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Structural Significance is a project aimed at studying three aspects of architectural 
experience: physical circulation, spatial organization, and perceptual navigation. To 
further understand these, the design of an airport terminal is used. The site chosen is at 
the existing Indianapolis International Airport. The site was chosen for its adjacency to 
a major metropolitan area while also being nestled between two highways. The airport 
terminal features two semi-circular wings that sweep through each other, creating a 
centralized focus centered on the site's natural axis. Each of these semi-circular wings 
is constructed of a series of structural modules that feature a keystone shaped space 
frame, four canted columns, and three skylights. The columns and skylights create a 
natural means of physical circulation wherein the structure guides patrons. Where the 
semi-circular wings meet, a unique set of architectural and structural elements emerge. 
Larger skylights and a two-story space anchor the center of the terminal. Through the 
design of this airport terminal, the needs of required by physical circulation, spatial 
organization, and perceptual navigation have been met while still featuring a unique, 
modern design. 
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10 STRUCTURAL SIGNIFICANCE 

THESIS QUESTION: 

Can the modulation of an expandable, primary structural system influence the spatial character and 
organization of the architectural experience? 

THESIS STATEMENT: 

Primary structural systems can directly influence the spatial organization, perceptual navigation, and 
physical circulation of a setting for human interaction. 

PROJECT DESCRIPTION: 

To test this thesis, the chosen project is to design an airport terminal to explore primary structural systems 
and their ability to impact physical circulation, spatial organization, and perceptual navigation with 
the utilization of modulation. This project will explore the possibility of structural forms that intuitively 
organize space and its users while remaining the primary source of the architectural experience. 

An airport was chosen because of its scale. Naturally, larger buildings have larger structures. To fully 
study and contemplate the vast bi products that stem from structures, it is necessary to look at a structural 
system in its most grand size and form. Airports also see a large amount and variety of people that pass 
through. Some air port users are professional travelers and will understand the airport from frequent 
travel. Other users do not travel frequently and may have never visited this particular airport. Designing 
for the second user group is critical in the efficiency of any airport. When users are able to naturally 
navigate and circulate through a space, the perceived enjoyment of that space inherently is increased. 

The site is the existing Indianapolis International Airport site. It sits southwest of the city and outside of 
the 465 interstate loop. The site was not chosen because the existing is lacking. Rather, the site was 
too ideal to pass up. The site is near a large metropolitan area without being land-locked by urban 
buildings or water. It is neatly nestled in between two interstates that feed directly into a handful more. 
These interstates then connect with other cities like Chicago, St. Louis, Louisville, and Cincinnati. 
Having a site nearby gives the researcher the ability to easily access the site in person. The alternative 
to this site would have been to create a new, unique site, most likely in a cornfield in the middle of 
nowhere. However, the ability to design this thesis project with real world issues and challenges is 
perfect and would not have been achievable with a brand new site. 
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Figure 01. Structural Space, by author. 
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HOW STRUCTURAL BAYS AND 
MODULATION CREATE SPACE 

THREE-DIMENSIONAL ORGANIZATION 

Figure 02 3D Organization, by author. 

STRUCTURAL SIGNIFICANCE 

The project building typology is that of an airport 
terminal. Within any significant airport, there will 
be a large number of different programs meant 
to service incoming travelers, outbound travelers, 
employees, ground crew, and the security team. 
It is imperative that all program is thoughtfully 
planned and developed to ensure a smooth 
and efficient traveling experience. Located near 
the entrance are a few key aspects of program. 
Immediately outside of the entrance is, of course, 
the drop off zone for travellers to be dropped off to 
catch their flights. Immediately inside the entrance 
is the ticketing and baggage check locations. For 
efficiency and security reasons, these areas must 
be near the front entrance. Although many people 
solely utilize the tickets provided online or via 
smartphone applications, many travellers still prefer 
to have a physical boarding pass. Thus, ticketing 
counters and employees are still required. Many 
frequent travelers utilize the availability of carry-on 
luggage to avoid the extra fees and potential for 
lost baggage that checked baggage may involve. 
However, for travelers that are going on longer 
trips, having the option to check larger bags is still a 
necessity at any airport. Also near the entrance and 
drop off areas are the TSA (Transportation Security 
Agency) recommended and required checkpoints 
and equipment. This area will require extensive 
amounts of employees, securty, queuing lines and 
technological equipment. Once a traveler 

clears the TSA checkpoints, there are multiple 
spaces that he or she may expect to find. The most 
obvious being the departure gates that ultimately 
connect to the aircraft. The existing airport is home 
to fifty gates. This will be the target number of gates 
to acheive for this project and will become the 
majority of square footage for the airport. The next 
most utilized space for travelers is the restroom. 
Many travelers will need access to these either 
before or after a flight. It is imperative to have one 
to two restrooms per concourse as to reduce the 
distance required for passengers to find a restroom. 
In the concourse wings, there may be one central 
location for food or many individual restaurants 
that populate that concourse wing. There needs 
to be adequate space for multiple restaurants or 
food stores (whether in a food court/cluster or 
spaced out) so that there are plenty of options 
for travelers. Another convenience for travelers 
is to have convenience stores located in each 
concourse wing. Convenience stores allows for 
travelers to purchase items or snacks that they may 
have forgotten prior to leaving home. Also along 
the concourse wings, there needs to be multiple 
information stations where travelers can speak to 
airline personnel about flight changes, delays, and 
cancellations. With all of these considerations and 
the addition of circulation and mechanical space, 
this project will look to be nearly 230,000 square 
feet in total (per the chart on page 49). 

KOLTON BEHRENT 
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SPACE ADJACENCY MATRIX 

♦ Mandatory Adjacency 

♦ Desirable Adjacency 

◊ Neutral 

◊ Separation Required 

(j) Note 

NOTES 
01. Immediate deporting tasks 
02. Convenient & Organized 
03. Final arriving tasks 
04. Immediate deporting tasks 
05. Immediate deporting tasks 
06. Immediate deporting tasks 
07. Immediate deporting tasks 
08. Immediate deporting tasks 
09. Immediate deporting tasks 
10. Fino I arriving tasks 
11. Employees require private space 
12. Convenient for arriving travelers 
13. Flight information required neor gate 
14. Convenient for arriving travelers 
15. Possibility of lost boggoge 
16. Paired activities 
1 7. Synonymous octivites 
18. Inefficient traveler flow 
19. Inefficient vehicle traffic flow 
20. Inefficient traveler & traffic flow 
21 . Security risk 
22. Security risk 

Figure 03. Space Adjacency Matrix, by author. 

--

Ticketing 

Baggage Check 

Baggage Claim 

Boarding Gates 

Waiting Areas 

Employee Areas 

Pickup 

Dropoff 

Entrance 

Exit 

Restrooms 

Food Court li3 1-----------~ 

U Convenience Stores 
15' 1-l_n_fo_r_m_a_t-io_n_S-ta-t-io_n_s __ ~ 

~ 1-C-u-s-to_m_e_r_S_e_rv-ic_e_----41~ 

~ Security Office 

~ TSA PreCheck u I------------

~ TSA Checkpoint 

.. -.. 
I I "'r{J" \ 

I 

' 

l I 
\ --~- ~ 

\ -' \ '.i! --, : 
I \ ,, . , , , : ,,,. \ 

~'- , iii 11 
,- . I ~ 
I , I I · I, 
I . I ' 
' . ., .. -,, ----

' I 

-- Figure 04. Zoning Diagram 01, by author. 

Figure 05. Zoning Diagram 02, by author. 
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ROOM COUNT & SQUARE FOOTAGES 

ROOM TYPE QUANTITY SQUARE FOOTAGE TOTAL SF 

Restrooms 4 742 2,968 

Departure Gates 50 2,482 124, l 00 

TSA Checkpoint 1 6,697 6,697 

Ticketing 1 3,000 3,000 

Baggage Check 1 3,000 3,000 

Baggage Claim 4 2,500 10,000 

Food Court 1 20,000 20,000 

Employee Offices 25 225 5,625 

Entrance 1 2,000 2,000 

Exit 1 2,000 2,000 

Dropoff 1 2,000 2,000 

Pickup 1 2,000 2,000 

Customer Service 1 2,500 2,000 

Information Stations 10 500 5,000 

TOTAL SQUARE FOOTAGE: 190,890 

CIRCULATION (20%): 38,178 

GRAND TOTAL SQUARE FOOTAGE: 229,068 

KOLTON BEHRENT 



18 

ROOM TYPOLOGY: Departure Gate 

QTY OF ROOM MODULES: 50 at 2482 SF 

OCCUPANTS PER MODULE: 160 Persons 

SPATIAL ADJACENCIES: Restrooms, Food Court, Convenience Stores 

SPECIAL EQUIPMENT: Boarding Screen, Passenger Seating 

DAYLIGHT/ VIEW: Lots of daylight, views of runway and departing aircraft 

Departure gates are the first and last thing that travelers see 
when it comes to flights. It is the fairwell of the city they are 

departing and the welcoming of the city they are arriving F=~==;aj"i~~=ii'j"i~E'i'ji'~"ii"-EEECEJ~~~j"i~ji'J"p_,_3=i 
at. The departure gates are typically large open areas that 
include large amounts of seating for travelers. Nowadays, the _ 
seating also includes outlets for charging laptops, tablets, and 
cell phones. Also within each departure gate is the boarding _ 
queue. This queue is where travellers order themselves based 
on their seat/boarding number and begin filing onto the plane. _ 
There will be a boarding employee at each gate ensuring the 
efficient flow of boarding. The collection of departing gates is 
considered the terminal or concourse. 

Figure 06. Departure Gate Floor Pion, by author. 

Figure 07. Departure Gate 3D Model, by author. 

1 Checkpoint Design Guide (CDG), Revision 5.1, May 2014, Transportation Security Agency, https://occonline.org//documents/20140507-000_ Check
point%20Design%20Guide%20(CDG)%20Rev%205. l .pdf 
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ROOM TYPOLOGY: 

QTY OF ROOM MODULES: 

OCCUPANTS PER MODULE: 

TSA Baggage & Persons Check 

l at 6697 SF 

67 Persons 

SPATIAL ADJACENCIES: 

SPECIAL EQUIPMENT: 

DAYLIGHT/ VIEW: 

Entrance, Baggage check, Ticketing, Concourse/Terminal 

Queuing Stanchions, AT X-Ray, AIT, Item Rollers, Monitors 

Typically near entrance, daylight may be available 

The best and worst part of any airport is the TSA Check area. ,...._.....,_---,....._ ------------. 
It is fantastic as is creates a safer traveling experience, yet it 
can be a slow process that can involve unpacking. To design 
the TSA Check area, the Transportation Security Agency (TSA) 
has an entire guide on what they recommend or require. 1 

This booklet discusses the required equipment and suggested 
spacing for optimal flow. The floor plan (right) and 3D model .. _ 
(below) were modeled directly in step with the TSA guide. A ::i 

TSA Check will include many things, but particularly, it will 
have Advanced Technology X-Rays for baggage, Advanced 
Information Technology for travellers, hundreds of feet of 

I I 

I 'mmm-B111111111 u1111!'.:<-------+' 

I I I lllTIIIIIIIIlIU· .-
.-1 Willllllll 

===i I 

_J 

queuing stanchions, monitors, cameras, and many employees. l;;::Fig=u=-re:::::;0;:;;:8::::;. T;;:::;:::::;;;::::e::::;c=p=oi=nt:::;:F;::::oo=r:::;:P;::::an=,= y=o=u=t =or=. ==:l 

fl 

Figure 09. TSA Checkpoint 3D Model, by author. ~ 

1 Checkpoint Design Guide (CDG), Revision 5.1, May 2014, Transportation Security Agency, https://acconline.org//documents/20140507-000_ Check
point%20Design%20Guide%20(CDG)%20Rev%205. l .pdf 
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ROOM TYPOLOGY: Public Restroom 

QTY OF ROOM MODULES: 4 at 7 42 SF (l per departure wing, l per food court, & l per exit) 

OCCUPANTS PER MODULE: 22 Persons 

SPATIAL ADJACENCIES: Departure Gates, Food Court, Exit, Employee Spaces 

SPECIAL EQUIPMENT: Toilets, Urinals, Sinks, Plumbing, Toilet Accessories, Partitions 

DAYLIGHT/ VIEW: None 

One of the most common modules found in public buildings is 
the restroom. Building occupancy was calculated to be roughly 
7100 persons. This was found by multiplying the anticipated 
number of departure gates (50) by the typical passenger count 
of an aircraft (138) 1 and adding employees (200). Based on 
the building usage and typology, the requirements (per IBC 
2018)2 for plumbing fixtures are as follows; Water Closets: 
l per 500 (terminal) and l per 75 (Food Court), Lavatories: 
l per 750 (Terminal) and l per 200 (Food Court), Drinking 
Fountains: l per l 000 (Terminal) and l per 500 (Food Court). 
The final quantities of plumbing fixtures will be as follows; 
Water Closets: 48, Lavatories: 32, Drinking Fountains: 8. 

Figure 11. Restroom 3D Model, by author. 

Figure l 0. Restroom Floor Plan, by outhor. 

l Plane Stats, Averge Seals Per Departure, 2015 vs 207 9, https://www.planestats.com/phxb_20l 5may 
2 IBC 2018, /nlernaliona/ Building Code of 2018, https://codes.iccsafe.org/content/lBC2018/chapter-29-plumbing-systems 
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ROOM TYPOLOGY: 

QTY OF ROOM MODULES: 

OCCUPANTS PER MODULE: 

SPATIAL ADJACENCIES: 

SPECIAL EQUIPMENT: 

DAYLIGHT/ VIEW: 

Personal Baggage Claim 

2 

NA 

Restroom, Exit, Pickup, Customer Service 

Baggage Carousel 

Typically near exit, daylight may be available 

Baggage claims are a necessity at airports. For the travelers ~------------~ 
that will be gone on longer trips or for families that prefer 
to take larger checked bags rather than carry-on items, the 
baggage claim is one of the last steps of a day of traveling. 
When the aircraft has landed, the ground crew gets to work 
sorting through the baggage. For the baggage that doesn't 
require being sent to another location, it is funneled into 
the airport and sent down the baggage claim carousel. It is 
important to have ample room near and around the baggage 
carousel to allow for efficient movement and waiting of the 
arriving passengers. Based on the below rendered image, the 
rough square footage for one module is 1400 square feet. Figure 12. Baggage aim Foor Pan, yaut or. 

Figure 13. Boggage Claim 3D Model, by author. 

KOLTON BEHRENT 



SITE LEGEND

Minor Road
Medium Road
Major Road
Interstate
Airport Runway

Railroad

IMMEDIATE SITE

70

465

Indianapolis

Evansville

New Albany

Bloomington Columbus

Terra Haute

Richmond

Muncie

Fishers

Noblesville
Carmel

Crawfordsville

Lafayette Kokomo
Marion

Fort Wayne

Valparaiso
Gary South Bend

INDIANA

UNITED STATES

90 80

69

74

70

74

65

64

65

INDIANA MAP LEGEND

Project Location
City Location
State / Country Border
Interstate
Railroad

22 

PROJECT SITE INFORMATION 
The chosen project site is at the existing connects it to the rest of the state. Although there 

Indianapolis International Airport outside of is nothing inherently wrong with the existing airport 
Indianapolis, Indiana. This location was chosen (particularly because it was constructed in 2008), 
for a few reasons: (l) This site is very accessible this specific situation lends itself to an ideal real
to myself as a student at Ball State University, (2) world style of project. The potential to be working 
Using an actual site - as compared to placing a at a firm when an existing public transport building 
new airport in a cornfield - allows for real world needs to be torn down and redesigned is quite 
issues and complications to be designed for, (3) high. Therefore, this project site allows for the 
The Indianapolis International Airport site is located freedom and liberty in design while also somewhat 
nearly perfectly for a large city - it is outside of the restricting the design options down to a more 
immediate city while not being too far away and realistic scale. This site and this project fit together 
is nestled in between two primary interstates that to create the ideal scenario for a thesis project. 

• 

Figure 14. Immediate Project Site Map, by author. 
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Figure 15. Indiana Location Map, by author . 

• 

Figure 16. Indiana Map, by author. 
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SITE ANALYSIS NOTES 

Essentially a flat site 

Central axis defined by parking garage and tarmac 

Existing parking garage on site 
Existing architectural language 

Dual level road system 
Departure and arrival levels 

Sunlight will affect the building differently 
Different conditions may need to be detailed 

Existing runway centerlines in place 
Building footprint already influenced 

STRUCTURAL SIGNIFICANCE 

EXISTING SITE PLAN 

- Figure 17. Existing Site Plan, 2022, by author. 

0 50 250 500FT 
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The existing site is essentially prepped 
and ready to go. On site, it contains a fire 
station, large parking garage, air control 
tower, aircraft hangars, and a large array of 
photovoltaic panels to produce the energy 
needed to power the terminal. Located 
immediately off of the interstate loop that 
surrounds the city of Indianapolis (465) 
and interstate 70 that heads southwest, 
the logistical positioning of the airport is 
premier. The access to the interstates allows 
for ideal traffice flow. Also adding to the 
traffic flow is that the airport is away form 
downtown Indianapolis by a few miles, thus, 
preventing mass traffic backup during peak 
travel times. The existing dropoff/pickup 
system utilizes upper and lower levels. This 
will have to be addressed in the design of 
this project as floor elevation will become 
critical. 

Figure 20. Existing PV Panel Grid, facing northeast 

Figure 18. Existing Airport Parking Lot, facing southwest 

Figure 19. Existing Airport Parking Garage, facing west 

STRUCTURAL SIGNIFICANCE 

Figure 21. Existing Airport Fire Department, facing west Figure 22. Existing Airport Control Tower, facing southwest 

Figure 23. Existing Airport Parking Garage, facing south Figure 34. Existing Airport Hangar, facing northwest 
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l 0,001 - 20,000 

■ 20,001 - 50,000 

■ 50,001 - 100,000 

■ l 00,007 - 200,000 

Figure 25. Traffic Count Diagram, Information provided by IGIO, illustration by author. Figure 27. Major Buildings, Information provided by IGIO, illustration by author. 

■ Commercial 

■ Industrial 

■ Residential 

■ Agricultural 

■ Exempt 

. ~ r----.. o• . n _ _r-__::;.,g-,, __ --. 
Figure 26. Zoning Diagram, Information and illustration provided by IGIO. Figure 28. Topography Map, Information and illustration provided by IGIO, assembled by author. 
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CONCEPTS SITE CONCEPTS 

Central Base Site 

90 Degrees Build-In 

Criss Cross Build-Up 

Figure 29. Building Concepts, 2022, by author. Figure 30. Site Concepts, 2022, by author. 
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FINAL CONCEPT 

Figure 31 . Final Building Concept, 2022, by author. 

The final concept model was developed based on the reality of having two primary wings as concourses. 
This was meant to mimmick the existing airport to essentially obtain the same amount of departure 
gates. The notion of two wings soon became two swooping architectural forms that intersected in the 
central part of the airport. These swooping architectural forms feature canted walls on either side with 
a single-sloped roof line. This design would then be refined (see page 34) with exact measurements 
and the addition of a central atrium chunk. 

KOLTON BEHRENT 
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Figure 32. Building Form Diagram, 2022, by author. 
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PROPOSED SITE PLAN 

- Figure 33. Proposed Site Plan, 2022, by author. 
0 50 250 500FT 

The proposed site plan attempts to mimmick the existing airport with a mirrored plan design of 
the existing parking garage. The existing parking garage has a semi-circular mass attached to its 
northeastern side {not shown in proposed site plan). The curve of the semi-circular mass is the mirrored 
across the existing roadway to give a sense of familiarity on either side. The building keeps the central 
axis of the site and utilizes two swooping forms to create its wings. The longer portions of the wings are 
where aircraft can dock while the smaller portions of the wings are reserved for more administrative 
tasks. The roadway in front of the proposed airport (to the southwest) has two levels - one for dropoff/ 
departure and one for pickup/arrival. The upper level is reserved for dropoff/departure. On the upper 
level, two dropoff lanes were added as separate entities to the passing roadway to help elminate jams 
and allow traffic to flow. Each of the dropoff lanes services a ticketing/check-in area for users. Splitting 
up the incoming traffic speed up the check-in process for users and eliminate long lines - both inside 
and outside of the airport. 

KOLTON BEHRENT 



36 

ASSEMBLED MODULE 

Figure 34. Building Module, 2022, by author. 

The module was developed by equally dividing the intersecting wings (see page 38). The division 
of the wings into separate modules allows for the repetition of all included elements, such as, 
foundations, concrete slab, structural details, interior finishes, exterior facades, and roofing materials. 
The repeatability of a structure lessens the amount of time required for design and eases the burden of 
construction on the general contractor. The module features a raised platform to allow for equipment 
to drive below, baggage to be passed below without interfering on the tarmac, and for utilities such as 
electrical, HVAC, and plumbing to be run discreetly as to eliminate overhead connections. Structurally, 
the concrete platform sits on reinforced concrete columns that rest on large underground foundations. 
Centralized and canted metal columns sit on the innermost reinforced concrete columns. The metal 
columns divide the interior space into three zones: departure gates, circulation, and departure gates. 
These tubular metal columns hold up a 3' -6" deep space frame that cantilevers on baths sides, giving 
the illusion of a weightless, elegant structural system. Either side of the module is clad in a curtain wall 
system that allows filtered light to permeate the usable space and further implying the weightlessness of 
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PV Panels 

Curtain Wall 

Figure 35. Exploded Building Module, 2022, by author. 

Circular Steel Columns 

Concrete Colum Bases 

Reinforced Concrete Slab 

-- Concrete Columns 

the overhead spaceframe. The spaceframe is on full display at each skylight and casts unique shadows 
that changes as the day goes on. Each module features three large skylights that allow in overhead 
light. The skylights also help guide users along each wing. The semi-circular design of the wings means 
that the user is on a journey that he or she cannot see the end. The repetetive columns and skylights 
intuitively guides the users through the space to their designated gate. The module does experience 
alterations in the central atrium and smaller wings. The circulation space in the center of the module 
is much more crutial in these space. Thus, the vertical structural system is space out closer to the 
exterior walls as opposed to the center like shown above (see page 39 for altered modules). Atop each 
module, optional photovoltaic panels are shown. These panels are optional as the orientation of each 
module will change in its semi-circular layout and may not always be in an ideal location for efficient 
access to sunlight. Each module has enough capacity to hold eleven rows of fourteen PV panels. If 
oriented correctly with ideal conditions. each module can produce roughly 200 kWh of electricity per 
day or 73,150 kWh (73.15 MWh) of electricity per year. 

KOLTON BEHRENT 



MODULE LAYOUT 

Figure 36. Building Module Layout, 2022, by author. 
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EXPLODED MODULE LAYOUT 

Adjusted Module 

Unique Module 3 

Typical Module 

Unique Module 1 

Keystone Module 

Unique Module 2 

Figure 37. Exploded Building Module Layout, 2022, by author. 
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Figure 38. Program Diagram, 2022, by author. 

□ Departure Gates □ Restaurants / Employee Space 

□ Fire Stairs Restrooms 

□ Convenience Stores TSA Checkpoint 

□ Public Circulation □ Seating Areas 
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LOWER LEVEL FLOOR PLAN 

Figure 39. Lower Level Floor Plan, 

♦ 

• 

Figure 40. LL Floor Plan Zoom l, 2022, by author. Figure 41. LL Floor Plan Zoom 2, 2022, by author. 

STRUCTURAL SIGNIFICANCE 

UPPER LEVEL FLOOR PLAN 

Figure 42. Upper Level Floor Plan, 2022, by author. 

( 

Figure 43. UL Floor Pion Zoom l, 2022, by author. Figure 44. UL Floor Plan Zoom 2, 2022, by author. 
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SCHEMATIC ECS LAYOUT 

Figure 45. Schematic ECS Layout, 2022, by author. 
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UPPER LEVEL CIRCULATION 

Figure 46. UL Circulation Diagram, 2022, by author. 

LOWER LEVEL CIRCULATION 

\ 

Figure 47. LL Circulation Diagram, 2022, by author. 
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SECTION CIRCULATION DIAGRAM 

Boeing 747 

Boeing 737 

SECTION SCALE DIAGRAM 

CENTRAL BUILDING SECTION 

Figure 48. Section Circulation Diagram, 2022, by author. 

Aircraft Tug Tractor 
Aircraft Fuel Truck 

Figure 49. Section Scale Diagram, 2022, by author. 

1-465 

Figure 50. Location Building Section, 2022, by author. 

Figure 51. Full Building Section, 2022, by author. 

Figure 52. Central Building Section, 2022, by author. 
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Figure 54. Building Section Details, 2022, by author. 
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Figure 55. Airport Exterior, 2022, by author. Figure 57. Exiting TSA, 2022, by author. 

Figure 56. Airport Exterior, 2022, by author. Figure 58. TSA Checkpoint, 2022, by author. 
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Figure 59. Airport Atrium, 2022, by author. Figure 61. Lower Level Lounge, 2022, by author. 

Figure 60. Lower Level Airport Atrium, 2022, by author. Figure 62. Entering Concourse A, 2022, by author. 
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Figure 63. Concourse A Interior, 2022, by author. Figure 65. Airport Atrium, 2022, by author. 

Figure 64. Concourse B Interior, 2022, by author. Figure 66. Airport Atrium, 2022, by author. 
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Figure 67. South Entrance, 2022, by author. Figure 69. Jet Bridge, 2022, by author. 

Figure 68. North Entrance, 2022, by author. Figure 70. Center of Tarmac, 2022, by author. 
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PARKING STALLS: 

AREA OF REFUGE: 

ADA CONSIDERATIONS: 

RAMP WIDTH: 

RAMP LANDING WIDTH: 

RAMP LANDING LENGTH: 

RAMP SLOPE: 

RAMP HANDRAILS: 

PARKING STALLS: 

PROTRUDING OBJECTS: 

NUMBER OF EXITS: 

DRINKING FOUNTAINS: 

PLUMBING CONSIDERATIONS: 

WATER CLOSETS: 

LAVATORIES: 

DRINKING FOUNTAINS: 

SERVICE SINK: 

BATHTUBS/SHOWERS: 

62 

l stall per 4 occupants 

Sized to accomodate l wheelchair per 200 occupants 

44" clear minimum, 

Equivalent to ramp width 

60" minimum 

8% maximum 

Required if rise is 6" or greater 

l 0, plus 2% of stalls over 200 

Shall not reduce min. clear width 

4 minimum 

50% must be to ADA standards 

l per 500 (male and female) 

l per 750 

l per 1,000 

l 

None 

STRUCTURAL SIGNIFICANCE 

APPLICABLE BUILDING CODES: 

OCCUPANCY TYPE: 

CONSTRUCTION TYPE: 

ESTIMATED OCCUPANCY: 

ESTIMATED SQUARE FOOTAGE: 

MAXIMUM STORIES: 

MAXIMUM FLOOR AREA: 

FIRE SUPPRESSION: 

MEANS OF EGRESS: 

OCCUPANT LOAD FACTOR: 

TRAVEL DISTANCE: 

ASSEMBLY AISLE DEAD-END: 

STAIRWAY WIDTH: 

DOOR WIDTH: 

CORRIDOR WIDTH: 

CORRIDOR FIRE RESISTANCE: 

NUMBER OF EXITS: 

Indiana Building Code, 2014 Edition 

Indiana Fire Code, 2014 Edition 

Indiana Mechanical Code, 2014 Edition 

Indiana Plumbing Code, 2014 Edition 

Indiana Plumbing Code, 2012 Edition 

National Electric Code 2009 of Indiana 

Indiana Energy Conservation Code 

A-3, "Waiting areas in transportation terminals" 
(IBC 2012 with amendments, 303.4) 

IB 

7, l 00 

229,068 

l l 
(IBC 2012 with amendments, TABLE 503) 

Unlimited 

Automatic Sprinkler System 
(IBC 2012 with amendments, 902.3.1.3) 

Concourse: 300 gross 

250 feet 

20 feet 

0.3 inches per served occupant 

32" clear minimum 

44" clear minimum 

None 

4 minimum 
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36-38”

30” Rise Max.

60” Min.

60” Min.

60” Min.
Required

Width

1:12 Max.

12” Min.

12” Min.

4” Curb

Handrail

Mid Landing

Bottom Landing

Top Landing

60” Min.

60” Min.

Required
Width

60” Min.

22’ - 2”

29’ - 3”

12’ Rise Max.

42” Min.

36-38”

Centered Door Side (O�-Centered) Door

80” Min. 68” Min.

54
” M

in
.

51
” M

in
.

54
” M

in
.

51
” M

in
.

48
” 

M
in

.

42” Min. 42” Min. 36” Min. 36” Min.

< 48”

60
” 

M
in

.

36
” 

M
in

.

36
” 

M
in

.

32
” 

M
in

.

32
” 

M
in

.

48” Min.24” Min. 24” Min.

< 48”

Clear Width of an Accessible Route

180 Degree Turn 180 Degree Turn
(Exception)

64 

RAMP DESIGN 
405.2 Slope. 
Ramp runs shall have a running slope not steeper than 
l: 12. EXCEPTION: In existing sites, buildings, 
and facilities, ramps shall be permitted to 
have running slopes steeper than l: 12 
complying with Table 405.2 where 
such slopes are necessary due 
to space limitations. 

CORRIDOR CLEAR WIDTH 

Figure 71. Ramp Requirements, by author, per IBC 2018. 

403.5.2 Clear Width at Turn. 
Where the accessible route makes a 180 degree turn 
around an element which is less than 48 inches (1220 
mm) wide, clear width shall be 42 inches (l 065 mm) 
minimum approaching the turn, 48 inches (1220 
mm) minimum at the turn and 42 inches (l 065 mm) 
minimum leaving the turn. 

[I ]J 
Figure 72. Corridor Requirements, by author, per IBC 2018. 
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STAIR DESIGN 

ELEVATOR DESIGN 

LJ I .l _J __ J. 

Figure 74. Elevator Requirements, by author, per IBC 2018. 

KOLTON BEHRENT 

Figure 73. Stair Requirements, by author, per IBC 2018. 

407 .4.1 Car Dimensions. 
Inside dimensions of elevator 
cars and clear width of elevator 
doors shall comply with Table 
407.4. l. EXCEPTION: Existing 
elevator car configurations that 
provide a clear floor area of 16 
squarefeet (l .5 m2) minimum 
and also provide an inside 
clear depth 54 inches (1370 
mm) minimum anda clear width 
36 inches (915 mm) minimum 
shall be permitted. 



Size Factor

Cost Modifier 
Curve

Area Conversion Scale
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.50 .60 .70 .80 .90 1.0 2.0 30

.50 .60 .70 .80 .90 1.0 2.0 30
.80

.90

1.0

.85

.95

1.05

1.1

1.15

1.2

.80

.90

1.0

.85

.95

1.05

1.1

1.15

1.2

50 l 7 00 Project Costs UNIT UNIT COSTS % OF TOTAL 

1/4 Median 3/4 1/4 Median 3/4 

0000 Public Assembly Buildings SF 

0100 Architectural 115 159 238 57.50% 61.50% 66% 

0200 Plumbing 6.10 8.90 13.40 2.60% 3.36% 4.79% 

0300 Mechanical 12.85 23 35.50 6.55% 8.95% 12.45% 

0400 Electrical 19 26 41 8.60% 10.75% 13% 

0500 Total Project Costs 168 281 445 
Figure 75. Table 50 17 Project Costs, Poge 895, RSMeans, recreated by author. 

INDIANA 

INDIANAPOLIS 
DIVISION 

461-462 

Material Installation Total 

MF2018 Weighted Average 98.7 83.2 92. l 
Figure 76. City Cost Indexes, Page 790, RSMeans, recreated and simplified by author. 

System Median Cost Typical Size - Gross SF Typical Range 
(Tota I Project Costs) (Median of Projects) (Low-High) 

Parking Garage/Mixed Use 175.00 254,200 5,300 - 318,000 

Police Stations 267.00 28,500 15,400 - 88,600 

Police/Fire 171.00 44,300 8,600 - 50,300 

Public Assembly Buildings 253.00 21,000 2,200 - 235,300 

Recreational 281.00 28,800 1,000 - 223,800 
Figure 77. SF Project Size Modifier, Page 543, RSMeons, recreated and simplified by author. 

Figure 78. SF Project Size Modifier, Page 543, RSMeans, recreated by author. 
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SQUARE FOOT COSTS 
Building Type: 
Median Square Foot Cost: 
City Cost Index: 

Public Assembly 
$159 
92.l (0.921) 

SQUARE FOOT PROJECT SIZE MODIFIER 
Estimated Project Size: 229,068 SF 
Typical Project Size: 21,000 SF 
Building Size Factor: 229,068/21,000 = l 0.91 

Note: For Size Factors greater than 3.5, the Cost Multiplier is 0.90. 
Cost Multiplier: 0. 90 

CONSTRUCTION COSTS 
Cost Equation: 
Cost Equation: 
Cost: 

PROFESSIONAL FEES 
Architectural: 
Construction Management: 
Electrical: 
Mechanical: 
Structural: 
Total: 

TOTAL PROJECT ESTIMATE: 
Cost: 
Cost: 

(Project Size)*(Unit Cost)*(Cost lndex)*(Cost Multiplier) 
(229,068 SF)*($ l 59)*(0. 921 )*(0. 90) 
$30,190,040 

7.5% * Cost = $2,264,253 
6% * Cost = $1 ,81 l ,402 
4.5% * Cost = $1,358,552 
4.5% * Cost = $1,358,552 
l .5% * Cost = $452,851 
$7,245,610 

$30,190,040 + $7,245,610 
$37,435,650 
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Figure 79. Maze: Simplified, by author, 2021. 
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NAVIGATION & WAYFARING 
Research Analysis 01 

This research analysis looks to evaluate the 
experiential and environmental factors related 
to airport organization based on a modulated 
architectural and structural system. The case will 
be made that, through the use of a modulated and 
intuitively organized structural grid, the travelling 
experience within an airport is natural and 
understandable. Two key factors will be analyzed 
within this research: the ability to intuitively navigate 
a space based on architectural and structural 
design and the efficient organization of space as 
influenced by the structural grid. 

Wayfinding and navigation of any large, public 
building can be difficult for the newcomer or even 
repeated user. Particularly, airports are notorious 
for their complicated layouts, crowds, lines, and 
information overload from announcements, 
signage, advertisements, and flight information 
boards. A navigational system should incorporate 
more than signs and arrows. It should also be 
an intuitive system that is natural for all users to 
follow. This can be accomplished through many 
techniques, such as: structural bays that allow 
for all through traffic to be isolated from static 
crowds or architectural elements that allow light 
to filter into the building to create a map of light 
for users to follow. To further design for wayfinding 
and navigation, one must understand that there 
are three components to consider: behavioral, 
environmental, and operational elements. 1 

According to a Scandinavian designer, Per 
Mollerup, in Raphael's "Wayfinding: Principles 
and Practice," there are nine essential components 
to behavioral navigation: track following, route 
following, educated seeking, inference, screening, 

a1m1ng, map reading, compassing, and social 
navigation. 2 Many of the aforementioned 
components are addressed with signage in typical 
airports. However, some airports, such as Terminal 
4 at Madrid-Barajas Airport3 by Richard Rogers and 
the Beijing Daxing International Airport4 by Zaha 
Hadid Architects, use design elements to further 
advance one's ability to navigate with intuitive 
design gestures. The Beijing Daxing International 
Airport bases its design on traditional Chinese 
architectural principles of organizing spaces 
around a central courtyard.5 From that courtyard, 
there are five aircraft piers that extend outward. 
Linear skylights illuminate the five aircraft piers. 
These linear skylights act as the main source of 
lighting, but, more importantly, acts as an intuitive 
navigational system - guiding the users down each 
pier. Travelers are immediately able to understand 
the general flow of human traffic by following the 
architectural gestures of the skylights. Another 
airport, the Madrid-Barajas Airport, takes a 
different approach to organization for the purpose 
of navigation. It uses color-coded structural 
members to naturally inform the users of their 
whereabouts within the terminal. Although these 
precedents use different examples of architectural 
elements as the integral sources of navigation, 
they both utilize a user's wayfinding instincts to 
create a simpler and more understandable airport 
terminal. 

Another way to consider the organization of a 
building is by utilizing the structure as more than 
structure. The primary structural system of any 
building has two purposes: (l) keep the building 
and all associated components upright and (2) 

1 David Raphael, 2014, "Wayfinding: Principles and Practice," Landscape Architecture Magazine, 104: 148-151. 
2 Raphael, "Wayfinding: Principles and Practices," 151. 
3 Precedent: Madrid-Barajas Adolfo Suarez Airport, Madrid, Spain, Richard Rogers Partnership, 2005. 
4 Precedent: Beijing Daxing International Airport, Beijing, China, Zaha Hadid Architects, 2019, 
5 Zaha Had id Architects, 2019, Beijing Daxing International Airport, https:/ /www.zaha hadid.com/architecture/beijing-new-airport-terminal-building/. 
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Order is 
Design is form-making in order 
Form emerges out of a system of construction 
Growth is a construction 
In order is creative force 
In design is the means - where with what when with how much 
The nature of space reflects what it wants to be 

Is the auditorium a Stradavarius 
or is it an ear 

Is the auditorium a creative instrument 
keyed to Bach or Bartok 
played by the conductor 

or is it a convention hall 
In the nature of space is the spirit and the will to exist a certain way 

Design must closely follow that will 
Therefore a stripe painted horse is not a zebra. 
Before a railroad station is a building 
it wants to be a street 
it grows out of the needs of street 

out of the order of movement 
A meeting of contours englazed. 

Thru the nature-why 
Thru the order-what 
Thru design-how 
A Form emerges from the structural elements inherent in the form. 

A dome is not conceived when questions arise how to build it. 
Nervi grows an arch 
Fuller grows a dome 

Mozart's compositions are designs 
They are exercises of order-intuitive 
Design encourages more designs 
Designs derive their image,y from order 
lmage,y is the memo,y--the Form 
Style is an adopted order 

The same order created the elephant and created man 
They are different designs 
Begun from different aspirations 
Shaped from different circumstances 

Order does not imply Beauty 
The same order created the dwarf and Adonis 

Design is not making Beauty 
Beauty emerges from selection 

affinities 
integration 
love 

Art is a form making life in order-psychic 
Order is intangible 

It is a level of creative consciousness 
forever becoming higher in level 
The higher the order the more diversity in design 

Order supports integration 
From what the space wants to be the unfamiliar may be revealed to the architect. 
From order he will derive creative force and power of self criticism to give form 
to this unfamiliar. 
Beauty will evolve 

- Louis Kahn 
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organize the building into understandable and 
organized spaces. In Louis Kahn's poem "Order 
is" he asserts, "Thru the nature - why ... Thru the 
order - what. .. Thru the design - how ... A Form 
emerges from the structural elements inherent 
in the form."6 Essentially, Kahn is following the 
design process. To start organizing an airport 
terminal, one must know how people tend to move 
- this is the nature and why. Then, it is possible to 
create the structure around these movements and 
tendencies - this is the order and what. From these 
understandings and creations, the architectural 
form is created - this is the design and how. At the 
core of it, Kahn is arguing that structure is based 
on nature, form is based on structure, and that 
Architecture comes from form. This is the "Form 
follows function"7 argument of Louis Sullivan, 
Frank Lloyd Wright's mentor. The relation between 
this poem and architectural theory is very simple: 
to organize an airport terminal for efficient and 
intuitive human movement, you must first begin 
with understanding how the occupants will move. 
Tim Ingold makes the claim that there are two 
types of human movements in an environment: (l) 
Wayfaring - lateral movement across a surface, 
and (2) Transport - lineal movement along paths 
of travel. 8 This subtle difference is important to 
understanding the organization of an airport. We, 
as designers, must realize that in a high-paced 
environment such as an airport, the designated 
movement is transport. With this, it is understood 
that movement in an airport is along a path of 
travel. In order to have a path of travel, there 
must be two accompanying nodes on either end. 
So, we, as designers, can begin to think about 
and imagine the typical nodes of a public space 
(particularly an airport) such as: entry, ticketing 
counter, baggage drop-off, TSA checkpoints, 
aircraft gates, restrooms, food courts, baggage 
claim, and exit. For an optimal user experience, 
these paths should be unobstructed and interfere 

with one another as little as possible. An example 
of the separation of these paths comes from 
Dulles International Airport9 by Eero Saarinen. 
When viewed in section, it can be noted that the 
terminal is split into different levels for different 
purposes. One level is those arriving and the other 
is for those departing. This simple architectural 
gesture helps ensure that all movement, or in this 
case, transport, goes the same direction. Another 
example of uninterrupted paths can be seen at the 
previously mentioned Madrid-Barajas Airport10 

by Richard Rogers. It uses rows, or structural 
bays, of its primary structural system to subdivide 
the terminal's piers into two sides. These sides 
contribute to the separation of paths. As one can 
imagine, users will tend to group up to allow 
for more efficient flow of traffic. Thus, one side 
of the primary structure will be moving north (for 
example) while the opposing side will be moving 
south (for example). 

Airport terminal design, similar to any large
scale, public building, needs to be organized in 
such a manner as to eliminate, or at least greatly 
reduce, the amount of congestion and traffic jams. 
By incorporating intuitive and natural architectural 
gestures and by using structural design as a path 
generator, airport terminals can become much 
more appealing places to be with less stress, 
anxiety, and inefficiencies. 

6 Louis Kahn, 1955, "Order and Form," In Perspecta: The Yale Architectural Journal, (The MIT Press), 59. 
7 Louis Sullivan, Phrase: "Form follows function" 
8 Tim Ingold, 2011, ''A Storied World," In Being Alive, by Tim Ingold, Routledge, 141-175. 
9 Precedent: Dulles International Airport, Washington DC, United States, Eero Saarinen, 2005 
10 Precedent: Madrid-Barajas Adolfo Suarez Airport, Madrid, Spain, Richard Rogers Partnership, 1958 
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..a. . 
Figure 80. Jewel Changi Airport, Safdie Architects, 2020. 
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MATERIAL SELECTION 
Research Analysis 02 

Material selection in any construction project 
is a critical point of design. The specification of 
material in construction immediately implicates a 
large network of effects. 1 An analysis of material 
options and selection as related to the primary 
structural systems of an airport shall be introduced 
through this reflection. Upon the completion of this 
reflection, the argument will be made that steel 
and concrete structures are the ideal, if not only, 
material options for a structure within (or around) 
an airport. This research will target three areas 
to reflect on: material choice and sustainability, 
material limitations, and typical materials used in 
the construction of an airport. Precedent studies, 
scholarly articles, and previous research will be the 
basis of this reflection. 

All materials have their benefits and drawbacks. 
However, in today's contemporary era of 
design and construction, one critical topic is 
the sustainability of materials. Sustainability has 
become a buzzword in the field of architecture, 
but in large-scale projects, such as an airport, it 
truly is important. In an effort to reduce the carbon 
footprint of any building, materials are analyzed 
at an unprecedented depth. (Carbon Footprint: 
The total amount of greenhouse gases (including 
carbon dioxide and methane) that are generated 
by our actions. 2 Unit: Tons CO2/year). When 
selecting a structural material, there are four 
typical options: concrete, steel, wood (timber), and 
masonry. For this research, the focus will be on 
concrete, steel, and wood (timber). For thousands 
of years, the majority of structures were wood. 
With the industrial revolution, steel and concrete 
have since taken over. Recently, there has been a 

resurging interest in wood as a building material 
for its lower embodied energy and many applicable 
options: CLT (cross-laminated timber), LVL 
(Laminated Veneer Lumber), and GluLam (Glued 
Laminated Timber). (Embodied Energy: The energy 
associated with the manufacturing of a product or 
services. This includes energy used for extracting 
and processing of raw materials, manufacturing 
of construction materials, transportation and 
distribution, and assembly and construction3). 

Concrete contributes to 6- 11 % of the global carbon 
emissions while steel contributes to l 0%.4 However, 
the use of wood can result in up to a 44% decrease 
in CO2 emissions as compared to concrete and 
up to a 31 % as compared to steel.5 Each material 
can be recycled in its own right. Concrete can be 
broken up and used as gravel. Steel can be torn 
down, recycled, and used in other applications. 
Wood can be removed and reused or recycled 
into other wood-based products. Other factors 
are considered in regards to building materials. 
For instance, there may not be a steel fabrication 
plant in the region of construction. Thus, the 
carbon emissions of the transportation of building 
materials will be considered. Or, the construction 
may be taking place near a large forest where 
the structural material can be sourced from. Very 
possibly, the structural wood supplier may plant 
a tree for every tree cut down. In this case, the 
carbon emissions would be much lower as there 
is a reduced transportation distance, and planting 
the replacement trees may reduce the embodied 
energy since the project is renewing the resource 
that it used. For each material, considerations 
must be made in regards to the sustainability. Due 

1 Moe, Kiel, 2007, "Compelling Yet Unreliable theories of Sustainability," Journal of Architectural Education, 24-30. 
2 The Nature Conservancy, 2021, Calculate Your Carbon Footprint, https://www.nature.org/en-us/get-involved/carbon-footprint-colculator/. 
3 Pacheco-Torgal, Fernando, Jamal Khatib, Francesco Colangelo, and Rabin Tulodhar, 2019, "21 - Sustainability of using recycled plastic fiber in con
crete," In Use of Recycled Plastics in Eco-Efficient Concrete, 441-460. 
4 Shapiro, Gideon Fink, 2020, "Concrete, Steel, or Wood: Searching for Zero-Net-Carbon Structural Materials," Architect Magazine (The Challenge 
of Structura I Materia Is), https://www.a rch itectmagazi ne.com/technology/ concrete-steel-or-wood-searching-for-zero-net-ca rbon-structu ra 1-materia Is_ o. 
5 Bowyer, Jim, Steve Bratkovich, Kathryn Fernholz, and Alison Lindburg, 2008, Portland Cement as a Construction Material. 
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''Architecture should speak of its time and place, but yearn for timelessness. 11 

- Frank Ghery 
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to the massive amount of energy consumption for 
the manufacture, transport, and installation of steel 
and concrete, it is regularly recognized that wood 
is the most sustainable construction material. 6 

However, as reflected upon later, it certainly is not 
always the best material for the project. 

Any material or design choice is met with a set of 
limitations. This is especially true with the selection 
of a primary structural system. For instance, steel 
has many great attributes: high strength-to-weight 
ratio {allows for less structure), ductility {large 
reserve strength and can resist breaking), tensile 
strength, relatively easy construction, large spans, 
and ability to be premanufactured. However, steel 
also faces many challenges: higher cost, substantial 
weakening during fires, potential corrosion, and 
high embodied energy/carbon. Likewise, concreate 
enjoys its benefits such as: compressive strength, 
fire resistance, locally sourced, moldability, lack 
of maintenance, and economical.7 Also in step 
with steel are the flaws: larger cross-section, 
cost of formwork, cure time, shrinkage, time
sensitive construction, excessive weight, potential 
mix issues and high carbon emissions. Moving 
to wood {timber), however, shows a unique set 
of advantages: tensile and compressive strength 
when equipped properly, electrical resistance, 
ability to form a char layer during a fire, sound 
absorption, and carbon capture. Wood also has 
its drawbacks: building code limitations, biotic 
deterioration, abiotic deterioration, and shrinkage 
and swelling due to moisture content. 8 To directly 
compare, the following are the rules-of-thumb for 
simply supported beam design depth: steel beams 
will be L/24, wood beams will be L/20, and 
reinforced concrete beams will be L/16. 9 What 
this means is that a l Sin deep beam can span 
this length in each beam: 36ft steel, 30ft wood, 
and 24ft reinforced concrete. Based on the above 
mathematics, steel would be the clear choice in 
terms of efficiency and weight. The steel beam 

would be ideal for longer distances or shallower 
depths. As previously noted, this defies the previous 
conclusion that wood should be the chosen 
material based solely on sustainability. 

There are plenty of existing airports to lean on 
as precedent studies. Most, if not all (especially 
in the United States), use either steel or concrete 
as their structural material. For instance, the 
United Airlines terminal at O'hare International 
Airport in Chicago, Illinois uses a repetitive steel 
structure that sorts foot traffic and filters light at 
designated locations. Another example is of 
Dulles Airport in Washington D.C. where poured 
in place and precast concrete piers/columns and 
swooping beams creates a repeated structure. 
Lastly, some designs mix the two materials to 
create a more complex structural design. The 
Madrid-Barajas Airport in Madrid, Spain uses 
tall concrete columns as the vertical structure on 
the lower levels, but when the structure reaches 
the upper (main) level, it transitions to a series of 
steel columns that branch from the concrete. This 
design creates a tree-like form and allows for a 
couple key elements: roof spans to be decreased 
by half and the lighter appearing steel to sit upon 
the concrete mantle below. One may wonder 
why wood is not a typical material used in the 
case of an airport for it boasts many advantages 
when compared to steel or concrete. Perhaps, an 
airport would want to tote a LEED or sustainability 
certification that may be achieved by using the 
renewable resource of wood. However, this is not 
the case. Airports are typically put into one of two 
types of construction: Type I or Type II by the IBC 
(International Building Code). 10 These building 
construction typologies require that the building 
elements are of noncombustible materials. Not to 
mention, the selection of noncombustible materials 
(steel and concrete) can be a direct influence of 
insurance protocols. 11 Thus, wood is eliminated 
from contention. Therefore, for any jurisdiction 

6 Evan (No Last Name), 2016, Debating Science, University of Massachusetts, https://blogs.umass.edu/natsci397a-eross/what-building-materi
al-wood-steel-concrete-has-the-smallest-overall-environment-impact/. 
7 SkyCiv, 2019, "Steel, Wood, ond Concrete: A Comparison," SkyCiv, https://skyciv.com/technicol/commonely-used-moteriols-struclural-engineering/. 
8 Underwood, Rod, and Michele Chiuni, 2007, Structural Design: A Practical Guide for Architects, Second Edition. 
9 Innovative Engineering Inc, 2021, "The IEI Advantage," Innovative Engineering Inc, https://ieiusa.com/wp-content/uploads/lEI-Rules-of-Thumb-Line
Card_03012016.pdf. 
10 International Codes Council. 2018. 2018 /BC: International Building Codes. 
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''Architecture depends on Order, Arrangement, Eurythmy, 
Symmetry, Propriety, and Economy. 11 

- Marcus Vitruvius Pollio 
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that has adopted a recent version of the IBC, 
any airport built should be of steel, concrete, or 
masonry. Ultimately, steel or concrete are the 
favorites as they can be shaped/formed into 
unique architectural elements. 

As discussed, selection of materiality in 
the design and construction of an airport {or any 
building for that matter) is a critical milestone. 
It affects the member spans, member weights, 
project cost, project sustainability requirements, 
and the overall architectural nature of the project. 
By diving into the sustainable features, material 
limitations, and precedent studies, one may 
begin to understand the implications of structural 
material selection. As a result, steel and reinforced 
concrete structures are common practice and 
appear to be for some time. 

11 Comoros, Constantine, Abigail Haddad, Clifford A Grammich, and Katherine Watkins Webb, n.d. "The Role of Building Codes in Determining Con
struction Material," In Obtaining Life-Cycle Cost-Effective Facilities in the Department of Defense, 27-32 
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Figure 81. Aircraft Taking Off, Bart van den Elshout, 2014. 
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This article will assess the components of airport 
design and operations. Although airports have 
their own design influences and architectural 
elements, many are conceptualized, designed, 
and constructed with the same thoughts in mind. 
Some aspects of airport design include terminal 
security, spatial layout and adjacencies, and project 
sustainability. Although some of these items are 
not directly seen when walking through an airport, 
each of the aforementioned design considerations 
are involved in each design decision. Through 
research and precedents, the design of an airport 
can be broken down into manageable pieces. 
Without this, airports may seem unnecessarily 
complex. 

First and foremost, the safety and security of 
a building's occupants must be the primary 
consideration of any design. According to 
Raphael Ron, there are three tiers to that safety 
and security of an airport. (l) Comprehensiveness1 

: comprehensiveness ensures that all parties 
involved in the security of an airport are on the 
same page. Comprehensiveness includes items 
such as facility security, access control, perimeter, 
passenger screening, and cargo screening. 
Although each of these items are not necessarily 
handled by the same agency or department, they 
each must work together with the same goal in 
mind. (2) Concentric layered approach to security2 

: a layered approach allows for a couple key 
aspects in security - the ability to break each layer 
into manageable items to monitor and the ability 
for later layers to catch the mistakes of previous 
layers. In terms of terminal security, a few of the 
layers include: national intelligence, use of data/ 

risk assessment, airport ground security that focuses 
on entrances, baggage check-in counter, and TSA 
(Transportation Security Agency) checkpoints. 
These TSA checkpoints are infamous to travelers 
as they can slow down the travel process. The 
TSA checkpoint has to allow for numerous 
elements, including: pre-screening queue 
line, travel documentation stations, Advanced 
Technology (AT)3 X-Ray machines for carry-on 
items, composure/extension rollers, walk-through 
metal detectors, Advanced Imaging Technology 
(AIT)4, miscellaneous employee barriers, ADA/ 
access gates, and passenger containment/ 
inspection/resolution pods. (3) Risk Management 
Approach5 : this approach can be controversial as 
its goal is to identify travelers as low risk vs. high 
risk via behavioral patterns. The risk management 
approach is also aided by the addition of TSA 
Precheck - a program where frequent travelers 
are able to sit for a screening, and if determined 
to be low-or-no risk, they will have loosened TSA 
checkpoint standards. Thus, allowing for a more 
efficient traveling experience. 

One of the first questions that needs to be 
considered when laying out an airport terminal is 
the following, "What type of airport is this?" There 
are three (3) main types of airports to consider 
in this reflection: International (Over 20 million 
passengers per year), National (Between 2 and 
20 million passengers per year), and Regional 
(Up to 2 million passengers per year). 6 This is 
critical as it will ultimately determine the capacity 
of the aircraft. The design concept is a function of 
multiple factors, including the size and nature of 
traffic demand, the number of participating 

1 Ron, Raphael, 2013, "Airport Security: A National Security Challenge," German Marshall Fund of the United States (2013) 1-4. 
2 Ron, Raphael, 2013, "Airport Security: A National Security Challenge." 
3 Transportation Security Agency (TSA), 2021, Checkpoint Design Guide (COG), 4, Omaha: Leo A Daily. 
4 Transportation Security Agency (TSA), 2021, Checkpoint Design Guide (COG). 
5 Ron, Raphael, 2013, "Airport Security: A National Security Challenge." 
6 Chen, Long-Wen, 1999, Airport Design, Masters Thesis, Rochester Institute of Technology. 
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''Architecture falls between art and airports. It's pragmatic - it helps get from point A to 
point B, but it also works as art. It makes you think twice. It inspires you. It brings you 

back to yourself. 11 

- Ben can Berkel 
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airlines, the traffic and operation, the split between 
international, domestic, scheduled, and charter 
flights, the available physical site, the primary 
access modes, and the type and availability of 
financing. 7 Once the overall occupancy/capacity 
of a terminal is decided upon, designers are able 
to begin laying out the floor plans. There are 
some key spatial adjacencies that are taken for 
granted yet critical to daily efficiency. For instance, 
it would make sense to have ticketing, baggage 
check, and TSA checkpoints near the entrance and 
drop-off zone. However, it would be unwise and 
potentially a security risk to place restrooms near 
the entrance as these travelers/guests have not 
cleared the TSA screenings. Another example of 
good floor planning would be to include restrooms 
and information stations at certain intervals along 
the concourse to avoid travelers from having to 
take lengthy amounts of time searching for these 
areas. A designer may also include a restroom 
and baggage claim near the exit/pick-up zone 
for efficient movement of arriving travelers. One 
consideration to keep in mind is that airports are 
no longer solely departure and arrival points. 
They are now transfer points for passengers with 
layovers. This creates a new dilemma as travelers 
aren't simply arriving and departing. This requires 
that restrooms, information stations, convenience 
stores, and food shops to be along the route 
that a transfer traveler may take between arriving 
and departing.8 With predicted travel paths of 
passengers and overall capacity levels, airports 
tend to become much more manageable to 
design. 

Airports/terminals are very large construction 
projects to undertake and most likely won't be 
torn down anytime within 100 years. Therefore, it 
is important to get the sustainable aspects of the 
project correct the first time as we, as people and 
travelers, will have to live with this for most, if not 
all, of our lives. Aviation accounts for 2.5% 

7 Chen, Long-Wen, 1999, Airport Design. 

of global greenhouse gas (GHG) em1ss1ons, but 
that estimate excludes airport construction and 
operation. 9 Building operations account for 
28% of global greenhouse gas emissions while 
building materials/construction (typically referred 
to as embodied carbon) are responsible for 11 % 
of global greenhouse gas emissions. 10 Based on 
these facts, it is extremely important that airport 
facilities be designed with sustainable construction 
methods, materials, and operations in mind. 
Although the usage of wood as a primary structural 
system may not meet code due to fire safety, the 
practice of obtaining steel and concrete can be 
sustainable as well. For instance, use recycled 
steel from a steel manufacturing plant in the state 
instead of brand-new steel from across the country. 
Other systems like ground source heat pumps 
and photovoltaic (PY) grids could greatly reduce 
the dependence on the power grid for electricity. 
Water saving devices/fixtures and LED lights can 
reduce the average consumption of resources per 
individual. Passive systems like active or static sun
shades/shelves can both reduce direct sunlight 
while directing light deeper into the building. 

Greater airports and their encompassed terminals 
are enormously complex buildings to design 
for as there are endless numbers of factors to 
consider when looking at the big picture. However, 
breaking down the big picture into bite-sized 
chunks can greatly reduce the enormity of each 
design decision. Thus, allowing for a more clear
cut decision making process. These considerations 
are modules that all airports have built into them. 
By using tried and true methods while allowing for 
a unique architectural twist, airport terminals are 
more likely to be successful projects. 

8 de Neufville, Richard, 1998. "Designing Airport Passenger Buildings for the 21st Century," Transport Journal. 
9 Greer, Fiona, Jasenko Rakas, and Arpad Horvath, 2020, ''.Airports and Environmental Sustainobility: A Comprehensive Review," Environmental Research 
Letters 1-24. 
10 architecture 2030, 2018, "Why the Building Sector?" architecture 2030, Accessed November 2021. 
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MADRID AIRPORT 
Location: Madrid, Spain 
Architect: Richard Rogers, 2005 

Finished in 2005, the Madrid-Barajas 
Airport Terminal 4 was designed by Richard Rogers 
and partners. The new terminal features a clear 
progression of spaces for departing and arriving 
travellers. The building's legible, modular design 
creates a repeating sequence of waves formed by 
vast wings of prefabricated steel. Supported on 
central 'trees', the roof system is punctuated by sky 
lights providing carefully controlled natural light 
throughout the upper level of the terminal. 

A simple palette of materials and 
straightforward detailing reinforce the direct 
character of the architecture. Internally, the roof 
is clad in bamboo strips, giving it a smooth and 
seamless appearance. In contrast, the structural 
'trees' are painted to create a kilometre-long 
vista of graduated colour. The lower levels of the 
building house baggage handling, storage and 

L 

plant areas, and offer a striking contrast with the 
lightweight transparency of the passenger areas 
above. 

Terminal 4 features flexible and modular 
construction, with the potential to grow in both 
directions: longitudinal and transversal. Good 
quality/price relation, the repetitive modular 
systems allowing the inclusion of singular elements 
with special designs. 

The terminal is characterized by three 
lineal modules: the check-in spine, the processing 
spine, and the pier. It serves different functions 
according to the passengers flow (arrivals or 
departures). Reception of passengers: check
in counters, control and boarding for departure 
flights; departing passengers: luggage collection 
and departure of passengers from the building for 
arrival flights. 

Figure 82. Bo Leung, Madrid-Bara;as Airport, 2019, Photograph, China Daily. 

1 Danae Santibanez, "Madrid-Barajas Airport Terminal 4 / Estudio Lamela & Rogers Stirk Harbour+ Partners," ArchDaily, July 10, 2018. 
2 Archello, "Madrid Barajas Airport," Archelfo. 
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These modules are separated from each 
other by light-filled canyons that provide natural 
illumination to the lower levels of the building. 
This contributes to the environmental strategy -
reducing the energy consumption. In addition, 
this also reduces the maintenance and upkeep 
costs. In these spaces, the vertical movement 
of passengers takes place, via stairs, ramps or 
lifts. These are a very important element for the 
orientation of the passenger as they indicate the 
sequence of actions that the passenger needs to 
carry out when arriving or departing. 

The terminal and satellite buildings are 
separated due to aeronautical reasons such as 
the location and size of the landing and take off 
runways (existing and new). 

Regardless of the type of flight, all the 
passengers who use the Madrid-Barajas Airport 
have to go through the terminal building as all 
check-ins and luggage collection are concentrated 
at this location. The use of the contemporary and 
updated luggage and passenger systems allows 
for the simultaneous movement of both, luggage 
and passengers - creating a seamless and efficient 
experience for those arriving and departing. Figure 83. Architonic, Madrid Bara;as Airport, 2018, Architonic, https:// 

www.architonic.com/en/project/moso-bamboo-products-madrid-bara
jas-airport/5101609. 

Figure 84. Richard Rogers Partners, Madrid-Baraias Airport, 2005, Section Diagram, recreated by author 

l Danae Santibanez, "Madrid-Barajas Airport Terminal 4 / Estudio Lamela & Rogers Stirk Harbour+ Partners," ArchDaily, July l 0, 2018. 
2 Archello, "Madrid Barajas Airport," Archelfo. 
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DULLES INTERNATIONAL AIRPORT 
Location: Washington DC, United States 
Architect: Eero Saarinen, 1 958 

The growth in aviation at the end of World War II 
led to the proposal and passing of the Washington 
Airport Act of 1950, which stated that there would 
be federal backing for a second airport. After 
many proposed sites were not passed, President 
Eisenhower chose a small town once known as 
Willard as the best location for the airport in 1958. 

Located 26 miles west of the central business 
district of Washington D.C. in Chantilly, Virginia, 
the Washington Dulles International Airport is 
named after John Foster Dulles, who was Secretary 
of State under President Eisenhower. It occupies 
11,830 acres of land right on the border of Fairfax 
County and Loudoun County. Ranked the fifth 
largest hub for United Airlines, the Dulles Airport 
is one of the nation's busiest airports as it handles 
over 23 million passengers a day, flying to more 
than 125 destinations. 

Finished in 1958, the Dulles International 
Airport in Washington DC has become inonic. 
Finnish architect Eero Saarinen was hired as the 
architect of the main terminal, working with the 
civil engineering firm Ammann and Whitney, who 
was the lead contractor. Saarinen was chosen for 
his ability to provide graceful beauty, similar to the 
nature of flight. When faced with the challenge 
of designing the terminal's entrance, he had to 
create an articulated entrance to stand out against 
the modern and repetitive structure. He also had 
the typical challenge of providing graceful access 
to the building, encountered by automobile, 
entered and further accessed by foot. Famous 
architect Kevin Roche worked in the office of 
Saarinen during the time of this project, and with 
his contribution came the overal elliptical form of 
the building which ultimately became iconic. 

Figure 85. Dulles International Airport, IAD Wesbite, Photograph, https://dcdulles.com/. 

1 Megan Sveiven, "AD Classics: Dulles International Airport/ Eero Saarinen," ArchDaily, January 7, 2021. 
2 Architecluul, "Washington Dulles Airport," Architectuul. 
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The Dulles terminal has two floors; the first for 
departing passengers, ticketing and concessions, 
and the other for arriving passengers, baggage 
claim, and ground transportation. One of the key 
moments of innovation in this terminal was the 
employment of new transport vehicles known as 
mobile lounges, which resembled a sort of giant 
luxury bus and carried up to ninety people from 
the terminal to their plane. 

From the ramp, departing passengers go 
through ticketing to the runway side where they 
will find gates to take them to the mobile lounge. 
The inclusion of the mobile lounge led to a 
revolutionary approach to airport movement, 
allowing the design of Dulles to do away with the 
multitude of gates that cluttered most terminals 
before it. In attempts to allow more space between 
the front of the building and the ticket counters, 
the main terminal was reconfigured and additions 
were made to both ends, doubling the structure's 
length. 

The design of the Dulles Airport was inspired 
by the motion of flight and certainly lives up to its 
intended persona and original influence. 

Figure 87. Dul/es International Airport Structural System, 2021, by author. 

Figure 86. Dulles Airport (IAD), Dulles International Airport, May 31, 
2019, Image retreived from Twitter, https://twitter.com/dulles_airport/sta
tus/1134436893515485184. 

1 Megan Sveiven, "AD Classics: Dulles International Airport/ Eero Saarinen," ArchDaily, January 7, 2021. 
2 Architecluul, "Washington Dulles Airport," Architectuul. 
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O'HARE INTERNATIONAL AIRPORT 
Location: Chicago, Illinois, United States 
Architect: Helmut Jahn, 1 988 

C. F. Murphy Associates was given the task of 
creating a modern airport configuration suited to 
jet airplanes. Their master plan proposal included 
five, two-story terminals with arrivals and departures 
on different levels and administrative functions 
housed on a mezzanine floor. The terminals 
were to be arranged around a half-hexagon with 
parking in the middle. Three terminals and the 
original parking deck were built according to this 
plan. The terminals were long, steel-framed glass 
boxes connected by glass bridges with a circular 
restaurant building at the junction between 
terminals 2 and 3. The original O'Hare terminals, 
all unmistakably Miesian in character, were soon 
were filled to capacity. 

Even before O'Hare's official dedication in 
1963, nearly 20 million passengers a year were 
using the airport, far exceeding the original traffic 

projections. This number grew by l O million every 
decade through the l 990s, forcing the city to 
undertake a series of additions and expansions 
starting in the 1970s. As part of the City of 
Chicago's O'Hare Airport Development Plan of 
1982-1985, the United Airlines Terminal l for 
United Airlines became the first major addition to 
the terminal areas. The firm responsible for the 
design of Terminal l was Murphy/Jahn, headed 
by Helmut Jahn, who had begun working for C.F. 
Murphy Associates after studying at Illinois Institute 
of Technology and who took sole control of the 
firm in l 9 81 . 

Once air travel became an essential part of the 
nation's transportation system, architects began 
experimenting with various layouts, trying to 
achieve the most efficient and effective results. The 
plan for the United Terminal uses two parallel 

Figure 88. United Terminal 1, JAHN, https://www.jahn-us.com/ohare-united-terminal-1.html. 

1 Jean A. Follett, "United Airlines Terminal", [Chicago, Illinois], SAH Archipedia, eds. Gabrielle Esperdy and Karen Kingsley, http://sah-archipedia.org/ 
buildings/lL-01-031-0092. 
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concourses that are connected underground by an 
860-foot tunnel. The terminal is long, providing 
plenty of automobile access, and it retains the 
two-story departure/arrival paradigm of the earlier 
O'Hare plan. 

The United Terminal is built of steel, but the 
girders arch over the concourses as a soaring 
framework that is lightened visually and structurally 
by circular cut-outs. In the main concourses the tall 
central arch reads like the nave of a great glass 
cathedral. The glass exterior bathes the interior in 
light, although shades are built into the structure 
to provide relief from the light and heat. The color 
palette throughout is subtle: the steel frame is 
primarily white; the terrazzo floors are large black 
and white squares outlined in a slim band of 
brilliant red; simple black rectangular signs mark 
each gate and the elevator doors are all brushed 
stainless steel. 

After the 9 /11 attacks, the terminal was radically 
overhauled to accommodate new security 
screening. Although this has certainly tightened 
up some of the original spaces, Murphy/John's 
design has proved up to the challenge. 

Figure 90. O'Hare Structural and Organizational System, 2027, by author. 

Figure 89. Sydney Franklin, O'hare International Airport Terminal 1, 2018. 
The Architect's Newspaper. https://www.archpaper.com/2018/09/top-de
sign-firms-are-vying-for-chicago-ohare-expansion-project/.port/5101 609. 

1 Jean A. Follett, "United Airlines Terminal", [Chicago, Illinois], SAH Archipedia, eds. Gabrielle Esperdy and Karen Kingsley, http://sah-archipedia.org/ 
buildings/lL-01-031-0092. 

KOLTON BEHRENT 



88 

□AXING INTERNATIONAL AIRPORT 
Location: Beijing, China 
Architect: Zaha Had id Architects, 2019 

Located 46 kilometres south of Tiananmen 
Square, Daxing (PKX) will act as a second 
international airport for Beijing and relieve its 
overloaded sister site (Beijing Capital International 
Airport - PEK) as it now sees over 100 million 
travellers per year. 

Building an airport of this capacity is not 
straightforward. The designers had to find a way 
to bring all facilities under one roof whilst laying 
the foundations for the next phases of the airport 
expansion. To prepare for the influx of passengers, 
the architects had to fundamentally rethink how an 
airport is designed. 

The result is a seven-floor complex with an 
underground structure linking to a satellite 
building - which is yet to be built, but will increase 
the annual capacity to 72 million passengers, with 
further expansion to come. 

Unlike the typically linear design of airport 
terminals, Daxing resembles a starfish. "We wanted 
to design a building that is the most compact with 
minimal walking distances," says Jean-Charles 
Content, lead architect at ADP lngenierie, an 
engineering subsidiary of the company that 
operates the Paris airports. In 2014, the company 
was awarded a contract to design the terminal 
building, alongside several partners including late 
British-Iraqi architect Zaha Hadid, and the Beijing 
Institute of Architectural Design (BIAD). "The 
building is designed to allow for sufficient space 
between each pier to fit all aircraft and organise 
the flow," Content says. 

The layout was inspired by traditional Chinese 
aesthetics, which often feature spaces centred 
around courtyards, and has 79 aircraft stands 
arranged across five piers. Once passengers reach 

Figure 91. Beijing Institute of Architectural Design, Daxing Airport, Wired, wired.co.uk/article/beijing-daxing-busiest-airport-design. 

1 Sabrina Weiss, "China built the world's biggest airport for way less than Heathrow's third runway," Wired, 2019, https://www.wired.eo.uk/article/ 
beijing-daxing-busiesl-airport-design. 

STRUCTURAL SIGNIFICANCE 

the commercial area in the centre of the structure, 'L)/j 
Content explains, they will have to walk no more 
than 600m - the equivalent of eight minutes - to 
the furthest gate. The sixth pier is separate, and 
will host administrative offices and parking. 

High-speed, regional, and subway trains will 
connect the airport to the city of Beijing and other 
parts of the country. "The big difference with this 
train station is that it's not a dead end, it's not , 
located in front of the terminal. The train station 
is literally underneath the terminal," says Content. 
From the platform of the airport express service, 
lifts will take passengers directly to the departure 
levels. 

The architects were notonlytasked with designing 
an airport that would make the travel experience 
as efficient as possible, but also with executing it at 
speed. It took less than five years to actually build 
the airport. "We have been extremely impressed 
by the speed of this project," says Coulot. 

I I I 
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With the addition of a future terminal, 
Daxing airport will be able to accommodate 
620,000 flights and more than l 00 million 
passengers a year to alleviate other Asian hubs. 

Figure 92. Hufton & Crow, Daxing International Airport, https://www. 
hu/tona ndcrow.com/ projects/ ga I lery/ daxi ng-i nt-a i rport/. 

The Beijing Daxing International 
Airport utilizes a skylight system 
as a means of wayfinding and 
circulation. Surrounding a 
central skylight and hub, linear 
skylights guide passengers to 
their gates. 

Figure 93. Daxing Airport Circulation, 2021, by author. 

V 

1 Sabrina Weiss, "China built the world's biggest airport for way less than Heathrow's third runway," Wired, 2019, https://www.wired.eo.uk/article/ 
beijing-daxing-busiesl-airport-design. 
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JEWEL CHANGI AIRPORT 
Location: Singapore 
Architect: Safdie Architects, 2019 

Fulfilling its mission as a connector between 
the existing terminals, Jewel combines two 
environments-an intense marketplace and a 
paradise garden-to create a new community
centric typology as the heart, and soul, of Changi 
Airport. Jewel re-imagines the center of an airport 
as a major public realm attraction. Jewel offers a 
range of facilities for landside airport operations, 
indoor gardens, leisure attractions, retail offerings 
and hotel facilities, all under one roof. A distinctive 
dome-shaped fac;ade made of glass and steel 
adds to Changi Airport's appeal as one of the 
world's leading air hubs. 

Based on the geometry of a torus, the building 
shape accommodates the programmatic need for 
multiple connections in the airport setting. At the 
heart of its glass roof is an oculus that showers 
water through a primary multistory garden, five 

stories through to the forest-valley garden at 
ground level. The core of the program is a 24-
hour layered garden attraction that offers many 
spatial and interactive experiences for visitors. Four 
cardinal axes-north, south, east, and west-are 
reinforced by four gateway gardens, which orient 
visitors and offer visual connections to the internal 
surroundings and other airport terminals. By night, 
the glazed facade helps dematerialize the building, 
revealing the glowing garden within. 

At the apex of Jewel's glass roof is an oculus that 
showers water down to the center of the building. 
The Rain Vortex is the world's tallest indoor 
waterfall and transforms into a light and sound 
show in the evening. During the region's frequent 
and powerful thunderstorms, recirculated, natural 
rainwater will flow at more than l 0,000 gallons 
per minute, which helps provide cooling and 

1 Safdie Architects, Jewel Changi Airport, 2020, https://www.safdiearchitects.com/projects/jewel-changi-airport. 
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airflow in the landscape environment, collecting 
significant rainwater to be re-used in the building. 

On the 5th level is the Canopy Park, which 
includes 14,000 square meters of attractions 
integrated within the garden spaces. These 
include net structures suspended within the trees, 
a suspended catenary glass-bottom bridge walk, 
a planted hedge maze and mirror maze, and 
feature installations completed in collaboration 
with internationally acclaimed artists. There is also 
a topiary walk and other horticultural displays. On 
the north side of the park is an event plaza space 
big enough to serve l ,000 people. 

Conceived to serve the people of Singapore and 
travelers equally, the building is directly connected 
to the Changi Bus Terminal and the airport's 
Terminal l. It is also accessible from Terminals 2 
and 3 via pedestrian bridges, and the interterminal 
train crosses through the gardens, giving visitors 
with limited time a glimpse into the Forest Valley. 

Jewel is slated to receive Singapore's 
GreenMark Platinum status. The building's 
efficient displacement ventilation system regulates 
the thermal comfort for occupants as well as the 
vast array of interior planting within. 

Figure 95. Original Concept Sketch, Safdie Architects, https://www. 
safdiearchitects.com/projects/jewel-changi-airport 

Figure 96. Jewel Changi Airport Building Section, Safdie Architects, https://www.safdiearchitects.com/projects/jewel-changi-airport 
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SAN FRANCISCO INT'L AIRPORT 
Location: San Francisco, California, United States 
Architect: Skidmore, Owings & Merrill, 2000 

As the centerpiece of a $2.6 billion expansion 
at the San Francisco International Airport, this 
iconic structure created a powerful identity for 
both the airport and the City of San Francisco. 
It also represented a watershed moment in the 
integration of structural and architectural design. 

The terminal is topped with a graceful roof whose 
wing-like form directly expresses the structural 
diagram of its bending forces. A series of double
cantilevered trusses linked by bowstring trusses 
support the roof, minimizing the need for load
bearing columns. 

Elongated skylights and clerestories bring ample 
natural light into the building. Open and airy, the 
main ticketing hall was inspired by the great railway 
stations of Europe. A natural bamboo grove was 
planted within the hall, one of the terminal's many 
sustainable features. 

SOM engineered the building to meet the highest 
seismic safety requirements ever imposed on an 
American airport terminal at the time. This strategy 
incorporated a particularly ambitious use of base 
isolation technology. 

SOM's iconic bowstring design not only provides 
the structure for the facility, but also the primary 
source of architecture for the terminal. It allows for 
massive spans and creates a uniques roof shape 
that allows in light at critical locations. 

Although the architectural design is already 
twenty years of age, its streamlined curves and 
form continue to impress its passenger to this 
day. The San Francisco International Airport 
(SFO) is a perfect example that great (and simple) 
architectural elements have the ability to stand 
the test of time and, ultimately, become a timeless 
adition to a greatly utilized airport. 

Figure 97. San Francisco International Airport (SFO), https://www.ffysfo.com/about-sfo 

1 Skidmore, Owings & Merrill, San Francisco International Airport - International Terminal, https://www.som.com/projects/san-francisco-international-air
port-international-terminal/. 
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Figure 98. Jeremias Dabbah, San Francisco International Airport, Modeled 
in grasshopper, https ://jeryda bbah .a rtstation .com/projects/VdwbBS 

Figure 99. Assassi Productions, SF Tower, https://www.archdaily. 
com/7799 l 5/sf-tower-hntb-architecture 
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Figure l 01. Architectural Model l, 2022, by author. Figure l 03. Architectural Model 3, 2022, by author. 

Figure l 02. Architectural Model 2, 2022, by author. Figure l 04. Architectural Model 4, 2022, by author. 
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Figure l 05. Chunk Model l, 2022, by author. Figure l 07. Chunk Model 3, 2022, by author. 

Figure l 06. Chunk Model 2, 2022, by author. Figure l 08. Chunk Model 4, 2022, by author. 
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CONCLUSION 

To wrap up this thesis project and report, it seems fitting to share my final thoughts and conclusions in 
regards to the completion of this thesis. Structural Significance began as a way for myself to dive deeper 
into the complex nature of structural systems and to design what I thought might be a unique and 
impressive structure. It turned into much more than that. Many factors were observed and challenges 
faced in creating the final project. Choosing to design an airport was a perfect choice for this thesis as 
it allowed me to branch out further than just solely studying a structural system. I was able to study the 
way people were moved and guided throughout a space. I was required to take a deep dive into the all 
the specifications and safety requirements of modern airports. Throughout it all, I was able to learn a lot 
about designing a public space that had to sit on an already existing site while still applying research. 
Ultimately, this is the reality of architecture. I will never have a make-believe site with a building meant 
for nobody while simultaneously knowing everything there is to know about architecture, construction, 
and structural systems. I feel that this final thesis has taught me how to research and apply techniques 
used by experienced architects and firms. Although this project certainly has its flaws, just as every 
project or building does, many valuable lessons about critical thinking, problem solving, and design 
solutions have been learned and will be applied to whatever my future has in store. 
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