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Zagreb Airport Terminal

Start of the project

Evaluations for the new terminal
Surrounding area and landscaping
Architectural and structural form
Functionality and flexibility

Concrete foundations and inner structure

Steel space truss roof construction

Conclusion
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First prize on an international competition for the design

-~

D -

In 2008 a first prize on an
international competition for
the design of the New
Airport Terminal was
awarded to the project by

Branko Kincl,
Velimir Neidhardt and

Jure Radic
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Second prize was awarded to the project by Shigeru Ban and Taro Okabe, and the third prize to the project by Norman
Foster. From other 14 entries, two were awarded fourth and fifth prize, and four others were buyouts. And this is the

2" prize: Shigeru Ban and Taro Okabe

3" prize: Norman Foster

s s, B B

1L 0 (=1L
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1. Aprons for 8 passenger boarding
bridges for direct boarding,

extensible in the second phase 7, | /‘,«\‘_z‘ '
. S;‘@ // ‘ ) /%@;R;W}g/
2. Elevated ramp construction anc e NS N

Departures level viaduct | /},‘%\;?(&&3!! !
3. Parking lots 7 " PEINE :

4. The surroundings of the airpe
building are divided into the eastern
Arrivals section and the western
Departures section, both endifg_in
roundabouts, and equipped with
aprons and parking lots
5. Boiler room
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o - . Main design (as bein
Competition winning design bfiltg &

Passengers / year from 5 million (phase 1) up to 8 million (phase 2)

* |n 2011 a concessionary agreement
was signed with French company
Bouygues for the erection of
terminal according to the winning

design Layout area (Main

building) 155 x 165 m 129.6 x 136.8 m
* The Authors and the Concessioner &
both fa\greed for Ch_a”fées to be LRI 353 m (left), 151 m (right) 83 m (left), 40 m (right)
made in order to optimize the cost
of the New Terminal: Gross construction area 73.320 m? 65.883 m?
Number of Levels Basement, 0, 1-4 0, 1-3

Monolithic, RC,

Concrete construction Monolithic, RC
Prestressed

Triangular grid Space

Steel roof construction Three-directional Plane Truss Trues

Cost 280 — 300 mil € 236 mil €




Visualization according to the new project (AS BEING BUILT)

-.'.“’5
D SR v ey
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2 discrete geometrical and
structural forms, which divide the
terminal into 3 dilatation parts:

1. Main building (First dilatation)

2. Linear structures of the piers left
and right (Second and Third
dilatation)

* These functionally different parts
are also structurally divided with
dilatations in concrete floors and
roof steel space truss.




//\ﬂ/

* Number and layout of the levels

are designed for a perfect DEPARTURE \
passenger orientation pattern N CHECKIN - DEPARTURY HALL
o | DEPATURE PASSENGERE] g i1 1T ¢ T O VY 1] e M ’
* Each level has a distinct function: T = e edlvis o s
arriving level (ground level)ArRRvACRARSENGERSI T ClyfiMy P{ | ARRpvAL HALL - fﬁag_
transfer level (+5.4 m), departure - B B
level (+10.2 m) and departure
gallery (+15.0 m). Nl
* They are connected by stairways RTURE HALL
and escalators which are A /]
enclosed with walls that serve as TRANSFE
main seismic shear walls. ’%ECAL “ y T
1 HALL
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* The inner layout of the main building—mvnor-—ooso—ornrv—— 7 — o
measures 137.5 x 131.1 m. The total
layout of roof structure (roof shadow) is~
151.2 m in width by 152.3 m in length.

* Main building is concrete structure
which comprises 4 levels: ground floor
0.00 m, first floor +5.40 m, second floor
+10.20 m and third floor 15.00 m.

* The roof is variable in height ranging
from minimum 20 m in the lowest part
(near the building entrance) to J/
maximum 34 m at the middle on the ® & % o B
airstrip side. RS mn m——

4

overhanging roof edge

‘ ‘\_H_H_H_H_IJ\_H_H_H_H_H_H_H_H_I

<

131.1m
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Pier comprises ground floor and two
upper floors (elevation +5.40 and
+10.20 m)

Pier roof height is also variable
following the descending form of the
main building.

Pier roof is a vault with circular cross
section, so with the change of its height
it also changes horizontally. This causes
a variable width of pier upper floor at
level +10.2 m and a curvy edge of
concrete slab at that level.

Therefore, the width of the floors in the
pier area varies from 16.2 mto 17.4 m.

Left pier is 83.50 m long and right pier
is 40.25 m long

+10.20

+5.40

PRIZEMLJ E>

ORDEM
DOS
ENGENHEIROS
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Linearity of the piers allows the adaptability towards the developing or changeable needs and optimal functional
performance of the terminal.

r, — e 184 m
97 m A
e o H——
83 m |_|_V:|w 8 40 m
< —
@ b
P
1T
® ® ® &
/ \ | I I I N T R R R i
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Design organization structure

GRANTOR:
Grantor [GR] The Repubiic of Croatia acting by and
through the Ministry of Maritime affairs, transports
and infrastructure.

!

Concessionaire:
MEDUNARODNA ZRACNA LUKA ZAGREB d.d
(M2LZ)

MZLZ S
R

—>

ARUP

y

D&B Contractor:
881

INTERNATIONAL

l

Designer:
IGH
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Medium level impact risk

1. Concessioner’s decission to alter the main concrete construction design in
October 2014 ( from precast RC construction to monolithic post-tensioned RC
construction)

2. Concessioner’s decision to change the beginning of construction works (from
middle od July 2014 to middle of April 2014)

High level impact risk

3. Contractor for roof steel space truss abandoned the project in September 2014
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ZAGREB INTERNATIONAL AIRPORT

Detailed Design Program - IGH Concrete Structure A \
Th. VoL /
pretery
14/10 21/10 28/10 4/11 2013 J F M A M J 2014 J A S ] N ]
(w41 W‘IZ‘WG ‘WM‘W“JS!WAB‘WU ‘WlK‘W‘S’WSﬂWS] W1 w2 ‘W3 (W4 _|W5 W6 [W7 W8 [W9 W10 W11 |W12|W13[W14 |W1 1 17 W18 (W22 |W23 | W24 [W25 W30 |W31|W32 W33 | W34 | W3 /36 W37 | W38 | W39 [WA0 |W41 |W42 |W43 [Wad |W4S | W46 |WA7 |W48 |W49 |WS0 |W51 W1
Hand over date 13 I T O O A | |
Update Archi documentation by IGH
Main Design modification by IGH
Submission Proposal
] ]
Change of the beginning of —
Load Take Down + Stabilty CN + General FW drawings P1 m
Bl
° Foundations
Foundation T83 el
u I W RF
73
Foundation TB4 W b3 27
L] RF pra
£
Foundation T82 W 215 |
w | e
2
[ ] o Foundation T81 W ps 11/8|
RF 20 =1
Jasrs |
Foundation TBS w ]Ps 1]
RF 5
osss
Ground Floor Slab Typical RF drwg AW | s
RF 2/
s
Superstructure
Superstructure Level 1 Typical R drwgs = FW | 2]
RF
ar
Super. Level 2 + Stairs W ™ 10/16
RF 16/6
m
Super. Level 3& 4 w 10713
. F ’:
s [
Rotu . )
otundas (Found. + Super.) el I 81
RF ED
lano
‘Water Tanks w l3/s
P12
RE r: |
Ea
Heating Substation W P13 i/é‘
RF
i
Steel roof / Loads and insert details at Level 1
Steel structure / Boarding bridges loads and details at L1
Lift & Escalators BW openings
Internal doors openings |
[M&E BW openings | |
Architectural and Technical trades i i Slab edge setting out / ext. facade and int. wall finishes interfaces
Ground Floor '[an /Joints setting out details by architects
Electrical rooms / BW information ( pits, trenches, .}
[Wind Tunnel Test / Structural wind loads|
Slab edge setting out / Facade interfaces
Lifts and escalators pits details] |
Baggage Tunnel details by BHS S/C_|

Approval period by |.E & GRANTOR
‘Approval period by Supervising Engineer only

Drawing preparation by IGH
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Number of IGH design team members employed during 2014
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* Documentation management and exchange of information is handled through ACONEX platform
e Code structure for identification of the documentation:

— i
{ CADNLY /LAl SeY WISTHS /T W

| ZAG-DD-IGH-DET-RF-FOTB3-23000-A 1
| PUERID 7 Sl ‘r”.n- J Iy AR OF T
FROELT

- 1:50, 1:25, 1:10 1 0312

LB KALRTA FORANTT Y45 .
: "‘I.’J ". y 4"'!0? l".u“"' ' 'vl i'qﬂlll
4"

R SEAENLE bw

_ .7AG |DD| |GH DET | RFFDTB3 _ 23000

N TAZA / CRAWNG S1ANE L

ZVEDBEN! PROJEKT A
DETAILED DESIGN

MONTE TMOATAYA N OAVATLI N 7 P Al AT A 7 et s (0w o0 s B aa il MR I AR RIS B E1A

area code sequence No. revision

Project code design stage

issuer

document type trade code
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INTERNATIONAL

«Technical validation -
881 Desgn Coordinators in

Control and flow of documentation
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B = N o=

ANTISEISMIC:
Concrete cores 20, 25,30,40i50 cm
© Vertical elements Shear walls ‘
2 60/60 - 70/70 cm @
g Columns ®70, P80 cm
g 1%t floor slab:
= Beam 160/55 cm 72%x14.4m
S Foorslabs Prestressed concrete monolithic Slab 18cm
2 slabs with wide and shallow beams  ynd 3n( 34 floor slab:
Beam 300/55 cm 14.4 x14.4 m
Slab 25cm
Columns ®70
ANTISEISMIC: 1st floor:
Edge Beam 70/80 cm
Frames 3 RC frames longitudinally 2nd floor: 7.2m
" Transversal RC frames every 7.2 m  gdge Beam 70/70 cm
&
a Shear walls 50 cm
1%t floor slab:
Slab 22cm
Floor slabs RC monolithic slabs 21 floor slab: 7.2x14.4m

Slab 25cm
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Foundations




2019

LiISBON CES ) | Bos

CIVIL ENGINEERING SUMMIT ENGENHEIROS

2428 SEPTEMBER 2018, LISBOA, PORTUGAL




2019

LiISBON CES

CIVIL ENGINEERING SUMMIT

24278 SEPTEMBER 2018, LISBOA, PORTUGAL




2019

LISBON CES 1w

CIVIL ENGINEERING SUMMIT e ENGENHEIROS

24 2B SEPTEMBER 2019, LISBOA, PORTUGAL

Ground floor celling
(Lvl +5.40)

1. floor celling
(Lvl +10.20)

2. floor celling
(Lvl +15.0)
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GROUND LEVEL CEILING - POS 200
KONSTRUKCUA PRIZEMUA - POZ 200
PIER - D2 PTB-D1 PIER-D3
oo B
p | IR M (5 BN e o
LA | [ |t
e . i 5
I 41l = miE
; D§
Konstrukcija prizemiia plan poziiia -
POZ 200 45,40 7] {
LEGEND FOR FIERS: LEGEND FOR TN - NN BUILDMNG: fi " '
LLGENDA ZA PURove:  LUGENDA ZA PTB - GLAVNU 2GRADL |
02,03 ol ’
I #=22em d-sam i
I a-a0em [T d=13em :
. Em [ de2s0m '.
m El d55%m o - - - - - - ‘.
- [ de200m . } R 3
e —— | Eonsan
e ; = | e
3 AoE = 1==T i = =TT
) thm ‘ 7 | Ul A I ﬂu_g_-—
m.%%‘: RiS7,%910,13,1510) ) . P l___[ L_L_l | : 0N '2' 3 4
colme cocmTice: AT 615, 00,1L807 : E_ ' p——
COLUMNS COMCRETE CI/% ANS 17,9, 1L, 13,13, 17, 19, 71, i 11 : 3+ = g
STURDVI RETON G0/ 05 K (7, 14,35, 17, 19, [L L 21~ j - - . > . E L___] ___&i_‘
=
AL OTHER COLUMNS. AND ) gt ! ! ¢ ":.;}—_
celmG CONCRETE (337 =
SV OSTAUL STUPOWI | s
STROPNA KONSTRUKCIIA: BETON €317
1 AR ZIOVI PRIZEMLIA: BETON CI5/4% i Wane % Wi e Ml @ oen & 0@ . e P
RENFORCING 5TFEL: 5008 = e
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FIRST LEVEL CEILING - POZ 300
KONSTRUKCIA 1. KATA - POZ 300

PIER - D2 PTB-D1 PIER-D3

F-] E -

LT

e - o= o r—— | e—
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COUUMNS_ CONCRETE C35/a% sz X W aornes I e et U o g 2 - g e 2 B 2 B e Bl v Bl Y
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STUROWI BETON CI%4%: - 02 ggy 7, 11 19, 12, 19) ¢ — -~ e 3L e
o, 1, 1, 17} ' et M s e Ay i - | 8o - et 2
R{7, 9 1L 1, 15, 1) e P F - — o e - ) ﬁ—a—_“___
Ha o Te——
m
AL OTHER COLUMNG, WALLS AND i
CELING CONSTRUCTION_CONCRETE C3HY3T
W1 OSTALL STUPOW, 100 |
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SECOND LEVEL CEILING - POZ 400
KONSTRUKCUA 2. KATA - POZ 400

PTB-D1 PIER - D3

Second level celling position plan
Konstridelja 2. kata plan poziciia

POZ 400 +15,00 ! ﬁr il

LEGEND FOR PTE - MAIN BULDING |
LEGEMDA 74 FT8 - GLAVNA 2GRADN:

1]
3
3
13
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Ground floor celling
(Lvl +5.40)

1. floor selling
(Lvl +10.20)




2019

LiISBON CES

CIVIL ENGINEERING SUMMIT

ZBSEPTEMBER 2018, LISBOA, PORTUGAL




)
i
&)
Z
O
[n)
2
=

=
=
=
=
@
L)
&
o
Ley
S5
=
0]
2
Led
—
=
o

ENGENHEIROS

4
:
g
5
4
]
8
=
:
&
2

Space frame construction of the piers for horizontal and vertical actions




Complete floor slab s
concreted in 4 separated
parts and monolitized after
6 months when most of

creep and shrinkage
realized

Ao

~eBe athaml .
RES s s Frveanan
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VOPEAIE KABELA
TEIDON AU




2019

LiSBON CES

CIVIL ENGINEERING SUMMIT

2478 SEPTEMBER 2018, LISBOA, PORTUGAL

ORDEM
bos
ENGENHEIROS

BEAM TENDON LAYOUT, DIRECTION X, AXIS G










2478 SEPTEMBER 2018, LISBOA, PORTUGAL
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Steel structure is
primarily used for roof
supporting

Generation of the roof
surface is done using
circle sections (minimum
radius 30 m) in both
directions with
tangential lines in
transition areas

) _s' ‘, )
PN

\

‘\‘\'s‘,\\‘\ (il
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* Result of this generation is the roof of
wavy shape in both directions, merged
with the facade facing the runway
which has a tubular shape with
variable elevation.

* Piers roofs on both sides of the main
building are tubular with variable
height.

* Between the space trusses of the main
building and the piers is a dilatation
separating space trusses (and also
concrete floors).
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View of the complete roof space
truss — total of 25.780 truss
members!
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Lower chord :

/'\

e The roof structure of the main |
building is a steel space truss [Upperchord -
structure.

The structure is made of tubular Diagonal
circular members (ranging from
@76.1x2.9 to ©219.1x20 mm) with
connecting elements and spherical
nodes with threaded holes.

The basic plan-view disposition of
the main building comprises
triangular grid shapes with each
triangle having the base of 3.6 m and
the height of 3.6 m. These triangles
define the axes of the chord truss
members.

The grid of the bottom chord is
displaced 1.8 m longitudinally and
1.2 m transversely in respect to the
top chord.

/7

N/

\,

7]

N
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\
X,
7A

\/7]
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Wind tunnel test







F3X 76.1x2.9 M20

G3X 88.9x3.2 M20

 G5X 88.9x4.5 M20
| H3X 108x4 M20

H3Y 108x4 M27

I3X 114x4,5 M20

I3Y 114x4,5 M27

K3X 127x4 M20

K5Y 127x4 M27

M3X 139.7x4 M20

i
| M3Y 139.7x4 M27
| M3Z139.7x4 M33

N1iX 159x4.5 M20L

N1Y 159x4.5 M33

N3X 159x5.6 M20L

N3Y 159x5.6 M33

N5X 159x8 M33

N5H 159x8 M42

| N5Z 159x8 M48
| P1X 219.1x7.1 M33L

P1H 219.1x7.1 M48

P3B 219.1x10 M33

P3J 219.1x10 M56L

P7A 219.1x20 M56L

| P7B 219.1x20 M64L
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« The spans of the space truss
are 43.2 m parallel to the
direction of the pier and 28.8
m  perpendicular to pier: ,\ :
direction. e —_— — —

-

DAL ZA 2 A

>
-

L
i
NS e

 The main building roof - : -
structure is supported by 18 , E—@l § |_|_“r|
columns resting on = : N2 =S
reinforced-concrete pedestals ‘ 5 =
at the levels +10.20 m and e DlM g I S 432m
+15.00 m. 5

- Each column comprises ©6 B ) %
members (3406.4x16 and - = =
3406.4x20) connecting to 6 & ®

mm~AAl A+ FlLhA FAamm mrm A Al A v AA A
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« Near the connection of the building and the pier, columns are omitted and the roof is supported by truss walls
which continue into the pier structure

« Pier truss construction is thus integrated into the main building truss, so both appear as one continuity (one
emerging from another)
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* Transition between
building and pier truss is
achieved by preserving the
same triangular module
and adjusting its size
depending on the roof
height

« Pier truss height of 1.4 m
is gradually increasing as ;

. . . . sl

the pier is beglnnlr_\g to Ko X
merge with main building 2GR I L
rintil it reachec the heiaht

SN K]

QLR
AV A=
AN

A )’ W\ ‘
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On the airside, roof space
truss is descending as a

facade and is supported by g REEV i
anchors in the concrete floor | I | . 5 .
S | a b S ‘7::0: P 11 02 ?g ,,,,,, 270000 ",’,f', ,,,,, AT, r _,,:, § W K +1 0200 ,,,,,,,,,,,,,,,,,,, . r v _' 2
: : el e | REmame : ¥
Floor slabs are cantilevered to T i : , B\
allow the truss members to } ‘ v - i Ao
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Detail of reinforcement around anchors - large tension and compression forces from truss
members are taken over by reinforcement loops in the floor slab

ROOF INSERTS AT AXIS V_DETAIL 51

BROJ POLOZAJA ROOF INSERTS-a U OSI V....21 positions
NUMBER OF ROOF INSERTS IN AXISV  ....21 positions

CROSSSEG'IONOFWTAILINAXISV_SVChZS
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vyl rorsge DXS -as-o-q. £3 S Casasid —— id ” sy
unaam)l promjer D30 SRS promer AL 2
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« Thickness of the edge of
the slab where the
anchors are installed is
55 cm (main building)
and 40 cm (piers)

« Lower anchors line is [\ N
straight, but the upperis |
curved due to variable |
height of the roof and
changing height of the
truss (1.4 m -> 3 m).

 This curvature is
achieved by wvariable
width of the floor slab

on level =10 2 m
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View of the overhanging edges of the truss,
reaching outside of the building

PURLIN+CLADDING LOAD
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Connection of the purlins for the roof sheeting
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Roof sheeting: BEMO-STANDING SEAM ROOF

Rotatable Thermal Spacer cap
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CONCLUSIONS

Croatian government signed a concessionary agreement with French
company Bouygues for the erection of the terminal according to the
winning design by Branko Kincl, Velimir Neidhardt and Jure Radic.

New Zagreb airport terminal is a perfect blend between architecture,
urbanism, environment and construction.

The form of the architectural expression is directly derived from the
natural conception of the load bearing structure. No elements have been

forcibly added to satisfy only one need, but rather to be a part of the
multifunctional solution.



Airport Franjo Tudman declared the best in Europe in the category up to 5 mil. Passengers

According to the ACI / ASQ Satisfaction Survey, Airport Franjo Tudjman was named the best airport
in Europe in the airport group of 2 to 5 million passengers in 2018

6.3.2019.
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Thank you for your attention




