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ABSTRACT    2

This report explores the process of designing sustainable mixed-use communities in Tucson,

Arizona.  It is intended as a primer for the ecological design of large buildings in a hot/arid climate

region.  It combines and expands on the concepts and relationships between sustainability and

mixed-use development in Tucson and provides this information in order to elevate the discussion

on these issues as directly related to future development of the Tucson urban core.  A particular site

in downtown Tucson is subject to a design proposal that responds to the city’s desire for this type

of development while working in line with the current city models and ordinances.  Furthermore,

the final design attempts to meet the objectives for optimizing opportunities regarding the

implementation of ecological design principles such as natural ventilation, natural day lighting

and water conservation.  The major motivation behind the following report is two fold; It illustrates

the evironmental condition that exists in Tucson today (physical and political) and outlines an

approach to design that seeks to ensure that future generations enjoy continued access to the world’s

natural resources.

“We can never have enough of nature.”

- Henry David Thoreau, Walden, 1854



INTRODUCTION    3

This is a time when our energy and material production methods have proven to negatively affect

the ecology of our planet.  Architecture and building account for a large proportion of discarded

waste and contamination in our earth, water and air.  Many cities around the world are experiencing

intense, even explosive growth that often poses a significant threat to the natural environment. The

skyscrapers, and other “mega-structures” that are commonly built to accommodate such growth,

consume enormous amounts of energy in their construction and day-to-day use, place great burdens

on water and sewer systems, and typically isolate occupants from natural light and air.  At the same

time the need to develop central urban areas and combat urban sprawl must continue.  Designers

today are consciously working within this more recent philosophy and practice seeking to blend

nature and technology, regarding ecology as the basis for design.  Urban redevelopment is being re-

addressed in most American cities in an attempt to counter balance the effects of sprawl on the

social, economic and environmental health among our communities.  Architects, planners and

engineers are faced with the challenge of providing healthy and sustainable environments for a

dense and diverse group of families and individuals.

[Figure 01] Vitruvius diagram of Interlocking
Fields of Climate Balance  (Rowland 1999)

[Figure 02]  Diagram of Interlocking Fields
of Climate Balance (Olgyay 1963)
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Growth in Tucson, Arizona:    4.1.1

There is little argument against the fact that Tucson, Arizona is experiencing a generally rapid

period of development.  The City of Tucson covers an area of 226 square miles and is currently one

of the fastest growing areas in the U.S. and is projected to continue to rapidly develop through the

next thirty years and beyond.  Tucson was the 45th largest U.S. city in 1980, 34th largest in 1990, and

30th largest in 2000.  The City of Tucson had a growth rate of about 20% between 1990 and 2000.

The current (2005) population of Tucson is 541,763 and is projected to increase to 648,227 by the

year 2015. (Pima Association of Governments, 2005)

[Figure 04] Aerial photograph
of Tucson (City of Tucson)

[Figure 03] Tucson population graph
(U.S. Census 2000)

[Figure 05] Aerial photograph
of Tucson (City of Tucson)



How is Tucson planning on accommodating this continuing growth?  The city created a downtown

redevelopment plan called Rio Nuevo to think about this question.  The multi-million dollar

proposition attempts to address a complex variety of community issues by proposing a system of

redevelopment solutions.  Transportation, housing, urban infrastructure, tourism and historic

preservation are major ideas being explored.  Although the City of Tucson and Rio Nuevo have

focused much of their efforts on tourism the following information is specific to the interests expressed

in terms of transportation, housing, and mixed-use.

TUCSON, ARIZONA: Rio Nuevo   4.1.2

[Figure 03.1] Photograph of Congress
street in downtown Tucson



TUCSON, ARIZONA: Rio Nuevo   4.1.3

This is the plan for the City of Tucson to redevelop the Barraza-Aviation highway which today

divides the downtown and university districts.  Tucson’s rail and bus stations exist along this corridor

directly east of the central business district.  Future plans to locate the trolley station in this zone

will extend the 4th Avenue trolley line to make a continuous public transit route from the University

of Arizona to the downtown districts.  Tucson also proposes to strengthen the pedestrian circulation

on and through this zone which could aid in bringing existing activity of campus down 4th, 6th, and

Stone Avenue’s to downtown.  These improvements to the urban infrastructure have many potential

benefits for the improvement of downtown Tucson.

−  Encourage activity of people from University and 4th Ave. to downtown

−  Inject economic activity into downtown businesses

−  Alleviate traffic congestion on downtown streets

−  Relieve flooding problems with existing multi-use underpasses

[Figure 06] Barraza Aviation, 4th, and 6th ave.
redevelopment plan (City of Tucson 2001)



The ‘Downtown Studio’ was formed to give University of Arizona architecture students an opportunity

to understand the details of the Rio Nuevo redevelopment plan and to participate in a design studio

that produced physical representations of a variety of ideas on multi-use development in downtown

Tucson.  Two major goals of the program were to give the city information to work with during the

subdivision platting processes and to reverse the abandonment of the downtown core that occurred

predominantly in the 1960’s.  Figure 07 above shows Professor Larry Medlin of the University of

Arizona describing specific ideas generated by students in the 2001 fall studio.

TUCSON, ARIZONA: Downtown Studio    4.1.4

[Figure 07] Downtown Studio 2001 design investigations for high
density housing for Tucson, Arizona (Arizona Daily Star, Jan. 4, 2002)



In January, 2001, the City of Tucson Comprehensive Planning Task Force in association with Bob

Vint & Associates, Architects put together a Mixed-Use Development Prototype.  It laid out several

design principles found appropriate when developing urban infill projects in downtown Tucson,

specifically the Stone Avenue Corridor.  Some of the items listed on the Mixed-Use check list were

as follows.

− Create a mixed-use structure that combines ground floor retail space with professional offices

above on the street side and higher density housing (i.e., two to three stories) surrounding a

large, shared courtyard.  Provide private patios or roof terraces for individual dwellings.

 

− Construct buildings along the street front to define space of urban corridor, including awnings

or arcades to provide shaded sidewalks for passers-by.

 

TUCSON, ARIZONA: Mixed-Use Development Prototype    4.1.5

[Figure 08] Mixed-Use Prototype (Bob
Vint & Associates, Architects with the
Tucson Comprehensive Planning Task
Force 2001)



− Locate parking beneath housing units with cars recessed one-half level to:

-  Make land on site available for gardens and courtyards, rather than for surface parking.

-  Provide coverage for cars.

-  Allow air movement, which helps alleviate fumes.

− Design structure to respond to climate for passive solar orientation, sun angles, prevailing

breezes and views to the Catalina Mountains, Tucson Mountains and Downtown.

 

− Provide mixed-income housing, with approximately one-third affordable and two-thirds market-

rate housing units.  This is consistent with the City of Tucson and U.S. Department of Housing

and Urban Development goals to disperse affordable housing, rather that to concentrate it.

 

TUCSON, ARIZONA: Mixed-Use Development Prototype    4.1.6

[Figure 09]  Mixed-Use prototype (Bob Vint & Associ-
ates, Architects with the Tucson Comprehensive
Planning Task Force 2001)



TUCSON, ARIZONA: Mixed-Use Development 2002    4.1.7

In 2002 Pima County drafted a memo to the County Board of Supervisors for amendments to the

Comprehensive Plan.  The document focuses on the implementation of a new section for Smart

Growth planning policies to the existing land use plan.  As it states in the introduction, “In order to

accommodate future population growth and carry out the compact form development goals of Smart

Growth, mixed-use designations and affordable housing programs are a part of Pima County’s

Updated Comprehensive Land Use Plan.”  It continues to provide feasibility studies outlining the

benefits and consumer demand for mixed-use development as seen in other U.S. cities including

Portland, Denver, Austin and Phoenix.

It concludes that Tucson needs to recognize the benefits of mixed-use development, which include:

- Housing near jobs and services

- Reduction in vehicle miles traveled

- Incentives for walking, biking, and use of public transit

- Opportunities for a variety of housing choices; and

- Efficient use of land and infrastructure

Tucson needs to understand the obstacles facing mixed-use development, which are:

- Traditional zoning codes that separate uses

- A lack of incentives; and

- Financing difficulties

(Pima County Board of Supervisors, 2002)



TUCSON, ARIZONA: Mixed-Use Development 2002    4.1.8

[Figure 10]  Pima County Mixed-Use development
2002 document cover (Pima County Board of
Supervisors,  2002)

Tucson needs to look to other cities who have successfully implemented financial incentives such as:

- Waivers for development impact fees

- Waivers for concurrency requirements

- Relaxed development standards

- Density bonuses

- Public funding of infrastructure

- Expedited development review process
- A short planned unit development option
- Block grants; and

- Public funding through public/private partnerships

And that Tucson can accommodate a mix of land uses in several zoning districts and should encourage

mixed-use development.
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Smart growth is a concept and term used to identify a set of policies governing transportation

and land use planning policy for urban areas that creates livable communities and preserves the

natural environment. Smart growth promotes land use patterns that are compact, transit-oriented,

walkable, bicycle-friendly, and include mixed-use development with a range of housing choices.

This keeps density concentrated in the center of a town or city and controls the proliferation of

urban sprawl.

Proponents of smart growth advocate comprehensive planning to guide, design, develop, revitalize

and build communities that:

- Have a unique sense of community and place

- Preserve and enhance natural and cultural resources

- Equitably distribute the costs and benefits of development

- Expand the range of transportation, employment and housing choices

- Value long-range, regional considerations of sustainability over a short term focus

- Promote public health and healthy communities.

History:

In the early 1970s, transportation and community planners began to promote the idea of compact

cities and communities. Architect Peter Calthorpe popularized the idea of urban villages that relied

on public mass transportation, walking and cycling instead of automobile use. The United States

Environmental Protection Agency (EPA) suggests smart growth as a way to reduce air pollution.

Some environmentalists who seek the protection of rural open space promote smart growth through

the advocacy and defense of urban-growth boundaries, or Green belts as they have been termed in

England since the 1930s.  Smart growth is often a useful tool to revitalize town centers or neglected

neighborhoods without perceived harmful impacts upon social conditions or valued environmental

assets. (www.wikipedia.org, Oct. 2006)

SMART GROWTH: definition    4.2.1



Elements of Smart Growth:

• Defining a small area in which intense development is permitted, and a larger area outside

it where development is strictly limited

• Transit-oriented development

• Historic preservation

• Inclusion of affordable housing

• Mixed-use development

• Walkable and bicycle-friendly design

• Preserving open space and critical habitat, reusing land, and protecting water supplies and

air quality

• Inclusion of parks and recreation areas

• Restrictions or limitations on suburban design forms (e.g. detached houses on individual

lots, strip malls and surface parking lots)

(www.wikipedia.org, Oct. 2006)

SMART GROWTH: definition    4.2.2



Rationale for Smart Growth:

Smart growth proponents see strong relationships between the policies just described and the

outcomes smart growth seeks to achieve. For example, by locating people near each other, near

jobs, and near shopping, travel time will be reduced and transportation infrastructure costs will

drop. Also, by creating transit-oriented development, communities are seen to improve quality of

life and encourage a healthier pedestrian-based lifestyle with less pollution.

Smart growth tries to take into consideration the total long-term economic costs of development

decisions, rather than just the short term profits that can be made by improving each individual

parcel of land. For example, a person wishing to convert a farm 20 miles outside a city center to an

office building may profit from the increased rents, but the community may pay more in the long

run if more roads, commuting time and pollution is generated by the distance of the office building

from residents, stores, suppliers and customers.

The idea of smart growth has grown in popularity as an alternative to urban sprawl, traffic congestion,

disconnected neighborhoods, and urban decay. As such, policy-makers sometimes try to provide

financial incentives to developers to encourage different land use choices, often in combination

with changing legal prescriptions.

Zoning Ordinances:

The most widely used tool for achieving smart growth is the local zoning law. Through zoning,

new development can be restricted to specific areas, and additional density incentives can be offered

for brownfield and greyfield land. Zoning can also reduce the minimum amount of parking required

for new development, and can be used to require set-asides for parks and other community amenities.

(www.wikipedia.org, Oct. 2006)

SMART GROWTH: definition    4.2.3



Environmental Impact Assessments:

One popular approach to assist in smart growth in democratic countries is for law-makers to require

prospective developers to prepare environmental impact assessments of their plans as a condition

for state and/or local governments to give them permission to build their buildings. These reports

often indicate how significant impacts generated by the development will be mitigated - the cost of

which is usually paid by the developer.  Conservationists, neighborhood advocacy groups and

NIMBYs are often skeptical about such impact reports, even when they are prepared by independent

agencies and subsequently approved by the decision makers rather than the promoters. Conversely,

developers will sometimes strongly resist being required to implement the mitigation measures

required by the local government as they may be quite costly.

A typical outcome in a community governed by those advocating smart growth is that developers

will comply with the required measures, since building the community’s trust over the long term is

also in their long term interest and may help in recruiting and retaining staff, investors and perhaps

customers with a genuine interest in social and environmental quality.

Criticisms of Smart Growth:

Although smart growth is the currently growing trend in many industrialized nations, not all groups

are convinced of its benefits.

Some lobby groups, such as the National Motorists Association, do not object to smart growth as a

whole but strongly object to certain components traditionally associated with it, such as traffic

calming or some other tactics intended to reduce automobile usage.

Libertarian groups, such as the Cato Institute, criticize smart growth on the grounds that while

well-intentioned, its application has resulted in greatly increased land values to the point where

detached houses are no longer affordable to people with average incomes.   Smart growth proponents

might respond that detached houses should in fact be priced at a level reflecting their full

environmental and social costs.  (www.wikipedia.org, Oct. 2006)

SMART GROWTH: definition    4.2.4



SMART GROWTH: concept diagram   4.2.5

SMART GROWTH

SUSTAINABILITY

MIXED USE

HIGH DENSITY

TRANSIT ORIENTED

PEDESTRIAN FRIENDLY

REDUCE ENERGY CONSUMPTION

COMBAT SPRAWL

LIMIT LAND, AIR, AND WATER POLLUTION

CREATE “LIVABLE COMMUNITIES”

PRESERVE THE NATURAL ENVIRONMENT

[Figure 11] Smart Growth concept diagram



City of AUSTIN, TEXAS:

Austin and the surrounding Central Texas region is experiencing rapid growth in population,

employment, and land area affected by development. The City of Austin has grown from a population

of 465,000 in 1990 to over 650,000 people by 2000. By 2010 Austin’s population is projected to reach

800,000. Regional projections are even more dramatic; Hays, Travis and Williamson Counties’ combined

2000 population of 1.16 million is projected to increase to over 1.4 million by 2010.

In response to this sudden and rapid growth, the city of Austin has designated desired development

zones.  Within these zones, the City uses a tool called the “Smart Growth Matrix” in analyzing

development proposals.  The City has certain smart growth goals for the development zones, including:

1. Location of development

2. Proximity to mass transit

3. Urban design characteristics

4. Increases in the tax base

5. Compliance with nearby neighborhood plans

Development proposals are assigned scores based on how much they meet the City’s smart growth

goals.  Then, according to the scores, incentives are made available to developers and investors.

Incentives include waivers of development fees and public investment in infrastructure like roads,

water and sewer lines. (www.ci.austin.tx.us, Nov. 2006)

SMART GROWTH: Austin, Texas    4.2.6

[Figure 12] Aerial view of Austin
(Google Earth 2006)

[Figure 13] Aerial photograph
of Austin skyline (City of
Austin 2006)
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MIXED-USE: definition    4.3.1

Mixed-use development refers to the practice of containing more than one type of use in a

building or set of buildings. An example of this would be an urban lot that hosted some combination

of residential, commercial, industrial, office, institutional occupancies in one edifice.

History:

Mixed-use was the most prominent style of development during the large majority of the history of

human cities and towns.  People typically walked for daily transportation and it was most convenient

to locate the different uses within close proximity of each other.  This was particularly true in large

cities, where typically the bottom floor was often devoted to some sort of commercial use, and

living spaces were upstairs.

Mixed-use development became less used during the Industrial Age in favor of more efficient

industrial and manufacturing in dedicated structures. Many of these buildings produced a substantial

amount of industrial pollution, detrimental to those who lived nearby. These factors were important

in the push for Euclidian zoning which separated residential and commercial/industrial zones from

each other.  This in essence resulted in a trend in suburban development.

Another impetus for Euclidian zoning was the birth of the skyscraper. Fear of buildings blocking

out the sun led many to call for zoning regulations, particularly in New York City. Zoning regulations,

first put into place in 1916, not only called for limits on building heights, but eventually called for

separation of uses. This was largely meant to keep people from living next to polluted industrial

areas. This separation, however, was extended to commercial uses as well, setting the stage for the

suburban style of life that is common in America today. This type of zoning was widely adopted by

municipal zoning codes. (www.wikipedia.org, Oct. 2006)



Benefits:

Throughout the late 20th century, it began to become apparent to many designers, urban planners

and government agencies that mixed-use development had many benefits and should be promoted

again. As American cities de-industrialized, the need to separate residences from dangerous factories

became less important. Completely separate zoning created isolated “islands” of each type of

development. In many cases, the automobile became a requirement for transportation between

vast fields of residentially zoned housing and the separate commercial and office strips. Jane

Jacobs’ influential book The Death and Life of Great American Cities argues that a mixture of uses

is vital and necessary for a healthy urban area.

Zoning laws attempt to address these problems through mixed-use zoning. A mixed use district

will most commonly be the “downtown” of the community. The mixed use guidelines often result

in residential buildings with street front commercial space and residential units above.  Tucson,

Arizona is one of the many cities that has implemented its own mixed-use district in its urban

redevelopment plans.

Drawbacks:

Mixed use development is seen as a risky investment by many developers and lending institutions

because economic success requires that the many different uses all remain in business. Most

development throughout the mid to late 20th century was single-use because it was safer and more

acceptable means to provide construction and earn a profit.

Construction costs for mixed-use development can exceed the costs of traditional single use type

of development. Challenges include fire separations, sound attenuation, ventilation, and egress.

In urban areas, residents and businesses usually demand a higher quality of building when a

development is going to be integrated into their communities infrastructure and visual context.

Additional costs arise from meeting the design needs. In some designs, the large, high-ceiling,

large span lower floor for commercial uses may not be entirely compatible with the smaller scale

of walled residential space above. Often the parking space requirements for businesses exceed

those of residential development. Thus, mixed use projects often require a large number of parking

spaces that may be difficult to finance. (www.wikipedia.org, Oct. 2006)

MIXED-USE: definition    4.3.2



MIXED-USE: program diagram    4.3.3

MIXED USE

COMMERCIAL

RESIDENTIAL

PROFESSIONAL OFFICES

MIXED INCOME

MIXED OCCUPANCY

SUB-GRADE PARKING

[Figure 14] Mixed-Use
concept diagram



ECOLOGICAL DESIGN    4.4



ECOLOGICAL DESIGN: definition    4.4.1

Ecological Design refers to taking environmental concerns into consideration when designing plans,

programs, policies, buildings, etc. Environmental Design encompasses the built, natural, and human

environments and focuses on creating physical and social interventions informed by human behavior

and environmental processes. It requires that the architect regard and understand the environment

as a functioning natural system and recognize the dependence of the built environment on it.

Furthermore, ecological architecture is designing with nature in an environmentally responsible

way as well as a positively contributive way.  Achieving these two objectives simultaneously by

design is probably the greatest challenge confronting the ecological designer.

Elements of Ecological Design:

- Acknowledges the importance of biodiversity

- Takes into account the connectivity of ecological systems

- Seeks to restore and repair ecosystems

- Seeks a symbiosis between manmade systems and natural systems

- Acknowledges that the environment is the final context for all design

- Acknowledges that the build environment is dependent upon the earth as the supplier of

energy and material resources

- Utilizes renewable resources at rates less than the natural rate at which they regenerate

- Optimizes the efficiency with which non-renewable resources are used

- Acknowledges that all design has a global impact because of ecosystem connectivity

- Requires that all design to be regarded in the context of a buildings physical life cycle

(Yeang, 1999)
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A Case for Sustainability:

Sustainable Design is a term generally used to describe the processes of planning, design and

construction which attempt to reduce their inherent negative social, economic and environmental

impacts.  It is based on the concepts of ‘Sustainability’ which imply that society must be “Meeting

the needs of the present generation without compromising the ability of future generations to

meet their needs.” (Brundtland Report 1987)  Sustainability expands on the basic concept of

“reduce, reuse, and recycle.” It seeks to balance sensitivity for the environment with common

economic and social values.  Several terms have concurrently emerged, such as green, ecological,

alternative, adaptive, and natural, and they all associate with the principles of sustainability.

In today’s growing energy crisis there are a growing number of concerns regarding our need to

develop alternative methods of building and design.

Buildings and Energy Consumption in the United States:

− 39 % of total energy use

− 12 % of the total water consumption

− 68 % of total electricity consumption

− 38 % of the carbon dioxide emissions

(U.S. Environmental Protection Agency 2005)



Water Consumption in U.S.

Buildings
12%

Other
88%

Total Energy Use in U.S.

Buildings
39%

Other
61%
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[Figure 15] Pie chart of relationship
between total amount of energy use in the
U.S. vs. amount of energy use attributed
to buildings (U.S. Environmental Protec-
tion Agency 2005)

[Figure 16] Pie chart of relationship between
total amount of water consumption in the U.S.
vs. amount of water consumption attributed to
buildings relationship (U.S. Environmental
Protection Agency 2005)
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[Figure 17] Pie chart of relationship between total
amount of energy consumption in the U.S. vs.
amount of energy attributed to buildings (U.S.
Environmental Protection Agency 2005)

[Figure 18] Pie chart of relationship between total
amount of carbon emissions in the U.S. vs. amount
of emissions attributed to buildings relationship
(U.S. Environmental Protection Agency 2005)



Presently there is an ever increasing and world wide interest to become less dependent on

environmentally harmful practices of energy and material production.  It is becoming more apparent

as more improvements are being made with regards to emissions standards, construction practices,

waste management, environmental policy, etc.  There are many benefits to following the green

model including:

Environmental benefits:

−  Enhance and protect biodiversity and ecosystems

−  Improve air and water quality

−  Reduce waste

−  Conserve and restore natural resources

Economic benefits:

− Reduce operating costs

− Create, expand, and shape markets for green product and services

− Improve occupant productivity

− Optimize life-cycle economic performance

Social benefits:

− Enhance occupant comfort and health

− Heighten aesthetic qualities

− Minimize strain on local infrastructure

− Improve overall quality of life

(U.S. Environmental Protection Agency 2005)

ECOLOGICAL DESIGN: sustainability    4.4.5



Building green is an opportunity to use our resources efficiently while creating buildings that improve

human health, build a better environment, and provide cost savings.  Ecological design also strives

to lower adverse impacts on the environment, by promoting the use earth friendly materials.  The

benefits of green or ecological design go beyond environmental stewardship.  Sustainable buildings

offer many practical, personal, and economic advantages including:

Lower Utility Costs:

Through such strategies as proper site orientation, the use of insulating building materials, and

tighter construction to reduce drafts, sustainable buildings require much less energy to heat and

cool. Sometimes off-grid energy sources, such as solar power, can be used to meet all or part of the

home’s electricity needs.

Reduced Impact on the Surrounding Environment and Community:

 Sustainable buildings make more use of materials manufactured or harvested in an environmentally

responsible manner. They also use locally available materials, not only to reduce transportation

impacts (such as fuel consumption and pollution) but also to stimulate the local economies. Attention

to landscaping is important as well, with consideration given to minimizing storm water runoff,

which can pollute local waterways.

A Healthier and More Comfortable Living Environment:

 By using nontoxic materials, sustainable buildings have better indoor air quality. They also use

materials resistant to moisture and rot to eliminate concerns about the growth of hazardous mold

and mildew. Exterior walls typically have greater thermal mass, which offers the dual benefits of

reducing temperature fluctuations and muffling outdoor noise.

(U.S. Environmental Protection Agency 2005)

ECOLOGICAL DESIGN: sustainability   4.4.6



ECOLOGICAL DESIGN PRINCIPLES FOR LARGE BUILDINGS    5

The Ecological Design of large buildings is crucial because

of their scale and volume of consumption of energy and

materials.  What architects, engineers and builders must

do is to make an intelligent start, based on current

knowledge, on the development of the techniques and ideas

needed to solve green design problems.  The following

are fundamental principles extracted from the process of

designing ecological mega-structures.

[Figure 19] Illustration from ‘The Green Skyscraper’ (Yeang)



DESIGN PRINCIPLES: natural ventilation    5.1.1

Natural Ventilation:

One of the key ambient sources of energy of a location is wind.  By optimizing the location’s wind

conditions during the time of the year and time of the day when good ventilation or when wind

assisted comfort ventilation is needed, we can shape the urban building’s floor plate and external

wall for natural ventilation and more effective cooling.

Natural ventilation includes a number of ways in which external air and wind can be used to

benefit the occupants of buildings.  At the simplest level, natural ventilation ensures a fresh air

supply to the interiors, for example, through vents or operable windows.  However, it must be

taken into account that this could create dustier or noisier internal conditions, especially at the

lower levels of the high-rise.  Large projects may be dependent on the ‘stack effect’ whereby fresh

air is allowed to enter at a low level, where it can be further cooled as it comes into contact with the

thermal mass of the cold concrete floor slabs.  As the air warms, it rises and is eventually expelled

at the roof level.

[Figure 20] Average wind direction chart for Tucson, AZ.
(National Weather Service - www.wrh.noaa.gov)



DESIGN PRINCIPLES: natural ventilation    5.1.2

Properly designed natural ventilation solutions can result in savings in both capital costs and energy.

In addition, it is also desirable to minimize the requirement for mechanical ventilation and air-

conditioning systems in order to ensure a comfortable building.  The use of natural ventilation is

overwhelmingly supported by the fact that energy consumption is typically around half that of air

conditioned buildings in cases where natural methods are used.  In addition, maintenance is reduced

and there is a reduction in carbon dioxide emissions.

Central courtyards or atriums can be used to save energy by using the space as a means to bring

fresh air into the building.  In addition, a design incorporating such an atrium space should lend

itself to natural ventilation by virtue of the fact that the inclusion of the atrium will modify the

building form to one avoiding deep plan accommodation in favor of a layout with windows on

inner and outer facades, allowing for good cross ventilation.  (Yeang, 1999)
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NATURAL VENTILATION

AIR FLOW THROUGH SHARED COURTYARD SPACES OF
RESIDENTIAL COMPLEX ACCELERATING AS DISTANCE
BETWEEN STRUCTURES DECREASES

[Figure 21] Plan diagram of airflow
through courtyard spaces
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NATURAL VENTILATION

AIR FLOW THROUGH SKYCOURT OF
MULTI-STOREY BUILDING

STREET LEVEL

[Figure 22] Section diagram of air flow
through skycourt of multi-storey building
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NATURAL VENTILATION

SKYCOURT

INTERIOR SPACES FOR
MULTIPLE LEVELS

AIR MOVEMENT TO
INTERIOR SPACES

[Figure 23] Section diagram of air flow from
skycourt to interior spaces
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Natural Daylighting and Solar Control:

Daylighting is the controlled admission of natural light into a space through apertures to reduce or

eliminate electric lighting. By providing a direct link to the dynamic and perpetually evolving patterns

of outdoor illumination, daylighting helps create a visually stimulating and productive environment

for building occupants, while reducing total building energy costs.

The external shading devices used on the façade can have an effect on the amount of natural daylight

the building receives.  Other devices include the use of overhangs from the floor above and external

blinds.  Provided the sun path of the locality justifies their use, light-shelf devices can be used to

reflect light back into the inner reaches of the floor space.  These devices do not increase the quality

of light but ensures a better distribution to the insides of the space.

Generally, on the ‘hot’ sides of buildings (east and west) regardless of latitude, some form of solar

shading is required.  The westward solar-facing-façade has the highest intensity at the hottest time

of the day.  Angle control is held to be the key to the optimization of a façade or louver system, since

direct radiation of internal areas should be avoided for lengthy periods during the summer, while

maintaining high daylight utilization.  Avoiding the complex issues on how to deal with East and

West light and radiation can be resolved by moving the service systems such as elevators, stair

wells, and mechanical equipment to the east or west ends of tall buildings to act as a thermal buffer

for the inhabited interior space by blocking and absorbing the heat gain. (Yeang, 1999)

[Figure 24] Sun path diagram
and average temperature/days
sunshine for Tucson, AZ.
(National Weather Service
www.wrh.noaa.gov)



DESIGN PRINCIPLES: solar control and natural daylighting    5.1.7

NATURAL DAYLIGHTING

SUMMER
SOLSTICE
81

WINTER
SOLSTICE
34

MULTI-STOREY BUILDING

SKYCOURT

STREET LEVEL

[Figure 25] Daylighting diagram showing
sun reflectance into skycourt

EQUINOX
58
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SOLAR CONTROL

DIRECT SOLAR GAIN TO THE
INTERIOR SPACE IN THE
COOLER WINTER MONTHS

[Figure 26] Solar control diagram
depicting summer sun angles being
reflected and winder sun angles being
utilized for heating interior spaces.

SUN BEING REFLECTED BY
SHANDING DEVICE
IN HOT SUMMER MONTHS

SUMMER
SOLSTICE
81

WINTER
SOLSTICE
34

EQUINOX
58

INTERIOR
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Water Conservation:

Precipitation falling on the site should in theory eventually recharge aquifers and natural waterways

without deteriorating their quality or quantity.  Where contamination occurs, the building should

provide for removal and/ or recovery of contaminants.   Water entering should not diminish its

source, and should be returned to the natural environment in a state that enhances the indigenous

habitat.  Water conservation should be further promoted by specifying low use water fixtures and

appliances and by water recycling systems that limit demand and reduce sewage.

Cisterns and catchment basins are ancient methods of meeting a building’s water supply needs.

Typically, a system of gutters from the roof collects runoff and channels it into a cistern.  Ecologically

conscious buildings employ these methods of collecting rainwater to reduce the need for treated

water.  The rainwater collected by these methods is used for landscape maintenance.  Often

comparable in cost to drilling a well, rainwater collection systems can be employed within a group

of buildings or an entire community.

Rainwater harvesting essentially means collecting rainwater on the roofs of building and storing it

underground for later use. Not only does this recharging arrest groundwater depletion, it also raises

the declining water table and can help augment water supply.  All you need for a water harvesting

system is rain, and a place to collect it! Typically, rain is collected on rooftops and other surfaces,

and the water is carried down to where it can be used immediately or stored. You can direct water

run-off from this surface to plants, trees or lawns or even to the aquifer. Some of the benefits of

rainwater harvesting are as follows:

- Increases water availability

- Improves the quality of groundwater

- Prevents soil erosion and flooding especially in urban areas

(Yeang, 1999)



DESIGN PRINCIPLES: water conservation    5.1.10

WATER CONSERVATION

RAIN WATER

STORAGE TANKS

RE-DISTRIBUTION

ROOF TERRACES FOR RAIN
WATER COLLECTION

MULTI-STOREY BUILDING

[Figure 27] Water Catchment
diagram showing terraced
roof collecting rain water and
piping it to storage tanks for
re-distribution.
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Skycourts:

The skycourt is essentially a recessed balcony area with full height glazing that has doors which

open out from the internal areas to the terrace spaces.

As an alternative to shading devices, the building can have cut-in transitional spaces at its façade

to provide useable out door spaces as well as recessed shading.  These parks-in-the-sky balance the

inorganic mass of the building’s hardware and components with an organic mass to effect a more

balanced ecosystem.

Besides providing shading to that portion of the building, a skycourt can also serve multiple functions

such as the following;

- Emergency evacuation zones

- Areas for planting and landscaping

- Flexible interstitial zones for future expansion

- Areas for the future spatial addition of facilities.

The skycourts also give the skyscraper’s users a more humane environment, letting them step out

from the enclosed floor areas to directly experience the external environment and to enjoy views.

These transitional spaces can also be located to protect the ‘hot’ sides of the urban building or to

frame an important view.  Positioned either centrally or peripherally, such multi-storey transitional

spaces essentially perform the same traditional transitional spaces as the veranda in vernacular

architecture.  Such spaces are in effect ‘open-to-the-sky’ spaces under semi-enclosed conditions.

(Yeang, 1999)
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[Figure 28] Green sky court (Yeang)
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The roofscape:

The building’s roofscape should be considered as the building’s ‘fifth façade’ (Yeang ).  The roof of

a skyscraper is less important thermally as compared to the roof of a lower-rise building type

because of its small surface area compared to the extensive external wall area.  Furthermore, the

skyscraper’s extensive building height makes any roof overhangs irrelevant except for the uppermost

few floors.

However, the direct solar-heat absorption of the roof in the last floors needs to be considered.  In

most case, much of the roof is usually occupied by mechanical equipment, which offers some

insulation.  The alternative is to have a roof canopy or pergola, or to provide a roof garden or

permaculture.

The thermal forces acting on the outside of the tall building are a combination of radiation and

convection impacts, among others.  The radiation component consists of incident solar radiation

and of radiant heat exchanged with the surroundings.  The convective heat impact is a function of

exchange with the internal air and may be accelerated by air movement.

Roofs and terrace areas in our building should also be vegetated.  If buildings are designed with

vegetated roofs, rainwater is retained and evaporated, internal insulation is improved and energy

consumption reduced.

Roof vegetation can:

- Retain rain water collected

- Reduce heat island phenomena in dense urban centers by cooling the air by evaporation

- Provide thermal and acoustical insulation

- Protect and increase the lifespan of the roof underlay

- Recuperate habitable space for flora and fauna and increase the biodiversity of the locality

(Yeang, 1999)
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HVAC system:

HVAC is an acronym that stands for “heating, ventilating, and air conditioning”.

The three HVAC functions are closely interrelated. All seek to provide thermal comfort, acceptable

indoor air quality, and reasonable installation, operation, and maintenance costs. HVAC systems

can provide ventilation, reduce infiltration, and maintain pressure relationships between spaces.

How air is delivered to, and removed from spaces is known as room air distribution.

Air Conditioning:

Most large, multistory buildings use centralized air-conditioning equipment.  The roof and basement

are the usual choice for these central station systems.  The basement has the advantage of easy

utility connections, noise isolation, not being valuable rental area, and the fact that structural loads

are not a problem.  The roof is the ideal location for fresh-air intakes and heat rejection to the

atmosphere.  Since cooling towers are noisy and produce very hot and humid exhaust air, they are

usually placed on the roof as well.

Ventilation:

Ventilation is the changing of air in any space to remove moisture, odors, smoke, heat, and airborne

bacteria. Ventilation includes both the exchange of air to the outside as well as circulation of air

within the building. It is one of the most important factors for maintaining acceptable indoor air

quality in buildings. Methods for ventilating a building may be divided into mechanical/forced and

natural types.  (Yeang, 1999)
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Heat recovery ventilators, also known as heat exchangers or air-to-air heat exchangers, can capture

much of the heat that is ordinarily lost during ventilation.  A heat recovery ventilator brings in

fresh air from the outside, preheats the incoming air during the winter and precools the incoming

air during the summer. It can provide clean fresh air every day while helping to keep energy costs

low.

Displacement ventilation introduces air at low velocities to cause minimal induction and mixing.

The displacement outlets are usually located at or near the floor. The system utilizes buoyancy

forces (generated by heat sources such as people, lighting, computers, electrical equipment, etc.)

in a room to move contaminants and heat from the occupied zone to the return or exhaust grilles

above. By so doing the air quality in the occupied zone is generally superior to that achieved with

mixing room air distribution.

[Figure 29] Diagram of displacement
ventilation showing displacement
outlets at the floor and return inlets
at the ceiling. (Yeang, 1999)

RETURN

DISPLACEMENT OUTLET

HEAT BUOYANCY
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HVAC SYSTEMS
COOLING TOWERS ON TOP OF SERVICE
SHAFTS LOCATED ON EAST & WEST
SIDES OF MULTI-STOREY BUILDING

PLAN

SECTION

CHILLER

FRESH AIR
INTAKE

HEAT REJECTION

FRESH AIR

COOLING TOWER

AIR HANDLING UNIT
EACH FLOOR

AIR DISTRIBUTION
AND RETURN

[Figure 30] HVAC
diagram showing
plan and section of
cooler, chiller, air
hander, and
distribution
locations
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Material Selection:

The designer of the skyscraper and other intensive building types has to select materials for the

building.  The ecological criteria for the materials selection is as follows:

- The potential of the material for reuse and for recycling

- The embodied ecological impact of the material (the impact on the environment as a

consequence of the production and delivery of the material to the construction site)

- The embodied energy in the material (the energy cost of producing and delivering the

material or component to the construction site)

- The toxicity of the material on humans and the ecosystems

Design for Reuse:

The reuse of the material can be either primary (in its original form) or secondary (in modified

form).  Primary reuse means that the item is reused for the original intended purpose and does not

require any additional reprocessing.  Secondary reuse involves employing an item again but for a

different purpose and requires it to be at least somewhat modified.  The design of the connections

and fixing of materials should take into consideration the following:

- Make the components easy to disassemble

- Reduce the number of different types of materials used

- Ensure that it is possible to remove easily any components which would contaminate the

recycling process.

[Figure 31] Multi-story steel frame
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Embodied Energy Impact:

The ‘embodied energy’ in a material or assembled component

is the energy expended (from non-renewable energy sources)

in the extraction and processing of raw materials, manufacture,

transport and construction.

- The impact of the selected material on the environment

after use.  Is the material fully biodegradable and will

it be the source of a contamination problem at the

landfill after disposal.

- Materials that occur near to their point of use have the

advantage that they require less energy to transport.

The use of locally occurring construction materials is

argued by some as engendering a more critical,

regionalist design.

- The extraction process of some raw materials can cause

severe damage to local habitats.  Information about this

can help a designer decide using one material over

another.
[Figure 32] Embodied
Energy Chart (Yeang)
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Material Example -- Autoclaved Cellular Concrete:

Developed in Sweden in the late 1920s, autoclaved cellular concrete (ACC) is a lightweight precast

concrete building material that is cured under high pressure inside special kilns called autoclaves.

Though ACC has been used successfully throughout most of the world since the end of World War

II, ACC made a mark in the United States only recently.

In manufacturing ACC products, Portland cement is mixed with lime, silica sand, or recycled fly

ash (a byproduct from coal-burning power plants), water, and aluminum powder or paste and poured

into a mold. Steel bars or mesh can be placed into the mold for reinforcing. The reaction between

aluminum and concrete causes microscopic hydrogen bubbles to form, expanding the concrete to

about five times its original volume. After evaporation of the hydrogen, the now highly closed-cell,

aerated concrete is cut to size and form and steam-cured in a pressurized chamber (an autoclave).

The result is a non-organic, non-toxic, airtight material that can be used in non- or load-bearing

exterior or interior wall, floor, and roof panels, blocks, and lintels. According to the manufacturers,

the production process generates no pollutants or hazardous waste.

AAC is a good ecological choice in terms of manufacturing, construction, recycability, and indoor

air quality issues. By altering the mixture proportions the manufacturer can manipulate insulation

values and compressive strength, which makes AAC more versatile. Because it is lightweight and

workable, AAC saves construction time, waste, and energy.

[Figure 33] (AAC) Microscopic image
(Autoclaved Aerated Concrete
Products Association - AACPA)
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The final design proposal is the result of  City of

Tucson research, site analysis and the application

of essential ecological design principles regarding

sky scraper design.

[Figure 34] Photograph of final design skycourt
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[Figure 35] Aerial Photograph of site showing commercial
and institutional districts in relation to subject site
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subject site [245 e. broadway blvd.]

OCR-2 = Mixed-Use
(High Rise Density Matrix)
Develoopment Designator - ‘36’
Floor Area Ratio - 10.5
Max. Building Hgt. - 300’
Setbacks - 0’
Permitted Land Uses
- Professional Offices
- Food Service
- Parking
- Retail Sales
- Residential (Family Dwelling ‘X’)

C-3 = Commercial
(High Density Matrix)
Develoopment Designator - ‘34’
Floor Area Ratio - 2
Max. Building Hgt. - 75’
Setbacks - 0’
Permitted Land Uses
- Financial Service
- Food Service
- Parking
- Retail Sales
- Residential (Family Dwelling ‘S’)

[Figure 36] Tucson mixed-use district map showing subject site having
zoning boundry with approximately 25% of site falling in OCR-2 zone
and the remaining 75% being zoned C-3
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Subject Site [245 E. Broadway Blvd. ]

[Figure 37] Tucson Rio Nuevo Overlay Zone with subject site falling
within the boundary
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[Figure 38] Sun and Wind patterns over site
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[Figure 39] Water drainage patterns across site (245 E. Broadway Blvd.)
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MIXED USE

CIVIC PLAZA

COORIDOOR GATEWAY

CULTURAL NUCLEUS

TRANSIT HUB

HISTORIC NEIGHBORHOOD

SUN TRAN

TRAIN DEPOT

4TH AVE. STREET CAR

HOTEL CONGRESS

RIALTO THEATER

INTERSTATE ACCESS

@ 245 E. BROADWAY

ARMORY PARK

CHILDRENS MUSEUM
ARMORY PARK HISTORIC DISTRICT

[Figure 40] Downtown Tucson Site Diagram
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Design Criteria:  245 E. Broadway Blvd. Tucson, AZ

Site:

1. To create pedestrian and public transit oriented street designs for Broadway and 4th.
2. To forward the goals and objectives of the City of Tucson’s current mixed-use

development plans and models.
3. Respond to vernacular architecture of Sonoran Desert. (style, form, and materials).
4. Respond to sun, wind, and climate patterns for geographic location.
5. Address the local zoning and land use code issues.

Program:

1. Encourage the development of a mix of businesses that serves the needs of residents,
expands shopping opportunities for residents, and attracts new consumers from other
markets.

2. To provide residential amenities such as food markets and laundry facilities in street
level commercial spaces.

3. To provide residential units for mixed-income, individual and single family occupants.
4. To provide adequate parking for commercial and residential spaces.
5. To provide shaded courtyards and public green space.
6. Implement streetscape improvements including shaded sidewalks, transit terminals and

lighting.

Sustainability:

1. Orientation of main courtyard to run North-South and to minimize exposure to summer
sun and provide a reservoir of cool air.

2. Water catchment systems to eliminate water run-off.
3. The application of shading devices to control day-lighting on east and west facades.
4. Integrate vegetation to shade and aid in the cooling of air through transpiration.
5. Reduce heating load by taking advantage of low, Southern, sun patterns for passive

heating.
6. Reduce cooling loads by harnessing prevailing summer wind patterns (North-West) for

ventilation.
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[Figure 43] Perpective view diagram 02 (volume study)

[Figure 42] Perspective view diagram 01 (volume study)

[Figure 41] Plan view diagram (volume study)

parking structure

Corner of E. Broadway Blvd.
and 6th. Street

mixed-use structure

mixed income residential

surrounding commercial
structures

shared courtyard for
mixed income residential
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[Figure 44] Plan view study model

[Figure 45] Perspective view study model
(east facade)

[Figure 46] Perspective study model (west facade)

terraced roof with native
plantings

shared central courtyards
with native plantings

recessed private patios to
provide shading for mixed
income residential

vertical circulation shifted
to east and west sides of
mixed-use tower to act as
thermal buffers to interior
spaces

central service zone with
public green space on roof



DESIGN RESPONSE: schematic design   6.2.4

[Figure 47] Perspective view study model
showing south side of Mixed-Use tower

[Figure 48] Perspective view study model
(north facade)

screen element on
corner of Broadway and
4th to act as visual
landmark element for
the downtown district

central multi-story sky
court that interior
offices will open out to

terraced roof with native
plantings

recessed private patios to
provide shading for mixed
income residential

vertical shading
devices to control glare
and solar gain to the
North facade
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[Figure 49] Perspective view study model showing
vertical shading devices (north facade)
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[Figure 50] Aerial view of proposed mixed-use development in its urban context.



DESIGN RESPONSE: plan view diagram    6.2.7

[Figure 51] Plan view of VIZ model

terraced roof garden

surrounding buildings

service spaces w/ public
green space on top floor

service core and
thermal buffer

mixed income residential

residential courtyards

surrounding buildings

mixed use tower entrance

parking and loading
entrance / exit
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[Figure 52] Street level plan illustrating mix
of commercial uses, vertical circulation and
courtyard locations
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[Figure 53] Parking plan illustrating loading
zones, direction of traffic and separation of
residential and commercial parking
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SERVICE

PROFESSIONAL OFFICES

COMMERCIAL

RESIDENTIAL

PARKING

PROGRAM:  245 E. Broadway Blvd. Tucson, AZ

COMMERCIAL: 30,000 S.F.

1. Includes street level market’s, banks, retail stores, and restaurants.
2. Provides crucial ammenities to on site residences.

RESIDENTIAL: 80,000 S.F.

1. Includes 1, 2, and 3 bedroom apartments or condominiums at market
and affordable rates.

2. Provides options for a mix of incomes.

PROFESSIONAL OFFICES:  70,000 S.F.

1. For a variety of businesses types.
2. Includes a mixture of occupancies.

[Figure 54] Color coded
section illustrating different
use of spaces



DESIGN RESPONSE: section drawings    6.2.11

[Figure 55] North/south section

[Figure 56] East/west section
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[Figure 57] Perspective view of mixed
income residential (south facade)

[Figure 58] Aerial view of mixed income
residential (south facade)

fabric awning to diffuse
light and to provide
shade for southern
facade

vertical circulation
from sub-grade parking
and commercial level
to residential units
above

southern aperature to
living spaces for
passive solar heating
and natural daylighting



[Figure 59] Perspective view of mixed
income residential (east facade)

[Figure 60] Perspective view of mixed
income residential (east facade)
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[Figure 61] Perspective view of mixed income
residential (courtyard)

[Figure 62] Perspective view of mixed-use
tower (north facade)

DESIGN RESPONSE: VIZ renderings    6.2.14

extruded public
balconies capturing
views of Santa Catalina
mountains to the North

residential balconies
open to court yards
below

public rooftop space
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[Figure 63] Perspective view
looking south east

service element on
west side of mixed-use
tower to separate
ductwork, plumbing,
electrical conduit and
mechanical systems
from interior spaces
and to act as a thermal
buffer to the west

vertical shading device
to control solar expo-
sure from rising and
setting summer sun
angles

market rate residential
patio’s open to view of
Santa Catalina mountains
to the North
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[Figure 64] East elevation

[Figure 65] North elevation
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1:20 = 1’-0” Scale Model of proposed Mixed-Use structure:

The model is sectional so that two halves divided along the North to South orientation can be
separated into two section models.  The model was subject to a light study designed to create a
visualization of the sun patterns relative to the structure on the site.

[Figure 66] Aerial Site Plan -- 12:00 P.M. JUNE 21

[Figure 67]  View looking North at C-3 residential  -- 12:00 P.M. DECEMBER 21



[Figure 68] Roof Terrace Gardens and PV Awnings -- 12:00 P.M. JUNE 21

[Figure 69] Roof Terrace Gardens and PV Awnings -- 12:00 P.M. JUNE 21
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[Figure 70] Roof Terrace Gardens and PV Awnings -- 12:00 P.M. JUNE 21

[Figure 71] Roof Terrace Gardens and PV Awnings -- 12:00 P.M. DECEMBER 21
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[Figure 72] Commercial storefront with courtyard visible in backround
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[Figure 73] East section (physical model)

[Figure 74] West section (physical model)



EVALUATION: solar study    6.3.1

EAST ELEVATION -- 9:00 A.M. JUNE 21

EAST ELEVATION -- 12:00 P.M. JUNE 21

EAST ELEVATION -- 3:00 P.M. JUNE 21
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EAST ELEVATION -- 9:00 A.M. DEC. 21

EAST ELEVATION -- 12:00 P.M. DEC. 21

EAST ELEVATION -- 3:00 P.M. DEC. 21



Wind Tunnel Experiment Goals:

To test the orientation of multi-level residential towers by analyzing the
fluid dynamics in and around structures and spaces.
To acquire data on fluid dynamics acting on subject space in order to
make appropriate design modifications and/or decisions.
The proposed smart wall system for the single residential unit and the
cardinal orientation of the multilevel residential tower will allow for op-
timal ventalative cooling once multiple wall scenarios at different orien-
tations are examined.

Lewis Wills  Dr. Nader Chalfoun Dr. Alfonso Ortega

A period of time was dedicated to producing the experiment guidelines and
the physical model that was going to be tested.  The model was constructed
at a scale of 1/2” = 1’ out of bass wood, foam core boards, and plexiglass.
The transparent panels allowed visualization of orange streamers in flow.

EVALUATION: wind tunnel test   6.3.3



Wind Tunnel Introduction:
The researcher and affiliated members of this project studied the wind tunnel and deliberated on
means of velocity measurement and test subjects.  The initial discussions generated a schematic
experiment outline that could be developed through subsequent meetings.

Experiment Development:
The test problem and predicted outcomes are produced and developed.  The subject space is fo-
cused to a singular, upper-level, unit.  Removable wall panels allow for the manipulation of the
short facades to create a variety of scenarios.

Model Production:
 After the tunnel chamber area is measured and other construction details are accounted for then a
testing model is produced.  The 3-D structure would provide the physical space needed to simulate
the actual space of the dwelling but at a much smaller scale.

Data Acquisition:
The velocity measurments are recorded and visual patterns are noted at this phase of development.
The probe was mounted in place and the model was oriented on one of the three extablished angles.

Data Analysis:
The measurements gernerated during the test are re-formatted (made digital) and organized with
test diagrams and graphed.  This establishes a combined visual and numerical illustration that can
be viewed and analyzed.

Conclusions:
Natural Ventilation in an upper level single unit residence in Tucson, Arizona will be of optimal
performance after a unit model is constructed and put in a wind current simulation and wind veloc-
ity data is acquired.

EVALUATION: wind tunnel test  6.3.4

The wind tunnel used in this experiment is located
in the Aerospace and Mechanical Engeneering
building (AME) at the university of Arizona in
Tucson.

Wind Tunnel Type = Horizontal, Sub-Sonic, Open
Circuit
Working Section = 6’l x 4’h x 3’d
Model Scale = 1/2” = 1’



A Wind Velocity Meter / Hot Wire Anomometer is
a device that reads, through a wire probe, wind ve-
locities and digitally displays the amount on a control
panel.  See image ?? for picture of instrument used in
acquiring data for this experiment.   It was placed at
three separtate locations along an axis running approxi-
mately through the center of the subject space.  An
average was taken from a range due to laminar flow
inside the subject space.  Three different orientations
to the wind direction were established to understand
the effect of the proposed curvelinier facade.

EVALUATION: wind tunnel test   6.3.5



Victor Olgyay was the primary guide used to develope the
parameters of this experiment.  It introduced terms and defi-
nitions relating to air movement that enabled me to com-
municate with a community of educators that represented
the field of aerospace engineering.  Through guidance, they
equiped me with the knowledge required to conduct a reli-
able wind experiment.  They granted me access to their e

The factors which affect the speed of airflow through the
building are:

     · The ratio of outlet to inlet opening sizes, and
     · The degree of obstruction to the flow.

For maximum air speeds within the building the outlet
should be greater than the inlet. This situation is analogous
to the spillway of a dam through which the water rushes
from a lake that is hardly moving at all. When the inlet is
larger than the outlet, this spillway effect is outside the
room, whereas when the inlet is smaller, it occurs within
the room.

Images from Victor Olgyay’s Design With Climate
illustrating wind tunnel testing and flow analysis.

Cardiff University hosts a program centered on the study of
wind and architecture.  The illustrations to the left show an
acrylic test model and a 3-D diagam indicating flow pat-
terns through the test space.  The red patterns in the center
of the structure indicate a network of wire anomometer
probes.

EVALUATION: wind tunnel test   6.3.6
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CONCLUSION  7

The overriding goal of this research and design report was to contribute to the discussion of

sustainable mixed-use development in Tucson, Arizona and to provide a visual articulation of a

potential design strategy based on a set of standard ecological design principles.  The proposed

design concept responds to both Tucson’s need to accommodate a current and future growth trend

and the ever important global need for ecologically sensitive design and construction.  It provides

the downtown with a diverse range of businesses including markets, banks and restaurants, as well

as one hundred new residential units supporting a mix of incomes.  It furnishes the site with a

pedestrian oriented environment with green spaces, street-scape and mass transit terminals.  The

proposed development uses orientation, architectural form and applied technology to help it become

integrated into the natural environment by optimizing the sun, wind, and rain patterns to provide

light, comfort and water to its inhabitants.

In a world facing a future characterized both by expanding metropolitan regions and by ecological

crisis, it is imperative that we re-think the relationship of urban development to the natural

environment.  The ways that people learn from and respond to the urban environment are critical to

the prospects for sustainability.  There are important ecological implications to the built form of

cities.  It is imperative that we understand that what we build affects the temperature, wind dynamics

and shading patterns of the immediate environment.  It also extends to a global consideration when

factoring material extraction, energy consumption and waste byproduct.  Sound planning and design

decisions need to be made and negative environmental impacts should be seriously considered and

avoided.



CONCLUSION  7.1

All cities are faced with the challenge of accommodating ever increasing populations.  Tucson is no

exception.  This problem is further complicated when considering that Tucson exists in a particularly

delicate eco-system.  Sprawl needs to be controlled and people need to be directed back into the

city center in order to preserve the natural landscape and its resources.  The physical and political

infrastructure already exists for Tucson to begin modifying the currently dormant urban fabric so

that it may again be an active and livable community.  Tucson needs to follow through with its

plans to implement Smart Growth into its Comprehensive Plan and to encourage Mixed-Use

development in the downtown area.  If done properly this could result in a healthy, economically

stable, culturally rich and environmentally friendly city.
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