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Abstract

In this study, on airport terminal building design, passing long span beams and the concept of biomimesis have been the design
criteria; the use of a steel structure has been examined for supporting the design form. In the airport terminal building, steel roof
types in smooth surfaced, single curved-arciform, and double-curved wave forms have been designed. The three different types of
steel frame roof model have been designed with the forms frequently used within the scope of the biomimesis concept and provide
a covering shaped like a bird's nest, bird wing and bubble. Dynamic analysis of the three different roof forms is according to the first-

degree seismic zone and Z4 local ground class. As a result, in the long-span design criterion, the aesthetics and function influence each

other and change the building's behaviour.
Keywords

airport terminal buildings, passing long span, biomimesis

1 Introduction

The concepts of openness and biomimesis have been
determined as design criteria, and three different types of
steel frame roof models designed within the concept of
biomimesis have been examined to support form design.
In this respect, the concepts of form and structure have
been examined within the terms of this thesis and aca-
demic study. The concept of biomimesis has been experi-
enced within a scientific discipline and in this regard, has
been researched and studied.

In the article "Biomimicry as a Problem Solving
Methodology in Interior Architecture", El-Zeiny (2012)
discussed the concept of biomimesis. He emphasised
that biomimesis is a new understanding that tries to find
responses to the needs of people by imitating the organ-
isms in nature, or by taking inspiration from their func-
tional features and working principles of their systems.
Moreover, he has argued that the primary concern of bio-
mimesis is what the function added by form does, rather
than how the organisms in nature exist.

In "Properties of Natural Organisms and Its Use in
Technological Architecture", Feizabadi et al. (2012) dis-
cuss, with examples, how in current airport terminal
designs, increasingly, shells in the forms described as
"curved", "exuberant", "wavy" have begun to create a

general culture in airport architectural typology. In addi-
tion, nature and natural formation criteria that are required
by the concept of biomimesis are also explained.

In "Biomimicry in Architectural Design Education"
Tavsanetal. (2015) and Zeytiin's (2014) "Mimari Tasarimda
Biyomorfik Yaklagimlar" (Biomorphic Approaches in
Architectural Design) postgraduate thesis, the concept of
biomimesis is further explained with examples.

In another postgraduate thesis, Atag's (2016) "Mimari
bicimleniste yorum" (Interpretation on the architectural
form), the writer states that the architect must make the
building decisions by determining the data and obliga-
tions affecting them, in both the creation as much as in the
application. Defining the form that is the outcome of archi-
tecture action, and determining data and reasons affecting
its formation is required.

In the "Structure of the New Zagreb Airport Passenger
Terminal", Branko Kincl et al. (2012) explained that airport
terminal buildings reflect technical and social features of
the regions they are in with their structure. Accordingly,
by using the leading parameters to find form, it has been
concluded that it needs to be resolved with a technical
and flexible structure providing contemporary interaction
through artistic creativity.
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In the study "Material, Form and Force", Toni Kotnik and
Michael Weinstock (2011) conclude that integrating mate-
rial, form and force effects in the design process reveals new
practical findings within the scope of finding form.

Olga Popovic Larsen's (2008) "Reciprocal Frame
Architecture" book features the frame element discussed
within the scope of structural and architectural concepts;
design and construction are explained with diagrams
and models.

In Serkan Yilmaz's (1999) thesis, "Evolution of the
Architectural Form Based on the Geometrical Concepts",
it emerges that the basic geometrical forms used to create
architectural form are used by taking the place organisa-
tion into consideration.

2 Biomimesis Airport Terminal Building Examples

As a result of the research, the use of basic geometric
forms, which are used to create forms, takes place given
space organisation. The upper shell approach in the forms
described as "curved" and "wavy", covering wide open-
ings in their designs, have started to set an example in
airport architecture typology. Within the scope of the
research, three airport examples were examined:

1. J. F. Kennedy International Airport, New York:
The upper layer of Eero Saarinen's JFK Airport
evokes the action and concepts of flying and has
become the symbol of New York city as "as an
eagle to land". The designer's own words relating
to design intentions of this construction stated that
"It is a structure that has an architecture expressing
drama, freedom and the excitement of travel; a place
of departure and passage. Figures have been chosen
intentionally in order to emphasize the characteris-
tics of flying by rising of the line" (Fig. 1).

2. Shenzen Bao'an Airport, China: The wall less and
roofless design of the construction brings out an

Fig. 1 TWA Terminal, J. F. Kennedy International Airport Perspective
View, New York (WikiArquitectura, 2017).

organic sculptural form. The upper roof of the air-
port has two separate layers, internal and external,
with structural elements between them. This spa-
cious structure, rejecting the concept of the classi-
cal structure, surrounds the passengers during their
journey in the terminal. At the same time, based
on the design concept, there are also "honeycomb"
panels composing the basic physical elements of the
shell (Fig. 2) (Website-2, 2017).

3. Peking Airport, China: The construction has south-
east directed skylights to most effectively benefit
from the morning sun. Departures and arrivals are on
the same floor. With its elliptical shape and glass tita-
nium mixed dome, it is likened to a huge egg (Fig. 3).

3 Field Work

Architects make decisions in the form design stage that
constitute one of the most important points of the design
stage. When deciding on the format, form research is
carried out, and modern building technology and build-
ing materials are examined. In the conducted study, an
A-class airport terminal building has been designed.

Fig. 2 Shenzhen Bao'an Airport-China, Guangdong-Roof Construction
View (archdaily, 2017).

Fig. 3 Peking Airport Perspective View (Foster + Partners, 2017).



The terminal building designed has been constituted inte-
grally in rectangular form and without dilation. The sys-
tem consists of two basements, one ground floor and first
floor. To allow the construction to have a light, flexible
design, and see better the setpoints (period, displacement,
and base shear values), using statistical analysis a steel
carrier system has been chosen. Axis ranges of the sys-
tem are 45 m at the basements, ground floor and top floor.
Floor heights are kept fixed at each floor at 9 m. It is a
construction with a 45 m x 90 m seating area, 18.15 m
high, with two x-direction spans and one y-direction span,
with a steel frame beamed roof system at the top. The con-
struction has been designed with a linear structure regard-
ing space requirements. In this direction, each side has a
main passenger axis centralised with the ability to expand.
On the air side of the axis, there are smooth, geometri-
cal finger-like air bridges. Flooring in the construction is
made of in-situ concrete on steel decks. In-situ concrete
flooring designed to work together with the steel beams
show rigid diaphragm behaviour. To increase the robust-
ness of the floor diaphragm, horizontal crossings were
arranged on the flooring plane. The frontage was covered
with cladding elements. Trusses and purlins were placed
in the short direction in the project. The material spec-
ification being steel frame profiles St 52(S355JR) steel.
Beam sizes are 80 cm diameter tubular sections in the
ground floor and 60 cm diameter on the first floor. Truss
ranges are every 3 m, 3 m height. Purlins are every 1.5 m,
and span 3 m on the ground floor; on the first floor every 3
m and spanning 3 m span, and are 3 m in height. Dynamic
analysis of the three different roof-form designs has been
carried out in the first-degree seismic zone and Z4 local
ground class. Seismic analysis is the first stage of carth-
quake risk analysis, which has an important place in pro-
jecting large-scale engineering structures. Mode values,
the maximum displacement value and the determination
of base shear values constitute the subject of seismic anal-
ysis. The seismic analysis aims to calculate the parameters
related to the required earthquake ground motion in cal-
culating any likely earthquake loading conditions of the
ground and engineering structure. Therefore, regarding
structure typology, in a building with a high density such
as an airport, to examine wide roof openings and differ-
ent roof types from aesthetic and visual points of view in
terms of different ground and earthquake grades, this will
provide preliminary preparation. (Fig. 4 and Fig. 5).

The form was selected with a smooth frame beam sys-
tem to support the bird's nest form with the structure; with
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Fig. 4 Designed Airport Terminal Building Ground Floor Plans
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Fig. 5 Designed Airport Terminal Building First Floor Plans

an arciform frame beam system to support the bubble form
with the structure, and with a specially designed wavy
frame beam system to support the bird wing form structure.
Moreover, the structure-form compatibility has been pro-
vided with the coating material in top view. The designed
airport terminal building carrier system was modelled
in the 1%-degree seismic zone and local ground class Z4
effect, and in the Sap 2000 V18 program. When calculat-
ing the loads, the construction will be exposed to, it gen-
erally benefited from the TS498, DBYYHY 2007, TS648,
AISC-ASD 89 and IBC 2009 (Deflection Classes) and
regulations and standards. For Z4, spectrum characteristic
periods are taken as TA:0.20, TB:0.90 (Table 1).

Section Sizes: All elements have been designed as the
frame element. Each type has 56851 elements in total.

Table 1 Spectrum Characteristic Periods (TA, TB) (Atag, 2006)

Local Ground TA TB
Z1 0.10 0.30
72 0.15 0.40
73 0.15 0.60
z4 0.20 0.90
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Structural sizes are 45 m x 90 m. The columns have been
designed to provide one every 15 m at the edges of the
structure, and two columns every 45 m at the central point.
Steel columns, beams, purlins and trusses have diameters
and wall thicknesses according to Table 2.

Material Information: For the airport terminal building
modelled with the response spectrum method, tubular sec-
tion columns and trusses, and I profile purlins and beams
were used. Floorings have been designed as a concrete
floor on the trapeze. In floors, crosses were placed, and it
works as a rigid diaphragm. In the design of the system,
St52 (S355JR) structural steel has been used; its required
features are given in Table 3.

Load Combinations: Fixed loads, own loads, snow
loads, horizontal and vertical earthquake loads that influ-
ence the construction system have been taken in accor-
dance with the AISD 89 (McKenzie et al., 2005). Loads
considered in the calculation: Coating loads have been
transferred over the purlin element as uniformly distrib-
uted loads (Table 4).

Table 2 Diameters and Wall Thicknesses of the Columns, Beams,

Purlins and Trusses

Column (Tubular Section) Diameter Wall Thickness
Ground Floor 80 cm 16 cm
1*t Floor 60 cm 10 cm
Beam (I Profile)

Ground Floor 100 cm 20 cm
1*t Floor 50 cm 12 cm
Purlin (Tubular Section)

Ground Floor 50 cm 10 cm
1% Floor 30 cm 8 cm
Truss (Tubular Section)

Ground Floor 30 cm 8 cm
1% Floor 20 cm 6 cm

Table 3 Properties of the material used in the steel system for the
airport terminal building modelled with the response spectrum method

Element St52-S355JR
Type of Element Frame
Modulus of Elasticity (GPa) 210.00
Tensile Strength (GPa) 510.00
Yield Point (GPa) 355.0
Shear Modulus (GPa) 80.769
Poisson's Ratio 0.30
Heat Expansion Coefficient 1.17x10
Unit Weight (KN/m?) 76.97

Table 4 Loads Considered in Calculation

Ground Floor: 1*t Floor:

1. Dead Loads:

a. Own: 7850 kg/m?

For aluminium;

b. Top Coat: 25 kg/m?
(Aluminium)

c. Bottom Coat: 25 kg/m?
(Aluminium)

d. Installation: 30 kg/m?

1. Dead Loads:

a. Own Load: 7850 kg/m?* (SW),

b. Trapeze: 10 kg/m? (DL),

c. Concrete: 375 kg/m?= 15 cm %
2500 kg/m® (DL),

d. Leveling Screed: 72 kg/m?* =

3 cm x 2400 kg/m?® (DL),

e. Marble: 81 kg/m?= 3 cm x 2700
kg/m? (DL), Total: own + 80 kg/m?

f. Installation: 50 kg/m? (DL) (Aluminium)

Total: own + 578 kg/m? ~ 600 kg/m? 2. Service Load: 100 kg/m? (Lr)
2. Moving Load: 500 kg/m? (LL) 3. Snow Load: 75 kg/m? (S)

Frontage:
a. Dead Loads: Own: 7850 kg/m?
b. Coating: 15 + 25 = 40 kg/m?
c. Total: own + 40 kg/m?

Fixed Loads: Fixed loads have been described as static
loads occurring due to the own weight of all the elements
constituting the system in TS 498 and TS648 regulations.
In this system, the self-weight of the elements constituting
the carrier system and the roof coating have been consid-
ered as the fixed loads. Spectrum Coefficient: Spectrum
coefficient is a value depending on the local ground condi-
tions and building natural period. As seen in Table 5, the
Z4 local ground class has been discussed.

Static and dynamic calculation of the construction was
modelled three-dimensionally with the sap 2000 computer
program by using the spectrum diagrams given in Fig. 6.

Views modelled in the sap 2000 program of the air-
port terminal buildings that have three different roof type
designs can be seen in Table 6.

Table 5 Spectrum Characteristic Periods (TA, TB)
Local Ground TA TB
Z4 0.20 sec 0.90 sec
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Fig. 6 Spectrum Curve for the Z4 ground class.



Table 6 Spectrum Characteristic Periods (TA, TB)
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Table 7 Modal Analysis, Mod 1 (Model 1, 2 and 3)

Roof system of Type 1 has been designed inspired by a bird's nest
and resolved with the smooth-surfaced steel frame system.

Type 2 model has been designed inspired by the bubble form and
resolved with the arciform single curved frame roof system.

Type 3 model has been designed inspired by the bird wing form and
resolved with the frame roof system constituted in a special form.

4 Comparison of the Findings Related to Type 1, 2 and
3 Construction Model

As seen in Fig. 7 and Tables 7, 8 and 9, the Mode 1 value of
arciform Type 3 was 5.99 % lower compared to the Mode
1 value of Type 1, and 11.51 % higher compared to the
Mode 1 value of Type 3. The Mode 2 value of Type 2 was
7.69 % lower compared to the Mode 2 value of Type 1, and
10.88 % higher compared to the Mode 2 value of Type 3.
The Mode 3 value of Type 2 was 4.00 % lower compared
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Fig. 7 Comparison of the First 3 Mode Values for Type 1, Type 2
and Type 3 (sec)

Mod 1 — Model 1

to the Mode 3 value of Type 1, and 12.01 % higher com-
pared to the Mode 3 value of Type 3.

As seen in Fig. 8, in the Type 3 model, column, truss
and purlin section values have increased due to the wave
form of the roof truss. Due to this increase, the construc-
tion weight has also increased. Since the total construction
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Table 8 Modal Analysis, Mod 2 (Model 1, 2 and 3) Table 9 Modal Analysis, Mod 3 (Model 1, 2 and 3)
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Fig. 8 Construction Weight Values of Three Different Steel Frame
Roof Designs (Tonne)

weight of the arciform Type 2 is 0.93 % higher compared Type 1, and 3.39 % higher than Type 3. The maximum base
to Type 1, and 5.19 % lighter than Type 3, the arciform shear value of Type 2 in the y-direction was 2.68 % lower
type has been selected. compared to Type | and 0.71 % lower compared to Type 3.

As seen in Fig. 9, the maximum base shear value of the Because the maximum base shear value of Type 2 was lower
arciform Type 2 in the x-direction was 1.23 % lower than compared to Type 1 and Type 3, arciform has been selected.
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Fig. 9 For Type 1, Type 2 and Type 3 Comparison of the Maximum
Base Shear Values in X and Y Directions in DZ14 (KN)

Maximum displacement values are at the 2758™ nodal
point in the x-direction, and 16" nodal point in the y-direc-
tion. As seen in Fig. 10, the maximum displacement value
of the arciform Type 2 in the x-direction is the 2758" nodal
point of the selected nodal points; and it was 7.59 % higher
than Type 1, 28.08 % lower than Type 3. The maximum
displacement value of the arciform Type 2 in the y-direc-
tion is the 16" nodal point of the selected nodal points; and
since it was 13.37 % higher than Type 1 and 18.86 % lower
than Type 3, the arciform has been selected.

As a result of the analysis, the form of the airport ter-
minal building has been decided. When comparing the
modal analysis, maximum base shear and displacement
values in the 1% degree seismic zone and Z4 ground class,
and the response spectrum analysis with the construction
weight; the maximum base shear value of the arciform in
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Fig. 10 For Type 1 Type 2 and Type 3 Comparison of the Maximum
Displacement Values in DZ14 (cm)
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x-direction was 0.23 % lower than the smooth surfaced
form, and 3.39 % higher than the wave form. The max-
imum base shear value of the arciform in the y-direction
was 2.68 % lower than the smooth surfaced form, and
0.71 % lower than the wave form.

The maximum displacement value of the arciform in the
x-direction is at the 2758" nodal point of the selected nodal
points and was 7.59 % higher than the smooth surfaced form
and 28.08 % lower than the wave form. The maximum dis-
placement value of the arciform in the y-direction is the 16"
nodal point of the selected nodal points, and since it was
13.37 % higher than the smooth surfaced form and 18.86 %
lower than the wave form, the arciform has been selected.

The Mode 1 value of arciform was 5.99 % lower com-
pared to the Mode 1 value of the smooth surfaced form,
and 11.51 % higher compared to the Mode | value of the
wave form. The Mode 2 value of the arciform was 7.69 %
lower than the Mode 2 value of the smooth surfaced form,
and 10.88 % higher than the Mode 2 value of the wave
form. The Mode 3 value of the arciform was 4.00 % lower
than the Mode 3 value of the smooth surfaced form, and
12.01 % higher than the Mode 3 value of the wave form.

In the wave form model, the column, truss and purlin
section values have increased due to the wave form of the
roof truss. Due to this increase, the construction weight
has also increased. Total construction weight of the arci-
form was 0.93 % higher compared to the smooth surfaced
form, and 5.19 % lighter compared to the wave form.

5 Conclusion
Due to airport terminal buildings being places where the
functional actions are frequent and active, they are a type
of building that require long spanned coverings. Integrity
and easy detection of the place is important. The material
that allows the constructions to be functionally more flex-
ible and useful by providing these long spans with a col-
umn-free and light structure is steel. Biomimesis, which
is a concept used today, is a new understanding that tries
to find responses to the needs of people by imitating the
organisms in nature, or by taking inspiration from their
functional features and working principles of their sys-
tems. It can be seen that there is an effort to produce lighter
and more resistant constructions with the materials and
techniques developed with the principles of Biomimesis.
Using place requirements within the scope of the work,
an A-class, 45-meter span passing in rectangular form
with a linear concept airport terminal building has been
designed. To span 45 meters and design column-free
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places, a steel carrier system has been selected. In the con-
text required by the biomimesis concept, in the airport ter-
minal construction, bubble forms, bird's nest and bird wing
approaches have been selected for the roof formats and
coating material. To reflect these forms aesthetically, visu-
ally and to support the structure of the form, the bird's nest
has been designed with the smooth-surfaced frame system,
bubble has been designed with the arciform single-curved
frame system, and the bird wing has been designed with
the wavy double curved frame system. As a consequence
of the analysis, the form for the airport terminal building
has been selected. Comparing the modal analysis, maxi-
mum base shear and displacement values in the 1¥-degree
seismic zone and Z4 ground class response spectrum anal-
ysis with the construction weight, the arciform has been
selected. However, biomimesis, which is also one of the
architectural design criteria, is based on the principle of
providing the highest resistance with the least material.
At this point, because the wave form makes the construc-
tion heavier, it contradicts this principle. The arciform that
was selected as a consequence of the analysis has been one
of the construction forms used for long spans from past to
present, and they are the constructions supported by the
horizontal reactions as well as the vertical reactions.

The main goal of modern design is the rational use
of mechanical systems and structure. Airport terminal
buildings that have a modern carrier system are iconic
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