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INTRODUCTION	
  
Health and healthcare are common topics of discussion and concern in our society.
People are concerned about their medical care, not only for themselves, but for their
children and other family members as well. Yet, even though health is considered an
important part of society, medical buildings are not always the embodiment of healthy
practices. While they distribute healthcare, they do not always promote it for their
community. As Edward T. McMahon, the Charles E. Fraser Chair on Sustainable
Development at the Urban Land Institute in Washington D.C. wrote in their article on
healthy communities, “obesity and other health problems, including asthma, diabetes, and
depression, have all been linked to poor neighborhood design…” (2012). If medical
facilities adapted to sustainable design, they could become the embodiment of the health
aspirations for their community, and provide a healthy environment for all to use and
learn from.
Energy saving techniques and technology are standard sustainable building principles
and are one of the first steps to creating a healthy environment. Everyday building
operations account for about 41% of the United States’ primary energy consumption,
according to the 2011 report “The Greenest Building” (Frey et al., 2011, p.17). Reducing
this footprint by applying conservation practices into building design will mean that a
significant amount of the country’s energy can be saved. There is a lot of energy that
goes into maintaining human temperature, lighting, and use requirements. Medical
facilities in particular, are found to consume the greatest amounts of energy due to their
required equipment and round the clock function (Frey et al., 2011, 17). The Saunders
Research building at the University of Rochester Medical Center is a perfect example of
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all the different ways that energy consumption can be minimized. This building includes
many sustainable features like solar orientation, natural lighting, porous pavement, and
bicycle storage to promote carbon free transportation. All these features create a more
energy and cost efficient facility. Even though it is not probable that all of the Saunders
Research building’s features can be applied to other medical facilities, even if only a few
techniques are applied and only a portion of energy can be conserved, these building will
become an important example for the surrounding community. They will demonstrate
that even high-energy facilities can apply energy conservation in a practical and effective
way.
Sustainability also means integration with the natural environment. Instead of
replacing native vegetation and landscape with needed buildings, communities should
work with the environment to create their architecture. A design study conducted by the
University of Minnesota showed that when integrating nature like gardens, natural
lighting, and fresh air, into building design, not only is it preserving the natural
environment, but it also has many positive physiological effects (Schively, 2007, p. 4).
Vegetated environments reduce stress levels and can be a very healthy and sustainable
asset to any community. By including the environment in a medical building’s design, the
building is able to foster a healthy environment within its facility, as well as within the
community.
One of the most important qualities of a medical facility that is already constructed
within an area is that it already has an established relationship within that community.
The building naturally fits within the area because it has been accepted as part of the
community and fits within the public’s natural routine. Thus, any sustainable changes
made to such an interconnected building will be distinguishable to its community. Infill
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development and adaptive reuse are two sustainable design practices that are becoming
more important within todays sprawled out society. Take the University of Arizona’s Old
Main building for an example. This building has been a part of Tucson since its
construction in 1891 and has been through many renovations and service changes since
its establishment, including renovations within the last year (Everett-Haynes, 2013). By
continually making Old Main functional, the University is able to not only save money
and resources by not needing to build anew, but it also is able to use the buildings
established ties and symbolic meaning to elicit community pride for the school.
Established buildings, like Old Main, can use their meaningful impact on their
community to help foster a sustainable mentality by incorporating sustainable changes
into their own design.
Similar to the University of Arizona’s Old Main, the long-term acute care hospital
(LTACH), CareLink of Jackson in Jackson, Michigan, has longstanding connection to its
community. The building has gone through many changes over the years, but it has been
within the Jackson community since 1943. The building is very much a part of the fabric
of the community, both for its long-term establishment and for its functional meaning.
Thus, any changes made to the medical facility will be felt throughout the whole
community. By implementing more sustainable design practices, CareLink will be better
suited to meet the health needs of its community and become an important example for
the public. This study will analyze sustainable building features, designs, and techniques
that CareLink will be able to integrate into its facility in order to create a healthier,
efficient, and improved environment for its staff, patients and surrounding community.
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LITERARY	
  REVIEW	
  
Sustainability is rapidly becoming an accepted and sought out practice in the
world. As more scientific data is compiled and more people become aware of the
environmental changes happening to the planet, there will be a greater need for
sustainable practices. Climate change is one of the main driving forces for the more
recent push for sustainable changes in the world. The Intergovernmental Panel on
Climate Change (IPCC) has collected and summarized the main effects of climate change
as well as what is causing it..
Climate change has many concerning effects that should be understood by the
public, as it is societies' actions and desires that will determine the future outcome of the
environment. According to the IPCC, from 1950 to 2013 the average surface temperature
of the planet has increased by almost 0.25°C and by 2030, it is predicted to increase as far
as 1.5°C (IPCC 2013, p. 131). The carbon dioxide concentration has increased from
300ppm in 1950 to over 380ppm in 2013 with a continued increase projection (IPCC
2013, p.132). This increased temperature, coupled with the increased CO2 concentration
in the atmosphere can, and will, lead to many devastating changes to the planet and the
animals inhabiting it. Such changes include rise in sea level, ocean acidification, and
melting of the ice caps (IPCC 2013, p. 136). These changes can, and in some cases
already have, resulted in loss of island and coastal land, disturbance of ocean flow and
loss of animal habitat. By looking to this data as proof that climate change is happening
in the world, the public will become aware of the need to protect the environment from
harm.
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While it may be hard to reverse these environmental changes, by understanding
how they are brought about, humans can strive to reduce, or completely stop, the harmful
effects of climate change. Through the help of organizations like the IPCC, it has come to
be understood that human activities are the main cause of climate change (IPCC 2013, p.
123). The increased amount of greenhouse gases that human activities emit into the
atmosphere, along with the decrease in natural habitat, has led to atmospheric changes
and the resulting environmental effects. Through this understanding of how humans have
been the leading cause of climate change, the public has become aware of the sustainable
changes that need to ensue in the current human lifestyle in order to make effective
environmental change.
Sustainable building practices are an important and effective way to help mitigate
climate change and its harmful effects. A study by Mays Business School titled
“Quantifying the Hidden Benefits of High-Performance Building” analyzes the tangible
and intangible benefits that sustainable buildings have. One of the main intangible
categories the study identifies is the reduced environmental impact of green building
(Birkenfeld et al., 2011 p. 5). “According to the EPA, buildings account for 39% of the
nation’s total energy use, 68% of total electricity use, 38% of total CO2 emissions, and
60% of total non-industrial waste generated” (Birkenfeld et al., 2011 p. 5). This high
energy and resource consumption makes sustainable building practices an important and
impactful investment, when it comes to decreasing the harmful effect humans have on the
planet.
Green building does not only benefit the health of the planet, it also can have very
economical and individual benefits, all of which cannot be quantified. The Mays
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Business School study further identifies the intangible benefit of improved health of
building occupants in green building (Birkenfeld et al., 2011 p. 4). Not only do benefits
from the green buildings improve the health of the environment, but they also improve
the health of people as well. Natural lighting and improved indoor air quality both are
found to improve the health of the occupants (Birkenfeld et al., 2011 p. 4). By
implementing green building techniques, people are able to reap, not only the
environmental benefits, but personal, mental and physical benefits as well.
Organizations also benefit from sustainable building practices in multiple ways.
Tangibly, including sustainable design and features in buildings leads to “energy savings,
lowering operating costs, and reduced taxes” (Birkenfeld et al., 2011 p. 3). In addition,
organizations also benefit from the improved public perception that comes with
sustainable practices. The study cited that companies gain business and improve
employee satisfaction by being more sustainable (Birkenfeld et al., 2011 p. 5). Not only
that, but the natural, environmentally friendly designs of green buildings leads to
increased employee productivity. Referring to Carnegie Mellon’s E-bids research project,
The Mays Business School study states, “a total saving of $52 billion annually can be
‘achieved by providing 35% of the U.S. workforce with effective daylight in
workspaces’” (Birkenfeld et al., 2011 p. 6). Furthermore, the study states that employee
performance can improve anywhere from 6-26% when exposed to sustainable buildings
(Birkenfeld et al., 2011 p. 6). With the tangible cost savings of green buildings coupled
with the increased profit gained by improved productivity and public perception,
organizations have multiple motivations to implement sustainable building practices into
their facilities.
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Just as building use and maintenance makes up a large portion of the world’s total
energy consumption, medical facilities are a building type that uses one of the largest
amounts of energy. They are one of the most wasteful building types in the world. Thus,
implementation of sustainable building designs in healthcare facilities would result in the
most impactful benefits to the environment. Not only that, but healthcare facilities would
also benefit from the cost efficiency and public health benefits that come with sustainable
building. The recent May 2014 study “Environmental Sustainability in Hospitals: The
Value of Efficiency” compiled by the Health Research & Educational Trust, lays out the
many benefits and possibilities for adapting sustainability into medical facilities and
provides example case studies for further understanding. Healthcare facilities require a lot
of energy to operate. By implementing energy saving techniques and technology, more
money can be put towards the care of patients instead of the facility. The study states,
“health care organizations spend more than $6.5 billion on energy costs every years…by
trimming just 5 to 10 percent from energy bills, hospitals and care systems can make a
real impact on their finances” (“Environmental Sustainability in Hospitals,” 2014, p. 8).
In addition, if alternative energy sources are implemented at the facility, the hospital “can
reduce utility costs and mitigate power interruptions during disasters” (“Environmental
Sustainability in Hospitals,” 2014, p. 17). This improved care and energy security can
become vital both for the organization and for the public.
Besides energy use, healthcare facilities can also benefit from reduce water
consumption. Large U.S. hospitals consumed an estimated 133 billion gallons of water in
2007, a total of $615 million in expenditures (“Environmental Sustainability in
Hospitals,” 2014, p. 18). Water conservation by hospitals will decreases its high water
expenditures, as well as reduce its high demand for shared local water supplies.
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Waste is another area where hospitals can benefit from sustainable practices.
While not all hospital waste is recyclable or reducible, the majority of it is. In fact, “80
percent of hospital waste is consider general, unregulated waste” (“Environmental
Sustainability in Hospitals,” 2014, p. 20). This means that with better waste management,
medical facilities can make significant cost saving and environmentally beneficial
changes to their consumption of waste.
Healthcare facilities should exemplify the health of their community.
Incorporating sustainable practices into medical facilities will show the public that even
the most wasteful building can change and make a real impact on the environment. With
the many individual and environmental benefits of sustainable building, employing these
practices will mean that healthcare facilities care for the health of their patients, their
staff, the public, and the future of the planet.
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METHODOLOGY	
  
For this proposed thesis, the main initial research included gathering site
information and conducting site analysis of the CareLink of Jackson facility in order to
form an understanding of the limitations, needs, and problems with the site and building
design. Local government data, census sites, and Climate Consultant software for the area
were used to gather information on weather, climate, population demographics, and the
surrounding environment of the CareLink site. The amount of information and accuracy
of the research depended on how much data was publically available.
On-site analysis was taken to obtain a first person impression of the site with its
limitations and possibilities. Personal notes, measurements and photographs were taken
to record observations and the organization of the site and workplace. Through this onsite analysis came a better understanding of how the building functions and made it
possible to develop a personal impression of the site.
Most importantly in the initial research stage are the surveys and documentation
of the CareLink facility. Floor plans and facility documents were taken to obtain exact
design and structural information. A survey was given to clinical staff members
including, nurses, hospital unit clerks, and certified nursing assistants. This survey group
was important to understand as it makes up the majority of the workforce and is the
foundation to the function of CareLink facility. The survey was available to the 80
members of the clinical staff. This survey was used to obtain user opinions and
requirements of the facility and helped identify problematic and desired design features
of the facility. The survey included multiple-choice questions with an option to write in
an answer if desired. The major limitation of the survey is that it was not possible to
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interview the patients as a main user group, as the administration regulated that patient
privacy must be maintained. To form some design ideas from the patients’ perspective,
the staff was asked what their opinion of the patients’ desired features would include.
Through this surveying, a thorough understanding of the users’ requirements for the
facility could then be compiled and the design stage was able to begin.
Once the initial research and analysis of the site was done, further library and case
study research began in order to gather information on similar sustainable design
solutions and their benefits. Medical facilities that have also been sustainably designed or
renovated were examined to find possible design alternatives that fit CareLink’s specific
requirements. In addition, general research on sustainable design features’ benefits, costs,
and their functional process were conducted to determine feasibility of their application
with the CareLink building. This research not only provided useful sustainable design
applications, but also provided information on the overall costs and benefits of each
element of which were useful for the final analysis of the sustainable benefits to the
redesign.
The design stage of this thesis included the use of multiple processes. The design
iterations and site analysis of the sustainable changes to CareLink were done by
sketching as well as by the use of the program AutoCAD. Through these methods,
diagrams were created to help further understand the site and the best possible changes
that can be made. Once the final design changes were determined, diagrams, building
plans and renderings were created using AutoCAD, Rhinoceros, Adobe Illustrator, and
Photoshop programs. With these programs the final design was more easily conveyed.
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Using the site-specific information gathered during the initial research stage and
the research gathered on sustainable design within medical and non-medical facilities, an
alternative sustainable design was generated. Multiple design solutions were created and
by utilizing the capstone mentor as well as the opinions of some CareLink’s users, the
most effective and feasible designs were selected and were further developed into a final
workable sustainable design.
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DATA	
  SECTION	
  
For this thesis, one major source of data came from the survey given to the
clinical staff of CareLink of Jackson. The survey helped to understand who is using the
facility, how they are using it, and their opinions on the accessibility and functionality of
the space. With this survey, design and feature changes were developed for the facility so
that they directly fit the needs of the users.
Other main sources of data for this project came from software programs like
Rhinoceros, Vasari, and Climate Consultant. With Climate Consultant a specific
understanding of the climate conditions and requirements of buildings in CareLink’s area
can be understood. In addition, with the software Rhinoceros a rough three-dimensional
model of CareLink was created and then analyzed with in the program Vasari for its
shading and lighting conditions throughout the year. Data from both Climate Consultant
and Vasari made it possible to create the most efficient design for the site.
Another major data source for this project is the use of case studies. Saunders
Research building and Henry Ford West Bloomfield Hospital were studied to understand
the benefits and drawbacks to any sustainable designs and features. These case studies
helped to understand the real cost efficiency of changes and to see the long-term effects
that any sustainable designs have, not only on the facility itself, but also on the users and
community around them.
One of the main themes of this project is the analysis of the environmental
benefits that come with changes to the facility. An initial environmental analysis of the
site was done to develop any proposed beneficial changes to the facility. The area’s
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climate data, which included day lighting, temperature, solar radiation, cloud cover,
precipitation, and wind speed and direction, was taken from the software Climate
Consultant and Vasari. The psychrometric chart was also beneficial in determining the
needed climate protection for the facility.
In addition to climate data for the site, a survey was given to the clinical staff to
get an understanding of the environmental conditions of the current facility. In the
survey, the staff were asked about common maintenance issues, their opinion on the
facilities landscape, and how they feel about the current environmental and comfort
conditions of the building. Using their responses, changes can be made to better suit the
staff’s environmental needs within the climate and structure of the facility.
On-site analysis was also conducted to get first hand understanding of the site and
facility conditions. Using the facility blueprints provided by the facility, coupled with the
climate, staff survey, and on-site analysis, specific environmental conditions were
determined and graphically depicted. Through specific diagrammatic understanding of
the facility, optimal lighting, wind, and water conditions can be developed.
Another theme of the project is analysis of the economic benefits for the facility
due to any programmatic changes or design feature additions. Using the preliminary
environmental changes determined for the facility, an analysis of the economic benefits
of each was done. The facility provided the annual energy use and cost for the building.
This energy use data, along with the help of the “Design Guidelines” from Climate
Consultant, makes it possible for the percentage of energy and water savings to be
calculated. With this information, a cost benefit analysis was done to determine the
overall economic benefits for any sustainable features or designs added to the facility.
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The staff surveys were utilized at this point to understand what the greatest needs
and concerns are for the facility. This helped in determining the importance of each
proposed efficiency feature.
Case studies were looked to in support of this environmental theme as well. The
Saunders Research building was used as an example of the benefits to a fully sustainable
building. This building includes sustainable designs such as, solar orientation, natural
lighting, porous pavement, and bicycle storage. With this example, the benefits to any
sustainable changes to the CareLink facility can be quantified. The Henry Ford West
Bloomfield Hospital was also be referred to for its directly applicable use of lighting,
rainwater, and vegetation in the Michigan climate.
Another theme that will be analyzed in this project is the effect that the proposed
facility changes have on the users of the facility. The survey given to the staff was
important to understand who and how the facility is used, as well as to get the staff’s
views on the functionality and comfort of the current facility design. This lead to design
changes that created a better overall environment for the staff to operate within. Climate
Consultant was also an important component to this theme as it provides a reference to
the optimal environment for people within the specific climate area. Case studies were
important support for this theme, as well. The Henry Ford West Bloomfield Hospital was
again analyzed on this theme for its user-concerned designs. The hospital includes many
small designs and features that are intended to make the staff and the patient’s use of the
facility as relaxing and efficient as possible.
The final theme of this project is an analysis of the potential benefits to the
facility’s surrounding community. To support this theme, climate and demographic data
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was collected for the surrounding area. This data was useful in understanding the needs
and lives of the people in the local area. By understanding the community, the facility can
then better integrate into the area.
Case studies supporting benefits to the community were used in support of this
theme as well. Henry Ford West Bloomfield Hospital in Michigan was used in support of
an on-site garden for the facility. This hospital built an on-site greenhouse where it is able
to not only provide food for their staff and patients, but also provide classes and educate
their community on leading healthier lives.
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RESULTS	
  
Environmental	
  Analysis	
  
To develop an effective alternative sustainable design for CareLink of Jackson, an
analysis of the climate and current environment qualities of the facility is required.
CareLink of Jackson is located in the southern region of Michigan near the downtown
area of the city of Jackson. This region is designated as a cold seasonal climate zone,
which requires multiple strategies to maintain human comfort levels within structures.
Only in the summer months of June, July, and August do average temperatures in the
area fall within the comfort zone of 68°F and 80°F (see Appendix	
  A.1). As indicated in
the winter and summer sun charts below, temperatures in the area are largely below 68°F,
but in the summer months there are a significant number of days when temperatures are
optimal and even on occasion become warm enough to require shading (Figure	
  1.1	
  and	
  
1.2).

Solar radiation and exposure of the area and of the CareLink building are important
components that should be understood to develop optimal heating strategies within a
predominantly cold region. The following sun-shading diagram of CareLink shows the
resultant shading of and on the structure during the three most extreme sun orientations,
Summer Solstice, Fall/Spring Equinox, and Winter Solstice (Figure	
  2). This information
along with an understanding of the building’s insolation developed through the software
Vasari, (see Appendix	
  A.2) shows the building’s relationship to the sun. The building is
most exposed on the east and west sides, but the existing vegetation and natural sloping
of the site protect much of the building from over exposure on its east and west sides. The
north and south sides of CareLink also protect from sun exposure even though in this
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orientation the natural radiation could be utilized. The negligible amount of windows and
the small scale of each make it apparent that the facility is not utilizing any of the natural
light and radiation hitting the site (see Appendix	
  A.3). The majority of the windows
along the facades of CareLink are linked to the patient rooms on the parameter of the first
and second levels. While this allows some sunlight and natural heating within the private
patient areas, this layout of the facility makes it impossible for any solar access into the
interior of the space. This means that areas like staff and circulation spaces within the
facility, which are practically in constant use and require continuous illumination, are
unable to benefit from any natural solar exposure.
The wind of the area is also an important environmental component. Analyzing
the wind compass for the site over the winter and summer seasons shows that while the
direction of wind varies over the year, the wind is predominately originating from the
southwest and can reach velocities of up to 60mph (see Appendix	
  A.4). This information
means that CareLink would need protection on its southwest side during the cold winter
months. During the warmer summer months the building could utilize predominately
northeastern winds for natural cooling and ventilation.
Precipitation is also a significant climate variable of the southern Michigan area.
Average annual precipitation for the city of Jackson is almost 34 inches with the majority
of rain falling during the summer months of June, July, and August (see Appendix	
  A.5).
This large amount of precipitation means that protection from leaking and flooding is
important in the design of CareLink. The natural, seemingly unregulated sloping of the
site on the northeastern and southeastern sides of the CareLink lot, makes it possible for
precipitation to easily be directed down towards the main entrance of the facility.
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Even though it would be rare for the entrance of building to become flooded due to
these sloping surroundings, other factors including driving and walking safety in such
cumulative conditions must be considered. Thus, the landscape of the site should be
analyzed to determine if there is any possible retention and even reuse of the site’s
precipitation. The table and corresponding site water area diagram, on the following
page, breaks down the current open landscape area of CareLink where rainfall could be
retained for potential use (Table	
  1). Without accounting for natural runoff, the CareLink
site currently has over 496,000 gallons of water falling on its grounds every year. This
value compared to the 292,000 gallons of water the facility uses to operate every year
means that a significant amount of water could be reallocated towards the building’s
operation. Currently to facility does not incorporate any rainwater harvesting strategies
into its building or grounds maintenance.

Demographics	
  
The demographics of the city of Jackson are needed to understand the community
of which CareLink is a part (see Appendix	
  B.1). CareLink, being a healthcare facility,
needs to adapt to suit the needs of the area’s population. By thoroughly understanding the
community, CareLink can facilitate meaningful care and guidance for its patients and for
the adjacent public.
The population of Jackson is 33,534, of which more than 10% is over the age of
65 years and 9% is under the age of five years. Compared to the population of the United
States and the state of Michigan, Jackson has a smaller percentage of 65 years and older
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Water Retention of Current CareLink Landscape
Land Area (ft^2)
Water Area 1
Water Area 2
Water Area 3
Water Area 4
Water Area 5
Water Area 6
Total Water Area

360
868
1935
3858
10762
5698
23,481

Average Rainfall (in)
Retention (gallons)
33.89
7604.92
33.89
18336.30
33.89
40876.42
33.89
81499.35
33.89
227344.74
33.89
120368.92
496,030.65

Current Annual Water Usage (gallons)

292,000

Current Annual Water Expenditure

$12,190

Table 1. Water Retention and Locations
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age group, but its infant population is about 3% higher than the state and national
percentage. Constituting such a large portion of Jackson’s population, the high need of
personal care and dependency among these age groups can have a significant impact on
the health and economy of the city.	
  
An analysis of the city’s households shows that 58% of the population lives in
family households and 43% of the population has never married. This marital status
statistic is fairly low given the large portion of the population that live in family
households. Considering the previously stated high infant population, it can be inferred
that a large portion of the city of Jackson are young, single parent households.
The population of Jackson also is not very economically stable. The average
median income in the city is about $29,500. That is over $19,000 less than the state
average and over $23,000 less than the national average. It is not surprising then to see
that Jackson has over 30% of its population below the poverty level, more than double
the state and national percentages. This low income and high poverty explains why over
45% of the city’s housing is rental property.
The education level of Jackson is fairly even with that of Michigan’s and the
United States with about 30% having a high school degree. However, both college and
graduate level education is significantly lower in Jackson than in both other populations.
The lower level of educational attainment further supports the hypothesis that the city has
a large young, single parent population of low income.
Finally, it is important to analyze the city’s healthcare need. Over 20% of
Jackson’s population under 65 is without healthcare, a statistic that is 5% higher than the
national percentage and 8% from that of the state’s. While CareLink of Jackson, being an
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LTACH, may not be able to provide healthcare for the whole of the community, it has a
responsibility to demonstrate healthy practices and provide community assistance in
every way possible. CareLink can direct its practices to the large and in need
demographics of its community. By being community oriented, CareLink will not only be
aiding in the betterment of lives of the surrounding public, but it will also be improving
its own quality of care.

Facility	
  Analysis	
  	
  
Before any conclusions can be made of this facility, it is important to understand how
space and function is allocated within the building. Where people enter and exit, what
areas employees and patients need to have access, and how people are force to move
between areas are all important components that should be analyzed in order to determine
the requirements and problems within the space. With this programmatic analysis, a
complete understanding of all aspects of the facility can be developed.
The CareLink building is a three-story facility near Jackson’s downtown area. It is
positioned on a large sloping portion of property (see	
  Appendix	
  C.1,	
  C.2,	
  C.3,	
  and	
  C.4	
  for
building plans). The building has been through many renovations and additions over the
years and is currently sectioned into two adjoining buildings. The main three-story
building is on the south portion of the site oriented east to west. The secondary building
is a one-story building connected to the first level of the main building and placed on the
northwest side of the site oriented north to south. It is in this secondary building that most
employees enter. The public main entrance of the facility though, is on the ground level
on the east side of the main building. The ground level contains the now closed Express
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Care unit near the main entrance, a few administrative offices on the southeast side of the
building, a dialysis area, storage, a mechanical area, and the cafeteria on the southeast
end of the building. The next floor up is the beginning of the patient rooms and clinical
areas. This first level contains patient rooms around the perimeter of the main building, a
large storage area and OR area that was shut down long ago in the northeastern end of the
main building, staff break rooms, a family lounge, a few offices, and respiratory and
physical therapy areas. Within the adjoining secondary building on the first level there is
a chapel on the southeastern end, administrative and billing offices, the pharmacy, a staff
locker room, the housekeeping area, and the warehouse on the northeastern most end.
The third level is exclusively clinical with patient rooms around the perimeter of the
building, the nurses’ station in the center, as well as patient and staff lounges.
Through analysis of the organization, of each level’s plan and use, it is apparent that
circulation throughout the building is fractured and unintuitive and a large portion of the
patient care area is underutilized. The diagrams below show the breakdown of each
floor’s organization to use (Figure	
  3.1,	
  3.2,	
  3.3). The diagrams graphically show the
separation of staff and public space. There is a fairly distinct separation of public/patient
and staff areas on the second and first levels with the patient rooms placed on the
parameter of the main building and the clinical area mostly towards the center. However,
on the ground and first level especially, the select placement and weaving of staff and
public areas can make the building’s organization difficult to understand. Adding to this
organization problem is the large percentage of the building that is simply closed off from

28

Office
Kitchen
Patient Care
Cafeteria
Bathroom
Mechanical
Storage
Circulation

N
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use and partially used for storage. This is most notable on the ground level where the
main public entrance is located, but there are only a few spaces near that eastern end of
the building being utilized. This disjoined organization also makes it difficult to navigate
through the facility, especially for a new visitor (see Appendix	
  C.5,	
  C.6,	
  and	
  C.7). The
placement of singular public rooms surrounded by predominately employee areas, dead
ends, and unclear entrances and exits within the facility create a fragmented movement
within the space for staff and patients. This uneasy flow does little to benefit the people
living and working within facility.

Building	
  Usage	
  
To develop a holistic understanding of the CareLink facility, it is important to analyze
the layout of the space as well as the people who make CareLink a part of their daily
lives. It is vital that CareLink and any potential changes made to it fit within the
operation of the facilities users. By compiling information from the staff about how they
commonly work within the space, and their views on the facility itself, the requirements
and limitations of the facility’s design can become evident.
Initially, it was important to survey the clinical staff to collect some information as it
relates to their personal history with CareLink. The following pie chart shows that half of
the clinical staff has worked at CareLink for 2 to 4 years, while 30% has work there for 5
to 7 years and only 5% of the staff has worked there for over 8 years (Figure	
  4). From
this, it can be discerned that most of the staff has had a fair amount of experience
working at the CareLink. However, it appears that the majority of that staff does not
choose to remain working at the facility.
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In addition, average staff member’s patient load was determined in order to know the
work requirements for the space. The pie chart below shows that of the 80 clinical staff
members working at CareLink 50% care for 6 or more patients and	
  40%	
  care	
  for	
  4	
  to	
  six
patients	
  (Figure	
  5).	
  This information is useful in understanding the connection that is
required between staff work space areas and patient care areas.	
  
Compiling this information with how the clinical staff use and occupy the facility
will help solidify the spatial requirements and their connections within the building.
Some basic understanding of the staff’s habits within the facility include the fact that
95% of surveyed staff drive to work and 60% of the staff take their breaks in the staff
break room (see Appendix	
  D.1	
  and	
  D.2). This information is useful as it not only shows
the staff’s preferences, but it also informs as to which spaces in CareLink create the best
area for this specific use. The large parking lot of CareLink and the large, relatively
private staff break rooms in close proximity to patient rooms, creates the optimal
environments for their use and thus are the most popularly used by the staff.
Some of the most vital information given by the clinical staff was their
prioritization of the CareLink rooms and spaces. The bar chart below displays a ranking
of different room types within CareLink by how the staff judges their importance (Figure	
  
6). This data shows that the majority of the staff believe that patient rooms and supply

areas should be the highest priority in the layout of CareLink. Other areas that do not
involve patients, only their own personal work space, are viewed as the lowest priority.
Furthermore, the staff was also asked to give their opinion on the priorities of the
environmental aspects of the facility, including lighting, heating, sanitation, and outdoor
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space. The following chart displays the staff’s answers and clearly shows that the staff
believes cleanliness and optimal temperatures to be of the highest priority and any
outdoor space or lighting to be secondary priorities (Figure	
  7). These prioritizations make
it clear that the staff believes in creating very controlled environments to create the best
workspace.
To further understand the CareLink facility, staff opinions on the current building
conditions were collected. The age of the CareLink building can mean that main
maintenance issues can arise on a regular basis. When asked to name the most common
maintenance issues that they come across, an overwhelming 75% of the clinical staff
stated heating/cooling systems (see Appendix	
  D.3). Referring back to the above
environmental quality chart, it is clear that temperature control is a large concern for staff
members.
In addition to maintenance issues, the staff also gave their opinions on various
qualities of the CareLink building. In the bar chart below, the staff opinions on
CareLink’s landscape, aesthetics, accessibility, and functionality are represented (Figure	
  
8). While it is clear that three of these four categories were all given fairly low rankings,

the clinical staff did rank the accessibility of building to be very good. These opinions
make it clear that there is a lot of room for improvement in the layout of both the interior
and the exterior of the CareLink facility.
Finally, to understand the needs and desires of the facility’s users, the clinical
staff of CareLink was asked to give their own opinions on how to improve the facility.
When asked to give a specific alternative function to the two under used spaces within
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the building, the closed express care area on the ground level and the old surgical area on
the first level, the staff was split in their opinions (see Appendix	
  D.4	
  and	
  D.5). Functions,
such as therapy rooms, daycare, computer lab, and more patient rooms were the leading
answers, but it was clear that the staff struggled to come up with one additional function	
  
in CareLink that would improve the facility. 	
  
To gain further insight into what possible changes to the building would be the
most beneficial, the staff was given a list of possible changes and asked to rank them by
what they deemed would most improve their patients experience at CareLink. As
indicated in the chart above, given the choice of room layout, temperature, patient
lounge, natural lighting, and outdoor area changes, the staff stated that temperature and
room layouts were by far the most important to them (Figure	
  9). Natural lighting, outdoor
areas, and patient lounges were all pretty evenly split among the staff as being less likely
to improve a patient’s stay. These answers further support the idea that there is a high
concern for interior control of the facility.
Through this collection and analysis of polls, data, diagrams, and statistics, a
complete understanding of how the CareLink building’s placement, within the area and
site, as well as its interactions with its users and the surrounding public, was developed.
With this analysis, all changes proposed for the building design will be able to take
advantage of area’s environment and demographics. Additionally, with a thorough
understanding of how the current building design and condition, along with how its
current users utilize and function within the space, all proposed changes can be assured to
be the most advantageous for the facility. By adhering to this analysis of the CareLink
building, an alternative design can be proposed that will create the best environment for all.
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CONCLUSION
Recommendations	
  
The following proposed alternative design of the CareLink facility is meant to
encompass all the needs of staff and patients, while also incorporating sustainable
features and designs that would improve the quality of the building, both for the people
and for the environment. The alternative design scheme is meant to maximize the
economic, social, and environmental possibilities of the CareLink of Jackson facility. The
floor plans below show the complete proposed designs for all three levels of the facility
(Figure 10, 11, 12).

The CareLink facility is located on a fairly large portion of land with the majority
of that space occupied by parking. This design proposes to decrease that space by turning
the southeastern most parking spaces on the site into green space (see Appendix	
  E.1).
This increase in vegetation and decrease in impermeable surface will allow for the
capture of a greater amount of rainwater that falls on the site and thus decrease excess
runoff. In addition, within that area vegetation terracing is proposed for the no longer
used pull through in the northeast side of the building. The terracing will fill in the
gullied area and create an obvious distinction between the elevation differences of the site
(see Appendix	
  E.2	
  for the complete changes to the water retainment of the site). This, in
combination with the extra green area around it, will act as a natural level between the 4foot grade difference of the north and south side of the site. The natural stepping of the
terracing will maximize water catchment and create a simple vegetation transition
between levels. Changes in the pedestrian walkway of that area were in turn made to, not
only accommodate for the vegetation changes, but also to allow wheelchair use for the
first time in that space.
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Another outdoor addition proposed for the CareLink site is a large public garden.
In the southeast most corner of the CareLink grounds is a large bare piece of land (Figure
13). At one point the space was the site of the administration wing of the old hospital.

Since its demolition the lot has mostly been used for occasional staff outdoor celebrations
or events. Through this alternative design, it is proposed to turn that space into a
community garden. The garden will provide another space on the site to utilize the
natural rainfall of the area. A 5000-gallon cistern will be placed on a corner of the lot that
will provide plenty of water for the 2100 square foot garden given the city’s average
monthly rainfall of 2 to 4 inches. Similar to the greenhouse implemented at the Henry
Ford West Bloomfield Hospital in Michigan, a lightweight greenhouse structure will be
constructed around the garden to make it possible to use even during cold Michigan
winters. In this way, the garden will become self-sustaining and will not require any extra
water expense from the facility.
The lot's location, within facility grounds and on the edge of one of the main
streets in the community, makes it possible to be utilized by multiple groups of people.
Staff, as well as patients, who typically are not allowed off the facility, will have a nice
and safe space to be outside and gain fresh air. The community will also be able to
benefit from this garden by having a place to learn and grow their own natural produce.
As with the West Bloomfield Hospital, CareLink will directly benefit from the
garden through the reduced food costs due to on-site growth, as well as, through
providing fresh and nutritious food for the patients and staff to enjoy. Excess food grown
within the garden will be distributed to farmers markets in the community. In this way,
the community, staff, and patients will have fresh, natural, and healthy options grown
within their own area.
A roof terrace is also proposed as another green space for the facility. This roof
terrace is located on a portion of the northeast corner of the first level, above the main
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entrance area. The following images show the current condition of the roof space and the
corresponding terrace proposal (Figure 14). Access to the terrace will be from the second
level. This roof terrace will act as a natural green space for staff and patients to be outside
while still within the facility. This space will be an easier, more private outdoor area for
people, especially patients with limited mobility, to access and enjoy. The space will have
a variety of medium and small size plants to help shield eastern sunlight from entering
the rooms along the eastern side of the second level. To ensure privacy within those
rooms, the eastern windows will be given a protective glazing. The roof terrace will also
be given a covered trellis to create greater privacy within the space and help protect
occupants from natural elements. Overall, this roof terrace is meant to provide a further
connection to the outdoor environment. It creates an additional space for the facility that
promotes not only a healthy lifestyle, but a healthy environment as well.
Growing and more fully utilizing CareLink’s green spaces, will increase the
environmental and social qualities of the facility. As the West Bloomfield Hospital
integrated various vegetated elements within its facility, these alternative green spaces
will provide multiple benefits to CareLink. This design allows for the excess precipitation
that the site receives every year to be more fully retained. Not only will this decrease the
water runoff from the site, and thus create a safer environment for vehicles and
pedestrians, but it will also create healthy, productive, and self-sustaining landscapes
throughout the CareLink property.
Structurally, this alternative design proposes an addition of a skylight on the roof
of the second level. The skylight will be placed along the rectangular circulation corridor
with the space. This will allow for internal natural lighting on the interior where none was
previously able to access. This light will create a clear and open circulation space for
visitors and occupants, as well as, increase the building’s solar gains, thus decreasing the
heating and electric needs of the facility. The skylight will be pitched to ensure that any
snow load that occurs during the winter does not generate any problems. The pitched
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Figure 14. Currently roof condition (top) and proposed roof terrace (bottom).
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design will also then be able to capture more sunlight and direct or diffuse it into the
space better than a flat skylight design.
In addition to the skylight on the second level, there are a few additional windows
proposed for the design of the building. As the ground level is, for the most part, only at
grade with the surrounding landscape on its eastern and southern faces, only a few
additional windows are proposed. These additions on the eastern and southern areas of
the building, as well as, the southeastern stair will bring more light and air access into the
space to make the spaces appear more open and accessible. Windows were also added to
the eastern facades of the first and second levels along with a few additions to the
administrative area on the first level and the northern façade on the second (see
Appendix	
  E.3 for complete fenestration changes). These additional windows on the
northeast side of the building will allow for optimal ventilation during the summer
months when there is predominately northeastern wind. As stated earlier, the roof terrace
of the second level will protect the eastern windows from any strong solar radiation
coming from the east. The eastern windows on the first level will be angled to the north
to block the excess radiation while allowing ventilation and light access. No additional
windows were added to the southwestern areas of the building, to limit southwestern
wind access during the colder winter months. By adding windows to the building, the
mostly blocked off northeastern corners of the building will quickly become more
welcoming and connected to the rest of the space. For the first time, natural light will be
able to access the eastern areas of the building and cross ventilation through the building
will be possible. Due to these possibilities, CareLink will not have to only rely on
mechanical and electrical systems to fulfill their needs. Instead, they can utilize the
natural environment to reduce their heating, cooling, and electric bills.
Solar photovoltaic systems are another feature that are proposed for the design of
CareLink. The addition of 400 standard efficiency 250 watt solar panels averaging 5’ by
3’ to the building’s roof will make it possible for the facility to support about 10% of its
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own electric needs. Between the approximately 10,000 square feet of useable roof space
on the CareLink building, the panels can easily be incorporated onto the structure. By
doing a simple cost benefit analysis, this proposed system integration, while expensive in
the short term, would become very profitable in the long term. Given the average cost of
one solar panel to be about $250 it would cost the facility $100,000 to implement the 400
solar panels. However, given that the facility has spent $160,072 in the last 12 months on
electricity, a 10% reduction in that cost would result in the system paying for itself after 6
years and 3 months. Not only does this mean that CareLink would be saving about
$16,000 every year on electricity costs, but it would also mean that 149,400 kwh of
energy is now being generated in a renewable way. The implementation of this
technology would be an important step that could influence how other businesses and the
rest of the community looks at renewable energy. Along with the structural and
environmental changes and additions to CareLink, there are also a few major
programmatic changes proposed for the facility. A large portion of those change are
located on the ground level. The diagram on the next page shows the complete alternative
program for the ground level (Figure 15). Currently, the main public entrance of CareLink
is located on the ground level on the eastern side of the building, even though the
majority of CareLink’s primary activity is located on the upper levels. Without a real
reception area, visitors may have a hard time understanding where it is they need to be.
The Human Resource office on the south side of the building is, for the most part, one of
the only offices on the ground level. This office, more often than not, acts as the
reception for the public. It is proposed then to place a reception area for the building at
the entrance to help visitors navigate through the building.
The reception area will also act as a reception for a proposed adult day care. The
now closed Express Care area, of which took up the majority on the northeast side of the
ground level of CareLink, will be an ideal space to allow the public, as well as, current
and past patients of the area to congregate in a safe and healthy space. The old waiting
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room area and the adjacent back offices of the Express Care area are made into two main
spaces. The spaces are designated as recreational and social areas for elder community
members to go to spend their time. As CareLink is already equipped for elder care and
the old express care waiting room is already set up for hosting groups of people, this
function easily fits within the fabric of the space (see Appendix	
  E.4 for images of the
current space compared the proposed care area). Its location near the entrance makes it
easily accessible for the public and provides a good first impression of the facility’s care
to all who enter. There is currently no such adult day care center in or around Jackson
county, making this additional service a great opportunity for the facility and for the
community. This use of space will provide a healthy environment for the elder members
of the area. A MetLife National study of Adult Day Services conducted in 2010 stated
that since 2002 the number of adult day care centers has increased by 35% in the U.S.
and the number of participants has increased by 63% (Adult Day Services 3). This
increase demonstrates the usefulness of such facilities and the growing need as large
portions of the population are growing older and in need of care. Adult day care centers
provide a reliable support system for families that allow caregivers to remain in the
workforce while caring for their loved ones (Adult Day Services 4). As the population of
Jackson is predominately made up of young families, the ability to work while caring for
their elder family members would be essential. By having an adult day care within
CareLink, the facility would benefit from the income of its use, as well as, creating a
memorable space for community members to look to for their family’s future care needs,
whether it is social or physical.
In addition to the adult day care, it is proposed to change the northeast most
corner of the ground level, to a small exercise space to be used by both staff members and
the adults within the day care. By clearing out the many exam rooms of that area and
creating one large space, the ground level becomes much more understandable and
usable. Staff members can access the exercise area through the connecting west hallway
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and day care members are able to access the space through their two already designated
rooms. By using this area as an exercise space, the facility is providing a space to
promote healthy lifestyles for its staff and the community.
Other major changes to the ground level include the relocation of the billing
office. The billing office, currently located on the first level in the northwest wing of the
facility, was separated from its own storage area. Any person who needed access to this
office would need to traverse a large portion of the facility to get to the office space.
Thus, it is proposed to move the space to the ground level closer to the entrance. The
large amount of old medical record storage that was previously placed on the western
side of the ground level is also moved closer to the new billing office location. This
allows for easier access to needed material.
Finally, there are a few other smaller changes of note proposed for the ground
level. The physical therapy area is proposed to move to the space towards the middle of
the ground level, on the north side. With this move, a large portion of unused space on
the ground level can be utilized. In this area, physical therapy is allocated offices, locker
rooms, storage, and workspace for patient use. A small change is also proposed for the
cafeteria. By removing the northern conference room, seating area for the cafeteria can
expand, however partitions between the two spaces are considered ideal in order to create
optional privacy levels and space sizes. Furthermore, because medical records were
moved, the space west of the physical therapy area is proposed to house other general
storage instead.
Within the first level of CareLink it was important to create open circulation and
observation for visitors and especially for the staff. Thus, maintaining a perimeter of
patient spaces with a central staff area was an ideal design. To ensure this open
circulation, the storage rooms towards the west were taken out. This opened the space up
to create a continuous flow around the patient rooms. The central nurses’ station was then
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split into two areas around the elevator. This opened up the floor area and created more
space for the staff the work. The medical storage, the linen closet and the washrooms
were also split and each placed on the west and east sides of the staff work area. This
split creates easy access on both ends of the building and allows for a more intuitive
organization of space. The diagram on the following page shows the complete proposed
design for the first level of the building (Figure 16).
Two more changes are proposal to maintain a clear staff and patient spatial
division. The chapel, moved from the administration wing in the north, and the family
lounge, move from the middle of a row of patient rooms, were both relocated to the
southwest corner of the building. This corner, being harder to observe from the central
staff area, was considered a good place to house the more family oriented patient
activities. This relocation also eliminated the random weaving of staff and patient/family
areas. By creating clearer separations of space and use, the facilities organization will feel
much more natural and user friendly to first time and long term users of the building.
Other than the small circulation and room relocations, a major change proposed
for the first level is an addition of an “education wing” to the floor. The healthcare
profession is distinguished in its need for continued education. The ever changing health
research and technology requires healthcare professionals to adapt to maintain the best
possible patient care. As the American Nurses Credentialing Center describes their 2014
Commission on Accreditation, educational activities and resources are essential to meet
the needs of registered nurses to help them learn, grow and work together (Chappell, p. 56). With this high level of importance placed on education, it is thus equally important to
provide a space for such educational learning to take place. The recommended placement
of an educational area within the first level of CareLink will equipment staff member
with a consistent and accessible space to practice and hone their skills.
It is recommended to place an educational area within the floor's northeast side
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where the original surgical area of the hospital was located. As CareLink is not a surgical
facility, the area has since turned to poorly utilized storage space. It is proposed that that
space be turned into a staff and educational area. Respiratory therapy is currently within
this northern area, but with the majority of that area closed off, the space is not easily
accessible. The nurses’ lounge, currently placed in an old patient room, can be moved to
this area on the eastern side, across from the respiratory therapy locker room. This will
create a large private space for staff members. Above that area, can then be placed a
computer lab/education workspace. In addition, the offices of the educator and head of
respiratory therapy can then be moved into this area, as well. The relocations and
additions in this area will essentially create an educational staff wing of the facility that
will become a more private space for staff members to enjoy. As there is currently no
such educational space allocated in CareLink, the incorporation of this function will
convey to the staff and to the patients the high importance the facility places on continued
education.
Additionally in this area, south of the offices, a large conference room is
proposed. This conference room would be aptly located for its proximity to the patient
care area for staff members and would provide a great space to hold large formal and
informal meetings. By opening up this whole wing of the facility, staff members will
have a more private space to learn and take their breaks. Moreover, the change will also
allow for cross ventilation and extra natural lighting access into the building where none
was previously available.
Within the administration wing there are few small proposed changes as well.
The warehouse space is widening due to the relocation of the respiratory therapy office.
A small, more private conference room was also added in the area where the chapel
originally was designated. Other than a few small office rearrangements though, the
administration wing only has one major proposed change, a staff child daycare space.
The location of the child day care is the space towards the middle of the administration
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wing where the billing office currently resides, but has been proposed to relocate to the
ground level. By including a child daycare for staff members, CareLink would be
adapting to its employees’ needs. As a large portion of the community is young with
children, it would not be surprising to conclude that many staff members also have
children and would be concerned with their childcare. This addition would then provide
employees with a child care system that could be relied upon whenever the need arises. A
study done by Viacom, shows that backup systems like this one "saved employees 528
days of unscheduled absences, which resulted in a substantial savings in productivity
costs for the company." (pg 4). Within a healthcare facility, staff attendance is essential
and an on-site child care center would give employees extra support when they need it
(Sloan Work and Family Research Network, p. 4). This extra support given by CareLink
will ultimately lead to greater employee satisfaction and retention. According to an
assessment done by Bristol-Myers Squibb in 2001, parents that utilized the onsite day
care were "less apt to say that they had seriously considered leaving the company."
(Sloan Work and Family Research Network, p. 4). As the majority of employees at
CareLink have not been employed there for longer than 4 years, the additional support of
an on-site childcare center will improve employee perception and work experience with
the facility.
The space would create a very nice small child daycare for employee’s children
between the ages of 1 and 9 years old. As it is within the administration wing, where
most staff members enter the facility, dropping off children would be easy. The long
design of the room would also make for unhindered observation of the children and an
additional back room can easily be created for the children to nap or for a quieter space.
The space is also connected to a beautiful outdoor area. Currently the outdoor space is not
utilized, it’s more of a visual space than an accessible one, but that fact can be used as an
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advantage. This outdoor area can be more strictly blocked off from outside access and
then be turned into a protected outdoor area for the children to use (Figure 17). The
children can even take part in the care and harvesting of the larger community garden on
the property. The inclusion of this child day care within the building will put a greater
ease on the staff and will illustrate CareLink as a family oriented facility willing to care
for the needs of its patients and its employees.
The second level has the least amount of proposed changes. There is already free
flowing circulation through the level, thus, there were not many changes that could be
made to improve the organization of the floor. Besides the previously mentioned roof
terrace that would be accessed from this level, the main changes to this space are the
creation of small workstations for staff members on the northeast and southwest corners
of the space (Figure 18). This is proposed in order to create simpler observation of patients
and allow for an increase in workspace for staff members to utilize. It is also proposed to
open up the family lounge in the central space. As there is already a family lounge to the
west of this space, changing the space to more of an open seating area, rather than an
additional family lounge, makes it a space more accessible to all users. The above Figure
19 shows these second level programmatic changes.
With all of these proposed physical and functional changes, the CareLink facility
will create an efficient and effective built environment for the whole community. The
sustainable adaptation of the architecture informs a mutually beneficial experience
between the facility and the public that the surrounding community can learn from. The
cost effectiveness of the integration of sustainable features, coupled with the increased
public involvement and enjoyment of the facility, creates a holistically beneficial design
that can be reflected into other established architecture of the area. Thus, CareLink will
become an important precedent on how environmental design can turn established and
inefficient architecture into healthier and effective architecture that is applicable for all.
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Limitations	
  
The number of clinical staff participants in its opinion survey limited this thesis.
There were 20 responses of the 80 staff members working at the CareLink facility. This
was not an ideal portion of the staff polls, but it is believed that the percentage of
participants was significant enough to be included for analysis.
Additionally, the analysis was limited by the software used. As it was not possible
to observe the facility year round, the analysis of solar shading and radiation were relied
upon for general understanding of the year round site conditions. The software,
Rhinoceros, Climate Consultant, and Vasari are believed to be reliable enough tools in
site analysis projects to be used for this analysis.
Finally, CareLink’s distance from the analyzer limited this thesis. Located in
Michigan, this site was only possible to visit for analysis twice. However, as the analyzer
had previous long-term experience working at this facility, it was possible to form a
thorough analysis regardless of the distance.
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B.1 Demographics
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E.2 Water Retention Changes
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