rainfall to drain through rather than creating runoff. Porous asphalt is constructed by 

placing a geo-fabric liner and overlaying it with washed single sized aggregate. Once the stone 

base has been placed and static compacted a “choker” coarse of one-half inch aggregate is placed 

two inches think to create a stable paving surface. Once the choker course has been compacted 

asphalt may be placed using normal paving procedures. The main advantages of using porous 

asphalt are the reduction in land needed for traditional detention ponds and help to prevent 

extensive flooding. Aesthetically there are more wooded and open spaces and a reduction in dry 

detention basins. From an environmental aspect peak stormwater discharge is decreased and 

water quality should improve though natural infiltration processes. Porous asphalt pavement is 

also quieter because it is open graded.  

 

3.5.2.5  Maximum Asphalt, Warm Mix Picks Up Steam [6] 

In 2007 Daniel Brown wrote and article for Better Roads on new warm mix asphalt technologies. 

Currently the initial cost of the warm mix technologies is greater than that of hot mix because 

there is not yet a great quantity of producers for the needed additives. Consequently, as the 

demand rises so will production and the cost of the materials will decline accordingly. Another 

factor to take into cost consideration is the reduction in overall cost from fuel savings. Through 

research conducted in Europe, approximately 30 percent of the cost is reduced from the energy 

savings. Taking that into consideration the overall cost of warm mix is not exceedingly more 

than hot mix especially when noting the improvements to air quality. A survey of contractors 
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seems to show that by increasing the tons per hour production rate, “WMA may be a break-even 

cost proposition”.   

 

WMA technologies are making rapid improvements and many state DOTs are hosting paving 

demonstrations. Sasol Wax has participated in more than twenty demonstrations in the past 18 

months. A demonstration in Ohio testing stack gas emissions using the Sasol Wax and Aspha-

Min processes, showed a reduction of sulfur dioxide emissions by 83 percent and NOx, carbon 

monoxide, and volatile organic compounds by 20 – 60 percent compared to the control HMA. 

Aspha-Min was used in 2006 on test sections of the Florida Turnpike and placed in November of 

2005 in New Hampshire. Both of these trial areas placed open graded friction course to try and 

improve workability in cool ambient temperatures.  In Florida, 230 tons were placed on the 

Seminole expressway in February of 2006. The mix design also included lime in addition to the 

zeolite as a preventative measure against stripping. This was only the second example in the 

world of warm mix being used in an open graded mix design (the other was placed in Beijing); 

the current WMA designs use dense or gap graded designs. The open grade was partially pulled 

up during compaction and striping but those areas were repaired and the WMA was left in place 

and is currently being monitored. 

 

3.5.2.6  Recycled Aggregates  [32] 

This article on Recycled Aggregates by the Portland Cement Association discusses different uses 

of concrete recycled aggregates and how they are processed.  Recovered concrete can be used as 

an aggregate source or for pavement subbase layers and some states are using recycled concrete 

aggregate in new concrete and achieving performance equal to concrete produced with virgin 

material. The actual recycling process involves breaking, removing and crushing. The material is 

then sized and checked for quality which is related to the quality of the original material 

produced. Any reinforcing steel or embedded items must be removed. Without processing 

recycled concrete can be used in bulk fills, bank protection, base material and fill around 

drainage structures, roadway construction, used in noise barriers and embankments. The 

unprocessed crushed concrete is sold various sizes depending on the desired use. During 

processing contaminants must be removed by screening, air separation and stone size reduction. 

Once the aggregate has been cleaned it can be used in mix designs for new concrete pavements, 
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shoulders, median barriers, sidewalks, curbs and bridge foundations. Other ways in which 

recycled concrete can be used are for soil-cement pavement bases, structural grade concrete, 

lean-concrete and bituminous concrete.  

 

The crushing characteristics of hardened concrete are not significantly affected by the quality of 

the original concrete and recycled aggregate is expected to pass the same test requirements as 

conventional aggregate.  The recycled aggregate can be handled in the same manner as 

conventional concrete for all production processes with the exception of fine aggregate, only 

about 15 percent of fine aggregate can be reused. Recycled aggregate has a higher porosity and 

therefore high absorption. Because of the high absorption rate, recycled aggregate should be 

batched in a nearly saturated surface dry condition. To achieve workability, slump and water-

cement ratio equal to conventional concrete the amount of water reducer used may need to be 

increased.  When natural sand is used up to 30 percent of the natural aggregate can be substituted 

with coarse recycled aggregate without affecting the mechanical properties. If greater than 30 

percent is used there will be increased drying shrinkage but strength is not significantly affected. 

An example of mix designs using recycled concrete is included in Appendix.   

 

This article also discusses recycled concrete within the LEED rating systems for green buildings. 

Within the materials and resources section the LEED system specifies, “ a minimum of 25 

percent of building materials which contain aggregate a minimum of 20 percent of the weighted 

average should be post consumer recycled material, OR, a minimum weighted average of 40 

percent post industrial recycled content material.”  The use of recycled aggregate rather than 

natural aggregate qualifies as a post consumer product. The recycled concrete should be 

calculated as a percent of the recycled material on a mass basis.  Within the LEED system credit 

can also be achieved through construction waste management. This credit is given when at least 

50 percent by mass of construction, demolition and land clearing waste is diverted from landfill 

disposal.  

 

 3.5.2.7 Green Highways Now Part of Complete Package [25] 

“Green Highways Now Part of Complete Package” was an article published in Better Roads in 

2008 that discusses various green construction technologies. This article states that the 
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technology for building highways out of 100 percent recycled material now exists as pavement 

bases are incorporating recycled aggregate and can also be reclaimed. Intermediate pavement 

courses are being made of 100 percent RAP. RAP is now being used in greater percentages for 

friction courses. Research being conducted at the National Center for Asphalt Technology at 

Auburn University on asphalt mix designs increasing RAP content without any loss in 

performance characteristics. The article states that the private sector is working on warm mix 

asphalt which lowers the temperature considerably and in turn reduces the volatile organic 

compounds that are emitted when greater amounts of RAP is used in friction courses. Missouri 

DOT is testing zero-VOC pavement markings. Green highways are not just being promoted as 

pavement structures but as part of a complete environmental package putting new demands on 

highway agencies and funding. The complete package includes porous concrete shoulders, 

bioretention swales, forest buffers, local stream restoration and wildlife crossings.  

 

This article also discusses recent efforts towards sustainability made by the FHWA. In 2006, the 

FHWA released Eco-Logical: An Ecosystem Approach to Developing Infrastructure Projects. 

This did not set a formal policy but provides a framework to help federal, state and local partners 

design, review and construct infrastructure projects together with less impact. The hopes of this 

movement are to lead to enhanced conservation and reduce forest fragmentation. This type of 

approach shifts the federal government’s focus from an individual agency to multiple within an 

ecosystem while also overlaying goals in a region.   

 

The Green Highways Partnership is referenced within the article and discusses their goal of 

providing superior watershed-driven stormwater management to prevent contaminants form 

leaching into streams, recycle material to prevent disposal in landfills and protect critical 

habitats.  The goal is to enhance the environmental function and value of a watershed by 

exceeding minimum standards defined by existing laws and regulations.  The article states that 

market forces and project conditions are the driving force of material reuse in green highways. 

This article references the Construction Material Recycling Association as saying that 140 

million tons of concrete are recycled within the United States each year. Various factors are 

impacting the material supply such as equipment costs, transportation expenses and external 
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landfill fees. The only cost to reuse RAP is the cost of trucking and processing. It is much more 

cost efficient today to reuse materials rather than creating mixes with virgin material.   

 

The use of RAP is a well accepted practice by federal, state and local agencies. RAP is allowed 

by 15 – 30 percent by weight of the hot mix asphalt mixture.  However, RAP is prohibited in 

certain types of mixes for surface courses. Other investigations have proven that HMA with over 

50 percent RAP can be produced and achieve the same performance as virgin mix designs.  

Using mix designs high in RAP lowers the overall cost and conserves resources.  In late 2007 a 

cold mix foam technology by Wirtgen Group was approved by the U.S. Green Building Council 

as eligible for points towards LEED certification. This technology uses up to 100 percent RAP 

and can accommodate traffic almost immediately. Cold in place asphalt recycling processes are 

also being developed to be more cost effective and recycle more material.  

 

3.5.3 Energy Efficiency 

3.5.3.1  Solar Energy Photovoltaic Lamp Application Discussion [49] 

This article gives a brief introduction to photovoltaic power, discusses the principles for using 

photovoltaic (solar) lamps, both the advantages and disadvantages of solar lamps and solar 

products.  Within the past several years there have been many advancements and a growing 

interest in solar power. The main countries with an interest in solar lamps are developed 

countries such as, the United States, Japan, Europe and West-south Asia. The four main parts of 

solar lamps area the solar module, battery, controller and light source. The primary difference 

between traditional and solar lighting is that the solar lighting systems can generate their own 

electricity. The main function of the light source is to protect the electricity source, reflect dust, 

waterproof the system and aesthetics.  Once the system is in-place the operating cycle is to 

generate electricity while the sun is shining onto the solar surface, the energy is stored within the 

lead battery (carried to the controller), test the battery voltage and continue generating electricity 

and operation. The working voltage will reduce the amount of electricity needed from the 

traditional source and the battery will stop holding and begin to discharge electricity, not e that 

this process should be controlled by a power controlling device.   

 



 27

The principle of electrical control is a consecutive cycle or consistent processes. Time 

controlling in this manner can save energy but cannot always provide adequate light during 

sudden weather changes. An advantage of solar lighting rather than electrical lighting is that is 

that the installation process is more convenient and the need for big equipment is minimal. The 

solar panels can be adjusted for size, power and appearance. Solar lamps are also more safe since 

the voltage is typically less than 36 volts. Solar lamps are considered sustainable since they 

protect resources as they require minimal or no outside power source. A current disadvantage is 

the cost of solar lamps is 30 to 60 percent greater for the panel and battery. Additionally, to 

support the panel and lamp the light pole will be required to be thicker and taller to withstand the 

dead load and wind load. During the development of solar power the biggest concern was energy 

storage. With today’s technology the batteries of solar lamps can last for 7 – 10 days during rainy 

weather but a battery with this capacity will significantly increase the cost.  The life span of the 

solar panel is estimated at 25 years. Electricity storage batteries have much shorter life spans; 

lead–acid battery is expected to last for three to five years while colloid batteries typically range 

from six to eight years. If a LED luminair is used the light will be bright, use minimal energy and 

is better directed which decreases light pollution.  Solar batteries and the panel accumulators are 

small.  

 

 3.5.3.2  LED Street Lighting, Host Site: City of San Francisco, California [41] 

 

This report summarizes a project to assess the performance of light emitting diode (LED) 

liminaires for street lighting. This case study installed four manufacturers LED street lights on 

public roadways in San Francisco, CA.  Several light studies were conducted such as quantitative 

light and electrical power measurements, photographs to compare performance, economic 

performance and a satisfaction survey to residents.  Note that all of the particulars of lighting set-

up and monitoring procedures can be found within the report.  Findings showed that performance 

varied but energy reductions were high for each type ranging between 50 – 70 percent of current 

usage from high pressured sodium lamps.  Energy and cost saving within this report are based on 

an assumed 4100 annual hours of operation (Appendix F gives a sample of some of this study’s  

findings).  Since LED street lighting has not been popular on the market thus far the initial cost is 

higher but the energy and maintenance savings will improve LED economics.  The results from 

this analysis show that energy savings is significant and suggest that incentive programs could 
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encourage the implementation of LED street lighting.  Another factor to consider for 

implementing LED street lighting is that their usage could eliminate 73,800 tons of hazardous 

waste in the Pacific Gas and Electric service territory annually.   

 

3.5.4 Landscaping 

3.5.4.1 Water-Efficient Landscaping: Preventing Pollution & Using Resources Wisely   [44]  

Xeriscape landscaping is defined within the article as “quality landscaping that conserves water 

and protects the environment.”  The term “xeriscape” was copyrighted by the Denver Water 

Department in 1981 to help make water conserving landscaping more recognized. There are 

seven main principles to xeriscape landscaping which are: proper planning and design, soil 

analysis and improvement, appropriate plant selection, practical turf, efficient irrigation, usage of 

mulch and proper maintenance. Additionally there are eight mitigation ideas to apply; group 

plants based on water needs, limit turf areas, use efficient irrigation systems, schedule irrigation 

wisely, verify soil health, provide regular maintenance.   

 

The first step for implementing a xeriscape is proper planning. Planning must take into account 

the regional and microclimate of the area as well as the existing vegetation, topography, and the 

intended land usage. When selecting plants be sure to consider the plant’s sun and shade needs 

and their ideal soil conditions. Soil should always be tested before landscaping. These tests 

ideally include the basic soil properties, pH and nutrient levels. During the planning and design 

phase an effort should be made to preserve as many existing trees and shrubs as possible. Native 

plants typically require less water and are more likely to flourish in their native environment. The 

article warns that plants should never be chosen that are susceptible to disease, hard to establish 

or that require constant attention. Also be wary of any exotic species as many are invasive. How 

and where turf is placed can significantly reduce the irrigation needed and turf should only be 

placed where it will have a practical function. Depending on the region a grass that is drought 

resistant should be chosen. Most importantly all irrigation must be done efficiently. To better 

retain water mulch can be used. Mulch serves several purposes. Mulch that is usually composed 

of wood chips or pine straw improves the condition of your soil as they decompose, retain 

moisture minimizing evaporation and prevents erosion.  
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The goal of water efficient irrigation and xeriscaping is to reduce over-watering, evaporation and 

runoff. To reduce water losses to evaporation avoid misting irrigation and sprinklers that spray 

high into the air. Soaker hoses and drip irrigation can both be very effective and efficient. 

Another method to reduce water consumption is by using gray water, reclaimed water or 

collected rainwater. The main shortcoming of these methods is that each state and area have 

different regulations and access to these three water sources.  

 

It should be noted that Florida became the first state to enact a statewide xeriscape law that 

requires the Florida Department of Management Services and Transportation to use xeriscape on 

all new public properties while also developing a plan to incorporate xeriscape into all projects 

constructed before 1992. Also all local governments must offer incentives for xeriscaping.  
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CHAPTER 4 

RESEARCH METHODOLOGY 

4.1 Overview 

 

Currently, the leadership in energy and environmental design (LEED) green building rating 

system is used to classify building’s sustainability in the design and operation phases. However 

this LEED rating system is only applicable buildings and does not relate to highway design or 

roadway construction methods. The objective of this research is to study sustainable building 

practices currently in place within the United States, and investigate new methodologies 

developing worldwide, to construct a suggested framework for rating sustainable highways. This 

section discusses the approach taken to develop a multi-criteria framework to rate the 

sustainability of roadway planning, design and construction. Additionally, a life costing analysis 

for several features of roadway sustainability has been completed, and will be explained, to 

promote the concept of life cycle costing to be applied to an entire sustainable roadway project.   

 

Sustainability, as defined by the US EPA, means “meeting the needs of the present without 

compromising the ability of future generations to meet their own needs” [W-7]. The 

sustainability movement has taken hold within the United States and worldwide. Since the 

original definition of sustainability it has evolved into a more complex idea an there is no longer 

a single definition of sustainability but rather different people or businesses defining this concept 

slightly differently. The immediate goal in sustainable design is to decrease energy consumption 

and recycling materials or employing materials and methods that enhance energy efficiency.   

 

Essentially, five main processes have been completed to form and analyze the sustainable 

framework structure discussed throughout this thesis. First an identification and listing of the 

primary components of current highway planning, design and construction was compiled through 

an extensive literature review. Once the main elements were identified, intense research was 

conducted on each component to discover the benefit and cost of each process. In combination 

with this, new design and construction techniques being used towards sustainability have been 

studied for possible future application in the United States.  As a third step, the primary 

components that were determined to most greatly affect highway sustainability were assembled 

into a framework modeled after the existing LEED rating system. Once the framework was 
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created a survey was compiled and distributed to industry professionals with the framework 

rating system for feedback. Their insight offered various perspectives putting this sustainability 

framework under scrutiny. Once the framework was fully developed, a case study was conducted 

to apply the rating system that has been developed as well as creating a stormwater simulation 

 

The sustainability framework described throughout this paper is based on a multi-criteria 

approach. Different project needs will create diverse design goals and varied construction 

methods.  Depending on the individual project location, urban or rural or varying region, there 

may be different constraints or some components within this rating system may not be relevant. 

Using a weighted approach allows the aspect of the project that will have the greatest impact to 

the environment and project design goals to be weighted more heavily.  

 

An extensive literature review, shown in the pervious chapter, was performed as a starting point 

in the development of the roadway framework rating system. The goal of the literature review 

was to include all components of the roadway planning, design and construction phases.  This 

literature review looked into recent trends in sustainable marketing and technologies for road 

construction as well as current practices of road building. Information was also gathered from 

different material manufacturers and the producers of new technologies coming onto the 

construction and paving market. The majority of the information reviewed on materials and 

construction information is related to the southeast United States.  By thoroughly researching 

different elements of roadway planning and construction the major focus areas to consider for 

sustainability were able to be identified and classified into components.  

 

4.2   Development of Framework 

 

The assembly of an inclusive framework applicable to roadway projects took several steps to 

complete. The LEED and BREEAM rating systems were carefully reviewed to fully understand 

the existing rating system and its application process. The LEED system was focused on for 

design concerns. Even though both systems are applicable for sustainable buildings, the LEED 

system is the method used within the United States which was the main factor in choosing to use 

the LEED system to determine the framework format.  A separate framework must be developed 

since there are major differences between buildings and roadways in both their function and 
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nature.  The multi-criteria framework that was developed through this thesis is not final but 

should be amended as more research is conducted and new technologies become readily 

available. The goal is for this framework to be objective and applicable to various roadway 

projects.  The framework developed through this research and its components are explained in 

detail in the following chapter (Chapter 5).  

 

4.3  Case Study  

 

Once the roadway rating system framework was fully developed it was then applied to a local 

roadway project in Tallahassee, Florida that will soon begin the construction process. In order to 

effectively evaluate this project numerous documents were read relating to the planning and 

design phases as well as suggestions for the construction phase. Once there was a thorough 

understanding of the project goals and efforts made to achieve these goals the case study 

roadway was evaluated using the sustainable roadway rating system developed within this thesis. 

Actual application of this framework provided insight into its practicality.   

 

Additionally, a section of this project was researched and analyzed by using simulations based 

on the actual roadway design to discover the effects of pervious pavement on stormwater runoff. 

This hydrologic analysis provides a theoretical example of the impact that pervious pavement 

could have to a real roadway project. This is purely theoretical since pervious pavement cannot 

attain the compressive strength necessary to be used on a high-volume or high-traffic roadway.  

 

4.4  Creation of Cost Model 

 

The final step was to develop a skeleton life costing model to be applied to roadway projects. 

Successfully generating a basic cost model that can be used on various projects should be used as 

a decision making tool comparing different options in materials and design. The cost model 

created was developed by employing information and concepts from life cycle costing and whole 

life appraisal. The cost model will vary based on location and material prices. The model 

developed is a demonstration of factors that should be taken into consideration and analyzed 

during the planning and design of any roadway. Due to time constraints and the availability of 
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information only two sustainable alternatives are evaluated. The two components under analysis 

are LED lighting and pervious concrete pavement. The cost model is supported and described in 

detail in Chapter 6.  
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CHAPTER 5  

FRAMEWORK AND COMPONENTS 

5.1 Overview 

 

The main objective of this thesis is to develop a framework that can serve as a rating system for 

roadway sustainability. The basic LEED framework is made up of several different design areas 

where projects may earn credit for incorporating various environmental practices. The 

framework that was developed within this thesis is different than the previous rating systems for 

sustainability as this system includes a multi-criteria approach for project scoring, life cycle 

costing and accounts for the overall impact of individual components. Implementing a multi-

criteria approach allows this rating system to be applied to various roadway projects using one 

standard measure. This framework allows for different design categories, such as stormwater 

management or energy efficiency, to be weighted having either greater or less importance 

depending on the project’s goals and location. The framework has been developed so different 

criteria for rural and urban development can be factored into the overall score.  

 

5.2 Multi-criteria Approach  

 

A multi-criteria approach is suggested throughout this thesis to be used in the determination of 

the sustainability rating of a roadway. The use of various factors during an evaluation process is 

know as Multi-criteria decision making (MCDM). Theoretically, MCDM provides a process to 

help individuals make a choice between pre-set values or alternatives [W-28].  Any decision 

making process relies upon the information provided as well as our personal values and 

perceptions [W-28].   MCDM is a well-known method of decision making and is often used in 

mathematical modeling or any research model that involves various decisions [47].  MCDM 

utilizes various independent factors during an evaluation process.  

 

MCDM provides an accurate representation of a decision made to incorporate several objectives. 

An advantage of employing MCDM is that both quantitative and qualitative data can be used 

together during the evaluation process. Additionally MCDM can be used to evaluate and 

compare alternatives. In order to determine the overall benefit, or better alternative, MCDM can 
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be used to determine the end result of employing various alternatives.  One of the main benefits 

of utilizing MCDM methods is that MCDM is action-oriented and flexible to apply. Once a 

MCDM model has been effectively set-up the “actions” or goals are already established and the 

different alternatives may be compared and can be used to show the results of a complex process 

that has been made transparent.  Two basic MCDM models are illustrated in Figures 5.2-1 and 

5.2-2. Figure 5.2-1 is a basic framework outline of how a MCDM model is formulated and 

Figure 5.2-2 is an example of a MCDM evaluation matrix.  

 

 

 

 

Figure  5.2-1  MCDM Flow Chart 
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Figure 5.2-2  Basic MCDM Evaluation Matrix  

 

 

There are four primary methods of employing MCDM. The most common used multi-criteria 

method is the weighted sum method for basic one dimensional analysis [47].  The weighted sum 

method is the suggested multi-criteria approach described within this paper. The weighted sum 

method operates on the highest value represents the best decision and is derived by the sum of 

products of the criteria weights and the assigned attribute values [47]. The primary use of 

MCDM methods is within multi-objective optimizations. For example, the overall purpose of 

this framework rating system is to encourage sustainable practices during the design and 

construction phases, however, the rating system comprised of numerous goals and each having 

varying evaluation criteria.  

 

Employing the weighted sum method allows for more than one factor to contribute to the overall 

project scoring. For the purpose of this study the criteria weights are the applied as “significance 

factors” and the assigned attribute values, as defined by the MCDM, are the points allocated for 

each component. Utilizing the MCDM scoring method implies that a higher score is linked with 

the best alternative and optimization. The scoring elements are discussed later within this 

chapter.  

 

5.3  Roadway Framework  

 

Featured below in Figure 5.3 is the rating system framework developed within this thesis. The 

factors included and researched to create this framework were focused on the state of Florida and 

concerns for the southeast region of the United States. The author is from and attended college 
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within the state of Florida and therefore is more familiar with design factors and construction 

methods in this region. Credits are assigned based on the overall effect each component has to 

both the roadway and surrounding environment. The weight factors vary between zero and one 

are assigned based on the main goals of the project and its location.  This framework was 

developed through extensive research, looking into regulations, proposed roadway frameworks, 

LEED criteria and by taking current practices and near future possibilities into consideration. 

The various features of the framework rating system are discussed within this chapter.  
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Sustainable Highway Design and Construction Efficiency Framework

Design 

Concerns Breakdown of Components 

Points 

Possible

criteria 

weights

score      

(0 -10)

Total Points 

Earned (0 -10)

Category 

Significance 

Factor Total Score

Non-Disturbing Alignment 3 0.231 0

Designing for Future Growth 2 0.154 0

Habitat and Species Assessment 2 0.154 0

Local Material 2 0.154 0

Public Transportation Access and Turnouts 1 0.077 0

Bike Lanes 1 0.077 0

Plan for Future Development Incorporating Tie-Ins 1 0.077 0

Noise Assessment 1 0.077 0

Bioretention Pond 3 0.200 0

Vegetated Swales 2 0.133 0

Permeable Pavers 2 0.133 0

Vegetated Buffer Zones 1 0.067 0

Soil Amendments 1 0.067 0

Rain Garden 2 0.133 0

Retrofit Existing Stormwater System 1 0.067 0

Maintain Natural Hydrology 2 0.133 0

Channel Protection 1 0.067 0

Recycle Existing Concrete within Project 3 0.300 0

Reclaiming Asphalt 2 0.200 0

Placing Warm Mix Asphalt* 3 0.300 0

Pervious Concrete 1 0.100 0

Pervious Asphalt 1 0.100 0

Solar Lighting ** 3 0.300 0

LED Lamps (Whole project) 3 0.300 0

 - Note if use LED on half of project give 2 Points 0.000 0

Material Transport Distance - Local Resources 2 0.200 0

High Pressure Sodium Lamps 1 0.100 0

Incorporating Slag or fly ash into concrete 1 0.100 0

Effective Erosion Control 3 0.214 0

Xeri-scaping 3 0.214 0

Wildlife Crossings 3 0.214 0

Irrigate from Ponds on Site 2 0.143 0

Effective Nutrient Removing Plants 1 0.071 0

Green Spaces 1 0.071 0

Habitat Reconstruction 1 0.071 0

SUM 0.00%
*    Not accepted by the FDOT with the exception of trial projects

**  Currently not permitted for all lighting applications

Landscaping 0.00 0.20 0.00

Energy 
Efficiency 

0.00 0.20 0.00

Construction 
Material

0.00 0.20 0.00

Stormwater 
Management

0.00 0.20 0.00

Effective 
Selection

0.00 0.20 0.00

  
 

Figure 5.3  Sustainable Highway Design and Construction Efficiency Framework 
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5.4 Design Concern Categories  

 

The framework developed in this thesis, featured in Figure 5.2, has been divided into five design 

groups. The categories cover the main areas affecting sustainable design. This basic layout was 

modeled after the LEED rating system. Each category represents a larger idea and then is broken 

down into components that have the greatest overall impact. Project location should be 

considered when developing the project’s goals. Obviously there are different concerns for urban 

and rural development and even different goals for different regions. Due to diverse goals 

between project locations they must be considered separately. Elements comprising the 

supplementary section are primarily affected by the project location. Various elements within the 

first portion of the framework may have a greater impact based on the project locale and goals 

which is where the “significance factor” comes into play.  The significance factor is used to 

place emphasis on certain design categories.  

 

5.5 Explanation of Points 

 

One of the primary complaints with the LEED rating system is that the majority of the 

components are allocated only one point. Therefore if each component is equally weighted a 

project can achieve points for components that do not have as great of an overall impact or cost. 

For example, using a certain type of paint within a building achieves the same credit as 

increasing water efficiency [W-14] 

 

Within the framework that has been developed through this research the base point value varies 

between one and three. The format of this rating system is similar to the framework of the LEED 

rating system and the three point arrangement is similar to the  points allocated within the rating 

system developed by Greenroads [W-14][37]. Using minimal points keeps an extensive concept 

simplistic and user friendly while also allowing for components with greater impact to be 

awarded more points. The use of more than three points would allow this system to be greatly 

impacted by personal opinion and subjective rather than constructive. The maximum points that 

each component can be awarded is based on information found within the AASHTO 2004 

Design Guide, Florida Department of Transportation (FDOT) specifications and values selected 

within LEED for New Construction(v2.2).  
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Table 5.5: Explanation of Points 

 

Point Impact / Affects / Maintenance

1 Short Term / Local / Requiring Constant Maintenance

2 Moderate / Nearby Community / Yearly

3

g y g

Minimal   

 

 

The points may be awarded in this basic form to closely relate to the formatting of the LEED 

rating system or these points can be scored. Implementing a scoring system is still based on the 

original point value from one to three. However, score is awarded on a scale of one to ten (one 

being the lowest rating and ten the highest) based on the achievement of each individual 

component. For example, if only one point is allocated for a specific component it is possible for 

that component to earn a score that is greater than zero but less than one, reflecting the actual 

effort. The points within each category are then normalized and the maximum points possible for 

each category are ten. Normalizing data makes the data more informative to users and helps 

avoid bias during analysis. If the points are normalized within each section then each category 

can potentially have equal point value, therefore, one category will not overshadow another. 

Once the score is recorded in the spreadsheet the value is converted into actual points earned. 

This allows for flexibility and allows the points to be objective.  

 

A more detailed explanation of points, the suggested rating and criteria for achieving points is 

located in Appendix D.  

 

5.6 Significance Factor 

 

Roadway construction and its impacts to the environment is an interconnected web. Using one 

basic rating system cannot be applicable to all roadway projects. Every region and project has 

different conditions and goals, hence the need for special provisions. In order to attempt to form 

a roadway rating system that can be applied to different projects there must be an element of 

variance that does not limit the individual project’s sustainable accreditation potential. There are 

five main categories; in the beginning each has an equal significance factor (0.2 therefore the 

sum of all categories equals 1). Once the project location and scope are known the categories can 
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then be researched and assigned significance factors. For this type of multi-criteria variance 

system to be effective the total of all significance factors must equal one. For example, if a 

project is located near a sensitive habitat or a natural preserve low-lying area stormwater may 

have a greater impact to the project and environment than landscaping or energy efficiency. In 

this case storm water may be given a significance factor of 0.5, materials 0.2 and the remaining 

three categories 0.1.  Awarding points in this manner may encourage the planners and designers 

to be more aware of a particular feature and develop the best option.  Using significance factors 

in this manner allows this rating system to be applicable to various projects. If the project is 

located within an urban area some of the rural factors may not apply and there for can be rated 

with a significance factor of zero.  

 

5.7 Discussion of Components  

 

Each of the design concerns are made up of several smaller components to achieve the overall 

performance goal within a category. The individual components within the framework were 

chosen as the factors that seem to have the greatest overall impact on the roadway, the roadway 

users, owner and the environment. Due to time constraints and the extent of research conducted 

every element could not be thoroughly studied in this thesis. Stormwater and construction 

materials were the two design areas focused on for this research. Both of these have numerous 

alternatives. Each design component is briefly summarized while several components are 

explained with more thorough examples. The main reference guides used to help determine the 

components of this framework are the AASHTO 2004 Design Guide (Green Book), FDOT 

specifications and the LEED for New Construction.   

 

 5.7.1 Effective Selection  

This section encapsulates the main features that should be taken into account during the planning 

phase and primary design phase. By investigating these elements before design the roadway 

should be more efficient and impacts to the environment and community should be minimized. 

The following five components are features that have a big impact to the overall roadway 

effectiveness.  
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5.7.1.1 Non – Disturbing Alignment  

During the planning and design phase of a roadway project the existing roadway alignment, 

topography and watershed basins are researched. Additionally wildlife surveys and an 

environmental site assessment should be conducted prior to design. Based on this information the 

future alignment of that roadway will be determined. The alignment alternative should be chosen 

that will cause the least disturbance to the natural and historical features and a thorough study is 

required as it is extremely impractical to change alignment in the future [1]. Alignment decisions 

should be weighted heavily since the initial savings may be offset by detrimental effects to the 

public such as economic losses, delay and crashes. 

 

5.7.1.2 Designing for Future Growth 

According to the AASHTO design guide, roadways should be designed for the estimated 

roadway capacity twenty years in the future [1]. Whether the roadway is located in an urban or 

rural environment future roadway demand and capacity factors must be taken into consideration. 

Roadways are planned to accommodate a certain level of service (LOS) and therefore if properly 

planned for the roadway should operate at a specified LOS for the expected population increase 

[1]. If the roadway is located within a city the designers may chose to work with a planner to 

discuss the city planning or future goals to achieve roadway efficiency and decrease congestion. 

 

5.7.1.3  Habitat and Species Assessment 

As required by the Endangered Species Act and suggested in Eco-Logical, included in the 

environmental site assessment is an analysis of the preexisting conditions prior to construction 

[32]. Depending on these findings the roadway alignment may need to be slightly altered. This 

information should be taken into consideration before design. It is important to accurately 

perform the habitat assessment before a roadway is laid out or widened in order to establish the 

proper recovery plan for the area disturbed.  

 

5.7.1.4 Local Material 

During the construction of roadways material should be used that is as near to the project as 

possibly practical. Within the state of Florida many roadway materials are mined in the southern 

portion of the state (map located in Appendix C) and then must be transported to where the 

construction is taking place; for projects within the panhandle this is a long transport distance 
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[34]. Due to certain state regulations some materials must be produced within the state, however 

the closer to the production site to the material placement location the better. Long transport 

distances increase the cost of the material when including the fuel used to transport, pollution, 

payment to the people hauling the material and the added time [4],[7][36][37]. The LEED rating 

system suggests that material should come from within a 500 mile radius of the project for a 

certain percent of the total material cost (ten percent of base cost from version 2.2 for new 

construction) to receive sustainability credit.  

 

5.7.1.5 Public Transportation Access and Turn-out Lanes 

Bus traffic causes congestion and increase the possibility of traffic crashes. Roadway 

improvements should include a separate turn-out area for bus traffic at the specified bus stop 

locations. Including turn-out lanes also provide safer access to public transportation since the 

passengers will not be waiting directly next to traffic lanes. AASHTO specifies that bus travel is 

increasingly important and bus turn-outs serve to remove the buses from the travel lanes; 

locations for bus turn-outs should be safe, efficient and at a practical location [1].  In locations 

were other forms of public transportation are available, design should include efficient and safe 

access to these locations as well. The availability and use of public transportation will lower the 

number of vehicles on the roadway which decreases congestion and emissions. Note that 

currently within the US the use of public transportation is not practical in all areas. 

 

5.7.1.6 Bike Lanes 

Allowing for the implementation of bike lanes in roadways will separate the bicyclist from the 

motor vehicle travel lanes and in turn reduce the amount of traffic accidents with bicycles. 

Providing a specified area for bicycles should provide a safer environment and encourage people 

to ride bicycles. Within urban areas an oversized bike lane may be more appropriate to make that 

area more bicycle friendly. The AASHTO design guide states that bike lanes are more justified 

in areas with community development [1]. Riding bicycles is a physical activity with a positive 

health impacts. Encouraging people to ride bikes in areas where they would normally drive 

would reduce congestion and be a positive social change.  
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5.7.1.7 Planning for Future Development   

Planning for future development is more of a holistic goal in design. During the planning and 

beginning design phases the community should be looked as a whole in order to plan for future 

expansion. This should include incorporating principles to achieve urban in-fill before sprawl. If 

the community is developed in open areas within the community or areas that can be 

rehabilitated the community will become more dense. If an area is planned minimizing sprawl 

public transportation is feasible and roadways can be designed to be more effective for the 

estimated capacity.  Poorly planned roadways and development threaten the remaining natural 

areas for urbanization or agriculture [35]. Minimizing urban sprawl will disturb less natural area 

that provide habitat. In rural areas where roadways are being expanded considerations should be 

made to incorporate stub outs for future tie-ins for public utilities.  

 

5.7.1.8 Noise Assessment 

The highway designer should always consider noise pollution which is an unwanted sound that 

intrude on or interfere with people’s lives [1]. Noise Control Act was developed with intentions 

of having noise emission standards directed at surface transportation and construction and to 

develop state and local programs to control noise. A portion of this act mandates the EPA to 

regulate performance standards of construction equipment, transportation equipment and any 

motor [21].  

 

Once a site has been selected for either new construction or rehabilitation a survey must be 

conducted for the properties adjacent to the roadway. The current noise levels should be noted 

and should remain a close to the same as possible once construction has been completed. 

Considerations for placing noise barriers and/or vegetation to absorb sound. Noise assessment is 

required within the LEED for New Construction manual for both noise generated during 

construction and final operation [W-14].  The LEED rating system suggests that noise 

attenuation can be practical if built into the design while also being aesthetically pleasing [W-

14]. 

 

 5.7.2 Stormwater Management  

Stormwater is water from rain, snowmelt, or melting ice that flows across the land surface and 

stormwater management systems are everywhere but typically go unnoticed. Failure in these 
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systems could result in flooding to roadways, temporary road closures or even total destruction. 

Another factor in stormwater management is water quality. Roadways can be classified as non-

point sources of pollution in the fact that pollution cannot be traced back to a single origin or 

source without becoming too generalized [3]. In urban areas stormwater comes in contact with 

oils and other roadway pollutants that can negatively affect water bodies and sediment loading 

from construction sites can be problematic [10].  

 

Stormwater management is especially important for the southeast United States. The southeast 

region of the U.S. is especially vulnerable to contamination and negative effects from stormwater 

runoff as there are thousands of square miles of surface water bodies and swamp land which is at 

or below sea level that provide habitat for a variety of species. If stormwater can be managed in a 

manner that mimics the natural hydrologic cycle of a certain area there will be less impact to the 

surrounding environment. Key factors that must be accounted for within the stormwater design 

are increased impervious surfaces, decreased infiltration and water shed drainage basins. 

 

The various elements specified below are elements of low impact development and support 

higher rates of infiltration where the water is received while also treating contaminates that may 

be found in the stormwater runoff. The main shortcoming in innovative stormwater management 

is improper installation and inadequate maintenance.  

 

5.7.2.1 Bioretention 

Bioretention offers a valid alternative for on site stormwater management. Bioretention areas are 

retention areas with planted soil beds over an underdrained sand layer [10]. This method is most 

successful in low density areas where impervious surfaces are not continuously connected. For 

usage with roadways grass swales should be used in cooperation with Bioretention areas. These 

areas encourage onsite infiltration of stormwater. In certain environments the vegetation in the 

bioretention areas can be used to help with the removal of pollutants. Depressed medians can 

also be used for bioretention areas if they are at least 20 feet wide and 45 feet long continuous 

pervious surfaces [20].  Pictured in figure 5.7.2.1 is a sketch of a bioretention area from the 

University of Vermont [W-30].  
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Figure 5.7.2.1  Bioretention Sketch [W-30]  

 

 

5.7.2.2 Vegetated Swales 

Vegetated swales are more easily implemented for any type of roadway project. Vegetated 

swales are a structural method for stormwater management. Simplified a vegetated swale is a 

ditch that is planted to slow the water velocity and supports infiltration. They have been proven 

successful for removal of particulates. If designed and constructed properly vegetated swales can 

provide up to 90 percent reduction in runoff volume but they must be maintained [10]. Their 

implementation on roadway projects can reduce the need of traditional systems thus reducing the 

overall cost.  

 

5.7.2.3 Permeable Pavers 

Permeable pavers are also referred to as modular porous 

pavement. Permeable pavers are placed with open-voids 

and situated on gravel bedding, as shown in Figure 

5.7.2.3. The open-voids between pavers are filled with 

sand or sometimes a turf. The goal of using permeable 

pavers is to reduce the amount of impervious surface and 

infiltrate directly [20]. Permeable pavers may only be  

used in low traffic areas such as parking lots,         Figure 5.7.2.3 Permeable Pavers [W-22] 
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driveways and other low-traffic areas. Permeable pavers can significantly reduce runoff rates and 

volume. This type of system has been proven effective for removing contaminants from oil, 

grease and metals; however is inefficient at removal of dissolved elements [48].     

            

5.7.2.4  Maintain Natural Hydrology 

Roadways and their construction can be destructive to the natural environment surrounding 

them. Roadways dissect watershed drainage basins and natural water flow patterns. The goal is 

to develop and apply practices that maintain as near as possible the natural hydrologic patterns. 

Hydrologic alterations can change the dynamics of an area and in instances where there are 

changes to streams, fish populations and wildlife can be jeopardized [48]. Additionally the 

stormwater management should be planned and improved upon for an area rather than just 

reacted to on an “as needed” basis [20].  Another factor to take into consideration is preserving 

natural streams and surface waters, realizing that alterations in water flow, diverting natural 

water flow from lakes or streams, can have detrimental effects due to lack of recharge.  

 

5.7.2.5 Vegetated Buffer Zones 

Buffers zones are areas between sidewalks and curbs, around parking lots and can be larger areas 

between roadways and residential or commercial zones. Buffer zones located near sidewalks and 

parking lots are typically a grasses area to help control sheet flow by disconnecting impervious 

areas and allowing for infiltration [20]. Larger buffer zones such as green areas between 

buildings and roadways or between different structures can be more densely vegetated. The 

addition of trees and shrubs will make the area more aesthetically pleasing and provide more 

green space enhancing the developed community. Vegetated buffer zones may also be used 

around parks. These types of buffers will help control sheet flow, allow infiltration and are less 

expensive to build and maintain [10]. This type of buffer or ‘green space’ can be easily adapted 

along urban corridors and even provide protection for streams. Providing vegetated buffer zones 

around urban areas help to protect natural systems and reduce noise to the natural environment 

[35].  

 

5.7.2.6 Soil Amendments  

A soil amendment is any material added to a soil to improve its physical properties, such as 

water retention, permeability, water infiltration, drainage, aeration and structure. Soil 
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amendments can be applied in both urban and rural environments. Soil amendments used are 

typically grass clippings, manures, composts, wood chips or peat. Amendments are mixed into 

the soil increasing water and nutrient holding capacities while also improving aeration and 

infiltration [9]. Note that mulch is not an amendment because it is not mixed into the soil but 

rather is placed on top and primarily is used to reduce runoff, evaporation and weeds. The main 

concerns with implementing soil amendments are maintenance, nitrogen uptake and presence of 

salt. Soil amendments can be used in urban environments to enhance infiltration, capture runoff 

pollutants and reduce effects of compacted soil [10].Tables 5.7.2.6-1 and 5.7.2.6-2 display 

various properties of typical soil amendments. 

 

 

Table 5.7.2.6 -1: Decomposition Rates of Various Soil Amendments 

  

Amendment Decomposition Rate 

Grass Clipping, Manures Rapid - days to weeks 

Compost Moderate - about six months 

Wood Chips, Peat Slow - possibly years 

Source: http://www.ext.colostate.edu/Pubs/Garden/07235.html [9] 

 

 

Table 5.7.2.6-2: Permeability and Water Retention  
   

Amendment Permeability Water Retention 

Fibrous     

  Peat low - medium very high 

 Wood Chips high low - medium 

  Hardwood Bark high low - medium 

Humus     

  Compost low - medium medium - high 

  Aged Manure low - medium medium 

Inorganic     

  Vermiculite high high 

  Perlite high low 

Source: http://www.ext.colostate.edu/Pubs/Garden/07235.html [9] 

 

 

5.7.2.7 Rain Garden  

The implementation of rain gardens is only applicable for urban or neighborhood community 

areas. Rain gardens help to disconnect impervious surfaces which promotes groundwater 
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infiltration while also being aesthetically attractive. Rain gardens are structural integrated 

management practices for stormwater management [20]. This is a structural method since it will 

have to be planned for and build into the design however mimics the natural hydrologic cycle by 

allowing for on-site infiltration [8].  

 

5.7.2.8 Retro-fit Existing Stormwater System 

This is typically included in roadway improvement projects. During roadway widening projects 

the existing stormwater systems and utility systems if possible should be retro-fit as well as 

making any necessary repairs. Retro-fitting will make the system function more efficiently and 

will also give confidence that there are no flaws in the system before the roadway is built.  

 

5.7.2.9 Channel Protection  

Maintaining the natural hydrologic cycle is important for sustainable design. The alternation of 

streams can effect numerous organisms and ecosystems. Channel protection is vital around 

roadway construction projects. Changes to existing water channels can influence an entire 

drainage basin and flow patterns. To protect downstream features the channel should not be 

redirected or segmented. The channel area nearby the roadway may need to be altered by adding 

channel protection features accommodating for increased water flow due to increased impervious 

area. AASHTO recommends protecting channels form erosion as channel deterioration will 

reduce the channel capacity and could result in overflow [1]. When making channel 

improvements hydraulic capacity, slope stability, habitat development, preservation, aesthetics, 

recreation and sediment transport should all be factored into the design [10]. 

 

5.7.3 Construction Materials  

This category is to emphasize environmental awareness on the materials that roadways are being 

constructed with and how these materials affect their surroundings. Implementing new methods 

and material technologies into roadway construction will help preserve natural resources.  

According to the USGS 2005 Mineral Yearbook, more than 1.6 billon metric tons of crushed 

stone and more than 1.2 billion metric tons of construction sand and gravel was produced within 

the United States in 2005 [45]. Not only is this material being harvested in massive quantities but 

the entire production process is energy intensive. Figure 5.7.3 was created by the USGS to 

illustrate the increase of virgin materials used within the United States from 1900 – 1995 [45]. 
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Figure 5.7.3: Raw Material Consumption in the United States  

 

 

5.7.3.1 Recycle Existing Concrete within the Project  

The use of virgin material for highway construction draws on our limited natural resources and 

creates waste within landfills. If concrete can be recycled within a specific project site or 

recovered and stockpiled, a vast amount of material (construction debris) will be eliminated from 

going into our landfills. Recovered concrete can be used as an aggregate source or for pavement 

subbase layers and stabilization material [32].  Some states are using recycled concrete aggregate 

in new concrete and achieving performance equal to concrete produced with virgin material. 

Tests have been conducted on the performance of concrete with the addition of recycled concrete 

aggregate; these studies have shown that up to 30 percent of the aggregate used can be recycled 

without losing performance [32]. The material resources section within the LEED rating systems 

awards credit for reducing the harvesting of new materials therefore, using recycled concrete 

aggregate reduces the quantity of virgin material needed [W-14].  

 

5.7.3.2 Reclaimed Asphalt Pavement Mix Design  

In 1988 there were approximately 2.3 million miles of paved roads in the United States; 

approximately 95 percent of paved roads were surfaced with asphalt [33]. The road building 

industry has traditionally only used virgin material and these materials (crushed stone and sand) 

are in constant demand. Recycling asphalt pavement is an alternative for pavement materials. 

Existing asphalt pavement that is removed for reconstruction or resurfacing can be reprocessed 
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for use in new asphalt pavement mix designs and is called reclaimed asphalt pavement (RAP). 

Once crushed and screened the RAP is high-quality, well-graded aggregate coated with asphalt 

cement.  80 percent of RAP processed is used each year and only 20 percent is disposed of in 

landfills [7][W-20]. The use of RAP mix designs reduces the amount of materials that need to be 

extracted and also reduces landfill volume. The FDOT has approved mix designs with up to 15 

percent RAP for roadways. In 2005, the state of Florida conserved 589,680 tons of aggregate and 

8 million gallons of binder by using RAP asphalt mix designs [30]. Reclaiming asphalt and using 

RAP mix designs is a key factor in material savings, cost savings and energy efficiency. Figure 

5.6.3.2 below is a graph created by the FDOT illustrates the number of mix designs in Florida 

that incorporate RAP.  
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Figure 5.7.3.2: Percentage of HMA Mixes within Florida Containing RAP [30] 

 

 

5.7.3.3 Warm Mix Asphalt 

Warm mix asphalt is essentially the same materials as hot mix asphalt (HMA) but is 

produced with a binder additive at roughly 50 – 100 degrees Fahrenheit below HMA production 

temperatures. WMA premiered in the United States at the National Asphalt Pavement 

Association Convention in 2003 [31]. However the use of WMA has not yet been adapted within 

the United States by the FHWA. Nonetheless, WMA has used on test projects in half of the 

states within the United States by their respective Departments of Transportation [26]. Lowered 

emissions during production result from reducing the drying time and heat to dry the aggregates. 



 52

The emissions of particulate matter, carbon monoxide, VOCs and sulfites are reduced 20 – 50 

percent from traditional HMA production [31].  In the WMA process the aggregates do not need 

to be as dry because the moisture within the rock aids in increasing the binder viscosity thereby 

facilitating production. Additionally the mixing time in warm mix is reduced to seconds rather 

than minutes increasing the production rate [46]. It is also possible to include a greater 

percentage of RAP in WMA because of the increased viscosity from the binder additives. The 

main performance concerns using WMA are moisture susceptibility and skid resistance 

[6][26][31][46]. WMA is a viable alternative that may be accepted in the near future. At this 

time, it is suggested that maximum credit be given for projects that receive approval to use 

WMA as a trial project.  

 

                                

Figure  5.7.3.3-1            Figure  5.7.3.3-2         

Placement of HMA  [W-29]  Placement of WMA at the 2004 World                          

of Asphalt Convention [W-29] 

   

  

5.7.3.4 Pervious Concrete 

Pervious concrete is currently only suggested for use on low volume roadways, examples of 

locations pervious concrete can be used for sidewalks, parking areas and possibly for turn-out 

lanes for bus stops [2][3][39]. Pervious concrete is suggested to be used in the reduction of heat 

island effect and has been proven as a technique to reduce stormwater runoff [3][4][39][40]. The 

use of pervious concrete is limited in cold weather climates as methods of deicing clog the 

porous surface and frost heave is likely to occur; the only preventative measure that can be taken 

is using a larger base layer [2]. A key factor in successful implementation is placing pervious 

concrete at a minimum of three feet above the high water table elevation; this limits use of this 

technology for many areas within the southeast U.S. [2][39]. The use of pervious concrete is 

promoted by the LEED rating system as it reduces the amount of impervious surfaces reducing 
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the overall runoff helping meet stormwater design requirements. The gravel subbase layer 

disperses water and can function to store water reducing irrigation needs which influences water 

efficiency in landscaping [4].  Another reason to use pervious concrete is to improve stormwater 

quality. The pervious concrete acts as a filter as water infiltrates through the concrete.  The PCA 

provides information on the improvements in water quality by using pervious concrete; the 

results of two case studies are displayed in Table 5.6.3.4.  

 

Table 5.7.3.4 Effectiveness of Porous Pavement Pollutant Removal [39] 

 

Pollutants Prince William, VA Rockville, MD
Total Suspended Solids (TSS) 82 95
Total Phosphate 65 65
Total Nitrogen 80 85
Chemical Oxygen Demand (COD) - 82
Metals - 98

Study Location 

 

 

 

Using pervious concrete for is most effective for areas with low speed and reduced cyclic 

loading. Pervious concrete is interconnected with stormwater management concerns and water 

quality. The US EPA recognizes the pervious concrete as a BMP for stormwater management 

[3][39]. Installing pervious concrete reduces the total runoff volume and therefore reduces the 

amount of stormwater structures needed and reduces pond area. Effective design can reduce the 

associated stormwater management system costs by up to 30 percent. Examples of pervious 

concrete base construction alternatives can be found within Appendix F. Decreasing the required 

pond size also reduces the amount of land disturbed during construction. A typical impervious 

concrete mix design has from 3 – 5 percent voids whereas the void content of pervious concrete 

ranges from about 10 – 25 percent [2][4][16][39].  

 

 The major cost concerns are materials and maintenance. Pervious concrete prices are currently 

about 15 percent higher than impermeable mix designs [Florida Rock].  The recommended 

minimum thickness for pervious concrete is six inches while impervious concrete placement 

thickness is typically 4 – 6 inches [2][3][39]. This factor clearly increases the total material cost 

based solely on the increased material quantity required.  
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5.7.3.5 Porous Asphalt 

Typically within Florida the majority of interstates surfaced with asphalt is an open-graded 

friction coarse to facilitate roadway drainage. Open graded friction coarse acts in a similar 

manner to pervious concrete and is also placed over a stone bed [5].  The stone base provides a 

strong subbase that is resistant to pot holes and cracking. The use of porous asphalt can reduce 

the size of traditional detention ponds as more water infiltrated therefore the disturbed area for 

construction is decreased [27]. The primary reason that the FDOT has implemented the use of 

open graded mix designs on interstates is for safety. This mix design quickly displaces water out 

of the travel lanes and is less likely to rut creating more even travel lanes. Roadway noise 

decreases using an open graded mix [5][27].  A diagram of pervious pavement created by the 

NAPA is included in Appendix E.  

 

 5.7.4 Energy Efficiency 

Energy efficiency is the main factor motivating the green building movement and is seen is all 

aspects of the LEED rating system [W-10][W-14]. Similarly, the components of this roadway 

framework receive credits based on efficiency. All aspects of the environment are 

interconnected, achieving greater efficiency in one area impacts other features. Energy efficiency 

for roadways is related to the various material production processes, roadway lighting and 

material transport distances. Featured in Figure 5.6.4 is a pie chart showing the major areas of 

energy usage within the U.S.  

 

     

Figure 5.7.4: 2006 Energy Used in the United States [W-16] 
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5.7.4.1 Solar Lighting 

The implementation of solar lighting would be a big step towards sustainability. The primary 

difference between solar and traditional lighting is that solar systems generate their own 

electricity [49]. Theoretically if solar lighting systems could be used for intersection signals a 

great amount of energy used would be virtually eliminated. Due to current limitations in the solar 

battery’s energy storage capacity they are primarily used for warning signals and school zone 

signs rather than intersection signalization. Figure 5.6.4.1 is a picture of a solar powered street 

light. Within the past several years great advancements have been made in the storage capacity 

of batteries for storing solar energy. The majority of lighting elements used in solar lights are 

now using light emitting diodes (LED) rather than metal halide lamps. LED requires 

significantly less energy to illuminate and almost no maintenance. The term virtually is used 

because there are improvements that must be made for the battery storage capacity and the 

lighting systems would need to have access to a secondary power source in the instance of 

inclement weather or malfunction of the solar power system. Solar panels currently have an 

estimated life of 25 years so the high initial cost would be recovered over the life of the product 

[49].  Overall solar lights are self sufficient for creating electricity and would save on energy 

production and spending.  

 

            
      

Figure 5.7.4.1 Solar Powered Street Light    [W-23]   

 

 

5.7.4.2 LED Lamps  

Light emitting diodes (LED) are electrical components used to produce light and have been 

proven as a reliable source with an average life from 50,000 - 100,000 hours [W-15]. Even 

though the life expectancy of LED is not guaranteed the average LED used for nighttime lighting 
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can last up to 20 years. The primary reason for implementing LEDs for solar lighting is that they 

require very little energy (reference figure 5.6.4.4 for various lighting characteristics). On 

average LED offers comparable to brightness but increase energy efficiency by more than 50 

percent [41].  This can be a factor when used in solar lighting so that the lamp is not depleting 

the battery source.  LED has not yet been approved by the FDOT for use in roadway lighting 

(street lighting) however LED is commonly used in traffic signals and warning signs. LED lamps 

have a higher initial cost however do not require maintenance and have double the life of high 

pressure sodium (HPS) lamps and almost three times longer than metal halide lighting [W-15]. 

Across the US cities are beginning to use LED for street lighting. Due to the high initial cost 

many cities are deciding to alternate between HPS lamp and LED lamps. Several case studies 

have been completed for the US Department of Energy and finding show that the same amount 

of area can be illuminated but without light pollution [41].   

 

The usage of LEDs is weighted heavily within this framework for both their energy efficiency 

and ability to significantly reduce light pollution. Light pollution is the result of misdirected 

lighting that causes artificial light to shine upward into the sky, his happening “washes” out the 

darkness and hinders the ability to see the stars [23]. There are other environmental concerns 

associated with light pollution. A major argument is that this phenomenon is affecting human 

and wildlife natural biological cycles as well as hindering nocturnal species [23]. The LEED 

rating systems are concerned with light pollution and the individual structure’s contribution to 

light pollution. If our roadways were illuminated using LED lamps both light pollution and 

energy usage would be significantly decreased.  Roadways cut through every landscape across 

the US and the artificial street lighting has a greater affect than on just the roadway users. 

Scientists indicate that this is affecting bird migration and nesting, nocturnal species in the 

deserts and even sea life [23].  

 

5.7.4.3 Material Transport Distances  

An important factor in energy efficiency is the different material’s transport distances from the 

production site to the job site. The LEED rating system for new construction requires that a 

percentage of total material used must come from within a 500 mile radius in order to attain the 

credit [W-14].   The longer transport distances require more labor hours, contribute to greater 

green house gas emissions and are more expensive. There is evidence that the most fuel is 
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consumed and there is the highest emission rate of sulfur dioxide, nitrogen dioxide, VOCs and 

particulate matter is during the transportation process [3]. Obtaining material within a closer 

radius, and within state boundaries, also help the local economy. Granted this is easier to 

accomplish within certain regions than others based on material availability and project 

specifications. Since roadways are typically built with local materials this goal is more easily 

met. Accordingly, for scoring purposes within this framework the suggested amount of local 

material required is at a higher percentage than what is suggested within the LEED framework. 

Note that USGS material mining maps are provided in Appendix C for Alabama, Florida and 

Georgia.  The inclusion of the mineral maps is to give an idea about the actual material locations 

and an understanding of the transport distance. 

 

5.7.4.4 High Pressure Sodium Lamps  

High pressure sodium lamps (HPS) are one of the three most used lamps for roadway lighting. 

The other two common alternatives are metal halides and low pressure sodium (LPS) lamps. 

HPS lamps have a longer life span and require less maintenance than both metal halide and LPS 

lamps.  Figure 5.6.4.4 details the characteristics of several light sources. 

 

 

Figure 5.7.4.4: Characteristics of Common Light Sources [W-18] 

 

 (Not featured on the chart is LPS with an average of 180 lumens/watt and lamp life up to 

18,000, poor color rendering [W-19]) 
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5.7.4.5 Incorporating Slag or Fly Ash into Concrete  

Slag is the byproduct of steel manufacturing and fly ash is the byproduct of coal processing. Slag 

and fly ash is collected, dewatered and ground into a fine powder and can be used in concrete 

mixes as an admixture reducing the required amount of cement [W-9]. Slag and fly ash are never 

used alone but rather in combination with Portland cement for added strength and durability and 

can be used to replace 20 – 80 percent of required cement [W-9].  The incorporation of these 

byproducts into concrete can significantly reduce the material going to landfills while providing 

a safe disposal.  The environmental benefits are the reduction in use of virgin material, capturing 

the energy used during the production processes (released during hydration), less energy is 

required during production and emissions are lowered during the production process. The Slag 

Cement Association states that only one-eighth of the energy is required when using slag rather 

than Portland cement and no gasses are created; for one cubic yard of concrete incorporating slag 

can save 15 percent materials, 40 percent in energy used and 60 percent lower green house gas 

emissions [W-9].  There are numerous benefits for the implementation of these admixtures and 

can even make roadways longer lasting.  

 

5.7.5 Landscaping  

Landscaping is an important feature with any roadway project. Proper landscaping and erosion 

control is crucial during construction and operation phases. Landscaping should preserve existing 

vegetation and regenerate natural plant species and material [1]. In order to achieve the best 

results proper landscaping and wildlife considerations must be made during the planning and 

design phases. For this framework habitat reconstruction and wildlife considerations are 

incorporated into this design category. Landscaping provides another example of how all 

roadway features are interdependent as appropriate landscaping can affect the overall design, 

stormwater management and roadway surface and safety.  

 

5.7.5.1 Effective Erosion Control  

Erosion control is one of the most important features during the road construction process. 

Within the state of Florida there are strict regulations governing erosion control maintenance and 

soil tracking [14]. Every roadway project must have an effective erosion control plan and the 

erosion control devices in place must be inspected daily. There are different types of erosion 

control products and methods that are effective for different regions. Figure 5.7.5.1 is an example 
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of a reinforced silt fence. Although silt fences are typically used on every construction site there 

are additional erosion control devices that are used depending on topography and soil type.  

Other examples of erosion control protection devices are silt savers, curlex, hay bales and other 

synthetic materials. Actions should be taken to control stormwater velocity, protect the integrity 

of the roadway layers, turbidity of adjacent water bodies and wetlands while also protecting soil 

slopes and sodding [14].   

 

 

 

 

 

 

                       

Figure 5.7.5.1 Reinforced Silt Fence [W-29] 

 

 

5.7.5.2 Xeriscape  

As previously defined xeriscape is the water efficient landscaping through the use of native flora. 

Employing xeriscape principles contributes to water savings through reduced irrigation and 

lowers required maintenance. Xeriscape also protects the local environment by not adding 

invasive species. This benefits not only the roadway owner but the local wildlife as well. 

Reducing the use of potable water for irrigation affects the entire community. Cities are now 

incorporating and promoting gray water for irrigation while investigating the most effective 

irrigation method [44].  

 

5.7.5.3 Wildlife Crossings 

Roadways dissect the environment as they cross all terrains and landscapes creating a new 

hazard for both wildlife and roadway users.  Animals crossing roadways provide an obvious 

hazard to motorists; in 2004, more than 5 percent of the total number of crashes nationwide 

involved animals [24][25]. Roadways cause forest fragmentation which is the clearing or cutting 

of forest areas into smaller isolated sections. Forest fragmentation causes species to diminish and 

decreases biological diversity.  Consequences of development are widespread habitat loss, forest 
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fragmentation, reduction in species diversity; habitat generalist flourish while specialist (larger 

carnivore species) become extinct [35]. Incorporating wild life crossings into the roadway design 

will provide a connection between habitats at the same time reduce animal mortality on 

roadways. To site wildlife crossing areas extensive analysis must be conducted to determine 

trends in animal paths and what type of crossing would provide the greatest benefit.  Generally 

wildlife crossings are constructed in the same manner as roadway overpasses or underpasses. 

Figures 5.6.5.3-1 and 5.6.5.3-2 feature pictures of wildlife crossings currently in-place. 

 

 

  

Figure 5.7.5.3-1        Figure 5.7.5.3-2 

Wildlife overpass located on the Trans-Continental  Florida State Road 46 elevated to 

Highway in Alberta’s Banff National Park  [24]  create a wildlife underpass [24] 

 

 

Eco-Logical points out the need for provisions to link wildlife areas, provisions to develop a 

method assigning credit for mitigation measures and discusses the idea of disappearing 

conservation opportunities [42]. Eco-logical discusses that in development and roadway 

construction circumstances arise where there is a need to act in a timely way on a situation that 

could yield outstanding ecological benefits and delay could lead to a loss of the opportunity [42].  

If sustainable practices are employed infrastructure can maintain or restore some ecological 

processes such as migration and water flow [35]. Properly implementing wildlife crossings will 

provide both ecological and roadway safety improvements.  

 

5.7.5.4 Irrigate from Ponds On-Site  

Irrigation is an expense for every city and roadway owner. Providing onsite sources for irrigation 

uses natural methods while help with stormwater management (retention). Employing a system 
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with a wet pond that can provide water for irrigation will reduce the operation cost. Even though 

this is not an option for every roadway location this can prove to be effective when sited and 

used in proper regional and city locations.  Another option for on-site irrigation sources is using 

a water storage system in cooperation with the use of pervious pavement. A system of pipes can 

be installed under the stone base to capture a portion of the runoff water that can be used for 

irrigation [39].  

 

5.7.5.5 Effective Nutrient Removing Plants 

The constructed landscape surrounding a roadway should be functional and designed with 

purpose. Within the southeast especially nutrient loading and runoff contaminants are a problem 

for the environment. Landscaping should be used to assist with runoff water quality by reducing 

runoff velocity, suspended solids and uptake of contaminants.  Components within the 

stormwater management design category can be landscaped to achieve these goals and protect 

the native wetland areas and surface waters [44].  

 

5.7.5.6 Green Spaces  

Green spaces can be used in any location and provide social benefits to the community. Green 

spacing can be as minor as a utility strip between a roadway and sidewalk to a larger park area. 

Green spacing enhances aesthetics and can help with providing breaks between impervious 

surfaces allowing stormwater infiltration. The addition of green spacing in urban areas can allow 

groundwater recharge by creating breaks in the pavement. These spaces can be as simple as only 

turf or be larger planted areas. Green spacing along roadway incorporates a factor of safety for 

pedestrians as it places them further from the travel lanes. Examples of two different green 

spacing examples are shown in Figures 5.7.5.6-1 and 5.7.5.6-2. 
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Figure 5.7.5.6-1 Green Spacing Example 1   Figure 5.7.5.6-2 Green Spacing Example 2 

Photograph taken by the author   Photograph taken by the author  

   

 

5.7.5.7 Habitat Reconstruction  

Mitigation efforts should be made to save and reconstruct habitats that are disturbed during the 

construction phase. Looking at habitats and regional mitigation goals can offer an enhanced 

environment and maximizes conservation efforts [42]. Even though roads dissect ecosystems and 

increase forest fragmentation efforts can be made to reconstruct and aid in rehabilitation. For 

example, an area may be temporarily disturbed that serves as a stopping point on a flyway for 

migrating birds. Additionally, construction should attempt to be scheduled not interfering with 

migration.  Eco-Logical discusses “accountability in ecosystem based mitigation” and provides 

an in-depth discussion of mitigation efforts that should be made and sites several examples of 

habitat mitigation, which includes the physical modification of replacement habitat to convert it 

to the undisturbed condition, restoration of a previously altered habitat and increased 

management of habitat areas [42]. Mitigation efforts are suppose to compensate for roadway 

impacts on the environment as well as following all regulatory standards.  

 

5.8 Discussion of Multi-Criteria Approach 

 

The scoring section of this rating system is used in collaboration with the significance factors. As 

afore mentioned the significance factors should be assigned before the start of construction and 

the score is then assigned after project completion. The normalized points possible for each 

design category is ten points (see section 5.5 for detailed explanation).  The points earned for 

each design category are then multiplied by their corresponding significance factor to calculate 
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the total points for each design category. Once the total scores are calculated the overall project’s 

achievement of roadway sustainability practices are represented by a percentage with a 

maximum of 100 percent.  Creating a standardized amount of possible points allows for the 

information to be interpreted more easily.  

 

A complaint of the LEED rating system is that the total points possible vary for different LEED 

rating system versions and that the score a project receives is not easily interpreted. Unless 

someone is very familiar with the points possible for each system the score achieved cannot be 

appreciated. An example of this is that the LEED for New Construction has a total amount of 69 

possible points whereas the LEED for existing buildings is out of 85 points, therefore a if a 

project received a score of 50 there would be a difference in sustainability achieved depending 

upon which rating system was in place.  

 

5.9 Comparing Rating System Goals  

 

The mission of the USGBC is to transform the way in which buildings and communities are 

designed, built and operated to be more environmentally responsible promoting a better quality 

of life [W-10][W-14]. The primary focus when the LEED rating system was created was to 

encourage practices and technologies that promote carbon savings, reduce carbon dioxide 

emissions, reduce energy dependence and do not contribute to global warming. On a social level 

the USGBC states that they hope to restore harmony between people and natural systems [W-

14].   

 

The motivation for the rating system that has been created within this thesis follows along 

similar lines. Due to the basic character differences between buildings and roadways the goals of 

the roadway sustainability are slightly different. There is a greater focus on wildlife and their 

habitats than found within the LEED rating system. Additionally this system aims to improve 

energy efficiency within the material production and construction processes; this includes reduce 

carbon, sulfite and VOC emissions, improve water quality, and decrease light pollution. The 

methods of achieving these goals should also be economical over the expected service life of the 

project. Each component within this rating system facilitates the achievement of at least two of 

the goals while enhancing the roadway aesthetics and promotes social well-being.  
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The primary difference between the LEED rating systems and the rating system developed in this 

thesis is the difference in between structural and roadway features. The overall goals are the 

same for both systems, reducing the overall impact on the environment as sustainability aims to  

create more efficient system, improve landscape and promote well being. Components must vary 

between the systems as discussed previously based on their individual function. Within this 

framework there is not a single component explicitly aimed to reduce heat island effect (the 

increase in microclimate temperature due to urbanization). After researching this topic it is 

thought that buildings have a greater impact on this phenomenon than roadways since buildings 

have a greater amount of surface area in which to radiate heat. Another consideration is that 

buildings are currently being looked at as isolated parcels whereas roadways dissect every 

environment and are interconnected with the environment and larger areas.  

 

Martina Soderlund developed a roadway rating system for her master’s thesis at the University of 

Washington in 2007 [36]. The primary components within Soderlund’s framework and the rating 

system developed within this thesis vary slightly. Both roadway rating systems aim to achieve 

virtually the same goals but have different approaches. Components within the individual design 

categories vary as well as how credits are achieved.  The components within Soderlund’s 

framework are closely modeled after the components of the LEED rating system for New 

Construction [36]. For example, pavement technologies are thoroughly researched however are 

described in relation to heat island effects, roadway noise and energy efficiency for placement 

whereas, pavement research within this thesis focus on the production processes and the 

interrelatedness of pavement and stormwater management.  
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CHAPTER 6 

CASE STUDY 

6.1  Overview  

 

To apply this framework a local roadway project has been referenced to evaluate using the 

sustainability rating system developed throughout this thesis. This roadway project serves as a 

hypothetical example as the actual roadway design plans are not complete. The project evaluated 

is a design-build project that currently only has partial design plans as the project has not yet 

begun.  The analysis conducted includes a review of the project’s goals, planning, development 

and environmental study, roadway and drainage plans and recommended construction practices. 

The mission statement of the project owner encompasses several principles discussed throughout 

this research as sustainable building practices. The case study includes a hydraulic analysis for 

one of the stormwater ponds on the roadway project under evaluation.  This roadway was 

reviewed as a whole and evaluated to determine the roadway’s impact on the surrounding 

environment. Note that a portion of the proposed roadway plans are included within Appendix H, 

these plans related to the roadway segment used for the hydrologic simulations.  

 

6.2  Application of Evaluation Framework  

 

This framework was applied to a local project currently in the design phase as an investigation of 

the feasibility of using the framework developed within this thesis. Since the project has not yet 

been constructed the design documents were reviewed as well as all studies completed for this 

roadway project.  

 

To evaluate this project the spreadsheet from Figure 5.2 was divided into two separate 

worksheets, one to score the project components and the other to assign the significance factors. 

Once the scores were assigned for each component the values were placed into the scoring 

spread sheet and combined with the assigned significance factors to determine an over all project 

rating. Because of the environmentally sensitive area the project owner has motivation for this 

roadway to be designed using sustainable practices and took the initial steps to include 

sustainability features in the design.. The roadway under evaluation scored a 57.4% for 

implementing sustainable practices. Note that not all components suggested within this 
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sustainable roadway rating system are acceptable practices by the FDOT.  The rating 

spreadsheets to view how this roadway project was evaluated are included within Appendix I.  

Through the application of this framework to an actual roadway project it several components 

that need better point refinement and should be more explicit in how to award points or score. A 

goal is for this sustainable framework rating will encourage more sustainable practices and 

technologies to be incorporated in roadway design and construction, therefore, this framework 

should be clear in both the components under evaluation and scoring.  

 

6.3 Research Questionnaire    

 

To obtain an indication of how this idea and system will be received by professionals working 

within the transportation and construction industries a brief survey was distributed to several 

local industry professionals. This survey covers the main concepts and design areas related to 

highway sustainability. A sample survey questionnaire and several completed anonymous survey 

results are included within Appendix K.  The questions were formulated to pinpoint the major 

feature of concern related to roadways and the environment.  

 

The results from the survey provided positive feedback supporting the concept of a nationally 

accepted roadway sustainability rating system. The survey results indicate that the design 

category of greatest importance is Effective Selection which is essentially long term planning. 

Closely following with the second highest score is stormwater management. The remaining three 

design categories, energy efficiency, construction materials and paving technologies,  received 

lower scores and were almost equivalent. It is believed that the three were scored lowered 

because they are interconnected and somewhat dependant on one another for success. Figure 6.3 

is a pie chart depicting the ranking of importance of the design components. More than 60 

percent of people surveyed believe that it is possible to have one nationally accepted rating 

system to measure roadway sustainability. All of the questionnaires results were in favor of using 

significance factors during project evaluation. Finally, the inclusion of LCC and cost 

considerations would help in evaluating and implementing sustainable alternatives.  The results 

from the questionnaire  
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Figure 6.3 Survey Results: Importance of Sustainable Issues 

 

 

Feedback from the questionnaires indicated concern between regional differences and local 

government policies. Notes were made that this should only be applied practically and focus 

should not be taken from the design to achieve sustainability points. The roadway sustainability 

rating system developed within this thesis is to be used to encourage sustainable practices and 

promote greater environmental awareness, with the overall goal to provide safe and practical 

alternatives.  

 

6.4 Hydrologic Analysis   

 

6.4.1  Overview 

In addition to applying the roadway rating system, explained within this thesis, a portion of the 

proposed drainage design plans have been investigated to develop a better understanding of the 

relationship of stormwater management techniques and pervious concrete. Using the proposed 

drainage information provided within the plans and drainage design calculations completed by a 

local engineering firm, the data within the drainage design calculations were able to be used to 

simulate the effects that various pavement techniques have on stormwater runoff.  

 

 

Survey Results: Importance of Sustainable 

Issues

Material Re-
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23%
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Efficiency
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28%
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 6.4.2 Methodology   

In order to begin this analysis extensive research was completed to determine properties and 

specifications of permeable concrete. The primary sources for information about pervious 

concrete were various articles from the National Ready Mix Concrete Association (NRMCA) 

and the Portland Cement Association (PCA).  Since this is a relatively newer building material 

the engineering properties have not been clearly defined or have not been used long enough to 

test the performance, life and durability, of the concrete. Some of the values within this 

evaluation were interpolated or used based on information provided by the above mentioned 

organizations.   

 

The second step taken was choosing a drainage pond from the roadway to use for simulation. 

Since the version of the plans used for this case study is from the preliminary design phase, the 

pond was chosen, for this case study, based on the completeness and clear data.  Note that for the 

purpose of this study the pond under analysis will be referred to as the Orange Avenue Pond. 

Reading the plans provided an illustration of which stormwater structures drain into the Orange 

Ave pond were able to be determined. The plan section of this pond is provided in Figure 6.3.2. 

 

  

 

   Figure 6.4.2 Roadway Plan View for Case Study 
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The corresponding drainage calculations were also included with the plans provided  

by the designer.  These calculations provide the stationing, roadways length, runoff coefficients, 

total flow, area, intensity, roadway slope, spread and intercepted flow.  The associated design 

information provided by the designer is included within Appendix H.  

 

The primary difference between traditional Portland cement concrete and pervious concrete is 

the allowable void ratio. Traditional concrete has a void ratio between 3 – 5 percent whereas in 

pervious concrete the void ratio can range from 10 – 25 percent. For this study the Rational 

Method was used for runoff calculations. The Rational Method is simplistic yet effective. The 

runoff coefficient used in the Rational Method is related to the void ratio. Two factors 

influencing the runoff coefficient are the void ratio and the construction of the base layer. Void 

ratio plays an integral part in the value assigned to the runoff coefficient as it is a reflection of 

infiltration potential.  For the purpose of this study the runoff coefficient values were assigned 

based on recommended values from the FDOT, NRMCA and PCA.  

 

The third step included taking the original values and calculations provided by the designer and 

altering the runoff coefficient values for several different scenarios. The original stormwater 

design was compared against implementing different pervious pavement designs to evaluate how 

pavement runoff contributes to the total stormwater flow volume and design. Note that these 

calculations serve only as a theoretical example to illustrate the relationship between pervious 

concrete pavement and stormwater management system; the use of pervious concrete is not yet 

an accepted practice by the FDOT for the paving of roadways.  

 

6.4.3 Design Guide  

Through the research conducted for this thesis on various pervious pavements Table 6.3.3 was 

developed as a design guide for using pervious pavements. This table provides an estimation of 

the total volume of runoff from a specified area using the Rational Method. Table 6.3.3 

demonstrates the effects of various pavement surfaces and runoff volumes. The runoff 

coefficients used for this design guide are suggested values from the FDOT [18].  The first three 

sections of this design chart are for one-half mile paved roadway sections where as the final 

section is a one acre paved parking lot.  
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The parking lot information was included within this design guide to compare the effects of 

permeable pavers and grass block pavers to the other pervious material. The values within Table 

6.4.3 how the effects that the various materials have on sheet flow across a parking area and 

demonstrates that the use of permeable pavers may provide a more cost effective approach to 

help manage stormwater runoff.   

 

Reducing the rate of stormwater runoff and encouraging infiltration will limit the size of the 

stormwater treatment area necessary as well as recharging groundwater. The permeable 

pavements, as mentioned within Chapter 5, act as a filter for treating the stormwater runoff 

improving the water quality. If a permeable roadway becomes over saturated exfiltration will 

occur; exfiltration the release of water from the base of the permeable pavement allowing water 

to flow horizontally. If exfiltration does occur the surrounding surface water quality should not 

be negatively affected since the runoff filtered through the pavement.  

 

The use of Table 6.4.3 as a design guide could encourage an increased use and research of 

permeable pavement for practical applications.  
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Table 6.4.3 Relationship between Pervious Pavement and Stormwater Runoff - Design Guide 

Runoff Calculations for One-Half Mile Paved Roadway

Design Storm

10 year   

24 hr

25 yr    

24 hr

50 yr     

24hr

100yr    

24 hr

Intensity (in/hr) 7.5 8.5 9.6 10.9

2 Lane Roadway with Bike Lane C A (acres)

Asphalt 0.95 2.182 15.545 17.618 19.898 22.593

Concrete 0.98 2.182 16.036 18.175 20.527 23.306

Low Permeabilty Concrete Pvmt 0.85 2.182 13.909 15.764 17.804 20.215

Moderate Permeabilty Concrete Pvmt 0.75 2.182 12.273 13.909 15.709 17.836
High Permeabilty Concrete Pvmt        

(6" Stone Base) 0.1 2.182 1.636 1.855 2.095 2.378

4 Lane Roadway with Bike Lane

Asphalt 0.95 3.636 25.909 29.364 33.164 37.655

Concrete 0.98 3.636 26.727 30.291 34.211 38.844

Low Permeabilty Concrete Pvmt 0.85 3.636 23.182 26.273 29.673 33.691

Moderate Permeabilty Concrete Pvmt 0.75 3.636 20.455 23.182 26.182 29.727
High Permeabilty Concrete Pvmt     (6" 

Stone Base) 0.1 3.636 2.727 3.091 3.491 3.964

6 Lane Roadway with Bike Lane

Asphalt 0.95 5.091 36.273 41.109 46.429 52.716

Concrete 0.98 5.091 37.418 42.407 47.895 54.381

Low Permeabilty Concrete Pvmt 0.85 5.091 32.455 36.782 41.542 47.167

Moderate Permeabilty Concrete Pvmt 0.75 5.091 28.636 32.455 36.655 41.618
High Permeabilty Concrete Pvmt      (6" 

Stone Base) 0.1 5.091 3.818 4.327 4.887 5.549

Parking Lot

Asphalt 0.98 1 7.350 8.330 9.408 10.682

Concrete 0.95 1 7.125 8.075 9.120 10.355

Moderate Permeabilty Concrete Pvmt 0.75 1 5.625 6.375 7.200 8.175
High Permeabilty Concrete Pvmt      (6" 

Stone Base) 0.1 1 0.750 0.850 0.960 1.090

pavers 0.3 1 2.250 2.550 2.880 3.270

grass block 0.45 1 3.375 3.825 4.320 4.905

Assumptions:

Placed on Sandy Soils

Line Width - 12'

Bike Lane  - 4' 

Shoulders - 1.5' 

No Median 

Discharge (cfs)

 

 

The runoff coefficients used within this design guide are based upon a flat (less than 2% slope) 

slope. These runoff coefficients are suggested by the FDOT and increase by 0.05 for a rolling 

slope (2 – 7%) and increase by 0.1 for a steep slope (7% or higher) compared to the values 

represented within this table [18].  
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6.4.4 Pavement Simulations  

To evaluate the overall effect that pervious pavement can have on roadway runoff rates, 

simulations were performed using the drainage design of an actual roadway project by 

manipulating the runoff coefficient (C). Changing the runoff coefficient for only the paved 

surfaces allows for the effects of implementing pervious concrete to be clearly illustrated, 

showing changes in the total runoff volume. Once the runoff rates are changed the calculations 

are altered changing the total runoff volume (Q). The drainage structures can then be re-

evaluated based on their design criteria and the new stormwater runoff volume.  The calculations 

of the pavement simulations can be seen in Figures 6.3.4-1, 6.3.4-2, 6.3.4-3, 6.3.4-4 and 6.3.4-5.  

The variation cumulative stormwater runoff flow rates are illustrated in Figure 6.3.4.4-6 for each 

pavement surface.  
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Case Study - Orange Ave Pond 

T= [(n*Q)/(0.56*Sx^5/3*SL^1/2)]^3/8 Max T = 5.5 inside lane; 7.5 outside lane

Preliminary Design Calculations n= 0.016 Use chart in Appendix A of FDOT manual

Superpave Asphalt Mix Design

Inlet No. STR No. Inlet Type  @ STA

Roadway 

Length (ft) 0.2 0.95

Total 

Area Combined C i Q     (cfs)

long 

slope x slope spread T

intercepted 

Flow  (cfs)

Bypass 

flow comments

1 100 curb 101+20 2920 0 0.06 0.06 0.950 4 0.228 0.011 0.02 4.067 0.228 0 ok

2 101 curb 101+20 220 0 0.14 0.14 0.950 4 0.532 0.011 0.02 5.588 0.532 0 ok

3 102 median 103+40 230 0 0.17 0.17 0.950 4 0.646 0.026 0.02 5.115 0.646 0 ok

4 103 curb 103+40 230 0 0.16 0.16 0.950 4 0.608 0.026 0.02 5.000 0.608 0 ok

5 104 curb 105+70 130 0 0.12 0.12 0.950 4 0.456 0.011 0.02 5.275 0.456 0 ok

6 105 curb 108+00 130 0 0.12 0.12 0.950 4 0.456 0.011 0.02 5.275 0.456 0 ok

7 107 curb 108+00 100 0 0.09 0.09 0.950 4 0.342 0.006 0.02 5.305 0.342 0 ok

8 106 curb 108+90 78 0 0.1 0.10 0.950 4 0.38 0.006 0.02 5.519 0.38 0 ok

9 106A curb 108+90 90 0.03 0.1 0.13 0.777 4 0.404 0.006 0.02 5.647 0.404 0 ok

10 109 curb 109+80 180 0 0.18 0.18 0.950 4 0.684 0.006 0.02 6.880 0.684 0 ok

11 108 curb 109+80 90 0.02 0.1 0.12 0.825 4 0.396 0.006 0.02 5.605 0.396 0 -

12 111 curb 110+70 90 0 0.11 0.11 0.950 4 0.418 0.006 0.02 5.720 0.418 0 ok

13 110 median 110+70 14 0.01 0.22 0.23 0.917 4 0.844 0.006 0.02 7.444 0.844 0 ok

14 112 curb 111+88 118 0.02 0.25 0.27 0.894 4 0.966 0.006 0.02 7.831 0.966 0 -

15 113 median 111+88 118 0 0.12 0.12 0.950 4 0.456 0.006 0.02 5.909 0.456 0 ok

16 114 median 112+90 102 0.01 0.09 0.10 0.875 4 0.35 0.006 0.02 5.351 0.35 0 ok

17 116 curb 113+70 80 0.01 0.07 0.08 0.856 4 0.274 0.006 0.02 4.882 0.274 0 ok

18 117 median 113+70 182 0.01 0.19 0.20 0.913 4 0.73 0.006 0.02 7.050 0.73 0 ok

19 117A median 114+50 80 0.01 0.07 0.08 0.856 4 0.274 0.006 0.02 4.882 0.274 0 ok

20 118 median 115+50 100 0.02 0.08 0.10 0.800 4 0.32 0.006 0.02 5.174 0.32 0 ok

21 119 curb 115+50 180 0.01 0.19 0.20 0.913 4 0.73 0.006 0.02 7.050 0.73 0 ok

Total Flow 10.494

*Original calculations provided courtesy of Blueprint 2000

Drainage Area (acre)

 

Figure 6.4.4-1 Original Design Calculations and Simulation 
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3000 psi Low Permeability Pervious Concrete Placed on a Sandy Subbase

T= [(n*Q)/(0.56*Sx^5/3*SL^1/2)]^3/8 Max T = 5.5 inside lane; 7.5 outside lane

n= 0.016 Use chart in Appendix A of FDOT manual

Drainage Area (acre)

Inlet No. STR No. Inlet Type  @ STA

Roadway 

Length (ft) 0.2 0.85

Total 

Area Combined C i Q

long 

slope x slope spread T

Intercepted 

Flow

Bypass 

Flow Maximum T

1 100 curb 101+20 2920 0 0.06 0.06 0.850 4 0.204 0.011 0.02 3.901 0.204 0.204 5.5 OK

2 101 curb 101+20 220 0 0.14 0.14 0.850 4 0.476 0.011 0.02 6.127 0.68 0 7.5 OK

3 102 median 103+40 230 0 0.17 0.17 0.850 4 0.578 0.026 0.02 4.906 0.578 0 5.5 OK

4 103 curb 103+40 230 0 0.16 0.16 0.850 4 0.544 0.026 0.02 4.796 0.544 0 5.5 OK

5 104 curb 105+70 130 0 0.12 0.12 0.850 4 0.408 0.011 0.02 5.059 0.408 0 5.5 OK

6 105 curb 108+00 130 0 0.12 0.12 0.850 4 0.408 0.011 0.02 5.059 0.408 0 5.5 OK

7 107 curb 108+00 100 0 0.09 0.09 0.850 4 0.306 0.006 0.02 5.088 0 0.306 5.5 OK

8 106 curb 108+90 78 0 0.1 0.10 0.850 4 0.34 0.006 0.02 6.734 0.646 0 7.5 OK

9 106A curb 108+90 90 0.03 0.1 0.13 0.700 4 0.364 0.006 0.02 5.431 0.364 0 7.5 OK

10 109 curb 109+80 180 0 0.18 0.18 0.850 4 0.612 0.006 0.02 6.599 0.612 0 7.5 OK

11 108 curb 109+80 90 0.02 0.1 0.12 0.742 4 0.356 0.006 0.02 5.385 0 0.356 7.5 OK

12 111 curb 110+70 90 0 0.11 0.11 0.850 4 0.374 0.006 0.02 7.050 0.73 0 7.5 OK

13 110 median 110+70 14 0.01 0.22 0.23 0.822 4 0.756 0.006 0.02 7.143 0.756 0 7.5 OK

14 112 curb 111+88 118 0.02 0.25 0.27 0.802 4 0.866 0.006 0.02 7.516 0.866 0 7.5 CHECK

15 113 median 111+88 118 0 0.12 0.12 0.850 4 0.408 0.006 0.02 5.668 0.408 0 7.5 OK

16 114 median 112+90 102 0.01 0.09 0.10 0.785 4 0.314 0.006 0.02 5.138 0.314 0 5.5 OK

17 116 curb 113+70 80 0.01 0.07 0.08 0.769 4 0.246 0.006 0.02 4.688 0.246 0 5.5 OK

18 117 median 113+70 182 0.01 0.19 0.20 0.818 4 0.654 0.006 0.02 6.765 0.654 0 7.5 OK

19 117A median 114+50 80 0.01 0.07 0.08 0.769 4 0.246 0.006 0.02 4.688 0.246 0 5.5 OK

20 118 median 115+50 100 0.02 0.08 0.10 0.720 4 0.288 0.006 0.02 4.974 0.288 0 5.5 OK

21 119 curb 115+50 180 0.01 0.19 0.20 0.818 4 0.654 0.006 0.02 6.765 0.654 0 7.5 OK

Represents Inlets Required with New Runoff Coefficient Cumulative Flow 9.402

original: 21 inlets

new: 18 inlets Reduction in Structures Required 15.30%

 

Figure 6.4.4-2 Stormwater Simulation 1  
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3000 psi  Moderate Permeability Pervious Concrete Placed on a Sandy Subbase

T= [(n*Q)/(0.56*Sx^5/3*SL^1/2)]^3/8 Max T = 5.5 inside lane; 7.5 outside lane

n= 0.016 Use chart in Appendix A of FDOT manual

Drainage Area (acre)

Inlet No. STR No. Inlet Type  @ STA

Roadway 

Length (ft) 0.2 0.75

Total 

Area Combined C i Q

long 

slope x slope spread T

Intercepted 

Flow

Bypass 

Flow Maximum T

1 100 curb 101+20 2920 0 0.06 0.06 0.750 4 0.18 0.011 0.02 3.722 0 0.18 5.5 OK

2 101 curb 101+20 220 0 0.14 0.14 0.750 4 0.42 0.011 0.02 5.846 0.6 0 7.5 OK

3 102 median 103+40 230 0 0.17 0.17 0.750 4 0.51 0.026 0.02 4.681 0.51 0 5.5 OK

4 103 curb 103+40 230 0 0.16 0.16 0.750 4 0.48 0.026 0.02 4.576 0.48 0 5.5 OK

5 104 curb 105+70 130 0 0.12 0.12 0.750 4 0.36 0.011 0.02 4.827 0.36 0 5.5 OK

6 105 curb 108+00 130 0 0.12 0.12 0.750 4 0.36 0.011 0.02 4.827 0.36 0 5.5 OK

7 107 curb 108+00 100 0 0.09 0.09 0.750 4 0.27 0.006 0.02 4.855 0 0.27 5.5 OK

8 106 curb 108+90 78 0 0.1 0.10 0.750 4 0.3 0.006 0.02 6.425 0.57 0 7.5 OK

9 106A curb 108+90 90 0.03 0.1 0.13 0.623 4 0.324 0.006 0.02 5.199 0.324 0 7.5 OK

10 109 curb 109+80 180 0 0.18 0.18 0.750 4 0.54 0.006 0.02 6.296 0 0.54 7.5 OK

11 108 curb 109+80 90 0.02 0.1 0.12 0.658 4 0.316 0.006 0.02 7.484 0.856 0 7.5 OK

12 111 curb 110+70 90 0 0.11 0.11 0.750 4 0.33 0.006 0.02 5.234 0.33 0 7.5 OK

13 110 median 110+70 14 0.01 0.22 0.23 0.726 4 0.668 0.006 0.02 6.819 0.668 0 7.5 OK

14 112 curb 111+88 118 0.02 0.25 0.27 0.709 4 0.766 0.006 0.02 7.178 0.766 0 7.5 OK

15 113 median 111+88 118 0 0.12 0.12 0.750 4 0.36 0.006 0.02 5.408 0.36 0 7.5 OK

16 114 median 112+90 102 0.01 0.09 0.10 0.695 4 0.278 0.006 0.02 4.908 0.278 0 5.5 OK

17 116 curb 113+70 80 0.01 0.07 0.08 0.681 4 0.218 0.006 0.02 4.481 0 0.218 5.5 OK

18 117 median 113+70 182 0.01 0.19 0.20 0.723 4 0.578 0.006 0.02 7.282 0.796 0 7.5 OK

19 117A median 114+50 80 0.01 0.07 0.08 0.681 4 0.218 0.006 0.02 4.481 0.218 0 5.5 OK

20 118 median 115+50 100 0.02 0.08 0.10 0.640 4 0.256 0.006 0.02 4.759 0.256 0 5.5 OK

21 119 curb 115+50 180 0.01 0.19 0.20 0.723 4 0.578 0.006 0.02 6.459 0.578 0 7.5 OK

Represents Inlets Required with New Runoff Coefficient Cumulative Flow 8.31

original: 21 inlets

new: 17 inlets Reduction in Structures Required 19.05%

 

Figure 6.4.4-3  Stormwater Simulation 2 
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3000 psi High Permeability Concrete Placed on a Well-Drained Sandy Subbase

T= [(n*Q)/(0.56*Sx^5/3*SL^1/2)]^3/8 Max T = 5.5 inside lane; 7.5 outside lane

n= 0.016 Use chart in Appendix A of FDOT manual

Drainage Area (acre)

Inlet No. STR No. Inlet Type  @ STA adway Length 0.2 0.45 Total Area Combined C i Q long slope x slope spread T

Intercepted 

Flow

Bypass 

Flow Maximum T

1 100 curb 101+20 2920 0 0.06 0.06 0.450 4 0.108 0.011 0.02 3.073 0 0.108 5.5 OK

2 101 curb 101+20 220 0 0.14 0.14 0.450 4 0.252 0.011 0.02 4.223 0 0.36 7.5 OK

3 102 median 103+40 230 0 0.17 0.17 0.450 4 0.306 0.026 0.02 5.174 0.666 0 5.5 OK

4 103 curb 103+40 230 0 0.16 0.16 0.450 4 0.288 0.026 0.02 3.778 0 0.288 5.5 OK

5 104 curb 105+70 130 0 0.12 0.12 0.450 4 0.216 0.011 0.02 5.476 0.504 0 5.5 OK

6 105 curb 108+00 130 0 0.12 0.12 0.450 4 0.216 0.011 0.02 3.986 0 0.216 5.5 OK

7 107 curb 108+00 100 0 0.09 0.09 0.450 4 0.162 0.006 0.02 5.508 0.378 0 5.5 OK

8 106 curb 108+90 78 0 0.1 0.10 0.450 4 0.18 0.006 0.02 4.170 0 0.18 7.5 OK

9 106A curb 108+90 90 0.03 0.1 0.13 0.392 4 0.204 0.006 0.02 5.541 0 0.384 7.5 OK

10 109 curb 109+80 180 0 0.18 0.18 0.450 4 0.324 0.006 0.02 6.969 0.708 0 7.5 OK

11 108 curb 109+80 90 0.02 0.1 0.12 0.408 4 0.196 0.006 0.02 4.305 0 0.196 7.5 OK

12 111 curb 110+70 90 0 0.11 0.11 0.450 4 0.198 0.006 0.02 5.594 0 0.394 7.5 OK

13 110 median 110+70 14 0.01 0.22 0.23 0.439 4 0.404 0.006 0.02 7.289 0.798 0 7.5 OK

14 112 curb 111+88 118 0.02 0.25 0.27 0.431 4 0.466 0.006 0.02 5.958 0 0.466 7.5 OK

15 113 median 111+88 118 0 0.12 0.12 0.450 4 0.216 0.006 0.02 6.872 0.682 0 7.5 OK

16 114 median 112+90 102 0.01 0.09 0.10 0.425 4 0.17 0.006 0.02 4.082 0 0.17 5.5 OK

17 116 curb 113+70 80 0.01 0.07 0.08 0.419 4 0.134 0.006 0.02 5.076 0 0.304 5.5 OK

18 117 median 113+70 182 0.01 0.19 0.20 0.438 4 0.35 0.006 0.02 6.765 0.654 0 7.5 OK

19 117A median 114+50 80 0.01 0.07 0.08 0.419 4 0.134 0.006 0.02 3.733 0 0.134 5.5 OK

20 118 median 115+50 100 0.02 0.08 0.10 0.400 4 0.16 0.006 0.02 5.013 0 0.294 5.5 OK

21 119 curb 115+50 180 0.01 0.19 0.20 0.438 4 0.35 0.006 0.02 6.726 0.644 0 7.5 OK

Cumulative Flow 4.53

Represents Inlets Required with New Runoff Coefficient original: 21 inlets

new: 8 inlets Reduction in Structures Required 61.90%

 

 

Figure 6.4.4-4  Stormwater Simulation 3 

 



 77

2500 psi High Permeability Concrete Placed on 6" Graded Stone Base

T= [(n*Q)/(0.56*Sx^5/3*SL^1/2)]^3/8 Max T = 5.5 inside lane; 7.5 outside lane

n= 0.016 Use chart in Appendix A of FDOT manual

Drainage Area (acre)

Inlet No. STR No. Inlet Type  @ STA adway Length 0.2 0.1 Total Area Combined C i Q long slope x slope spread T

Intercepted 

Flow

Bypass 

Flow Maximum T

1 100 curb 101+20 2920 0 0.06 0.06 0.100 4 0.024 0.011 0.02 1.748 0.024 0 5.5 OK

2 101 curb 101+20 220 0 0.14 0.14 0.100 4 0.056 0.011 0.02 2.402 0.056 0 7.5 OK

3 102 median 103+40 230 0 0.17 0.17 0.100 4 0.068 0.026 0.02 2.199 0.124 0 5.5 OK

4 103 curb 103+40 230 0 0.16 0.16 0.100 4 0.064 0.026 0.02 2.150 0.188 0 5.5 OK

5 104 curb 105+70 130 0 0.12 0.12 0.100 4 0.048 0.011 0.02 2.267 0.048 0 5.5 OK

6 105 curb 108+00 130 0 0.12 0.12 0.100 4 0.048 0.011 0.02 2.267 0.096 0 5.5 OK

7 107 curb 108+00 100 0 0.09 0.09 0.100 4 0.036 0.006 0.02 2.281 0.036 0 5.5 OK

8 106 curb 108+90 78 0 0.1 0.10 0.100 4 0.04 0.006 0.02 2.372 0.076 0 7.5 OK

9 106A curb 108+90 90 0.03 0.1 0.13 0.123 4 0.064 0.006 0.02 2.830 0.14 0 7.5 OK

10 109 curb 109+80 180 0 0.18 0.18 0.100 4 0.072 0.006 0.02 2.958 0.212 0 7.5 OK

11 108 curb 109+80 90 0.02 0.1 0.12 0.117 4 0.056 0.006 0.02 2.692 0.268 0 7.5 OK

12 111 curb 110+70 90 0 0.11 0.11 0.100 4 0.044 0.006 0.02 2.459 0.312 0 7.5 OK

13 110 median 110+70 14 0.01 0.22 0.23 0.104 4 0.096 0.006 0.02 3.294 0.096 0 7.5 OK

14 112 curb 111+88 118 0.02 0.25 0.27 0.107 4 0.116 0.006 0.02 3.537 0.212 0 7.5 OK

15 113 median 111+88 118 0 0.12 0.12 0.100 4 0.048 0.006 0.02 2.540 0.26 0 7.5 OK

16 114 median 112+90 102 0.01 0.09 0.10 0.110 4 0.044 0.006 0.02 2.459 0.044 0 5.5 OK

17 116 curb 113+70 80 0.01 0.07 0.08 0.113 4 0.036 0.006 0.02 2.281 0.08 0 5.5 OK

18 117 median 113+70 182 0.01 0.19 0.20 0.105 4 0.084 0.006 0.02 3.134 0.164 0 7.5 OK

19 117A median 114+50 80 0.01 0.07 0.08 0.113 4 0.036 0.006 0.02 2.281 0.036 0 5.5 OK

20 118 median 115+50 100 0.02 0.08 0.10 0.120 4 0.048 0.006 0.02 2.540 0.084 0 5.5 OK

21 119 curb 115+50 180 0.01 0.19 0.20 0.105 4 0.084 0.006 0.02 3.134 0.168 0 7.5 OK

Represents Inlets Required with New Runoff Coefficient 

original: 21 inlets

new: 0 inlets Reduction in Structures Required 100%

 

 

Figure 6.4.4-5  Stormwater Simulation 4  
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Cumulative Flow
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Figure 6.4.4-6  Combined Cumulative Flow Results 
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6.4.5 Results of Hydrologic Analysis  

The relationship between pavement surfacing and stormwater runoff is clearly illustrated through 

this hydrologic analysis. The simulations prove that implementing pervious pavement can 

significantly reduce stormwater runoff, in-turn reducing the amount of stormwater structures 

required.  A brief summary of the results are displayed in Table 7.5.5. 

 

Table 6.3.5 Summary of Results 

Simulation C Pavement Analyzed

Total Flow 

(cfs) 

Number of 

Stormwater 

Structures

Material 

Savings

1 0.95 Original Design - Asphalt Pavement 10.49 21 -

2 0.85

3000 psi Low Permeability Pervious 

Concrete Placed on a Sandy 

Subbase 9.4 18 15.30%

3 0.75

3000 psi  Moderate Permeability 

Pervious Concrete Placed on a 

Sandy Subbase 8.31 17 19.05%

4 0.45

3000 psi High Permeability Concrete 

Placed on a Well-Drained Sandy 

Subbase 4.53 8 61.90%

5 0.1

2500 psi High Permeability Concrete 

Placed on 6" Graded Stone Base < 1 0 100%

 

Both PCA and NRMCA indicate that using pervious concrete can reduce stormwater cost by 

approximately 15% and this case study revealed similar findings. Decreasing the total flow (Q) 

reduces the total amount of stormwater structures required and will reduce the required 

stormwater pond accordingly. The reduction in the size of the stormwater pond required would 

reduce the amount of right-of-way needed and overall land acquisition costs.  
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CHAPTER 7 

LIFE CYCLE COSTING 

7.1  Overview 

 

To account for resource use and the associated environmental impacts during the construction, 

operation and maintenance of a structure a technique should be used to quantify the overall cost 

[29]. Life cycle costing (LCC) is a method of quantitative analysis for the materials and energy 

used in a building or roadway in a “cradle to grave” approach.  Life cycle costing is an important 

consideration during the planning and design of buildings however is not always thoroughly 

researched for roadways. Incorporating sustainable design practices into any design usually has a 

higher initial cost however there is an overall expectation that these costs will be recovered over 

the life span of a design through savings in operation and maintenance costs. LCC can be used as 

a decision making tool to evaluate alternatives for financial planning. A proper balance between 

initial construction cost and subsequent operating costs and maintenance could lead to improved 

efficiency of resources [29].   

 

In the current efforts towards promoting roadway sustainability cost consideration has not been 

taken into account. Neither the Greenroads nor Green Highways organizations have completed 

or made concerted efforts towards a cost analysis for sustainable roadways. Making headway in 

the acceptance of sustainable roadways is strongly influenced by an in-depth cost analysis of 

various alternatives. Even though roadways are rarely privately owned within the US 

consideration must be made for proper budgeting and balance of work. For both buildings and 

roadways expenses incurred during operation depend on decisions made during planning and 

design phases [13].  

 

There are two main issues currently affecting the fact that the acceptance of green engineering 

for sustainable roadway design is more gradual than for buildings. First is a lack of information 

about reliability (safety and maintenance) of new products. Second is the ability to determine if 

the added initial expense is capable of paying for it’s self over the life span of the project. A 

thorough LCC could prove beneficial during the design phase and justify practices of sustainable 

design. 
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7.2  Life Cycle Costing 

 

Traditionally, life cycle costing is used to estimate the total cost of a built system throughout its 

entire life [13] .In order for this type of cost analysis to be projecting an accurate value the 

various components related to planning, construction and operation should be taken into account. 

Simplistically, for this study, life cycle costing for sustainability is the total estimated expense of 

a roadway through its life cycle or until there is an anticipated major reconstruction using 

materials and methods reducing the overall environmental impact.   

 

Conducting a life cost analysis can point out economic and financial costs. These costs account 

for environmental costs and benefits as well as site operation, maintenance and indirect costs 

such as construction equipment [13]. With sustainable design the financial cost is no longer the 

only factor in consideration during design and construction. Environmental factors are now 

heavily weighted and taken into consideration during the design of structures. Roadway 

designers are now beginning to make an effort to reduce the overall impact on the surrounding 

environment.  

 

Most roadways are owned indefinitely by federal, state or county authorities unlike the 

ownership of a building.  Due to their function the life of a roadway is defined differently than 

other built features. For buildings, life is defined as the length of time which the building 

satisfies specific requirements. The design life for roadways is viewed differently than buildings 

because of their basic function and nature. For the ease of calculations the overall design life of a 

roadway will be assumed to be twenty years.  However, the elements that make up the roadway, 

such as resurfacing and property acquisitions may have varying life spans. Flanagan points out 

that in order to conduct an accurate life cost assessment several different options must be 

researched for each aspect [13]. The main points for consideration relating to cost are: the 

decision to acquire land, short term running costs, performance characteristics, consider how 

operational costs can be reduced, and the reliability of costing data collected. Also an evaluation 

should be done for all energy conservation investments to determine if the added cost will be out 

weighted by environmental benefits. According to Flanagan and Jewel, sustainable design 

includes innovative new products and technologies where it is difficult to predict their longevity 

[13]. 
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7.3 Whole Life Appraisal  

 

The overall concept of whole life appraisal (WLA), cost effective solutions, efficient 

performance and fitness for purpose over the whole life, would be applicable for any type of 

project concerned with sustainability. The concepts discussed by Flanagan and Jewel for WLA 

are identifying the total cost of acquisition, facilitating effective choices between various 

methods, planning for future costs and having a target cost and lastly consistently collect data to 

analyze both performance and overall cost [13]. Completing this series of steps from start to 

finish of a project should yield cost data as well as the best alternative for the community and the 

environment.  Analyzing elements of WLA, a relationship can be made between structural 

elements and roadway concerns.  Employing a similar methodology, for example reviewing 

different occupancy costs, various cost components can be identified for the roadway users and 

the owner.  For building estimates the building size, specifications, management systems and 

maintenance, intensity of use, performance characteristics and location are used to determine the 

estimated cost; these same concerns can be recognized within roadway design and construction.   

 

The main difference in the cost factors is that operational costs will be greater for buildings and 

construction is the greatest cost factor for roadways. Even though sporadic maintenance will be 

necessary, the overall maintenance and operation costs are much lower than for buildings. A key 

factor in cost and maintenance calculations is to realize that different components have different 

service lives. Another thing to take into consideration is that the life span is affected by both the 

material and installation quality. The research areas must include the rate of material 

deterioration, climate considerations, the cost of different types of repairs, disruption to users, 

and the relationship of the physical life to the functional and economical life [13]. 

  

The roadway quality and people’s different perceptions of quality is an element that can vary 

since there is no standard measure or method to determine levels of deterioration. The major 

shortcoming of the WLA is not the methodology but rather the availability of reliable of data. 

The accuracy of any analysis is dependent upon the information provided. When planning for a 

structure’s life cycle cost the required maintenance and operational costs can often be estimated 

whereas estimating these factors for a roadway are not always accurate. With the sudden 

environmental boom within the construction industry companies are marketing their products 
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with eco-labels and have possibly not yet gathered all information to have accurate data or be 

lacking historical product information. 

 

Energy conservation is now critical in planning and design. This can be linked to increased costs 

of fuel and shortages. As energy supply becomes increasingly higher it is uneconomical to 

maintain the current level of energy demand. Planning construction activities and maintenance 

will improve efficiency. If equipment used during the construction process can be managed 

effectively then fuel costs could be minimized.  According to Flanagan [13], labor costs are sixty 

percent of the total cost and twenty percent is directly related to energy usage. Energy 

calculations are very complex and require knowledge of loading, climate conditions, mechanical 

performance, and peak capacity requirements. Flanagan [13] states that, “energy consumption 

costs money and has an impact on the environment in terms of use of natural resources and 

emissions.” Growing emphasis on energy for industry and domestic has led to systems of 

measurement and efficiency. Environmental accountability is permeating worldwide and 

environmental commitment is now seen as an essential component of good commercial 

housekeeping. Environmental management within construction projects should include: source 

control, embodied energy tracking, waste management, energy management, maintenance, and 

waste disposal [13]. It is no longer sufficient to make choices based on cost alone.  

 

7.4 Life Cycle Cost Analysis of Sustainable Alternatives 

 

A life cycle cost analysis was conducted over several new technologies contributing to 

sustainability. Due to obvious limitations not every component of this framework could be 

analyzed for individual LCC. For this section the feasibility of employing LED luminaries for 

street lighting was researched in comparison to HPS luminaries. The majority of the data for this 

cost assessment is referenced from case studies conducted by the Department of Energy [41]. 

Four different LED configurations are compared to HPS, the calculations for determination of 

the LCC are included in Appendix K   

 

To compare LCC the initial cost, estimated maintenance costs, energy consumption, estimated 

energy costs and estimated life span are considered. There was variation in data for the HPS 

luminaires so median values were used. The LCC assessment for LED luminaires shows that 
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even though the initial costs are significantly higher the LCC of all four alternatives are more 

than 50 dollars less per luminaire. This indicated substantial savings in both the usage of natural 

resources and cost to counties and cities.   

  

The second LCC comparison is permeable concrete verses traditional concrete. The cost 

information used for this LCC analysis is from the Florida Statewide Averages Manual and 

material costs provided by Florida Rock Industries [17]. The material cost for permeable 

concrete is approximately 15% higher than traditional 3000psi concrete. The maintenance cost 

are more significant for permeable concrete than traditional concrete. The NRMCA and the PCA 

both recommend that the pervious concrete be vacuumed quarterly but a minimum of one time 

per year [39]. It is also suggested that the surface may be pressure washed but the cleaning is not 

as efficient. Since permeable concrete requires extensive cleaning efforts the LCC is much 

higher than for traditional concrete. However, the effects of permeable pavement can have on a 

stormwater system is not taken into consideration. These two elements are interconnected and as 

demonstrated within Chapter 6, the use of porous concrete reduced the amount of drainage 

structures and stormwater treatment facilities by at least fifteen percent which could amount to 

great savings, especially if land acquisition costs are affected.  

 

7.5 Importance of Cost Data 

 

Sustainability is the overall goal however cost still plays a role in product selection.  Roadways 

are built within a budget and must be reliable for their designed service life. The quality of 

roadways affects the overall safety of a community and every roadway user. Because of this fact 

the construction materials used should be cost effective not only during the construction phase 

but also for maintaining. Money can be a limiting factor in any design therefore LCC analysis is 

crucial to the overall success of a sustainable roadway. Since several of the sustainable practices 

suggested within this framework are new to the United States there is not solid cost data 

[13][39][17].  As more reliable data is available a more thorough LCC analysis would be 

possible. The availability of reliable LCC information would allow for some of this information 

to be factored into the framework to better optimize decision making and rate sustainability.  
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CHAPTER 8 

CONCLUSION 

8.1 Conclusion  

 

Sustainability and “Green” engineering are new topics within civil engineering gaining attention 

and rapidly increasing in popularity. Sustainable design practices are becoming common in the 

design of buildings however sustainable practices are just now emerging within roadway design 

and construction. Encouraging sustainable practices to be associated with roadway will have 

positive outcomes for various ecosystems, water quality, air quality and well being of the human 

population. 

 

 This framework was designed to focus on the areas of design having immediate impacts on the 

surround environment as well as the general population. The sustainable roadway rating system 

developed throughout this paper was modeled after the LEED rating system for New 

Construction v2.2, which is used to assess the sustainability buildings. The motivation for this 

research was observing the great impact that roadways have on the environment in every aspect 

of its development and operation and also having an awareness of the LEED rating systems. It is 

believed that if roadways can be constructed with new consciousness of the environment and a 

better understanding of how each element of a roadway effects the environment, the 

interrelationships of these design factors and improvements in roadway sustainability can be 

achieved benefiting the entire community.  

 

The rating system presented in this thesis offers a new approach to sustainability. This rating 

systems varies from both the various LEED rating system [W-14] and the roadway rating system 

developed by Martina Soderlund [36]. The primary differences between the LEED rating system 

and the suggested roadway rating system suggested within this thesis are the major design areas 

and components to evaluate because of the basic functional and operational differences between 

buildings and roadways. The components suggested in this thesis also vary from the components 

suggested by Soderlund. The various components within Soderlund’s rating system are closely 

modeled after the LEED rating system and look at slightly different roadway impacts. The rating 

system developed here varies form both of these systems by suggesting a multi-criteria approach 

to rating. Implementing a multi-criteria approach allows for flexibility to apply the same rating 
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system to various roadway projects. The rating system suggested here is uses a MCDM approach 

to provide a more objective score.  MCDM allows for both quantitative and qualitative aspects to 

contribute to the project’s sustainability score. This framework offers a new approach for rating 

roadway sustainability that is both comprehensive and easily understood.  

 

The stormwater simulation provides a theoretical illustration of how each design category is 

connected influencing one another. Variations in the pavement surface have direct impacts on 

stormwater management and consequently the water quality of stormwater runoff. The life cost 

analysis proves that initial cost may be greater but over the service life the individual component 

cost is significantly less while also reducing environmental impacts and preserving natural 

resources. 

 

8.2 Recommendation  

 

Improvements should be made in the refinement of the components and point assignment. More 

explicit guidelines for allocating points would standardize this system, making this rating system 

easier to implement.  The cost model can be expanded and then linked to the actual components 

within the framework providing another criterion for rating and optimization.  If an in-depth and 

reliable LCC analysis for sustainable elements is conducted that information could be added 

within the framework to improve the MCDM.  It is also suggested that a sensitivity analysis be 

applied to any model developed from the framework developed in this thesis.  

 

As new technologies are available the components within this framework will need to be updated 

or amended. Future further research should be done to more clearly understand the 

interrelationships between design components.  
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APPENDIX A 

 

SUSTAINABLE ROADWAY DESIGN – A MODEL FOR AN  

ENVRIONMENTAL RATING SYSTEM 

(EXCERPT FROM [36], pg 154) 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 88

 
 

 

 

 

 

 

 

 

 



 89

APPENDIX B 

 

LEED FOR NEW CONSTRUCTION V2.2  

PROJECT CHECKLIST 

(EXCERPTED FROM THE LEED FOR NEW CONSTRUCTION V2.2, pgs 6-7) 
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APPENDIX C 

 

2005 USGS MINERAL YEARBOOK MAPS 

(ALABAMA, FLORIDA, GEORGIA) 
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APPENDIX D 

 

EXPLANATION OF POINTS 
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NOTE: All safety, structural and environmental requirements and regulations must be met and maintained on a County, State and Federal level before incorporating this framework.

Design 

Category Component Explanation Points Reference

Page                 (If 

Applicable) Information Referenced

Effective Selection

Minimal negative impact to the existing environment. 
No additional loading to drainage basins. 

Improvements to hydrologic connectivity. No habitat 

destruction or acquisition of homes. 

3

AASHTO Green Book 2004 280

Permanent design element in which thorough study is warranted. It is extremely 

difficult and costly correct. It is impractical to change alignment in the future because 
of adjacent development . Decisions should be weighted heavily as initial savings my 

be more than offset by the economic loss to the public in the form of delays and 

crashes

There should be alternative alignments to investigate. 

Minimal construction footprint with maximum recovery. 
Minor hydrological changes within drainage basins. 

Improvements to hydrologic connectivity. Minimal 

effects on residential and agricultural areas.

2

Decisions should be weighted heavily as initial savings my be more than offset by the 

economic loss to the public in the form of delays and crashes

Alternative alignment suggestions. Recovery of 

disturbed area after construction. Improvements to 

existing stormwater pattern

1

Required for any design however, must incorporate city 
planners and future population expansion. Design so 

that the roadway provides sufficient transportation but 

not over designed. 

2

AASHTO Green Book 2004 75

The design volume is the projected traffic to use a particular facility during the design 
year usually form 10 - 20 years into the future. Design volumes are estimated during 

the planning process and are often expressed as the expected traffic volume during a 

specified design hour. 
1

Habitat and Species Assessment

Exceeding the requirements set by the ESA. Plans to 

not disturbing any area with unique species or habitat. 

2

Eco-logical and ESA

Discusses the importance of ecosystem mitigation throughout the document and 

emphasizes in-depth assessment and planning

Recovery plan for disturbed areas and reconstructed 

as near as possible to original condition. Incorporation 

of new feature within an urban area for wildlife.

1

Prior to construction material acquisition should be 

planned using local manufacturers.

2

LEED for New Construction v2.2 MR-C5.1

Increase demand for building materials that are produced within the region supporting 

the use of indigenous resources and reducing impacts from transportation

Designing for Future Growth

Non-Disturbing Alignment

Local Material
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Design 

Category Component Explanation Points Reference

Page             

(If Applicable) Information Referenced

Public transportation Access and Turnouts

Bus traffic causes congestion and a possible increase 
for roadway crashes. Roadway improvements should 

include a separate turn out area for bus traffic at the 

stop locations. This would also provide safer access for 

the public.

1

 AASHTO Green Book 2004 367

Bus travel is increasingly important. Bus turnouts serve to remove buses form the 

traveled way. Locations should provide ready access in safe, efficient and practical 

manner

Bike Lanes

Allowing for the implementation of bike lanes in 

roadways should reduce traffic accidents with bicycles 

and encourage people to ride bicycles in urban areas. 

If the bike lanes are wider than suggested in the 

specification manual an additional point is possible. 

1

AASHTO Green Book 2004 357 more justified in areas with community development

Plan for Future Development Incorporating Tie-Ins

Considerations should be made about he possibility of 

future expansion. If there is an area where 

development may take place in the near future 

incorporate a tie-in or stub out into each system

1

Noise Assessment

Plans to minimize noise from roadway to surrounding 

area

1

AASHTO Green Book 2004 346-347

potential noise problems should be identified early in the design process. Noise 

attenuation may be inexpensive and practical if built in design but expensive if not 

considered until later. Solid material blocking noise, natural terrain should be used 
and is more aesthetically pleasing. Sound barriers may be justified through noise 

sensitive areas. If possible earth berm for aesthetics. 

AASHTO Green Book 2004 45-46

The highway designer should always consider noise pollution. Noise is unwanted 

sound, a subjective result of sounds that intrude on or interfere with activities such as 

conversation, thinking, reading or sleeping.  The quality of noise varies with the 

number and operating conditions of vehicles while the directionality and amplitude of 

the noise varies with highway design features. The designer should be concerned 

with how the location and design influence the people nearby.  
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Design 

Category Component Explanation Points Reference

Page             

(If Applicable) Information Referenced

Stormwater Management

Bioretention

Bioretention applied throughout the project. Including 

medians. Handling 25% of roadway runoff
3

LEED for New Construction v2.2 SS-C6.1

Increase on-site infiltration and decrease contaminants. Reduce runoff by 25% from 

the 2yr 24hr storm where impervious is greater than 50%

Bioretention used effectively for treatment of 10 

percent of roadway runoff
2

Large depressed medians incorporated into design. 

1

AASHTO Green Book 2004 337

 Medians can vary from 4 - 80 ft depending on area, construct cost, maintenance, 

overall benefits gained. Wider medians usually on rural divided highways. Wide 

medians are not practical for signalized intersections. Where row restricted wide 

median is not allow.  Depressed median for drainage and snow removal cross slope 

4%

Vegetated Swales

Connected to bioretention areas or each other. Planted 

with effective vegetation for infiltration and nutrient 

removal. 2 AASHTO Green Book 2004 325 sloped longitudinally for drainage and increase efficiency of inlets

Properly implemented into design 1

Permeable Pavers

Constructed properly and used in parking areas, bus 

turn out lanes, boat ramp parking, park areas 
2

Greenroads

Rating system suggests that 20% of area of new pavement surfaces should be 

pervious

1

Maintain Natural Hydrology

1

Vegetated Buffer Zones

Employed between directional travel lanes or between 

the roadway and residential or commercial facilities.

1

 AASHTO Green Book 2004 347

shrubs, tress and ground cover not very efficient because of permeability of air flow 

however do offer some noise reduction and in exceptionally wide areas can result in 

substantial noise reduction. 

LEED for New Construction v2.2 SS-C5.2

Reduce the development footprint and provide vegetated open space within the 

project boundary to exceed the zoning open space requirement by 25%

Soil Amendments

Properly implemented into design for both rural and 

urban environments.
1

Colorado State University

Rain Garden

A small depression in a grassed area within an urban 

environment allows for infiltration of runoff .
1

Retrofit Existing Stormwater System

Whenever possibly during road construction within an 

urban environment considerations should be made to 

retro fit the existing stormwater and possibly sanitary 

system. This could include the addition of a reclaimed 

water line.

1

Channel Protection

Efforts to maintain or improve drainage channels. 

Protect natural streams from roadway construction and 

erosion. 

1

LEED for New Construction v2.2 SS-C6.1

Implement a plan that protects receiving stream channels from excessive erosion by 

implementing a stream channel protection strategy and quantity control.

AASHTO Green Book 2004 323

protect from erosion with least expensive protective lining that will withstand flow 

velocities. Channel deterioration reduces capacity and results in overflow as the 

should control surface drainage  
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Design 

Category Component Explanation Points Reference

Page                 (If 

Applicable) Information Referenced

Construction Materials

Recycle Existing Concrete within Project

Proper implementation for removal and placement of 

maximum quantities. Can be used for subbase or other 

applicable concrete structures. 

3

25 percent of existing concrete material reused within 

roadway
2

LEED for New Construction v2.2 MR-C4.1

Reduce harvesting of new material. For pervious concrete 10% of base cost of 

materials on the project

10 percent of existing concrete material reused within 

roadway
1

Reclaiming Asphalt

 25% RAP mix design
2

FDOT Approved Mix Designs

FDOT currently only allows 15% RAP for most roadways upto 25% RAP for parking 

lots

10 percent RAP mix design implemented 1

Placing Warm Mix Asphalt*

Where allowable placement of warm mix asphalt 3

Pervious Concrete

Pervious concrete implemented for sidewalks  and 

parking lots where applicable

1

LEED for New Construction v2.2 SS-C6.2

Recommends implementing a stormwater management plan that reduces impervious 

cover, promotes infiltration while capturing and treating runoff from 90% of annual 

runoff

Pervious Asphalt

Use of open graded mix design 1
FDOT

Suggests the use of open graded mix designs for interstate systems to avoid 

stormwater ponging within travel lanes

Energy Efficiency

LED Lamps

LED lamps used on entire project 3 Significant lifetime energy savings

LED on half of project
2

Soderlund suggests 1 credit for reducing light pollution but does not explicitly discuss 

energy efficiency

Solar Lighting **

Used for all lighting on project allowable by current 

regulations 3 LEED for New Construction v2.2 EA-C2 Use on-site renewable energy systems to reduce operation costs

Solar lighting used for at least 50% of applicable 

lighting 2

The percentage to receive credit for this component is high because of the limited 

application opportunities

Solar lighting used for at least 25% of applicable 

lighting 1

Material Transport Distance - Local Resources

30 percent of material used on roadway project should 

come within 500 miles of the roadway for hauling 

efficiency and fuel concerns

2

LEED for New Construction v2.2 MR-C5.1

Building materials 10% based on cost of total materials should be harvested within 

500 miles of the site.  If 20 % is regional material then an extra credit awarded.

15 percent of materials within 500 miles

1
Note that greater values are suggested since a large portion of roadway materials are 

local or can come from nearby stockpiles - This should include the extraction location 

of aggregates within pavements

High Pressure Sodium Lamps

Used for street lighting for energy efficiently 1 FDOT

Incorporating Slag or fly ash into concrete
Reduced waste going to landfills from steel and coal 

production and enhancing properties within the 

concrete
1

Green Highways

FHWA organization recommends the use of slag and fly ash to help recycle by-

products and increase efficiency during production  
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Design 

Category Component Explanation Points Reference

Page                    (If 

Applicable) Information Referenced

Landscaping

Effective Erosion Control 

During the construction process minimal soil leaving 

the project and optimal maintenance. No turbidity 

concerns. After project completion minimal effects from 

runoff to site and surroundings

3

AASHTO Green Book 2004 288

landscaping should preserve existing vegetation, transplant existing vegetation where 

possible, plant new vegetation and only have selective clearing and thinning, 

regenerate natural plant species and material

Xeriscape

Objectives in planting and retention and preservation of natural growth are closely 

related. Providing: vegetation aiding aesthetics, lowering construction and 

maintenance cost, creates interest, usefulness and satisfaction for people traveling

Incorporating existing flora into landscaping. Using 

native plants throughout the project that do not require 

irrigation and are low maintenance.

3

LEED for New Construction v2.2 WE-C1.1

to encourage the elimination of using potable water for irrigation and potable water for 

irrigation must be reduced by 50% compared to the mid summer baseline

Native flora used on 50 percent of the project and 

minimal watering.
2

LEED for New Construction v2.2 WE-C1.1

Install landscaping that does not require permanent irrigation, use irrigation for plant 

establishment

25 percent of landscaping native species or succulents
1

Wildlife Crossings

Efforts must be made to accommodate wildlife. Aerial 

crossings or box culvert areas to allow wildlife to cross 

are proven successful. Depending on the project length 

and location a crossings should be added at a 

percentage per length of roadway.

3

Eco-Logical

Irrigate from Ponds on Site

Use ponds on site or reclaimed water for irrigation of 

landscaping
2

LEED for New Construction v2.2 WE-C1.1 Use only captured rainwater or recycled wastewater  for irrigation

Effective Nutrient Removing Plants

In stormwater management areas and areas where 
runoff with high possibility of contamination nutrient 

removing plants should be used. 

1

Green Spaces

Creating added green spaces in urban areas will be 

more aesthetically pleasing and allow for infiltration. 

Green spacing can be as minimal as an added 

grassing strip between the roadway and side walk or a 

larger area grassed and with flora.

1

LEED for New Construction v2.2 SS-C5.2

 - For areas with no local zoning requirements provide vegetated open space are 

adjacent to the building that is equal to the building footprint.                                         

- Provide vegetated open space equal to 20% of the project's site area

Habitat Reconstruction Promote biodiversity and restore damaged areas

An disturbed area outside of the roadway that served 

as a natural habitat either land or aquatic should be 

reconstructed to original condition or improved upon.

1

LEED for New Construction v2.2 SS-C5.1

Limit all site disturbance to 40 feet beyond the building perimeter; 10 feet beyond 

walkways…etc.         
On previously developed sites restore or protect a minimum of 50% of the site area 

excluding the building footprint.
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APPENDIX E  

 

PERMEABLE PAVEMENT DIAGRAMS 

 

(EXCERPTED FROM [5] & [39] ACCORDINGLY) 
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EXAMPLE OF CROSS-SECTIONS OF ALTERNATIVE DRAINAGE ARRANGEMENTS 

 

 

a)  Rock filled trench under pavement with  

 collection pipe 

 

 

 

 

 

b) Rock trench along edge of pavement 

 

 

 

 

 

c) V-trench 

 

 

 

 

 

 

d) Rock filled trench extending beyond 

 pavement 

 

  e)  Sand underdrain 

 

  f)  Sand underdrain with rock trench 

Referenced from [39] 
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APPENDIX F 

 

RESULTS FROM LIGHT EMITTING DIODE (LED) CASE STUDY FOR THE DOE: 

SAN FRANSISCO, CA 

(REFERENCED FROM [41]) 
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Summary of Results from the LED Street Lighting Assessmetn for Emerging technologies

Average Luminaire Power and Estimated Savings 

Luminaire Type Power (W)

Power Savings 

(W)

Estimated 

Annual Energy 

Savings 

Energy Cost 

Savings

HPS Type II cut-off 138.32 - - -

LED A 58.66 79.66 (57.6%) 321 $30.20

LED B 62.22 76.1 (55.0 %) 342 $28.45

LED C 41.25 97.07 (70.2%) 398 $38.77

LED D 69.21 69.11 (50.0%) 283 $25.01

Laboratory Reported LED Lighting and Energy Performance

Luminaire Type Power (W) Lumens / watt

Correlated Color 

Temperature (K)

Color 

Rendition 

Indices

LED A 58.6 54.7 6227 75

LED B 54.4 18.7 14628 74

LED C 36.7 71.2 5210 68

LED D 73.3 46.9 6052 72

Estimated Annual Cost Savings per Luminaire

Luminaire Type Maintenance Cost

Maintenance 

Savings Energy Cost

Energy 

Savings Total Cost 

Total 

Savings

HPS $24.44 - $59.06 - $83.50 -

LED A $8.17 $16.27 $28.86 $30.20 $37.03 $46.47

LED B $10.13 $14.31 $30.61 $28.45 $40.74 $42.77

LED C $7.78 $16.66 $20.30 $38.77 $28.07 $55.43

LED D $9.04 $15.40 $34.05 $25.01 $43.09 $40.41

New Construction Economics

Luminaire Type Initial Investment Incremental Cost Annual Savings

Simple 

Payback 

(Years)

15-Year 

NPV

HPS $107.00 - - - -

LED A $44.00 $293.00 $46.47 $6.30 $306.72

LED B $675.00 $568.00 $42.77 $13.30 -$16.09

LED C $310.00 $203.00 $55.43 $3.70 $512.34

LED D $725.00 $618.00 $40.41 $15.30 -$96.43

Retrofit Economics

Luminaire Type Initial Investment Incremental Cost Annual Savings

Simple 

Payback 

(Years)

15-Year 

NPV

HPS - - - - -

LED A $400.00 $500.00 $46.47 $10.80 $99.72

LED B $675.00 $775.00 $42.77 $18.10 -$223.09

LED C $310.00 $410.00 $55.43 $7.40 $305.34

LED D $725.00 $825.00 $40.41 $20.40 -$303.43

Tables I, VIII, XXII, XXIII, XXIV

 

Reference [41] 
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APPENDIX G 

 

ROADWAY PLANS & DRAINAGE MAP 

(Courtesy of Blueprint2000) 
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APPENDIX H 

 

STATE OF FLORIDA RAINFALL DATA 

 

(EXCERPTS FROM FDOT DRAINAGE MANUAL, STORMDRAIN HANDBOOK  

AND HYDROLOGY HANDBOOK) 
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APPENDIX I 

 

ROADWAY EVALUATION & HYDROLOGIC SIMULATIONS 
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Sustainable Highway Design and Construction Efficiency Framework

Design 

Concerns Breakdown of Components 

Points 

Possible

score     

(0 -10) Comments

Non-Disturbing Alignment 3 8 Three alignment alternatives
Designing for Future Growth 2 8 Widening Roadway
Habitat and Species Assessment 2 9 Thorough species and habitat assessments
Local Material 2 8 Unsure of where lighting materials will be from
Public Transportation Access and Turnouts 1 0 not included in plans - currently not on public transportation route
Bike Lanes 1 9 Incorporated in new roadway design
Plan for Future Development Incorporating Tie-Ins 1 8 Received input from nearby businesses and property owners
Noise Assessment 1 10 In-depth analyis of impacts of roadway noise to nearby residents and businesses 

Bioretention Area 3 10 Some sections of the median and constructed wetland areas
Vegetated Swales 2 5 Used in select areas of the project
Permeable Pavers 2 0 Not used
Maintain Natural Hydrology 2 5 Repairing flow within the wetland area
Vegetated Buffer Zones 1 5 Used in select areas of the project
Soil Amendments 1 3 To be used within the reconstructed wetlands
Rain Garden 2 0 Not applicable for this roadway
Retrofit Existing Stormwater System 1 10 All stormwater systems will be retrofit
Channel Protection 1 5 Protecteing the natural surface waters nearby

Recycle Existing Concrete within Project 3 0 Not used
Reclaiming Asphalt 2 5 Reclaiming a portion of the asphalt but not used in mix design
Placing Warm Mix Asphalt* 3 0 This roadway is not a trial location. Warm Mix not accepeted by FDOT
Pervious Concrete 1 0 Not used
Pervious Asphalt 1 0 Not used

Solar Lighting ** 3 0 Not accepted by current regualtions for this area
LED Lamps (Whole project) 3 0 Not used
 - Note if use LED on half of project give 2 Points
Material Transport Distance - Local Resources 2 6 Majority of materials for the roadway are local materials
High Pressure Sodium Lamps 1 10 Used for street lighting 
Incorporating Slag or fly ash into concrete 1 2

Effective Erosion Control 3 10 A detailed erosion control plan has as been created by a consultant for entire project
Xeri-scaping 3 7 Whereever practically possible
Wildlife Crossings 3 10 There are two wildlife crossings provided 
Irrigate from Ponds on Site 2 0 Not used
Effective Nutrient Removing Plants 1 6 within the wetland area
Green Spaces 1 10 This roadway provides adequate green spacing between the travel lanes pedestrian space
Habitat Reconstruction 1 7 Plans indicate a snake habitat will be reconstructed as well as wetland improvements

Landscaping

Effective 
Selection

Stormwater 

Management

Construction 

Material

Energy 

Efficiency 
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Sustainable Highway Design and Construction Efficiency Framework

Design 

Concerns Breakdown of Components 

Points 

Possible

Criteria 

Weight score (0 -10)

Total Points 

Earned  (0 -10)

Category 

Significance 

Factor Total Score

Non-Disturbing Alignment 3 0.231 8
Designing for Future Growth 2 0.154 8
Habitat and Species Assessment 2 0.154 9
Local Material 2 0.154 8
Public Transportation Access and Turnouts 1 0.077 0
Bike Lanes 1 0.077 9
Plan for Future Development Incorporating T 1 0.077 8
Noise Assessment 1 0.077 10

Bioretention Pond 3 0.200 10
Vegetated Swales 2 0.133 5
Permeable Pavers 2 0.133 0
Vegetated Buffer Zones 1 0.067 5
Soil Amendments 1 0.067 5
Rain Garden 2 0.133 3
Retrofit Existing Stormwater System 1 0.067 0
Maintain Natural Hydrology 2 0.133 10
Channel Protection 1 0.067 5

Recycle Existing Concrete within Project 3 0.300 0

Reclaiming Asphalt 2 0.200 5

Placing Warm Mix Asphalt* 3 0.300 0

Pervious Concrete 1 0.100 0

Pervious Asphalt 1 0.100 0

Solar Lighting ** 3 0.300 0

LED Lamps (Whole project) 3 0.300 0

 - Note if use LED on half of project give 2 Points 0.000

Material Transport Distance - Local Resourc 2 0.200 6

High Pressure Sodium Lamps 1 0.100 10

Incorporating Slag or fly ash into concrete 1 0.100 2

Effective Erosion Control 3 0.214 10

Xeri-scaping 3 0.214 7

Wildlife Crossings 3 0.214 10

Irrigate from Ponds on Site 2 0.143 0

Effective Nutrient Removing Plants 1 0.071 6

Green Spaces 1 0.071 10

Habitat Reconstruction 1 0.071 7

Total Project Score 57.4%

Effective Selection 7.77 0.20 1.55

Stormwater 
Management

5.40 0.30 1.62

Construction 
Material

1.00 0.10 0.10

Energy Efficiency 2.40 0.10 0.24

Landscaping 7.43 0.30 2.23
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Comparison of results from stormwater spread calculations 
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APPENDIX J 

 

LED LIFE COST & PERVIOUS CONCRETE LIFE COST 
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Lighting

Unit

Luminaire 

Cost

Estimated 

Lamp Life 

(hours)

Estimated 

Lamp Life 

(years)

Estimated 

Annual 

Maintenance 

Cost

Demand     

(Power - Watt)

Average 

Annual 

Hours

Usage 

(kW*hr)

FL Average 

Energy Rate 

(kW*hr)

Estimated 

Annual Cost

Estimated 

Energy + 

Maintenace Cost 

for the Service 

Life per 

Luminaire

Life Cost per Year 

per Luminaire

Number of 

Luminaires

Intial cost + 

Maintenance +  

Energy         

(1 year)

HPS Type II Cutoff Ea $403.00 20500 5 $24.44 138 4100 565.80 $0.10 $56.58 405.10 $161.62 100 $48,402.00

LED A

Type II Full Cut-off - 10 LED light 
bars in alumin housing no 
enclosure Ea $400.00 65600 16 $8.17 58.66 4100 240.51 $0.10 $24.05 515.53 $57.22 100 $43,222.06

LED B

Type II Full Cut-off - 14 LEDs in 
specular alumin housing clear 
plastics cover Ea $675.00 65600 16 $10.13 62.22 4100 255.10 $0.10 $25.51 570.24 $77.83 100 $71,064.02

LED C

Type III, cutoff luminaire; 36 
LEDs in cast alumin housing, 
gray reflector, plastic enclosure Ea $310.00 65600 16 $7.78 41.25 4100 169.13 $0.10 $16.91 395.08 $44.07 100 $33,469.25

LED D

Type III, cutoff luminaire; 24 
LEDs in in 4 rows, 35 degree 
vertical tiltast alumin housing, 
gray reflector, housed in 
extruded alumin with specular 
interior Ea $725.00 65600 16 $9.04 69.21 4100 283.76 $0.10 $28.38 598.66 $82.73 100 $76,241.61

(life based on a 4100 hr year)

 - Disposal fee of hazard material for hps included in maintenance cost

Energy Cost Example
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Pavement

Material Cost 

and Intallation Unit Width (ft) Length (ft) Area (SY)

Total Placement 

Cost

Surfcae Life 

(years)

Sweeper 

Vacuum

Cost per 

Hour Passes 

Rate of 

Cleaning 

(mph)

Estimated 

Maintenance  

Cost (per mile)

Required 

Cleaning per 

Year

Total Annual 

Maintenance 

Cost            

(per mile)

Total Cost for 

installation and 1 

year operation per 

mile

Life Cost per 

Year per mile

3000 psi Pervious Concrete, 6" thick $58.51 SY 5.00 5,280.00 2933.33 $171,635.20 10 Wet $70.00 2 6 $35.00 2 $70.00 $171,705.20 $17,233.52

Dry $35.00 2 6 $17.50 2 $35.00 $171,670.20 $17,198.52

0522-2 Sidewalk Concrete, 6" thick $50.88 SY 5.00 5,280.00 2933.33 $149,248.00 20 - - - - $8,976.00 0 $1,795.20 $9,257.60

0350-72 Clean & Reseal Joints - Conc. Pvmt $1.70 LF - 5,280.00 - $8,976.00 5 - - - -

TS 93 40

T Phos 74 82

Tot Nitro 77 99.6

COD 63

BOD 77

Lead 76

Zinc 85

vacuum assisted wet Model 1

vacuum assisted wet Model 2

vacuum assisted dry

Efficiency of vacuum assisted sweepers %

Maintenance

FDOT State Average Code

Example

particulate removal efficiency %
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APPENDIX K 

 

SAMPLE RESEARCH QUESTIONNAIRE  & RESULTS 
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Sustainable Highways: Research Questionnaire  

 

This questionnaire is for research purposes only. It is meant to provide an indication of the conceptions of 

professionals within transportation, highway construction and green building disciplines. Individual 

responses will not be released. If you have any questions, concerns or require clarification please contact 

me at the College of Engineering at Florida State University, through the Civil Engineering department. 

You may also email me directly at ajc02c@fsu.edu  .  
 

PLEASE INDICATE RESPONSES BELOW  
 

1. Please indicate your profession.  
 

    Civil Engineer     Environmental Engineer 

   Planner      Education Professional  

   Highway Construction    Technician/Inspector 

   Other (please specify):        

Government Representative?  Yes  No 

2. Do you believe it is feasible to have one nationally accepted method to rate highway 

sustainability regardless of project’s regional location? 

 

 

3. What do you believe has the biggest impact on building more sustainable highways? 

Please Rank 1 – 5, with 5 having the greatest impact and 1 the least. 
 

   Energy Efficiency     

   Stormwater Management 

   Material Re-use 

   New Paving Technologies 

   Long Term Planning in Design 

 

4. As a modification of the LEED® rating system, a multi-criteria system may be used 

with significance factors applied to the various categories. Does this proposed rating 

system allow enough flexibility for this framework to be applied to various projects? 

 

 

5. In stormwater management there is a lot of emphasis in use of pervious materials. 

How would you evaluate the effectiveness of these materials? 

 

 

6. What do you think are the limitations of using recycled materials on roadway 

projects? 

 

 

 

7. Does your design process fully incorporate life cycle costing and energy 

considerations?  If Yes, please briefly describe. 

 

 

THANK YOU VERY MUCH!    
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