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ABSTRACT

HEALTH PERFORMANCE CRITERIA FRAMEWORK FOR
HOMES BASED ON “WHOLE HOUSE” AND “LEED”
APPROACHES

By

Gopu Gopinathan Pillai

Indoor air may be more polluted than outside air. Since Americans often spent
most of their time indoors, Indoor Environment Quality (IEQ) has received much
attention lately. IEQ problems often result in negative impacts to occupant health.
Various physical, chemical and biological processes determine the fate of IEQ. IEQ
problems can be attributed to negative interactions between building systems.

“Whole House” approach promotes the idea that the home be viewed as a system
composed of different components which work together, so that negative interactions
between various building systems can be avoided. External environment is inextricably
connected to the indoor environment. The “LEED” green building criteria utilizes the
whole system approach, with the intent to minimize environment damage attributable to
buildings; while enhancing occupant health, safety and comfort.

Various health effects associated with IEQ in homes were analyzed and a Health
Performance Criteria Framework was developed through research, by utilizing the
“Whole House” approach and the “LEED” criteria. This framework will help in
developing the criteria for an ideal “Whole House” that epitomizes the situation where all
involved building systems work synergistically, thereby enhancing the health

performance of the home and avoiding any negative interactions.
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CHAPTER 1

INTRODUCTION



1.1 Overview

Research funded by National Science Foundation [NSF] and other sponsoring agencies at
Michigan State University [MSU] and Purdue University focused on improving the
efficiency of housing production process and housing production facility. Emphasis was
placed on various aspects of the production process, facility layout and material supply
chain, with the overall goal of being able to produce homes, faster at lower costs and with
high quality (Senghore 2001, Hammad 2001, Chitla 2002, Barriga 2003, Syal et al 2002,
Hammad 2003, Jeong 2003, Barshan 2003, Banerjee 2003, Sabharwal 2004). However,
lately the focus is shifting towards the very design of house itself and the interactions of
building systems. This logical transition is a part of the national trend known as the

“Whole House” approach (PATH 2001, PATH 2003, Swarup 2005).

The “Whole House” approach is rooted on the idea of “systems thinking” in design,
construction and maintenance of homes. The involvement of large number of trades in
home building causes each building system to be dealt in isolation and discreetly
optimized, resulting in negative interactions among them. Systems fail to function
efficiently leading to development of deficiencies in the performance of home. In order to
solve this problem researchers are focusing on the interactions between various building
systems and integration possibilities between them, with the objective of improving the

overall performance of homes ( O’Brien et al. 2005, Swarup 2005).

The “Whole House” approach views the home as a system composed of different

components that must work together. The challenge is to use the synergies among



building systems to better the performance of the home. According to the “Whole House
roadmap,” the “Whole House” approach is based on “Total systems integration, which
leads to (1) an understanding of the impact of various systems on other aspects of the
house and, (2) use the understanding of the impact of systems interactions, for better
future designs with the goal of both avoiding unintended negative interactions and

improving performance without increasing cost” (PATH 2003).

Performance attributes and expectations from a home may vary according to individual
requirements and broadly refers to the characteristics that the design of a home must
achieve to be considered as a “Whole House” (Swarup 2005). Occupant health is an
important performance expectation that has received much attention lately. Various
studies point to the effects of the design of a home on the health of its occupants (Levin
1989, Fisk et al 2002). Indoor air quality (IAQ) is considered to be a critical part of the
residential occupant health performance (DoH, Washington 1999). Though several
reasons can be attributed to the decline in indoor air quality, the major cause can be
traced back to isolated optimization of building systems to achieve energy efficiency

(Bass et al 2003).

During the 1970’s, the cost of energy increased by almost ten times due to the energy
crisis, triggering research and development initiatives focusing on energy conservation
and better envelope design. Most of these initiatives concentrated on saving energy by
decreasing ventilation, thereby reducing the amount of outside air that needs to be heated

or conditioned. Reduced ventilation together with increasing use of synthetic building



materials has led to a rise in concentrations of indoor pollutants and associated health
implications (DoH Washington 1999). These factors, combined with less than optimal
performance in temperature comfort, humidity control, lighting, acoustics and
ergonomics has the potential to seriously undermine the indoor environmental quality
(IEQ) of homes. Research has associated indoor environmental quality with occupant
health and comfort (Fisk 2005, Wood 2003). The adoption of the “Whole House”
approach can assist in the understanding and subsequently, improving the health and

environmental performance of homes.

Indoor environmental quality is intrinsically related to the quality of external
environment and the impact of buildings on the overall environment needs to be
understood in a proper perspective. The concept of ‘Green Buildings” promotes the idea
of sustainable buildings with limited environmental and human health impacts. The
United States Green Building Council (USGBC) has developed the Leadership in Energy
and Environmental Design (LEED) green building rating system to rate this category of
buildings. The “LEED” criterion has separate provisions for new construction (LEED-
NC), homes (LEED-H) and neighborhood development (LEED-ND). Green buildings
purportedly have environmental, economic, health and safety benefits associated with

both the external and internal environs of a building (USGBC 2005).

Figure 1.1 shows all the topics that are relevant to this research effort — health
performance of homes, physical-chemical-biological processes related to Indoor

Environment Quality, the Green Building concept and the “Whole House” Approach.
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Figure 1.1: Research effort and related topics

1.2 Need statement

Current research is pointing towards the fact that indoor air may be more polluted than
outside air (DoH, Washington 1999). This is exacerbated by the fact that Americans
often spent most of their time indoors, in the artificial controlled environments of
buildings (Klepeis et al. 2001). National Institute for Occupational Safety and Health
(NIOSH) investigators have found Indoor Environment Quality (IEQ) problems caused
by ventilation system deficiencies, overcrowding, off gassing from materials in the office
and mechanical equipment, tobacco smoke, microbiological contamination, and outside
air pollutants. NIOSH researchers have also found comfort problems due to improper
temperature and relative humidity conditions, poor lighting, and unacceptable noise
levels, as well as adverse ergonomic conditions, and job related psychosocial stressors

(NIOSH 2005). All these factors can lead to significant health issues. Many of these



factors can be attributed to negative interactions between building systems and can be
solved through the systems integration approach. Figure 1.2 shows the relationship

between design of homes and the health and comfort of occupants.

Indoor Environmental
Quality (IEQ)
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: *Humidity Control = Health,
Design of = *Ventilation . Safety,
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= » Acoustics .
* «Ergonomics :

Figure 1.2: Relationship between design of homes and health/comfort of occupants

There is a definite need for research to analyze health effects associated with indoor
environmental quality in the framework of physical, chemical and biological processes
involved; and find solutions by utilizing the “Whole House” approach and the “LEED”
criteria. Various aspects related to indoor environment, driving processes, the green
building concept and “Whole House” approach, which have implications for occupant

health are covered in the following sections.

1.2.1 Indoor environment and human health
From 1992 through 1994, the U.S. Environmental Protection Agency (EPA) conducted
the probability-based National Human Activity Pattern Survey (NHAPS). The results

showed that Americans spent, on average, 87% of their time indoors. This was broken



down into 69% of the time at home and 18% of the time indoors, but not at home
including work, bar, school, shopping, church, restaurant, and various other
microenvironments. Also sociological studies suggest that the time Americans spend
indoors has remained fairly uniform over the past few decades (Klepeis et al. 2001). The
importance of these studies lies in the fact that a majority of our lives are spent in the
artificial controlled environments of buildings, particularly homes. So it is imperative that
the indoor environment be designed to avoid negative effects on occupant health and to

enhance their wellbeing.

In July 1976, a mysterious acute respiratory illness - Legionnaires disease - struck 182
delegates to an American Legion convention in Philadelphia. The cause was later found
to be a strain of bacteria called Legionella pneumophila, found in close proximity of
stagnant water zones inside buildings. Highly publicized issues like the Legionnaires
disease and Sick Building Syndrome (SBS), brought health effects associated with
buildings, to the attention of research community (LHC 1990). Some other common
negative health effects associated with buildings includes: allergy, asthma, chest
infections, eye problems, headache, hypersensitivity pneumonitis, humidifier fever,
lethargy, nasal problems, nausea, dizziness, respiratory infections, skin problems and
throat problems. Some of the chemical contaminants found inside buildings are known

carcinogens (e.g., radon).

Indoor environment quality problems can also result in stress and mental fatigue. The

acute problems associated with stress include headaches, digestive disorders, fatigue and



lethargy, sleeping problems, skin disorders and reduced immunological response.
Fluctuations in some components of indoor environment like temperature and humidity
can lead to feelings of discomfort (LHC 1990). Most of these impacts on occupant health
can be directly attributed to decline in indoor environment quality [IEQ] (Fisk 2005, Fisk
2002, EPA 1994, LHC 1990). IEQ takes into account aspects of Indoor Air Quality
(IAQ), indoor temperature, humidity, ventilation, lighting, acoustics and ergonomic

design.

Reductions in adverse health effects associated with Indoor Environmental Quality can
lead to possible productivity gains and savings in comparatively higher health care costs.
The annual cost associated with respiratory infections in the U.S. is approximately $64
billion. It is suggested that building and ventilation characteristics can influence the rates
of respiratory disease by a factor of approximately 1.2 to 2. The annual cost associated
with allergies and asthma is about $13 billion in United States. This includes both direct
medical expenditures and indirect costs, e.g., loss of work. Control measures can be
targeted at the homes or offices of susceptible individuals, which can result in a 10% to
30% reduction in symptoms and associated costs. With this estimate, the materialized
annual savings would be $1 billion to $4 billion. Responses to Sick Building Syndrome
(SBS) have included costly changes in the building or in some cases have lead to costly
litigation. It is estimated that the productivity decrease caused by SBS equals 2%. As
SBS is primarily associated with office buildings and the annual gross national product of
office workers was approximately $2.5trillion in the 1990’s, the estimated annual cost of

SBS is $50 billion (Fisk & Rosenfeld 1997).



Buildings are complex environments, which can trap and concentrate pollutants as well
as generate them. Nearly all materials used in buildings shed particles or give off gases,
particularly when new. Outside pollutants also find their way into buildings through air
intakes and inadequate filtering systems. Airborne pollutants can be either chemical or
biological in nature. When air monitoring for any of these substances is carried out, levels
are likely to be below those considered to be 'acceptable’ or 'safe’. However, little is
known about the health effects of long-term exposure to low levels for many of these
chemicals and some people are sensitive to extremely low concentrations of toxic agents.
Temperature, humidity and air movement are also main factors influencing comfort and
these factors often interact. For example, if the air is very humid, the temperature appears
to be warmer than it would be in drier air (LHC 1990). Temperature and humidity
conditions also play a critical role in the growth of mold and off gassing from building

materials (EPA 2005).

Lighting is significantly associated with indoor environment quality. Glare, flicker, lack
of contrast, inadequate illumination or unsuitable spot lighting can all lead to health
problems and discomfort. Conventional white fluorescent lighting should be replaced
with non-fluorescent lighting and as much daylight as possible since it is likely to cause
eyestrain and headaches. Noise is another factor that people find particularly stressful in
indoor environments. Noise that is too loud for comfort is intrusive whéther it is a single,
unexpected sound or a continuous one (LHC 1990). Since health performance of homes
is associated with the above mentioned aspects of Indoor Environment Quality, it is

imperative that they should be studied in detail.



1.2.2 Physical, chemical and biological processes in the indoor environment

Various physical, chemical and biological processes determine the fate of IAQ, indoor
temperature, humidity, ventilation, lighting and acoustical aspects of IEQ in buildings.
Physical processes like air flow, air mixing and energy transfer across envelope induce
changes in temperature, humidity ventilation effectiveness and airborne level of indoor
pollutants. Chemical interactions involving sorption, volatilization and dissolution
processes, hydrolysis, photolysis, redox reactions etc. have substantial effect on
concentration of chemical pollutants in indoor air (ESP 2005, Arens & Baughman
1996a). Condensation process and microbial growth often decides the fate of biological
pollutants. Many of these processes are often interrelated and the effects they cause are a
result of combined action. For example, thermal and vapor pressure gradients across
envelope can lead to condensation, which often results in microbial growth that produces
biological pollutants (Arens & Baughman 1996b). The various interactions between
building systems and the physical, chemical and biological processes associated with
them should be studied first, in order to better understand the issue of health performance

of homes.

1.2.3 Green buildings

Indoor environment quality cannot exist in isolation since it is intrinsically related to the
quality of the external environment (LEED 2003). So it is necessary to consider the
impact of buildings on the external environment, while planning for a healthy indoor
environment. Buildings can play an important role in deciding the fate of the environment

' \ . .
by reducing the negative impacts. US construction market represents 20% of the national

10



economy. Buildings represent 39% of U.S. primary energy use and 12.2% of all potable
water use. Buildings are major contributors to global warming since about one quarter
(Y4) of the increase in carbon dioxide in the atmosphere is attributed to the building sector
worldwide! It is estimated that buildings use 40% of raw materials globally. Also
building construction often results in destruction of natural areas and biodiversity.
According to EPA, building related construction and demolition generated 136 million

tons of debris in a single year in United States (GBFS 2005).

‘Residential building industry alone accounts for 20% of all energy consumption in United
States (Koeleian et al. 2005)‘. Q()n average, a home built between 1990 and 2001
consumed about 12,800 kWh per year for space and water heating, cooling, and lights
and appliances. Total energy expenditures during a year cost these homeowners about
$1,600. The mean per capita indoor daily water use in today’s homes is slightly over 64
gallons (NAHB 2004). It is evident that the impact of buildings, particularly housing
industry, on the environment is substantial. If the growth pattern continues like this, it can

result in serious environmental consequences and depletion of finite resources.

\The Green building concept addresses these issues and strives to significantly reduce the
negative impact of buildings on the environment (LEED 2005)‘. ASTM defines a green&i
building as — “a building that provides the specified building performance requirements
while minimizing disturbance to and improving the functioning of local, regional, and
global ecosystems both during and after its construction and specified service life”

(ASTM 2005).VThe “LEED” green building criteria utilizes the whole system approach,

11



with the intent to minimize environmental damage attributable to the built environment,
while enhancing occupant health, safety and comfort (LEED 2005 a). Study of “LEED”
criteria was utilized in the development of health performance criteria framework for

homes.

1.2.4 “Whole House” and building systems integration

Due to several reasons including fragmentation of the industry, availability, or lack
thereof, of new techniques and a large number of trades involved in the building process,
it is difficult to affect change in a complex industry such as home building. Assimilation
of new technology is slow and the industry has remained unchanged for a large period of
time. Therefore, the inherent inefficiencies, which are inbuilt into the production process,
remain. Each building system is dealt with separately such that there are inevitable
negative interactions among them. In order to combat this trend, systems integration

techniques must be adopted (PATH 2001).

The “Whole House” approach promotes the idea that the home be viewed as a system
composed of different components which work together (Swarup 2005). It is the author’s
opinion that many of the negative health effects associated with indoor environments can
be attributed to negative interactions between various building systems. There is a need to
explore the potential of the “Whole House” approach in improving the indoor

environment quality, with associated occupant health and comfort benefits.

12



1.2.5 Need for health performance criteria framework for homes

Previous research in the “Whole House” domain concentrated on developing a broad
criteria framework and rating system for designing and evaluating the performance of
homes based on the building systems integration approach. These researchers have
stressed the need for expanding this research domain by including health and IEQ aspects
related to housing (Swarup 2005, O’Brien et al. 2005). Due to limited scientific effort
within the area of indoor environment quality as it relates to design and construction of
buildings and also, due to the fact that research on indoor environment and health
involves many scientific disciplines and not often reflected in the literature, there is a

deficiency of knowledge in this area as it applies to buildings and housing.

There are a few multidisciplinary studies that are mainly done with an emphasis on one
or a few disciplines, and the peer-review process in scientific journals mostly uses
expertise from mainly one discipline. Published studies are thus often excellent in one or
few disciplines but can have major flaws in other, equally important disciplines (Sundell
& Nordling 2003, Bornehag et al 2004). Multidisciplinary studies within the framework
of building systems integration and environment responsive design should address these
deficiencies. There is a definite need for developing a health performance criteria
framework for homes by incorporating the “Whole House” approach, the LEED criteria
and the understanding of the physical, chemical and biological processes in the indoor

and exterior environment.

13



1.3  Goal and objectives
Goal: To develop a framework for the design and construction of healthy homes.
The framework is intended as a tool for the development of criteria that will ensure the

health performance during the design and construction of homes.

1.3.1 Objectives
1. To define the attributes of a healthy home with focus on IEQ.
2. To explore “Whole House” and “LEED” approaches for health impacts.

3. To develop a health performance criteria framework for homes.

1.4  Methodology
The proposed research was comprised of the following steps. Each research objective

indicated above is associated with one or more of the steps as described below.

1.4.1 Objective 1:
Define the attributes of a healthy home with focus on Indoor Environmental Quality
(IEQ).
Step 1: Literature review of all four aspects related to the research.
1. “Whole House” and building systems integration.
2. “LEED” green building criteria.
3. Health impacts associated with Indoor Environmental Quality (IEQ).
4. Physical, chemical and biological interactions in buildings, related to occupant

health.
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Step 2: Identify attributes that define Indoor Environmental Quality (IEQ).
Literature review of health impacts associated with IEQ and associated physical,
chemical and biological interactions aided in identifying the attributes that determine the

quality of the indoor environment.

1.4.2 Objective 2:
To explore “Whole House” and “LEED” approaches for health impacts.
Step 3: Define all applicable building systems.
All relevant building systems/sub systems were defined through literature review.
Step 4: Review health impacts of “LEED” criteria.
Literature study was conducted to identify the health impacts of LEED criteria related to:
a. LEED for new construction.
b. LEED for homes, with emphasis on indoor environment quality.
Step 5: Develop a framework for associating health impacts related to Indoor
Environment Quality (IEQ) with physical, chemical, biological interactions in the
indoor environment, and relevant attributes of IEQ.
This framework was developed with an intention to effectively link health effects
associated with Indoor Environment Quality with physical, chemical and biological
interactions and attributes of IEQ. This step is only relevant for attributes that can be
controlled from a design point of view.
Step 6: Establish a model for generating systems integration strategies to improve
the health performance of homes.

This model will allow the user to generate or choose strategies involving the integration
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of various building systems, to improve the health performance of a home. The user can
make informed physical decisions regarding the integration when two or more building
systems need to be integrated with each other in order to improve performance related to

a particular attribute of IEQ.

1.4.3 Objective 3:

Develop a health performance criteria framework for homes.

The format for the framework was based on the one developed for “Whole House”
performance (Swarup 2005). The existing format was expanded to incorporate the health
performance scoring system.

Step 7: Explore expansion potential of the existing “Whole House” performance
criteria framework to include health performance.

This step involved the integration of health performance into the existing “Whole House”
performance criteria framework.

Step 8: Frame a scoring system for evaluating health performance.

This scoring system will help to evaluate the capability of each systems integration
strategy to maintain an ideal indoor environment. The system integration strategies were
scored against the attributes that determine the quality of indoor environment.

Step 9: Case study application of the scoring system for health performance and
development of an example criteria.

The scoring system was applied to three case study homes to verify its effectiveness in
assessing the health performance. An example criterion was formulated to demonstrate

the usage of the framework.
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Step 10: Feedback and finalize the health performance criteria framework.
Feedback on the health performance criteria framework was obtained through interviews
with researchers and industry professionals involved in healthy and sustainable housing

initiatives. Necessary changes were incorporated and the framework was finalized.

1.5 Research scope and uniqueness

The proposed research addressed the issues related to health and environmental
performance of homes from the “Whole house” and LEED perspectives. Both
performance topics are too extensive, and in order to make this thesis feasible at a
Masters Thesis level, the environment performance issue is addressed with focus on the
IEQ aspects. The research concentrated on the study of controllable attributes of an
indoor environment (e.g., indoor air quality, temperature). The factors that influence
indoor environment, but which cannot be controlled from a designer’s point of view (e.g.,
outdoor air quality, occupant behavior), were addressed generally. Design solutions for
them were proposed based on the author’s knowledge of the topic. The author
acknowledges the fact that social and economic factors can influence the indoor

environment in a variety of ways, but these were not included in the proposed research.

Literature review has revealed that only a limited number of studies have tried to address
the health issues associated with indoor environment from a physical/chemical/biological
Process perspective as it relates to building design and construction. For example, in
order to understand the humidity related health effects; it is beneficial to consider the life

Cycle of causative organisms in the context of the buildings (e.g., properties of surface
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materials, mechanical systems and operation schedules and surrounding climate). Further
this research is unique in the sense that not many studies have concentrated on solving
indoor environment quality issues through the frame work of “building systems

integration” during the design and construction of buildings.

1.6 Research outcomes
The outcomes of this research are as follows:
1. Definition of attributes of a healthy indoor environment.

2. Organization of literature related to health effects associated with indoor
environment quality (IEQ) and related physical, chemical and biological
interactions.

3. Framework for criteria development for health performance of homes based on

“LEED” and “Whole House” approaches, with an example rating system.

1.7  Summary

This research ‘focused on the health and comfort effects associated with indoor home
environment. Given that the indoor environment cannot exist in isolation from the
exterior environment, the research also addressed the issue of environmental performance
of buildings. The issue of indoor environment quality was analyzed within a framework
of physical, chemical and biological issues involved. This seems the most appropriate
approach because the attributes that define the indoor environment are interrelated.
Detailed study of these driving processes aided in a better understanding of potential

Indoor environment issues. The solutions for indoor environment quality issues were
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discussed from the perspective of “Whole House” approach. This is a creditable approach
to adopt, because the root causes of many of the indoor environment issues may be traced
back to negative interactions or lack of integration between involved building systems.
The results from the research was consolidated and utilized to develop a framework for

criteria development for healthy indoor environments.
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CHAPTER 2

LITERATURE REVIEW
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2.1  Introduction

This research is a continuing academic exploration, in the area of housing set out by the
National Science Foundation in the form of research grants awarded over the past 5-6
years. Previous research focused on improving the housing production process, housing
production facility design and the criteria framework development for the *“Whole
House” approach. Here, the attempt is to address the health aspects of housing from
building systems integration, and green design and construction perspectives. The
following chapters review the body of literature relevant to this area including indoor
environmental quality, associated health effects, the “Whole House” approach and green

design and construction.

2.2 Results of prior NSF research

Until the National Science Foundation (NSF) intervened, limited research work had been
completed in the area of manufactured housing. NSF has funded two projects so far
(NSF-CMS 0080209 and NSF-CMS 0229856) at Michigan State University and Purdue
University/University of Cincinnati to focus on manufactured housing production, facility
layout, and material supply chain process, along with an effort to define “whole house”
production (Syal et al 2004). The first research project focused on modeling the
manufactured housing production and material flow process and developing simulation
models to identify the bottlenecks in this process with further explorations into
preliminary aspects of production facility layout. The following theses and reports were
produced as a part of this research project and other related research efforts, at Michigan

State University and Purdue University/University of Cincinnati.
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Production and Material Flow Process Model for Manufactured Housing Industry
(Senghore 2001)

Simulation Modeling for Manufactured Housing Processes (Abu Hammad 2001)
Performance Assessment Of Planning Processes During Manufactured Housing
Production Operations Using Lean Production Principles (Chitla 2002)

Facilities Design Process of a Manufactured Housing Production Plant (Mehrotra
2002)

Manufactured Housing Industry: Material Flow and Management (Barriga 2003)

Manufactured Housing Trends and Building Codes (Syal et al 2002)

The second research project consisted of two parts. The first part focused on aspects of

production facility layout and supply chain management. The following theses and

reports were produced for this research effort.

Decision Support System (DSS) for Manufactured Housing Production Process
and Facility Design (Abu Hammad 2003)

Supply Chain Analysis and Simulation Modeling for the Manufactured Housing
Industry (Jeong 2003)

Methodology for Evaluating and Ranking Manufactured Houses based on
Construction Value (Barshan 2003)

Material Flow based Analysis of Manufactured Housing Production Plant Facility

Layout (Banerjee 2003)

22



= Integration of Production process and Material flow by developing alternative
component assemblies in order to produce homes at lower costs within the factory
(Sabharwal 2004)
The second part consisted of investigating the home as a designed product and finding
ways to improve the design process, so that it can complement the production process.
“Whole House” criteria and hybrid house design were explored as a part of this effort.
The following theses were produced from this research effort:
s  “Whole House” Performance Criteria Framework and its Application (Swarup
2005).
» Alternative Housing Systems: The Hybrid Home (Garcia 2005)

This thesis is also a part of the same research effort.

2.3  Indoor Environment Quality

National Institute for Occupational Safety and Health (NIOSH) investigators have found
IEQ problems caused by ventilation system deficiencies, overcrowding, off gassing from
materials in the office and mechanical equipment, tobacco smoke, microbiological
contamination, and outside air pollutants. NIOSH has also found comfort problems due to
improper temperature and relative humidity conditions, poor lighting, and unacceptable
noise levels, as well as adverse ergonomic conditions, and job related psychosocial
stressors (NIOSH 2005). Based on these findings the parameters for indoor environment
quality are categorized into seven topics in this study: Indoor air quality, temperature,

humidity, ventilation, lighting, noise and ergonomics.
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2.3.1 Indoor Air Quality
The National Health and Medical Research Council defines indoor air as the air within a
building occupied for a period of at least one hour by people of varying states of health.
Indoor air quality is now considered a significant residential health issue. Current
research is pointing towards the fact that indoor air may be more polluted than outside
air. Several reasons are attributed to this phenomenon. During the seventies the cost of
energy increased by almost ten times due to the energy crisis, triggering research and
development initiatives focusing on energy conservation and better envelope design. All
these initiatives concentrated on saving energy by decreasing ventilation, thereby
reducing the amount of outside air that needs to be heated or conditioned. Reduced
ventilation together with increasing use of synthetic building materials has led to a rise in
concentrations.of indoor pollutants and associated health implications (DoH, Washington
1999). NIOSH has categorized problems associated with poor indoor air quality into
(Georgia Tech 1997):

* Inadequate ventilation - 53% of cases

* Inside contaminant source - 15% of cases

*  Qutside contaminant source - 10% of cases

* Microbial growth - 5% of cases

* Building materials - 4% of cases

2.3.1.1 Indoor air pollutants (DoH, Washington 1999).

Indoor air pollutants can be divided into two broad categories - chemical and biological.
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Chemical pollutants
1. Volatile Organic Compounds (VOC), Polycyclic Aromatic Hydrocarbons (PAH)

Concentrations of many VOCs are consistently higher indoors than outdoors. A study by
the EPA, covering six communities in various parts of the United States, found indoor
levels up to ten times higher than those outdoors — even in locations with significant
outdoor air pollution sources, such as petrochemical plants (EPA 1987). Product use
(e.g.: chemicals, air fresheners etc.) and occupant activities (e.g.: cooking, smoking)
significantly influence the indoor VOC and PAH concentrations and emissions (Van
Winkle and Scheff 2001).Temperature influences the emission rate of VOC from indoor
materials and products. There are three phases for VOC emissions: the diffusion within
the material to the surface, the desorption from the surface and finally the evaporation
from the surface. All these processes proportionally increase with the temperature.
Additional VOC emissions may result from accelerated chemical reactions due to
increase in temperature. Indoor materials may be exposed to higher temperatures than
indoor air temperatures due to solar irradiation or floor heating (e.g: carpets, floor tiles)

(Van der wal et al. 1997).

1. Formaldehyde: Formaldehyde is a colorless, flammable gas with a pungent odor. The
major sources of pollution in residences are building materials containing phenol,
urea, thiourea or melamine resins. They are found in plywood, glues used in furniture
construction, carpets and vinyl attachments. High relative humidity and increased
temperatures trigger the degradation of resins containing formaldehyde leading to
out-gassing. Negative health effects include irritant effects, sensitization and

carcinogenicity and asthmatic conditions (DTIR 1995). NIOSH recommends a 0.1
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PPM 15 minute ceiling. Selecting low-VOC products can prevent the problems
associated with formaldehyde. Other preventive measures are sealants and fumigation
treatments. Nitro-cellulose varnish or water-based polyurethane can be used to coat
the materials emitting formaldehyde, thereby sealing the source. The final step should
be ventilating with fresh air to dilute the presence of chemical in indoor air

(Southface 2002).

. Asbestos

Asbestos containing materials may be present in residences constructed prior to 1977.
The most probable locations are old pipe and furnace insulations, vinyl floor tiles,
textured paints, roofing materials and home siding. Improper removal and handling of
the material aggravates contamination. Asbestos is a known carcinogenic. It can also
cause a lung disease called asbestosis. Safe level of exposure for asbestos has not
been established. Source removal is the primary control technique to prevent
contamination. Damaged areas can also be sealed with heat resistant paints and

sealers.

. Radon

Radon gas is a naturally occurring radioactive element found in soils and rocks. It is
chemically inert, odorless and colorless. It enters the building through cracks or joints
in concrete slabs, sump pits and floor drains. Houses that are built directly on or in the
ground have a higher potential for problems. The limit to radon exposure is
established as four pico-Curies per liter (4 pCi/l). The primary health effect is the risk
of cancer. Sealing radon entry points with appropriate caulking material and covering

sumps and drains can reduce contamination. Improved basement or crawlspace
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ventilation can also significantly reduce the levels of radon. Mitigation systems are
available in the market for serious radon problems (Southface 2002).

Carbon monoxide (CO)

Carbon monoxide is a colorless, odorless gas which is a combustion by-product. The
main sources of indoor CO are furnaces, fireplaces, tobacco smoke and automobiles
in garages. CO’s affinity to bind with hemoglobin, the oxygen-carrying molecule in
human blood, is 250 times greater than oxygen. So even low airborne concentrations
and long exposure times can result in CO poisoning. The National Ambient Air
Quality Standard establishes CO exposure levels at 9 PPM averaged over an eight-
hour period, or 35 PPM averaged over one hour. Health effects include headache,
dizziness, nausea, unconsciousness, and in severe cases death. Maintaining good
ventilation is the primary preventive measure for CO pollution. Active mechanical
ventilation for fuel burning appliances can also reduce exposure. CO alarms can wamn
occupants when carbon monoxide levels become unsafe. Good tight construction
practices (envelope and duct systems) can block out carbon monoxide from garages
(Energy star 2005).

Carbon Dioxide

Though not considered as a pollutant, it can affect the general comfort of occupants.
Carbon Dioxide is a by-product of respiration and combustion. In order to maintain
occupant comfort, indoor levels of carbon dioxide should be preferably below
1000PPM. The effectiveness of ventilation system will be reflected in the indoor

levels of carbon dioxide (DTIR 1995).
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6. Nitrogen Oxides
These are highly toxic and irritating gases mainly emanating from gas burning
appliances. Indoor concentrations should not exceed 0.05 PPM. Health effects
include headache, dizziness, nausea, respiratory illness and long-term damage to
bronchial airway and lung tissues. Harmful concentrations of nitrogen oxides in
indoor air can be prevented through good ventilation.

7. Respirable Suspended Particulates (RSP)
These are minute organic and inorganic particles suspended in the air, mostly by-
products of combustion. The main sources are tobacco smoke, wood smoke and un-
vented gas appliances. Though there are no indoor standards for RSP, EPA has
established an annual average outdoor standard of 15 ug/m3 (micrograms per cubic
meter) for P.M 2.5 type RSP and 50 pg/m3 (micrograms per cubic meter) for P.M 10
type RSP. These particulates are small enough to be inhaled and often carry harmful
gases like radon and other substances into the lungs. The health effects include a

variety of respiratory illnesses.

Adequate ventilation, source substitution and improving combustion efficiency of
household equipments are the main control methods. Textile surface materials may
contribute to particle pollution in indoor environment and may emit chemical
compounds. This may cause mucosal and allergic symptoms (Jaakkola et al. 1994,
Skov et al. 1990). Presence of plasticizers, viscosity modifiers and stabilizers makes
PVC materials, a potential source of emissions, which are usually long lasting. Since

plasticizers have a high affinity for particles, they are capable of migrating from PVC
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10.

11.

materials to house dust. Studies show that PVC materials may lead to bronchial
obstruction in young children (Jaakkola et al. 1999).

Chemicals used during construction

These include chemicals used to treat termite and carpenter ants. Some of these
chemicals may persist in the home environment for many months or years after
application. Most of these chemicals are toxic and have negative health effects.

Ozone

Ozone is a highly reactive and toxic gas. Equipments that causes ionization of the air
or uses ultraviolet light may produce ozone. It is generally found only near the source.
Ozone may irritate the eyes and respiratory tract (DTIR 1995).

Unpleasant odors

Though usually harmless they are considered offensive. Identifying the source and
quantifying the smell can be difficult (DTIR 1995).

Other Indoor Pollutants

Lead

Lead contamination is usually through drinking water and lead based paints. Health
effects include slow mental development, learning and behavioral problems, damage
to nervous and reproductive systems and high blood pressure. Several tests are
available in the market for lead detection. Preventive solutions include replacing

painted item or covering over lead based paint (Hawks & Hansen 2002).
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Biological pollutants
1. Mold and mildew

When excessive moisture or water accumulates indoors, mold growth will often
occur, particularly if the moisture problem remains undiscovered or un-addressed.
The main reason for mold infestation is water damage by; water leakage through
roofs, rising damp, defective plumbing installations, penetration of cleaning water
and condensation (Gravesen et al. 1999). Other reasons include water build into the
construction either from hardening concrete; building materials which have been
placed on the ground or out in the rain; and parts of the building exposed to rain

during the building process (Nielsen 2002).

The products most vulnerable to mold attacks are water damaged, aged organic
materials containing cellulose, such as wooden materials, wallpaper, and cardboard.
Other susceptible materials are linoleum and insulation materials for plumbing
installations (canvas). The deposition of dust and dirt, combined with long-lasting
penetration of water, may also lead to fungal growth on inorganic material such as
mineral wool (Gravesen et al. 1999). Kiln drying makes the surface of the wood more
susceptible to mold growth. OSB, plywood and MDF are more susceptible to mold
growth than solid wood, particleboard, acylated wood and wood-polyethylene
composites. Materials containing plasticizers [plastics] and resins such as
polyethylene, PVC, polyurethanes and fiber glass insulation are vulnerable to mold

growth. Waterborne paints also support mold growth (Nielsen 2002).
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Presence of water is the key factor in the growth of molds. High relative humidities
(RH) are conductive to mold growth. Large local differences in ventilation and
surface temperatures is capable of generating micro climates with very high water
activity (aw), even in rooms with low relative humidities (RH).The minimal RH for
growth on wood-based materials and material containing starch is just below 80% at
room temperature, and rises with decreasiné temperature. But since molds can grow
even in temperatures as low as -7°C, temperature cannot be effectively used to avoid
fungal growth in buildings. Transient conditions (fluctuating humidity and
temperature: e.g. - bathrooms) greatly influence the mould growth (Nielsen 2002).

Temperature and humidity conditions play a critical role in the growth of mold.

The effective way to control indoor mold growth is to control moisture and dampness.
Since mold requires high relative humidity, reducing indoor humidity to 40-60
percent can also help in reducing mold growth. Maintaining proper site drainage,
waterproofing basement walls and building airtight floors are important (EPA 2005).
Mould growth in air filters and in ventilation ducts is a potential health threat, as the
ventilation system will act as an effective carrier of the spores. Dust, painted surfaces
and fiber glass insulation materials in ventilation ducts may support mold growth
(Nielsen 2002). Right sized HVAC systems provide better temperature control while
removing excess humidity. Good tight construction practices (envelope and duct
systems) can block out moisture from entering the home (Energy star 2005). The

better method of solving mold problems is through creating new quality assurance
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systems, which can be practically implemented during the building process, rather

than choosing or developing other materials (Nielsen 2002).

2. Dust mites and other microorganisms
Dust mites can cause allergic reactions and severe asthma attacks. Dust mites need
high relative humidity to grow. Reducing indoor humidity can keep dust mite

populations in check.

2.3.2 Temperature

Thermal conditions inside buildings can vary considerably with time and spatially within
buildings. The effects of temperature on comfort are broadly recognized. Room
temperature has potential impacts on prevalence of sick building syndrome symptoms
and occupant satisfaction with air quality. Research has shown that there is a linkage
between high temperatures and a higher prevalence of sick building syndrome. Low
temperatures can induce temporary deterioration in the dexterity of hands (Seppénen et
al. 2002). It is suspected that temperature plays a crucial role in the growth of molds

(Nielsen 2002).

233 Humidity

Humidity has significant associations with the concentrations of indoor biological and
chemical pollutants (Nielsen 2002, Arens & Baughman 1996a). Humidity promotes

growth on indoor surfaces and aids the escalation of mold, dust mite, bacteria and virus
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populations. It can also affect air borme levels of non-biological pollutants. Spray
humidification systems can create problems associated with contaminated aerosols.
Correlations between indoor air humidity and health effects are found to be often
building-specific. The biotic/health problems associated with any given level of interior
air humidity can be different for buildings in different types of climates and for different
types of environmental control systems. The factors that affect humidity related health

effects are (Arens & Baughman 1996b):
*  Outdoor climate.

» Surface properties encountered across rooms and HVAC ducts, which includes

associated temperature, hygroscopicity, and air movement.
® Water in cooling and humidification systems.
* Intermittency of operation in cooling systems.

= Other moisture sources like rain penetration, rising damp, and plumbing leaks.

2.3.4 Ventilation

The purpose of ventilation is to bring outdoor air to the occupied zone and remove or
dilute indoor generated pollutants. Ventilation air is usually supplied through mechanical
ventilation systems or with the aid of natural forces (wind pressure, buoyancy effects,
etc.) caused by air temperature differences between indoor and outdoor air. Ventilation
air supplied to indoor areas can either be entirely outdoor air or be mixed with re-
circulated return air. Studies show that ventilation rates below 10 L/s per person are

associated with negative health or perceived air quality outcomes. The relationship
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between ventilation rates and occupant health is an indirect one (Seppénen et al. 1999).
But indoor environmental conditions including air pollutant concentrations are affected
by ventilation rates and this may modify occupants' health or perceptions. Studies show
that health and perceived air quality will usually improve with increased outside air
ventilation (Seppinen et al. 2002). NIOSH investigators have found IEQ problems

caused by ventilation system deficiencies and overcrowding (NIOSH 2005).

2.3.5 Lighting

Though lighting is an integral factor in the indoor environment, limited research has been
conducted in the area of health effects of lighting. Daylight reduces the incidence of
health problems caused by the rapid fluctuations in light output typical of electric lighting
(Boyce and Hunter 2003). Studies among school students suggest that classrooms without
daylight may upset the basic hormone pattern of children, and this in turn may influence
children’s ability to concentrate or cooperate. (Plympton et al. 2000). Some studies
indicate that day lighting improves student performance (Fisk 2000). Poor indoor lighting
may be due to problems like glare, insufficient light, improper contrast, poorly distributed
light and flicker. The amount of light we need in an indoor environment varies on the

type of surfaces, the individual's vision and the type of task being done (CCOHS 2003).

2.3.6 Noise

Noise problems in a building are usually related to outdoor sources (e.g.: road traffic),

indoor sources (e.g.: people and consumer products) or bad acoustics. Excessive exposure
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to noise can result in hearing loss. It usually develops slowly over a long period of time.
The impairment can reach the handicapping stage before an individual is aware of what
has happened. Hearing loss can become permanent after continued exposure. Interference
with speech communication and other sounds can result in noise-induced annoyance.
Noise has the potential to mask important sounds and disrupt communication between
individuals in a variety of settings. The effects can vary from a slight irritation to a
serious safety hazard involving an accident or even a fatality because of the failure to

hear the wamning sounds of imminent danger (Suter 1991).

24 IEQ and health effects

Health effects of various pollutants in an indoor environment are often a complex
function of the properties of pollutants, emission rates and other indoor variables like
temperature, humidity and ventilation. Because of this potential health risk posed by any

given pollutant can vary among different buildings (Fisk 2000).

24.1 Health effects of indoor air pollutants
The lung is the most common site of injury by airborne pollutants. Acute effects,
however, may also include non-respiratory signs and symptoms, which may depend upon

toxicological characteristics of the substances and host-related factors (EPA et al. 1994).

2.4.2 Health problems caused by biological air pollutants (EPA et al. 1994)
Biological air pollutants are present to some degree in every home. Molds, dust mites,

fungus, viruses, bacteria, allergens from other arthropods and pets, protein-containing
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furnishings (feathers), unusual allergens (e.g., bacterial enzymes, algae) etc. are
considered as biological pollutants in indoor environment. Sources of biological air
pollutants include outdoor air; human occupants who shed viruses and bacteria; animal
occupants (insects and other arthropods, mammals) that shed allergens and indoor
surfaces and water reservoirs where fungi and bacteria can grow, such as humidifiers.
One of the critical factors that allow biological agents to grow and be released into the air
is high relative humidity, which encourages house dust mite populations to increase and
allows fungal growth on damp surfaces. Other factors include dmpness, inadequate
exhaust of bathrooms or kitchen, and components of mechanical heating, ventilating, and

air conditioning (HVAC) systems.

Biological agents in indoor air are known to cause three types of human diseases:

i.  Infections - pathogens invade human tissues.

Example: Tuberculosis; Legionnaires’ disease (a pneumonia caused by a bacteria
called Legionella pneumophila found in close association with cooling systems,
whirlpool baths, humidifiers and other sources). Threat of transmission of airborne
infectious diseases is increased where there is poor indoor air quality.

ii. Hypersensitivity diseases - specific activation of the immune system causes disease.
Example: Hypersensitivity pneumonitis, also called allergic alveolitis, is a
granulomatous interstitial lung disease caused by exposure to airborne antigens.
Allergic reactions - range from rhinitis, nasal congestion, conjunctival inflammation,
and urticaria to asthma. Studies have established that the prevalence of respiratory

symptoms associated with asthma are increased by 20% to 100% among occupants
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i,

of houses with moisture problems. These moisture and mold problems are common
because, it is estimated that 20% of U.S. houses have water leaks. Parental smoking
was associated with 20% to 40% increases in asthma symptoms (Fisk 2002).
Building factors that have consistent and strong correlation with asthma and allergic
respiratory symptoms include moisture problems, house dust mites, molds, cats and
dogs, and cockroach infestation. There is evidence that the exposures that cause
allergic sensitization often occur early in life and are likely to occur indoors.
Therefore the quality of indoor environments may also influence the proportion of
the population that is allergic or asthmatic (Fisk 2000).

Toxicosis - biologically produced chemical toxins cause direct toxic effects.
Example: Humidifier fever is a flu-like illness marked by fever, headache, chills,
myalgia, and malaise. Toxic effects of mycotoxins [fungal metabolites] that range

from irritation to immunosuppression and cancer.

In addition, exposure to conditions conducive to biological contamination [e.g.,

dampness, water damage] has been related to nonspecific upper and lower respiratory

symptoms (EPA 1994).

2.4.3 Sick building syndrome

Sick building syndrome (SBS) is characterized by the prevalence of acute building-

related health symptoms among building occupants, most commonly reported by office

workers and teachers. Symptoms include irritation of eyes, nose, and skin, headache,

fatigue, and difficulty breathing (Fisk 2000). Risk factors identified with sick building

syndrome symptoms include lower ventilation rates, presence of air conditioning, higher
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indoor air temperatures, increased chemical and microbiological pollutants in the air or
on indoor surfaces, debris or moisture problems in HVAC systems, more carpets and

fabrics, and less frequent vacuuming (Fisk 2002).

2.4.4 Planning, design and construction measures to improve occupant health

Indoor environmental quality (IEQ) is strongly influenced by a building’s design,
construction, operation, and maintenance, by the activities of occupants, and by outdoor
environmental conditions. Also energy-efficiency measures have the potential to degrade
or improve IEQ (Fisk et al. 2002). One approach towards reducing allergy and asthma
symptoms via changes in buildings and indoor environments is to control the indoor
sources of the agents that cause symptoms. Building design and construction procedures
should reduce possibilities of water leaks and moisture problems and decrease indoor
humidities. Known reservoirs for allergens, such as carpets for dust mite allergen, can be
eliminated or modified. These measures when combined with proper operation and
maintenance procedures could effectively reduce the growth of microorganisms indoors.
Indoor tobacco smoking can be restricted to isolated, separately-ventilated rooms and

pets can be maintained outside of the homes of individuals that react to pet allergens.

Another approach towards reducing allergy and asthma symptoms is to use air cleaning
systems or increased ventilation to decrease the indoor concentrations of the relevant
pollutants. Technologies that effectively reduce concentrations of airborne particles
generated indoors [e.g. better air filtration], should be adopted. Better filtration of the

outside air entering mechanically-ventilated buildings is also advisable since, it can also
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diminish the entry of outdoor allergens into buildings. Filtration is likely to be more
effective for the smaller allergenic particles [e.g. cat allergens] than for large particles
[e.g. from dust mites] (Fisk 2000). Research demonstrates that increase in ventilation
rates in US office buildings would reduce the proportion of office workers with frequent
upper respiratory symptoms from 26% to 16% and eye symptoms from 22% to 14% (Fisk
2000). Improvements in HVAC system design and maintenance and positioning of
outside air intakes distant from potential pollutant sources, reduces adverse health

outcomes among building occupants (Sieber et al. 2002).

Operable windows have two major benefits - occupant can control his environment;
energy efficient cooling and ventilation. Two primary risks are increased noise and

airborne pollutants from outside (Madsen 2005).

2.5  The “Whole House” approach

Conventional approaches in the home building industry treat each building system
separately, often resulting in negative interactions among them (PATH 2001). The
“Whole House” approach views the home as a system composed of different components
that must work together. The challenge it addresses is to use the synergies among
building systems to better the performance of the home (PATH 2003). The origin of
concept of “Whole House” can be traced back to the industrial revolution of late 1800's
(Swarup 2005). The progression of modemn architecture resulted in the use of new
building materials, the requirement for the resolution of complex building systems

existing within one structure and finally mass production rather than traditional stick built
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to facilitate and fasten the building process. Since then designers have been
experimenting with the issue of integrating complex services as part of a built structure
(Russell 1981). Initiatives in United States include Levitt Technology; a proposal for
factory built volumetric module housing and Triad; an open plan three bedroom modular

house (Fein 1972).

2.5.1 The “Whole House” roadmap

Partnership for Advancement of Technology in Housing (PATH) is a is a partnership
with the private sector initiated in the year 1998 when US Congress sanctioned $980,000
to the U.S. Department of Housing and Urban Development (HUD) for work to be
conducted under the program. The program sets out roadmaps to promote research in
certain key areas that are identified by the expert’s panel. One of such roadmaps is the
“Whole House and Building Process Redesign Roadmap”. PATH program addresses the
following issues in the home building industry: quality, durability, environmental

performance and affordability of tomorrow’s homes.

Yhe “Whole House” roadmap envisions that by the year 2010, home design and
construction is efficient, predictable and controllable with a median cycle time of 20
working days from groundbreaking to occupancy. This can result in cost savings that will
make homeownership available to ninety percent of the population. The roadmap defines
the “Whole House” approach in the context of building systems integration. While the
primary concern is to anticipate and resolve conflicts that arise between different building

components or systems, it is important to take advantage of the synergies that exist
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between them. The roadmap also identifies several barriers that hamper innovation and
ultimately defer the integration of the “Whole House” approach into mainstream
homebuilding. The fragmented nature of the industry; ascendancy of aesthetics and
function as primary design considerations; the regulatory process; rigid consumer
perceptions and untrained labor are potential candidates. The possible solutions include
optimizing design and operation by integrating components and subsystems; integrating
component and subsystem functions; simplifying schedule and construction by modifying
management approaches and relevant processes; and expanding the use of factory-built

assemblies (PATH 2000).

2.5.2 The PATH concept home

The Concept Home is an outgrowth of PATH's ‘Technology Roadmap: Whole House and
Building Process Redesign’, and ‘Technology Scanning’ reports. This concept home
demonstrates the objectives of “Whole House” approach and its assimilation into
mainstream design of homes. The primary concern is to make the home adaptable to
change. The flexible floor plan makes sure this criterion is met. Subsequently, “systems
thinking” is implemented to make sure that all building systems function independently —
there are no tangled electrical, plumbing or communication lines hidden in the wall. A
utility chase organizes the distribution of these independent systems and HVAC
throughout the home. This process is expected to facilitate the ease of maintenance and
upgrading of the utilities at any point without disturbing the structural fabric of the home.
Improved production processes encompassing management systems, information and

communications technology, and manufacturing and assembly processes; are expected to
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improve quality while reducing production time of the home to twenty days.
Standardization of measurements and component interfaces is adopted so as to simplify
product installation and enhance design flexibility. Use of integrative materials (e.g. -
solar panels integrated into the roof) and alternative basic materials (e.g. — electro-
textiles, light transmitting concrete) are the other features of the concept home (PATH

2005).

2.6  Green design and construction

The impact of the built environment on the environment and the economy is huge. US
construction market commands a sizeable 12.7% of the $10 trillion GDP. \Buildings
represent 39% of US primary energy use and 70% of electricity consumed. It is estimated
that around 40% of raw stone, gravel, sand and 25% of virgin wood goes into building
construction (GBFS 2005)'. Buildings are considered to be major contributors of global
warming, since a quarter of the increase in carbon dioxide in atmosphere is attributed to
this sector. In addition, current construction practices create 2-2 %2 pounds of solid waste
per square foot (LEED Review 2005). Construction industry concerns about the negative
impacts of buildings on the environment are forcing the building sector to focus more on
the integration of sustainability principles in planning, design and construction.
Subsequently, green building design and construction has become a norm in several

sectors of the industry in the recent years (Syal & Pillai 2005).
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2.6.1 Sustainable development and the green building concept

“Sustainable Development can be identified as the philosophy behind the green building
concept. A comprehensive definition of Sustainable Development as provided in the
Bruntland report by the UN World Commission on Environment and Development,
defines the term as “ that which meets the needs of the present without compromising the
needs of future generations to meet their own needs”\(ASTM 2005, Brundtland 1987).
Paul Hawken in his book, ‘The Ecology of Commerce’, resorts to a simple definition for
the term: “...leave the world better than you found it, take no more than you need, try not
to harm life of the environment, make amends if you do*“(Hawken 1993). }%ércen
Building” can be defined as — “a building that provides the specified building
performance requirements while minimizing disturbance to and improving the
functioning of local, regional, and global ecosystems both during and after its
construction and specified service life”'[ (ASTM 2005). According to USGBC, green

planning, design and construction comprises the “practices that significantly reduce the

negative impact of buildings on environment and occupants” (LEED 2003).

2.7 Summary

Occupant health is related to the quality of indoor environment. Indoor Environment
Quality (IEQ) is determined by aspects of Indoor Air Quality (IAQ), temperature,
humidity, ventilation, lighting, noise and ergonomics. Presence of indoor chemical and
biological pollutants can deteriorate the indoor air quality and negatively affect health,
comfort and safety of occupants. Room temperature has potential impacts on prevalence

of sick building syndrome symptoms and occupant satisfaction with air quality. While
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humidity does not directly affect occupant health, it has significant associations with the
concentrations of indoor biological and chemical pollutants. The relationship between
ventilation rates and occupant health is an indirect one. But indoor environmental
conditions including air pollutant concentrations are affected by ventilation rates and this
may modify occupants' health or perceptions. Inadequate lighting can affect health and

cause discomfort. Noise also is a potential problem in the indoor environment.

The “Whole House” approach views the home as a system composed of different
components that must work together. It utilizes the synergies among building systems to
better the performance of the home. The “Whole House” roadmap of PATH, envisions
that by the year 2010, home design and construction is efficient, predictable and
controllable with a median cycle time of 20 working days from groundbreaking to
occupancy. The roadmap also identifies several barriers that hamper innovation and
ultimately defer the integration of the “Whole House” approach into mainstream
homebuilding. The Path Concept Home is an effort that demonstrates the objectives of

the “Whole House” approach and its assimilation into mainstream design of homes.

The impact of built environment on the external environment and the economy is huge.
Construction industry concerns about the negative impacts of buildings on the
environment are forcing the building sector to ’focus more on the integration of
sustainability principles in planning, design and construction. Sustainable Development
can be identified as the philosophy behind the green building concept. Green design and

construction has environmental, economic and health benefits.

44




CHAPTER 3

TOOLS AND TECHNIQUES
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3.1 Overview

This chapter is a review of the tools and techniques that were utilized for this research.
Some of them already exist in literature while others have been developed for this
research. The discussion in this chapter is organized around three broad topics — Whole
House design and evaluation; Evaluation of Health impacts of planning, design and
construction; and Green building design and evaluation. The Whole House topics include
(1) Whole House Calculator and (2) Whole House performance criteria framework. The
Health Impact Matrix for Planning, Design and Construction of Built Environment
constitutes the second topic. The Green Building tools and techniques include: (1) LEED-

NC and (2) LEED-H green building rating systems.

3.2  “Whole House” design and evaluation (Swarup 2005, O’Brien 2005)

Traditional construction practices involve discreet optimization of building systems. The
drivers in this process are performance and cost. Also during the production stage, the
responsibility of design of a home rarely rests on a single person or even a dedicated team
that closely coordinates all activities. Typically there are many separate designers in a
home including design professional, trade contractors and even suppliers. The sum total
of these semi-independent systems of design, engineering, procurement and production,
each having discrete standards, goals, and governing regulations; represents the
conventional house. This situation often leads to unexpected interactions between

building systems that affects the performance and integrity of the house as a whole.
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The performance of a home is influenced by the combined interaction of systems internal
to the home. These influences can either enhance or reduce performance. The
performance reducing influence can be the result of inadequate system compatibility,
design integration, poor construction or installation practices, insufficient quality control,
or occupant operation. For example, mechanical systems including heating, ventilation
and air conditioning, gas and water pipes and vents, and fire protection systems interact
with structural systems and negatively impact structural performance. The size of
ductwork and piping elements and accommodation for the changes in direction of
mechanical and fire protection systems require provision for openings, chases and
horizontal bulkheads that impact placement of structural framing. Also large notches and
holes placed in framing in order to allow runs of piping and ductwork, reduces the
strength of the structural members. This reduction in structural performance may also
compromise other aspects of the building such as architectural space reductions. In some
cases, the location of large, key elements of the mechanical system such as furnaces can
create problems due to the presence of framing conflicts in overhead floors or adjacent

walls.

Opposed to this, the “Whole House” approach promotes the idea that the home be viewed
as a system composed of different components which work together for improving the
overall performance. Each of the parts and processes involved in home production
interact with and affect other parts and processes. So interaction between these parts are

to be studied in detail and that interacting components be designed for the success of the
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whole, not just the component. Whole House approach aims at achieving total systems

integration. It considers both the end product and the processes that produced it.

Whole House researchers have identified the need to address the complex problem of
comparing performance of one house to another. This represents a difficult task for both
prospective homebuyers and builders because each house is effectively unique. The
complexity arises from the 54,000+ total part count in a house. Taking into account
alternatives for each part, different climate conditions, and alternative house designs
facing one of various possible compass orientations provides a huge number of
combinations for the system. Various trades involved in the production process,
alternative production methods and, different objectives of buyers and builders further
complicate the problem. This huge number of choices is a considerable barrier in
adopting systems approach in housing production. Any tool that aids Whole House
design or evaluation for the purpose of comparison should be capable of addressing
multiple parameters to support optimization of the design and production process in

housing in a systematic way and requires both subjective and objective analysis.

3.2.1 “Whole House” performance calculator (O’Brien 2005)

The Whole House calculator emerged as a tool for the quantitative assessment of the
performance of design and production processes, materials and systems, and the
interaction between them for the purpose of comparative scoring. It also takes into
account characteristics valued by prospective buyers, builders, or other stakeholders

involved in residential construction. The large number of choices for materials, processes
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and components poses a considerable barrier to each builder or buyer applying a fully
rational approach to the construction or purchase of a house. The calculator aims to
address this issue and helps the builder or buyer make an appropriate selection by
analyzing various “what-if’ scenarios. The “Whole House” calculator is based on the

method developed by the “Battelle Columbus Laboratory” in the United States.

3.2.1.1 The Battelle method

The “Whole House” calculator is based on the method developed by the “Battelle
Columbus Laboratory” in the United States. Although referred to the Battelle method in
the calculator text it is originally called the Environmental Evaluation System (EES). The
method lists seventy-eight parameters based on environmental, social and economic
aspects based on their level of importance. These levels of importance are associated with
a value between 1 and 1000, and then curves of quality of environment are generated,
compared to each parameter. Four categories are defined under which the human
environmental is assessed; these are ecology, physical and chemical factors, aesthetic
factors and social interest. These four factors are divided into twenty components that are
further subdivided into eighty-one parameters. The categories, components and
parameters are arranged in descending order. Each category is associated with a relative
coefficient of importance from 0 to 1. Finally the relationship between each of the eighty-
one parameters and environmental quality are generated based on the afore-mentioned
curves. This method has been used successfully to evaluate complex problems from
differing points of view. A variation of this method is used to formulate the “Whole

House” calculator.
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3.2.1.2 Structure of the “Whole House” calculator
A pair of databases driven by lookup functions comprises the calculator. The databases
are based on a comprehensive listing of every process, material and component choice
that went into the building of the house. This information is derived from specifications
of the house and information about design and production process. These are called
system choices. The evaluation of a project is conducted in four steps. These are:
i.  Inputting objectives defined by the user.
ii.  Performance scoring.
ili.  Integration scoring.

iv.  Deriving final whole House score.

The users of the calculator include homebuilders or homebuyers. First the calculator asks
them to identify the attributes in a house that are most important to them. This is input in
the calculator as the User Values. The User Values is a listing of attributes that the user
can set by order of importance. There are different User Values for homebuilders and
homebuyers. Homebuyers using of the calculator complete a form to rank the relative
importance of performance characteristics such as: a comfortable home, a healthy home,
a dry home, a sturdy home, a safe home, a flexible home and an efficient home. The
builders’ list includes performance attributes like a durable home, a clear home, a
predictable home etc. One hundred points are to be distributed across the User values
according to their importance to the user. This weighted score is input into the calculator
as User Value Weighting Factors (Uw), which will become percentage multipliers to the

performance scores of the System Choices.
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The performance of system choices is scored as the next step. For this the house functions
are categorized into subsystems in order to split them into parts having a similar
performance expectation placed on their design, specification, installation and in-service
behavior. In order to reflect the importance of the role each subsystem plays in the
function of the house as well as the health and safety of the occupants, weighting factors
are appliéd. These Subsystems Weighting Factors (Sw), which total 100, become
multipliers to the performance scores of the System Choices to reflect the importance of
their role in the whole house. Weighting factors for houses in different geographic
regions signifies the importance of a subsystem’s performance in the particular climate.
Performance of each System Choice is then scored for a variety of issues like moisture
control, system integrity, system part count, regional trade familiarity, environmental
impact etc. The performance is scored on a scale of 1 to 5, signifying the range from
lowest performance to the highest performance. Finally he System Choice’s Performance
Score (Ps) is determined by summing up all the scores for different performance issues.
The Performance Factor (Pf) is derived by totaling the Performance Score for a given
System Choice multiplied by the weighting factor for the subsystem to which it is
normally associated. The resulting value is further multiplied by the User Weighting
Value (Uw) most closely associated with the given system choice.

Pf= ((PsxSw)xUw) (Eq1)
The degree and net effect of the interaction between each System Choice is rated by

Interaction Scoring. Interaction between two System Choices can result in improvement

or degradation of performance of the two System Choices. The Interaction scoring matrix
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is made by listing Systems Choices describing a house on a vertical axis and a horizontal
axis. The interaction of each System Choice with each of the other System Choices is
scored on a scale from +3 to -3 to indicate the degree of improved or degraded
performance likely to result from this particular interaction. The System Choice’s scores
for their interaction with every other System Choice in the house are totaled to calculate
that choice’s Interaction Score (Is). The Interaction Factor (If) is the reciprocal of the sum
of the horizontal and vertical interaction scores of a system choice in the interaction
matrix divided by the Total Variance. The resulting value is subtracted from 1 to
normalize negative scores.

If=1+ (1- (TIs+Tv)) (Eq2)

The Whole House Score (Whs) is the sum of the products of the Interaction factor (If)
multiplied by the Performance Factor (Pf).

Whs=Y (IfxPf) (Eq3)

The Whole House score helps to compare different sets of System Choices. A theoretical
perfect score is helpful in deciding how close a particular configuration of processes,
components and subsystems is to the ideal. The theoretical score is generated by scoring
all performance factors as a value of five, all interactions as a value of three and applying
the system weighting and user weighting values. Whole House Score a particular
configuration of System Choices is divided by the theoretical perfect score generates the

percentage of closeness of the actual system to the ideal.
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3.2.1.3 Sample calculation with “Whole House” calculator

The sample calculation is performed for a ‘typical’ house built by a production builder.

The performance and interactions scores are intended for demonstration and do not

reflect any absolute values. The following assumptions are made prior to the evaluation.

IRC Code Compliance;

Mid-Atlantic regional location for decay, weathering, termite infestation
probabilities;

Inland wind exposure;

Seismic design category “A”;

Radon Zone 1; and

Climate Zone 10.

For demonstration purposes the user values are assumed as the following. Hundred points

were divided among seven attributes of the house.

Comfort 15
Healthy 10
Dry 20
Sturdy 20
Safe 15

Flexible 10

Efficient 10
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The subsystems were assigned weighting factors based on the above assumptions.

Process & production design 5
Foundation 15
Superstructure 25
Envelope 15
Interior partitions & finishes 2
Millwork 3
Utility distribution 7
Electrical power & light 10
Sewer & water 5
Thermal systems 13

In the example the typical house is described using 93 system choices:

Process & production design - 23 system choices (e.g. — purchased design,
traditional stick frame, no quality check at end of project etc.)

Foundation - 7 system choices (e.g. — site cast concrete footing, masonry
foundation wall, fiberglass board insulation etc.)

Superstructure - 4 system choices (e.g. — dimension lumber roof framing)
Envelope - 16 system choices (e.g. — vinyl siding, no floor ventilation etc.)
Interior partitions & finishes - 9 system choices (e.g. — drywall substrate, particle
board sub-floor, pad and carpet floor finish etc.)

Millwork - 3 system choices (e.g. — drywall milled wood interior trim)

Utility distribution - 3 system choices (e.g. — site fabricated trunks and feeders)
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* Electrical power & light - 5 system choices (e.g. — wiring is romex, incandescent
lighting, electrical system on grid etc.)
= Sewer & water - 7 system choices (e.g. — copper water piping, no cistern etc.)

» Thermal systems - 9 system choices (e.g. — air distribution, point diffusers etc.)

The resulting whole house score was 5,266. This represents 15.81% of the best possible
score (33,302) for a house comprising 93 system choices. The best possible scored is
arrived by rating all the system choices high on both performance scoring (5 points) and

integration scoring (+3).

3.2.2 “Whole House” performance criteria framework (Swarup 2005)

The Whole House Criteria Framework is based on building systems integration approach.
The criteria framework systematically tabulates all the concepts propagated by the
“Whole House” approach and integrates them into the design of a home. The framework
follows the LEED format. Expectations from the “Whole House” is categorized into six
performance parameters - Spatial flexibility, Thermal performance, Structural integrity,
Ease of construction, Ease of maintenance and Sustainability. Building Systems
Integration Handbook (BSIH) matrix is used to analyze the interaction possibilities
among various systems. System decision models depicting 3-system interactions help to
systematically tabulate the intents and associated strategies required for criteria
development. A detailed scoring system is built into the framework to rate different
strategies. Table 3.1 shows a part of the scoring system. The whole framework has been

included in the appendix.
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As the first step, building systems are assigned relative weights based on the level of its
effect in the performance of a home. This is followed by a system for rating each
strategy based on its level of effectiveness in achieving a particular performance
parameter. A consolidated score for each building system, based on the strategies
employed, is determined in this manner. This score is adjusted to reflect the relative
weights of each building system. The scoring system is based on the “Whole House
Calculator”. The final score is the sum of all these weighted scores for various building
systems. This score is compared against the ideal score of a hypothetical “Whole House”.
Even though the framework is intended as an effective design tool, this function broadens
its scope as a design and evaluation tool for the “Whole House” performance. When three
case studies — site built home, factory built home and hybrid home - were compared

based on a sample criteria it was found that the latter received the highest score.

3.2.2.1 Sample application of “Whole House” performance criteria

This section demonstrates the application of the “Whole House” Performance criteria on
a hybrid home. First each of the seven building systems considered for the exercise is
associated with a certain weight that refers to the role of the strategies pertaining to that
building system, in the overall performance of the home. The building system that affects
the performance of the home to a large degree is given a larger weight than others. The
weightage/credit system defines the level of importance of each building system within
the complete design of the home. The systems are weighted as a percentage of the total
weight of 8.

Structure envelope - 4.4 (55%)
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HVAC - 1.28 (16%)

Plumbing - 0.64 (8%)
Electrical - 0.64 (8%)
Communication - 0.32 (4%)
Interior A - 0.48 (6%)
Interior B - 0.24 (3%)

The next step is the scoring of each strategy based on its level of effectives in achieving a
particular performance parameter. The scoring will be conducted on a scale of 1-5, where
1 represents the least effective strategy and 5, being the most effective strategy. After
scoring each strategy on this scale, a total score is determined under each building
system. The weighted score is the product of the total score for each building system and
the weight assigned to it. In the case of Structure/ Envelope the scoring was performed
like this:

Spatial flexibility -9 points

Thermal performance — 19 points

Structural integrity — 7 points

Ease of construction — 15 points

Ease of maintenance - 15 points

Sustainable design - 10 points

Total — 75 points

Therefore, weighted Score for Structure/ Envelope = 75 x 4.4 = 330 points.
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The sum of weighted scores for all seven building systems is the final score. For hybrid
house this was found to be 506 points. This constitutes 67.02% of the ideal Whole House
score. The ideal Whole House score of 755 points is calculated by assigning high scores

(5 points each) to all the strategies under consideration.

3.3  Evaluation of health impacts of buildings

Planning, design and construction practices often have associated health impacts. The
assessment of these health impacts presents a complex problem since a large number of
associated elements have to be taken into consideration. Many of these elements are
associated with a wide range of direct and indirect health effects. This complex problem
demands a systematic process for analyzing various aspects of planning, design and
construction; and the cause and effect relationship that the built environment shares with

human health.

3.3.1 Health impact matrix for planning, design and construction of built
environment
The matrix was developed as a part of this research to systematically evaluate the
negative health effects associated with planning, design and construction of built
environment. The matrix has three main parts. Table 3.2a, Table 3.2b and Table 3.2¢c
show the three parts of the matrix. The first part links the parameters that define the built
environment to causative factors of health effects. The parameters that have been
identified for the purpose of this research are: (i) Zoning, (ii) Density, (iii) Land use mix,

(iv) Transportation Infrastructure, (v) Pedestrian Infrastructure, (vi) Connectivity, (vii)
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Public realm design, (viii) Building design and (ix) Parks/landscaped areas. The second
part identifies individual components of these causative factors and their effect on health.
The causative factors of health effects have been categorized as: (i) Air pollution, (ii)
Water pollution, (iii) Noise pollution, (iv) Variations in microclimate, (v) Solid waste
contamination, (vi) Physical inactivity, (vii) Crime and safety issues and (viii) Insecurity.
The health effects that are considered for this study include communicable disease,
respiratory effects, cardiovascular effects, neurological effects, gastrointestinal effects,
effects on skin and exterior organs, birth defects, discomfort, stress, mental illness,

accidents and injuries.

The third part of the matrix helps to comparatively evaluate the effects of causative
factors on human health. Relative weights are applied to the various categories of health
effects. Various life threatening health effects have the highest weight while comfort
issues have the lowest weight. Then a scoring system of 0 to 3 is applied to the causative
factors on the basis of their effects on health. This signifies the range from no effect to
significant health effects. The total of the sores for each of the causative factors help to
compare their importance in relation to human health. This information will aid in
framing strategies for health performance during the planning, design and construction

processes.

34  Green building design and evaluation

Green design and construction has environmental, economic and health benefits.

Environmental benefits include reduced destruction to natural areas and biodiversity,
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reduced pollution and solid waste, and reduced depletion of finite sources. Economic
benefits include reduction in project and operation costs, enhanced asset value, increased
profits, optimized life cycle performance and savings from increase in productivity.
Healthier indoor environments are another feature of green buildings. Since on an
average Americans spend 80 to 90% of their time indoors the quality of indoor
environments is very important for health and quality of life. Potential threats like the
Legionnaires disease and sick building syndrome can be avoided through ensuring the
quality indoor environment. Green design and construction is also conductive to healthy
outdoor environments. Lessened demand for large-scale infrastructure like landfills,
water supply, storm water sewers etc. and decreased transportation development will
promote healthy outdoor environments (LEED Review 2005). Green design and
construction practices strive to address the built environment issue from a whole systems
point of view and thereby promote sustainability and environmental responsiveness (Syal

& Pillai 2005).

United States Green Building Council (USGBC) is a national non-profit organization that
was formed in 1993, which develops and administers the Leadership in Energy and
Environmental Design (LEED) green building rating system. USGBC has a diverse
membership including building and design professionals, owners, manufacturers,
government bodies, environmental groups, research institutions, professional societies
and universities. The organization operates on consensus principles. The goal of USGBC
is to promote buildings that are environmentally responsible, profitable and healthy

Places to live and work (LEED Review 2005, LEED 2005a). LEED is a national standard
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for evaluating high performance, sustainable buildings, developed and administered by
USGBC. The development of LEED green building assessment framework is a consensus
based and market driven process. LEED’s goal is to define ‘green building’ and establish
a common standard of its measurement. The standard aims to promote integrated, whole-
building design practices and raise awareness about its benefits. The LEED program is

continuously evolving.

Currently, six categories of LEED standards exist in various phases of development
(LEED 2005, LEED Review 2005):

= LEED for New Construction (LEED-NC)

= LEED for Existing Buildings (LEED-EB):

» LEED for Commercial Interiors (LEED-CI)

* LEED for Core & Shell (LEED-CS)

* LEED for Homes (LEED-H)

®* LEED for Neighborhood Development (LEED-ND)

LEED-NC and LEED-H are described in detail below.

3.4.1 LEED-NC green building rating system

LEED for New Construction and Major Renovations (LEED-NC) is specifically designed
for rating commercial and institutional buildings, with a focus on office buildings. LEED-
NC has also been applied many other building types like high-rise residential buildings.
The point based rating system is categorized into five environmental topics: Sustainable

Sites (20% of points), Water Efficiency (7% of points), Energy & Atmosphere (25% of
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points), Materials & Resources (19% of points), and Indoor Environmental Quality (22%
of points). These five categories account for 32 credits and 7 prerequisites amounting to
64 core points. Innovation & Design Process is an additional category, which addresses
sustainable building expertise. This category also addresses design measures not covered
under the five environmental categories. Five points are available for this category with
one point for the participation of a LEED accredited professional in the project, thus
making a total of 69 points. Table 3.3 shows the structure of LEED rating system. The

full LEED-NC checklist has been included in the appendix.

L | [ [ IndoorEnvironmental ... 15 Points,
Y Prereq 1 |Minimum IAQ Performance Required
Y-S Prereq 2 |Environmental Tobacco Smoke (ETS) Control Required
Credit 1 |Outdoor Air Delivery Monitoring

Credit2 |Increased Ventilation

Credit 3.1 |Construction IAQ Management Plan, During Construction
Credit 3.2 |Construction IAQ Management Plan, Before Occupancy

Credit 4.1 |Low-Emitting Materials, Adhesives & Sealants

Credit4.2 |Low-Emitting Materials, Paints & Coatings

Credit 4.3 |Low-Emitting Materials, Carpet Systems

Credit 4.4 |Low-Emitting Materials, Composite Wood & Agrifiber Products
Credit5 |Indoor Chemical & Pollutant Source Control

Credit 6.1 |Controllability of Systems, Lighting

Credit 6.2 |Controllability of Systems, Thermal Comfort

Credit 7.1 |Thermal Comfort, Design

Credit 7.2 |Thermal Comfort, Verification

Credit8.1 |Daylight & Views, Daylight 75% of Spaces

Credit 8.2 |Daylight & Views, Views for 90% of Spaces

— e e | | | | Rl |-

Table 3.3: LEED credit system for Indoor Environment Quality (source: LEED-NC 2.1)

The prerequisites listed in the rating system must be achieved. While each credit is
optional, it contributes to the project’s point total. Some of these credits are divided into

two or more sub-credits with independent or cumulative points. Intent identifies the main
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goal of the prerequisite or credit. Requirements & Submittals specify the criteria to
satisfy the prerequisite or credit, the number of points available, and the documentation
required for the LEED application. Potential technologies and strategies for meeting the
criteria are also listed for each credit. LEED is a performance-oriented system in which
the points are earned for satisfying performance criteria. Four levels of green building
certification are ;1vailable based on the total points earned. They range from ‘certified’
(26-32 points) to platinum (52-69 points). Silver certification requires 33-38 points and
gold, 39-51 points (LEED 2002, LEED 2003)‘.4’ Each of the five categories in the LEED-

NC rating system is discussed in detail below.

3.4.1.1 Sustainable sites

Development and construction processes at the construction site often disrupt the local
ecology. Pollution from construction activities comprises soil erosion, waterway
sedimentation and airborne dust generation. Development of inappropriate sites that are
sensitive or restrictive land types causes negative impact on the environment. Greenfields
can be protected and habitat and natural resources can be preserved by channeling
development to urban areas with existing infrastructure. Rehabilitating damaged sites will
also help in confining development to areas that are already developed. Locating the
project with consideration of public transport access can reduce impacts related to

transportation.

Minimizing parking lot and garage size helps to reduce pollution and land development

impacts from single occupancy vehicle use. Designing the building with transportation
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amenities such as bicycle racks and providing low-emitting and fuel-efficient vehicles
with preferred parking for occupants is also beneficial. In greenfield sites, the building
should be located carefully to minimize disruption to existing ecosystems. The
development footprint must be reduced in order to maximize open space to promote
biodiversity. Disruption of natural water hydrology due to increased impervious cover
and reduced on-site infiltration can lead to extensive environmental impacts. Pollution of
natural water flows by stormwater runoff should be limited and contaminants eliminated.
Thermal gradient differences between developed and undeveloped areas can have direct
impacts on microclimate and human and wildlife habitat. Light trespass from the building

and site reduce nighttime visibility and disrupt nocturnal environments.

The following nine parameters rate the sustainability of the site in LEED-NC: Erosion &
Sedimentation Control, Site Selection, Development Density, Brownfield
Redevelopment, Alternative Transportation, Reduced Site Disturbance, Stormwater
Management, Heat Island Effect and Light Pollution Reduction. Reducing the pollution
from construction activities is a necessary prerequisite while fourteen points can be

scored for the other eight credits.

3.4.1.2 Water efficiency

It is estimated that 340 billion gallons of fresh water are withdrawn per day from rivers,
streams and reservoirs to support residential, commercial, industrial, agricultural and
recreational activities in United States, which accounts for about one-fourth of the

nation’s total supply of renewable fresh water. Around 65% of this amount is discharged
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back into rivers, streams and other water bodies after use. In addition to this, water is also
extracted from underground aquifers. On an annual basis, the water deficit in the United
States is currently estimated at about 3,700 billion gallons. Rigorous water reuse
strategies have helped to reduce the water use in industrial processes in recent years.
Energy Policy Act of 1992 also aided the reduction in water use by mandating the use of
water-conserving plumbing fixtures to reduce water use in residential, commercial and
institutional buildings. Using large volumes of water is associated with increased
maintenance and life-cycle costs for building operations and consumer costs for

additional municipal supply and treatment facilities.

Efficient use of water can reduce costs through lower water use fees, lower sewage
volumes to treat energy and chemical use reductions, and lower capacity charges and
limits. Many water conservation strategies involve either no additional cost or rapid
paybacks. Other water conservation strategies such as biological wastewater treatment,
rainwater harvesting and gray water plumbing systems often involve more substantial
investment. Water efficiency measures in commercial buildings can easily reduce water
usage by 30% or more. In a typical 100,000-squarefoot office building, low-flow fixtures
coupled with sensors and automatic controls can save a minimum of 1 million gallons of
water per year, based on 650 building occupants each using an average of 20 gallons per
day. Non-potable water volumes can be used for landscape irrigation, toilet and urinal
flushing, custodial purposes and building systems. Utility savings, though dependent on
the local water costs, can save thousands of dollars per year, resulting in rapid payback

on water conservation infrastructure. In LEED-NC the following three credits rate the
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efficiency of water use in a project: Water Efficient Landscaping, Innovative Wastewater
Technologies and Water Use Reduction. Five possible points are available in this

category.

3.4.1.3 Energy and atmosphere

Buildings consume approximately 37% of the energy and 68% of the electricity produced
in the United States annually, according to the U.S. Department of Energy. Combustion
of fossil fuels produces about 75% of our energy. Production of electricity through the
use of fossil fuels such as oil and coal requires extraction, transportation, refining, power
generation and distribution. These processes significantly impact the environment in a
myriad of adverse ways. For example, conventional fossil-based generation of electricity
releases carbon dioxide, which contributes to global climate change. The potential
consequences of climate change (rising sea levels leading to coastal floods, severe
droughts, heat waves, disease migration) affect communities worldwide. Coal-fired
electric utilities emit almost one-third of the country’s anthropogenic nitrogen oxide, the
key element in smog, and two-thirds the sulfur dioxide, a key element in acid rain. Coal
extraction and mining disrupts habitat and can devastate landscapes. Acidic water runoff
(acid mine drainage) from coal extraction activities further degrades regional ecosystems.
Coal is rinsed with water, which results in billions of gallons of sludge stored in ponds.
Coal-fired electric generation plants emit more fine particulate material than any other
activity in the United States. The human body is incapable of clearing these fine particles
from the lungs. Consequently, particulate materials penetrate deep into the lungs and are

contributing factors in tens of thousands of cancer and respiratory illness-related deaths
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annually. Other energy production technologies include natural gas, nuclear fission and
hydroelectric generators. Although its emissions are not as damaging as coal and oil,
natural gas is a major source of nitrogen oxides and greenhouse gas emissions. Nuclear
power increases the potential for catastrophic accidents and raises significant waste
transportation and disposal issues. Hydroelectric generating plants disrupt natural water

flows, resulting in disturbance of habitat and depletion of fish populations.

Energy consumption can be dramatically reduced through practices that are economical
and readily achievable. Improving the energy performance of buildings lowers operations
costs, reduces pollution generated by power plants and other energy-producing
equipment, and enhances comfort. Most energy-efficiency measures present an excellent
rate of return. It is essential to consider a building’s energy load as a whole and to
integrate synergistic energy-efficiency measures in order to maximize savings. For
example, reduction of energy loads through improved glazing, insulation, daylighting and
use of passive solar features may allow the design team to downsize or even eliminate
mechanical HVAC systems. LEED recognizes the importance of integrated energy
strategies. As a result, most of the prerequisites and credits under this topic are

performance-based rather than prescriptive.

LEED-NC rates the energy efficiency of a project on these issues: Fundamental Building
Systems Commissioning, Minimum Energy Performance, CFC Reduction in HVAC&R
Equipment, Optimize Energy Performance, Renewable Energy, Additional

Commissioning, Ozone Depletion, Measurement & Verification and Green Power. The
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first three are necessary prerequisites while seventeen possible points can be scored on

the remaining six credits.

3.4.1.4 Materials and resources

Building materials choices are important in sustainable design because of the extensive
network of extraction, processing and transportation steps required to process them.
Activities to create building materials pollute the air and water, destroy natural habitats
and deplete natural resources. Construction and demolition wastes constitute about 40%
of the total solid waste stream in the United States. One of the most effective strategies
for minimizing the environmental impacts of material use is to reuse existing buildings.
Rehabilitation of existing building shells and non-shell components reduces solid waste
volumes and diverts these waste volumes from landfills. It also reduces environmental
impacts associated with the production and delivery of new building products.'Reuse of
an existing building minimizes habitat disturbance and typically requires less
infrastructure such as utilities and roads. An effective way to use salvaged non-shell
components in new buildings is to specify these materials in construction documents.
When new materials are used in buildings, it is important to consider different sources.
Salvaged materials can substitute for new materials, save on material costs and perhaps
add character to the building. ‘Recycled content materials Teuse waste products that would
otherwise be deposited in landfills. The use of local materials supports the local economy
and reduces the impacts of transportation. The use of rapidly renewable materials and
third-party certified wood minimizes the impact of natural resource consumption to

manufacture new building materials. In recent years, an increasing number of public and
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private waste management operations have begun to reduce construction debris volumes
by recycling and reusing these materials. Recovery and recycling activities typically
involve job site separation into multiple bins or disposal areas. These activities can also

take place off-site if space is not available on the project site.

LEED-NC rates the material and resource use in a project on these issues: Storage &
Collection of Recyclables, Building Reuse, Construction Waste Management, Resource
Reuse, Recycled Content, Regional Materials, Rapidly Renewable Materials and
Certified Wood. The first one is a necessary prerequisite while thirteen possible points

can be scored on the remaining seven credits.

3.4.1.5 Indoor environmental quality

Americans spend an average of 90% of their time indoors, where levels of pollutants may
be two to five times—and occasionally more than 100 times—higher than outdoor levels,
according to the U.S. Environmental Protection Agency. In its 1999 Air Quality
Guidelines, the World Health Organization states that most of a person’s daily exposure
to many air pollutants comes through inhalation of indoor air. Many of these pollutants
can cause health reactions in the estimated 17 million Americans who suffer from asthma
and 40 million who have allergies. The Asthma and Allergy Foundation estimates that
asthma cost the U.S. economy $10.7 billion in 1994 alone. Research over the past decade
has increased our understanding of the indoor environment, revealing both problems and
potential solutions. Major health disasters such as outbreaks of Legionnaires’ disease and

sick building syndrome have heightened the awareness of indoor air quality for building
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owners and occupants. An increasing number of legal cases emphasize the need for
optimal indoor environmental quality (IEQ) strategies. Such strategies reduce potential
liability for design team members and owners, increase the resale value of the building,
and increase productivity of building occupants. In fact, case studies suggest that [EQ
improvements can increase worker productivity by as much as 16%, resulting in rapid

payback for IEQ capital investments (RMI, 1994).

IEQ strategies include issues related to indoor air quality (IAQ) such as increased ratios
of filtered outside air, ventilation effectiveness, moisture management, and control of
contaminants. Prevention of air quality problems is generally much less expensive than
cleaning up after these problems occur. For example, it is inexpensive and sensible to
sequence construction activities so that materials are kept dry and those that absorb
contaminants are installed after other materials have had the opportunity to off-gas
contaminants. Specifying materials that release fewer and less harmful contaminants is
even better. Another strategy is to protect air handling systems during construction and
perform a building flush-out prior to occupancy. To provide optimal air quality for
building occupants over the lifetime of the building, automatic sensors and controls can
be integrated with the HVAC system to adjust temperature, humidity, and the percentage
of outside air introduced to occupied spaces. Sensors can alert building maintenance staff
to potential IAQ problems such as carbon dioxide (CO2) build-up in occupied space.
Other IEQ issues to consider include daylighting and lighting quality, thermal comfort,

acoustics, occupant control of building systems, and access to views. All of these issues
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have the potential to enhance the indoor environment and optimize interior spaces for

building occupants.

Minimum IAQ Performance and Environmental Tobacco Smoke (ETS) Control are
considered are prerequisites in LEED-NC green building rating system. The quality of
indoor environment is also rated on these following issues: Carbon Dioxide (CO2)
Monitoring, Ventilation Effectiveness, Construction IAQ Management Plan, Low-
Emitting Materials, Indoor Chemical & Pollutant Source Control, Controllability of
Systems, Thermal Comfort and Daylight & Views. A maximum of fifteen points can be

scored for these eight credits.

3.4.1.6 Innovation and design process

Sustainable design strategies and measures are constantly evolving and improving. New
technologies are continually introduced to the marketplace and up-to-date scientific
research. influences building design strategies. The purpose of this LEED-NC category is
to recognize projects for innovative building features and sustainable building
knowledge. Occasionally, a strategy results in building performance that greatly exceeds
those required in an existing LEED credit. Other strategies may not be addressed by any
LEED prerequisite or credit but warrant consideration for their sustainability benefits.
Finally, expertise in sustainable building is essential to the design and construction

process. All of these issues are rewarded in this category.

75



3.4.2 LEED-H green homes rating system.

LEED for homes is focused on transforming the mainstream home building industry
towards more sustainable practices. LEED for Homes aims to incorporate the following
best-practice environmental features in homes: efficient use of energy resources; efficient
use of water resources; efficient use of land resources; efficient use of building
construction resources and enhanced indoor environmental quality. It is developed as a
point based rating system based on building performance in seven broad areas. These are
Location and Linkages (10% of points), Sustainable Sites (13% of points), Water
Efficiency (11% of points), Indoor Environmental Quality (13% of points), Materials and
Resources (22% of points), Energy and Atmosphere (27% of points) and Home Owner
Awareness (1% of points). These seven categories account for 41 credits amounting to
104 core points. Four points are available for innovation in design process, thus making a
total of 108 points. Some of these credits are mandatory while the others are optional.
Variations due to changes in climate zones are accounted for in the rating system. Three
precipitation zones are considered: Dry (< 20 inches/year), Normal (20-40 inches/year)
and Wet (> 40 inches/year). Intents, mandatory and optional requirements, verification
process, synergies and tradeoffs, rationale behind intent, strategies, and relevant resources
define each credit. There are four levels of certification available, ranging ffom ‘certified’
(30 points) to platinum (90 points). Silver certification requires 50 points and gold, 70
points (LEED 2005b). The Indoor Environmental Quality category of LEED for homes is

discussed in detail below.
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3.4.2.1 Indoor environmental quality
The goal of rating this aspect in homes is to enhance the quality of indoor environment
with the purpose of safeguarding the health of the home’s occupants. This category in
LEED-H has 10 credits among which some are wholly or partly mandatory:

1. ENERGY STAR with Indoor Air Package

2. Combustion Venting

3. Humidity Control

4. OQOutdoor Air Ventilation

5. Local Exhaust

6. Supply Air Distribution

7. Supply Air Filtering

8. Contaminant Control

9. Radon Protection

10. Vehicle Emissions Protection
Fourteen possible points can be scored in this section. There are two optional pathways
for scoring in IEQ credits in this category. One option is to score ten possible points on
the first credit by completing all of the requirements of EPA’s ENERGY STAR Indoor
Air Package. If this option is considered then credits 2, 3, 9, 10 and parts of 4, 5, 6, 7 and
8 must be skipped. The other option is to go through all credits from 2 through 10
individually for the maximum possible of fourteen points. The ten credits in this section

is discussed in detail below.
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Credit #1- ENERGY STAR with Indoor Air Package: The intent is to improve overall
quality of indoor environment by installing an approved bundle of air quality measures.
The ENERGY STAR with Indoor Air Package is a comprehensive set of indoor air
quality measures that includes ventilation, source control, and source removal measures.
All of the requirements of EPA’s ENERGY STAR Indoor Air Package are to be

completed for scoring this credit.

Credit #2 - Combustion Venting: The intent here is to minimize leakage of combustion

gases into occupied space of home. Indoor air quality may be adversely affected by
leakage of combustion exhaust gases into the home. Direct- or power- venting reduces
the risk of combustion gases being drawn into the home when negative pressure occurs in
the home. This credit is divided into two sub-credits and each of them is mandatory. The
first sub-credit requires the designing and installation of HVAC and DHW combustion
equipment with closed combustion if equipment is located inside the building envelope
installing a CO monitor on each floor of the home. The second sub-credit mandates the

proper design and installation of fireplace or no fireplace at all.

Credit #3 - Humidity Control: The intent is to provide a comfortable thermal environment

in the home. Occupant comfort may be adversely affected by very high or very low
humidity levels in the home. High humidity levels may also foster mold growth. If points
are to be scored for this credit, moisture loads and need for a central humidity control
system should be analyzed. Install humidity control system should be installed where

needed to maintain humidity ratios below 0.012 (Ib. water vapor / Ib. dry air).
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Credit #4 - Qutdoor Air Ventilation: The intent is to protect occupants from indoor

pollutants by ventilating with outdoor air. Occupant health and comfort may be adversely
affected by poor ventilation in a home. Without adequate outdoor air ventilation,
humidity, odors, and pollutants may accumulate within the home. This credit is divided
into three sub-credits in which the first is mandatory and other two optional. Designing
and installing a whole building ventilation system that complies with ASHRAE standard
62.2.4 comprises the mandatory sub-credit. Additional points can be scored by installing
a dedicated outdoor air supply system that complies with ASHRAE Standard 62.2 and
provides for heat transfer between the incoming outdoor air streams and exhaust air
streams and has fully ducted supply and exhaust. Third-party testing of outdoor air flow

rate into the home constitutes the third optional sub-credit.

Credit #5 - Local Exhaust: The intent is to remove indoor pollutants in kitchens and
bathrooms. Odors, pollutants, and moisture may accumulate in kitchens and baths that
have poor local exhaust. This credit is also divided into three sub-credits in which the
first is mandatory and remaining two optional. The first sub-credit mandates the design
and installation of local exhaust systems in bathrooms and kitchen per ASHRAE
Standard 62.2, and use of ENERGY STAR labeled exhaust fans. The optional sub-credit
requires installation of occupancy sensor or automatic humidistat controller or timer for
bath exhaust fans to operate fan either for a timed interval after occupant leaves room or
until humidity level is reduced. The third optional sub-credit requires third-party test of

each of these systems.
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Credit #6 - Supply Air Distribution: The intent is to ensure supply air is distributed

adequately to conditioned spaces. The rationale is that occupant Comfort may be
adversely affected by inadequate air distribution to each room in a home. This credit is
divided into two sub-credits. The first sub-credit requires performing ACCA Manual D
duct design calculations and installing ducts accordingly, and ensuring that every room
has adequate return air flow or installing ductless space conditioning system. The second
sub-credit requires testing total supply air flow rates in each room of home using a flow
hood, and adjusting the flow rates using balancing dampers to ensure that supply air flow
rates are within +/- 15% (or +/- 10 cfm) of calculated values from ACCA Manual J. The

former is mandatory while the latter is optional.

Credit #7 - Supply Air Filtering: The intent is to remove particulate matter from supply

air system. Inadequate air filtration may have adverse health effects. Improved air filters
will help to remove more particles from the supply air stream. This credit is also divided
into three sub-credits in which the first is mandatory and remaining two optional. The
first sub-credit mandates the installation of air filters >/= MERV 8 and ensuring that air
handlers can maintain adequate pressure, or installation of a ductless space conditioning
system. Additional points can be scored by installing air filters >/= MERV 10 and ensure
that air handlers can maintain adequate pressure. The third optional sub-credit requires
the installation of HEPA air filters, and ensuring that air handlers can maintain adequate

pressure.
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Credit #8: Contaminant Control: The intent is to protect occupants from exposure to

contaminants. Indoor air quality may be adversely affected by contaminants brought into
home by occupants. Walk-off mats trap some of the dirt at the entryway that would
otherwise be tracked into the home. Central vacuums exhaust collected dust and

particulates to the outdoors.

Seal off ducts during construction OR clean HVAC ducts and coils before occupancy.
This credit is further divided into three sub-credits in which the first is mandatory and
remaining two optional. Designing and installing permanent walk-off mats at each entry,
or installing central vacuum system with exhaust to the outdoors is mandatory. The
optional second sub-credit requires third party testing for contaminant concentration prior
to occupancy. Measuring and reporting concentration levels for listed contaminants

comprises the third optional sub-credit.

Credit #9: Radon Protection: The intent here is to protect occupants from exposure to

radon gas, and other ground contaminants. Occupant health may be adversely affected by
the presence of radon gas. The first part of this credit mandates that if home is located in
EPA Region 1, radon mitigation system must be designed and installed. The second part
which is optional requires that if the home is NOT located in EPA Region 1, radon

resistant construction techniques should be employed in its design and construction.

Credit #10 - Vehicle Emissions Protection: The intent is to protect occupants from

exposure to car emissions. The rationale is that occupant health may be adversely
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affected by car emissions leaking from garage into home. This credit has two mandatory
and one optional sub-credit. The first sub-credit mandates no air handling equipment,
return ducts or un-sealed supply ducts in garage. Installation of CO detector in any
occupied rooms above the garage and tightly sealing shared surfaces between garage and
conditioned spaces is mandatory as per the second sub-credit. Points can be scored for the
third sub-credit by installing minimum 100 cfm exhaust fan rated for continuous
operation with automatic timer control linked to occupant sensor, light switch, or garage
door opening/closing mechanism; or by avoiding contact of garage with conditioned

spaces.

3.5  Analytic Hierarchy Process (AHP)

The Analytic Hierarchy Process (AHP) is a multiple criteria decision-making technique.
This technique allows subjective as well as objective factors to be considered in the
decision-making process. The user is allowed to assign relative weights in a logical
manner for all factors involved in the decision making process through pair-wise relative
comparison of those factors. The use of AHP entails the development of a tree-like
hierarchical structure of the factors involved. The first step in AHP is to make a pair-wise
comparison of all the elements belonging to the same level of hierarchy. The elements are
then pair-wise compared with respect to an element in a higher level of the same
hierarchy to show the relative importance of each element of the lower level with respect
to that element in the higher level. A matrix of comparison is formed in which each
element is an outcome of the pair wise comparison of all factors involved. A scale of

relative importance is used for the purpose of pair wise comparison. The final step is to
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compute the vector of priorities. The vector of priorities outlines the relative weights of
the elements of matrix considering their strength on influencing the main criterion with
respect to which they are being compared. It is computed by normalizing the columns in
the matrix of comparison and then adding the elements in each resulting row and dividing

this sum by the number of elements in the row (Hass & Meixner 2005, Dey 2002).

In this thesis the AHP is adopted to determine the relative importance of building systems
in respect to the health performance attributes and also the relative importance of each of
these attributes. It should be noted that the application of AHP in this thesis is limited,
since the process of assigning relative importance scores during pair wise comparison of
building systems is based on author’s knowledge of the subject. The application of AHP
in assigning relative weights for building systems and attributes of IEQ is discussed in

detail in Chapter 5 with an example.

3.6 Summary

This chapter is a review of the tools and techniques that were utilized for this research.
The first two tools discussed in this chapter aids in the design and evaluation of the
“Whole House”. The Whole House Performance Calculator is a tool for the quantitative
assessment of the performance of design and production processes, materials and
systems, and the interaction between them for the purpose of comparative scoring. The
Whole House Performance Criteria Framework aids in developing the criteria for the
design and construction of home by adopting the concept of building systems integration.

Sample application of these tools has been demonstrated as a part of this chapter.
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Health impact matrix for planning, design and construction of built environment helps to
systematically evaluate the negative effects associated with the built environment. The
LEED green building criteria of USGBC has also been discussed in as a part of this
chapter. The LEED-NC and LEED for homes rating systems have been discussed in

detail. Finally the Analytic Hierarchy Process (AHP) has been discussed.
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CHAPTER 4

HEALTH PERFORMANCE CRITERIA FRAMEWORK
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4.1  Overview

This chapter includes a detailed description of the framework for health performance
criteria for homes, based on LEED guidelines and building systems integration. The
format and scoring system used are based on the Whole House Performance Criteria
Framework (Swarup 2005), the Whole House Calculator (O’Brien et al. 2005) and LEED

green building criteria (LEED 2003) which were discussed in Chapter 3.

The development of the health performance criteria framework comprises a series of
steps starting with the analysis of health issues associated with indoor environments. Two
different matrices have been developed for this analysis. They are described in detail in
the following section. These health issues are then traced back to various physical,
chemical and biological interactions in the indoor environment. The health performance
of a home can be improved by implementing the building systems integration approach
that will eliminate negative interactions while promoting synergistic associations between
various building components. The negative interactions and synergistic associations are
identified by studying the various physical, chemical and biological interactions;
involved building systems and health performance attributes. The building systems and
various health performance attributes are also defined as a part of the process. This
analysis is then utilized to develop broad goals that will promote health performance of
homes. Strategies are developed based on the goals that will promote the health

performance.
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The health performance criteria helps to evaluate the strategies during the design and
construction stage based on two attributes — performance and interaction. The framework
helps to score strategies based on their ability to insure health performance of homes and
the degree of synergism that exists between various implemented strategies. This will
insure health performance of homes devoid of negative interactions that will affect the

performance of homes.

4.2  Health matrix based on LEED requirements

Indoor environment and external environment are interconnected. The LEED green
building criteria utilizes the systems approach in an effort to minimize environmental
damage attributable to buildings, while enhancing occupant health, safety and comfort.
So in an effort to study the health impacts of buildings the LEED criteria was selected as
a starting point. The health impacts of LEED for New Construction (LEED-NC) and
LEED for Homes (LEED-H) green building criteria (LEED 2003, LEED 2005) are
analyzed by means of a health matrix. LEED-NC and LEED-H have been discussed in
detail in Chapter 3. The LEED health matrix was developed as a part of this thesis to
systematically relate each of the LEED credits to direct and indirect health effects on the
building occupants. It is a step by step method for analyzing the health impacts of LEED
green building criteria and then associate them with interactions and possible solutions
through building systems integration. The intents of each credits is analyzed in detail to
associate it to relevant direct and indirect health effects. Supporting literature connects

the intent with direct and indirect health effects.
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4.2.1 The LEED-NC health matrix

The LEED-NC (LEED 2003) health matrix has five columns for each LEED credit. The
first column lists the intent and rationale of a particular LEED credit. For example the
intent of “Credit 2 — Ventilation Effectiveness” in the Indoor Environmental Quality
section of LEED-NC, is to protect occupants from indoor pollutants by ventilating with
outdoor air. Health effects and supporting literature comprises the second major column,
which has two subsections. The first subsection lists the direct health effects associated
with the particular LEED-NC credit, and the second one lists the indirect health effects.
Direct health effects are more physiological in nature while indirect health effects address
comfort problems and latent physiological effects. For example the direct health effect
for the previously mentioned credit can be irritant effects or cancer associated with
indoor air pollutants, since ventilation is the transport mechanism for many of these
pollutants. Perceived air quality of air polluted by human bio-effluents and tobacco
smoke is an indirect effect associated with ventilation rate. The third column in the health
matrix comprises of broad guidelines from LEED to achieve the stated intent. The fourth
column lists possible positive and negative interaction scenarios associated with the
particular intent. The information in this column is extracted from LEED criteria and
other sources. For example when designing for outdoor air ventilation, the interactions
arising due to natural air leakage through the envelope should be considered. This is
hnpo;'tant from both health and energy perspectives. The last column in the LEED-NC
health matrix lists the building systems integration aspects associated with that particular
credit. A section of the actual matrix developed has been included in Table 4.1 and the

complete framework is provided in the Appendix.
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4.2.2 The LEED-H health matrix

The LEED-H (LEED 2005) health matrix follows the same format of the LEED-NC
health matrix. But it is focused on the Indoor Environmental Quality section of LEED-H
criteria and is more comprehensive in nature when compared to the LEED-NC health
matrix. LEED-H has been discussed in detail in the Chapter 3. The Indoor Environmental
Quality section of the LEED-H criteria has 10 credits and these have been systematically
analyzed in the matrix to associate them to direct and indirect health effects. A section of
the actual matrix developed has been included in Table 4.2 and the complete framework

is provided in the Appendix.

4.3  Health impacts of green buildings on occupants

The direct health impacts include respiratory ailments from inhaling air pollutants,
decreased lung function, asthma, severe allergic reactions; nonspecific hypersensitivity,
bronchitis, pneumonia; mutagenicity and carcinogenicity; eye, nose and throat irritation,
changes in skin temperature; headaches, fatigue, lethargy disorientation, visual distortion,
nausea; hypersensitivity pneumonitis, Legionnaires’ disease pulmonary hemorrhage,
rheumatic diseases; toxic and systemic effects; eyestrain, eye irritation; skin irritation and
rashes, erythema (skin redness); reproductive problems; cardiovascular effects;
musculoskeletal problems; sleep disturbance, hearing problems; disruption of human
circadian clock and stress related problems. In worst cases even death can result. The
indirect health impacts include a range of comfort issues, perceived air quality, ability to

concentrate, productivity, annoyance, interference with communication and effects on
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social behavior (Southface 2002, Hawks & Hansen 2002, DoH Washington 1999,

Jaakkola et al. 1999, LHC 1990).

4.3.1 Relevant physical, chemical and biological interactions and processes

Health impacts associated with buildings, as identified using the LEED health matrices
can be traced back to various physical, chemical and biological interactions and
processes. Literature study done as a part of Chapter 2 will help to map the connection
between health effects and these interactions. Physical and chemical interactions involve
air flow, air mixing and energy transfer through envelope induce changes in temperature,
humidity ventilation effectiveness, airborne level of indoor pollutants, condensation,
sorption, volatilization and dissolution processes, hydrolysis, photolysis, redox reactions
etc. Biological interactions are often moisture related and involve microbial growth.
Many of these processes are often interrelated and the effects they cause are a result of
combined action (Arens & Baughman 1996a, Arens & Baughman 1996b). The detailed
analysis of these physical, chemical and biological interactions associated with indoor

environment helps to better understand the issue of health performance of homes.

4.3.2 Health performance attributes

Through literature study seven attributes have been identified for defining the health

performance of a home. They include:

s Indoor Air Quality - Presence of Indoor air pollutants: This includes both chemical
(VOC, nitrogen oxides, carbon dioxide, carbon monoxide asbestos etc.) and

biological (mold, pollen, dust mites) pollutants in indoor home environments.
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» Temperature: Room temperature has a crucial role in the health and comfort
performance of homes.

»  Humidity/moisture: Correlations exist between indoor air humidity and health
performance of homes. This attribute is also important from a comfort point of view.
Moisture in the indoor environment is an important variable to be considered when
designing healthy homes.

s Ventilation: Literature study done in Chapter 2 suggests that ventilation has a very
crucial role in maintaining a health and comfortable indoor environment.

s Lighting: Lighting is an integral factor of indoor environment and hence is
inextricably related to the health performance of homes. Daylighting possess superior
qualities over typical electrical lighting.

® Acoustics: Noise related problems have significant impacts on health performance of
homes.

" Ergonomic Design and Safety issues: Defective design can result in hazards and
discomfort.

All of these attributes are discussed in detail as a part of Chapter 2.

4.4  Defining building systems

The research effort in this thesis involves the improvement of health performance of
homes by implementing building systems integration principles to counter the effect of
negative interactions in homes. So it is necessary to define the building systems, which
must be integrated in the design of a home. The following six building systems have been

determined for the purpose of this thesis, from the perspective of health performance.
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This definition of building systems closely follows the method adopted in the Whole

House Performance Criteria Framework (Swarup 2005):

Envelope - That part of the building that protects the occupants from climate and
other natural forces. In most cases it also provides stability to the home and allows it
to stand.

» Heating Ventilation and Cooling (HVAC) - The building system that tempers the
living environment for comfort.

* Plumbing - The building system that provides water supply to all outlets.

= Electrical/Communication - The building system that provides electrical supply to run
all home appliances and support systems. It also includes communication supply such
a phone, cable and Internet.

» Lighting - The building system that provides both artificial and natural lighting inside
the home. Artificial lighting systems include light fixtures and natural lighting
systems include windows, skylights, light wells etc.

* Interior- The building system that make up the interior of the home, composed of

movable elements including finishes and furnishings like furniture, movable storage,

carpet, drapes etc. It also includes elements that are visible from the inside of the
home and are in some manner connected to the structure or the envelope like partition

walls, ceilings etc.

4.4.1 Health performance goals

These goals are framed with the intent of improving the health performance of a home.

These goals require the application of the building systems integration concepts in the
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design and construction of a home. These goals are developed by analyzing the following
factors:

= Health/comfort effects identified using LEED matrices

= Relevant Physical, Chemical and Biological interactions and processes

= Attributes of health performance involved in a particular interaction

An example scenario will adequately explain the development of these goals. When we
look at “Credit 2 — Humidity Control” in the Indoor Environmental Quality section of the
LEED-H criteria, several associated health effects can be observed. Humidity levels are
associated with respiratory ailments, hypersensitivity pneumonitis and asthma. Humidity
levels can also influence local thermal comfort. These effects can be traced back to
physical, chemical and biological processes in the indoor environment. Elevated
humidities in the indoor environment can be traced back to moisture infiltration through
envelope due to temperature and vapor gradients between indoor and outdoor
environments; moisture released in bathroom and kitchen due to occupant activities like
showering and cooking; rise of dampness through the structure; faulty mechanical
equipment; or condensation of water vapor in homes due to microclimate formation.

Moisture may be retained inside building materials due to their non-breathable nature.

Humidity levels can influence growth and spread of biotic agents including pathogens,
mold, mites etc and release of aerosols and VOCs from building materials. Formaldehyde
off gassing from pressed wood products is related to levels of humidity. In most cases

interactions induced by humidity are also a function of temperature. So the health
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performance attributes involved in this scenario include humidity/moisture, temperature
and presence of indoor pollutants. The health performance goals developed to achieve
better health performance for this scenario include the following: reducing moisture
infiltration through envelope; reducing moisture infiltration through structure; reducing
interior moisture levels through mechanical equipment; reducing interior moisture levels
by controlling occupant activities; preventing condensation in homes; preventing chances
of biotic growth in the indoor environment; and preventing chances of VOC release in the
indoor environment associated with humidity. The framework of the goal development

analysis involving the above mentioned example has been included in Table 4.3.

4.4.2 Building systems Design/Construction/Integration strategies

The building systems design/construction/integration strategies are developed from the
health performance goals developed in the last section. The strategy is the process that
will be einployed to achieve the goal. These strategies are compiled through literature
studies done as a part of Chapter 2. These strategies take into account health performance
and integration potential between building systems. By analyzing the health performance
goals and driving processes behind IEQ issues, the relevant building systems that require
design/construction/integration treatment are identified. The intent is to improve health
performance through design/construction/integration strategies that will enhance
synergistic associations. For example, to address the goal of reducing the moisture
infiltration into the structure through envelope two building systems have been identified
as relevant — envelope and HVAC. Two strategies involving these two building systems

are available to achieve the goal: tight envelope construction to prevent moisture
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infiltration; and maintaining high pressure inside buildings to prevent moisture
infiltration. Table 4.3 explains the strategy development process in greater detail with an
example. Figure 4.1 depicts the model adopted for generating the health performance

goals and building systems design/construction/integration strategies.

Identify Health
Impacts of LEED
Credits
Identify Relevant
Building Systems
* Envel

Identify relevant . HCfcom

Physical-Chemical- ————»
Biological * Electric./.Comm.
Interactions and * Plumbing
Proqesscs * Lighting
® Interior Generate Building
P Systems
> Design/Construction
Identify Involved /Isntegra?on
IEQ Attributes trategies

°JAQ
L]

Humidity/Moisture
* Temperature
* Ventilation >
* Lighting Frame Health
* Acoustics e Jp| Performance Goals
* Ergonomic

design/Safety

Figure 4.1: Model for generating health performance goals and
building systems D/C/I strategies
4.5  Health performance criteria framework
The Health Performance Criteria Framework is integrated into the broader Whole House
Performance Criteria Framework (Swarup 2005). This framework is based on the LEED
guidelines. Some features of the Whole House Calculator (O’brien et al. 2005) are also

utilized for developing the Health Performance Criteria Framework. The Whole House

97



sa1391ens 170/ swalsAs Suipjing pue sjeod soueunioprad yiesy Suneisusd 10§ yIomowel,] (¢ Qe

"2Inssaid dA1ESU

0} anp swd|qoid Junodde Ol dxE)
PINOYs SUnudA uayI/wWoorpeg
‘PaIudA AJ[eoTueydaur

SUBYONY puE SwooIyeg
*saniAnoe Juednooo

PpuE UOHEN[JUI 0} AN dMSIOW
uUnoooE ojul 3xe) pjnoys udisap
wa)sks QY AH 'S[oA3] Aipruny
1adoud ureyurew 0} JYAH
“UOHONLSUOD SULINP SHUBWI[D Ay
woy s[euajew Surp[ing 1031014
“suonisod Jopnn

*a3euresp ang

“3urp[ing ay) woy

Keme auop 2q 03 Surpeid 10§

OVAH

“(sanianoe Juednooo) sawoy
UL [9A3] 2INSIOW 0NPIY s

OVAH
"SAWIOY Ul S[IAJ]
AImsiow/ANprwny 3onpay |

*SJUSWILOIIAUS J0OPINO
PpuUE JOOpUI UIMIAQ
sjuatpesd Jodea

pue amyesadwa) 0}
anp adojaAus ySnoryy
uonen[yuUI AIMISION
“$|0S0J3. ULIO)

0} S30BJINS JoOpUl

UO I91EM YJIM 10831
JUSILOIIAUD JOOpUT
ut Juasaid aprxorp
aydins pue usSonIN
“Aypruny

3O S[2A3] 01 paejal

st syonpoid poom
passaid woy Suissed

‘sprezey
Anownsaja onelg
‘OV1 jo uondaoisg
‘HoJWod

[eway) (207
‘syueinjjod [ear3ojoiq

*JOLI2IX3 SY} UI SAIMXYY 130 9pAysp[eurio «|  -uou pue [eai3ojolq
[e21193]2 uSisap A[1adolg | JOHRIUL “yI[eay Joj [njuLey 01 Anpiqudaosng |
-adojoAus | UOHEDIUNUILIOD) 3q ued 18yl DOA *s|oso1ae Aq pasned
ySnoxy) suni 19np 201A13s 20npay | BUIQUINIY donpoxd ues 13uny &  sjusWIE K10jENdSSY
‘ssoudwrep pue uonenyu | [BALDOAF ‘ymosd onoiq | "euaeq pue 1Sung Aq
amsiow juaAaxd 0y parensur | OVAH sajowouid seare prumy pasneds sniuowmaud
pue p d. nep 1 2dojoaug Kyayes/udisap ul pajdR|od Isng = AnanisuasiodAH |
“SUBYI2A0 JOOY ‘o813 *SanIpILNY PaJeAd[d “J0pUEp [ewiue
‘uonen[yut “(aamonus) SINsSN0dY J1opun sjuage anoiq Ppue pjow ‘sayuw
amysiow 1uaA1d 03 Joos adojg «| UOHEN[YUI JINISIOW ONPIY s Bupy3yy | jo peaids pue PmoID Aq pasnes BUIISY uf
“ITe [BWI21X3 y3noxy uor e[ oy yred £q pasned
asmsiow juaadxd 0) s3upjing | DVAH aamesadua ], 1odoxd uaard SISBASIP SNONIYU] af
opisur aunssaid ySiy ureyurepy | adojaAug £l JWI0QIIB 3W003q pue TOYLNOD
‘uonen[yul asmsiow JuaAad a1e) ! 1AU3 Jstow ALIQINNH
0} UONONNSUOS 3dO[aAUS JYSIL s UONEN[YUI AINISIOW 3ONPIY ! OVI | uraziuojoo susgoyred | 1 LIGAED
$3139)81)s UOY swa)sAs Suipping sassadoad
e13ayui/uol /udisap PaAjoAul pue s[eo3 sInqupe pue suondRI)UI
swaysAs Suipping AIUBULION] PEIH OdI paAoAu] | g-0-d R speduy gyl

98



Performance Criteria Framework and Whole House Calculator have been discussed in
detail in Chapter 3. This framework will help to systematically tabulate all the goals and
strategies that go into the design and construction of a healthy home. The main intent is
to evaluate a particular combination of strategies chosen for designing and construction
of a healthy home. The evaluation is attained by means of a scoring system which takes
into account the health performance potential of a particular strategy and its degree of
synergism compared to other prospective strategies. For the purpose of evaluation the
concept of an ideal healthy home is introduced. This ideal “Whole House” epitomizes
the situation where all involved building systems work synergistically, thereby enhancing

the health performance of the home and avoiding any negative interaction.

4.5.1 Structure of the health performance criteria framework

The proposed framework has two sections — one for compiling health performance goals
and the other one for building systems design/construction/integration strategies. The
goals section lists all building elements against the seven health performance attributes
identified in the previous section. Each health performance goal is to be compiled against
the particular building system and the performance attribute to which it is more
associated with. For each building system the goals are segregated into two design
considerations: architectural design and engineering design. Architectural design
consideration involves specifics, such as space usage in terms of placement of units and
arrangement of partitions. Engineering design encompasses all services design issues.
The health performance goal specified under each design consideration for each building

system is then associated with a building systems design/construction/integration strategy
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in the next section of the framework. The strategies are specific to the user and may be
tabulated as per the individual expertise. The strategies section has provisions for scoring
the performance and interaction potentials of each listed strategy. Figure 4.2 and Figure
4.3 shows in detail the structure of Health Performance Criteria Framework. The

complete framework is included in the appendix.

4.5.2 Scoring system for the health performance criteria framework

Each building systems design/construction/integration strategy is scored for performance
and interaction. Performance score of a strategy denotes its ability to deliver the required
health performance. Interaction score denotes the degree of synergism of that particular
strategy in combination with other strategies. The scoring system is modified from the
“Whole House Calculator” and the “Whole House Performance Criteria Framework”.
Each building system and attribute of IEQ is associated with a certain weight that refers
to the role of the strategies pertaining to that building system or the attribute, in the
overall performance of the home. The building system or attribute that affects the
performance of the home to a large degree is given a larger weight than others. The
weightage/credit system defines the level of importance of each building system within
the complete design of the home. Analytic Hierarchy Process (AHP) is adopted to
determine the weightage of each the building system in respect to the health performance
Pparameters. The application of AHP in assigning relative weights for building systems

and attributes of IEQ is discussed in detail in Chapter 5 with an example.
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Performance scorin

The performance scoring (Ps) in Health Performance Criteria Framework follows the
same format of Whole House Performance Criteria Framework. The scoring will be
conducted on a scale of 1-5, where 1 represents the least effective strategy and 5, being
the most effective strategy. The weighted performance factor (Pf) for a particular strategy
is the product of the performance score (Ps), the weightage of the building system and the

weightage of attribute of IEQ it is associated with.

Pf = Ps X relative weight of building system X relative weight of attribute of IEQ (Eq 1)

Interaction scoring

The interaction scoring in Health Performance Criteria Framework is adapted from
Whole House Calculator. Each of the strategies is compared with the other strategies for
identifying synergistic interactions. The strategies are grouped as synergistic
combinations and dyssynergistic combinations to determine the interaction score. A
synergistic combination will result in an improvement in the health performance of
homes. A dyssynergistic combination will result in degradation in the health performance
of homes. The combinations are scored on a scale from 1 to 5. The scoring system for the
combinations is as follows:

1 represents a combination which results in a major degradation of health performance.

2 represents a combination which results in a minor degradation of health performance.

3 represents a combination which has no effect on health performance.

4 represents a combination which results in a minor improvement of health performance.

5 represents a combination which results in a major improvement of health performance.
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Intermediate values represent degrees of performance degradation or improvement. After
scoring each strategy on this scale, a total score is determined for each strategy (Is) by

obtaining the average of all the individual combination interaction scores.

Is =Y interaction scores of combination involving a particular strategy (Eq 2)

number of combinations involving that particular strategy

Whole House Health Performance Score (Hs)

The Whole House Health Performance Score is obtained in two steps. The performance
factor (Pf) of each strategy is multiplied with its interaction score (Is). These values for
all the strategies are summed up together to obtain the Whole House Health Performance
Score (Hs).

Hs =Y (PfXIs) (Eq3)
The resultant value is compared with the score of the ideal “Healthy home”. This is
obtained by assigning a performance score of 5 and an interaction score of 5 for all the
strategies. This will give the user an idea of how close the case study design comes to

being an ideal “Healthy home” design. The ideal score has been calculated as 6680.

4.6 Summary

This chapter discusses in detail the development of the Health Performance Criteria
Framework. The LEED matrices for identifying the health impacts of buildings are
discussed in the first section. The identified health effects were then traced back to
several physical, chemical and biological interactions associated with the indoor
environment. These interactions were then linked to health performance attributes. This

analysis was used to develop health performance goals and building systems
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design/construction/integration strategies. The health performance criteria framework is
developed with the intent to systematically compile these goals and strategies. A scoring
system was developed to evaluate the effectiveness of the strategies in achieving health
performance. Finally the ideal “Health house” score was developed to compare individual

scores of case study houses.
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CHAPTERSS

FEEDBACK AND CASE STUDY APPLICATIONS

106



5.1  Overview

In Chapter four, the Health Performance Criteria Framework was presented as a planning
and evaluation tool for the health performance of homes. In this chapter the framework
will be applied to three case study homes and feedback will be obtained from industry
experts. The three case studies include a site built home, a factory built home and a
combination of both — the hybrid home. All three of them are assumed to be LEED
certified homes and will employ the strategies outlined in the LEED rating system for
homes. The scoring system that was developed as a part of the last chapter will be applied
to these case study homes and a final health performance score will be obtained. These
scores will be compared to the ideal health performance score of a hypothetical healthy
home to ascertain the effectiveness of strategies employed in these homes in ensuring the
health and comfort of occupants. The case studies will help in measuring how the
performance of the strategi_es employed in the design and construction of homes and

various interactions between them will impact the health and comfort of occupants.

5.2  Sample “Health Performance Criterion”
A sample health performance criterion has been developed based on LEED for homes
guidelines. This criterion will be applied to the three case study homes to evaluate their
health performance. This criterion has five components:
1. Building systems: These six building systems have been identified and
defined as a part of Chapter 4. These are Envelope, HVAC, Plumbing,

Electrical and Communication, Lighting and Interior systems.
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2. Design considerations: Each building system is further defined in terms of two
major design considerations — architectural and engineering. The architectural
design consideration includes all general design related issues, such as space
usage in terms of placement of units and arrangement of partitions.
Engineering design encompasses all services design issues and any other
special considerations.

3. Health performance attributes: These seven attributes have been identified and
established through literature study conducted as a part of Chapter 2. They
collectively determine the quality of the indoor environment and thereby the
health and comfort of occupants. The attributes include aspects of Indoor Air
Quality (presence of indoor air pollutants), Humidity/Moisture, Temperature,
Ventilation, Lighting, Acoustics and Ergonomic Design/Safety.

4. Goals for improving the health performance: These goals have been extracted
from the analysis of health/comfort impacts associated with the LEED for
Homes green building rating system. They are listed against the respective
building system and health performance attributes discussed above in the
goals section of the criteria.

5. Strategies for improving the health performance: These strategies aim to
improve the health and comfort of occupants by employing the concept of
building systems integration. These strategies were developed based on the
goals for improving the health performance discussed above. Seventy
strategies have been defined for the purpose of evaluating the health

performance of case study homes. These strategies will be rated based on their
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effectiveness in improving the health performance and the various interactions

between them.

5.3  Scoring system for the sample criterion

The scoring system used here is based on the “Whole House Calculator” and the “Whole
House Performance Criteria Framework”. This system has been discussed in detail in
Chapter 4. Weighting factors are applied to both the health performance attributes and the
building systems that will highlight the importance of each of them in the health
performance of a home. Analytic Hierarchy Process (AHP) is adopted to determine the
weightage of each of the building system in respect to the health performance attributes
and also the relative importance of each of these attributes. This .process has been
demonstrated here for the sake of conducting the cases studies. It is based on the author’s
understanding of the relative importance of various building systems and health

performance attributes.

5.3.1 Relative weights of building systems and health performance attributes

The use of AHP requires the development of a tree-like hierarchical structure of all the
factors involved. Analytic Hierarchy Process allows the user to assign relative weights in
a logical manner through pair-wise relative comparison of these factors. The Health
Performance Criterion has a three tier hierarchy. The lower tier consists of all the
building systems, the middle one includes all the health performance attributes and the
upper one is the health performance of the home. The first step in AHP is to make a pair-

wise comparison of all the elements belonging to the same tier of hierarchy. The elements
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are pair-wise compared with respect to an element in a higher tier of the same hierarchy
to show the relative importance of each element of the lower tier with respect to that
element in the higher tier (Hass & Meixner 2005). Here the building systems in the lower
tier are pair-wise compared to determine their level of impact on each of the health
performance attributes. For example the ‘envelope’ will be compared pair-wise to the
remaining five building systems to determine its impact on humidity/moisture
performance. Further each of the health performance attributes will be compared against
each other to determine their relative importance for the health performance of the home.
For example the ‘humidity/moisture’ performance will be compared with the rest of the
six attributes to decide its relative importance in ensuring the health and comfort of

occupants. For the purpose of pair-wise comparison the following scale is used.

Intensity Definition Explanation
1 Equal importance Two activities contribute
equally to the object
3 Moderate importance Slightly favors one over
another
5 Essential or strong importance Strongly favors one over
another
7 Demonstrated importance Dominance of the demonstrated
importance in practice
9 Extreme importance Evidence of favoring one over
another of highest possible
order of affirmation
2,4,6,8 Intermediate values When compromise is needed

Table 5.1: Scale of relative importance for pair-wise comparison (Dey 2002)
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For example, while comparing ‘x’ and ‘y’ for criterion ‘a’, if ‘x’ has essential importance
over ‘y’ intensity level 5 is chosen. So if (x,y) represent the relative importance of ‘x’

against ‘y’ for criterion ‘a’, then (x,y) = 5 and (y,x) = 0.2.

The various steps in AHP employed for establishing the relative importance of the factors
in the Health Performance Criterion are detailed out below. First the six building systems
are pair-wise compared to determine their levels of impact on each of the health
performance attributes. For example, the following matrix shows the pair-wise
comparison of envelope, HVAC, plumbing, electrical/communication, lighting and
interior systems to determine their levels of impact on the health performance attribute of

IAQ - presence of indoor pollutants.

IAQ - presence of indoor pollutants
Envelope HVAC Plumbing Electrical Lighting _Interior

Envelope 1 0.33 5 5 5 1
HVAC 3 1 5 7 5 3
Plumbing 0.2 0.2 1 3 3 0.33
Electrical 0.2 0.14 0.3 1 1 0.2
Lighting 0.2 0.2 0.3 1 1 0.33
Interior 1 0.3 3 5 3 1

Table 5.2: Matrix of comparison for building systems affecting IAQ

The next step in AHP is to calculate the sum of all elements in a column and divide each

element in that column by this sum. This process is known as normalizing the column.

The normalized matrix looks as follows:
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IAQ - presence of indoor pollutants
Envelope HVAC Plumbing Electrical Lighting _Interior

Envelope 0.18 0.156 0.34 0.23 0.28 0.17
HVAC 0.54 0.46 0.34 0.32 0.28 0.51
Plumbing 0.04 0.09 0.07 0.14 0.17 0.06
Electrical 0.04 0.06 0.02 0.05 0.06 0.03
Lighting 0.04 0.09 0.02 0.05 0.06 0.06
Interior 0.18 0.14 0.21 0.23 0.17 0.17

Table 5.3: Normalized matrix for building systems affecting IAQ

The final step in AHP is to add all the elements in a row of the normalized matrix and
divide it by the number of elements in that row. The new value obtained is the relative
weight for the building system represented by that row. The relative weights for the six

building systems are shown in the following table:

IAQ - presence of indoor pollutants

Envelope | HVAC | Plumbing | Electrical | Lighting | Interior

Relative
Weights 0.22 0.41 0.09 0.04 0.05 0.18

Table 5.4: Relative weights for building systems affecting IAQ

The steps outlined above are conducted for the rest of the health performance attributes
and relative weights are obtained. These are shown in the following table. The relative
weights are rounded off to the nearest multiple of 5 and then multiplied by 10. So
effectively 10 points are distributed among the six building systems for each of the health

performance attribute, in accordance to their relative weights.
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Envelope | HVAC Plumbing | Electrical | Lighting | Interior

IAQ 2.00 4.00 1.00 0.50 0.50 2.00
Humid./Moisture 2.50 2.50 1.50 0.50 0.50 2.50
Temperature 2.50 4.00 0.50 0.50 0.50 2.00
Ventilation 2.00 4.00 1.00 0.50 0.50 2.00
Lighting 2.00 0.50 0.50 0.50 3.50 3.00
Acoustics 3.50 1.50 1.00 0.50 0.50 3.50
| Ergo./safety 3.00 1.00 1.00 1.00 1.00 3.00

Table 5.5: Adjusted relative weights for building systems affecting health performance
attributes

The process is continued for the next level of hierarchy to establish the relative
importance of the health performance attributes with respect to the health performance of

the home. These values are shown in the following table.

Health Performance of the

Home
Ergono.
Humidity/ Des./
1AQ Moisture Temperature | Ventilation | Lighting | Acoustics | Safety
Relative
weights 3.50 2.00 1.50 1.50 0.50 0.50 0.50

Table 5.6: Adjusted relative weights for attributes affecting the health performance of a
home.

While scoring a particular strategy for performance, the relative weight of the building
system and the health performance attribute to which it is most associated, is taken into
consideration. The product of relative weights of the building system and the health
performance attribute will adequately reflect the effect of the strategy’s performance on

the overall health performance of the home.
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5.4  Case study applications

This section deals with the application of the sample “Whole House” performance
criterion developed to three distinct case studies, site-built home, factory-built home and
finally hybrid home. A major homebuilder has provided the case studies for the site-built
home and the hybrid home. Both homes are based on the same design but have different
approaches to construction. For the factory-built home case study, a hypothetical, double
section factory built home similar to the other two case studies was developed. The rating
associated with each strategy is based on the understanding of the researcher but will be

corroborated with a discussion of the specific strategy used within the design.

5.4.1 LEED assumptions

All the case study homes are assumed to be LEED homes. Several assumptions are made
so that they will satisfy the LEED for homes rating system. These are discussed in detail
below. The credits that have significant impact on health and comfort of occupants are

given more importance.

It is assumed that all of the case study homes are located in a LEED certified
neighborhood with minimum disturbance to the site. The other assumptions are listed
below.

o Rainwater harvesting system and grey water re-use system will be installed.

o Very high efficiency plumbing fixtures will be used throughout the homes.

o A CO monitor will be installed on each floor of home.
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HVAC and DHW combustion equipment with closed combustion is installed if
equipment is located inside the building envelope.

Direct venting installed in kitchen.

Humidity control system will be installed.

Whole building ventilation system that complies with ASHRAE Standard 62.2
will be installed.

Dedicated outdoor air supply system that complies with ASHRAE Standard 62.2
and that which provides for heat transfer between the incoming outdoor air stream
and exhaust air streams and that which will have fully ducted supply and exhaust
will be installed.

Local exhaust systems in bathrooms and kitchen per ASHRAE Standard 62.2 will
be installed.

Timer for bath exhaust fans to operate fan for a timed interval after occupant
leaves room.

HEPA air filters will be installed and ducts will be sealed off during construction.
Permanent walk-off mats to be installed at each entry.

Home is NOT located in EPA Region 1, so only radon resistant construction
techniques are to be installed.

No air handling equipment, return ducts or un-sealed supply ducts are located in
the garage. There is also a 100 cfm exhaust fan rated for continuous operation
with garage door opening/closing mechanism.

No extra lumber may be used for purely aesthetic purposes.

Space joists & studs greater than 16"OC with two stud corners.
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Headers have been sized for actual loads.

Design roof pitch/eave width to 24" module.

It is assumed that all the building materials or products have been extracted,
harvested, recovered and manufactured, within 500 miles of the home.

A detailed durability plan is in place.

Environmentally preferable products are used throughout the home with reduced
jobsite waste.

Insulation is installed in such a way so as to minimize thermal bridging.

Air leakage rate from envelope will be </= 0.25 ACH.

Windows exceed requirements for ENERGY STAR labeled windows by 10%.
Air leakage rate from air ducts will be </= 3.0 CFM at 25 PA per 100 square feet
of conditioned floor area.

HVAC equipment exceeds requirements for ENERGY STAR labeled HVAC by
10 percent.

Water heating system is optimized for energy performance.

Energy efficient lighting and appliances will be installed.

It is assumed that refrigerants that reduce ozone depletion will be used.

Home owners’ education process will be completed.

5.4.2 Site built home

The specifications for the case study design are as follows: Basement: Footprint except

garage includes walkout light well. First floor: 2 car garage, formal living and dining,

family room, kitchen, powder and laundry room. Second floor: 3 bedroom, master suite
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and 2 baths. The gross square footage is 4198 square feet for the entire home. The HVAC
and plumbing specifications and electrical drawings have been provided as well as
framing and foundation plans. Communication and interior plans shall be assumed
standard; it is also assumed that no specialized furniture design is recommended and no
moveable partitions are used. None of the additional options have been considered for the
analysis; only the basic option has been used. Regular timber framing with wooden studs
(2 x 4), 16 inches on center with gypsum board is used for the superstructure; and pre-
engineered roof trusses are used for the floors and the roof. Cast in place foundation walls
are used for the basement. Electrical and HVAC distribution is largely through the floor
and through a vertical mechanical chase running from the basement to the second floor.
The specifications for the HVAC ducting include mastic and duct tape as insulation to be
installed on all the corners. The ducting used is flex duct that is easier to install. An
optional zoned HVAC system has also been specified, and all supply air registers
openings on exterior walls are specified to be insulated with rigid urethane insulation
board (R12). The design also specifies use of low ‘E’ glass for all skylights, and all doors
and windows are to be insulated. The design does specify that most openings should be
oriented East/West, which may not be the most desirable orientation in terms of passive

solar design strategies.

All strategies within the Health Performance Criteria are scored with respect to the
information associated with the design and assumptions made based on LEED for homes.
The scoring for each strategy is subjective and is based on the understanding of the user,

in this case the author. Both performance scoring and interaction scoring are conducted as
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discussed in Chapter 4. Interaction scoring is done by grouping strategies in synergistic
and dyssynergistic combinations. A synergetic combination improves the performance of
all the component strategies leading to an improvement in one or more health
performance attribute. A dyssynergistic combination impairs the performance of
component strategies leading to degradation in one or more health performance attribute.
The interaction scoring scale ranges from 1-5, where 1 represents the least preferable
dysergistic effect and 5 represents the most preferable synergistic effect. For example, the
strategies involving exterior water management, prevention of moisture infiltration
through structure, moisture control in home and home owner education comprise a
synergetic combination for site built home. The exterior water management systems and
design features of the envelope including sloping roof, overhangs, gutters, downspouts
and site sloping efficiently wards off moisture from the external envelope. Adequate
steps have been taken to prevent moisture infiltration through the structure — the
foundation has been properly treated and the joint between the foundation and the
structure has been secured against moisture entry. The HVAC system meets the humidity
requirements reducing the condensation potential inside homes. All these strategies
coupled with home owner awareness about humidity/moisture issues in a home comprise
a synergistic combination that improves the humidity/moisture performance of home.
Related health and comfort effects include growth of biological agents and perceived air
quality. This synergistic combination has been given 4 points for interaction in the

criteria for site built homes.
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The health performance score for the site-built home is 2870.37. With respect to the ideal
score of 6680 as stated before, this represents 42.96% of the ideal Health Performance
score based on the “Whole House” and LEED concepts. The completed criterion sheet

for the site-built home has been included in Appendix.

5.4.3 Factory built home

The case study design for the factory-built home was developed from the case study
design for the site-built home. It is designed as a double section home with each section
being 16” wide as per the HUD codes. The home is designed as a single storey unit such
that it can be transported with ease. No special additions have been made to the design, as
the basic specifications remain the same. The design specifications are as follows; the
first section includes a family room, dining, and kitchen that are part of the open plan
with an additional powder room and utility room with a rear access. The second section
includes the master bedroom, bath and walk in closet, with two additional rooms that
share one bath. The first section is 16 feet wide and 48 feet long and the second section is
16 feet wide and 39 feet long. The specifications are assumed to be the same as the
original design for the site-built home. It is assumed that the sections are built on a
chassis that is used to transport the home to the site. Standard specifications have been
based on the body of knowledge generated by the research team at MSU and Purdue

University on manufactured housing under the NSF research grants.

The health performance score for the factory-built home is 3147.27. With respect to the

ideal score of 6680 as stated before, this represents 47.11% of the ideal Health
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Performance score based on the “Whole House” and LEED concepts. The completed

criterion sheet for the factory-built home has been included in Appendix.

5.4.4 Hybrid home

The hybrid home case study design was similar to the site-built home as well and was
provided by the same major homebuilder. The architectural design specifications in this
case are the same as the site-built home, and so are the plans. The only difference is the
construction process and the materials used. These are based on the components
produced by the major homebuilder at their privately owned factory facility. There are
four basic components that the factory manufactures; foundation walls, structurally
insulated wall panels (SIP) with windows attached, floor trusses with complete
assemblies and steel studs for internal partitions. These are manufactured as per the
specifications of the design and then transported to the site on specially designed trailers
to enhance ease of construction at site. The OSB (Oriented Strand Board) used for the
SIP’s is specially designed to have equal strength in both axes such that it is easy to use;
it also makes it possible to attach windows without adding headers, thereby reducing the
manufacturing time improving and structural integrity immensely. Another special
addition is a specially manufactured insulation strip which is used for door and window
openings, further reducing any loss of heat and cold from within the home during its
lifetime, thereby increasing the inherent efficiency of the HVAC system. The component
has been designed and manufactured by the major homebuilder and is due to be patented.
The roof systems are pre-manufactured roof trusses that are subcontracted. Several other

possibilities to standardize the production of a home are being considered.
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The health performance score for the hybrid home is 3467.06. With respect to the ideal
score of 6680 as stated before, this represents 51.9% of the ideal Health Performance
score based on the “Whole House” and LEED concepts. The completed criterion sheet

for the hybrid home has been included in Appendix.

5.4.5 Comparison of the criterion application on three case studies

The design of the site built, factory built and the hybrid home are similar in nature, in
order to maintain the consistency of the case studies. It is assumed that the specifications
are standard and the quality of construction is satisfactory for all three case studies. It is
also assumed that all the homes meet the LEED criteria. Since the specifications for all
three designs are similar, a large part of the scoring was similar. The decisions regarding
the scoring of each strategy were partly based on an understanding of the specification
and partly on whether a particular goal was given enough consideration at the time of the
design. Hybrid home received the highest health performance scores followed by the
factory built home. The site built home received the lowest score. The results of case

study applications are compiled in the table below.

Home type Score Percentage

Ideal healthy home 6680 100.00
Site built home 2870.37 42.96
Factory Built home 3147.27 47.1
Hybrid home 3467.06 51.90

Table 5.7: Comparison of health performance scores for case study homes
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Except for envelope and HVAC systems there are no major differences in the scores

received by the three homes. These are the major observations:

o

Impact of envelop tightness on IAQ (presence of indoor pollutants),
Humidity/moisture performance, Temperature comfort, Ventilation and
Acoustical performance. Tighter envelope warrants better health performance of
homes.

Impact of material selection on almost all attributes of health performance of
homes.

Impact of negative pressure in homes on IAQ (presence of indoor pollutants),
temperature comfort and humidity/moisture performance. Negative pressure in
homes can be attributed to defective design of HVAC system, impaired
performance of HVAC equipment, local exhaust and other types of direct venting.
Development of negative pressure deteriorates performance.

Impact of humidity control on IAQ (presence of indoor pollutants) and
Temperature comfort.

Impact of contaminant control during construction and occupation phases on IAQ
(presence of indoor pollutants).

Impact of plumbing, electrical/communication and lighting installations on the
exterior envelope, on Humidity/moisture performance and IAQ (presence of
indoor pollutants).

Impact of building layout on Ventilation, Temperature comfort and Lighting

performance. Site specific building layout enhances these aspects.
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o Impact of layout of interiors and interior fixtures on Temperature comfort,
Ventilation effectiveness and Lighting performance.

o Impact of home owner education on all attributes of health performance of homes.
Home owner education can significantly improve the health performance of
homes.

From the case study applications it can be observed that the major difference in scores

is related to envelope and HVAC architectural and engineering considerations. Both

the hybrid home and the factory built home received relatively high scores on these
aspects. The factory-built home and the hybrid home take advantage of the tighter
envelope construction affected through prefabricated parts and modular design.

Especially in the case of hybrid home, the component design and the use of special

materials and products provides it with enhanced envelope performance. Special

insulation strip installed with the window openings allows for better thermal
performance for the interior, consequently enhancing the thermal efficiency of the

HVAC system and the humidity/moisture performance of the home. The factory built

home has an added advantage, since it avoids the garage-living space interface.

Control of contaminants during construction is another key feature of factory built

homes due to the controlled production environment inside the factory. Site specific

design enhances the ventilation, day-lighting and temperature comfort aspects of both
the hybrid and site built home. In all three cases the engineering and design
considerations for the other building systems excluding envelope, received similar
scores. This is because these building systems are designed and placed in relatively

the same manner for all three types of home.
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5.5 Feedback on the health performance criteria framework

The effectiveness of the research outputs were reviewed with the help of feedback
from selected industry professionals. The survey set from the industry professionals
was based on their involvement with LEED pilot homes and expertise in the field of
sustainable construction. A total of three industry personnel were interviewed. The
feedback was obtained in two stages; the first stage being the initial development
phase of the framework, while the second stage being the finalization of the
framework. During the first stage interviews, the responses were organized based on a
predetermined list of questions; although discussions were open and certain general
observations were made and noted by the researcher. During the second stage, a
summary of the research outputs and their development process were sent to the

selected professionals and suggestions for improvement were obtained.

5.5.1 First stage feedback — general observations

During this stage the industry experts were probed regarding the importance of health
performance in sustainable construction. The main topic of discussion was related to
the appropriateness of health performance as one of the major aspects of green
construction. The responses of the industry community clearly show that health
performance is crucial and it is employed as one of the main selling points of
sustainable and healthy construction. They were convinced that LEED criteria for
homes had considerable benefits for occupant health and comfort. They all agreed
that the LEED criteria for homes was still in the development phase and much more

research is needed on the health aspects and healthy lifestyle associated with green
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buildings. There was consensus upon the preeminence of health as one of the key

aspects of LEED.

5.5.2 Second stage feedback — general observations

Research outputs and their development process were sent to the selected
professionals and they were asked to review the framework. The industry experts
agreed that Health Performance Criteria Framework is applicable to the green
building industry especially since the system measures the relative quality of each
system to occupant health. They felt that the format of the framework was effective
and easy to use. Most of the concerns expressed by the subject experts are technical in
nature rather than broad concerns related to the structure and organization of the
framework, as can be expected out of an industry community. These have been

discussed in detail below.

Occupant Lifestyle

Homeowner education as it relates to the health of the structure should be a very
important consideration in the design and construction of homes. Occupant lifestyle
can have a negative impact on the health of a structure. Maintenance, cleaning,
adjustment and future product selection are all important to maintaining a healthy
structure. Plugged dryer vents, dirty furnace filters, toxic chemical cleaning products,
all the responsibility of the occupant, may lead to health issues in the structure.
Furnace-mounted humidifiers are a prime example. If not serviced every other week

they can produce mold, bacteria and respirable silica dust. Homeowners should be
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given training regarding the operation and adjustment of systems installed in a home
and should be educated about the importance of maintenance and future product

selection.

Product Selection

A structure has a lot of materials installed that, under the wrong circumstance, can
become health problems. Cellulose and fiberglass insulation are prime examples.
Normally these products are thought to be contained in afeas outside the thermal
envelope. Wind washing, structural settlement and/or construction deficiencies can
bring these irritants into the living environment. Cellulose insulation, installed in an
attic can enter the living environment through partition walls, electrical fixtures,
exhaust vents and HVAC systems. The dust is respirable and becomes air borne from
wind washing or pressure differences between living environment and the attic.
Cellulose is usually composed of recycled newsprint that contains inks and chemical
additives that can compromise the health of the occupants. During the design and
construction of homes care must be taken that products that have a potential impact
on occupant health are installed in a manner that ensures health and safety. The
option would be to select products that are stable and unlikely to migrate once

installed.

Positive pressure in homes

Maintaining a slight positive pressure in homes is crucial for occupant health and

temperature comfort. A slight positive pressure will ensure that untreated external air

126



is not unintentionally introduced into the indoor environment. Air leakage from
outside may bring in pollutants and humidity that will affect the quality of indoor air
and create health problems for occupants. It will also affect HVAC system

performance resulting in problems related to thermal comfort.

5.6 Summary

In this chapter a sample criteria of health performance of homes has been applied to
three case study homes and feedback was obtained from industry experts on the
effectiveness of the criteria. The case study applications utilized a site built home, a
factory built home and a hybrid home. All the floor plans were similar and it was
assumed that all the three types of homes had specifications not very different from
each other. It was also assumed that all the homes were LEED for homes certified.
The scoring system of the health performance criteria framework helped to rate the
health performance of these homes. Then these scores were compared against the
ideal scores of a hypothetical “healthy home”. The hybrid home received the highest
health performance score followed by the factory built home. The site built home
received the lowest scores. Feed back from industry experts were obtained as a part of
this chapter. All of them agreed that occupant health and comfort is an important
aspect of green buildings. The industry experts felt that Health Performance Criteria
Framework is applicable to the green building industry especially since the system
measures the relative quality of each system to occupant health. Their suggestions

were incorporated while finalizing the framework.
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CHAPTER 6

SUMMARY & CONCLUSIONS
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6.1 Overview

Health performance of homes has received much attention lately. Various studies point to
the effects of the design of a home on aspects of Indoor Environment Quaiity, thereby
impacting the health and comfort of occupants (Levin 1989, Fisk et al 2002). Presence of
indoor chemical and biological pollutants is a decisive factor in residential occupant
health performance (DoH, Washington 1999). Combined with this aspect, less than
optimal performance in temperature comfort, humidity/moisture control, ventilation
effectiveness, lighting, acoustics and ergonomic design/safety has the potential to
seriously undermine the indoor environmental quality (IEQ) of homes. Research has
associated indoor environmental quality with occupant health and comfort (Fisk 2005,
Wood 2003). Building systems fail to function efficiently due to negative interactions
leading to development of deficiencies in the performance of home. The “Whole House”
approach is rooted on the idea of building systems integration in design, construction and
maintenance of homes. The adoption of the “Whole House” approach can assist in the
understanding and subsequently, improving the health and environmental performance of
homes (O’Brien et al. 2005, Swarup 2005). Indoor environmental quality is intrinsically
related to the quality of external environment and the impact of buildings on the overall
environment needs to be understood in a proper perspective. The concept of ‘Green
Buildings” promotes the idea of sustainable buildings with limited environmental and

human health impacts.

This research effort focused on developing a design and evaluation tool for health

performance of homes by analyzing the health impacts associated with LEED green
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building criteria. The Health Performance Criteria Framework was developed as the
design and evaluation tool. The concept of building systems integration was utilized in
the development of this framework. The framework helps to categorically list the
building systems integration strategies and conduct “what if’ scenarios on health
performance during the design development of a home. The tool is also quite useful in
evaluating an existing home for health performance. Since all the strategies are scored for
individual performance and interaction with other strategies, the framework is expected

to help the user in obtaining a realistic score for the health performance of a home.

Chapter 1 presented the goals and objectives that the author aimed to achieve, along with
a detailed methodology and the need for this research. Chapter 2 focuses on study of
literature associated with various aspects of indoor environmental quality, LEED green
building criteria and the “Whole House” concept. Indoor environmental quality is
associated with health impacts on occupants. The health impacts range from issues
related to comfort to carcinogenic effects. The studies done as a part of this chapter have
traced the health and comfort effects associated with indoor environment back to various
physical, chemical and biological interactions in the indoor environment. Several
attributes that define Indoor Environmental Quality have also been identified as a part of
this study. These attributes include Indoor air quality — presence of indoor pollutants,
Temperature, Humidity/moisture, Ventilation, Lighting and Noise. Maintenance of
acceptable levels for these attributes is necessary for a healthy indoor environment. The
LEED green building rating system propagated by USGBC is also discussed in this

chapter. The criteria discussed in this chapter include LEED-NC, LEED for Homes and
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LEED-ND. Literature on various aspects of the “Whole House” concept and building

systems integration have also been reviewed as a part of this chapter.

The third chapter is a review of the tools and techniques that will be utilized for this
research. Some of them already exist in literature while others have been developed for
this research. The discussion in this chapter is organized around three broad topics —
Whole House design and evaluation; Evaluation of Health impacts of planning, design
and construction; and Green building design and evaluation. The Whole House topics
include (1) Whole House Calculator and (2) Whole House performance criteria
framework. The Health Impact Matrix for Planning, Design and Construction of Built
Environment constitutes the second topic. The Green Building tools and techniques

include: (1) LEED-NC and (2) LEED-H green building rating systems.

Chapter 4 includes a detailed description of the framework for health performance criteria
for homes, based on LEED guidelines and building systems integration. The framework
development process begins with systematically analyzing the health impacts of LEED
green building criteria. Two health matrices have been developed for this purpose in this
chapter — the LEED-NC health matrix and the LEED-H health matrix. The LEED-NC
health matrix analyzes the health impacts related to all the credits in the LEED-NC
criteria, while the LEED-H health matrix focuses on health impacts associated with
indoor environmental quality. These health impacts are then associated with relevant
physical, chemical and biological interactions, health performance attributes and building

systems. These factors are analyzed and health performance goals based on building
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systems integration concepts are developed. These goals help in the choice of appropriate
health performance strategies based on building system integration concepts. A scoring
system has been developed as a part of this chapter to rate each strategy for its
effectiveness in ensuring health performance of the home and interaction with other

strategies.

Chapter 5 involves the application of a sample health performance criterion to three case
study homes. The sample criterion based on LEED for homes was used to evaluate the
health performance of a site built home, factory built home and a hybrid home. Through
the case study application it was established that the hybrid home achieved better health
performance. Also feedback was obtained from industry experts regarding the
effectiveness of the Health Performance Criteria Framework as a tool in design and

evaluation of health performance of homes.

6.2 Summary

This section includes the steps carried out to achieve the goals and objectives set out for
this research.

6.2.1 Objective 1

Define the attributes of a healthy home with focus on IEQ

Step 1: Literature review of all four aspects related to the research.
1. “Whole House” and building systems integration.

2. “LEED” green building criteria.
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3. Health impacts associated with Indoor Environmental Quality (IEQ).
4. Physical, chemical and biological interactions in buildings, related to occupant
health.
This was accomplished through the literature review conducted in chapter 1 and 2.

Relevant literature related to all the four aspects was reviewed as a part of this step.

Step 2: Identify attributes that define Indoor Environmental Quality.

Based on literature review conducted as a part of chapter 1 and 2, the attributes that
determine the quality of the indoor environment were identified and analyzed from the
perspective of health performance of a home. Seven attributes were identified as a part of
this research: Indoor Air Quality (presence of indoor pollutants), Humidity/moisture,
Temperature, Ventilation, Lighting, Acoustics and Ergonomic design/safety issues. These
attributes define the Indoor Environmental Quality (IEQ) and thereby the health
performance of a home. Relationship of these attributes to various physical, chemical and

biological interactions in the indoor environment has also been reviewed as a part of this

step.

6.2.2 Objective 2

To explore “Whole House” and “LEED” approaches for health impacts.

Step 3: Define all applicable building systems.

All relevant building systems/sub systems have been defined from the perspective of

health performance of homes. Six building systems have been identified for the purpose
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of this research. They include Envelope, HVAC, Plumbing, Electrical/Communication,

Lighting and Interior systems.

Step 4: Review health impacts of “LEED” criteria.
Literature study was conducted to identify the health impacts of LEED criteria related to:
a. LEED for new construction.
b. LEED for homes, with emphasis on indoor environment quality.
Two categories of health impacts associated with buildings have been reviewed:
1. Direct impacts on health (e.g. — indoor pollutant concentrations leading to
respiratory problems and allergic effects)
2. Indirect impacts on health (e.g. — humidity leading to feelings of discomfort)
Two health matrices have been developed as a part of this step to categorically organize
health impacts associated with LEED credits and the related building systems design,

construction and integration strategies.

Step 5: Develop a framework for associating health impacts related to Indoor
Environment Quality (IEQ) with physical, chemical, biological interactions and relevant
attributes of IEQ.

A framework has been developed as a part of this step to effectively link health effects
associated with Indoor Environment Quality with physical, chemical and biological
interactions in the indoor environment; and attributes of IEQ. This step is only relevant

for attributes that can be controlled from a design point of view. These attributes have
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been identified as a part of Step 2. The framework has been designed in such a way that it

can specifically address health impacts associated with LEED credits.

Step 6: Establish a model for generating systems integration strategies to improve the
health performance of homes.

A model has been developed to allow the user to generate or choose strategies involving
the integration of various building systems to improve the health performance of a home.
With the aid of this model, the user can make informed decisions regarding the
integration when two or more building systems need to be integrated with each other in
order to improve performance related to a particular attribute of IEQ. The model will help
to frame health performance goals using the framework developed as a part of Step S.
Involved building systems/subsystems can then be identified and systems integration

strategies can be generated.

6.2.3 Objective 3

Develop a health performance criteria framework for homes. The format for the
framework will be based on the one developed for “Whole House” performance (Swarup
2005). The existing format will be expanded to incorporate the health performance

scoring system.

Step 7: Probe expansion potential of the existing ‘“‘Whole House"” performance criteria

Jramework to include health performance.

The existing “Whole House” performance criteria framework has been expanded to
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integrate the health performance of homes. The expanded framework incorporates
attributes of Indoor Environmental Quality as the parameters for evaluating health
performance. Six building systems have been included in the framework with each of
them being further defined on the basis of architectural and engineering design
considerations. The framework allows the categorical listing of health performance goals
and building systems Design/Construction/Integration (DCI) strategies while developing
the health performance criteria. During criteria development, health performance goals
can be tabulated based on the specific design considerations for each building system in
order to fulfill each of the seven performance attributes. Strategies can then be listed to

correspond to particular health performance goals.

Step 8: Frame a scoring system for evaluating health performance.

The scoring system that has been framed for the purpose of evaluating health
performance rates each of the listed strategies in the criteria on two separate aspects —
performance and interaction. Performance scoring helps to evaluate the capability of
individual systems Design/Construction/Integration strategies to maintain an ideal indoor
environment. The system integration strategies will be scored against the attributes that
determine the quality of indoor environment. The interaction scoring accounts for the
positive and negative interactions while choosing strategies. This is achieved by grouping
strategies into synergistic and dyssergistic combinations and scoring them for their effect
on IEQ. Relative weights have also been assigned to building systems and IEQ attributes

so as to reflect their importance in the health and comfort of occupants.
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Step 9: Case study application of the scoring system for health performance and
development of an example criteria.

An example criterion has been formulated to demonstrate the usage of the framework.
The sample criteria was then applied to three case study homes — site built home, factory
built home and hybrid home. All the homes were assumed to be LEED for homes
certified. Basic design and specifications were considered similar for all three case
studies. The points scored by each of these homes when evaluated against the sample
criterion were compared to the ideal “Healthy House” score, which is a hypothetical
score, based on all strategies being most effective in achieving the set of performance
attributes defined. The hybrid home achieved better health performance scores followed

by the factory built home.

Step 10: Feedback and finalize the health performance criteria framework.

Feedback on the health performance criteria framework was obtained through interviews
with industry professionals involved in healthy and sustainable housing initiatives. The
industry experts agreed that Health Performance Criteria Framework is applicable to the
green building industry especially since the system measures the relative quality of each
system to occupant health. Most of the concerns expressed by the subject experts are
technical in nature rather than broad concerns related to the structure and organization of
the framework. Necessary changes were incorporated and the framework has been

finalized.
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6.3  Conclusions and inferences

This section focuses on the conclusions and inferences made based on the research
conducted. The health effects associated with LEED credits have been extensively
reviewed in this thesis. It can be concluded that even though the LEED criteria has health
and comfort benefits for building occupants, there is still great scope for improvement.
Presently LEED green building rating system has sustainability as its main focus, with
health and affordability being added benefits. This can be partly attributed to the fact that
the green building movement emerged as a result of concerns about environmental
impacts of buildings involving energy and resource inefficiency. This research has
substantiated the importance of building design, construction and building systems
integration on the health and comfort of occupants. It can also be concluded that
integrative design measures focusing on synergistic associations of building systems can
greatly enhance health performance while making the buildings more affordable and

sustainable.

Several strategies that are discussed in the main body of the research are crucial in
ensuring the health and comfort of occupants. Envelope tightness can be regarded as one
of the most important factors in the health performance of a home. This holds true for
both direct health effects and indirect health effects related to comfort. Envelop tightness
can prevent the entry of untreated air, moisture and pollutants like radon, which may
impact the indoor air quality and functioning of the HVAC system. Unfiltered/untreated
air may contain pollutants from the external environment and can cause health problems

for occupants. Moisture in the air that leaks into the interior can create condensation
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problems which can aid the growth of biological agents in the indoor environment. Air
infiltration can also result in thermal discomfort since it may impact the functioning of
HVAC systems. Maintaining envelop tightness together with a slight positive pressure is
a very effective strategy to prevent indoor environment quality problems related to
pollutants, thermal comfort etc. Local exhaust systems and direct venting systems are an
area of concern related to envelope tightness. The operation of local exhaust systems may
create conditions of negative pressure inside the home and can lead to pollutant entry and

back drafting.

Another area of crucial importance in health performance of a home is material selection.
Many building products used presently contain VOCs and other harmful chemicals which
can impact indoor air quality. Also building elements containing materials like fiberglass
and cellulose can disintegrate with time and get distributed indoors which can cause
severe health problems. It is very important to choose materials which are stable and
durable with less harmful chemical content. Humidity influences VOC release from
building materials during phases of construction and occupancy. Retained humidity in
building materials can also result in growth of biological agents which can severely
impact indoor air quality. Selecting permeable materials and finishes can avoid such
problems. It can be inferred that proper material selection combined with humidity

control is crucial in ensuring the quality of indoor environment in homes.

Though indoor environment quality issues associated with occupant activities is not in the

scope of this research, it is crucial for occupant health. One area of concern is household
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chemicals. Cleaning chemicals and air fresheners release sizeable amounts of aerosols
into the air. This can affect indoor environment quality and result in health problems.
Occupant activities like showering and cooking can cause release of large amounts of
moisture in a home. This can promote biotic growth and hence degrade air quality. Proper

maintenance of homes combined with homeowner education can limit these problems.

6.4  Areas of future research

This section deals with the list of future research directions that are relafed to the domain
of this research effort. In the author’s opinion these ideas are promising directions with
considerable potential for fundamental and applied research. Some research efforts are
already underway on these topics, but since these topics are interdisciplinary, they require
a more comprehensive and multi-faceted research approach involving experts from all

related fields.

1. Health effects of life style changes associated with green design and
construction.

The research effort undertaken as a part of this thesis investigated the link between green
buildings and occupant health. The analysis of health impacts associated with green
buildings has substantiated the hypothesis that green design and construction has a
positive influence on occupant health. Most of the current research focuses on the direct
health impacts (e.g.: allergic effects, asthma etc.) and indirect effects related to comfort
of occupants. But there are indications that built environment has the potential to induce

life style changes and associated health effects in communities. For example automobile
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oriented street design discourages physical activity. Automobile dependent life style
devoid of any physical activity has a negative impact on the health of community.
Conversely, neighborhoods which incorporate the principles of compact development,
walkability, connectivity, mixed use and diversity promotes physical activity and social
interaction which has a pronounced effect on physical and mental health of members of
the community (Frank et al. 2003). Since the main concern of the ‘green building’
concept is to promote sustainability and occupant health, it is worthwhile to investigate
whether green design and construction has the potential to induce healthy lifestyle

changes in a community.

2. Expansion of health performance criteria framework

The next step can be the expansion of the health performance criteria framework to
include the effects of design of a home or neighborhood on the mental and social health
of individuals in a community. The current research deals mostly with the physical health
of occupants of a home. The attributes that are crucial to the physical, mental and social
health of individuals of a community should be identified through research and associated
with health performance goals and strategies. Likewise the building systems section of
the framework should be expanded and redefined to include design elements that can

influence mental and social health of individuals in a community.

3. Cost estimation of healthy home

From a construction management point of view it is crucial to understand the cost

implications of a healthy home. The construction of a healthy home utilizes particular
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building materials, methods and integration strategies that make it different from a
traditional home. If cost is connected to health, then the future home user can choose the

level of health performance that is expected out of a home.

4. Risk analysis of health performance scores

Using the framework, a detailed criterion can be developed that will help to score a
particular home for health performance. But it is important to understand the precise
health implications of a particular health performance score for a home. The
comprehensive criterion could be reviewed by a panel of experts for analyzing the risk
associated with a particular score. This will make the scoring system more objective and
can help in the development of a set of prescriptive guidelines and recommended scores

for health performance.

S. Bionics and building systems design/construction/integration

Bionics or biomimetics applies the methods and systems found in nature to the study and
design of engineering systems. The development of dirt and water-repellent paint from
the observation of the behavior of surface of the lotus flower plant (the lotus effect) is a
classical example. Natural systems are highly optimized and efficient due to millions of

years of evolutionary pressure (Rechenberg 2005, ESA 2006).

Living systems function efficiently by working as interacting wholes to counter any

external or internal disruptions. All the component parts of a living system work under

the concept of integrated systems, under the interdependencies and interactions of
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subsystems (Miller 1978). The “Whole House” concept and building systems integration
strives to improve performance of buildings by reducing negative interactions among
component parts and planning for positive interactions. The study of living systems,
especially the human body, has great potential for applications in building systems
design/construction/integration. The systems integration concepts as manifested in living
systems are worth emulating in building technology field, since they have been perfected

by millions of years of evolutionary forces.
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APPENDIX A

“Whole House” Performance Criteria Framework
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APPENDIX B

LEED-NC Checklist (LEED 2005)
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LEED-NC Version 2.2 Registered Project Checklist

el e T T P S S - . N A . . Sl - RL A
N S R I S S R S . B D O LN SRS < |

Prereq 1 Construction Activity Pollution Prevention Required
Credit1  Site Selection

Credt2 Development Density & Community Connectivity

Credit3  Brownfield Redevelopment

Credit4.1 Alternative Transportation, Public Transportation Access

Credit4.2 Alternative Transportation, Bicycle Storage & Changing Rooms
Credit4.3 Alternative Transportation, Low-Emitting and Fuel-Efficient Vehicles
Credit 4.4 Alternative Transportation, Parking Capacity

Credit 5.1 Site Development, Protect of Restore Habitat

Credit5.2 Site Development, Maximize Open Space

Credit 6.1 Stormwater Design, Quantity Control

Credit6.2 Stormwater Design, Quality Control

Credit 7.1 Heat Island Effect, Non-Roof

Credit 7.2 Heat Island Effect, Roof

Credit8  Light Pollution Reduction

-— ed e e D e e e D ek e

Credit 1.1 Water Efficient Landscaping, Reduce by 50% 1
Credit 1.2 Water Efficient Landscaping, No Potable Use or No Irrigation 1
Credit2  Innovative Wastewater Technologies 1
1
1

Credit 3.1 Water Use Reduction, 20% Reduction
Credit 3.2 Water Use Reduction, 30% Reduction

v Prereq 1 Fundamental Commissioning of the Building Energy Systems Required
< g Prereq2 Minimum Energy Performance Required
Prereq3  Fundamental Refrigerant Management Required
Credit1  Optimize Energy Performance 1t0 10
Credit2  On-Site Renewable Energy 1t03
Credit3 Enhanced Commissioning 1
Credt4 Enhanced Refrigerant Management 1
Credit5 Measurement & Verification 1
Credit6 Green Power 1
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Prereq 1 Storage & Collection of Recyclables Required
Credit 1.1 Bullding Reuse, Maintain 75% of Existing Walls, Floors & Roof

Credit 1.2 Bullding Reuse, Maintain 100% of Existing Walls, Floors & Roof

Credit 1.3 Bullding Reuse, Maintain 50% of Interior Non-Structural Elements
Credit2.1 Construction Waste Management, Divert 50% from Disposal

Credit2.2 Construction Waste Management, Divert 75% from Disposal

Credit 3.1 Materials Reuse, 5%

Credit 3.2 Materials Reuse,10%

Credit4.1 Recycled Content, 10% (post-consumer + ¥z pre-consumer)

Credit4.2 Recycled Content, 20% (post-consumer + /2 pre-consumer)

Credit5.1 Regional Materials, 10% Extracted, Processed & Manufactured Regione
Credit 5.2 Reglonal Materials, 20% Extracted, Processed & Manufactured Regiong
Credit6  Rapidly Renewable Materials

Credit7  Certified Wood

e I e e e e e e e

e i i e o e bt . DRSS PILEOR. |

L A B S AR

Prereq 1 Minimum IAQ Performance Required
Prereq2 Environmental Tobacco Smoke (ETS) Control Required
Credit1  Outdoor Air Dellvery Monitoring 1
Credit2  Increased Ventilation 1
Credit3.1 Construction IAQ Management Plan, During Construction 1
Credit 3.2 Construction IAQ Management Plan, Before Occupancy 1
Credit4.1 Low-Emitting Materials, Adhesives & Sealants 1
Credit4.2 Low-Emitting Materials, Paints & Coatings 1
Credit4.3 Low-Emitting Materials, Carpet Systems 1
Credit 4.4 Low-Emitting Materials, Composite Wood & Agrifiber Products 1
1
1
1
1
1
1
1

Credit5 Indoor Chemical & Pollutant Source Control
Credit6.1 Controllability of Systems, Lighting

Credit6.2 Controliabllity of Systems, Thermal Comfort
Credit 7.1 Thermal Comfort, Design

Credit 7.2 Thermal Comfort, Verification

Credit 8.1 Daylight & Views, Daylight 75% of Spaces
Credit 8.2 Daylight & Views, Views for 90% of Spaces

Credit 1.1 Innovation in Design: Provide Specific Title 1
Credit 1.2 Innovation in Design: Provide Specific Title 1
Credit 1.3 Innovation in Design: Provide Specific Title 1
1
1

Credit 1.4 |nnovation in Design: Provide Specific Title
Credt2  LEED®Accredited Professional

Project Totals (pre-certification estimates) 69 Points

152



APPENDIX C

LEED-NC Health Matrix

153



Iopun yon ‘wresdoxd
3upjing ap Suryoe)s
apnjou saiSareng i
‘uondnisip ajs sziunuIw
03 Jut1d100§ [euTUIW

o s 3up[ing

o) uISsop pue UONRIO|

*IoUMOpUE]
a1qnd a1p Aq apen

u1 pajdaooe st puepyred
se anjeA 12jea13 1o [enba
Jo pue[ ssajun puesred
os1iqnd sem 309foad

*2JIs & uo 3uipying

Burping sjqelns € 193195 o oy J0j uonisinboe ® JO Uoljed0j
*sadA) puep 03 Joud yorgm ) wox 3oedun
9AIIOLISAI PUB SUIWID PUE[ UO IO puejuLe] [eIUaWUONAUD
JIS 9ANISUIS Ipnjoul awrd are sajis Jo oy 99npal pue
j0U Op Je1]) SA)IS asoyy 03 | suondod uo seare Junyred says ajendoiddem aonRNPs
souaiajaid aA18 ‘ssadoid Jo speol ‘s3urpjinq ‘199132 I[eay ‘19939 Jo juswdojaaap E3TIN
‘ouoN | uomnoo[as ays oy Suung o dojaasp j0u 0q amput ON | ypreay 39211p ON ploAy [ upa1)
(2007 RIM)
SSIU[I asned
%9 ureanspoolq
uewny
‘sura[qoid uoisord oy w1 pyodsuen
asned 0} A[ax1] ss9| ‘939 sden jusurpas ua8Axo ($00T suamQ)
aIe 3sol spoyaw ‘SOYIp Yurea ‘Suryojnw PLOSAI Ue) o swajqoad
uonoONpSuo)) o ‘uipass — sa1gajens ‘uoIsoI? YSnonp (€00Z B 10 Kioyendsax
‘3upying 10} [0nuos uoisoss Aojdwy o uonINnsuod SuLmp ISIEY-]V) 191eM JO 90ua1ma20 *Ajipenb are pue [043uU0d uo
w00 uMWIUT o uononnsuod | qrosdos jo ssof Sunuaaald «f  w sruoydsoyd oy} pue jsnp Iojem uo spedun | pejuIMIpIs
‘salls Joy ueyd jonuod “1onew aje[nonred yum pue uaSoniu jo | pios susydsoune aane3au 2onpal | pue uoisody
SANJISUAS PIOAY o JUSWIPIs pue UOISOIy « 12 Jo uonn[jod JUSAII] o S[AS] PISBAIOU] &  UIMISQ JUI] « O} UOISOIDd [0NU0)D) :1 ‘bararg
spadse JIN/D/A ..o_w........ww.wu.o. d - souropin3 12a1pu] waa _— , EN_ \
:sma)sAs Surpping : p peoaq QAT EXTYCYE 1dAA1 SIPdY
udisap >y1ads :qIAT y aia
Sunuoddng pue 53y PEIH

$9)IS d[qeuIB)Sng

[°C UOISIDA DON-AHA'T

154



uonnjjod azoym syuenjjod ny
saoeyd ur papiaoxd "sjrednaso 3urpjing £q (500 NASA)
3q ISNW UOHBJIIUA ‘JIsuen sseul ajqesn sauy| snq sndures sajenonred (ssa00y
10J sayeu| Teau Suipjing o) AIS o Jo otjqnd azou 10 pue sase3 "asn a[iqouwioine ‘Hodsuen
‘uonen[yuI YSnomy 'spasu uonepodsueny | omj Jo dfIu /| JO UOHE]S - syuejnjjod woy soedun alqng) u
Suip[ing oy} Jojud Kjnuapt 03 sjuednadso Kemaqns 1o Jres y3i| sjwo sryen juswdojaAsp | oneuodsuen
SUOISSIWA dfIqowone | Suipjing 3y Jo KIAINS ‘[Ted I3INUIWOD © JO 1w 193433 yijesy ajiqowoyne pue] pue | sApeWINY
woy syuenjjod Ny | uonepodsuen e uLIopad o Z/1 UMM 3133f0ad 318007 o 1a1put ON Y3iH & uonnjjod sompay | 'y #P3AID
“UOLRIPAWAI MIIS-U pue
Sutuwrey pue] ‘s103082101q ‘pue]
“9ean-pue-dumd padojaaspun uo
se yons sar3ajens Juisn amssaid Suonpas
ueyd uoreIpawal YIS © ‘UONBUIUIRIUOD IS ‘UOTJRUTUIBIUOD
uswajdun pue dojoasq « ajeIpawal A[9AnS g [CIUSWUONAUD
‘s3uiaes ‘Aouage [e1opay g PaA12212d 10 [BaI
1509 Auedoud pue 10 9je}s ‘[e00] B Aq Kq pajesijdwod
SOANUIOUI X©) AJIIUSP] o  P[OLJUMOIQ SB PIIJISSE[D st juswdojaAap s
*S9JIS plaljuMOoIq 0} 1o pajeuIweIu0d asoym | wdojaaapay
9ouaiajaid aAI3 ‘ssasoid SB pojUsWMOOp “193JJ9 ey ‘1939 sayis paSeurep | pjoyumolg
‘SUON uonodfas Als Juung o ays e uo dojoasq « 10IIpUl ON |  {p[eay 30IIp ON Aeliqeyay ‘g NpaIp
"(500Z vd3)
Ssauj|t ul jmsas
(002 ued Jayjeam
"Te 10 puej3ugy) 10y Ajouranxy
193139 pue[si Jeay ‘(yuowrdojaaap
20Npal osje $jool ‘(uowrdojaAap umojumop JIsuap 0} anp)
U313 JAISUAX K101s om3) a1oe 3ad 199 9J0 s3uipjing *$32JN0S3l
1O JAISUNU] arenbs (00009 Jo Lisuap Quawaaed [eInieu pue jeqey
‘(6661 U1 yuswdojaAsp wnuruTw M J9A0D 9A13sa1d pue
% Ae1D) 1001y2 Bunsixa ue urym pue| [erjeu splayusaid ajoxd | (Ansua(q u
PuR[sI 383y 20npal paesoj are jeyy sas | aoejdar sanio se ‘amjonnsenu | swdojaaaQ)
X3pul 35UR[Ja Swizijun £Aq sjeo8 Ajisusp | uoneuLo} puejsl Sunsixa u
Tejos Y31y Jo sanjeA *SaYS Uegn 0} Pansap 10 umsIxd 189y 03 anp yiim seare ueqm | wdojaaspay
opaqje Y31y qum 25ua19ja1d 2A18 ‘ssasoid 0] ULIOJuo? 0} AJISuap samyeradway 3099 01 yuswdojaaap weqn
s[euojew 3uyooy & UONJI[3S AS Y SuLng POZI[eJ0] 3SBAIOU] o  URQIN IOYIIH «  IPESY 153MIP ON [suueyd Tap3D

"S10qUTIaU [Im SAN[19E]

Sureys pue ‘Sunyred

155



SUOISSIUId 3[1qoWwo)ne SB [Ons saniuaure JO %€ 10] SI[OIYIA “1991J9 | [euolipen Juisn ._ pue| pUR |  2ANBWINY
woy syreinjjod Ny uoijenodsuen apiaold [0 SAIjBWIS)[E 3PIAOL] o 1P[E3Y JOAIIPUL ON s3jiqowony uounjjod 2onpay ‘P upa)
‘(feuonndo — pa1aA09)
$9]9421q J0J SaNI|Ioe]
a3e103s 10J UOISIAOL] o
‘syoel
919421q Jeau swool
SuiSueys/BuLromoys
1oy suoisiaoid
apnjout 03 100[j
punos3 3uip|ing
“UOIIBIUSA ‘(0002 (S00Z VM
loj axyequt Ja1e jo 'sanioe) | DHSL) uresdoxd | -go(y) syuswite
Suruonisod a1qrxajg o Jamoys/3u3ueyd Jo nar| Suturen K1oyendsal
u1 sjuednaso Sulp[ing Jo | ®© SB 9ANIIYS S Surpnpoun
(500 NYS3) 210U 1O %G| I0J S3[9KIq st pue Ayanoe | swajqoid sy
B3uipjing jo pus Surmoas Joj sani[Ioe] TestsAyd poo3 SNOLI3S Isned
Ieal 9} e IO S1994S 98e101s pa1anod apiaoid e s1 uijok) ued SuoISSIwa
Asnq wog Aeme ‘s3urp[ing [enuapIsa1 10 o ‘Buraq [jam ETRINETY
— JSOMO] 3Ie S[IAJ| ‘sjuednaso Surp[ing saaoxdun pue M pajeIdOSSe
uonnjjod azoym Je[n3aI Jo aI0W IO 9%G ‘s1s010d023s0 syueinjjod ny
saoed ur papiaod 1o (3uipying ap jo sprek ‘1o0ued "(S00Z N4S3) (swoou
9q ISNW UONBJIIUSA 00T UTYIIM) sanfIoe] ‘uorssaidap sajemonred Sw3uey)
10J sayeu] ‘san|1o8) Iomoys/3uidueyd ‘uorsuapadAy pue sase3 ‘asn giqowoyne |  pue aelols
‘uonen[Iyul ySnomnyp SuiSueys/SuLramoys JUSIUIAUOD PIm 33eI0)S | ‘sajaqerp ‘axyons — sjueinjjod woy syoedun apokaig) u
Suip[inq a1 Jojud | pue syoel 9]9431q Se yons 919421q amdas apiaoad | ‘aseasip wreay jo SHwId dyjen yuawdojaasp | oneuodsuen
SUOISSIWID J[iqowioNe |  sapjuaure uoyenodsuen ‘s3uipjing [euonmusul | ysu 3y saonpa spiqowone pUe| pue | JARWIA[Y
woyg swenjjod 1y | s 3urpjing oy uBisoq o 10 [eoIoUIIOD J0 o AJNANOE [RISAUJ Y31 « uonnjjod 3onpay Ty apa)
“UONE[IIUAA (S00T VM
10j ayejut 11k Jo -goq) syusurjre
Suuonisod a1qIxayg 1 Kioyendsar
Surpnjour
'(S00Z NYS3A) swojqod qyeay
3uip[ing jo pud SNOLI3S asned
Ieal 2y 3B 10 $193MS ued SUOISSTUIY
Asnq woyg Aeme ETRIUETY

— 1SOMO] I8 S[IAJ]

M PoreIo0sse

156



(S00T VM

-goq) studujre
Kioyendsaa
symednsso Burpjing Suipnpoun
a1 JO 9,¢ Smiazas | swidjqoid presy
Jo sjqedes sjooduea SNOLIdS sned
1o sjoodres 1oy Sunired uRd SUOISSIWD
pawugjaid spiaold o ETRIUETY
M pajeIdosse
any| swenjod iy
"(s00z N¥S3)
's199(o1d uonen|iqeyas saje[nonred *asn J[INYIA
J0j Sunpred mau ou ppy o pue sased Kouednaso a[8urs (Koedes
‘s8urpjing jusselpe um sjuswannbaix — syuenjjod woy syoedun Sunyreqd) u
sonioej Sunped areys o  Sutuoz [o0] WINUITUILT SN d1yen juswdojarap | oneuodsuen
‘az1s a8eredpo| ‘pa3oxa j0u Inq “yeou ajiqowojne 199} pue[ pPUR | SAIRWIAN[Y
"3UON 3upjred ozwmy o 03 Aoedes Sunyred az1g o YSIH o  pjesyjoomp oN| uonnjjod 2onpay | ip'p NPAID
's3uipjing
w1 suonels uranjal
[oNy-sARRWI)R
10j uoisirol] « (S00T VM
‘UOIR[IIUIA -goq) swuauje
10 9YeIUl M1 JO Kioyendsas
3uruonisod a1qIxal o Suipnpow
swojqoid yyeay
'(S00Z NAS3A) SNOLI3S asned
urp[ing jo pus ued SUOISSIWID
Teal 3y} e 10 §1394S ‘s ETRIUETY
Asnq woyy Keme ‘sioqu3iou ay jo Aydedes Supjred IIM PIJBIdOSSE
— ISOMO] B S|IAI] PIm suoness Surjanjal 3[OIYA [30} 31 JO syuenjjod ny
uonnjjod asaym JO S)yauaq pue s1s00 | 94¢ Joj suonels 3urjanjal '(s00Z NYS3A)
saoejd ur papiaoid o) SuLreys JopISUO) o  [ANY-IANBWINE [[eISU] o sajepnonred (sa[o1yaA
3q ISNW UOHB[IIUIA ‘sures3oid *SO[ITYA pue sase3 1oy
10J sayeu] [oodueasjoodres asatp Joj Sunyred - sjueinjjod ‘9sn J[Iqowone | SANLWIANY)
‘uonen[yul ysnorp pure suonels pauivyaid spiaoad Jo sjunoure woy syedun u
Suipping oy 193u0 | Surjonjai [ang saAnewIAE | NV Siurednadso Smpiing 98re] ywd spory juswdojaAsp | oneuodsuen

157



"SI0qUS1ou [IM SoNI[Ioe
Buwreys pue Sunjred
Japun-yon; ‘ures3oid
3uwipying ayp Sunyoess
apnjout sa13aens «
-uondrusip
s aziwurw 03 JuLidiooy
[ewnutw e s 3uipjing

0} [enbo si je Suiping
ayp 03 Juasefpe eare aoseds
uado aeulisap ‘(saseq
Arenjiu pue sasndures
Ayisioatun swos “89)
syuswannbai utuoz
[e90] OU (PIM SBAIE IO
"%ST Aq ans

ay) uiIsap pue uonedo] | 9 10j Juswannbai aoeds "KJIsI9A1pOIq
Surp[inq sjqens © 199198 o uado s, Suuoz [ed0] aowoid
-ay1s 303foxd ay p33oxa 031 (Sunjred pueenqey | (Juudiooy Ju
ap jo yuswdojaaap pue Speol ssa998 apiroxd 03 seare | swdojaaa()
Joj uepd 19sew v idope | “uudiooj Surp[ing amud paSewrep 2103531 | 20UBQINISIP
PUE SJUSWA[I 3)IS AJIuapl se pauyop) JuLdioo 1999 ‘19339 puRe Seare [eIyeu | 931s pIdnpay
‘3UON | 03 A3AIns s B ULOMIS] o JUSWIAO[IAIP 1) 30NPAY o [I[ESY JOOMPUT ON|  UI[E3Y 93P ON| SUNSIX SAIISUOD) TS Npa1)
‘aje)s [ernjeu
JI3Y} 0} SBare papri3ap
K[snoiaaid 2103531 ‘uonejadan
pue a1s Suisixa ay Jo paidepe 1o sAneu
90URQINISIP SZIWNUIWI O} | (PIM S30RLMS SnolAsadun
S3LIEpUNOq UOIIINISU0D Suoejdal Aq (quudiooy
paxrews A[rea]o ysijqeisg «  Surpjing 3y Surpnjoxa)
"s10qy31au (1M SINN[108Y BaJe IS 3 JO %06 JO
Sureys pue Surnyred WNUITUIW B 2103S31 ‘SIS
Jopun-yom ‘ures3oxd | padojaaap Ajsnoiaaid uQ o
Suipjing oy Sunyorys | sasepms djqesunsad PIm
apnjoul s3133jeNg o SEBAIR PAIINNSUOI PUOKIq
-uondrusip 399] GZ pue ‘sayouan
als aziwnuruw o3 yuLidioo) youeiq Ajin urew
reunurw e gam Surpping pue sAemJem ‘sqmd
ay3 udisop pue uonedo] | Aempeol Arewnad puokaq ‘KjIsIaAIpOIq
Surpjing sjqeNns e 199[9§ q 1 ¢ ‘193our1ad Suipjing ajowoxd (soeds
‘aus 199foxd oy} puokaq 399 O pue jeyqey | uado aioysax
ay Jo JuswdojaAap 01 uone3a8aa jo SuLres|d apiaoid 03 seare 10 1991019)
1oj ueyd 19isew e 3dope | pue Homyues Surpnpoul paSeurep 2103531 | oURQIYSIP
pUR SJUIWI[d AIS AJRUspI 20UBQITYSIP S 1939 ‘1992 pue seale [ergeu | 9IS paonpay
'QUON | 03 AAInS 2)is B ULIOMIS] o JIUI] ‘S3YIS PJOYUIRIZ UQ o YI[ESY J0AMIPUT ON]  [[EaY 103MIp ONy  FUNISIXd 9AJISUOD ('supalp

158



*IJeMULIOS pue spijos papuadsns ‘s[eow uoneR[YuI AIS-Uo
S 9IS Y} 18N 2101 JuswidojaAap ‘sapronsad Sursearour ‘gouru
01 sajemsoiq pue sdLns -3sod [enuue 25eioAe ‘aseals pue J21BMULIO}S
19)[1] PAILIaBaA ‘spuepom 3y JO 9,08 SAOWAI 110 ‘sjestwiayd Suneutuns | (Jusuneai])
PAIONISUOD Sk Yons 0} pauBisop swaysAs 91X0) UTBJu0d Kq smop | yuswsSeuews
SWIASAS Jusunean [eryeu JUSUNEBIN ISBMULIO}S ued Jjouru 19339 19jeM [BIJRU JO |  I9jemuLIolg
*9UON Jo [estueyosw udisaq 2)IS JONNSUOD) o 191eM ULIO)S TH[eaY 39311p O uondrusip Jun 79 NpaI)
"(€00Z 'Te
19 p[a1Jen) UOISOId
J10s S3jRIA]399R I
SB S2)IS UOI}ONNSU0D ‘pounu
woy 19A09 JsjemunIoss Jo Aynuenb
uoneadaa aansoxd P pue 3381 A} UT ISBIIIOP (20T
oy Surddins proay %szeuwmsynsaepueid | ydd9-1I) Wresy
(£00T JusuIdeURW I3)EMULIO)S a1qnd o3 182
‘[® 32 pIaLen) *S3sn [eIPOISND pue e Juowajdun ‘o,0¢ welp e asod ueo jep
saIpoq 19jem ojul | Surysny [euun pue 19[10) | 193easd si ssausnorasadun pue uonnjjod
sjuenjjod pajerdosse ‘uone3Ln adesspuej SunsIxa J| « J19JEM JO 32mMOS
pue jusunpas | se yons sasn s[qeiod-uou | -ayes a3reyosip yead moy | Jofew e are jen
Jo yodsuen 10j pajeIouad saumjoA | pg ‘reak ¢°| Juswdojoasp SJURUTWERIUOD
Suneispaooe 1JeMULIO)S ISy o -91d 3 Surpasdxs woxg 19Yy10
‘seare puej Jogre] ‘sadRlmMS Syea a3reyosip yead moy pue suaSoyped
I9A0 [10S 3} SqIMISIp snoiatadun sziunutw | g ‘resk ¢°| yuswdojaaap ‘sperow ‘gouru
1 se sjuawidojaAap 01 Suiaed snoiazad pue P -1sod a3 sjuaaaxd ‘sopronsad I9JEMULIO}S
K)ISUSP-MO] PIOAY o sjooi uapred Aj19adg 18y uepd JusweSeuew ‘aseald pue SuiSeuews (Anuend
‘(00T T8 ‘uonenyul Sunowoid | Isjemunio)s e juswadun [10 ‘S[ed1wWayd> Kq smopj pue ey)
32 pue3ug) gournu Kq smopj 191eMuLIOlS ‘040S 031 [enba 1o welp 51X0} UTeIU0d J9jem [edrgeu | JuswaSeuew
J2JBMULIO}S 2oNpal [ednjeu urejureW ss9] sI ssausnoiAradun ued Jjouru ‘19330 Jo uonnjjod pue | IsjeMuULIO}S
1M sJ00I USRI of 03 3YIs 333(oad a3 uBisAT 3unsixa J] « 13eM ULIOJS o  Ip[eay 30amp oN|  uondnisip yung 1’9 upalp
*3je)s [eanjeu
JI9Y} 0} Seare papes3ap
Ajsnotaaid 2101531
pue a1s Sunsixa ay jo
2Jueq.NSip SZTUIIuIUI 03
SaLIEpUNOq UOIONISUOD uudiooy
paxeu A[1es[d ysijqeisy « juswdofaaap ap

159



puR[SI Jeay 2onpal ‘uondiosqe yeay a1 JO 9,6/ JO wnuIuIw jeo1SojorsAyd pue uewny pue
XOpUI 35UR)d[Jol | 2onpal 03 SJ00I pajeIaZon © 10J 3ulyool AJIAISSIWD Suipnjout S1eWI[90I01W U0
Tejos Y31y Jo sanjea pue opaqre-y31y [jeisuj Y31q ANV (And3pj21 SSIU[I Ul }nSaI yordun sziunuiw | (Jooi) 19949
opaqje 431y yPim ‘sjonpoad juerjdwod Ay381y) yuerjduwos ‘1932 ued Iojeom 0} spuejst | puejsi JesH
s[eudjew 3uyooy o  JVIS ADYANA, 350 VLS ADYANT, 351 & ey 1530pul ON| 10y A[ouIanxg P 83y 2oNpay :TLNpA)
(5002
vd3) swaurnjie
K1ojendsas
pue eunpse
‘eaIe 30] Sunpred ayp pajeAes3se 03
JO %(¢ JO WnuruTw € 10§ pes| ued auozQ
(snorasadurr 040 e *auozo 2onpoid
‘(uoneidau JVAH $s9[) wAsAs Juswaaed 03 samjesadwoy
-adojaAug) speoj -uonjdiosqe jeay pu8-uado ue as) « Y3y
UuonIpUOd Ik J3SSI] a1} 99npal 03 S[eLIdRW ‘Suppred pamyongs Aq pue JgSijuns
sueoul SUOIedyIpow opaqre-y3iyg Aj1oedg o  Pa1oA0d J0 punordiopun Jo aouasaid
adojaAus ‘Suwiaed puld saoeds unjred jo oy u1 1983
y3noxyp 1099 puejst | uado pue sjoos uspre3 se | 94,0 JO WNUIUIW € 98] o sapIx0 usSoniu
18y oY) SuLIOMOT &  [Ons saoeyms pajeIafoa ‘039 ‘sezed pue SOOA o
‘Suiaed pu3d QM (7019 ‘S emapis ‘skemyem ‘sjo] Sunjred ‘I8P UIAJ pue
uado M speol pue | ‘speol JooJ "9°T) SaoeyInS Suipnjoun ‘saseyins aSeuwrep uedio
syemapis uSisag o paronnsuod soejdoy o snoiAtadun Joos-uou pue suondrusip “Jeqey JIplim
(6661 1015U1] % uudiooy Swip[ing | 5,31 Y} JO %0€ eI Je [es13ojorsAyd pue uewny pue
Ke1n) sanjeA opaqe [[BI9A0 313 dZTwiuIwW 10j Juowaaed pud uedp Surpnjou 9JReWI[00I0IW U0 (oo
Y31y - sSurpjing pue saimesj adeospue] s[eLIareW opaq[e SSU[JI Ul J[nsax yredun sziwiuiw uou) 30349
1o0j sdojaaua PIM 9IS 3Y) UO SIdRYINS -y31y/paiojoo-1ySiy asn) ‘1992 ued JoyIeam 0} Spue[sI | pue[si JeaH
P210]02 Y31 o Ppa1onnsuod apeys o ‘apeys apIA0lg u [)[esy J030Ipul ON] 304 A[owonxy o 183y 20NpaYy 1L wpaI)
(2002
Vd3-T1) wiesy
a1iqnd 03 Jeamp
“ULIO}S INOY-pT/Teak-T & asod ued jep
a1 03 enbos Jo wey) ss9| pue uonnjjod
suuo3s [[e woy sSuipeo] | J193eM JO 30mMOS
enuue sSesoae iy uo | Jofew e are ey
paseq snotoydsoyd [e103 SHUBUTUIR)UOD
yuowdojaaap-isod jenuue 19y10 *S)URUTUIRIUOD
a3e10Ae 3} JO %01 pue suadoyzed Suneurunys pue

160



"Siy3ipods [3ue moj pue "(¥00C A3Ined)
S99BJINS 20UL}II[JII-MO] Peay uewny
‘saLreuruIn| Jjond [y 03 yuepodun s
apnjour uonnjjod 3y "3uip[ing o 3uny3i| soopino
30npal 0} SAIZ0[OUYIS o  UIYIM [[8] [[eys Suny3i| pue Jooput
‘[opout 123ndurods e Suisn IoLI2JuL [[e JO anjeA JO I0[0d puE asn *SJUSUIUONAUD
(¥00Z A91ned) Suny81y aus ay3 [opow B[opUEBd WNWIXeW 3y ], o 1odoid a3 1 [ewmoou
suBwINy Ul SUIIAYI pue J[qissod azoym | “(YNSHI) eouLury YUON 15988ns sarpmg uo joedun
URIPBOID [BULIOU SunySy aus sz f  JO A30100§ SursouiSug ‘(p[eay vewmy juowdojoAsp
UM 3DUIIINUT -uonnjjod As S pue Suneuwumij oy poo3 10] [BNIA ST | 2onpal pue ss3208
sziunuiw | Suny3ij ans-}o Suipioae Aq papuauriodal asoyy yoo[o uetpeand | Ays ySu saoidun ‘uondNpal
111 31 381 gons 3[1yMm S[IA3] 31| ueq) sones Ajruuiojiun uewmy a3y ‘ans pue 3urpjing uonnjjod
2q p[noys samxy aJes uIBUIBW O} BLIAILID pue sjaA3] 3y ‘10919 JO JudwuTRnud ap woy ssedsan w37
3uny3i| jo udisaQg o 3uny3i| aus idopy &  Jomoj apiaoid 10 1O o IBIY 103NIPUT ON] Aireq 31| ajeurung ‘g UpaI)
“(uoneSa3t QVAH
-adojaAug) speoj
UONIPUOD JIB 1ISSI]
sueow SuoIjROIpOwW
adojaaua
y3nout 100y puejst
183y 31 ULIIMOT o ‘(s00z
‘(00T vd3) swauie
‘Ie 12 pue[Sug) Kioyendsas
193]J9 pue[si Jeay pue eunpise
2onpai os[e $J00l pajeaei3de 03
U2913 JAISUI)XD pe9| ued 2u0zQ
10 JAISUNU] k *au0zo 2onpoid
(6661 121su1y 0} samyesadway
2 AeID) 1932 “B3IR JOOI 31} JO Y3y
PpUe[SI 383y 29NpalJ %S L J9A0D A[2A1103[[09 pue 1y3ijuns
satgadoud 13ysuen Koy utpiaoid pasn Jo sduasaid
183Y 9AI199AUO0D 2q ued JooI paje3dsoa oy ui Joeal
pooS pue JouenIwd pue opaqje Y3y sapixo usdonu
paregui Y31y mim Jo suoneulquioy) “eare Pue SDOA
s[euajew Suyooy o JOOI 3 JO 9,06 1S8d] “yIBIp UIA2 pue
(6661 915Ul 1€ J0J JOOJ U313 ® [[eysu] 9Seurep uedio
® Ae1D) 1095 308ymS JOOu pue suondnusip TeNqEY JJIpIM

161



‘(€661 9977-suof pue 377) sisAo pue susfoed oLIud Jo 2ouasaid oYy snpal AUedyIuSIs 19)emalsem JO Jusunean Arers) oy
owturu s1 3urdpospup) 40f 4210MuI0}S/41210M K243 Pajofdad fo asn ay) woif s193ff> Yiway aa1D3au Ioy) S15933ns a.np43ji] Y1 Jo IS0l

x (€661
9977-sauof pue
997) vozojoad

Buruni03-154o
PUR SISIIA
SLIAUD JO
2oussaid ay 03
anp ‘uoneasdal

19'1U09 ySnory

suewny oy

0} uolssiwsuen

uaBoyged

awoqioiem

JO Jsu pasealdut

‘uoneSLuy Joj Jajem Tenusjod [jews

Ka13/191eMULIO}S S .L e spuasaidas

‘SwsAs uonedin uone3L

Koua1oyga ySiy asn) o Suideosspue|
‘sjuefd snouaBipun ypim ‘SUBIUI [BUOIJUIAUOD 10j Iojem (%0S
adeaspuey a3 uSisag 4 19A0 9,06 £q uone3un K313 pjoyasnoy ‘uonedun | Aq aonpas) 3
'sadfy 10J Iajem s Pajakoal paean adeospue] | uideaspusy
adeospue] sjeidoidde Jo utes paamdes as() o Ajjewuiu 10J J91BM pLEIRTN G |
QUTULIdJIP 0] SISA[eur ‘A3ojouyo9 Joasn 9355 | 9jqeiod jo asn ap I)BM
“QUON 9Jew|d/ [10S ULIOJSd o UONE3LLN AQUSIOO YSIH o  PISEaloui YL o [PESY 2P ON | Sjeurulijo 1o ] L apay

Auanyy J13ep

162



‘(€661 297T-sauof pue 3377) sisAd pue suafoyied 113U Jo 9ousaId 9y} SIONPAI A[JURIYIUSIS INBMI)ISEM JO JUsUNLRIN ATerIa) Y|,
‘Jowrur st Surdpospup] 40f 421D MuL01S/421DM K248 pafodda4 fo asn 3y wolf $123ffo yYipay aa11DBau Jpy) S1S233nS 24N 4211) Y] JO ISOW

*3UON

‘uone3LLI 10j J9jeMm
Ka13/191eMULIO}S 3S() o

‘syueld snouaBipur yum

adeospue] oy uBisog «
adeospue] ajeudosdde
QUTULIIAP O} SIsA[eue

ajeun|o/ [10s ULIOJISJ « UTRl pamdes X INO 3501 o

*SWANSAS

uotedun adesspue]
yuoueuriad [[eisul Jou o o

"I31eMm IS PIJIAdal 10

x (€661
9977-seuor pue
9977) eozojoud

Surunio}-3s4£>
PUR SISTLIIA
SLIUD JO
9suasaxd oy 0y
anp ‘uonieardal
1983U09 y3noap
suewny ay}

0} uoIssIwsuen
usSoyed
awioqiarem

JO Jsu1 pasealdul
renusjod [[ews
e spuasaidas
uonedLn
Suidesspue]
10j Jajem

Ke13 pjoyasnoy
paean
Afrewnuiw
Joasn

Pasealout Y] «

‘o0
preay 1330p oN

‘uoneSLLn
adeospure]
J0J Jajem
a1qeiod Jo asn ap
Sjeununa Jo iy

(uoneSun
ou 10 asn
a1qeiod ou)
3

uideaspuey
Wy
1B

RA R )

163



‘puewIap ‘sjuswanbai
J93em dfqeiod ayy aonpal soueunoyzad amxy
0} s10suas Juedndso pue 2661 J0 19V Ka1jod *SwIA)SAS
S[BULIN SSI[1JBM ‘SI2[10) A31oug o Sunosuwr I91EMIISEM
Sunsodwoo se yons | Joye (uonesSLun Suipnjoul pue Ajddns 1a1em
sarmyxyy AIp ‘sarmxy jou) SuIpjing 2 rediopunut uo (uononpax
Kousdyjo ySiyos) o  10J paje[nofed surjaseq uapamq Y} 9Npal %0€)
“3uipying ayp 10§ asn Isjem 9} Uey) Iojem 0} s3uip[ing | ‘wONINPIY
spasu 13jem ajqejod-uou 53] 94,0¢ asn a1e3a133e *193]J2 yiesy ‘19959 | umpim ASuamolye | 3s() 1B
"auoN | pue djqeiod oy aewinsy o Ul yey) sardajens Aojduyg d 103pul ON | 'pjeay 134p ON 1ojem ZIWIXeN TeEupay
‘pueuIap ‘sjuawannbal
191em 9[qejod oy onpal soueunojad amyxy
0] sJosuas yuednooo pue 2661 30 10V Ad1j0d ‘SwI9)sAs
S[euLIn SSI[IAIBM ‘SID[10} K31oug ay3 Sunsow 191BMI)SBM
Sunsodwos se yons | 1aye (uoneSLn Surpnjour pue A[ddns 193em
saInIXy AIp ‘saImxiy jou) Surp[ing ayp [edisunw uo (uononpas
Kouaroyjo ySiy as) f  10J pare[nofed aurjaseq usp.nq 3y} 2onpal %02)
“3uip[ing ayp 10} asn Iajem Y} UR} 19JeM 0} s3uwip[ing | wORINPIY
spaau Jajem d]qejod-uou $S9] 94,0 asn e3a133e 19919 ifesy ‘300139 | unyim ASUSIdIJe | 3s[) J9jeM
"3UON | Ppue djqeiod oy ajewinsy o Ul jey sar3orens Aojdurg o 10211pUl ON |  3jeay 103.1p ON Jojem IZIWIXeN (g wpalp
PauIDND S1 3340Y3.4 43inbp [D20] Y1 MOY DD JOU ST J1 SAUIJIPING PUD JUIIUL JY} WO :SIIBOJOUYID] JDTDMIISDM IAIIDAOUU]
"SPIepue]s ATerna)
0} IS UO I3JeMI)ISem
30 %001 1821, “a3reyoal
"%0S JO WnwTuTW A Japinbe [eof
‘sfeurm © Aq 9ouBA9AU0D oy Suiseasour s
SSI[13JeM pUR §)3]10} a8emas Suip[inq a|ym ‘puewdp | dn3ojougany
Sunsodwod se yons 10} 131eMm a[qejod Iaem a[qeiod | J3)BMIISBAA
SOIMIX1y AIp pue SaITX1J papiaoid Ajjedidsiunu 193132 JIreay 1991J9 | pue 1ojemalsem Jo |  dAnBAOuUU]
QUON Kauatoyye-y8iy Ajioadg o JO asn a1y 2onpay o 103Mpul ON | {p[eaY 10oMp ON | uoneIsuas aonpay T NpRI

164



uS1sap asnoy ajoym fo juauoduwos tofow v aq pinoys sty ‘saiqissod uolw.3ayur swasAs Suippng Jo 101 y

“Hoda1 JuTuOISSTUIWIOd
e 9191dwo)

._

“uonEUIUMOOp (8661

aJueuajuUTEW pue 10dd) s3urpjing

uonesado pue Suiuien Ul JUSUIUOIIAUD

‘doueuniojrad [euonouny Aqieay

‘uonejjeIsul AJUIA o ® 0] ped] ued

‘uefd Suruoissiunuod Suruorssiurwo)

e azi[n pue dojoAs o *SUOIORaI

*SJUSWNOOP UOIONLRSUOD a181oe

‘uoneISayul ap oyt spudwasnbaix 219A3s 03 an3ney

swlsAs Suipjing Suruorssiurwod pue sayoepeay

SNOJUB[[IISIN sresodioou] o wog SuiSues

‘uones3ayun ‘uoneIuIUMOp (8661 10dd) 19913 yijeay

SUWI3ISAS AILNIAg u31sop JO siseq ay pue sjuednaoo 3SIoApeE sey

‘uoneI3oyun ‘parojduros are saniAnoR | Judyul USISOP Y MIIAY o Joj pojwod | yorgm swdqoid ‘papuayul
swsAs K3ojes ang Suruorssiuruiod 33uo “JuowaSeuew JO S[aA9] OV1 01 pes| se 9jerado

‘uoneIgayul uodai Suruoissiunuod UOIJONIISUOD JaMO] 0} pes| ued Apredosd 0} pajelqi[es pue 3u
SwIASAS [edLnI9[F & 3onpoad Jo uBisap 133fo1d ued Apgadoad Sunesado | pajreisw ‘pouBisap | 1woissiwmwo)
‘uoneI3aum 01 JuaSe JuruoissIWIWOd 1o} aqisuodsai A[30aamp Sunesado 10 paj[elsul Jou aIe swa)sAs pue SWASAS
SWISISAS [ROIURYOIN 31} jSB) pue SJUWNJOP S[enpIAIpul apnjout Jo paj[essur Jou | arejeyy swasAs | sjuswold Suipping | Buipping |8
pIq uI syuawannbail 10U S30p JBy) Wed} | are Jey) SWAYSAS Sutp[inq 12 [eusuwrepuny jey} | judwEpuUNg
:JO S[9A9] JOYSIH 3utuorssiwwod apnjou] «f Suruoissiwwod g aFe3uy o 3uiping « 31EJIPUI SAIPIYS «f IINSUD PUB AJUIA :1 ‘baraig

dsydsowyy pue A31duy

165



(6861 HSOIN) DD Jo seunuenb a3re| paajoAur pue saniioej adAj [eLnsnpui
ul paLInd20 sjudpioul papodar ays ng “uoneixAydse 1o eruyiAyLre serpred Aq yIeap asnes Aew saoeds pauyuod ur D) PIM Surjiom jeyy spdfe HSOIN,,

"(000Z 11D
ap) 1oerejed
pue 135Ued
upjs apnjour
S15913 yijeay
pasnput AN
*90BJMS S, [IEd
Suiyoeas (pueq
€gAN) uonerpes
‘sjueId3Lgal Isap j9[01ARD[N
10j 3[npayds Juswaoe|dal Jo jumoure
e 1dope pue syuero3Lgal *UOISI2AUOD Ino-aseyd Ay Ul dseIIOU
24D sasn jeyy uawdinba D40 aAIsusyaidwod ue 0} spes|
Kjnuapi 0y A10)udAUl U © 919[dwos Yuawdinba SIY ] "auo0zo
1oNpuod ‘swiAsAs JVAH DV AH 8uipjing aseq suaydsorens
Sumsixa Buisnax uaym Sunysixo 3uisnar usyp) o JO uonepersop usmdinbg
‘syresadiyal DD ‘SwANsAs | sasned $)D P A®OVAH
ou sasn ey Juswdinba APDOVAH 3uipjing woy pases|al u1 uonodNpay
DV AH mau Kj1vads aseq MU UT SHreIdFLgal SULIO[YO 193]y ‘uonsjdap 21D
"3UON ‘suipjing mau 10, Paseq-).4D JO SN 0197 o 9A1OBIY o YI[BIY JOUIP ON 3U0Z0 39NpIY :¢ "baraig
“Suip|ing auijaseq 3y 03
paredwod aoueuLiorad
A319u3 Aynuend
‘samsedw A313ud
QAN 1509 Jsow AP
Kjnuapt pue soueuniojsad
‘Kouaronyya K319us a1y ssasse -Jua8uLns
A319u9 3A31YOR 0} 0} [9powl uolje[NUIIS aJou ST JOAIYIIYM ‘SwIasAs
swsAS [eorueyIIW Indwos e 3s) ‘apo9 A319us [B00] oY pue Suipjing )
pue adojsAud ‘9oueuLiojrod 10 6661-1°06 prepuels aseq oy 1oy | duswm.aoyiad
Jo uoneIdaut Janeg " K319u5 sziur XRW VNSA/AVIHSV Koua1oyyo A319ud A313ug
‘adofaAus 0} swasAs pue adojaAud yum K[ dwod 19313 ey ‘19913 | JO [9AS] WwnwUIW mnmwaipy
3upiing WBIL o 3uwp[ing oy uBiseg 01 3urping oy uBisag o 10ANpUl ON |  [[E3Y 3031 ON 3P ystqeIsg :¢ ‘basayg

166



(*919 Joou

Jo adojs ‘uonejuatio
3up[inq)

sanifioey A819ud
a|qemaual oy
sesodiooun 03 uBisap

Suiping ur sa8uey) o

‘sa13aens sed-o1q pue
ssewolq ‘oIpAY joedun
-MO] ‘[ULISYI0aS ‘pPuUIM
‘rejos Suipnjour fenuajod
K319u5 3]qemaual

pue Sunnjjod-uou

10§ 399f01d oy s59SSY of -9401-% 1589 Je A|ddng o Yp[aY 19311p ON

*SWIAISAS

K315u3 sjqemauss

9]Is-U0 jO asn 3y YSnomp
(3509 A310ud [enuue

Jo uonoey e se passaidxa
se) asn A819ud [©10}

s.3uiping 3y Jo %07

19939

ghRC)IE]
Tp{EaY 10311p ON

*asn A319ud

[31Y [ISSO} {IIm
parerdosse syoedun
[CIUSWIUONAUD
20npal 0} 1opio

ut A[ddns jjas
K313u5 9[qemauds
9)Is-uo jo

S[2A9] Suiseasoul
aziu30%31

pue aSemodug

(%02
‘%01 “%S)
A813uyg

Jqemaudy
€TTT
‘1T UpaID

(Oua1o1ffa A34oud wnwIxDW 24314V 01 ‘BUIUOISSIUUIOD SWIISAS BulpIng Yim 42y3230) uONDLSa1ul SWISAS
3uipping) ‘nojap up paipnis pup asnoy afoym Jof (Ajiqouipisns wof 1updv) 4a1owpind aouvw.iofiad apipdas v sp pawasy aq pnoys Luadiffp ABiouy »

‘9oueuniopsad
K313u3 2ziumdo 03
Surjepour uoreI3agul
swa)sAs Suiping o
“(uones3aym

JOLIUT pue SWISAS
3umy3y| ‘uonesdayu
adojaaua pue
SWIAISAS [ed1uBydoW
:'89) soueuniopsad
A310us aziumdo 0y
uoneIZauUI SWIAASAS

3uipying Jonog o

“3uipjinq

auijeseq e 03 paredwiod
se soueuuoprad

A313us uuend) o
‘SaInseaw

Kouaroiyya A31oud
9A1193)J9-150 IS0 Y}
Kynuapi pue aoueurioyad
K313ud o1 ssasse

0} [spou uone[nuUNs
1ndwod e 3s) o
-9oueuniojsad A31ou
ZIWTXBW 0} SWINSAS
Suipjing pue adojoAua

3uiping ayy uBisaQq «

“Suipjing o

ut sasn A319us pajen3al
-uou pue pajejn3al

10} wes3oid uonenuns
A319u3 a1 U1 pajeaId

aq Aew (Sununodsde)
s19jow 9jeredag
‘PO

1a8png 150D AS10ug

oy} Sursn uoneNUILS
Burpying ajoym

® Aq pajensuowap se
‘(syusmIpuSUIER JNOYIM)
6661-1°06 prepuels
VNS3/AVIHSY 4q
pare[n3a1 swaisAs A31oua
10j 398pnq 1505 A31ou2
ay 03 paredwiod 3509
K315u2 uBisap aonpay

aAnRIY o

.souo
W[EaY 19911 ON

‘asn A313ud
AAISSIIXI PIM
pareroosse spedun
[CIUSUIUONIAUD
29npa1 03 pIepuels
ausmbaraid

a1 aA0qe
soueuLIo}sod
A319u9 Jo

S[9A9[ Suisealou
JAYIY

167

)
JuBWI0LId
A3s0uy
azjumdQ

g e)




"AUON

‘soseyd
uB1sap oy w AjIed
Auoyine SuruoISSIUIwod

oy 28esuy «

*SWIA)SAS

3urpjinq Suruorssiunuod
-21 10] pannbai
UORULIOJUT Y} SUTRIUOD
1) [enuew [3urs

B YIIM JOUMO 3T} 9PIAOI] o
‘SfenIuqns J0}9BNU0d
Y1 M3IAAI [[eYS
Kuoyine SuruoissIuIwod
juopuadopul Uy o
“SJUSWMOOp

1oenuod 3y SuInssi

03 Joud pue jusurdo[aA3p
JUWNOOP UOIINDSUOD
oy jo uonsjdwiod

Ieau SUAWNoop
uonONISu0d )

JO M3IA3I © JONPUOD [[BYS
Kjuoyne SutuoIssIuIwod
juspuadopul uy o

-aseyd

SJUWINOOP UOIONDSUOD
ay 03 Joud uBisap

91} JO M3IAJI B JONPUOD
Ireys ures; ugisap oy

Jo juapuadopur KjLioypne
SutuorssTwod vy o

syse)

Suruoissiunuod reuonippe
Sumojjoy sy Juowsjdun
03 2oe[d ut JoenUOD

® 9Aey Jo Juawajduy

.séo
IEaY 19911p ON

"199J9
IesY 19211p ON

“papuajut

se ajerado

0} pajeiqired

pUe p3jonnsuod
‘poudisap

s1 3urpjing

amu? 3y 1By
aInSus pue AJUSA

3u
[uoISsImwo))
euonippy
<€ WP

168



uone[nuaA pue samssaid
onels uonnquosip Ay
$9[94A9 A19A0931

‘PIoY o W 189 pUR IIZIWIOUOID
PpaAalyor A|[emoe asoy Isjem pue 1y
03 s3uiAes pajoipaid peoj 3u1jo0) u
saredwoo jer uorjesado (uoy M) Speoj djqeLrea
Suipping Sunmp Adde 38 A5U3191JJ3 J[[IYD o
0) Ue[J UONBIYLIOA wonesado (@JA) aum
2 JUSWIAINSEI]A B YRl o SALIp Aduonbayg s[qere) o IaA0 dueuLIoysad
-oureuLIo)1ad speoj Jojow uondumsuod
Iaem pue A310u0 S]qeLIeA PUR JUBISUOD) o Isiem pue
amsesu 03 Jusuidinbs s[onuod A319us uipping
Pim Swippinq oy uBisaq of  pue swasAs Sunydiy o Jo uoneziumdo | ‘uonesyLIA
‘s3uiaes :sosn-pud Jumoqjoj pue Aijiqejunodoe pue)
11paid 03 SwasAs J91eMm ayy Joj juswdinba 19919 ‘19319 Suro8uo | uswamseay
‘9UON pue A313u2 o) [9pOJN « SULINJOW SNONUNUOS [[eISU]] PeSY 102Mpul ON|  [I[eaY J921p ON al 10J apIAOId 1§ NWpaI)
(0002 I1up
ap) 1oeIRIRd
pue 135Ued
unys spnjoul
$3991J9 Yi[esy
pasnput AN
"90BLIMS S,[1Ied
‘suojeHq Suryoear (pueq
10 sDJDH ou asn jeyy dAN) uoneipes
suaysAs uorssaiddns amy j9]01ART[N
pue uonesagLyas AJ1oads Jo junoure
‘suipjing mau 10 o o Ut aseaour
‘SsuojeHq Ue 0} Sped|
10 D JOH uejuod "Suo[eH SIY ], 3uozo
ey asoy doejdal pue 10 s JDH Weuod suoydsoyens "[090301d
seo1uayo uorssarddns 10U Op 1B SWIISAS Jo uoneperdap [e3NUO 3
a1y pue syueIdLyal uorssaxddns any pue | sasned s)JD P s ouerdwod
Suisn suraysAs Surpjing juswdinba uonesadiga woy pased[al Ajres yoddns "uonsNold
Bunsixa Aiojusau PUB DV AH [9A9] SULIO[Yd 39319 pue uonajdop auozQ
duoN | ‘s3uip[inq 3uisnal usyM o 3uip[ing aseq [[eISU] o SAIEY « I[EIY JIUIP ON 3U0ZO NPy DA ®)

169



“3UON

‘uonruiyap
Jomod ajqemaual

9-U2310) 3} S}FPW
ey Ajddns e wog 1o
‘S91BOIJILI3D) d|qemaudy
dIqepel] payniad 3
-usa1n y3nonp ‘urerdord
Ayun pajipalooe 3-uadln
© ‘1919)ew Jomod
PAIJIMAD 2-UIID) B WOY
pamooid aq Aew Jomod
U32ID) "SI2INOS OIPAY
1oedun-mo] 1o ssewiolq
‘[euLIayoas ‘puIm ‘rejos
wox paAlIap st 1omod
u231D *K)hin [e00]

ay yim 3oenuod 1amod
12013 © u1 98eSus 03
saniunuoddo a3e3nsaaun
pue 3uip[ing 3y JO Spadu
K319u9 o suTULIN(

‘19eQUOd A319Ud
9]qemaual 1eak-oml

e jse9] je m SurSedus Aq
S32IN0S 2[qEM3UaI WOL
Ayo1ndala s, 3ulpjing ay
JO %06 1se3] e aplaoid

"1091J9
P13y 303.1p ON|

"1931)2
{[eay 10311p ON

'siseq
uonnjjod 019z 30U
® Uo sargojouyday
K313us 3[qemaual

‘95mos-pu3 jo asn
pue juswrdojaasp
ay) a3emoougy

Iamod
udaIn

19 P31

"SUIARS 1918 M\

pue A31sug Suturunieg
10} suondQ pue sidasuo)
;1 sumjoA (JANdI)
10303014 UOWEBIYLIIA

29 JUSWIINSBIN
20UBULIONA]
Jeuonewau] 100

oy jo @ 10 D ‘g uondo
M JUDISISUOD St pue
SISN-puUd 3A0QE 3Y) WOy
uoneuLIojul SuLIoUOW
a sajesodioour

veq uejd uoROYLIDA pue
juswamseay e dojaaaq
SOWN]OA JTe

170



— duiqumnid pue swaisks Koy se s3uipjinq
[EOTURYOSW ‘SMOpUIM mau Jo spedun
se gons syusuodwods [EJUSUIUOIIAUD ‘(Jooy
PajepIno apesddn pue ‘(Jeusrews 2onpas pue s100] 1
sjuednoso Suipying 03 Suyooa jemyonns-uou pure 23sBM 30Npal ‘sllem
YsL uoneuTWe U0 asod P PUR SI[[QUIdSSE MOPUIM ‘590IN0S31 [RII[ND Sunsixg
18U} SJUSWISJD SAOWY Surpnpoxa ‘Sutwey urejal ‘S99Mosal Joo%sL
*SJUIWIAYD [[YS PUEB UD)S JOLIAIXI) 9A13SUO0D ureuIe)
-Uuou pue [[9ys ‘@Injonns [19Ys pue a1monns “¥oo3s Suipjing :asnay
Suwpnjout ‘s3utp[ing 3uipjinq 3unsixa "1931J9 jedy 933 | 3upsixa Jo 9[okd 3uiping
" 3unsixo Jo asnay L JO %SL 1sed] je urejuie|y JO3JIpUl ON | Yifesy 3oallp ON AJI[ 3y puaxy (1 upalp
“urergosd
urjohsa1 a3 soueyUD
Jayumy 03 satSojouyoa)
JusweSeusw
Jjsem I9YI0 pue sAnYoO
Burjohoas ‘s1aysmud
Ued wnuiwmnfe ‘sisjeq
preoqpies Lojdwg A
‘sampasoid
SurjoLsa1 Suipjing
uo sjuednodo jonnsuj «
‘S9JSBM
s1uedio pue preoqpred
-Kyjioey ‘1odedsmau ‘1eded ‘s[elow pue
u01393]|09/23e101S ao1go ‘onseld ‘sse[3 | sousejd ‘sse|3 ‘preoqpied
pajerdosse 10j sIaAnq pue s13jpuey paeSnuos ‘saded ‘s[[ypue]
pue sanyd Sunjohsal J)seM [B90] AJIIUSP] o Suipnjour Surjokosal u Jo pasodsip
Ioj uoisiaoid uBisaqg + ‘BaIR 10J sjeuaew Jo ageiols pue 0} p3[ney .
*K1j1oej 93eiols pue JUSIUIAUOD B Ul PaJed0] | pue uondsjjod ‘uoneredas s1 ey} sjuednodo | SIqEIIAIY
uond2[[0d 3[qe[dkdar |  pue pazis Ajajeudodde a1y 03 paTedIpap I pue 3urpping Jo
Pa1820] A[JUSTUSAUOD st jeyy a3ei0)s | Surp[ing aMUD Y} SIAIIS Aq pajesauad uondI|Io)
©10J USISOp | pue UORII[OI I[qe[oA2al 1B} BAJR J[qISSI0R *193)J2 ajeay ‘J93J2 | Jisem jo uononpar | % 3vaS
91 Ul UOISIAOL] o loj eare ue deudisaq « Ajises ue apirolg 103Ul ON |  Yaeay 30a11p ON a3 qeroe,] :1 basaug

$92.IN0SY 2 S[ELIBA]

171



"asnal1 guip[ing “Hodsuen pue

JO Ju3aIX3 9y AJnuend) Sumyoeynuew

*SaIMIXY ‘(swasAs Sunyiad s[eLIajeur 0} Ajeal

Swmqumd pue sw9jsAs pue s3uLI2A0D 100[} Katp se s3uipinq
[eJIURYOU ‘SMOpUIM ‘SI00p ‘S[[em JOLIOIUT) mau jo spedun ‘(aamonng
se yons sjuauodwod SBAIR [[9YS-UOU JO 2,05 [BIUSUWIUONAUD | -UON/I[PYS
parepino spes3dn pue se9] 318 NV (Jeuazewr aonpal -UoN jo
syuednoso Surpjing 03 Suyyooi fermonys-uou PuUR 335BM 30Npal | 9,0S PUE AN
S uoneuTUwRIuod 9sod PUR SII[QUIISSE MOPUIM ‘s92IN0S3I [RIMIND | I9NNS/[PYS
18Y) SJUSUIS[D SAOUWIDY Sutpnjoxs ‘Sutureq ure}al ‘sa2mosal 30 %001
*SJUSWIYI [[OYS PUE UIYS JOLIAIX3) 9AIISUOD ureymeN)
-Uuou pue [[9Ys ‘aImjonns [13Yys pue amjonns “Yo03s Suipjing :asnay
3uipnpout ‘s3uipying 3uwpping Jumsixa 19332 edy 79319 | 3umsixa Jo 3]94d Suipiing
3unsixa Jo asnay JO %001 UTEUIBA o 2ITpUt ON | [eay 30a11p ON 9J1] 3y} puaixy £ upalp

"asnal 3uIpjing ‘yodsuen pue

30 3udxd oy AJnuend) o SuLmyoejnuew

‘SaIIXYy S[eLIajeUI 0} 33e[al

Swmqum|d pue swysAs Koy se s3uip[inq

[eSTUBYOSW ‘SMOPUIM mau jo spedun
se yons sjusuodwod ‘(Teuarewr [eIUSWUOIAUD ‘(Jooy
parepino apes3dn pue Suyooi jermonnsuou sonpai pue S100]§
sjurednooo Suipjing 0) PUE SII[qUIASSE MOPUIM PUE 3)SBM 20NpaI ‘silem
JSU uoneuIwWeIuod 3sod Suipnjoxa ‘Sururey ‘S90IN0Sa1 [eIInd Sunsixg
181} SIUSWI[D SAOWSY « puR UDYS JOLIXI) ure)jal ‘saoInosal 30 %001
*S)USWIYA [[oYs [194s pue amjonns SAI2SUOD urgjurtey)
-UOU pUe [[3Ys ‘aImonns Surping Sunsrxa “Yoo3s Surpjing :asnay
Suipnjour ‘s3urpying Jo (12101 %001) %ST 1931 ey 1933 | 3unsixa Jo 3[oAd 3uiping
3unsixo Joasnay &  [EUONIPPE UE UTRIUTE] o JO2JIpUl ON | [p[eay 30311p ON 311 3 pusixy T1LupaIp

‘asnal Suipinq ‘yodsuen pue

Jo juaxa oy AJnuend) SuLmyoeynuew

"SaIXY

S[eLIajeW 03 33831

172



uononnsuod ydopy o

ay moy3nonp

‘spgoyja Surakdsal suoya Surakoal *S9)IS
10} eaxe pauonisod Yoen pue 3u1jo4231 10§ sreudoidde oy
ApuaiusAuod 9)IS UOIIONISUOD A UO S[eLIajeUI J[qesnal
e ajesodioouwr | eare oiy1oads e ajeudisaQg .Z 1o0pay ‘ssaso1d
01 Suyuuerd ‘uonje[nsui pue jodres SuLmyoeynuew oy
9JIS UONIONOSUOD) o ‘preoq[iem wnsd43 0) joBQ S39IN0S3
"Pa[9Akdal ‘sse|3 ‘poom uBd[d PRI2A02AI
9q 0} S[eLIajeW JO ‘onserd ‘a3a10u09 “YoLIq ‘g)sem SuLred]d pue| pue s1qe[oksal ‘(IIypue
sad£3 pue spoyjow ‘Terow ‘preoqpJed ‘sLIQap uoni[owap ‘UoIONISU0d J0211pay wolyq
‘sureaw ‘sjeod SuLres[o pue| 90423y « JO %S 1589 "[esodsIp [[Jpue] | %GL HAAIQ)
SOYSI|qeIsa ey 's[eo3 asay) 2A3IYoe 0) | I8 aZeA[ES JO/pUR J[IA29Y o woy sUqap 3
uejd juowa3euew uejd juowoSeuew Jjsem *S[e08 UOISIOAIP [eLISJEW Suwres)o pue] | uowadeuey
9)SeM UOIIINNSUOD uonodnnsuod e ydope SwAynuendb ‘uerd pue uonIoWIp Asem
€ Juawajdun pUE UOISISAIP [[Jpue] Juswo3euewW 2)SeMm © 199139 Pjeay ‘1932 ‘TOIONISUOD | UOLINISUO))
pue dojaaaq o 1oj sfeo3 ysijqeisg wowdjdun pue dojaasq s o3Jpul ON |  p[esy 10311p ON HaAIQ :TTUpD
“s[eLIsew
pareusisap ays apuey
0} SI9]9A231 pue si3[ney
"9)SeM SSI] JeIaual uondINNSuUod AJNuUsp]
1R} Spoy1ow 'ss9201d uoNONOSUOD .ﬂ
uononnsuod ydopy o ay noy3nonp
‘spoyye urjakoal SHOY 9 Surjah2a1 ‘SIS
10j Bare pauonisod yoen pue Surjo4£331 10§ areudosdde o
KpuatusaAuod 9IS UOLONISUOD Y} UO S[euajeul 9jqesnal
e ojerodioour | eore sy1dads e ajeuSisoq o 19211pay "ssao0id
0} Sutuuerd ‘uone[nsut pue jadres Suumyoeynuew o
IS UORONDSUOD) o ‘preoqjrem unsd43 0} )oBq SI0.MOSI
*pa[9Adal ‘sse[3 ‘poom ues[d Pa1aA0dal
3q 0} s[eLIdeW JO ‘onserd ‘a1a10u09 “Youq *915eM SULres]d pue| pue a1qe[aKaal ‘(llypue]
sad£y pue spoylow ‘Telsw ‘preoqpred ‘suqap UuonIjowap ‘UOINNSUOD 10211paY wolj
‘sueaw ‘s[eod 3uwrea)> pue| 51909y 3O %0¢ Ise9] "[esodsIp [[JpUe] | %0S HAAIQ)
SaYSI|qels? Jep 's[eod asay) aAaIyor 0} | Je aTeajes Jo/pue 319429y o woy suqap 3
ue]d juswadeuew ueld juowaSeuew d)sem | °S[eOT UOISIAAIP [eLISJEW Suureopd pue] | uswaBeuey
2)Sem UOIJONISU0D uondnnsuod e ydope SuAnuend ‘ueid pue uonijowsp aAsem
8 juowajdun PUR UOISISAIP [[JpUe] JuswoSeuew JSem © "199)J3 eay ‘1999 ‘aonoNISU0d | uoponnsuo)
pue dojoAs( « 10y sjeo3 ystjqersg o Judwdjdunt pue dojoasq o 102Mpul ON | {p[eay 309p ON WOAIQ | l'zupaI)

173



"SW)I 9A1RIOIP

"S30IN0SaI UISMA

pUR YoLq ‘amjrumng Jo Surssasoxd
pue Ansuiqed ‘saureq puE Uo1IROX
pue sioop ‘Surjoured Ay IIm
‘Suniooy “sisod pue pasersosse sjoedun
suIeaq Se yons S[eLsjeul {S[eusjewr Suonpa1 Aqazoqy
‘syuswraanbai paSeajes Jopisuo) Surpping ‘31SBM 99NpaI
anaysse ‘s1o1jddns ‘s[eudjewr | mau 03 paredwod 0) pue s[eLdjew
pue [euonoury Teusarew [enusjod 3uwpping Jo %01 UM ‘q[eay 03 ur3mna 1oj
‘fermonns ayy Yo1essal pue udisap jse9) Je Joy sSurysmwmy [JuLIey JU3U0D pUBWSP 32Npal 0} ‘(%01)
sayysnes 3 J1 d|qissod Buipjing oyu1 sjeIseW pue sjonpoud ‘sjeuajews DOA SS9 2Aey Iapio u sjonpoxd :asnal
IOASIOYM S[RLISJRW paSeajes ajeiodioour pasnai 1o paysiqnyal Kew sfeL1ajewt ‘1932 pue s[eLajew 20.MOsaYy
padefes AJ1oads o 01 sonunuoddo Aynuapy ‘poeafes s o Buipjing posnoy | p[eay 10211P ON Suiping asnay | :z'g WPaID
“SUIdY JANRIOIIP "$92IN0S31 UISTA
pUR JOoLIq ‘aImjiumy Jo Suissasord
pue Anouiqed ‘soures pue uonIRNXd
pue sioop ‘Surjaued AP PIm
‘guuiooy ‘sisod pue paserdosse sjoedun
Sureaq se yons s[eLajew (S[euaew Suronpai Aqazo
‘syuowannbal paSeajes 1apisuo) Suippinq ‘9)seM 2oNpal
anaysoe ‘s1o1jddns mau 03 paredwod 0} pue s[euajew
pue [euonduUny Teusrew [enuajod | -sjeuajew Suip(ing Jo 94G uayM ‘|[eay 0} wSnA 10§
‘[egongs ap yo1easal pue uisap 1se9] I8 10j SSurystwumy [nJuLrey Juaju0d puBRWap 29npal 0} (%)
sayysies 31 J1 ajqissod Suipjing oju1 sjeLIseW pue sonpoud ‘sjeLiajeur DOA SS9] 2AeyY Iapio u syonpoid :asnal
I9AQIOYM S[ELIIEW paSeajes aresodioour Pasnal 10 paysiqInjal Kew s[eusjew ‘193§2 pUE s[eLajew 20.MOSaYy
padeajes Aj10odg o 01 saniunpioddo Aynuapy ‘podeAes as) « 3ulp[ing pasnay | P{eY 192.1p ON 3urpiing asnay | "¢ Wpa1)
‘SfeLjew
pareudisap ayy djpuey
0} SI9[9K031 pue sIsfney
"9)SBM SS9 3jeIousd uonINISU0d AJNuap]
181 spoyiou *ss3501d uononnsuod

174



"sune|) Sunare

[eusuruonAuyg
JO 3s() 9y 10] sapIno)
‘JUAWNI0P UOISSIUIWO))
dped] [eiapa]
‘pafreIsut 911 M 3duEpIOdIE Ul
S[eLIajew JUSUOd | PAULJaPp 3q [[eYS S[eLIajew ‘s[eLIajew
P3[24d31 Jo a3eyuasrad JU3IU0D PI[IAIAY uSnA mau
12103 a3 AJi3uenb pue ‘199fo1d ap .ﬁ Jo Suissasoud pue
PI[[eISUl SIe S[eLIajew Ul S[eLIajew 3y} JO an[eA {STeuaew uondenXs Woy
U303 pajohdal [8101 93 JO 9,01 1589 Suipping Sunynsar syoedun
‘sjuowannbai paytoads a3 1y amsus 18 S3IMIISUOD JU3U0D | MU 03 paredwiod Suronpai aioja191) ‘(feLnsnput
J1jaYIsoe pue ‘uononnsuod SuLm(y o ewnsnpui-jsod ay uayMm “Yesy o) ‘s[eLIajeur -1sod g/
[euondUN ‘[eINIonns ‘[e08 SIYy) SAIYOR UeD Jo Jrey-auo snjd jusjuod [NJuLRY JURU0D JUIUOI PI[IA331 | + JOWINSUOD
o saysiyes il e s1o1]ddns [euoreW Pa[94531 I3WINSUOD DOA SS9 2Aey eiodioowm -1s0d) 9401
J1 91qissod JaAazoym AJnuap! pue s[eLIsjeW -1sod yo wns a3 e Keur s[eLIyeW e sponpoid BLIE (5]
S[eLIjeW JUNUOD JUSIUOD PI[IAI31 10 Yons JUIUOD pI[9£331 Surpingq ‘19339 Swpying 10§ Po[242y
Po[94Ad21 AJ10adS o  [e0T 100f01d € ysijquisq o )M S[eLIJRW OS] o PO[A29Y | UIBIYIOMPON | PpuUBWIAP ISBAIOU] Ty apaI)
p.Cto.
91 ‘sumre]) JunayreN
[RusuIuonAUyg
Jo asn) ay 10] sapinn
“QUOINOOP UOISSIWWO))
Spei] [eddpa]
‘paj[eIsut Y3 YIIM 3OUBPIOIIE Ul
S[eLIdJeW JUNUOD | PIUYIP 3q [[eYS S[eLIajew ‘s[elsajew
Pa[24931 Jo a3ejudorad JUIUOD PI[IAIY o urdnA mau
12103 a3 AJi3uenb pue ‘193(0ad ap Jo Suissacoud pue
PI][eIsul aIe S[eLIajew Ul S[eLIaJewW 31 JO anjeA {S[euajew uondRNX? WOy
JUAUOD PI[IAI3l [8101 343 JO 9,6 1se9| Suiping Sunynsas syoedun
‘syuswannbai pay1oads a3 Jey} amsua 18 S9IMIISU0D JUNU0D | Mmau 03 paredwod Suronpai a10ja19p ‘(feLnsnput
J1jaAsIe pue ‘uononnsuod SuLmg « [ewsnpuri-jsod oy usym “|yesy o) ‘sjeLIsew -3sod Z/1
[euonduUNy ‘[eImonns *[e03 SIy) 2A3TYoR UBD Jo Jrey-suo snid jusjuod [juLey JU3U0D JUYUO0D PI[IA2AI | + JOUMSUOD
) saysnes U e sso1jddns jeLisrewr Pa194931 JoUMSUO0D DOA SS9] 9Aey srelodioour -150d) 9,6
J1 9[qissod IaAa1aym AJniuapi pue s[eLIjew -1s0d Jo wms ay jep Kew s[eLIaew 18 sponpoad :JUUO0D
S[eLIajeW JUUOD JUUOD PIJIAIal 10§ Yons Judu0d pajILkoal Suipping ‘1999 Suipping 10j pa1okaay
pa[dAda1 Ay1dadg o  [e03 300foud & ysijqersy o [IM S[eLIew 35() o Pa[oAo9y [ Wy wampON | puewIsp asBaIOU] 'y wpa1)

175



‘sjuswannbai ons S[LIJEW I3PISU0D) o  JO INjeA [B10) 34} JO %G JyIfeay aye Aq sjeLajew
o1aIs3e pue ‘[e0o3 | 1oj (191I0YsS 10 394D 1B Ued JBY) JUNUO0D S[qemaual
[euondUNy ‘fRINONAS SIT} 9AIYOR URD Jerpy -U3) B UIPIM PaJSIATRYy DOA Y31y aaey 91942-3uo]
a1 sayysies I s1a1jddns pue sjeuajew K[eo1d4s axe jey syuerd Kew s[euajew puE s[eLajew s[eLIaeN
J191q1ssod JoAaroym KJnuapi pue sjerIazew wox apew) sjonpoid Surpping MeIIUYy |  3[qemaudy
S[eLISJBI J]qeMIUdI ajqemauai Ajpides oy pue s[euajew Juipjinq J|qemaual ‘03ya |  jo uonsjdap pue Apidey
Ajpides £j1oodg o [0S 102f0ad e ysijqeisg o  9]qemaual A[pides as) Apide1 3sopy | PRy 1091p ON asn 3y} oNpay 19 NpaI)
‘uoneuodsuen
woyg
Sunynsau sypoeduar
‘pa[[eIsul S[eLIajew ‘s JEIUSUWUOIIAUS
[es0}] jo a8ejuadiad [e103 13fod ayp jo saqru 0Os a3 Suronpas pue
sy Aynuenb pue pajjeisut urqim (pamyoejnuew Awouos3 [euoifas
aIe s[elId)eW [B20] SE [[9M SB) PaIJA0dal oy Surioddns
pay19ads ay3 Jey amsud 10 PaISIAIRY ‘PIIOBNXD Kqazoyy
‘uononnsuod SuLmn(g « are jey sponpoad ‘uorBaz oy unm | “(Aq[euoidai
‘[eo8 s1y3 aAdIYoR pue sfeLajew Surpjing pamjoejnuew p
ued e s1orjddns J0 94,06 JO wnunuTw pue pajoenxa | amyoejnuew
[elIajel pue s[eLajeu B 3sn ‘' upa1) are jey sponpoid %0S)
AJnuap!l pue s[eLajRW YN 10} pajuaUMOOp pue s[eLIsjew ‘s[erajew
paaumos A[jed0] 10} S[eLI3jeW paJnjoRJnURW 19339 jeay ‘199139 Suipjing Joj Teuoi13ay
"ouoN|  [e03 133(0ad e ystjqelsg Afjeuo3a1 ay1 JO 102MpUl ON | YI[eay }03Np ON | PUBWSp 3sealdu] [ :Z'g NpaI)
‘uonjeyodsuen
woyg
Sunynsai spoedun
‘pa[[eISul S[eLIajRW [EIUSWUOIIAUD
J820] Jo 3a8eyuaiad [B10) ayy Suronpai pue
ay Aynuenb pue pajjeisur Awouo0d3 [euoidal
AIe s[eLIsjeU [830] o Sutpoddns
pay1sads ay3 Jey) amsud Kqalop
‘uononnsuod SuLm(g ‘uo13a1 g urm | “(AjreuorBas
‘[eo3 sy aAsmyor ‘so[Iw pamyorjnuew p
ued jey) sia1jddns 00S JO snipeJ & uigim pue pajoRnXd | aumjoejnuew
[euUdjew pue s[eudjewr | AjjeuoiSar pamjdejnuews are yey syonpoxd %00)
AJiuapl pue sjeLeWw are ey sponpoid PUR S[eLIjRW :s[euaew
Paomos Ajjedo] 10§ | pue s[eLIaews Sulp[ing Jo ‘199139 Y)[eay 19339 Suiping 1oy Teuo1day
"auoN|  [e03 100foxd e ysi[qeisq &  %0T JO WNWIUIW € 35() JOSNPUI ON |  U3[eay 30JIp ON |  pUBWIIp 3sealou] (s upalp

176



"SI9LLIeq UBLnsapad

PUE 3JOM ULIOJ

91210U09 ‘SuroRIq SB Yons
suopesijdde uononnsuos

Kreiodwa) pajuasuou
pue ‘s3urysiuwmy ‘saysiuy
‘pajjeisut sponpoid ‘uuooy ‘Suturey
POOM PaLJILIAD DS JeuoISUSWIP [eIUS3
Jo a8ejusoiad [10 oyp | pue Swwey [ermongs ‘o)
Aynuenb pue pajjeisur are | payrui jou ynq ‘Fwpnjour
sjonpold poom payiLIad syusuodwod Suipjing
-OS4 3y jeyy amsus Poom 10 ‘BULD
‘uononnsuod Suun( o pue s3diduld s, j1ouno)
-a1qissod ‘[0 s1y) aAaIyde diyspremass 15310,
JaAaleym spnpoid ued jey s1a1ddns S} YIIM 30URPIOIIE ‘Juswofeuew
PUE s[eLISjew Aynuapi pue sponpord | u1 pay1uad ‘sponpoid pue 15310j 3[qIsuodsal ‘POOM
paseq poom payIuad POOM PalJILaI-)S] J0] | S[eLIajeur paseq-poom jo 19332 yijeay 10339 A[[RuswIuoIAUD payIa)
OSd Aj1oads o  [205 109f0id B ySIQRIST o  %0S JO WNWIUIW B 3S() = 10211pUl ON |  [p[eaY 393.1p ON a8emooduy 3L Npa1)
‘paj{eisul aIe s[elajeuw
a|qemauau A[pides
payioads ayy jetp amsud
‘uononnsuod Jum(qg o
‘SISO
pue Aouiqes sseidjeaym
‘preoq pads Jamopjuns
‘gSO rejdod ‘Suuiooyy
umajout| ‘uoemnsur ‘Sfelsjew
11eq UONOD ‘pIEOq ‘193foxd a[qemaual
mexns ‘sjadred joom oy} w1 pasn syonpoad Apider qam
‘3unioopy ooqureq se | pue s[eusjew Juip[ing [e way Suroejdas

177



10J SAYRWIL ITY o ~8°9) sasned
(L661 umouwy s
SLV) saystuy Jouajul $103133 ONWNsAs
oy pue adojoAud pue d1x0}
2y} 10J S[eUSRW pue ‘sassauj|t
Sumiws-mo| o Kioyendsa
‘sjuowasinbai Jre ‘ewyise
JOOPINO Y} dUBYUD pue sa1319[fe Jo
0} seare adeospue] « swoydwAs apnpout
‘padojaaap $3109)J3 reay
s1 ssew 3uip[inq 1RO "3s8ISIP
3} SB UOIIRIIPISUOD Sarreuuoida]
JOJ 9nss! Ue sB pue spruownaud
POIUSP! St SaNEIUL Jre AuanisussiodAy
pue s3uruado Suipjing Suipnjou saseasip
0} 9A1JB]2I SBIE dljjen J0 195 JuaIYIp
Y31y pue seaIe ss3008 B 0] SI9JaI SSUY[L
3[01Y9A ‘seare Junyred poweas-3uipping,
JO uones0] Y], = ‘swoydwiAs
‘u9yeuapun oq Aew JO uonoa[j0d
SJUBUIUIRIUOD [0S 10J snp jo souspeaard
3umsa) pue uonenBA $S90X9 9} 03
asn puej SNoIAdl] o SI9Ja1 QwWOoIpuAs .
(1002 3uipjing siuednooo
JVHHSV) saunpaoosd IS, "S3ySEs ay jo 3utaq
9ouBRUUIRW pure uoneILLI unyjs IaMm pue Uojwod
aAnuaaaid *$921N0S *2Mmpadold pue sswoidwAs | ay3 03 SumnqLnuod
Jo uonrmuswddw] o juRUIWEIUOD WOy )y UOLIR[IIUIA Kioyendsai saddn sny ‘s3uipying
"paruswdjdun Keme sayeul 21k 318O0] a3 Suisn epusppy ‘A3reya| pue ur swojqosd
9 03 BUIIOISSIUIWOD | g gy1s oYy U0 swojqoid paaoidde pue ‘Auend an3ye} ‘SA4oEpsay | Lyjenb e Joopur
swarss wse__zm 1 Oviienusod Ajuuop] f Ay Joopu] 9jqeidssoy -uongLLL Jo juowdojaAap
e ‘pIepuels 10J UONB[NIUIA ‘6661 _feonp pue ayy Juaaaxd ]
DV AH JO soueusjurew i asou ‘943 apnjoul od | ouewmiows
pue uoressdo Ppadualdjal 3y Jo 9 AVIHSY prepuels JUSWUONIAUD 0} 30UBULIOLL J13d
‘Buoissiunuoo |  SIUSWAMNNDII UOHE[NUA SNSU3sU0D AIejunjoA Jooput (OVD) Anjenb e ovI
" uonejEsul a3 199U 0} WASAS Jo syuowianmbai 1933 ey Qim poeroosse | JOOpUI WInWwiw | WU
‘udisap Jodold « OVAH 2y udisaq o UWmuIiuiu 3y 199]A o j3aaput oN S199J9 Yi[esH o ystiqeisg 11 "basaid

Ajpeng) [eyudwIuoIIAug I00pu]

178



-03-399p ajqeauntadun
qum pasojoud ‘Suipjing
3 jo vare Sunjous-uou
oy 03 Jre Sutureuod-S 1L
JO UONB[NIIIIAI OU YIIM
SI00PINO 3} 0} PAISNEYX
Appoaqip 2q jsnux wioosx
Sunjows ay) ‘@murTuIw
1Y "3uip[ing 3y woy

TB[NOSBAOIPIED 91}
UO S199]J9 9AeH o

PIIYd woqun 3y

uwrey Jo swajqoid

aAnonpoidal
IsnNe) o

swiajqoad

Kiojendsas

ut Sunnsas ‘sdunj

3y} 01 pue sIKd

*SBaIe/Su00] o3 03 Sunenu] o
Sunjows pajeudisap m._.m dAowal pue amideo m_____umzco.._oocunw r
ay ur pakojduro UIBIu0d A[2A13091)2 0} 2002
2q 03 amssaid aA1e3ou paudisap woo Junjows Te 39 W3um[ry)
PUR ISTIBYXS/UOIRIUIA pajeudisap e 3uipiaoid aqued S13
seredss woy Juisure R (0 ut Juasaid aq 0y
sonss1 uoreISauI ‘smopuim umouy S[esIway)
swaysAs 3uipjing s|qesado pue soLqus woy "aseyd Jodea pue
‘Seare Keme seare Sunjowrs 1oyew Jpgnonred (S1LY)
Bunjous voﬁo_ﬂ_mov “swasKs pajeusisap Jouaixa Aue _Josisisuod m%.m ayowg 0398q0 L.
m%cﬂ.hﬁﬁ__zuaﬂ:“ w“h uone[IIuUdA pajejost | Suneoso] pue Suipjing 3y Hmﬂ:ﬂwﬂ: [BuswuonAug [onuo)
SUDJOWS JOLIAIX3 10 Pim swool Sunjows u1 Sunjows Suniqiyoid = -pu02as pay[e 0) SwaysAs ayows
Suiping o ur swool ajeredos apirold o ME1)E] osye s1(S19) pue sjuednaso 038q0} [¥)
Suiyows poreusisop "3uiping Aq S13 03 s1axjous 19313 ey ayows 0598q0} 3wip[inq jo | uswLONAUY
10 UOISIAOI] a3 ut Sunjows 3qIyoid o -uou jo amsodxa 0137 1021pur ON feswuoniaug  2Isodxa JusAalg :¢ ‘barayg
(100 IVYHSY)
“HOJWod
pue yiresy
‘ymoI3 ‘SJUSWIUOIIAUD
[BIQOIOIW P3JBIOOSSE Joopui aaoidun
pue dnpjinq snisiow Apueoyrugis
01 parejas swadjqod PInod saonoead
PIOAR 0} SWANSAS pue sar3ojouyo}
adojaaus pue HYAH ‘a8psmouy
Jo uonei3aut 13doid Ajrend 1y
(500 NYSA) Joopuj d[qe(reae
3uiping jo pus reas pue padueApe JO
a3 e 10 s312ans Asnq uoneuowsdwy
woy Aeme pajedso| *(8utuosiod
2q 0] UOHEINUIA JpIXOUOW UOGIEd

179



wed wdd 000001
uey 193213
SUOIJBRRUIIUOD
“UorIOSIp [ensia
pue LoJWIodsIp
‘Apiqein
‘UOLIBIUSLIOSIP
‘SSQUSSI[ISa1
“Buneams
‘ssaulzzip
‘9yoepeay

IsnBd UBd 70D
JO suonenuaduod

‘q xtpuaddy BY3iH

‘100Z-79 AVIHSY “(uojwoodsip

00T M 30UBpIOIIL [e10us3) wsAs

u39y) Ire JoopIno 0} a1 Asuednaoo Jo sadKy SNOAISU [eNUD

Tejiulis S[9A3] IpIXOIp [[e 10 [eRUAIYIP ZOD 3 Jo uorssaidop

uoqJes Jooput urejurews ay) 03 19J3Y] ‘syudunsnipe Aq pamojjoj

01 s® 0s (ssodurep) ‘(sve) wasks |  feuonresado spioye yey UOKEILIX3 ISED "8utaq [[om pue
wasks DVAH yim uonewojne Surpping L0} & T 3oueuLIOyIad v.M .._o_«wce Hojwod Juedndo
siosuas M.Wem e 9y} IM SIOSU3S Sy} uone[IUAA 3oeds 100 mwo.__swoh uwia)-3uoj ureisns | SuLioyuUOW
3 =M_3anum~ Mo—ohzwwm 91BI39)U1 PUE SIOSUIS uo }oeqpaaj sapiaoid o%“om aA0qE diay 03 Suuiojuow (zoD)
u1 pojfeIsut oq Suuouow apixoIp 1o wsAs Suuoyuowr SUORRNUOU0D VD Anjenb apixoiq
0} s10su3s Suuojuow UOoqIeRd YIIM WI)SAS (200) aprxoip uoqres 1999 ey SpIXOIp UogIed Ite looput 10y uoqren
SpIXOIp Uoqre)) DOVAH 3y uSisaqg o jusueunad e [[eisu] o 19311pul ON ojamsodxg « Aoeded apiaolg 1 Npar)
'L661
-6C1 prepuelS JVYHSV

3 Ut paqLIISap (+00Z vdd

se spoypow Sunysay sed S() suondayuj

Jooen Suisn £q payusA Tea pue (SQIS)

3q [jeys swool Suryous JwoIpuAs yreap

Y3 JO 2OUBULIONS] o Juegul usppns

*(98ne3 191eM JO d._mﬂa_au_.”w._a

$9YOUT £0°0) Vd L I5e3] I8 " eanpss

Jo saseds Surpunoims o 01 21qndaosns

qim paredwos amssaid I8 JUSWUOSIAUD

aAtre3au e je pojesado S13 W uopy) o
pue suoniured yoop “waysAs

180



“sa13arens

UOIB[IIUIA ALY
Jo uondopy o

*SSOUIANIAYD

a8ueyd

xe Surziumdo

J0J uoneI3aUl

(uswdmbs DVAH

Jo Suizis yy3u)
adojaAug - OVAH o

‘UonBIIUAA AJ190[9A-MO]

‘uone[NUAA Juswase|dsip

Suipnjour sa13ajens

UOLIB[IIUIA JO AJoLIRA

© Suisn paziumdo aq ues
SS9UIAIIR)J9 s3ueyd NV o

*SSOUAIIAYY a8ueyd

Jre aziumdo 03 adojaAus

Suip[inqg pue wajsAs
OVAH 2y udiseQq «

PAIB[IUAA AjjeInieu 10 o
'L661-6C1
FVYHSY £q pautuwiajop
se ¢'( 0} [enba
Jo wetp 1ajeas3 (oey)
SSOUIAD3}J9 aFueyd Jie
ue Ul 3[NSaI Jey) SWAsAs
uone[uaA ugisap
‘s3uIp[inq pajeudA
K|[esiueyosu 10 o

199133 ey

R211put ON

{(ssoupai

unys) ewakin
‘uoyEILLI JROI)
PUR 3sou ‘943
:Sumoyo oy

Aq pazuaoereyd
s1 pue s3uip[inq
ut Louednadso
UM pTeIdOoSSe S1
(sgS) swoipuks

Buip|ing YOI

‘sjuednooo
3upying jo 3waq
-[I9M pue L0Jwod

‘K1ayes ap poddns

0} ITe 4sax

Jo Suixiw pue
KISAT[9p AT
ay 10j IpIAOI]

s
SOUIAIOYT
UOLIB[IUIA
:TNpa1p

(%002

u9y]) S|oA9)]

aJes padoxa os[e
syuenjjod Jayio
Tey) paumnsse St 3
‘wdd ppo1 posdxe
S[9A3] TOO UdYM
"Kenb ire sooput
0} JOJedIpUI UB SB
palojiuows st ZOD
“JUSUIUOSIAUD
3uipiinq

prepuels 8

Ul 90ULLINDJ0 ARl
® 218 S[9AJ] 9531
ng ‘sanupw
Sijopounde

10y wdd 0000'0€<
pue pouad

swy papusixs ue
Joy wdd gpQ‘s<

s1 VHSO 4q
POUININO SB S[IAI]
70D snosadueq
"(L661 SHODD)
3BIP UIAD pue
SSOUSNOIISUOIUN
“Bunrwoa

‘easneu “Juiredy
paaredun asneo

181



“Suruorssturuod
swasAs urpjing

"UOIIONISUOD
Jaye 3uip[inq

Y} JO SSAUIANIIY
a8ueyo ;e oy 39,
‘smopuim djqeredo

pure ‘AI3A1[9p 100]] Jedu
10 00} J9pun se yons
uonemuaA mop-3nid

‘Kouwednaoo

JO smoy Jo 9,66 Isea] 38
J0J MO[J JIE JO UOIIIIIP
ay) Ul BaIR SUOZ JO WOOI
a1 JO 9,06 Uel ss3| J0U
S9AJOAUI Jey} waned mopy
Jeuture| pue uonnqLystp
®© Jjensuowsp saoeds

0} dn ‘uosyod
12d [-577 01 2A0qe
9181 UOHB[IUSA
ut S3sBIIOUI
ey} MOYS SAIprys
19710 dWog
‘sawoxno Arenb
Ire paarosad
10 I[eay dI0W IO
Juo ut Jurussiom
jueogiudis
PIm pateloosse
a1om uosiad
1ad [T 01 MO[3q
S)RI UONIB[IIUIA
eyl Moys s3pmg
‘suondaoiad 1o
predy  syrednaso
sy Ayipows
Ueo ‘wm ul ey
SUOTJBRRUIOUOD
wenjjod
are 3uipnjout
SuOnIPu0d
[BIUSWIUOIIAUD
Jooput spoye
UOIIR[NIUA JO el
Y] "dwoIpuAs
3uipjing yois
JO sasned 2 Jo
9UO St UOIIR[IIUSA
arenbopeuy
“3uipesiq
u Anogip pue
‘UOBNUIIUOD
u Qnougip
‘ssourzzip
pue Basneu
‘AnanisuasiadLy
ayioadsuou
‘3ydepey

182



‘sfewaew dandiosqe '6661-C°CS AVIHSY a1 18 ey
JO UOIIRUIUIBIUOD PIOAE Aq pautuna)ap se s are suonnesaid
03 se os 2ouanbos u JIe wnjai yoea je pasn 9]qeuoseal ssajun
Olje[[eIsul/uolONISU0d aq isnut § Jo (AMANW) S1242 Predy
2INpaYOS o anfeA Supodoy aAne3su jo s8ues
(8661 Aduarolyg wnunuIpy © yuonbosqns
Uyan3{) UORoNLISU0D ® IIM BIpow uonenjy pue sjuesnjjod
Buunp sased pue S : 959} JO S[IAI]
saporured JueUIUEIUOD ‘uononnsuod SuLmp pasn yBiy 01 pasodxd
pa1oadsns 10§ mopjIre 3q isnu sI3[puey Jie J 3q ueo Ansnput
ISNBYXS pUR UOHB[IIUIA "a3eurep a1 U SIOM
Jojuow pue 1s3], « amjsiow wog s[eLsew "S|0S0138
*apIsino padreyosip aandiosqe pajjeisut JelqoIdTW pue
Ire Aue 13|y pue 10 3)1S-UO PaJ0)s 1991014 soponsed ‘siodea
seare x._ohw u1 aunssaud -s3urpping apnjoul saniAne
aAne3ou aplaol] o . UOMINNSU0D
vorrenjy preoqjrem paidnaoQ Joj aurjapinD £q poresouss
wnsdA3 pue ajn 3utjrad OVI (VNOVIAS)
aenbope um SJUBUTUIR}UOD
SOYEIUI 178 AJIPON = ‘Sunadres ‘uonensui se UONBIDOSSY SI0JOBR[UOD) 1T Joopu] ‘sjuednado
soyeym are | YOS s[eLojew aandiosqe [euoneN Sutuonipuo) “paraye Suipjinq
WoIj pue Seare ssadoe Jo uoneurweuod Iy pue [N Kjasiaape pue sIa3Iom
Suipjing sy) woy PIOAR 03 S[eLIjewW Jo | 399YS 9y Jo sayoroaddy s1 uiping oy uonONOSU0d
Keme pajedo] aq pjnoys | uone[eIsul Y duanbag u31s3(J papuaUIWIOd] Jo (Ov1) Anenb Jo Suraq
wawdinbo parejas ‘skemuyped 3y} padoxa 1o 118 JOOPU! 3} PUB | _[[om PUE LIOJWOD (
uoponasuod NS o yoneurwrejuod ydnusjur | 32aw uolONLSUOd JuLmg sim00 syueInfjod ay uteisns | UOONJSUOD
"uorRIauS3 pue s35mos jueinjjod :SMO[[0} se Suipjing PUE SJUBUIUIEIUOD djay 03 19p10 Suumq)
JUBRUIWEBIUOD [BUWIIUIW . JO aseojal a1oym ]
|0NUO0d ‘UOI3ONISUOD ay Jo saseyd Aouednaso i ss3%01d uoneA ‘uejd )
Yim sfeustew AJ10odg o suoienis Jo agues
-aseyd SuLmp wasAs -a1d pue uonINNSUOD apim © jussasd OUQJ/UOIONOSUOD | UdWFeuR|y
UOHINASUOD 31 0} OVAH 3y 193101d | a1 Joj Ueld JudwroSeuejy Kew spofoad | AW WO Sunnsas Oovl
Joud uonEdIUNWWIOd 03 uejd juowsBewew | (OVI) Anfend) Ny Joopuj "1991J9 yifeay UOIRAOUSI swajqoad Anfenb | wononnsuo)
pue Sutuue|d ayenbopy o Ovi ueidopy « uejuowajdun pue dojaas(y 102.1pul ON | pue uondnnsuo) « JIB JOOPUT JUIAIL] HE%!::1)
(6661 uaueddag)
swoydwAs SgS
Jo 9oudeAad
3y} U1 SISBIIOIP
yueoyiuBis
YN s
P2IBIJOSSE 2I9M
‘vossad 1od [-s7

07 A1oreunrxoxdde

183



JU2)SISU0d 3mpad0oid ® juonbasqns
Sunsay L1penb are soopur pue siueniod
3591} JO S[IAI]
auljaseq e Jonpuo) o Y31y 03 pasodxd
(0, 3q ued Ansnput
e ) Ul SIUOA o
apisino Juissasoid Ajsjos *S|0S0198
"uoHONISUOD ][ o s19)jy ayp 1daaxa ‘erpaw [e1qoIoTW pue
‘sfeuorew 9andiosqe uoneniy €1 AYIN soporured ‘siodea
JO UOTJBUTUIRIUOD PlOAB M3U IIM BIPW UOHERN[Y apnpoul sa1ANOR
03 se os ouanbas u aup aoejdal 4no ysny uonoONNSuUod
OlB|[eISUL/UORONNSUOD oY 9Py “NiE PISINO Aq paresousd
9INpaYdS = : SJUBUTUIBIUOD
318 SPISING %001 %001 e BIpaW uonen|y 1T J00pu] ‘syuednaso
M 3no ysnyj Surpping €1 (AYT) an[eA ‘ps1aye Suipjing
F9OM-OM] ULIOJIO] Sutuoday Aouaroiyg AJas19Ape pue S19I0m
‘Asuednaoo WINWITUT]AL M3U YIm s1 3uip[ing oy uonoNnsuod
03 Joud s[eLSIEW no ysnyj Suipjing joom Jo (D) Aienb Jo3uaq
Joyio pue saAlsIype -OM) WNWITUIW € }9npuod 16 JOOpUl 3} pUB | -[[aM pUR LOJWOD
siadres ‘sjured Kouednoo0 03 Joud pue $1n%00 syreinjjod ayy weisns | (AouednooQ
=no= u_“woosw w..._mw”w SPUS UOHONISUOD JOPY o v:.w N””ﬂ“.wucom djay 03 Jop10 a10jog)
1no a7enbape 3| mmﬂooﬁu m - ‘Surpinq oy :SMO[[O} m._.w :aa_m_._o owue w1 ssaooxd uonea ueld }
Suuoissiuwon | U SIPAS] JUBUTUIEIUOD A1) se aseyd Asuednoso-aid pumeussaid | OUSH/UOHONLSUOD uowoSeuey
swsAs m..._v__sn 1591 JO Ino ysnj Suipjinq | A Joj uejd JuSWITeUR Kew spofoid | 94 woym Sunynsas OVl
ay) w1 Suuojuow yoam-om) v uuopad | (OvI) Anjend Ny Joopuy ‘19942 qijeay uonEAOUSI swojqoad Afenb | uonosnnsuo)
OVI 2pnpou] = ‘Kouednooo o) Joud « e juswa(du pue dojaaacy 1o0pu ON | pue uononnsuo) « JIB JOOPUI JUSAI T ENpaId
(8661
uyonyy) udds
‘uondnnsuod 2q ueo sjuednodo
JO pua ay3 je pajjeisut o) Suoure
BIpaul 10} 6661-C°CS 1532 ey
FVYHSYV £q pauruwiaiop assape ‘Buip(ing
se ‘g1 30 (AYFIW) porsAgual 8
aneA Supodoy Jo seare M.E:ooc
Kduatoyyg umuwiru 1o vo.._“__w._“w
B 9AEY [[BYS BIpaW Juoe(pe senouad
uonen[i ‘Aouednsdso 0} ’ sunjjod
Joud Ajajerpourull erpaw 950y 95BO U] o
"UOIONIISUOD LIf uoyeny [re aoejdoy L -y Burpping

184




.388 Aj[eryne, “urys pasodxa
01 S1 1N0-9%eq JO uonRWIWRFUL
Burpping e jo ssodmd - uonen
9y "ssao0ad 3no-axyeq res13ojoisAyd
Suipping yuswjdwy ‘1S 3y apnjdul $19919
‘spnpoxd ‘g uonenay JoLIsIq yifeay aAnesou
9saup Jo uonwoydde wowaSeuepy Liend) oreipaui] «
Jaye pue JuLmp : siurejdwod
parddns st uone[nusA ny eary Aeg o jo reay yrednaoso
WINWIXEW Tt amsug sjuswannbai oy pasaxa POSEaIoUT (LM
SDOA JO 193 Isnut SId[[Y POIBIDOSSE UIYO
Bunrewn 10 91%0) SB pasn Sjue[eas [[V 4 218 SO A Jooput ‘sjuednodso pue
JO Jud1U0o J|qissod ANV Jo suonenuaouod | sia[reisut Jo Sutaq
1SOMO] 3} dArYy *passaippe 891 1# 9Ny paseandUl | -fjam pue UOJuOd
SaAISIYPE 181 2nbay aIe sjue[ess pue (AQWOVIS) puIsia rqpauodas | oy o) [nyuwrey
S—— :uavo_w.w SOAISIUPE JI9YM UOIIAS Juaurageueiy Aend) ney &ozﬂwb%w 1 jopue Suneun | (swuepess
wonodimo K3 0weysTes yoea Ul pajess A[1es[d are | Iy ISe0D) INOS JO S| spunodmos | Aenuajod | saArsaypy)
10} Aessa0ou S[eLIEW spu| DOA 18yl 2InSug o JUU0D DOA JUILIMD AP owdio opejoa | SNOIOPO e jerp ‘S[eLIIRN
25913 JO SJUNOUrE *SjuAUINIOP uey) ss9] 9q Jsnwi pasn o sywepess | SIUEUTWEIUOD e Sumwuyg
wnwiuiw ay Kjuo uonoNgsuod ul sjeLrjewt Sjue[eas pue SIAIsdype 1931J9 yijeay 2 SOAISaYpe looput jo b—aﬂgU =m0
Jo uoneoijdde Aj10ods DOA-M0T] AJ1dadg o 30O u3u0d DOA UL = Jo.1put ON PAI[BISUl A|MIN o U3 Np3ay 'y WpaL)
(8661
uyany) usss
3q ued sjuednaoo
oy} Suoure
$1931J9 ey
as1aape ‘Buipjing
pateAOUaI B
Jo seare paidnaoo
Syr10 Jo s3upjing
uonoag ‘sndure) yred patdnaoo
9[SuBuL] yoreasay sy uadelpe aenausd
10 ‘sfeusiey pue OVI sireinjjod
aurjaseq ‘syuswannbay sy ssex U] -
"ans 3uipqing
[eluswuonAug o 18 UINE
10 [090}014 JUaLmMd are suonneoaud
s Aoualy uonssnold S]qeuOSEaI SSo[uN
[ejudwuoIAUY 19913 Qiesy

SOIEIS PANUN S YiM

aanedsu jo s3ues

185



[~ Buipping ® Jo ssodimd ‘sjurejdwod
ay] ‘ssao0ad no-ayeq yieay suednaoo
Surpjing juswdpdwi] « paseaIdUl Yiim
‘syured jo uonedsijdde PAIBIDOSSE USYO
19y pue Suunp are sDOA looput ‘sjuednoso pue
porjddns st uonenuaa Jo suonenuaduod | sIgqeisul Jo Suiaq
wnwrxeul jelyy aInsuy o PIsEAIUl | -[[om puEB LOJWOd
SOOA “passaIppe ‘sjuswannbas 'y pauodal | o o) nyuwrey
Nﬂwaozb_ﬂmh_xe .wo are syured a1oym uoN9S 11-SD prepueis SABY SIPYOIEISIY 4 jopue  Suneyun (s3uneo)
N os_u»a,_ mwucwnoh yoea Ul pajess A|esd are $,[89S UI3IN JO syu| %§M.ww~»w A[renuaod % swured)
 swred g ou_.._vom J  SHWi DOA ey amsuy o jusuodwod [esrwayd s1esio ‘SnOJOpO IR ey ‘S[elIdeN
s100pu1 *SJUSWNI0P UOIIONASUOD PuR DOA ) p33dX9 J0U o[mE[oA e | SIUBUIUIEIUOD  XTe Sumug
syured paseq-JudA[0s ut sSurjeos pue | 3snw sSuneod pue syured 10339 Y[edY | sSuneoo @ sured | Jooput jJo Aynuenb -MO0’]
Jo asn oy aziunuiy o SiuTed JOA-MOT AJ192dS o uwlog Suoissiwl HOA « jd3.1put ON poj[esul A|MoN o U3 Np3yY Ty upap
(9661
SHUBAJ[Y) SI091J2
s1ud3ourored
Ppue S191J2
sAnonpoadas
‘sassau||1
(9661 Aorendsas
SIURAS[Y) ssadc01d J1U0IYd 1910
ay jo uonsjdwos ‘|wIyise Jo ysu
JoYe UONE[IUIA Ipnpoul ‘S19Y>
a1qissod wnwrxew sy pake|dq s
ay ym 3uipping *SSaUISMOIP
a3 no Suiysny pue ‘aydepeay
puR ‘UOHIR[IIUIA ‘amjerodway
JO Junoure paxy unys ut
® 3uikjddns apiym sa8ueyd ‘sanssn
4201 pue J56 U3IMIQ pasodxa ur
01 3uip|ing pajapowy s3uoy 3uy3un
10 pa1dNNSU0d Jo “‘Buiyon
Kmau ‘pardnadsoun “Bui8uns ‘osou
ue Jo arngesadway Kuuru 5343 a1 Jo
) 3uneAd|d SIAJOAUL Suires; - reonwoyd
3] 'SIUIAJOS [BNPISA JO paA1adiad o
suojssTws Juneiajaooe 0} SUOIIOBAI SSANS
Aq s1onpoud pue - sauRIqUIdW
pue sjeuasewt 3urp[ing snoonw pue ‘saka

186



"uone|eisut are suialsAs 3adres ‘wrer3ou1g 1S9 %::MWWR ‘snoJopo are jey
43Ye 10 KaAt[op aloym pajess Arespo are | Anend) my Joopu] [3qeT] e
Joye quawdiys o3 Joud s DOA ey amsug o U310 (YD) S, AMNsu] SIE(OA J1m5 SjURUIWRIUOD JIB . (3odre))
>top Sw?:w. DU *SsjusUMd0p Sy pue j1odre) 1032 WM | guyeos 3 syured S[eLIdeN
Jo ._M_%_.Nm_usw UONONLOSUOD Ul SW)SAS ay jo syuswasnbax 121pul oN pojreIsur AMaN J 100put jo Ayuendb wsu.u\wam
ITE J00pW S, pue s)onpoud jadres 3 Pa3dXa IO 33U ‘104133 S109449 s o w»-
Suiaey s1dres A1oods DOA-#m0T AJioadg Isnuw swasAs 1odre) o LOTIIANI Bﬁw oy pay | €y upaI)
SIIUBAJY) S1091J2
sus3ourdred
PUE S19h2
aandnposdas
‘sassaul|t
Kioyendsar
3TUOIYd I9Y10
‘SWYISe Jo Ysu
apnout ‘s109y9
presy pake|sq «
(9661 "SSIUISMOID
SHueA9[Y) ssas0id puE ‘aysepeay
ays Jo uonajdwod ‘arnyesaduiay
A i cuSungo Sonsss
a[qissod wnwirxew _uomn.ﬁxo g
a1y yum 3urping !
omo sy o S
P nous woxn Buiduns ‘osou
Sunkiddns apum Auuru ‘sako ay jo
® 3uik|ddns apiym . s nJo
4201 PUe J$6 UOMIaq =t§>.wah.& u_uz
03 3uIp[ing pajopowas o mcﬂo.&ao._ rsans
10 PajINnSU0d v
Kmau ‘pardnoooun mm_.”v ... Muq”huaﬂooﬁ
ue Jo axjesaduay p bt
o) 3uneAd[d SIAJOAUL ‘upys pas
1] "SJUSA|OS [enpIsal JO Jo =£§Eﬁﬁ
SuoISsIw mc_a._o_ooom Eo..w“n_”wmm .
Aq s1onpou 13ojo1
pue sfeuayew 3uip|ing ova_oao_>aow.w”
W38 A[reyne, 5_8“_3 6_“«___5 |
01 51 Jno-axeq .

187



(9661

SIIUBAJ[Y) ssaooud

a3 jo uonajdwod
15YE UONBIIUIA
9|qissod wnwixeur
oy yum 3uiping

oy no Suysny

PUR ‘UOLIB[1JUIA

JO Junoure paxy

® 3ui{{ddns afiym
4201 pue JS6 usamiaq
03 3uipping pa[apowas
JO pPaJoNNsuod

Kmou ‘pardnosoun

ue jo arnjeradw

a1 SuneAdja saAjoAUl
1] "SIUSA[OS [eNnpISaI JO
suoissfwo Junersjaooe
Aq s1onpoad

pue s[eusrew 3uipjing
33 A[re1oynre,

03 s13n0-3yeq
Burpjing ® jo ssodmd
9y ‘ssao0id no-axyeq
Suipping uowajdwy
‘s1odred Jo uoneeisul
1aye pue 3uLmp
patddns s1 uone[nuaA
wnWIXew jey) Insug
‘a1BsSqns

10 JuswAepIpun

a1 pue ‘spunodwiod
«daad-100y,,

pue 3ururess ‘3urpped
‘uone[[eISUL SN

10J POsn SIAISIYPB 1|
SUANNSU0D Ajquiasse
15dres 10§ s1onpoad
DOA mo] AJ1oadg

"passaippe

ST
s1uaourored

pue 535949
sAnonpoidas
‘sassauqqt
Kioyexidsal
S1UOIYD 1910
‘suryise Jo ysu
apnjoul ‘s0942
nesy pakejaq
‘SSOUISMOIP

pue ayoepeay
ameiodun

upjs ut

sa8ueyo ‘sonssn
pasodxa uy
s3urjooy Burfdun
10 ‘Buyon
“BurBuns ‘asou
Kuurnu ‘943 ap jo
Buires) - [eorwdyo
poaldasad o

0} SUOIOB2] SSAnS
pUe - SoURIQUIdW
SNOdNW pue ‘sakd
‘unys pasodxd

Jo uonewureyU
- uonejLLIl
resrdojoisAyd
apnpoul 5199432
reay 2anedau
SeIpawwif
‘syurejdwod
yireay juednaoo
PasBaIdUL \PIM
Ppa1eId0ssE Uayo
3re SDOA 1o0put
JO SuOBRUIOUOD
paseasout

ey popodal
SABY SISYOIRISIY

‘sjuednado pue
sio[eisut jo 3uraq
-[[oM pue HOJwod
i 03 [yuwrey
Jojpue  SuneiLLn

Alrenuajod

188



SIJUBAJ[Y ) $S3001d
ap jo uonajdwod
Ioye UOnR[IUIA
a|qissod winuixeus
oy im 3uipjing
oy no 3urysny
PUR ‘UOTIR[IIUdA

JO junoure poxiy

® 3uik|ddns apiym
4201 pue JS6 usamiaq
0} 3urp|ing pajapousal
10 P3jONNSU0d
Kmau ‘pardnoooun
ue Jo armyesadway
o) upeA9|d SIA[OAUL
¥} "sudAjos [enpisal Jo (5661
suoissiwd Sunerd[adoe ALLQ) suonIpuod
4q syonpoad onewyise pue
pue sfeuszew 3uipjing Aydwafourores
w38 A|redynse, ‘uoneznIsuds
03 S13n0-23eq 51993 el
Surping e jo ssodind pnjoul SIS
3y ‘ssaooid jno-axeq yieay aanedaN
Suipping juswojdur] o “Buissed
‘syonpoad 1no 03 Suipes]
poom ansodwiod apAyapreurioj
DOA Mo] AJ192dg o Surureyuod suisas
"SUOISSIW SZIWIUNY Jo uonepeidap
03 sueiainkjod ap 1933wy
paseq Jo1eM sarmesadwa
JO YSIWLIBA 3SO[N|[32 paseasul ‘sjuednod0 pue
aniu jo uneod pue Aprwny | s1of[eisut Jo Suraq
® um ‘suoljenouad s Y3y -[]am pue uoJwod
Aue uipnjoul ‘sasejns ‘sponpold o 0] [nyuLey
pasodxa e Suiess poom asodwod jopue  Sunein (poom
bo.ﬂo_aaco “IPISUOD 4 o suisd Arenuajod | susodwo))
saul[aping s, VAN . . oy w punoj jopo | .
U ‘VAJH ‘dNH su1sal 9pAyap[euLIo] SUISaI 9pAYop[euLIO] waSund v qua | SNOIOPO are e S[eLIe N
Sunsow sponpoud ~€3.n pappe ou urejuod -E3.n pappe ou ulejuod se8 ojqeunurey | SIUBUIUEIUOD  Iie Sumiuyg
Sumnuo-opAyapreuLIo 1etp sponpod JaqyLide isnw sponpoud JaqyLide 19313 edy ssapiojoo | Jooput jo Ayjuenb Mo
-moj AJ1oods pue poom AJ10ods f  pue poom aysodwio) o 102.11pul ON | © st apAyspreuLo] « 313 onpay | py NpaID

189



uonduUNsAq

pUR I3jem 21oym Kemary
saoeds ut 3isem ﬂv—ﬁ—.v—— Jjo JAI10BIY 3sNBD
esodsip areudosdde ioj Ued S[EOIWIYd
paquin|d sureJp apirold « Sunooquistp
*(98ne3 193eMm JO pue Suiues)) o
SaYout €0°0) Vd L 1589 (€661 8 1
18 Jo amssaid aaneSau ney) o_w:umuo pue
* S pu oo o
uone[NIIO-31 JIB OU 900 J0 uondiospe
arenbs Jod snurw 1ad o £q paydure
1993 21qNd ($°( 58] 38 JO are syuenjjod
JeJ ® JB ISNBYXa JpISINo 308JMS JOOpUI JO
areredas yim suoniued S1991J2 YI[edy Ay «
HP3p 03 599p M ‘212 3utylop woy
seore pajedasdas apiaoid SHLQIP 'Saeds unys
“(swoo1 Sunuud /Buikdos ‘SWISIUE3 00101 “SaNs
Surdsayasno ‘sereqnonsed Wip aeudoidde 0
“JI9SH 301n0s PUE Seare sulcasy b y3nonp uonnjjod :
. ‘Surpjing a3 SuLaud Surpnpour) sma20 soupns Joopu | STEMSTEW d[qesnal
swoq jrednaoo WoJx SHUBUIWEIU0D 9SN [BOIWAYD IYM = o1 anquyuos | PPy 'ssaooud
JO [eAows1/3unydo|q awoq juednaso ‘skemAnua sumjoa s1asn Suipping Suumyoejnuew oy
2A1DIYJO juaaa1d o} sajesd Y31y e e Surpjinq ‘3WOIpuks | 03 YoBq S39INOS3I
10j uBisop AemAnuy o IO S[[LI3 SE YoNs swWIASAS oy Suuaus woy Supjing yo1s PaI19A0931
-swaysks KemAnuo [eImdaNyore 230 ‘saje[nonred qup ut 3j01 yuenodw 91qe[94d221
PaB|ost asayy woy wouewuad [[eysu] ff  amdeds 03 (*939 ‘sajeud ue sey (s3utp|ing 1021pay
Buisus :o_ms._wo,:_ ‘Suipjing a3 Jo 1sa1ay | “sqju3) swarsks KemAnua Pyo w wuommsm ‘fesodsip  [ypue| {onuo)
mw_“oﬁ% E=Mwmm_wn woy uonejosi [earsAyd yusueunad Aojdwyg « u o___h.wohﬂaoww woxy sLqap 2omos
pare &2“ 1 ansmyoe 03 syweutureluos | :seare pardnaoo AjrenSas " uonnyjod Surrespd pue| wenjjod
pateuBisap 10 swalsAs {iim Swoo1 10j JO uoneuIUIEIu0d soems Joopuy | PUB  UOBI[OWSp | 29 [EOIWAYD
Suiquinid pue 1sneyxs swoysAs 3uiqund pue -ss010 Jueinjjod 19312 yieay T8 35UDPIAD ‘uo1oNnsuod Joopuy
speredos 1oy uoisinold «  ISNEYXD Sjeredas uBisaq « sziwmuw 03 uSisa(y Panput oN | Sumos3 siany] « HoAIg 1§ Npa1)
“uong[[BISul
03 Joud 1onpoxd
poom isoduiod
JO uonRUIUIEIU0D
AIMSIOW PIOAY

(9661

190



awoq

*'smMd%0 Surxiw

21eQUISUOD [BITWAYD

Pue 801} ‘OSOU
pue ‘spiuournsud
AnamsuasiadAy
‘suonaojul
Kiorendsas
‘syoene

suyise ‘ondiye;
“duyenuaduod

ui Kynoyyip
‘BIsNBU ‘SSIUTZZIp
‘uoneiLn

943 ‘sayoepeay
ouaudxs
S[ednusyod
Buystjod

-100(j pue
3urddins Jooy

01 pasodxa ajdoad
‘QWIOIPUAS
AnamsuasiadAy
pue suryse
‘QuIoIpukg

ITe paziuIruiw) pue Hojuiod
" ffenb e ‘Ananonpoid
‘smopuim d]qelado paaodun .wo ::n.r_ oy sowoxd o)
Suneiodioout 10§ "(S00T AOYI[SN) e se poseaou; | (SBATE  90ULIRJUOD
uoyedIpow O—uwocm - JUSWIUOIIAUD 2q UBd UOIIoR)SiIes 10 SWOOISSe[d
‘swasAs JunySy pue Sjerpawruy pue 3uaq [jom | 3°T) saoeds
UOIB[IIUA ‘[BULIY) JOJ 3y} J9AO [ONU0D Swednooo sny | juednaso-nnu
sjonuod juednddo woxg ‘smopuim ajqerado ‘Tiem 193ounsad pue LOJWOd uoz 3upealq | uy sdnoi8 oyroads
uisure uoneI3sUl pue Suny31| yse1 91 J0 399) S| urgum | Teuuay ‘Ajjenb AP oIwAp | 4o sjuednaso
swsAs BUIPING | 10111105 SunyySy opnjom | seare pardnoso AjrenSai Ire paAodurt ire aﬁo_o nim [enpiAIpu (sasedg
s M%vwﬂ._ﬂwm_wwm“ o JOpISU0d 0} Sa13ajens o ITe 1oj 133 axenbs Jojmsare ow_._m c“_ %% Mw_ﬂ Aq [onuod Jajourag)
OO WO “Sunysy 00¢ Jod auoz jonuod SB pasealoul 3q uoHE[RUSA pUe waysAs  JunySsy SWASAS
10§ sjonquoo yuednooo | PUe amyeradwa) ‘mopne | SunySi| suo pue mopuim | UBd UONIR)SHIES amesdwa jo | PUB  UOUR[IIUSA Joky
dnoi3 oyoods 10J sjonuod yuednaso a|qesado auo jo sSereae | pue Ly1anonpoid {onuoo juednooo | TRULISY JO [9A9] | I[IQE[[ONUOD
10 renpiatput uljeisu] « [PIM 3ulpjing 3t uBisog o ue )Sed] je 3pIAcld « SiuednaoQ [enpiAIpu] o« Y31y e  3plAoid ‘1'9 1pain

191



'swasAs uny3i| pue
UOIIB[IUSA ‘[RULIDY] 1OJ
sjonuod juednsdo woyy

Buisre uoneI3nul
swasAs Juipjing

0] Paje[oJ SINSS] «
'swaysAs Juny3y| pue
UONB[IUIA ‘[BULISY
J10J sjonuod juednaso
dnoi3 oy1oads

1o [enpiaipui 3uljfeIsu]

‘slasnyrp

[eNPIAIPUL Y3IM SUISISAS
OV AH 100[j Jopun

pue 3uny3i| yse) apnjout
J9pISuo0d 0 SaI3arens o
“Buny3y

pue amgesadwa) ‘mopjne
10j sjonuod juednadso

‘seare paidnooo
Kjrepn3ai ‘103ouned
-uou w syuednado

oY1 JO %405 1se3| Je 10§
3uny3y| pue amyesadusa

‘MO[J1e 10] [enplAIpUl
s Surping oy uB1sa «f [OED J0J S|ONUOD PIACL] o

Sjelpaw

3} 19A0 [ONUOD

pUR JI0JWO0d

Jeuuoyy ‘Ayrjenb

Ire paaosdun

Jojnsaze

Se pasealoul aq

ued UoIoR)Snes

pue K1anonpoxd
SiuednadQ «

pue 3uraq [jom
Siuednooo sny |,
*auoz Juiyieaiq
o 0} 2uIp

e uea]d Ipim
juednooo yoeo
apiaoid 03 swre
UONB[IJUIA pue
aingesadwa) Jo
[onuod juednado
1enpiAIpu]

ED) saoeds
yuednoso-pinw
ur sdnos3 oyroads
io sjuednodso
[enplalpul

Aq [onuod
wasAs  Suny3
pue  UOEB[UIA
‘feuLIayl JO [9A9]
Y3y e oplaolg

(saoedg
JurLrad
-UoN)
Sw9ISAg
ok
Iiqejjonuo)
9 upaly

“swasAs Junydy
Jo Aypiqejonuoo
4q paseasour

9q Ued HOJWOod
s.uednad(Q (200T
OSHM) an3uej
pue sayepedy
pajeroosse
‘uoneLL 352
‘urexnsaka sasned
3uny3i| 2a1ssa0xg
“Wy31] spenbapeut
10J aresuadwod
0} axmsod

Jood e Bundope
woy swajqoid
[e19[xso[nasnuw
pue sayoepeay
‘urensoks
‘sjuapiooe

asnes ued Juny3y
FUETATI TN |
"(S00T AONIPN)
JUDUWIUOJIAUD

9y} JOAO [OQUOD
puB UOJWOod
reuuay ‘(presy
0} [QudwLndp
sjuade snonaajur
Jo uoisstusuen

‘sjrednoso

3upjing
Jo 3uraqiam

192



"(S00T AONIPW)
SIISTNYIp fenplaipul
pue swaisAs JVAH

Jooyj Jopun 3uiAjoAul
SwINSAS UONB[IUIA
Ppazi[euosiad

"(S00Z AOYIIP)

JUIUIUOIIAUD

‘swasAs Junyd|
Jo Aujiqejjonuod
Aq pasealoul

3q Ued LOJUI0d

s Juedn2dQ (7007
OSHM) an3uey
pue sayoepesdy
pajeIoOsS®
‘uongeILL 943
‘urensakas sasned
BunySiy 2a1ss30xyg
1431 renbopew
Joj aesuadwiod

01 amsod

Jood & Sundope
woy swajqoad
[e19[2)so[nosnu
pue sayoepedy
‘arensako
‘SjuspIdoR

asned ued uny3y
uddIYNSU|
"(S00T AONIPPN)
JUDUIUOJIAUD

3} JOAO [ONU0D
pue LOJWod
reuuys ‘(\presy
0} [eudwinIp
siuade snonodyul
JO uolssiusueny
swoq

Are pozruriurur)
Ayrenb ire
paaoadun jo jnsas
B SB paseaIoul

3q Ued uonvysues

‘syredndoo
3urping

jo 3uaqqom
pue uojwod
‘Ananonpoxd

ap 9oword o3
(seare 95UaI9JUOD
1o SUIOOISSB[D

193



DOA 3933 ueo

-ajenidosdde
p Aipiumy 2anejal
se suonipuod 3uip[ing pue saunjesadwa)
isnfpe Ajjeonewone "(S00T AOYT[SN) ¥iH
0} Suip[Ing 3y} U1 WANSAS ‘urpping oy w JUSUIUOIIAUD .Anoom
Suuoyuow Kprumy | swaisAs uonedsyIpIumMyap aepowunt | y43) surejdwod
pue amjeraduisy Jo/pue uoneSyIpIWINY | 9y JSAO [ONUOD Kioresidsas ‘syuednoso
e ulejulew pue jjejsuj Jo ssauaAnoays pue ojwod 4310 pue eunpse 3uippinq
wshs ‘saSues A o pue soueuuopad | [euusy ‘Aujenb | ‘SUONOBAIOEBIE | 44 Burag-[jom
Sunonuow Aypiwny HOJWI0d 353} UTBIUTEW LIOJWI0J [BULIAY) JOAO 1Ire paaodun pnpPUISpIoWl | nup  Kyanonpoad (waysAs
ﬂﬁoﬂ%ﬁ&&% 0) waAIsAs HDVAH | [onuod siojerado apiaoad Jojnsare i vowa_oomna ay syoddns |  Suuojuows
o o:.“”ﬁw.u“ - pue adojaaus Surpjing 0} pam31juod wa)sAs sepaseandulaq | >_8mmoow% .ﬁs“;_uéhm 1o} JUSWIUOIIAUD | JuSURULId])
OV AH Jo 3uzis 1y3u) oy} uBisap pue safues Suuoyuow Ayprumy | ued UONBYSHES | piow ussasddns 3|qenojuIod :oJuIod
swaysAs adojaaus pue Hojwod Ajpluny pue pue aymeradway | pue Ayianonposd u [e15n> 1 Ajreuuoyy [euudy ]
OVAH Jjo uonesdauy o armgelodwa) ystjqeisy Juouenuad e [[elsu] o Sirednad) o jonuod Aypiwny o € dpirold TLANPAD
‘Zamaly
‘s3up[ing pare[uaA (5661
A[jesraeN 1oj prepuelg HLLA) SPOg2
HojwoD [euiay ] paseq ey aanedou
PIold V - O xtpuaddy paeIoosse
‘[enuepy s3ondR1d pue Ajrenb
159¢ (SdHD) S[00YoS 1re peq o} 3uipes)
soueuLIopad Y31y sfeustew 3uipjing
2IWIOJI[B)) A1) U pauyap wog 3uissed 1no
: : : DOA 498310 ueo
se syu| Aijiqeidasoe A
PNy JANRII
%06 33 3uisn pue sasnjesaduis
‘saLrepunoq amjesadwa) | (S00Z AONIAN) Y3y
Hojwod JAndepe JUSUIUOIIAUS (5002
a azi[un ‘s3urpying Jelpawnurt | y43) swureidwod
PAIBINUSA AJjelyeu JO] o O IIAO [ORUOD Kioyendsas ‘syrednoso
*9U0Z djewWlI[d pue uojwod 1310 pue suryise 3uipying
‘sagues 10d soSuel paysijqeisa | [euusy ‘Anjenb | ‘SuonowaIdBidE | 44 Suraq-[jom (z661-SS
vongsmp | IOIWOO 9SO UIEIIE | UIIA [01UOD Aijprumy e paaoidury so_ﬂ_w“_.w_mmh“ pue Auanonpoid | FVIHSV
uBisop 2dojAD 1919 o 01 wANsAs JVAH Surpnjour sprepuels Jojmsase S5 ey £l suoddns M
“quawdinbs pue adojaaus 3urp[ing HOJWod [euLdYy) SB PISEAUI 3q | ;4 negay moid | JEW  IUSWUOMAUD souerjdwo))
IV AH Jo Surzis 1yBu) oy uBisap pue safues 10J ‘G661 BPUSPPY | RO UONORISHES | piows Suissaddns J|qenojwod :1ojJwod
swaysAs adojoaus pue Hojwod Aypruny pue ‘T661-SS prepuels | pue Aiandnposd W [e150Ud St Ajreuuay JeuLay |
OVAHJouonesSou] f  dmesadwa) ysiqeisy f  JVYHSY Pim Ajduio) SrednadO o [onuod Auplumy o4 © spiaoid | L upard

194



AIqe s, usIpiiyd

doudnyui
Aew winy ul
ST} pue ‘UIp[IYd
Jo wiayed
auounoy diseq
oy 19sdn Kew
y3114ep InoyNM
SWOO0ISSB]D
ey 15983ns
‘paAaryoe SJUSpMIS [00Yds
s10308J 1y31]Aep Suoure s3IpnIS
PUB S[9A3] 3[pued-}00} ‘sjowW ‘(£00Z toIuny pue
ssasse 0} [opow Joynduiod JI9Y} UO paIapIsuod 904og) Sunydy
“Bunydy Jo [eaisAyd e gum aq [[1m 1y31jLep Jo asn aLg39)2 Jo [edldKy
Aep paroidut 1o sa1Sajens Sunysi Aep | ayy Aq pasopury aq pjnom andno 1y31 ut
adojaaua uipjing yim [opoul 1o suoleno[ed S$)se) a19ym saoeds 10§ suoneniony pides
siouut jo :om%.__w Mm:_” 9 ©1A 8uny3Si Aep 1o1pard o  suondaoxas JoypQ “seare mﬁwﬁ%aﬂm_ﬁ.o_
Aep winwixew o>.oEo.a 'SJ0SUSS uoddns £ouednaoo mof JO 2ouspIdUl 3y 3uipjing
0158 05 11 3Y) Ul w3y paresdayui-ojoyd | 1aypo pue Aipunef ‘suiool soonpa1ySiheq o W JO  seam
Suipping oy Sunuoup o Pue urze[3 dueuLIOpIad jueld [edsrtueyosw ‘seare ‘siydi; oupaopa | PaIdnoso Aprenas
‘Joos oy woy Sunydy| Y31y ‘sao1A0p Suipeys a8ei03s ‘swoo1 Adod josuuojisow | 9yl OUT  SMIIA
Aep pasal|ly 15pISUC) « jusueuniad Jouul apnjoul Juswannbai sip ueyy soueunopad | pue W31 Aep
‘saouul PuR J0LI2)X3 ‘1333uriad woJ papnjoxa sadedg « [ensiA | 30 wononponul Y
ay 1oy Bunyai| A&ep | Fupping pasessour ‘sared "SYSe) [ensIA 3uziwixew | ygnonp  sioopno
WNWIXEUW IASMYIB O | 16,511 mo]jRYS “UONBIUILIO [eonud Joj paidnaso o b___nBoM ay pue saoeds (saords
sz h.a._m“_ama s - 3uIp|ing apnjour aoeds [leJo%s. |  “(£00Z Jowny soyaBikeq o 100PU!  USOMIq 30 %L
WA M.wumwor_:& 1opIsuod 0} saiSarens « Ul (uonenauad 3ySijuns pue 3940g) .==Emu>u umu_snm " UOI}o3UU0d 311keq)
WnWIXeW 3A21yoe “Bunydy 1anp [[e 3uIpnjoxa) | PAIISIP AIe MIAIA " weo soniance | © siwednodo SMIIA
01 se 0s ‘Suipping Aep Jouaul Jziwixew % 30 103084 131jAeq pue 1y3ijAep 10§ 1yB1kep 3uiping | pue y3ideq
s o peasds 4 O3 3uipjing 3 uBisaq « WNUIUTW © 9A3MYOY o A[[ed1S0[o1sAyd o  jo asn possasou] f A 10J IplAold | g UPAD
‘(s661
ULLA) $13Yd
yifesy aanedau
paeIdOoSSE
pue Ayipenb
are peq o} 3uipes]

sreuaews 3uip[ing
woy 3urssed 1no

195



SMIIA
J]qe[IBAR JO 9SN 38U
0} SB s IS o ul
8uipjing o1 3unusLp
"smalA aaoxdu

0} 3urdesspuej Joneg
"SMIIA

WINWIXew 3A31Yoe 0)
se os apedej oy udisoq
'SMIIA PIIBIDOSSE

pue 1ajowred
WINWIXBW JANYOR

03 se os ‘3uipjinq

ay 1o peaudg

‘sapiunyoddo
MIIA dZIurxew
0} Sutpjing oy uBisaq o

‘seare yoddns
Kouednaso moj Joypo
pue AIpune| ‘[estueysaw
‘seare a3e10)S

‘swioo1 Ados apnjou
suondaoxa jo sajdurexyg
‘saoeds pardnoso
Ajren3ai f[e Jo %06

u syuednoso Surpying 10
B3uize|3 uoisia 03 1y31s
JO auI[ 1931IP JAJNYOY o

"(€£00T Ja3uny
pue 32£0¢g)
PAJISIp I8 MIIA
pue yy3ijAep
K[eo13ojo1sAyd «

"(€00T 1a3uny
pue 23K0g)
Sssans sonpat
ued y3ijAep
SE [[oMm SB Ino
MaIA & Ip1aoad

T8} SMOPUIM

‘Suipiing
a1 jJo  seare
patdnaoo Ajpren3ax

oy ol SMIIA
pue y31j4ep
Jo uondonpoxnul 3y}
ySnorny sioopino
ayy pue sodeds
Joopur  U3Iamiaq

uonI3uu0d
e syuednoso

3upping

ap 1oy apraold

(saoedg

30 %06

10J SMIIA)
ISMIIA

pue y31jeq
‘T8 P31

‘(0007

‘1 12 uoydwi|d)
‘91e19dood

10 21RIIU3JUOD 0}

196



APPENDIX D

LEED-H Health Matrix

197




Pasopd 91eARIZTe UBD S[2AJ] JoMO] “awioy
ym Juswdinbe ‘[reap 0} pesy ued samsodxa | jo aoeds pardnoso
uonsnquIod Y31y -sonssn Apoq 01 uadAxo ojur sosed
MHJ pue A11es 0} poojq Jo Ajiqe oy uoysnquios jo | Sunuap u
OV AH l[esut s39npal J "aprxouow uoqred a8eyes] sziunurpy | onsnquo)
- o pue udisoq « SUTRIUOD oW UonSNquIo) ‘Judu] T NpAI)
*SINSEIUI [BAOWII
90IMOS pUE ‘JonRU0d
95IN0S ‘UONB[IIUA
sapn[oul jep
samseaw Ajjenb
Jie tooput jo
19s 9AIsuaya1duiod
e s1 98eyoed
-y Joopu] pIm
AVLS ADYINA
ay] :ajeuoney
‘samseau
Ayipenb e jo
-a8eyoed ajpunq paaoidde adeyorg
ny 100pu] ue uijjeisuwt | A1y Joopuj
UV1S ADYINA £q yuowuonAud LULY
s.vddjo 100put UVIS
"01-T supa1d syuawasinbas ap Jo Aypenb [jesaro | XOYIANA
Y34 « o Jo|[eapiduo) « "01-TSNpaID I 4Ty = "01-C sSHpa1D ¥349d aaoxdur] :yuayuy QI Npa1)
s)oadse SOLIBUIIS somjopin3 S)R Y 11pu ST P2.1d Jsuonwy » wo
uonei3ayuy uondILINU il udu SIP[IIYD
uﬂ.&a .Nw ) .M—Hﬁw- 1 peoaq qIA'1 ainjesd)y] Junsoddng pue s)R PEIH i RUCCE RN A-—_M_—n.-a.——

Lpeng) judwuoaiAug Jo0opuj

CL'] UOISIDA H-dHA'T

198



-aoejdaay

ou [jeIsul YO ‘V
-z0d1 91qe], w
sjuswannbai sod
aoejdany [jersur
pue udisaqg
*auwIoy Jo Joo[J
yoea uo Joyuow
0D e [reisu]
ANYV ‘edojoaus
3uwipping o
apisut pagedo|

st Juswdinba

31 (dsneyxd
pajuaA-1omod

JO P3ju2A 19311
“3'T) uonISNqUIOd

1080 AI0jRIIdSal J9MO] JO NS
91} SISBAIOUT IHHOWISPOOM
*$199J2 Yijeay uLdj-Juo|

0 INQLIUOD pUe SUOIOBAl
a1319]e 19410 ‘BWAPD
Areuourynd “oen K1ojendsal
JO uoneUIUIR[JUT 0} pRS] UBd
amsodx3q ‘1oen Aiojendsaor wr
swojqoad yireay 03 ,INQLIUOD
ued 359y ], 'sapixo mydjns
pue saprxo uafonru ‘sauruinb
‘sopAyapie ‘sjouayd — syueyrn
SUTRIUOD IYOWSPOOA

(Y002 'Te 32 1oures)

sassauj(1 Kioyendsas pue
JB[NISBAOIpIED WOY REdp

JO JSU 3 [IM pajeldosse
aIe Qe 9y ul Jopew
enonred auy Jo S[AAI]

3} JBY) IDUIPIAS SI AIdY |
‘(Y00zZ AASM)

awm sures 3 je s3un|

ay} J3ud pue sajenonred

a3 03 yoseye ued spunodwiod
Sursnes 190ued pue J1x0)
Joy30 s8unj ay) ut safueyd
JeOIWaYD puUe [RIMIONAS
asned ued A3y ‘s3unj ayy

Ul P3133][09 393 pure Jajourerp
Ul SUOIOTWI G°7 uey s3]
Jonew agenonted sureyuod
jowspoom Ajreraadsa
9)youwss uonsnquIo)
‘SILIOQM3U JO

Speap pasealoul 0) pesj pue
SIYB19M YUIq J9MO] ‘SISBISTP
A101R[NOMS pUR MRSy

‘awoy
3y} U1 SIMd%0
amssaid aanegau
uaym swoy ay
ojul umelp 3utaq
sase§ uonsnquiod
JO YSLI 91 s9onpal
Sunuaa -1omod 10
19341 "dwoy 3y
ojul sased ysneyxa
uonsnquIod

Jo a3exes| 4q
Pa13yJe Ajas1aApe
9q Aew Ajijenb sre
Joopu] :3jBuonEY

199



juamdinbd
[onuod
Ayuprumy «

~Supimq
ySnonp
a8eyea] Jo3e

® 10J paJU pue
speo| amjsiow

zZARUy o

Ued HOJUWIOISIP [BULIdY) [8307]
*HIOJWIOd [RULISY) [BI0] S103)je

1N
-9s Jod Ayprumy

Apueoyiusis AIpIUNY « WO S}99P2 [[E3Y 1991Ip ON

[euay
3[qeHOJWOd
®© 9piAol{ :judju]

[onuo)
Aypruny
3§ WPIID

"(v661 Te 1
agioruun ) suagIaf[e pajeyur
0} UondeaI AIojReUIUre[jul
pue ssauaaisuodsal
[eryouoIq paduryud
ue pue amsodxa apIxoip
uadoniN Y31y A[oAnejal
U29M13q SISIX? dIYSUONB[aI Y =
(9661 Te 19 SiATe[
‘8661 T8 12 naLRD) Synpe
pue uaIp[Iyo ur uonouny Jun|
paystuiunp e Jo swoydwAs
K1oyendsal Im pajerdosse
s1 saoueljdde sed onsawop
Jo asn oy woy Sunynsas
SUOISSTWS JPIXOIp USSONIN o
‘(¥661 31us0y
2 uosre]) uaIp[iyd Sunok w
sawodno yyesy Aioyendsas
9SIOAPR pUR S[2AJ] OIS
POOM P3ITBAI[ UIIMIDq
sisixa diysuonejal [esned v
"(Y00Z IASM) S1uade
3IX03-8I|I5 pue suaSourored
-09 ‘(auaifdozuaq :'8-9)
suaSourores ueumny pajoadsns
are syjusuodwod st Jo Auew
pUR 18I} I30URD JUBIYIUBIS
sassod ayowspoop P
‘[euazew S1usSenw
SUTBIUOD IHOWISPOOM, o
UIPTIYD
Suno u1 eruowmaud pue
snijoIgauotq 1] suondjul

200



91d0asos3KH
*Ayprumny
Jooput yead
ayp saonpal
Apuesyusis
amonns
a1doosoi3Ay
au

pue Ire looput
usIMIaq
19)suen
amsiow jep
Moys saIpmg
'(s00z @331
Apqemp

uo sjoaye
9s19ApE

aAey Aew

pue Apy[esyun
3q 03

UMOYS U23q
Sy sased
Jwos ut pue
K319u9 33sEM
Aew Kypiumy
3uippy
-amyeradway
Ie

Jooput ugisop
Jourums

ay uo

Paseq S[oAd]
Ayprumy
wmuxew
urejuTew

01 P3JIIY3s

9q p[noys

‘uerd
Anpiqemq

‘v Wpan
$90.0M0S9Y

pue S[eLIae]A
ut papnpout
are 1ojem
Juaweuew
I3jem Jool pue
‘ITem JoudIXd
‘uoryepunoj
paaoadur 1oy
siwrod Q391
YL “(pow
“g8-3) swoajqosd
[EIUSWUOIIAUD
looput

Jo asneo Jofew
Iayjoue aq

ued sadojaAua

"¥00Z
-GS prepuels
AVIHSV

Jo T'T'g uondag
Jad (e Aip

‘q] / 1odea 1arem
'q1) 210°0 Mo[2q
sones Ayiprumy
urejurew

0] papasu dym
walsAs jonuod
Aypruny [[ejsuy
‘waRsAs [onuod
Aypiumy renuad

‘snoprezey
3q wes Yoiym s3uiping

u1 KJ10Lno3[3 JNels Ul

)[NSaJ Ued UonESYIpIUMYa(
"LOJWOdSIp

03 Suipesj ‘saueiquiaul JeOJp
PUe [eseu Jo no SuAIp o
U1 j[nsal ued Ayprumy mog
(8661 '[e 12 3ueq) Apenb
are Jooput jo uondassad

3y spaye Aiprumy

(8661

‘[e 3 wmyo) 4re jo Aypiumy

pue amesadws) ySiy woyg
Bunynsa: 4oen Aojendsas
1oddn wr sueIqUISW
snoosnuw 3y} Jo 3u1j00d
JUDISLJNSUT SY3 03 NP 3q

o

"(6861 uosualos

‘€661 weuLm(g) s3urp[ing
pareutweIu0d AJ[eIqoJITW

w1 swoydwAs adAy-Surpjing
-)oIs 0 J039e} SunnqLIUOd
Kjqeqoid pue syueyLLy
Kioyendsar aq Aewt Jery
SDOA 99npoad 13uny Auepy
‘(8861 231ng) samsodxa
juenjjod payeadal jo ynsau

€ S8 1550 A3y "eLNoeq
pue 13ury Aq pa1s331n aq ueo
spruownaud AyanisuasiadAy
a1y sasuodsal

s18ojounurun 91319][e-UON
"(Z661 ‘18 10 punj31og)
Jopuep jeultue 10/pue

‘Plow ‘syiw Isnp 03 21313 |8
are swyise woy Suusyns
syuaned jo Ayuofew ay |
"(Z661 uediuuel§) suonipuod
1adoid usa13 swoque
2Ww053q pue Apoq uewny 3y
SPISINO SIUIUIUOIIAU ISiow
urpim Apuepunqe 3z1uojod
UBD SISBISIP SNONOJUL
Suisnes suaSoyped maj v
(9661 ueury3neg

7 SUSIY) 3pAyap|euLio]

se yons ‘syuejnjjod
9101q-UOU [IIM SUONIRIANUI
Ayprumy pue ‘sanipiumy
P3IBAR[S Japun sjuae

anoiq jo peaids pue moid
oy Aq pasned AjLrewrud

are Ayipiwny y3iy 0y

P8I S199YJ9 Yijeay umousy

13150J
S[9A9]

d Y31

KI19A

ywmoi3 pjow
osje Aew

Anpruny
woy A

ul sjeAd] Anpiumy
mo] K1oA 10 ySiy

Kq pawaye

K|asioape 2aq Aew
Hojwod juednadQ

:3euon By

‘awoy

3y} UT JUSUWIUONIAUD

201



St amjstowr
usym
95Ba109p

puR amyonns
ardoosor3Ay
Ay m
saje[nUMIoe
amjsiow
uaym
asBAIdUL [[IM
amjeradwa)
looput

ap ‘pajdnos
are Jgjsuen
amsiowr

puR jeay se
nq “Apprumy
looput jo
sanjea yead
ay aonpas
[im amongs
o1doasos3Ay
®© ‘Tesoudd

u] ‘uonednado
3ump
(OVd) Anenb
Iie paAraasad
purR LUOJwod
Kioyendsal
uLrem
aaosdun
Apuesyrudss
03} 91qe

st Suneod
Jouyun
s|qesunad €
M 3Imonns

"(S861 usa1D) saueIqUISW
snoonw AIp woyg j|nsal
sjuaulqie AJojendsal uoym
‘saniprumy mof Je Ajtrewrud
‘Ayprumy jo uonoury

®© 2q os[e Aew sjueinjjod
[ed130]01q-uou pue [ed130j01q
01 Anpiqndaosns s juednosQ
(€661 "I 10 J0ne1g) 3|qIssod
st a5eurep Aiojendsal

1. 35983ns Ayjiqnjos
snoanbe pue ‘AjAnoeas
‘armgeu dIproe YL (€661
‘[© 32 1219peaT]) S[0SOIIR pIde
ULIOJ O} S3JBLIMS JOOPUT UO
I91BM TIM JOBII JUSUIUOJIAUD
Joopui ut juasaxd

S9PIXO0 Iy[ns pue uaSonIN
‘usBourores sjqeqoid e

se YdasSn 3yi Aq payisse|d s1
apAyapreunio (9361 J2ASN
‘0661 23eururen) Ayprumy
Surpnjown ‘s1039%j Jo Joqunu
® 03 9ANISUIS s sponpoid
poom-passaid wog Suissed
JJo apAyap[eurio] jo ajer Yy |

202



syregnjjod | ‘sajeunid p[od ~Surwoout ‘(€861 © QIIM PIJBIO0sse Uaaq dABY
jopeop | 1030y swonxa 3y} usamiaq ‘[B 32 uteD)a)ows 050eqo} | SBurp[ing Ul YamoI3 [eiqorou
a1 uo puodop u] awoy I1gJsuen jeay 10j puR sjuaN[}J2-01q uewINY pue 33ewep 2MISION o
SIUSUITOIAUD € 3je[lUaA sapiaoid NV Aq panjjod e yo Ayijenb "(€00Z VOd) senul 3snp
Jooput -19A0 0} ‘T°79 prepuels paa1dasad a3 Suiaoadun PUE BLIJORq ‘pjOW SB Yons om0y 3y
1o pannbai j0u juepodun FVIHSY [Iim JO poyou 9A193YJd SWIS[URZI00IOIW JO YMOI3 | UIim  dje[nuIndde
soge1 Kjddns os[e si sa1idwos ey U® SI 38l UOTIB[IJUIA o PISRIIOUI UR IMm pajerdosse | Aew syuejnjjod pue
Ire JoopInQ « 31 ‘29AN3dsiad wasAs Addns "(Z00T 'Te 12 Djoo3rem) st ssooput Ayprwny y3rg | ‘siopo  ‘Ayprumy
‘(zooz e K310u5 ue IIe 100pINO Ajjenb e paarsorad K19 "saje1 uone[iuaA Aq | ‘uone[nusa Ie
19 pPoSIeA|) | wWop ‘I9AIMOH o PIIROIPAP [[BISU] o Kq paesipur se) yojwod | pasusnpul st Aypiumy Joopuj « Joopino  jenbope
A313u9 uiaes ‘auioy *paIapISuod PUE UOHIB[JUSA UMD | "SISBISIP SNONOJUI ISNEd Ued | INOPIM ‘awoy
Aqasap B AB[IJUSA aq os[e uonerdosse 3uons S AI0Y ] « By BLISORQ JO STUTA SUIOQNE (B Ul UOHB[IIUSA
“UONB[IIUIA -I9pun,, jou pinoys suSisap ‘(€007 VO3I) as1adsip 10 uonenuaduod | Jood Aq parddye
neopisino | o3 ywepoduu st UOIIB[IJUIA swajqotd poJwod IS0 03 a1 AIN[Ip Aew UONR[NUIA o A[ISIoApE aq
10} puewIap I ‘aAndadsiad (oAaissed | siopo pajuemun jo uondosiad *JOOUED 0] S1991y9 | Aew UOJWOd pue
a1 onpa presy e wiolg | :°8-9) sanewsa)y woy Suiduer sjo9° e woy Suiduei sj09ye | yesy  juednado
Keus S[2A3] w0y 3 Jo | ¢'7°T9 piepuels [i[eay JO AJOLIBA © ISNBD yi[eay Jo A1oLIeA & asned :3psuonsy
Anprumy | 318 UOLIE[IIUSA FVIHSY Aeur Jre Jooput ur sjuesnjjod Aew re Jo0put ul syuenjjod
Jodoud jo [[eIaA0 o3 ym sariduiod 0} amsodxg ‘Surp[ing ayp 01 amsodxq -3urp[ing a3y}
JouBUUTRW 0} $3INQLOUOD 1oy} WNSAS ot syuenjjod e Jooput 10§ oyt sjuenjjod Jre Jooput 10 “JIe JOOpINo u
pue adojaaua uone[uaA | wsiueydsw podsuen sy osje | wsiueydow podsuen oy osje | yum Sune[nuoa Aq | oneuIA
DOA ploAe ayp y3nonp Suippinq s1 uonenuaaA ng ‘uonnjjod SI uone1IuaA Ing ‘uonnjjod sjueinjjod Joopwun any
0] UOIIOI3S a8eyes| sjoym e [[eisur Paessuad Joopul 3Y) SAN[IP Paresauag Joopul Ay SANYIP wog sjuednoaso JoopnQ
[euageN o Jie [eIeN = pue udisaq o UOIR[IIUSA JIB J00PINO UONB[IIUA ITE JoOpINO 1991014 :yudu] P NUpaI)
"(zooz 18
13 uosuours)
asealoul
S[9A9] HOJWO0d
e st jnsal
10U 2P ‘OVd
puE L0JWO0d
Kiojendsal
uLrem
Joj yuepodun
st Ayprumy
SY ‘amjonns

3y} wog paup

203



Ire JoopinQ o
‘A|ddns

Ie 100pINO
pue adojaAua
usamiaq
uonoRIIU]
-adojaaus
Y3nonp
uonenyu
oy} Junodoe
ojut 9xe} Isnu
UONR[IIUIA
Ie Jo0pnp =
"(¥00Z 14
2 uoueddog)
[onuod
smjesodwa)
Jooput 10}
Kem Jua10JJ9
A810ud

ue sapiaoid
sajeun[o
ajeIapou
pue 104 jpoq
ut 3uijood
SATIR[IIUSA
sum-Iy3IN o
"slooput
juasaid speoj
uonnjjod

I[e uo paseq
3q 0} sajel
UONB[IIUSA
Jo uBisep
Yy "(zooz e
19 Dpdodrem)

sioopuy

NP

STy ut papnjout
u93q 9ARY
19A0231 183y
woxg s3uiAes
K319u a3 10}
sytod 991
ayJ -swoy

© oju1 JySnoiq
IIe JOOPINO A}
o} yuswdinba
K19A0%31

1eay Suisn

Aq paaatyoe

. aq ued
s3uiaes A31oud
[enuelsqng
-awoy

& ojul Jy3noiq
e apIsno jo
ugo [euonippe
1JoBa uonIpuod
0} 182K

1ad srejjop z o
dn 3505 ues )1

-awioy
ay} ojut el
Mmo}j e Jo0pIno
Jo 8unsy
Aured-pry |,
‘Jsneyxa pue
Kjddns pajonp
A1y sey NV
‘(soreunyo A1p
pue pjru AI1oA Ul
1dooxa) sureans
e Jsneyx?

pure wreans

Ile Joopno

"(€00T

VvOd) 101AeYaq [B100S UO
$393]J9 pue UOLROTUNUILIOD
M 90UIIILIANUT
‘aouefouue ‘aoueuriopad

Uo S}991J9 apnjour

9SI10U JO $193J2 IeoH
‘J19SH WAYSAS UOLIBJIUIA

ay Aq pasnpoid aq os[e ued
9SION "asiou sjrusuexn A[ises
31 pUR JUSUIUONAUS JOOPUI
3171 puE JOOPINO A} UIMIAq
SYUI| 243 JO 3UO SI UOHIB[IUIA o
(¥00Z Jsi4

29 uosueddag) suoneQUIOUO
Z0D 193]k SjRI UOHIB[IJUIA
"(€00T 'Te 32 reafey)

wrd-d ggog 01 dn sasearour
JIe 33 Ul UOHJBIUIIUOD
(z0D) apixo1p uoqres

USYM PaONpal IR UORUINE
91enU2dU0d 03 Ajdedes

pue Suraq-[jom weumy «
(8661

‘[@ 32 uaspniry]) s[eunBw
Surp[inq WO SUOISSTUID

03 anp painjjod nie jo Ayjenb
paarad1ad s Suraoidun

JO POYIoU 2AIOYD
Ue S| 3jeJ UOLRIIUSA o

U3IMI3q SIOOpUT SUOTIOBII
[eo1WIaYd 10] d|qe]leAe Wi}
9 S3onpai el dJueyd J1e
JIoopino (€103 3y Surseasou]
(€007 VOF) uopel

pue 14 JO SUOHBNUIIUOI
Jooput o243 j094ye

S9JRI UONR[IIU A "J3duRd
Sun| 3mdojaAsp jo ysu
Pasealdul Ue [@Im payul] uasq
aAey syonpoid Aedap uopes
0} pue (S 1) axours 030eqo}
[BludwuonAuS 03 dmsodxyg
(9861 ‘preedsioy

7% udsIapuy) A31a[[e

ilm uonejsajul 3w Isnp
9SnoY paxul] 3AeY saIpS
(2002 'Te 32 pjoo3rey)
sagewt]d AIp pjod ut Ayprumny
Ul 3SBAIOUI 0} INP SJIUI ISnp
9SNOY JO UOHBISAJUT JO el
a1} 3SBAIOUT UeD SIWOY Ul yoe
6’0 MO]3q S3IBI UONIB[IIUIA
"(S00T LN 2% UsUTR[BAIN)
SISBISIP JJRWMAYS

purR Sjuejul Ul 93eyLIOWdY
Areuowrnd ‘spruoumaud
Aanisuasiod£y jo s1asnid
SE [[9M SB UOI}BqIIdeX9

pue juswdojarap

BUIYISE JO YSLI Pasealoul ue
apnjout amsodxa pjouwr [PIm
PaIRIDOSSE SISBASIP SNOLIBA
‘(1002

‘e 32 Seyowiog) swoydwAs
Kioyendsal Surpnjom

$199]J9 ey Jo Jaqunu

204



W3re
K1o191dwod
Ajemmna

st 3uip[ing
oy} ssajun
KposLI0d
uonouny
jouured
‘SwdsAs
K19A0931
Jeay Je 0) 1B
Sunelodioour
asoyy
A[peroadsa
‘SwIASAS
UOB[IIUIA
awog

‘e

K|ddns pue
SIayrpiumy
ua9MIaq
uonoRIANU]
“slooput
Ayprumy
s1ooye Ajddns

‘J19S1 WANSAS UONBIIIUIA

) Aq paonpoid aq os[e ueds
9SION °9s10U s)rusuen AJised
31 pUB JUSWUOIIAUS J0OpUl
91} puR JOOPINO Y} USIMISq
SYUI| 3 JO UO ST UOIIB[IIUIA
“UONIB[IIUSA

Iie Joopino ySnosp

Suiping oy 199ud Ued
sjueinjjod asay |, ‘s3urpjing
jusselpe wol SUoISSTWD
uonnjjod pue S3[9IYaA won
uonnjjod ‘uonnyjod [ernsnput
jeuoi8a1 apnjoum uonnjjod
[e90] J00PINO JO SIOMOS
(002

ys1 2 uaueddag) sased asoy
JO UOHERRQUISUOD JOOPUI I}
29npal ued uonenudA edold
*S1091J9 I[eay 2Ane3ou aAey
way JO pog JUSWUOTIAUD
Joopul u apIxouow

uoqJed pue saprxo usSonmu
JO 20.1Mos 31 S1 UoNISNqUIO)
Y00z ds1d @

uaueddag) sjaAa] ajqeidacoe
31} 0} JUSUIUONAUD

JoOopul Ul SUOIBNUIIUOD
JOA 2§ anip

03 Pap3U ST UOHB[IUDA
"(000T ‘SPIPIYOS % 19[YISIM)
sJ10sanda1d J19Y3 uey) HOJWod
PUR 3[e3y Uewmy Joj 3SI9Ape
aJow usyo spunodwod

Ioyo 2onpord ues yorgm
‘(sDOA) spunoduiod orae3io
3[IIB[OA PUE JUOZO JOOPINO

205



ISNEYXd pajaqe] U1 (IMOI3 [BIQOIOIIA o Ul aje[nwndde
YV1S ADYANT "HOJwodsIp (€00Z vOd) | Aew amstowt
asn NV 0) ped] Ued SWOONeq | S3)IW ISNp pue eLI3joeq ‘plow | pue ‘sjuenjjod
‘779 prepuels pue usyIIy woy sIopo se gons swsiuegiooniuw | ‘siopO :3[euoney
FVIHSY "auwioy © Ul S[9A3] AJprumy .ﬂ 30 Imou3 paseasom
Jod uayory 9} 3SBAISUT JBY} SIANIANOR Ue Y}iM PIAJRIOOSSE SI
pue Swoospeq ul are 3unjood pue Sulamoys s1oopul Ayprumy y3iy K1oA « ‘SWoonfIeq
SWIISAS ISneyxa ‘(8661 ‘I 12 Suey) Anpenb "2uI0Y ® UT S[2A] AJipiumy pue suayoy Ut ysneyxyg
[e20] [[eIsul Ire Jooput jo uondasiad a1y asealout Jeyy SAIALOR sirenjjod Jooput 1ed07]
pue ugisaq « oyl s1ooe ANpiuny o  9re Sunjood pue SULIOMOYS o  SAOWIDY :HUNUL 3§ NP
"(€00Z vOd)
3uip[ing e jo asn A315us [B)0Y
a1y Jo 94,06 03 dn Juasaidar

Kew asn £319ud pajejas
uonenuaA [9A9] uonnjjod
Joopino ayj uo joedun

ue Os[e Sey UONB[IUIA
"(¥00T st % usueddag)

N0 IN[Y 03 3noyip

S1 pue witl | wey} Jojjews
saponred w1 A[[enueisqns
juasaud are suafioffe yued
Jwiog ‘uagiafe ue s pue

JIe UOIIR[IIUSA [AIM SIoopul
paLLred j[ensn si udfjod
‘(€00

vOd) s193)32 eorojorsAyd
-0yd4sd pue rejnoseAorpres
‘aoueqasip dasfs

‘sso Surreay apnjour ssiou jo
S1991J9 P[RS "9AI| [RID0S UO
121 JIM pUB UONEBIIUNUILIOD
sy uo 3oedun

SNOpUIWAN B 9ARY UBRD
suone|[esul woy o Sulp[ing
a1 Jpisut woy ‘opisino

woy ‘asiou punos3yoeqg

206



‘syuswannbai
aoms

qum souerjdaiod
10j — awoy

ay woyg el
MO[J TR ISNBYX
yoea Jo 1s9) Ayred
-paly) ULIoLIvd
‘paanpal

S1 [9A3] Ayipiumy
[I3UN Jo Wool
s9Ae9] Juednoaoo
Joye [eAlaqut
paw e IO I9PID
uej ajesado

0} suej ISneyxa
{Feq 10} Jowmn
MO ‘13[jonuod
jejstprurmy
snewIone

O ‘Josudss
Kouednadso

[reasuy
*SWI0OIIeq
sjdnjnu Sutasas

Suej ISneyxd
10j 1d2oxa ‘suej

130Ue) Jun| JUT}OR[UOD

JO )su 3 saseaour

S[10 Sunj002 JO SAWM papIw
ap 03 amsodxq spunoduod
sruaSeInw UTRUOd 0) punoj
are sawmy [10 Sunjood swog
‘(Y661 ‘T2 12

agydIuun 1) susdiaf[e pajeyul
0} uonoeal AIoJeUIRut

pue ssauaAisuodsal

[eIYoUO0Iq padURyU

ue pue amsodxa aprxorp
uadoniN Y31y AjoAne]al
u29mIaq sIs1xa digsuonejas v
(9661 °Te 12 siAref

‘8661 '[e 19 NaLeD) synpe
pue UaIp[Iyd> Ul uonouny Junj
paystutunp e 10 swoydwAs
K1orendsal im pajerdosse

st saouerjdde sed snsowop
Jo asn ayy wo Sunnsas
SUOISSIUId 9pIXOIp UaonIN
"(S00T LMaS 2% UsBUTR[BAIN)
SISBISIP ONBUMAYI

pue sjuejur ut afeyLioway
Areuowjnd ‘snruoumsud
AyanisuasiadAy jo siasnyd
SE [[9M SB UojeqIaoexa

pue Jusmdojaasp

BUIISE JO YSLI pIseasou ue
apnjout amsodxs pjour Qim
PaIBIOOSSR SISEISIP SNOLIBA
‘(1002

‘I8 12 Seyowiog) smoyduwiks
Kioyexidsax Surpnjour s19959
ey JO JaqUINU B (IIM
Pa1R1005SE U33q SBY S3UIp[ing

"JSneyxa [820]
Jo0od oaaey e
Sieq pue suayxNny

207



o

‘uonsadsur
uonensul
IremAsp
-o1d ap SuLmp
‘uone[nsuy
— CNpa
aloydsouny 2
juswuonAug
ur paroadsur
Kjjensia
2q p[noys
uonejesul
s1nq o
“8utj00o pue
Sunjeay soedg
- 1’9 upan
aroydsouny %
JUAWUONAUTF
ut [ [enurejy
VOOV 3uisn
pae[nojes
aq isnw
sajel1 mopj ne
U001 I8 SPEo]
Surjooo pue
Suneay soedg o

ANV ‘pooy moyy
e Suisn swoy

JO woo1 yoes
Ul S3jeI MO[J Jie

Aiddns 2101 1591 o
('T'z9 prepuesg
IVIHSY
Jo T'1'y uonaeg
Iod waysAs
UONB[IIUIA
aarssed yum
183y oTuoIpAY
©3°9) waysAs
Buruontpuod
aoeds
ssaponp [[eysut
YO ‘(s
Iojsuen 10
swmjas ojdnnu
IoyI9 JO asn
y3nonp) moyy 11e
wmnjai sjenbape
sey wool AI19Ad
18y amsud NV
‘A[3urp10dde
Sionp [reysut
pue suone[nojes
udisop
wnp g [enuey

VOOV uuoj3d «

(00T UoAM)
soueuuioyad oy sonpal

ued Ayjenb 1re Joopul Jood
(9661 1ourzudery A
2 193nry]) $991A9p
Kjddns ‘1931e] 10 ‘210w
y3noxyp parjddns jou st 1re ap
J1 saseazout ySneIp Jo ySTY o
*PIO3 00} SISO pue
104 00} SWOOI JWIOS e
Kew asnoy ay noy3nonp
Kradosd xre aynqLsip jou
op e swajsAs 3nq (000Z
Vddsn) 3siou wnuruiw
yum Kpiedoad e anqnsip
01 Juswdinbs 3urj00s
pue 3uneay 3y jo Ayjiqe sy
saao1dunt mopj Jie pannbai
10j sponp oy Swizis A1adoid o
"(000Z Vdasn)
asnoy e noy3noxy; {ojuwod
JO |9A3] JU2ISISUOI 10U © Ul
Jnsal ued s1y ], ‘amyesadua)
2]qeLIOJWIOd B JE WOoOl YIed
03 p3InqLySIp I I1e Jo junoure
Iodoid ap yeyy amsus 03
sdjay 1noKe| wasAs joedwos
& (M sponp uizis-y3ny o

(€00 Foasn)
saseds Suial] oyur saouerjdde

uonsnquiod woxg sased anpy
Jo 3unyelp ydseq onput wes
SWa)SAS 1oNp pa[feIsul pue
pauBisap A[100( "SAIO[IA
e 431y pue sajel mojy

ITe MO] 01 ped] Aew SWIM
pUE SPU2q SNOISWNU IABY

Jo ‘payourd are ‘pazisiopun
Sre je1) SWAISAS 3on(]
"Sijauaq qesy

aanisod sey sty (9661
Jourzuadery 7% JaSnry) Lienb
are Jooput saaoxdunt Surpjing
i ut Ite Joopno paiNy
M 911 MOJJITR PIsealou]

*auIoy B Ul Wool
yoea 03 uonNqLISIp
ne  apenbopew
Aq pajoayge
Kjos1oApe oq Aew
yojwo) jwednad)

:ajeuonvy

‘saoeds
PpauonIpuod

0} Kjorenbape
painqLasip

st are K[ddns
amsuq :juduj

u
onnquiysiq
a1y Aiddng

9 NP

"(v661 |ogo) dtuaoursres
pue dsrusdeinw 3q 03

umouy are jeys syuelnjjod ne
0} asu1 9AI3 ued ‘Suryeq pue
8urproiq ‘SuAy ‘sassasord
uoneredaid pooj uourwo)

*(L661 T8 39 Suery))

]

208



ued sIa|puey uasueddag) usdio[e ue s1 pue
JIe JeY} 9MSUd TR UOHB[JUSA YIM SIoOpUT
pue ‘s1ay paLLred Aj[ensn s us[jod «
Ile VddH [1eisu] « Y00z
' (o FASM) s3unj 3y 133ud
(mop pue saje[nonred a1 03 yoeye
Ie pue) amssaid ued spunodwod Suisneds
enbope J20UBD pUR 31X0) IO o
utejurews “(¥00T 'Te 12 1oures)
ued SIS[puey Qe sassau|i A1ojendsal pue
JBY} 2MSUD pue Ie[NOSBAOIPIED WO Ieap
01 AYAN =/< JO U o) im pajeroosse | “ureans ire A[ddns
SI1[Y JIre [reisu] o oIe Je 3y Ul Iopew | Ay woy sojonred
‘(swsAs senonred suyy Jo S[9Ad] | alowr sAOwA
Buneay ostuospAy Y3 Je) QUSPIAI ST ALY o [[IM  SIY  Ie
© “3'3) washs "(000Z OHM ‘S00T Vdd) | paaoidw] °spoage
Suruonpuod ‘gopouny Sunj pasealdap pue | jesy asIoApe
aoeds ssajjonp SIIYOU0Iq SIUOIYd ‘Surpealq | sAey Aew uouenyy
[[eisu1 YO ‘(moy [nyuted Jo ynoyyip ‘Sury3noo | me  ayenbopeup
nie pue) amssaid a1 swoydwiAs K1ojendsal my :3[suOnBy
aenbape SISBAIOUT ‘BUIYISe pajeAri3se
urejurew apnjouw swa[qoid yesy
ued SIa[puey Ie ‘syajdoip pnbij pue ‘axows ‘wAsAs
e} 2MSUs pue 00s “UIp 9snp Juipnjoum ne Ajddns woxg Sursag
8 AMAN =/< ‘e ayy u1 punoj sajorred Janew ajenonred | ny Ajddng
SI9)[ J1E [[eISu] o JO SISISUOD Ioyjewl Jje[noied o  2AQWSY :juUdNu] L Upa1d)
f [enuey
VOOV woy
sanjeA paje[nofes
Jo (ugs 01

~/+10) %G1 -/+
UNPIM e s3jel
moyj ne Ajddns
18y} 2MSud

03 ssadurep
Suroueeq

Sursn 1snfpe

209



J[NIB[OA JO 35UdsaId Y|
"(¥00Z

FASM) s3un] 3y 1o9ud

pue saje[nonred sy 03 yoene
ued spunodwiod Suisnes

q

*SJUBUTWRIUOD 190UEd pue 9IX0} IO =
10} S[aA3] (00T 'Ie 12 10ures)
UoNRQUIOUOD sassau[j1 A1ojendsa pue
uodal Ie[NISEAOIpIE) WOL Fedp *SI00pPINO
pue aISses JO JSu o PIM pajeIdosse | ayy 03 sajepnorured
‘Kouednaoo aJe JIe O U1 JoJjeW | pue Isnp PaIdd[[0d
01 Joud ajemonted auy Jo S[9A9] | ISNEYX3  SWINNOBA
uoneRUIIUOD 93 JBY) SOUIPIAS ST Y] o [ROU) om0y
jueuIuwreuod ‘(1861 HSOIN) us3outores | ayy oyul payoen aq
10J 1593 0} [euonednodo renuajod | asIMISIO  pinom
*sjonpoid Kyred pp onH o ® S8 paynuapl usaq sey | jey KemAnuo
91qeaayald A| *S1I00pINO Y} opAyapreunio] ‘(€661 1omog) | ap e wp 3y jo
‘(9861 | 1esuowuonauy 0} ISNeYXd YIMm snewdjqoid jou Ajsnotaaid | swos den sjewr yo
JK3 {0661 - S upaDd WAYSAS WINNOBA 219M JBY] S[EJIWIdYD 19RO | -jepy “(seoys uo
a8eururen) $90IN0S9Y [enuad jjeisut Jo KAjaLreA apim B 03 2ANISUIS | “3°3) sjuednaso Aq
Anprumy 7% S[euae WO ‘Anua yoes 3W022q 0} [enplAlpUl | 3wioy ojul IY3noiq
Suipnjom ul papnpout | e sjew Jjo-yiem ue asned wed amsodxy | sjueUTWRIUOD  Aq
‘s1030%} are spnposd | jusueunsad jjeisur *SIOPIOSIP [ENOSUSW [IM | pajoaye AjasioApe
Jo Jequunu yons 10} pue uSisa(g = pajeIdosse usaq sey amsodxa | aq Aew Ajenb ae
® 0} SANISUIS syuiod 331 ‘Kouednoso apAyapleurio ‘yiesp pue | Joopu] :3jeuonBY
st sponpoid ay] ‘Ayenb 210J3q ‘uoissaidap ‘syoene snewyISe
poom Ile Joopul S[103 pue S}onp ‘UOREZNISUIS pn|oul
-passaid wmoyg | 3jyauaq Apeasd OVAH ues)d S199]J9 AIAIS "SaYIBpRaIY *S)UBUIUIRIUOD [onuo)
Suissed ygo SUOISSTWS | YO UOONOSUod “HOJWOoSIp PUR 3530 Ul ssamy3n 03 amnsodxa jue
apAyapreurioj DOA Moj SuLmp asned ued YdIym Iopo ‘saka Jo 3utmq asned ued woy sjuednoso | urmeIU0)
JodeIayl & YiM SIONpOI] o sponp Jjo [eds o IudBund e sey spAyspjeunio] &  9pAyopjeuLioj o3 amsodxy 1931014 :JuUNU g NpAID
"(¥00T
ys1J 2 uaueddag) s109559
‘(moy {[eaY ISIPAPE ISNEI URD
Ie pue) amssaid sSwaysAs DV AH paurejurews
ajenbape Kj100d pue s1ayjy papeo] 4
urejurew (Y00Z ¥s1d 2

210



ay Junn(ip

(?) (sreuarew
3upping
Jo 301090 ‘uo ‘(€661 1omod ‘7661
nezumssaidop "[e 10 punj3iag) s3unj a1 oul
qe[s PS[EYUT ST UOPRI AIOW Yonu
-qus ‘Suiess SIY} JO JNS3I B SB PUE dJOWs
juawIAseq ¢ anareSid ur sajenonsed
uonezunssaxd 0 3u1p> 03 Spus) uopey
JUWISEq) ‘sanbiuyoay *S193]J9 [enpIAIpUT JO UMS ‘sed
uopenyul uonoONNSuod oy} ueyy 19)easd s1 oyowrs | uopes jo aduasaid
uopel jJuelsisal 0308q0] [RlusuruonAug | a3y Aq pejdaye
Sunuoaaid uopels yiim pue UOpEI JO 193}J3 PauIquod | Ajasisape aq Aew
(1) :ssuo03aged awoy pinq pue 9y, :sasuodsai o13sIS19ufg o yesy  juwednado
[ediound u3isap ‘1 uorday -190ued 3unj SuidojaAap :3jeuoney
RIR Vdd ul pajeso] JO JSLI pasealdul ue um
ojut paplAlp JLON s! awoy j| pajeroosse are spnpoid Aesap
aq Aewr ‘wAsAs asay "ssado0id sAndeOIpR] *SIURUTUIRIUOD
sasnoy jo uone3nw e s30310pun 31 ‘asnoy punoi3
aoeds 1re o uopel [[ejsul pue a1} SI93ud pue puno3 oy} 19130 pue ‘sed
ur Auagoud uSisop ‘| uoiday Y3nomyp sIN1y UOpRI UIYM uoper 0y amsodxa | uodNoIg
uopel Vd4d ul paresoj -suoiga1 oydes30a3 swos woyg syuedndso uopey
3uijjonuo) St awoy J| ut Jlos a3 ul punoj st uopey 1931044 Judju] 6 MpaLD
"(L661 Te
19 UOssI9puY) p31saF3ns uaaq
sey 5,D0A JO Suoenuasuod
Pa1eAd]d 0) amsodxa
pue sa1319]je Jo asudjeaasd

Ul 3SBAIOUT USIMISQ

Yt 3|qissod v "3WoIPUAS
Suipping Yo1s o Surstiduiod
swoidwiAs Jo 39s xajdwos
aJouwl 3Y) pue JOPO ‘UONEBILLIY
K10SUas se yons $193J9 yyesy
9SIGAPR YIIM PIJRIOOSSE

u33q sey ‘Nie 100pul Ul
(O0A) spunodwio) s1uedio

211



pue syde1d
pajess -

‘qe[s mojaq
a3euresp
panoaduij -
(so0z @3d 1)
sjgauaq diseq
Suimojjoy

oy sapiaoid
YOIYM WIISAS
uonoajord
JUBUIUIEIUOD
punos3

® [JeIsu]
"(z661
aydoH »

1) (d03e19Ua3
uol pue
‘uondiospe
uopel
‘spoyiow
Pl 51193]2
‘uej Surxim
‘uonen|y)
|eAowias
Paa1p

10J SwASAS
Suiueapd ne
Bursn (¢) pue
{(uone[nusA
‘198ueyoxa
jeoy Jie
-03-11e) 3snoy
A upIm
Auagoad
uopel

pue uoper

212



o

snonunuod

10} pares uej
sneyxa uyos 001
umuruiu jfesuy
s[[em Jo aseq ap
18 SYORID [[& [BS
% s3uI[100/s[[eM
jureqd

‘paess sAeq
1510 3urpiao/so0py
Sunosuuod

IV ‘pa[eas
suonenauad

1V ‘si00p
paddins-1apea
:saInseaul Isayp
Suipnjour ‘saoeds
pauonipuod pue
a8ered usomiaq
$39BJINS pareys
Teas Apy3n

ANV 23ersd

3y} 9A0QE SWOOJ
patdnoso Aue

u1 1039319p 0D
-o8esed u1 sjonp
Ajddns pajeass-un
10 S3onp WMmal
9uawdinbe

3uipuey Jie ON o

‘(€00T '1e 12 refeyy)

wrd-d goog 01 dn saseasour
JIE 3Y3 Ul UOTIRRUIIUOD
(z0D) apixolp uoqred
UayM paonpal are uonuaye
21enUdU0D 0} Aj1oedes
pue 3uiaq-[jam ueumy

SMOUNEA % J5euIWen)

ITe JOOPUI Ul JUIZUSq

se yons spunoduios sruedio
31X0} JO s32.mos juepodur ayy
30 Juo a1e sawoy Jo safered
paydene ul payred sa[oIYaA
(00T "Te 32 weyesn)
spunodwos jAuoqred

pue spunoduiod sruedio
ane[oA ‘apIxo usdoniu
‘9pIX0Ip UoqIed ‘apIxouow
uoqJeds apniout sjueInjjod
‘safered paysene yum
sasnoy jo Ayjenb ne Joopur
a3 uo ydedun sjqemsesw

© aAey op a3ered payoene
9} Ul SUOISSIWD J[OTYI A
"(€00T LSIN) @deds

SuAl] ay) 01 SJUBUTUIRIUOD
asap Jo podsuen ay} ur Jnsas
ued aoeds Suiar Sururofpe
pue a3ered oy usamioq syred
aSe)ea| JTB SSOIOR SIDUAIYIP
2INSSaly 'SJUIA|OS pue

‘syured ‘(239 ‘szomowrume|
‘sajiqowione) sauIsus
paay-autjoses se yons
sa3ered payoene [enyuapisal
Ul pasn JO PaJojs A[UOUIWOd
are saaunos jueinjjod Auepy

‘awoy
ojur s3ere8 woxg
Suryes| suolssiwa
> Aq paraye
KjasioApe aq Aew
Preay  juednaop

:3peuoney

*SUOISSTIU
Ied 03 amsodxa
woyg sjuednoso
1931014 :judju]

uondNoIg
suoissiuy

PIYIA
01 NP3

“JUSWAseq
ut amssaid
aAneSou
padnpay -
‘uonenouad
uaAd

0} sajoy

213



‘saoeds
pauonIpuod
HM 1ORIU0D

ut a3ere3 oN o

. (0
‘wIs|ueyoIUW
Suisojo/3uruado
Joop 33ered
1o ‘yonms 13|
‘J0suss juednoso
03 paYulf jonuod
Jawm dnewone

qum uonerado

‘(v661 T8 19

ayidruun 1) suadiafje pajequ
0} uonodeal KIo)eururelul
pue ssaudAisuodsaz
[e1yduOIq padoueRYud

ue pue amsodxa apixoip
uaSomiN Y31y A[oAnejas
uaamiaq sIstxa diysuoneas y
‘(9661

T8 13 SIATef ‘8661 [ 19
BaLreD) s)npe pue UIP[IYd
ur uoiouny 3unj paysrurunp
® Jo swojdwiAs A1ojendsal
UM PaJBIOOSSE I8
SUOISSIUWIA apIXOIp uafonIN
‘(7861 195UBD) UO YIIBISIY
10J Aoua3y [euonewrazu])
eruayna| ankooyduA]

-uou anoe Ajjerdadss

‘Sjinpe ul eIwayna| Jo asned
PAYSI[qeISa UR ST duazuag
‘(€661 1omog)

[e1B} 2q UBD SUOLRQUIIUOD
Y31y ‘on3ney pue ‘sayoepesy
‘su1a[qold UOISIA ‘ssanzzIp
asned ued SUOHRHUIIUCD
Mo "Apoq a2y Jnoy3nonp
ua8Kxo Jo KI1aA1[3p o
uqryut A3y a1aym ‘uonejeyul
UO Ureanspoo|q a3 J3jud ued
S3[NO3[OW IPIXOUOI UOqIRD)
(8861

214



APPENDIX E

Case study application: Site built home

215



€ "PaIepIsucd spnpod[GvE [LIZ [ vH-LB N [P [€ “uogejnsulf spnposd ]
ueeq ejqesajaud $I-ZH-Z9 Ilem /004 1o} ajqesajaud
aoueuUsUlRW] AIBIUBWIUOIIAUD -23-za-19 pasn spnpoid| AjjejuswiuoiiAug
jo ese3 - uois|es ‘eg-18 ‘2L O0A Mo - uoyosyes g
"pasn saysiuy leusjey -L1-18-2v leusjep
pue sjeusjew
sjqeauusd
€ ‘Kiopeysnes ‘swoyshs(z’ze (WL [LALVIN(EZ [2 "SUOISSiWe "aoepdjul| uogesspisuo) ubiseq "yory ]
ale sjnodsumop| JusweBeuew LV ‘LO-LV 8pPIYsA saoeds
pue siepnb| Joyem Jouspg ‘LO-LV ‘90 woy jeasyy| Bun-aberen
‘sBueysano -V '1D-LVY S| aJey} aousy
loj pamojjo} ‘va-Lv ‘28 pue abeseb
sjuswalinbes LV ‘PV-LY peyoeny
uBiseq
‘papirosd v
uaaq sey
joos Buido|g
m
(@\]
ST 00z (wbew)| [ |
edojoAau3
00 0S°t
aumsjow jAypjuny 3 B sjuenjjod
° | ol= =1 JOOpU| JO 82uU8said - DVI
p x|cF®o 8
] o |= o o 9 o
3 § 3|85 5|2 3
w ] ﬂ.. 3|9 3 2 m w
w » |» 2~ e
g3 g X8| 828
38 3 Sax8
L | g [ | L 1 ] I




"exej| yeulGL e "Hojwod "SMOPUIMIG'2G L
JUBUIWEUOD Jie J00pno -€0-GI-€O leuusyy Jo uoposjes -¢g ‘vH-29
ploAae O} se 40 uonisod €8-10°L1 0} ppe smopum ‘LIvI-C2H
0S pasapisuod -€8 ‘er-€g Aousioye ybiH -29-23-2a
ueaq sey ‘t3-€9 ‘cd -¢d ‘2a-v
ABejens siyL -19 ‘e8-5v
‘uogejueA uoneluaA|L 6L IN-ev 2l ‘0)e| ‘edueuuoped|l’ly ay-20
jesnjeu jesmeN ‘EV ‘'90-gV sdIS ‘sieued leuusyy ¢V ‘€3-2v
Joy edoos ‘T4-20€9 800 weoy leusiepy ‘13-2v ‘LQ
pesiwosdwod -€0-€0-tVv e)jlj sjeusjew -29-¢3-2a
j1eymaLwos eAews)e -2V ‘vo-zv
aAey suonisod Se 9ARO8)e ‘21l-11-19
Mmopum pue aq jou Aew siyy TV 'Sv-ev
jlem uoniped ‘uogejnsul pue
INoAe| WooYy Buipis ‘spxg uo
pseoq wnsdA6
UM padiojus
ueaq aAey
juswalinbel
epoo
wnwjuiw 8y
00z 0s'c
os’s os’t
uopjejijueA einjesedwa ]
=) 3 = 3 3 = 3
(] 3 22 o S 22 o
o 5 o o|l® 3 o ® v|® & o
Q 1] T olgd o Q I s @ Q
S 3 2 225 o 2 225 5]
o |3 g8 |33 |2 § |.3]83 |2
D5 o |lodp|ld o o |(po|la " @
g 188 ¢ |88 § ¢ |88 §
s |38 3 |88 3 3 |88 3
(031) Aiend jeuswuoiiAuz J00pU| JO SOINQLIBY
S3I93LVYILS
v | _ € | _

217




0 T3 YH-11-v8
‘va-Lv
'L GlSv | 8¢ ‘BunyBukep | BunuByXeq [ z1 | 9 INPv
‘SI-5V ajesapow ‘SI-bY
‘eg-sv Buunsua w ‘ba-bv
‘SN-€3 aARoaye si pue ‘Py-LY
-LV-SY (SYELETT
‘Sv-2v useq sey
ABajens sy
0S°C 00'C
0S0 0S0
sonsnody BunyBq
2 3 = 3 3 =
© -] 2 (] -3 2
o 7 -y 105 ] oo
Q T 8o Q T 8o
o 235 o 25
3 m O 3 3 m O 35
m. m » ona nma nmb o on a2
2 | g g g 3 la g 18
_ _ 9 | _ _ _ S [ _

218



0
L4014 SNn-.v | ve ‘sjuednooo | -sededs BuiAj|
‘€L-LV 10 Lojoo 10 104e]
‘€3-LV ayy o) Buippe
‘LY SE peAlgdlad
'sn-€3
-LVSY
00t
0s0
- Aojes
= 2 —
- m 5 5 2 2 uBjsep sjwouoBiz m =
5 o [ w °® ° o
] T 8o Q T o o
IR 1R
(] M =1 w mn 3
=4 ® o o0 332
3 g |2 g |8 g 89°
4 g s |la 2 |8

219



(445
"INd00 Aew ‘swoy | g5 | G€ 132V | SY ‘Pajleisul uonodlold
UONESU3PUOD ay} episul uaaq uopey
payads jou jouod sey woysAs
S| uoje|uaA ainision uoneBiw
oIje avuIg uopey
‘sjuawalinbai
Aypjwiny
sjesw
we)sAs
OVAH
‘a|qndeasns anpnis | vl 14 W-ia | ‘ayis uado 3y} |  UORINNSUCD
jou si yBnosy je pajquasse | Buunp joauod
ainpnys pue uonesnyul SIJunN 3y} | JUBLIWIBUOD
uonepunoy ainjsiow 8ouls }noyyip
uaamjeq Juanald jo5juod
juior jueuiweuo)
‘paAojdwa e ybnowy | vez | vl 11-10 | 29} ‘pahojdwa ‘uoyienjyul uonelapisuo)
lou uonesyut ‘€Y-€0 jou Jie Jusnald ubisaqg ‘66u3
aJse ubisep ainsiow <I€9 ase uBisep ®
Jejnpow JueAald <8-19 Jejnpow g
% sped ‘€O-10 2 sped M
pejesuqejesd ‘PH-1D pejeouqejesd nu.
8ouls awoy ‘LO-LVY ouls awoy P
}ing ays e 1o} Hnqause <
pensiyde 8q 104 pansipe 3
ued adojeAua aq ued 3
wbn adojeAus Jybn @
Ajejesapow Ajeyesopow
Auo Aluo

220



oLl F 113
oc [S2 | €3¢8 "AlO9Ye | ubisep JejoS | 625 | GF 9 G€E
'€3-LV Ajsjesspows 2340
‘6N-€3 1)) 9ouay 191
-5V pue ABajesns CTHZ9
‘e3-zv siy} Joj uanb -Z3-2a
uaaq sey -za ‘N
uonesapisuod -ZHZO
awosg -¢3-¢a
-18°2a
-Z9-23
-za-ev
v ‘syuejnjjod ‘'smopum [ GL [ G2 | e1ed "pakojdwa edojeaua | 08 | 02 1
Jooput s|qesado ‘€9-€a ou ybnoiy -ZH-29
Jo jonuod ‘2420 ase ubisep abeyes) sy -Z3-2a
pue pojwoo -€9-€a Jejnpow 28 ‘N
leuuayy €0tV 9 sued -THZ9
'SSUBAII3YS pajeouqejaud -Z3-za
uogejijuaA 30uUIs awoy -9 .\.D
adueyus }ing ays e Joj -29-23
SMOPUIM pansiyoe aq -za-zv
s|qesado ued adojeaus
Wby
Ajsjesapow
Auo v
191 "uonenjyul uonejuaA [ o¢ | GI 2420 ‘BuiBpuq uonejnsu) | 0z | Ol 2120 |z
asnjsiow omy -€9-€a leuuayy ‘11-20
pue uoneuuoy €0tV eziwuIw ‘¥D-20
wep diey I
a0l Ul Jnsad ‘spJjepuels
ued siy| Buney
‘uone|RUSA ABiau3z awoH
onje Joj reuonen Jed
uoisiaoid ON sy 'soads ||

apeub sjeapy

221



i s
0 0 0
0 09 |G
vya-bv
"sifem ‘Buigiesys | » SN ‘BunyBykep ‘BunuBi | 105 [ € 29
Ppaianod gso llem 6160 M lenyny -Z3-¥0
pue spnis | jo uoposjes pejesBajul ‘$0-20
Jo Bupeds | pue siaquiaw uaaq jou ‘vO-2v
00 Your [esnonis sey Bunyby
91 Aq paseyo jo Bupeds [eRymy Jow
adueuuopad usaq aney
punos sjuawasinbais
paywn wnwiuiw

Aluo

222



81°056 oL 1
0 0 0 (o
0e |G¢L 4a 'paJapIsSucd ‘uonesnpa | 0 0
-.0°.a usaq sey | Jaumo awoH
-29-23 ABejesns siy
-za-ev
vZ |9 L0-LD ‘passaippe ‘sanss| G'E 91-90
‘L0l ueeq aney Kejes ‘90-€v
‘20 sonss| Ajejes ‘99-LY

223



€S

uoneJaPISUC)
ubiseq ‘66uz

IE'6

LX
“LM-LN
Tl

‘Inev

ee’t

‘uonoajes
|euajew
Buunp
passpiIsuod
us8q jou sey
Jopoej siy|
‘spiezey
yieay

pue sjuepu
|lequajod

ase Aay]
‘saoeds Buia)
0} ajelBiw

0} Ajoxy pue
uonesBajuisip
0} auoud

aJe sse|biaqy
pue asojnjjeo
)l sjeusiew
awog

spiezey
ylieay seyjo
- uonejjejsul
pue uoRod9jes
[eusiepy

224



o ©

()

i <
[ ]
-

()

225




XA 44
0
0
0
86'61 SN-G1GD | €€°€E ‘uonesspisuod ‘sainxy
‘SN-Lv ojut uaxe)} '8 aunpwiny
‘sn€3 usaq sey siy} jo uonisod
WA &) jey) pawnsse
st "Bunyby
jawsjdwod
0} saJnjxy
pue asnjwny

jo uonisod

226



1£°0.82 | SSHOVO¥ddV
«d337. ? .3SNOH ITOHM.. NO d3SvE JH0IS JONVINNOANAd HLTVIH
vy9'eCi 86l 1z
9 9 X 1 14 ‘pessaippe “senssi Ajojes | 0
M u99q aAey
7\ sonss) Ajajes
N
-l
S SL LX l S ‘paJapisuod ‘uoneonpa | 0
M usaq sey 1OUMO BWOH
=LA ABajens siy}
-in
“bL
gee Gl X Sl I ‘paJapisuco “g0uBUdUIeW | O
LM usaq jou sey Jo ase3g
~LA ABajens sy
N
i1
7,
-V

227



APPENDIX F

Case study application: Factory built home
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APPENDIX G

Case study application: hybrid home
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