


THESIS QQJUESTION-:.

HOW CAN SUSTAINABLE ARCHITECTURE HELP REDUCE
THE ENVIRONMENTAL IMPACT OF AIR-TRAVEL WHILE
INCORPORATING NATURE WITHIN ARCHITECTURE?



PROJECT GOALS:

1. CREATE A STRONG CONNECTION TO NATURE.
Z. REDUCE THE ENVIRONMENTAL IMPACT OF THE FACILITY.
J. UTILIZE SUSTAINABLE DESIGN PRACTICES.



The First Successful Flight

On the morning of December 17, 1903 the Wright Brothers successfully completed
the first powered flight. The flight lasted only around 12 seconds and covered a short
distance of approximately 120 feet, but this was the first successful powered airplane
flight in the world. The photo below shows the Wright Flyer shortly after leaving the
ground. “This photo is arguably one of the most famous photographs ever taken” ~
Russell Freedman.

This started the age of modern aviation.




In a little over 100 years from the first flight to present day the advancements

in technology of flight have increased at an extremely high rate. Fast forward to
present day time and these advancements are still on the rise but have seemed
to have focused on fuel efficiency techniques such as lighter composite materials

or new efficient fan blades on jet engines.
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CURRENT MSP AIRPORT

The current MSP Airport by the numbers:

* Airport Site: 3,400 Acres

» 17th Busiest Airport In the United States

* 12th Busiest for aircraft operations

*Supports over 86,000 jobs

* Passenger Traffic in 2018: 38,037,381

* Take-offs | Landings in 2018: 407,476

* Originating Passengers: 60%

* Connecting Passengers: 40%

* Markets Served: 136 Domestic | 27 International
* Total Gates: 104

MSP Airport Issues:

* Nearing passenger capacity
e Current site is “Land-Locked”
*No room for growth on site







Terminal 4 Overview

Madrid’s airport is the largest airport by surface terminals in Europe. For this case study | will

focus on Terminal 4 of Madrid Airport. Currently the Madrid airport serves as many as 35 million
passengers a year and is expected increase to over 50 million by 2020. | was also very lucky to have
briefly visited this amazing structure when | was on the NDSU study abroad trip during spring of 2018.

The Design

The design concept of terminal 4 is to allow for the ease of progression from the arrival point to the gate

area. This design gives passengers an easy transition of spaces. The curved roof on the structure has A ——— .
“light canyons ~ Wikiarquitura” to direct natural light into the lower levels of the building. The use of e

natural lighting in the interior spaces greatly reduces the amount of artificial lighting that is needed for b -
the building and ultimately reduces the buildings carbon footprint. The buildings orientation on the site

is also an important piece of the design. The building faces east - west so its solar orientation limits the

amount of direct sunlight it receives, especially during the hot summer months.

The Structure

The structure of the terminal is primarily built from steel and concrete. The structure of the building was
designed with the future of the airport in mind. Meaning that if needed the terminal could be expanded
on either end because of its repetitive composition. The structure is designed on a 60’ by 30’ grid to
accommodate the uses of the interior spaces.
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Kuala Lumpur International Airport

Location Kuala Lumpur | Malaysia
Architect Kisho Kurokawa

Year Complete 1998 (Terminal 1)

Floor Area 405,930 sq. m.
Construction Cost 766.5 Million USD (1998)
Type Airport Terminal + Site




Kuala Lumpur Terminal 1

Kuala Lumpur opened in 1998 and is currently one of busiest airports in Asia. In 2016 the airport
served over 52 million passengers and is expected to increase. Desighed by the Japanese Architect
Kisho Kurokawa the terminal during its construction was very advanced for its time. In 2008 the airport
has expanded to meet the ever increasing rate of travel in Asia and the rest of the world.

The Design

The design of terminal 1 was thought to incorporate as much natural lighting as possible into the
interior spaces to reduce the carbon foot print of the building. The curved roof structure is symbolic of
Islamic geometry while providing views to the exterior of the Malaysian rain-forest. The center piece of
the design is the large atrium space that is home to over 4000 native plant species to Malaysia. This
small rain-forest inside of the terminal building is thought to connect passengers to nature and provide
symbolism that the natural rain-forest environment is very important to Malaysian culture. The airport
facilities are surrounded with native plants and small pieces of rain-forest.

The Structure

The structure of the terminal is primarily built from steel and concrete. The interior spaces have large
tube steel tree columns and the roof is cladded with natural wood finish. The use of natural lighting
throughout the entire terminal is very important to the design of the roof structure. The roof structure
are concrete parabolic shapes that mimic the top of the rain-forest tree canopy. When originally
designed the terminal was laid out on a structural grid so future expansion could be possible.




Kansai International Airport

Location
Architect

Year Complete
Floor Area

Type

Osaka | Japan

Renzo Piano

1994

296,043 sqg. m.
Airport Terminal + Site




Kansai International Airport Overview

One of the largest civil engineering projects to ever completed the Kansai International Airport near
Osaka, Japan is built on a man made island. The island was constructed over 4 year period and is
connected to the main land with an almost 4km long bridge. There are over a million columns that
hold up the island and terminal. Because the airport is in an area where earthquakes, typhoons, and
tsunamis are present special considerations had to be made to the design of the terminal and the site.

The Design

Being one of the longest airport terminals to this day the Kansai International Airport is just over 1.5 km
long. Renzo Piano’s vision for the terminal was a very light and open design to help passengers navigate
the space with ease. The center and wing like design is thought to mimic a glider’s fuselage and wings.
The airfoil shape of the terminal wings is closed off and one end and opens towards the airplanes
sitting on the tarmac. This design also allows for natural air circulation from the smaller closed end to
the open end of the terminal.

The Structure

The structure of the terminal is primarily built from steel. These steel beams are over 80m in length

yet light enough and flexible enough to absorb earthquake forces. One interesting fact that | found out
for this case study is that the over 82,000 steel roof panels are identical to each other. From a design
standpoint this is very smart because if the building is ever damaged the panels can easily be replaced.




THE SITE




Site Information

The site is located twenty five minutes from the busy Minneapolis | St. Paul
downtown area, just east of Highway 52 near the city of Hastings, Minnesota.

| choose this site location because of the connectivity to the Twin Cities area.
Highway 52 provides access to both Minneapolis and St. Paul. This site location was
once a candidate for the current MSP airport facility. It was later turned down for the
current MSP airport location because of its proximity to the Twin Cities downtown

area. Lo j

United States *e

Twin Cities

Dakota County

State of Minnesota



Site Aerial Photo

The approximate site area shown in red is approximately 2 miles by 3 miles. This area will serve as
the primary site location.




Site Aerial Photo With Contours

The approximate site area shown in red is relatively flat area with little elevation change. This

location will be ideal for an airport facility.
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Site Visit First Impressions

| was finally able to visit my thesis site on October 13, 2018. Currently the site is primarily farm land
with a few small businesses and homes scattered through out the site. There is also a variety of large
mature trees on the site in large clusters and a wetland area that will be incorporated into the final

design solution. Since the site has little change in elevation the views of the surrounding area were
excellent.

During my Visit | took account for the following items:

*Views of the surrounding site context
*Noise and Vehicle Traffic

* Plants & Vegetation

* Natural Lighting

* Natural Wetlands

* Natural Winds

e Buildable Areas

* Topography

: Site Aerial Photo Looking North
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Natural Wetland

There is a large natural wetland on site that will be incorporated into the final design solution. These
ponds will serve as the final destination for the cleaned rainwater and site runoff. There will be a
series of cleaning ponds on site for the natural cleansing of waste water. This area of the site is the
lowest in elevation and the best possible place to collect rain water into the existing ponds.

Site Aerial Photo Looking North

Mature Trees

After viewing the entirety of my site there are many groups of mature trees in large clusters. These
trees will be preserved into the final design as some appear to have been around for decades. These
large trees can also provide for natural views outside of the terminal facility.
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Panaromic Views

During my site visit | wanted to document with digital photographs of how great
the views of surrounding site truely are. For the final design solution | want to
incorporate views to the outdoors as | believe this is very important to the comfort
and well being of passengers and employees of the facility. Having a strong
connection to nature can help ease the burden of travel and help improve the
overall feel of the space.

Site Panorama Looking East




Climate Rain Water Collection

The graph below gives the average high and low temperatures and the

average precipitation for the city of Hastings, which is the closest city to

the site with available climate data. The average January temperature

is 23°F and the average July temperature is 82 °F. The highest

percipitation average is in July with an average of 4.3 inches for the

month. W

1 Inch of Rain over 1 square mile yields: 17,380,000 gallons of water.

The site being approximately 6 square miles could yield 104,280,000
from a 1 inch rainstorm!

E The site alone in one year could collect and retain 547,470,000 gallons of water.
Wind Analysis

Because wind speed and direction are critical for flight, wind analysis for
my proposed site needs to be considered for the design of the runways.

Since Minnesota has such a wide range of climates through out the Summary
year, it will be important to design the site to take advantage of the Miss?hg?gggi
prevailing winds for both the runway design and the building orientation Calm: 5.7%

Generated: 25 Nov 2018 = Avg Speed: 10.0 mph

for natural ventilation during the summer months.

Wind Speed [mph]
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Below is a list of the main spaces that will be included in the terminal design. | am proposing
that the airport facility has a yearly passenger traffic of 50,000,000. This is an average of
25% more passenger traffic then the current MSP airport. The table also shows the average
square foot per person in certain spaces through out the airport. These numbers are slightly
more then the required minimum to maintain the maximum level of passenger comfort and
airport efficiency.

SPACE ALLOCATION

Approxmiate Passenger Traffic Numbers

» 50,000,000

Passengers Per Year |

» 50,000,000/365 |

Passengers Per Day |

Passengers Per Hour (24 hour period) |

Passenger Sq. Ft. Per Person

Terminal Building

Level of Service A in Sq. Ft. Per Person

» 136,986/24 |
8 Sq. Ft. x 136,986

Sq. Ft. Rounded to Nearest 100 Sq. Ft.

Square Footage

» 136,986 Day
» 5707 Per Hour

1095888sq. Ft.

% of Building Space

Land Side
Drop-Off Area 15 Sq. Ft. Per Person 50,000 1%
Pickup/ Arrival Area 15 Sq. Ft. Per Person 50,000 1%
Entry 10 Sq. Ft. Per Person 50,000 1%
Circulation 8 Sq. Ft. Per Person 1,100,000 30%
Ticket Counters/ Check-in 10 Sq. Ft. Per Person 20,000 0.05%
Retail Space 8 Sq. Ft. Per Person 500,000 11%
Adminstration Offices 150 Sq. Ft. Per Office 1%
Security Offices 150 Sq. Ft. Per Office 1%
Security Checkpoints 8 Sq. Ft. Per Person 100,000 2%
Air Side
Retail Spaces 8 Sq. Ft. Per Person 800,000 18%
Gate Areas 15 Sq. Ft. Per Person 500,000 11%
International Waiting Areas 15 Sq Ft. Per Person 100,000 2.00%
Customs Checkpoint 10 Sq. Ft. Per Person 50,000 1%
Baggage Handeling 500,000 11%
Baggage pickup 15 Sq. Ft. Per Person 550,000 12%

4370000
Total Sq. Ft.

1.03
Total % of Space



Domestic Passenger Flow Diagram

The following diagram shows a typical progression of a domestic flight departing and arriving
passenger within the terminal space.
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International Passenger Flow Diagram

The following diagram shows a typical progression of a international flight departing and arriving
passenger within the terminal space.
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TICKET COUNTERS

A SECURITY CHECKPOINT
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LONGITUDINAL BUILDING SECTION



PROJECT STATISTICS:

PASSENGERS PER YEAR: 50,000,000
NUMBER OF GATES: 110 - MULTIPLE APRON RAMP SYSTEM (MARS)
TERMINAL LENGTH: APPROX. 8600
TICKET COUNTERS: 16
BAGGAGE CLAIM CAROUSELS: 32

RESTROOMS: 74

MOVING SIDEWALKS: 50

SUNLIGHT PROVIDES NATURAL

HEATING WITHIN THE SPACE. BUILDING
SUPPLIED COOL AIR IS CIRCULATED
THROUGHOUT THE SPACE BY THE MOVEMENT
OF PASSENGERS. THE BUILDING IS ALSO
HEATED AND COOLED BY GEO-THERMAL
HEAT PUMPS DURING THE WINTER MONTHS

SKYLIGHTS FOR NATURAL DAY LIGHTING
INTO THE INTERIOR SPACES

PLANTED AREAS INSIDE CONCOURSE
PROVIDE PASSENGERS A STRONG CONNECTION TO

HIGH CEILING HEIGHTS PROVIDE NATURE WHILE IMPROVING AIR QUALITY INSIDE

PASSENGERS FOR AN OPEN FEELING S
THROUGHOUT THE INTERIOR SPACES
1 | | LIGHT COLORED ROOFING MATERIAL
TO REFLECT HEAT
|- - ~ g LARCE ROOF OVERHANGS FOR NATLRAL
——= SHADING DURING SUMMER MONTHS
=\ LARGE CURTAIN WALL FACADES
\ F;:j ® 70 FOCUS VIEWS OUTSIDE
| ‘
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TERMINAL OVERVIEW
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“[JNCE YOU HAVE TASTED FLIGHT, YOU WILL FOREVER WALK THE
EARTH WITH YOUR EYES TURNED SKYWARD, FOR THERE YOU HAVE
BEEN, AND THERE YOU WILL ALWAYS LONG TO RETURN?”,

- LEONARDO DA VINCI
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