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CHAPTER 1.
ASSIGNMENT
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This research is performed for KLM Royal 
Dutch airlines and is executed by two stu-
dents from the disciplines of Architecture 
respectively Industrial Design Engineering 
at the University of Technology Delft.

Starting oktober 2015, a new type of aircraft 
will be added to the KLM fleet. This new 
type of aircraft is called the ”Boeing 787-9 
Dreamliner.” This innovative airplane exists 
for a large part out of composite materials 
and has a  system that is more electric then 
other models. It therefore  requires a diffe-
rent type  of maintenance. The maintenance 
of the B787 will take place in Hangar 12 at 
Schiphol Oost.

KLM has decided to close Hangar 10. 
because the frequency of it’s use is not high 
enough to be feasable. Hanger 12 will take 
over part of the functionalities of Hanger 
10 including the small maintenance checks 
(A-checks) of the Boeing 737 and the Boeing 
787-9. Hangar 12  is ready for an upgrade 
and will be transformed to be able to sup-
port the new functionalities that are requi-
red in the future use.

The arrival of this new airplane opens up 
many opportunities and the arrival can be 
used as leverage to implement new ideas.. 
We will investigate how we can transform 
both the hangar itself and products and 
processes inside the hangar to improve the 
functionality. The goal is not to optimise the 
current systems, but to look at different pos-
sibilities in a new and refreshing way, with 
the goal to create a state of the art  hangar 
suitable for the new Boeing 787. 

1.1 Introduction
INDUSTRIAL DESIGN ENGINEERING
An analysis of the work processes of the 
mechanics and the processes involved in the 
maintenance of the airplanes in Hangar 12 
will determine which current and upcoming 
innovations can best contribute to the sup-
port of the processes. 

Examples of such innovations are the use 
of Ipads, Google Glass or wearables by the 
mechanics to improve the efficiency of the 
checks using task cards. Improvements in 
this field could lead to an even safer and 
faster way of checking and controlling the 
maintenance process. 

Another direction could be designing a mov-
ing platform or tool in order to comply to 
the new way of component exchange of the 
Boeing 787. This direction, when finalized, 
could be a new step in line with the “lean” 
production method. 

Also the financial aspects of the design play 
an important role. Investements can be 
made when they can pay themselves back.

ARCHITECTURE
Hangar 12 offers many opportunities to de-
sign the hangar of the future. Starting point 
for the design is the current situation since 
the construction will be fully preserved. 

From there the different design options 
will be explored with an “ out of the box” 
approach. A thorough investigation of both 
Hangar 12, other existing hangars and main-
tenance spaces of other fields than aviation 
will determine how and on which specific 
points the work environment in the hanger 
can be improved best. 
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1.2 Problem definition

KLM has invited students to join this pro-
cess of transforming hangar 12 in order to 
think more out of the box. It has proven 
to be difficult to forget the problems from 
the “as is” world (he worls in which we live 
today) and to think in innovative, out of 
the box ideas. This is necessary in order 
to create a design that not only meets the 
standard of today but crosses that border 
into the future world.

We will however not only work on this 
renovation but as well focus on the future 
that is not immediately reachable.

Design a state-of-the-art 
hangar that anticipates on 
the arrival of the Boeing 787 
Dreamliner and supports 
the hangars maintenance 
processes and functionality 
in an innovative way.

Examples of such improvements are a new 
design for the daylight supply, an artificial 
lighting plan and the use of innovative mate-
rials for the facade.

 Also the interior of Hangar 12 can be de-
signed to optimally support the maintenance 
processes and create an inspiring work 
environment for the mechanics working 
there. Next to the work environment also 
the sustainability of the hangar will be an 
important aspect of the design. The possibil-
ity to create an energy generating aspects in 
the building will be explored. Next to this the 
architectural and spatial quality will be taken 
into consideration. The design will have to 
support the corporate identity and will have 
to contribute to the corporate image and 
branding of KLM. 

The arrival of the Boeing 787 in October 
requires preparation. Staff need to be ed-
ucated, equipment needs to be bought and 
the network and infrastructure should be 
made compatible and functioning before the 
airplane enters the hangar.

Hangar 12 is an old hangar and will be trans-
formed in the summer of 2015 to become 
the “Hangar of the Future” The arrival of the 
new aircraft will be used as leverage to make 
changes in the production process and envi-
ronment. The change to a paperless process 
is an example of such a large change.

1.3 Research Question
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1.4 Methodology
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1.5 KLM-TU DELFT
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CHAPTER 2.
Historical Analysis

This chapter will provide insights into the developments of 
the area of Schiphol, Schiphol Oost en Hangar 12.
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Left: Location of Schiphol with respect to the former Haarlemmermeer. ca. 1840 image courtesy Ed 
Stavemaker. Right:  17th century map of Rijnland with Haarlemmermeer on it. image courtesy Ad van 
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LOCATION
Schiphol is located in the south of the prov-
ince Noord-Holland, in Haarlemmermeer, 
about 15 kilometers south-west of Amster-
dam. Haarlemmermeer is a municipality 
that was made by draining the lake between 
1848 and 1852. Schiphol is therefore posi-
tioned 4 meters below sea level. It has seven 
runways and is  the primary hub for KLM as 
well as for Arkefly, Corendon Dutch Airlines, 
Martinair, and Transavia. Also Easyjet and 
Delta Air lines frequent Schiphol as does 
Vueling, for them Schiphol serves as a base. 
The airport is owned by Schiphol Group and 
has several shareholders: The Dutch gov-
ernment, municipalities of Amsterdam and  
Rotterdam and Aéroports de Paris. 

Schiphol Airport  is the main international airport in the Netherlands and plays an import-
ant role in Europe. In 2014 it was the fourth largest airport in Europe, transporting 55 
million passengers that year. Only Heathrow (London)  Charles de Gaulle (Paris) and Frank-
furt were responsible for an even larger amount of passengers.  40% of the passengers at 
Schiphol are transfer passengers, they transfer from one flight to another at Schiphol. 

NAME SCHIPHOL
The origin of the Dutch airport’s name has 
three interesting stories. Schiphol is built on 
a lake, the Haarlemmermeer. This lake had 
several shallow areas, and the story goes 
that in heavy storms many ships stranded in 
this place. In Dutch the name was Scip Hol, 
meaning “Ship’s Grave”. However,  when the 
lake was drained no shipwrecks were found. 
Another explanation could be that it was 
derived from the Dutch word “Scheepshaal”. 
This words referred to a narrow lake that 
was used to move ships from one lake to 
another. The third explanation is based on 
the words “scip””  and “hol”. Scip meaning 
ship and hol referring to a low lying area (as 
in Holland) of land where wood was derived 
from.  

2.1 Description Schiphol
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Overview map Schiphol, Schiphol oost and Hangar 12

Expansion and sprawling 
structures

TERMINAL EXPANSION 
The surface area of Schiphol has grown ex-
plosively since 1916. After the inauguration 
in 1967 the terminal area kept expanding 
quickly.  The area around the startingpoint 
of Schiphol is urbanised. Especially after 
WWII the expansion increases expansively.

“In 2012 the terminal surface was 
650.000m2. 2787 hectares of the airport 
are used for the runways that the airport  
has at it’s disposal.”

The maps show the ground owned by 
Schiphol in grey, the buildings and the run-
ways and their expansion over the years.

In 1988 the maps show that new land was 
purchased in order to be able to built the 
polderbaan, visible on the top map.

SPRAWLING STRUCTURES 
The runways that were built just after 1916 
tunred out to be positioned in a difficult 
position. The direction of the wind was not 
optimal for take off and landing. This was 
the reason that new runways were built 

The oldest runway , the Oostbaan is today 
only used in emergencies and extremely 
bad weather. The reason for this is again the 
wind and the urbanised area that the aircraft 
have to cross in order to land on this runway.

The runways of the design from the 1950´s 
was made based on the idea that the lan-
nding routes should not cross over urban 
area´s.  The built area however grew expan-
sively and it became difficult to find routes 
that would not conflict with the urban area´s

The grey area on the maps is the Haarlem-
mer polder and the orange blocks show 
the expansion of Amsterdam and the other 
urbanised area´s.

source: megastructures 2012
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1916 
Opening of the military airport

1919
KLM founded

1940 
Schiphol bombed in WWII 

1945 
 First airplane lands again

1916 - Opening military airport
In 1916 the minister of War authorized the realization of 
a military airport next to Fort Schiphol in Haarlemmer-
meer. On an  area of 16.5 hectare the military airport was 
built and the first airplane landed here on 19 September 
that same year. By the end of World War I  in 1918 the 
area had already extended to 76 hectare.

1919- Dutch Royal Airline founded
In 1919 the KLM was founded, the Royal Dutch Airline. 
In 1920 the first commerical aircraft landed on Schiphol 
and KLm started flying frequently from Amsterdam to 
London. For Schiphol the military function became less 
important. The number of civil flights however increased 
largely and became more and more the main function of 
Schiphol.
On the first of April  1926 the municipality of Amsterdam 
became the owner of the airport. They started a large 
drainage project  to increase the quality of the runways 
since the planes often got stuck in the muddy Dutch 
grounds. 

1940 - Schiphol bombed in WWII
During the second World War Schiphol was bombed by 
both the Germans and the Allies. 

1945 - First airplane lands again
Schiphol was rebuilt after the bombing and on 28 July 
1945 the first airplane landed again on the partly re-
stored airport. Since then Schiphol has been extended 
enormously. In order to be able to finance the renova-
tions and extensions the government became the largest 
stakeholder with over 75% of the shares. 

History Schiphol



21

2015 
Start nieuw masterplan 2020-2025

1967
 Opening Schiphol Centrum

1992 
Opening new control tower + runway

source: Edited illustrations, source Bosma. (2012). Megastructure Schiphol. Design in Spectacular Simplicity. NAI.

2012 
Schiphol renovation

1967 - Opening Schiphol Centrum
The realization of the new station building of Schiphol started 
in 1963 and the reconstructed airport was festively opened 
by Dutch Queen Juliana in 1967. This buildings would 
later become Schiphol Centrum.  
 
When Schiphol Centrum was built, the building ideology was 
“a single terminal concept” meaning that the airport was built 
as a large terminal split into three large departure halls. The 
airport kept growing and needed more space. This was the 
reason that around 1990 Architectural office Benthem and 
Crouwel designed a new master plan for Schiphol. 

This plan was realized and the station building was doubled in 
size.  A new terminal hal (number 3) was built and the lounge 
area was extended. A new train station under Schiphol was 
built and the tracks were extended from three to six.. This 
would still not be enough to transport the passengers, so next 
to this a new tunnel was built with two tracks. 

1992 - New tower and runway
In the seventies the type of airplanes that landed on 
Schiphol changed. Instead of propeller aircraft more jet 
aircraft were used. These airplanes were faster and more 
efficient since they could transport more passengers. This in-
novation in aviation industry made flying cheaper and more 
accessible. 
Queen Beatrix opened the new control tower in 1992, at 
that moment this was the highest control tower in the world. 
Schiphol kept growing, In 2003 the fifth runway was opened 

2012 -  Start Schiphol renovation
In 2012, Schiphol Group announced a big expansion of 
Schiphol, featuring a new Pier, new central security system, 
an expansion of the terminal and a new parking garage. Also a 
new Hilton hotel was built . 

Schiphol has started the first phase of this renovation that 
should prepare them for the future and enables them to com-
pete with London, Paris and Frankfurt.

2015 - Start nieuw masterplan 2020
In 2010 a new masterplan was designed by Benthem and 
Crouwel architects. Schipol wants to grow to 65 miljon 
passengers and reserved ground for a new landingtrack that 
would run parrallel to the Kaagbaan
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1958

1984

1999

Source: Edited illustrations, source Bosma. (2012). Megastructure Schiphol. Design in Spectacular Simplicity. NAI.
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1916 1919 1929 1940 1950 1955 19571926 1959 1963 1967 1970 1978 1991 2003 2006 2012 2015 20231928 1945

Timeline history of Schiphol

The military turn the 
airfield over to the 
City of Amsterdam

Land for a Military 
airport was bought

Many improvements 
completed at Schiphol 

to prepare for the Olym-
pic Games that will take 

place in Amsterdam

KLM starts  with  the first 
intercontinental schedule 

on the Dutch Indies

KLM founded in 1919, 

Schiphol falls into the 
hands of the Germans 
and becomes a Flieg-

erhorst

The German oc-
cupational troops 

inflict great de-
struction on the 

Opening of first semi- 
permanent terminal 
building and Jan Del-
laert accepts position 

as Director of Schiphol 

Commercial avia-
tion sees introduc-

tion of economy 
class

Jet engines introduced

Schiphol registers more 
than a million visitors

Start op tax-free shops 
at the airport

Schiphol registers 
more than a mil-

lion travellers

In 1960 Jan Dellaert 
retires and dies.

Major expansion, in-
cluding new runways, 

is started

Schiphol-Centre is 
opened by Queen 

Juliana

First Boeing 747 
(Pan Am) lands at 
Schiphol, july 2nd 

Railway connection to 
the airport is established

A new ATC-tower 
becomes opera-

tional 

Runway 18R/36L 
(“Polderbaan”) 

becomes opera-
tional

Schiphol cel-
ebrates 60th 
anniversary

Start first phase large 
renovation an innova-

tion project

New Hilton hotel 
is finished +

Implementation 
of central secu-

rity

Decision on wether 
to built a new air-

strip parrallel to the 
Kaagbaan

Schiphol becomes a commer-
cial airport
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1924
First building of 
Schiphol

1926
Bessonneau tent
KLM 

1927 
Fly-in hangar  
Fokker

1928
Station build-

ing under 
construction

1931
Bigger platform 

and B hangar

1934
Terrain lights

1924
Overview of the 
early Schiphol

1931
Schiphol at the 
start of the line 
service Amster-

dam–Batavia

Areal Timeline Schiphol 1916-2015
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Areal Timeline Schiphol 1916-2015
1934
Demolishing of Fort 
Schiphol

1938
Schiphol: the 
second airport in 
Europe to install a 
runway system

http://www.urbannebula.nl/?datatype=visualization&req=keyword&id=schiphol

1936
Bridge over the 
ringvaart

1940
RAF bombs 
Schiphol

1947
Consruction 
of new run-

way

1950
Three runways 

are ready

1945
Bombing of 

Schiphol

1946
Rebuilding 

Schiphol 
after WWII
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1964
Technical area

1967
Schiphol Centre 
and freight area

1967
Schiphol is called 

`Schiphol Oost`

1986
Development of 

E-Pier (former 
C-Pier)

1988
Development of 
Schiphol-South

1953
Hangars 7 and 
8 built between 
1948 and 1953

1950
Original tangen-
tial system of 
Schiphol

1955
View on the plat-
form from the 
control tower
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1992
Terminal West 
and G-Pier

1992
Construc-
tion of West 
Terminal, 
G-Pier and 
train tunnel

1993
Schiphol Plaza 

under construc-
tion

2003
`Polderbaan ` 

Runway

1989
First leg of D pier 
finished

1992
Schiphol in de 
Haarlemmer-
meer

Future
new security sys-

tem and piers

2014
New Hil-

ton Hotel 
finieshed and 
start renova-
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Highlights Timeline
Start Schiphol
Schiphol is located in the Haarlemmermeer, a municipality that was founded in 1855 after the 
Haarlemmermeer was drained in 1952. Here a military airport was realised in 1916. Schiphol 
existed only out of four simple wooden hangars in the beginning. This construction was 
chosen because it was a cheap and simple way of building a shed for the airplanes.  This type of 
construction construction was also relatively light, which was a desirable characteristic con-
sidering the drained muddy ground of Schiphol. In 1926 a Bessoneau hangar was built. This 
type of hangar can be easily moved because it consists of again a light construction and canvas.

Civil airport
During the war the airport was extended,  adhecent grounds were bought and 
new hangars were built to meet the needs of the military airport. The Bessoneau 
Hangar was used by KLM in 1926, before this, the wooden Fokker fly-in hangar 
was built without doors so that the aircraft could easily enter.
 After the war the total area  had expanded from 16,5 to 76 ha. But the airfield was 
not used anymore, the airplanes were just standing on the ground. Albert Plesman 
saw an opportunity here to move passengers and freight.  The first planes started 
flying passengers from Amsterdam to London and Schipol becomes a civil airport 
in 1920. This lead to quite some changed at Schiphol, the civil airport required 
new facilities. For example in 1921 a complete hangar was transformed to be 
used by passengers and new hangars were built.

Municipal airport
The number of passegers kept growing, and Schiphol started to take in an important po-
sition as a civil airport. But the runway system on the drained Dutch ground was not de-
signed to carry the rising number of airplanes and often airplanes got stuck in the mud. 
The municipality of Amsterdam bought the airport and started a large renovation project to 
improve Schiphol. The Olypic games that would be held in 1928 will have played a role in 
this decision since visitors from abroad would need to land here.. The renovation included 
a new drainage system, a new concrete platform of 50x100 meters and on the built area of 
30 meters a station building was completed in time for the games. In 1935 the landing area 
was 180 ha.,  contained 200 km of drainage pipes and had four asphaltic concrete run-
ways with nightlandingsystem.

The war
In 1940 the Germans bombed Schiphol, took over the airport and extended the runwaysystem. The Allies 
bombed Schiphol several times and damaged Schiphol severely. Schiphol was rebuilt in 1945 after the Ger-
mans left and in that same year on the 8th of July a Douglas DC-3 could already land again on Schiphol. After 
the war Schiphol grew so fast that the space was not big enough anymore so that new land had to be bought 
in the South.
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Jet engines
In 1955 the first Jet engine aircraft landed on Schiphol. This new type replaced the pro-
pellor aircraft, is faster and can carry more passengers. Another advantage is that they 
can reach destinations that are further away.  The prices of the tickets went down and 
more people were able to afford to fly > passenger numbers increased largely.  These 
jet engines were an important change for the development of Schiphol as they are heavier 
and require long, strong runways and had a large impact on the number of passengers. 
This all lead to a request for new terminals, runways and facilities.

Schiphol City
Around 1977  Schiphol Centrum showed clear grow. South of the station building the first 
offices started and the station office had dubbled in size.  Slowly a change became visual, 
Schiphol became Schiphol City, a place with offices, shops, hotels and café’s. This developemt 
was very important for the extension of Schiphol. Schiphol becomes a centre of economy. 
The one terminal concept is chosen to support this growing hub of economic activity and to 

Prize fighters
In 2005 the H-pier was opened especially for the cheaper airlines, To keep the 
costs at a minimum this pier does not have any shops, café’s or toilets. Also 
the gangways do not have roofs because this will save time in linking them tot he 
airplane.  

The Boeing 747 
This new aircraft was developed in 1970 and this was the first wide body airplane. It could transport 
2.5 times as many passemgers as the in that time popular 707 model.  From the introduction in 1970 
until the launch of the Airbus 380 it was the biggest airplane and therefore received the nickname 
Jumbojet. In 1970 the A pier was transformed to be able to link to these Jumbojets. This is also the 
year that  Pier D became operational. The names of the piers had to be changed since they were not 
in logical order anymore after the realization of two new piers below the previous A pier. The concept 
of the “one terminal” is abandoned for practical reasons and new piers are built.

Rotterdam airport?
Behind the scenes there was a battle going on: Rotterdam wanted her own airport. A plan was 
presented by Plesman for a central airport in the South of the Haarlemmermeerpolder but the 
municipality of Amsterdam strongly opposed. Then Jan Dellaert presented his plan for a tangential 
Schiphol with a stationbuilding in the centre located on the other side of the Haarlemmermeer. In 
1949 werd the decision was made that Schiphol would remain the main airport of the Netherlands. 
That same year the tangential design was approved by the board of Amsterdam and would form the 
base of the urban design of Schiphol. The start of the project was in 1963 and  it was finised in 1967.

Hub position
From 1970-1980 there is a change in the grow of passengers to the Asian countries.  Due 
to liberalisation and deragulation of the airtraffic in Europe from 1983 there is space for 
a different type of businessfroms. For Schiphol this meant that for example the number 
of transfer passengers started growing faster then the regular flights from 1980. Eventu-
ally the one terminal concept had to be changed due to the quickly growing number of 
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Size
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Source data  Bosma. (2012). Megastructure Schiphol. Design in Spectacular Simplicity. NAI.

Photographs 
Where do people take 
photographs at Schiphol 
and what do they photo-
graph? This map shows 
most pictures are taken in 
the terminal bulding and the 
runways.

Schiphol and noise barrier
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Building restrictions
The black cicles on this map 
show where the restricted 
area’s for housing are.  At 
the dark lines no housing is 
permitted because of noise 
nuisance. Aalsmeer clearly 
shows that the area’s are 
arranged around the urban 
area’s.

Map 1. 
This map shows 4 januari 2012, a day 
with much fog. The airplanes had to 
circle before they could land.

Map 2.
This map shows 5 januari 2012, the fog 
has dissolved. The Polderbaan used by 
most planes for landing. 

Schiphol and Building restrictions

Schiphol and airmovements
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Future Plans Schiphol

Schiphol plans to expand their capacity 
up to 65 million passengers and between 
600.000 and 650.000 flights per year. In 
order to be able to compete with the larger 
airports and to keep supporting the growing 
stream of passengers constantly new plans 
were developed such as the plans to build 
the new A-bay.  Schiphol now developed a 
future vision for 2020 - 2025. In this plan 
the extension of the bays south of the B bay 
and a new departure/arrival hall are dis-
cussed.  

Schiphol will keep on focussing on the hub 
function for KLM and the skyteam airlines 
but will also grow in the low-cost airlines 
segment. Long-term view is that sever-
al charter flights (point-to-point) will be 
transferred to the regional airports Lelystad 
and Eindhoven  

Schiphol also reserved ground to build 
a new runway that runs parallel to the 
Kaagbaan in order to be able to compete 
with London, Paris and Frankfurt. They need 
to keep growing and adapting to changes in 
aviation industry such as larger planes that 
fly larger distances. This could lead to losing 
their strong hub position since no in-be-
tween stop is necessary anymore with the 
newer planes. 

The decision about whether or not to 
build this runway will be taken after 2023. 
Schiphol confirmed  at the 12th of August 
2014 that they reserved half a million for 
realizing a new terminal and a new bay on 
the south side of the airport.  The first fase 
of the renovation project is displayed on 
the picture.

Renovations Schiphol 2015 fase one, retreived klm.com on 23/03/2015
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 Schiphol mission and values 
The mission of Schiphol is to connect the Netherlands with 
important cities and regions in the world. They do not have 
the ambition to be the biggest airport in Europe but do 
want to be a preferred airport.

This means:  Being an airport that is more attractive than 
others by quality of the network, the service to passengers 
and ailrlines while keeping a good balance between price 
and quality. Main values of Schiphol are: Reliable, Efficient, 
Sustainable and Inspiring. 
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Overview drawing if Schiphol Centrum  showing the structure of the airports inner 
structure.
Source: megastructures 2012
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Before the current Schiphol‐Centrum opened 
in 1967, the platform, the control tower and the 
terminal hall were all located in this area. The 
only architecture that still exists of that time is 
the former control tower, which is now used as 
a restaurant. Currently the buildings at Schiphol 
Oost are mainly new offices, hotels and hangars. 
In the hangars the technical maintenance for the 
airplanes takes place.  This is also the place where 
KLM Engineering and Maintenance has her 
hangars for  the technical maintenance of aircraft 
engines and aircraft components. The Fokker 
Factory moved to Schiphol (now  Schiphol‐Oost) 
in 1951.  Also part of the air traffic control that 
supports the air traffic in the Dutch airspace is 
located in Oost

This is also the place where KLM Engineer-
ing and Maintenance has her hangars for  the 
technical maintenance of aircraft engines and 
aircraft components. The Fokker Factory moved 
to Schiphol (now  Schiphol‐Oost) in 1951.  Also 
part of the air traffic control that supports the air 
traffic in the Dutch airspace is located in Oost

Since 2003 a judicial complex with a court and 
a detention centre located are located next to 
Schiphol Oost in Oude Meer. In this detention 
a major fire raged in October 2005 which killed 
eleven detainees and wounded fifteen.

2.2. Schiphol Oost
Schiphol Oost, area of Hangar 12, is located in the municipality Noord‐ Holland and is part of Air-
port Schiphol. It is located between the canal of the Haarlemmermeerpolder and the Oostbaan. In 
the South the hamlet called  “Oude Meer“is located, in the north hamlet “Nieuwe Meer. “
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The maintenance buildings of KLM are located in Schiphol Oost. Meaning that for example 
hangars are located here, just like the engine workshop and component shops are. Schiphol 
Oost is a secured area, you need to have a pass to be able to access the area. 

KLM in Schiphol Oost

The KLM Hangars are located in buildings 11, 12, 10 
and 14 on the map. In between these Hangars you 
can find the supporting functions: IRA in building 
425 ( electrical components shop) and the engine 
shop in building 410. Building 411 is an educational 
building and the buildings next to H10 are offices 
and storage. The empty areas connected to the 
Hangars are used as test areas. These area’s are 
surrounded by high heavy concrete walls to reduce 
noise, waste and wind released at the engine tests.  

source: interview Gerald van Baars KLM 05 03 2015 
KLM Schiphol Hangar 10 

This image shows the routes the aircraft take to get to the KLM hangars 
from Schiphol Centrum. The routes are two-way and are planned by 
Schiphol Centrum based on which routes are free.

Since hangar 73 and hangar 14 do not have their own engine test environ-
ment the aircraft are moved to H 10  when testing is necessary.
Source: MyKLM.org
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TRANSFER H 10 > H12
The transfer from H10 > H12 will take place after summer 
2015. The reason behind this time scheme is that in summer 
the KLM customers and KLM planes themselves will be out 
in the air. The summer is the time when a large number of 
people want to go on vacation. The time consuming C checks 
are therefore all planned out of the summer season to have as 
many airplanes in the air as possible to increase profit. 
The future plans for Hangar 10 are still unclear and depend on 
the developments of KLM and her customers. 

The activities differ per hanger: **
- Hangar 10  Maintenance B 737,767/787 A+C  checks
- Hangar 11 All airplanes except 787 A + C checks 
- Hangar 12 B787 A + C checks  and B737 A checks 
 - Hangar 14 Airbus330, Boeing 747 Boeing 777  A+C checks
- Hangar 73 KLM City hoppers Fokker 70 and Embraer

Every Hangar has each own workspace and tool warehouse 
except for H 11 and H 12 because they have the possibili-
ty to share since they are connected. Different parts of the 
airplane are transported from the hangars to the supporting 
buildings when they cannot be repaired at the Hangar itself. 
Small objects are transported with vans from shop to Hangar 
and vice versa, but the engine for example is too large and 
requires a special transport. 

The activities of Hangar 10 will be moved to Hangar 12 after 
summer. The reason for this is that the airplanes in the KLM 
fleet as well in the other fleets that use the Hangar for mainte-
nance are newer. These newer airplanes require less mainte-
nance hours and therefore there are not enough requests to 
keep Hangar 10 open. In KLM language KLM has “Too much 
concrete” meaning that the amount of square meters of the 
hangars is too much to be feasible nowadays. 

**A -check takes about 160 hours finished in 1 3 days necessary everey 3a 4 months.. C check every 
few years takes between 1  3 weeks. Source interview Gerlald van baars on 05 03 2015 facility and 
equipment at KLM
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2.3 Hangar 12

Hangar 12 was built by KLM in 1979 as an extantion to Hangar 11. 
One of the  design requirements was that the maintenance of two 
Boeing 747 aircraft should be performed in this hangar. 

Context around Hangar 12
Many new developments took place in the aviation industry.
The most import ones are the following:
1934 - a airplane that consisted out of metal completely
1946 - The long distance airplane with 4 engines
1959 - Boeing 707 and DC- 8 jet age
 1970 - Boeing 747 and DC-10 Wide bodies

Especially this last development created a housing problem for 
the airlines: the current hangars did not support the new airplanes 
with larger dimensions. The size of the hangar does not only de-
pend on the size of the airplane but also on the size of the fleet, the 
types of airplanes in it, the way the fleet is used and most certainly 
also the maintenance cycles as mr. Pikaar writes in the “Bouwen 
met staal article”

The fleet of KLM at the time H12 was built existed out of 13 Boe-
ing 747’s and 6 DC -10 planes. Apart form these 19 wide body 
airplanes also several partner airplanes would have to receive 
maintenance in a KLM hangar from time to time. This is a large 
change, the fleet has doubled over 8 year time. KLM has decided 
for e mix of cargo and passenger airplanes to be able to respond to 
fluctuation in the market.

The growing fleet of KLM had to be taken into account, devel-
opments at the time were that the intercontinental flights were 
growing in number and because of this many larger airplanes were 
bought. The fleet of KLM was grwoing and needed a new and large 
hangar in order to perform the maintenance on it’s fleet. Not only 
KLM airplanes would be worked on in the hangar, also airplanes 
from the following airlines  received maintence in KLM hangars : 
Airlines Garuda, Nigeria Airways, Philippine Airlines, Viasa, SAS, 
Swissair and Martinair. Because of the cooperation with UTA 
French airlines the hangar was also equipped for maintenance of 
the DC-10*    ***

* The McDonnell Douglas DC 10 is a three engine wide body jet airliner manufactord by McDonnel Douglas
***Smolenaars J.,Hangar 12, Afstudeer verslag TUE 1984. 
***Ir. G.J. Pikaar,’G. J. Pikaar, ‘Hangar 12’, Bouwen met staal , No.48. 1979, pp 20 
Picture Hanagar 12 2015 piture by Jasmijn Kok
Image  Pikaar,’G. J. Pikaar, ‘Hangar 12’, Bouwen met staal , No.48. 1979, pp 20 :
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Prediction of the growth of the KLM fleet in 1979

Image  Pikaar,’G. J. Pikaar, ‘Hangar 12’,
Bouwen met staal , No.48. 1979, pp 20 :
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ARCHITECTURE H12
Although at first the shape of the building looks strange, it is actually 
based on logical reasons. When desiging a hangar this building needs 
to support the proces of getting the maintenance performed in the 
most optimal way.  The list of requirements together with the possi-
bilities of the area shaped the building using esthetics as a valueable 
finishing touch. This is the ideology that was used when designing the 
hangar,  as ir. C.D.J.Overhof, head architecture KLM 1979 mentions 
in the Bouwen met Staal issue about H12 in 1979.

The new fleet needed a new hangar, and Schiphol did not have 
much space available for this. Only three pieces of ground were still 
unbuilt in Schiphol oost, of which one would be used for the mainte-
nance workshop and the other would be used as warehouse. It was 
decided that the area next to H11 would be the best place for the 
new hangar.

Two aspects decided the shape of the hangar:
1. The place that one airplane needs to get maintenance and the 
space that is required to give two airplanes maintenance while they 
are able to be taxied in and out of the hangar seperately.
2. The available area.

The required area for maintenance leads to a “pants shaped” build-
ing as the figure shows. This combined with the available area leads 
to the current shape of the building. The height of the building is 
defined by the demand of a free height of 25 meters and the height 
required by the construction to span 115 meters.
In Hangar 11 the airplanes could enter both nose-in and tail-in. In 
Hangar 12 the many activities at the tail of the airplane lead tot he 
decision that the airplanes could only enter tail in and a taildock con-
struction was built to the backside of the hangar.

The scale of the hangar is very large the architect did not want to use 
tradition details. It would look very strange to use a regular detail 
in a building of enormous dimensions. This lead to  detail solutions 
that were designed especially for this hangar. The only human scale 
aspect of the design is the windowstrip that runs around the hangar.

Ir .C.D.J.Overhoff ‘Hangar 12’, 
Bouwen met staal , No.48. 1979, pp 20 
Images:  Bouwen met staal , No.48. 1979, pp 20 -29
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1. SPACE REQUIRED FOR TWO B747’S   2.DEFINITIVE SHAPE

Context H12

Construction of H12 hangaar doors

Source: ‘Hangar 12’, Bouwen met staal , No.48. 1979, pp 20 -29
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Learn from the past
Originally Schiphol was built with 
a tangential runway system. The 
reason for this is that the wind in 
the Netherland changes a lot. While 
Schiphol only needs 3 runways at 
the same time, 7 are necessary to be 
able to cope with the wind. When 

Schiphol moved in 1967 the same 
system was chosen as it has proven 
to work well. The teminal system 
however was changed into a one 
terminal concept.  
 
What we can learn form this for 
our hangar of the future is that we 
should look carefully at the aspects 
of H12 that already funtion well. 
These we should take with us in 
the design, but at the same time we 
should not be afraid to use un prov-
en technology. This way it is impossi-
ble to design for the future. 

2.4 Conclusions History

Flexibility
The traffic tower of Schiphol Oost was 
moved several meters when Schiphol 
moved to central in 1967 in order to 
preserve it.  It is now in use as a cafe.  

What we can learn form this is that 
when a design is created well, using 
materials that last a building can be used 
for a long time even when the function 
that the building was once designed for 
has changed. Perhaps in 100 years our 
hangar will be used to organize concerts 
in. Flexibility in the design is an import-
ant quality. 
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Look around
In 1991 A new traffic tower was built 
because the old one cold not oversee 
everything anymore due to large grow 
of the airport. The new buildings were 
blocking the view 

When making a design for a new building 
or extension, take into consideration what 
the impact on the surroundings is.

Adaptability
This picture shows the first time the Pan Am 
jumbo jet (747) arrived at Schiphol in 1970. 
Schiphol adjusted their architecture with a 
new connection at the end of the bridge to 
be able to welcome the 747. 

When designing for the aviation industry 
one should keep in mind that aircraft are 
important features. The sizes of the different 
models differ and we know that in the future 
new models will be launched. Therefore we 
should, as Shiphol with the 747 did design 
in a way that allows the architecture to adapt 
to new models.

Be prepared
In 1979 a new hangar was built in 
Schiphol Oost. This hangar was designed 
for the Boeing 747’s as they were too 
large to fit in other hangars.

Even today, the over 35 years ol hangar is 
still operational and will be renovated to last 
another 35. The sizes of the hanger allow the 
innovative B787 and A350 to also receive 
maintenance there. The hangar supports the 
functions of maintenance today and even 
in the future. This is a feature we also need 
to implement in our hangar of the Future, 
it should be prepared for the newer models 
and support other maintenance processes 
then we know of today.
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CHAPTER 3.
KLM



56



57

3.1 Internal Analysis
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Mission
 
With Air France, KLM is at the fore-
front of the European airline indus-
try. Offering reliability and a healthy 
dose of Dutch pragmatism, 32.000 
KLM employees work to provide in-
novative products for our customers 
and a safe, efficient, service orient-
ed operation with a proactive focus 
on sustainability. KLM strives to 
achieve profitable growth that con-
tributes to both its own corporate 
aims and to economic and social de-
velopment. 

KLM works to create sustainable 
growth at Schiphol, to gain access 
to any market that will increase the 
quality its network and to maintain 
a level playing field for all industry 
players. It also works to ensure a 
balance between the company’s in-
terests and those of the people liv-
ing and working close to the airport. 

3.1 Company profile

Vision
KLM wants to be at the front of the 
industry by being smarter than the 
rest. By merging with Air France KLM 
has come to occupy a leading position 
in the international airline industry. 
KLM wants to be the customers’ first 
choice, to be an attractive employer 
for its staff and, a company that grows 
profitably for its shareholders. 

With smart partnerships and pio-
neering new destinations, KLM offers 
global access through its extensive 
network. By responding to market 
opportunities and technological de-
velopments, KLM offers customers a 
contemporary product. 
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Employees
In the KLM Group there are 32.000 
people making a difference. Avail-
ability is central to their personnel 
policy. KLM wants its employees to 
be healthy and to enjoy working as 
long as possible for the group. Staff 
are encouraged to expand their skills 
and experience through training and 
changing jobs from time to time. 
Rapid changes in technology and cus-
tomer markets demand that KLM is 
able to adapt its organisation flexibly. 
This flexibility is also expected of in-
dividual employees. 

Responsibility
 
KLM has taken the initiative for Corporate 
Social Responsibility (CSR) in the airline 
sector. KLM and Air France together want 
to set the standard for an integrated ap-
proach in the airline sector. By signing the 
United Nation’s Global Compact, KLM has 
contributed to the UN Millennium Devel-
opment Goals. 
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Network
With a small home base from which to work, 
KLM has maintained an international orien-
tation from the beginning. KLM’s strength 
lies in the tightlyknit, worldwide network it 
has built up with its partners. This network 
links just about every important econom-
ic region in the world with the Netherlands 
and with each other. Passengers are able to 
transfer quickly and easily at Schiphol, KLM’s 
homebase, and practically every destination 
in the world can be easily accessed for cargo. 
 
TWO CONNECTED HUBS
Mainport Schiphol is the linchpin in the KLM 
network. For Air France this is the Paris air-
port Charles de 
Gaulle. Through their joint venture, KLM and 
Air France are able to enjoy the benefits of 
two hubs. Network and hub are tightly inter-
woven. New destinations enhance the hub’s 
position and increase the appeal of Schiphol 
for both passengers and freight companies. 
They also improve the Netherlands’ compet-
itive strength and benefit regional and na-
tional employment. 

AIR FRANCE KLM GROUP
KLM works closely with Air France within 
the AIR FRANCE KLM Group, which came 
into existence through the 2004 merger. The 
AIR FRANCE KLM Group is Europe’s leading 
airline group and sets the standards for qual-
ity, innovation and sustainability. 

Image± Air France-KLM network from the Hub of CDG © Corporate Air France
http://www.klm.com/corporate/en/about klm/air france klm/index.html

KLM SUSTAINABILITY
An important programme within KLM is 
“KLM takes care” KLM feels it is important 
to take responsibility, being one of the bigger 
players in the aviation industry. To contribute 
to a better world KLM is actively involved in 
many initiatives. As a result of  continuous 
efforts, together with Air France, KLM has  
topped the Dow Jones Sustainability Index in 
the aviation sector for several years.  
 
KLM TAKES CARE
KLM has a special logo that shows their in-
volvement: The Takes Care logo. It is appar-
ent on for example their tea and coffee cups 
on board, which are 100% biodegradable. 
KLM involvement projects 
KLM is involved in many different projects 
that support sustainability and allows them 
to express their involvement. 
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> KLM is making major progress in the devel-
opment and use of sustainable biofuels. They 
have joined forces with the World Wide Fund 
for Nature (WWF), and others. 
> They are working on sustainable solutions 
for reducing CO2 emissions. 
> Serve sustainably produced foods on board 
where possible, such as products carrying 
the UTZ mark for sustainable coffee or the 
MSC organisation quality mark for sustain-
able fish. 
> Support social projects such as Close 
the Gap and Wings of Support, and is KLM 
Health Services working with the VU Uni-
versity Medical Centre in a Doctor2Doctor 
programme, to contribute to medical care in 
Kenya. 
> Continue talking to residents of the 
Schiphol area, for example about limiting 
noise pollution. 

CO2 NEUTRAL
KLM started a project which allows you to re-
duce your footprint in the sky.  
They offer an online program to calculate 
the CO2 emissions of your flight when book-
ing.The CO2 emission is transferred in an 
amount of money that you can contribute 
to the CO2 ZERO programme. The money 
earned through this programme is invested 
in various sustainable energy projects. 
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3.2 KLM fleet
CURRENT FLEET
 Aircraft in service KLM Group
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Selection criteria of aircraft in order to maintain an efficient fleet

Image: Selection criteria new airplanes
myklm.org
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myklm.org

*Fleet Intranet Overview 28 Feb 2015
KLM Group
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Future Fleet
Future fleet KLM

Specifications A350 en 787 (new in fleet in future)
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Measurements aircraft of the future fleet
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3.3 KLM 787 project team

Image± Air France-KLM network from the Hub of CDG © Corporate Air France
http://www.klm.com/corporate/en/about klm/air france klm/index.html
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3.4 Brainstorm sessions
Part of the research is to join in on lean ses-
sions and brainstorm sessions that are held 
at KLM. The reason they are organized is 
that KLM is now working on the renovation 
plans for Hangaar 12. In order to realise this 
renovation in the best way, the imput from 
the employees is required. 

THE TEAM
The brainstormsessions are lead and orga-
nized by Jeniffer van der Horst. Together 
with a group of mechanics but also em-
ployees from the engineering and commu-
nication departments we think about the 
opportunities that this renovation offers. 
Management is also involved and the ideas 
that come out of these sessions will be 
presented tot the top management of En-
gineering and Maintenance in order to get 
money to implement them. 

SESSIONS
The sessions were organised every friday 
during 5 weeks. Then an “innovation week” 
followed where the different KLM innova-
tion teams gave an update of what they 
were doing in order to inspire the team. 
From now on every friday will be used again 
to develop the ideas further and actually im-
plement them.

We started from dreams without limitations, 
do we even need a hangar was the question 
that was posed. Then the ideas were rated 
on feasebility and imact. The ideas with high 
impact and easy to implement were placed 
on the planning that you see on the right.

Discussed topics in Brainstorm sessions

Opportunities 
● Paperless taskcard system 
Ton Dortmans and Coen Swaanenburg want 
to get rid of the paper system that is 
perceived as “ old fashion” by both manage-
ment and hangar workers. 
However what sort of product could replace 
it is not clear yet 

● Equipment at hand 
To keep the production line efficient, the 
men need to be close to the ai rplane, and 
simply work. Ton Dortman: “ they need to 
have their hands on the plane, no where 
else”. This is something everybody agrees 
on: the men want to work on the plane, they 
do not l ike walking long distances to get 
the tool  they need, or searching the enti re 
hangar for the right equipment. Equipment 
available also when working on stairs or on 
docks.

● Floors and light 
Light colored floors reflect light. Mechanics 
can work faster and with less mistakes when 
they have a wel l  lit environment. 
The height of the hangar is a problem. Light 
is needed near the floor of the hangar, and 
under the wings. Light from the cei l ing as 
usual  is probably not the best solution, but 
what is remains a question. KLM is cooper-
ating wi th Phillips on the lighting aspect. 

● The Front Office   is an important faci l i ty 
for all divisions working on a plane. It’s loca-
tion makes a large di fference in efficiency 
and the state of mind of the workers. 
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Brainstorm sessions KLM H12 March - June 2015

Session 3 06-03-2015Dreams of session 1.

High impact easy to implemnt Idea were placed on the project planningline

Dreams>plans>ranked on feasebility
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NO

Conclusions Brainstorms
Not all wishes of the mechanics can be 
solved by architecture or design. Some are 
organisation related and can be solved by 
different planning or communication. 
 
However, all the problems that arise now, 
communication planning etc. Should not ex-
ist in the Hangar of the Future. This infor-
mation is also very useful to know before 
starting the design of a Hangar.

Main outcomes brainstorm sessions

- Daylight + better light in hangar

- 400 Hz cables are really heavy to lift

- Nitrogen car hard to move

- They would like a space to relax outside

- They walk a lot to get materials ( 12K/shift)

- Noise in planningarea> dived areas needed

- They want a good coffee spot

- They want to work on the plane as much 

as possible

- Efficiencly right now is low> Cleaners + 

planning

- Waiting times for ordered tools and mate-

rials” 3-4 hours because of distances. 

- Less tan 9% on time delivery, they do not 

like picking up other tasks, they just hang 

around. 

- Paperless will arive in 2 years hopefully > 

improvement

DAYLIGHT

Sit in the sun

REALLY WARM IN THE 
AIRCRAFT

No waitingtime for equip-
ment and material

LESS NOISE!

LOGICAL VLEKKENPAN

NO WATER ON FLOOR
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NO

REALLY WARM IN THE 
AIRCRAFT

NO WATER ON FLOOR

Better artficial lighting during nights

CABLES FROM THE 
FLOOR ARE HEAVY

WE HAVE TO WALK FAR! 

LONG WAITINGTIMES 
> MATERIAL AND PLANE

LUNCH OUTSIDE

DRINK NICE COFFEE

Get a better planning 
scheme

UGLY BUILDING 
NOW

WE WANT GREENERY

Quick Access to tools

CLEAN WORKSPACE

Less waiting behind the computers

Notification for Buizenpost

QUIET PLANNINGSRUIMTE

ENOUGH GRIJPVOORRAAD

Better communication with Engineerig and IT

enough parking space
(motors cars bikes)
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HIglights interviews

“you can ask AreFly (B787-9) for help 

“ Hans van de velde Arkefly

“Boeing 787 will create 
changes in maintenance and 
will have large impact on 
the aviation industry. KLM is 
preparing for years.” Michiel 
van Dorstit’s maintenance 
hours and maintenance 
methods.

“We work on a project that strives for innova-
tive outcomes, but at 
the same  me is bound to strict dead-
lines and a practical function” Coen

“We moeten vooruit kijken ondanks de financiele tijden” Ton Dortmans

“The Hangar of the Future en de komst van de 
787 worden gebruikt als leverage om te veran-
deren” Ton Dortmans

“We aim for a 5% sick percentage cur-
rently 14%”  Wisse van der Gugten

“20% of orders are done at the desk, not in the 
computer” Remco Greefhorst

“Let the mechanics return the buizen from the 
buizenpost themselves”  Remco Greefhorst

Shifts Gerald
-  The men work in shi( s of 8,5 hours, 2x 12 min break + 30 
min lunch break.
-  Many workers bring their own lunch.
-  Smoke + coff ee policy → too much not effi ciently used 
working me.
-  Diff erent crew: Avianical men and mechanical men, GWK’s 
senior mechanic on the fl oor checking the work of mechan-
ics.
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HIglights interviews
“We moeten vooruit kijken ondanks de financiele tijden” Ton Dortmans

“If you do not want to digitalize you 
should not work for KLM”  Dortmans

“about 4 on 300 people in 
the hangar is female”  Gerald

“We hebben teveel beton”  Gerald

“Nog maar zien of die 787 niet ge-
woon in H10 wordt gezet ipv 12”  Gerald

“Green Horizonlampen, low budget much result”  Hans veldkamp

“We moeten outside the box kijken en denken” Henk de Vijlder

“Norm jden vroeger werden bepaald door bij de 747 standaard 24% 
vd  jd die voor een taak stond “erover heen te gooien” Martin Vink

Engineering says it will be a great deal the same tools, they 
will just be used less frequent.  From this I conclude that the 
maintenance can not diff er that dras cally between a 73 and a 

“Genx is 6x the length of a regular motor” Arjan otten

“We should match taskcards and tooling, this is already possible” Arjan otten

“Runner has no fixed schedule to make his round and 
thus creates an unpredictable process”  Remco Greef-
horst

Checks Gerald
-  A checks are opera
 onal 24/7.
-  A check takes about 10 hours. 
-  C checks are mostly only during the day unless the work is 
behind schedule.
-  C checks take about a week to 3 weeks
-  All maintenance now on task cards.
-  787 diff erent maintenance, now training group of people.
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Internship Design Hangar 12
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Internship design Outdoor area
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DAY
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DAY NIGHT
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4.1 Maintenance
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4.1 Maintenance
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72%  

Day shift Early Night Late Night

8 hours

9 hours10 hours

The shifts

4.1 Maintenance of aircraft delivered 
on time
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4.1 Maintenance

75% 70% 65%

of aircraft delivered 
on time

Productivity per Hangar

H10 H11 H12

Time (hours)

100% 

50%

Empty

Hangar availabilty

24:001:00 12:007:00 19:00

Averge
occupation
all KLM hangers

Man hours per type for 
standard A-check

6out of8
hours of shift are 
“productive”. 

Work planners dev-
ide the work in the 
most efficient way in 
between the times 
the aicraft have to be 
brought to the back. 
Productivity can be 
seen as how fast the 
workers complete 
the taskcards set for 
1 A-check.

They therfore cal-
culate the time that 
is needed per task. 
This is done by using 
“norm times” from 
Boeing. Engineers 
multiply these times 
with a factor 1.4. 
The 1.4  factor is 
neccessary because 

need time for per-
sonal hygiene walk-
ing to get material 
and breaks. There 
is a difference be-
tween task times 
and acces times. 
Boing times are 
clean “task times”.
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Maintenance in general

The Hangar
Most aircraft maintenance takes place in han-
gars. The largest hangar at Schiphol Airport is 
more than three hundred meters wide, more 
than a hundred meters from front to back, 
and about thirty-five meters high. It takes six 
jumbo jets to fill it up.

Out Hangar, H12 ( Han Luymes , is connect-
ed to H11. It has a ground surface of 131x92 
m and is 31 m high. You can read more about 
“our hanger in “Name Heading, on page...”

 

http://www.klm.com/corporate/en/about klm/profile/index.html 

KLM Engineering & Maintenance is KLM’s technical division. It is one of the world’s 
largest workshops for aircraft and has about 5,000 people working around the 
world. KLM E&M provides technical support to KLM and more than twenty oth-
er airlines at more than fifty airports. We will be looking at the different aspects 
regarding maintenance of aircraft in order to fully understand the needs and de-
mands of a hangar and the work done by the mechanics. 
There are three types of maintenance: On Platform, Extensive and Major Overhaul. 

Maintenance on platform
Aircraft that fly every day get a little bit of 
maintenance before every flight. This type of 
maintenance takes place right where the air-
craft are standing, out on the platform, so they 
can get back into the air as quickly as possible. 
Ground engineers - specialized technicians - 
give each aircraft a thorough check in a short 
period of time. They check the components 
(an aircraft can have over 30,000 components) 
accoriding to a checklist and to reports from 
the aircraft crew. An aircraft can not take off 
without this check and official approval.
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Major Overhaul
Evry eighteen months, an aircraft goes into 
the hangar for a thorough inspection. Then 
there is the major overhaul, in which tech-
nicians take five or six weeks to more or 
less turn each aircraft inside out. They look 
at every nut and bolt, and every “bell and 
whistle,” with extreme care. This can also 
include things like the complete overhaul 
or replacement of jet engines. Mainte-
nance like this is required after a set num-
ber of flight hours, usually every five or six 
years.

Extensive Maintenance 
Every four or five weeks, every aircraft has to 
spend a full day in the hangar for extensive 
maintenance. This includes thorough cleaning 
of the aircraft cabin. If necessary, mechanics 
will repair or replace things inside or outside 
the plane. This kind of maintenance helps tak-
ing care of a lot of small problems, which could 
otherwise become big ones in time.

this 4/5 week time span is determined by the 
tasks that need to be completed during this 
kind of maintenance. Analysts try to cluster 
the tasks in such a way that the aircraft is “of 
duty” as little as possible. You can read more 
about the tasks and types of maintenance in 
The Checks, next chapter 



94

6.2 The checks at KLM
As explained in the introduction there are different kinds of checks,we call them: 
A-checks, B, checks C-checks, H-checks. All checks are sceduled according to Boe-
ing demands. This is calculated in different timeslots that indicate when a check is 
needed: 1. start/landcycles, 2. Calenderdays, 3. Flighthours. There is a difference in 
planned and unplanned maintenance; When aircraft encouter unexpected problems, 
they come in requiring unplanned maintenance.

P-Check
Check performed on Platform, 
hence the P. It’s at the central 
arriving place of the aircraft, this is 
planned maintenance.

H-Check
These are small maintenance 
checks. They are unplanned, and 
consist out of small malfunctions 
that do not cause problems for 
the planned flights. When there is 
time, a package of these malfunc-
tions are wrapped in a H check and 
the aircraft is brought in. the time 
an H-checks takes fluctuates a lot, 
since it  contains a lot of trouble 
shooting, materials that need to 
be ordered and unknown errors. 

AOG
Aircraft on ground, meaning an 
aicraft cannot leave because of 
an faulure or malfunctioning part. 
These are alwasy rush jobs, con-
sidering that the aircraft had to be 
on its way, but couldn’t because of 
an unexpected failure. In this case, 
men from the hanger go to the 
plane (centre) and fix the problem 
outdoors.

A Check
This is performed approximate-
ly every 250 flight hours or 
200–300 cycles. It needs about 
20–50 man-hours and is usually 
performed overnight at an air-
port gate. The actual occurrence 
of this check varies by aircraft 
type, the cycle count (takeoff 
and landing is considered an air-
craft “cycle”), or the number of 
hours flown since the last check. 
The occurrence can be delayed 
by the airline if certain predeter-
mined conditions are met.

C-Check
This is performed approximate-
ly every 20–24 months or a 
specific amount of actual flight 
hours (FH) or as defined by the 
manufacturer. This maintenance 
check is much more extensive 
than an A check, requiring a 
large majority of the aircraft’s 
components to be inspected. 
The time needed to complete 
such a check is generally 1–2 
weeks and the effort involved 
can require up to 6,000 man-
hours. 
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Robert: “ I love troubleshooting, It’s my fa-
vourite part of the job:  like a puzzle that 
you have to solve.”
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6.3 Equipment and Tooling
We consider 3 types of equipment: 
Hangar equipment, standard equipment, Stock equipment. 100%lijst 

Task cards and equipment
Each taskcard mentions the 
tooling needed to complete 
that specific task. When the 
tools are not available (not 
in stock or lost) the hangar 
workers can place an order 
for that piece of equipment. 
transportwill deliver the re-
quired tooling from another 
stockroom. When a piece of 
hangar equipment is not at 
the assigned spot, the task-
card can not be completed. 
The mechanic or GWK can 
ask their lead to find a solu-
tion whilst continueing with 
another task.
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Stock equipment
Stock equipment is larg-
er equipment that is spe-
cifically ment for one task. 
sometimes it consists out of 
several parts and is kept on 
moveable trolleys. It is of-
ten calibrated and therefor 
needs to be stored with care. 
When a tasks demands such 
a tool, the worker can collect 
the tool at the stockroom. 
When showing his id card, the 
tool is registred at his name in 
SAP.H When returning it, the 
tool is deregistred in SAPH.

Hangar equipment
This is all larger equipment 
that is stored in the hangar 
itself.  Squares marked by yel-
low lines indicate where the 
equipment can be placed. 
Think of stairs, jacks or airco 
units. These lines are called “ 
vlekkenplan”

100% list
All equipment and materi-
als that are mentioned on 
the taskcards of that day are 
assembled in one list: The 
100%list. This list contains 
all equipment that are on the 
taskcards. In the current sit-
uation. This list is checked 
manually to see wheter all 
equipment is actually in stock 
and can be used. This is an im-
mense job ( 45 lists a week).
Simply showing what is miss-
ing would be more efficient.

Standard equipment
Hammers, screwdrivers, 
tongs and other small and 
simply tools are kept in red 
or blue tool trolleys. The 
men take their trolley to the 
aircraft at the beginning of 
their shift. The idea is that all 
equipment is near the aircraft 
when working, which lim-
its walking distances to the 
stockroom. The trolleys are 
discharged by (chip) card on 
name of the specific worker 
that collects that cart. When a 
tool is missing, tooling can be 
quickly refound when check-
ing the that specific worker. 
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Stockmanagement consist out of three parts: Maintenance of equipment, 
Calibration of equipment and users/registration of the equipment.
Mechanics walk to the equipment stock about 4 times each shift.

Stock Management 

Maintenance of equipment
Just like all products, equipment wears 
out after a certain amount of time or use. 
Equipment needs to be cleaned and lubri-
cated. This is done in the stockroom, by the 
Hangar Support Group (HSG). When a me-
chanic misses a tool or finds one damaged, 
he fills in  damage report form and drops in 
a specified mailbox. The forms inlcude se-
rial number of the tool and it is than taken 
care of, 

Defective equipment
When a tool is defect the men fill in the 
form mentioned before. By rights, the lead 
needs to be notefied, so he will take care 
of fixing antother tool, but often men go to 
the stockroom themselves because it is less 
of a hussle. Replacement can be ordered 
from another hangar. Defective equipment 
does not happen too often, about once 

Equipment after usage.
Hangar equipment has to be placed back 
in their spot according to the vlekkenplan. 
This does not always happen because 
some equipment is heavy and used at that 
position a lot. Tools from the stockroom 
are returned immediatally after the task-
card is completed. However, experienced 
GWK’s know that when completing a cer-
tain set of cards, they will need that tool 
again, than they keep it on their trolley.

Calibration
Tooling needs to be calibrated. It depends 
on the specific tools which tool needs to 
be calibrated when. There is a special team 
(Planning) that keeps track of the update 
times. an accuring problem is that often 
one type of tool is bought in pairs. So all 
of that type need calibration at the same 
time, leaving the men without any tool to 
complete their tasks. They than order tools 
by calling to other hangar stock rooms.
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Registration and Ownership
All equipment is “owened” by somebody. 
When grabbing a toolcar, the user scans 
his employeecard and than grabs a key to 
the tooltrolley from the TRAKA. each new 
user checks wheter the trolley is complete. 
Same when getting equipment from the 
stockroom: stockemployee scans the card 
and scans the serialcode of the tool. This 
way all tools are always trackable to a me-
chanic when lost.

Transport
When a tool is not present, 
it needs to be 
ordered from another han-
gar stockroom. This is done 
by the stock room em-
ployee. A runner brings the specific tool to 
the right hangar. This runner does rounds  
around the hangards and comes by every 
15 minutes. During night shifts there are no 
runners or too little. In that case, mechanics 
grab van to get the missing tool themselves.

Ronald: “Equipment management is 
essential for eficient maintenance, If the 
tools aren’t there, those boys can’t do 
their jobs”
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Pre ordered materials
Since many checks always need the same 
basic materials to complete te planned 
maintenance, materials are ordered cen-
trally. However 50% of the time, mate-
rials are missing or the wrong material is 
delivered. Matarials are than ordered af-
terwards which causes waiting time and 
waste. 

Consumables
“Verbruiksartikelen” These are mate-
rials that you can grab from the “ Bon-
loze Kast”, think of bolts and screws. 
They are not integrated in tooltrolleys, 
but centralized in one board. The board 
is refilled by runners, but often refill is 
too slow leaving the boards empty. 
Mechanics often take too much mate-
rials with them because they want to 
avoid walking up and down when tak-
ing too little. They often mis place the 
remaining items when returning them. 
 

 Serviceables
“ Gebruiksartikelen” These materials are 
pre ordered, but when encountering a 
non-routine, or when something went 
wrong, the men have to order these ma-
terials ( spare parts, tires etc) They are 
brought by a runner,  but often the deliv-
ery stands are far from the plane. 

Materials
Stockmanagement consist out of three 
parts: Maintenance of equipment, 
Calibration of equipment and users/
registration of the equipment.
 

Transport of materials
Small materials ( bolts, screws etc) 
are deliverd from the stock room via 
“buizenpost”. This is the fastest and 
the cheapest way of moving goods.  
Disadadvantages of this method are 
that the GWK’s do not know when 
their ordered material is delivered, 
so they have to walk several times 
up and down to check, and when 
the system is old or not well main-
tained, materials get stuck often. 
Larger materials are brought down by 
a runner.
 

Materials system analysis
Consumables are ordered in RUM-
BA,Servicables are in SAPH.
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“During night shifts, there are no runners.. 
So I just go and get my stuff myself. I guess 
it is less efficient, but I still need that ma-
terial” 
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Flowchart  tasks 
GWK actions during a general A-check

The flowchart below gives a general over-
view of the actions executed by a mechanic 
(GWK) when working on an A-check.  The 
chart starts when putting on an overall to 
start the eight hour shift, and ends when the 
shift ends.

The orange blocks represent the actions exe-
cuted. Dark orange is an action that includes 
a decision. Blue blocks represent the two 
possibilties the GWK can encouter, each op-
tion has its own color arrow, grey or black.
For larger version see appendix.
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Flowchart  tasks
Waste indicated 
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Flowchart  of the Future
Rooms specified 
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New Organisation
Four elements specified 
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Conclusion

Having performed the research, I 
understood how the hangar of to-
day functions. It was then possible 
to think what the flowchart of the 
hangar of the future should look 
like. In this future the KLM organ-
isation would ideally be organised 
in a different way. This new pro-
cess with new organisation and 
implementation of new technolo-
gy such as tablets requires differ-
ent spaces and a new flow. This will 
be taken into account when de-
signing the output specifications
 



111



112

4.2 CONTEXT IN 
AVIATION INDUSTRY
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4.2 CONTEXT IN 
AVIATION INDUSTRY

Introduction of the new Boeing 747  in 1970 with stewardesses from the different airlines that 
bought the new model. Source,  klm website.
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5.1 Context Boeing 787

The Boeing 787 Dreamliner was introduced 
to the public on the 8th of July in 2007 in a 
roll out ceremony (7/8/7 in American date 
notation). The plain performed it’s first three 
hour test flight on 15 december 2009 in 
Everett and was completed in 2011. 

Originally the airplane was planned to be 
completed in 2008, but several difficulties 
caused a delay that would take three years. 
Also, In 2013 problems occurred with the 
lithium batteries of several 787’s and the 
airplane was not allowed to make any more 
flights until this problem was investigated 
and solved. After Boeing completed tests on 
a revised battery design, the FAA*  approved 
the revised design, and lifted the ground-
ing on April 26, 2013. The 787 returned to 
passenger service on April 27, 2013 with 
Ethiopian Airlines. 

KLM Royal Dutch Airlines was founded on 7 October, 1919 to serve the Netherlands and its 
colonies.  KLM is today the oldest airline still operating under its original name. KLM has been 
part of the AIR  FRANCE KLM  group since the merger in 2004.  KLM is the core of the KLM 
Group, which further includes the wholly-owned subsidiaries KLM Cityhopper, transavia.com 
and Martinair. 

The assembly of the 787 was also innovative, 
Boeing used subcontractors much more in 
the process then in previous airplanes. The 
different parties produce different parts that 
are joined and integrated in Everett. The 
location of the factory in Everett was chosen 
by organising a competition between the dif-
ferent states. Washington has the best entry, 
and won the competition. ** 

The 787-9 variant was completed in july 
2014, this is the type that KLM purchased. 
The dash nine variant is 6m longer and can fly 
further than the first series. The first Dutch 
airline to buy a 787-8 is Arke fly, now KLM 
follows with the 787-9. The 787-9 offers 
place for 263 to 282 passengers and the first 
of 25 airplanes will arrive at Schiphol in sep-
tember 2015.***  
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* Federal Aviation Administration (FAA) and European Aviation Safety Agency (EASA)
** Wagner, M., & Norris, G. (2009). Boeing 787 dreamliner. Zenith Press
***Boeing 787: Orders and Deliveries The Boeing Company. January 2015. Retrieved April 4, 2015. 

Product chart Boeing 787 source The Boeing company newairplane.com-787



116

The Airbus A380 with a capacity of between 
555 and 853 passenger indeed changed this 
monopoly position of Boeing .  **

BOEING 737
The Boeing 737 was originally developed as 
a low cost, short twin engined airliner. It is a 
short to medium range airplane developed 
from earlier models such as the 707 and 727. 
A line of nine airplanes was produces that 
could carry between 85 to 215 passengers. 
At the moment the 737 is Boeings only nar-
row-body airliner in production, the -700, 
-800, and -900 ER variants are still currently 
built.  Boeing has even redesigned the model, 
the 737 MAX will be presented in 2017. 

The Boeing 737-100 made its first flight in 
April 1967 and started it’s airline service at 
Lufthansa in 1986 17 After that the longer 
737-200 entered airline service in 1968.  The 
-300, -400 and -500 series were presented 
in the 1980’s which lead to the name “Boeing 
737 Classic series” These Classics The 737 
Classics added capacity and with the CFM56 
Turbofan engine and wind improvements 
these airplanes were considered innovative. 
The 737 Next Generation existed out of the 
-600, -700, -800 and -900 versions and the 
lengths differ from 31 to 42 meters.  

As Kinglsey Jones describes: “The 737 series 
is the best selling jet airliner in the history 
of aviation”  The assembly lines of the 737 
are located at the Boeing Renton Factory in 
Renton, Washington. The aircraft currently 
competes with the A320 family. *** s is the 
best selling jet airliner in the history of avia-

5.2 Boeing 787, 747 and 737
BOEING 787
The 787 is a wide body airplane, meaning 
that it has more than one corridor. To be pre-
cise, the interior has a capacity of transport-
ing 242 to 335 passengers in a 3 class seat-
ing configuration. The Boeing was developed 
by Boeing Commercial airplanes as a long/
range, twin engine midsize jet airliner and it 
is the most fuel efficient airplane Boeing has 
built. 

One of the reasons it is so efficient is that is 
it the first airplane to exist out of compos-
ite materials, the 787 is 20% more efficient 
than the 767 it is replacing. Next to that the 
airplane has mostly electrical flight systems, 
a four panel windshield and a more aerody-
namic design. The assemblage takes place in 
fabrics in Boeing factories in Everett (wash-
ington) and Charleston (South Carolina)   

THE BOEING 747
When Boeing created the 747 in 1970, a 
new type of airplane was born. This airplane 
was the first wide-body airplane and from 
the first commercial flight in 1970 until the 
introduction of the Airbus A380 in 2007 it 
was the biggest airplane in the world. At the 
time Airbus expected that in the near future 
it would become possible to build supersonic 
airplanes. Therefore they designed the pos-
sibility to transform the 747 into a cargo air-
plane by increasing it’s height and adding a 
door in the nose of the airplane.

 Airbus responded to this 747 by creating 
the A380 to increase their market share in in 
the segment of the larger airplanes, in which 
Boeing previously had a monopoly. 
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* Vetter, J. A., & Board, C. F. S. (2011). US Department of Transportation Federal Aviation Administration. 
** A380 superjumbo lands in Sydney. BBC (25 oktober 2007)
***The Boeing 737 100/200.” Airliners.net, Demand Media, Inc. Retrieved: April 22, 2009. 
*** Kingsley Jones, M. (2009). 6,000 and counting for Boeing’s popular little twinjet. Flight International.
**** Cannegieter, R. (2010). Long Range vs. Ultra High Capacity. Aerlines. nl. Retrieved April, 8.

The Boeing 787 is again a response from 
Boeing to the Airbus A380. But the goal of 
the 787 was no longer to just build a bigger 
airplane, things in the aviation industry had 
changed. Boeing expects that in the future 
airlines will be more interested in smaller, 
fuel-efficient airplanes that fly non-stop. 
They expect more fligths to be without 
transfers, also called point-to-point flights 
instead of hub-and-spoke **** 

 As a reaction to the Boeing 787 Airbus has 
now started developing the Airbus A350, 
which will be smaller than A380.

The developments in the aviotion industry 
are relatively predictible since aircraft are 
ordered years in advance. This makes it pos-
sible to design for the near future.

5.3 The future context
The changes in the aviation industry, such as 
type and size of aircraft have an impact on 
the activities that have to be performed in 
the hangar and are therefore interesting for 
analysis : See chapter about the fleet and the 
external analysis.

Hangar 12 will be the first 787-equipped 
hangar in the Netherlands in an industry 
that will contain an increasing amount of this 
type of aircraft. This creates opportunities 
that should be considered while designing 
for the future.

The expectations for the future will be 
visible in the list of requirements since the 
hangar has to match the functionalities of 
the future as well as the functionalities of 

Visualisation of difference betweem Point‐to‐Point en Hub‐and‐Spoke, https://people.hofstra.edu/
geotrans/eng/ch1en/conc1en/hubnetwork.html 

Hub and spokePoint-to-point
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4.3External Analysis B787

Maintenance
Airlines currently flying B787’s with capacity of a 100% 
own maintenance ( hangar and equipment capacity )

- British Airways (part of Boeing Goldcare)
- Lufthanse Technics
- Sabena Technics
- Monarch Aircraft Engineering (part of Boeing Goldcare)
- ANA
- JAL
- United Technical Operations
 - KLM
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KLM E&M ' s vision is to execute high qual-
tiy maintenance on blue aircraft. 
About 10% of aicraft maintained in a KLM 
hangars however is of one of their daugh-
ters or competitors
 

5.2 KLM E&M clients
When an aircraft is stranded on Centrum, 
and they are in need of thorough repair, 
they are welcome in one of KLM’s hangers 
when there is a free spot in the scedule. 
Over the years, almost every airline has vis-
ited KLM’s E & M.
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The faculty of Industrial Design Engineering of the TU Delft hosts a chair that is called 
design for emotion. This chair focusses on how design can influence the way people act 
and feel. This chair uses emotions as a designtool.

When you design for the emotion “pride” the product or building will become very dif-
ferent from designing for the emotion “feeling safe”. To be able to design a toolkit and 
hangar that the people feel happy in research in the feeld of designing with emotions 
will be used. and that by doing so increases the productivity research in this field will be 
used while designing.

Literature about designing for emotions will be used to design a space not only based on 
technical specifications but also taking the actual user into account.

4.5 Design for emotion
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Firstly we have to understand emotions in order to design for this. When you ask “how are 
you” and somebody says “ good!” This does not say anything yet. Emotional granularity is the 
level of detail that is present in the data of all emotions. This understading of details in emo-
tions can help us design better for the different positive emotions. 

In the images the different emotions are categorized. In the black and white picture several 
emotions are visualized. The emotion “happy” actually is much more then just one emotion as 
the classification immage shows.

When we can identify emotions we can start looking at emotional dilemma’s. Human behavi-
are often is a reaction on a certain dilemma. A svery simple example of a dilemma: “shall I eat 
a coockie or an apple” 

Anger  Contempt    Disgust     Surprise       Sadness      Happyness    Fear

Granularity of emotions

Classification of positive emotions
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Designing for Dilemma’s

Universal Human Goals

Source images: Ozkaramanli, D., Desmet, P. M., & Hekkert, P. P. M. (2012, September). Proud 
to be in control: Understanding concern conflicts and initial principles for conflict-inspired 
design approaches. In Out of Control: Proceedings of the 8th International Conference on 
Design and Emotion, London, UK, 11-14 September 2012.
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Implementation 
“Design for emotion” as designtool Outdoor area H12
The theorie about design for emotion can be implemented for the design of the outdoor area 
of Hangar 12 to show how this design tool can work. Step one is to pick different emotions 
that you want people to experience or that you want to influence. In the outdoor area of the 
hangar I chose the following three emotions that are also part of the key words for the design 
of the entire hangar.

1. Connected/socially involved
2. Inspired
3. Relaxed

1. Relaxed
The option below shows comfortable furniture, benches with back support, a table to sit on a 
a chair to lay in. The choises for this design were made by thinking of how to support people 
when they want to relax in the garden.

2. Connected
This option invites people to feel connected to each other. The circles on the ground and the 
round shapes of the furniture contributes to this.

3. Inspired
This design gives freedom to people to sit in different directions with different people. Be-
sides surprising elements are added to the design such as wish and idea notes on the tree 
(waterproof) and coloured lights in the tree to inspire in the nightshifts.

Buitenruimte H12
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Connect

Inspire

Relax
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4.6 Conclusion research into offices
- Open offices have several downsides: noise from colleagues, no privacy and distraction.

- Open offices have several advantages: better communication, more social activity among em 

   ployees, pleasant work environment. 

- The use of plants and decoration has a positive influence on the appreciation of the work area.

- New way of working is not about a fancy office but about a change of idea. Businesses should     

  not try to control productivity by a strict corset of office hours, workplaces, hierarchy and work  

  groups. The focus should be more result driven, more responsibility and freedom for the em

  ployee will lead to high productivity, work satisfaction and health.

- Overall: New way of working has positive effect on productivity and work satisfaction

- Flex working / working from home can save costs, increase work satisfaction and productivity. 

  However the work culture should first be prepared before this is implemented. Otherwise no

 change in behavior of the employees will occur and there will not be enough workplaces. 

- It is not a trend to work from home, this way of working will continue in the future. “The work  

  place “ as it was once known does no longer exist, people work from home, in the train, in bars 

  and café’s and the style of working (casual long tables for example) has changed as well. Here 

  we should define what is just a fashion and will change and which aspects are usefull for the 

  design of the future. 

- The concept of The New Way of Working is already old and offers room for improvement and 

  requests more research since much research was performed before the developments of new 

  technology such as for video calling, new computers and mobile phones.

- Personalization of the workplace is important for employee wellbeing. 

 1. Emphasize Personal Identity : The use of decoration pictures etc. or the very lack of  

     decoration says something about the person that you are. 

 2. Emphasize Shared interest: for example at KLM a picture of B 787 will stimulate a

               feeing of community and supports the group feeling

 3. Building relations: When you place pictures of your family colleagues can more easily   

               ask how they are doing and tell about their own family. 

 4. Motivation: research shows that 33% of the personal objects are not visible for others   

               and serve a motivational, inspirational purpose. For example a family vaction picture   

               calmes you down is stressful situations.
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Implementation advice for the design of offices after research:

- Create small open office groups of around 6-8 people.

- Design the main work area with flex places and a pleasant informal ambiance.

- Arrange  small area’s for calls to decrease noise.

- Arrange private work spaces for tasks that need to be performed in upper concentration  

 besides the main office. 

- Create area’s and meetingrooms where video calling is possible, when people work from h 

 home it should still be possible to connect with colleagues. 

- Design a relaxing area at a location where the noise does not disturb the employees and  

 that is located near a coffee machine and in good view of the walking routes.

- Pay attention to liminal spaces, the corridors, stairs, toilets, coffee corners and other non  

 defined area’s in the hangar because they are part of the experience as well.

- Offer space for personal expression even when the offices are flex

- Create the possibility to personalize the workspaces or planningarea’s

Literature:
Amabile, T. M., Conti, R., Coon, H., Lazenby, J., & Herron, M. (1996). Assessing the work environ-
ment for creativity. Academy of management journal, 39(5), 1154-1184.

Brennan, A., Chugh, J. S., & Kline, T. (2002). Traditional versus open office design a longitudinal 
field study. Environment and Behavior, 34(3), 279-299.

Campbell, D. E. (1979). Interior office design and visitor response. Journal of Applied Psychology, 
64(6), 648.

Brookes, M. J., & Kaplan, A. (1972). The office environment: Space planning and affective behav-
ior. Human Factors: The Journal of the Human Factors and Ergonomics Society, 14(5), 373-391.

Byron, K., & Laurence, G. (2014). Diplomas, Photos, & Tchotchkes as Symbolic Self-Representa-
tions: Understanding Employees’ Individual Use of Symbols. Academy of Management Journal, 
amj-2012.

Desmet, P. M. A., & Pohlmeyer, A. E. (2013). Positive design: An introduction to design for subjec-
tive well-being. International Journal of Design, 7(3), 5-19. 

Hochschild, A. R. (1979). Emotion work, feeling rules, and social structure.American journal of 
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McElroy, J. C., & Morrow, P. C. (2010). Employee reactions to office redesign: A naturally occur-
ring quasi-field experiment in a multi-generational setting.Human Relations, 63(5), 609-636.
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Chapter 5 
Analysis H12
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Steel Construction

5..1 Context

Map Schiphol
Hangar 12 in the orange ring

source: own illustration
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Floorplan Hangar 12
Ground Floor

source: KLM tekenkamer 

147m

74 m

131m

93 m

31 m

124m
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5.3 Functions Hangar 12
Ground Floor



135

Functions Hangar 12
1st Floor
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Relation functions H12 KLM
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Walking roots  H12

Conclusion drawing movement + function
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5. 4 Facade details Hangar 12
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Facade impressions H12

3 options
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Facade impressions H12

3 options

Conclusion drawing facade
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Option 1. Three aircraft

Option 2. Four aircraft

5.5 Positions aircraft 
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Option 3. Chosen option 

Conclusion

The final decision for the position of the 
aircraft in the new H12 is option 3. The 
main reason for this is that the water 
channels for wastewater are already 
present in this position, Changing this 
would require a large renovation of the 
concrete floor which would be expensive 
and would prolong the process.

It is possible to position four 747 types 
next to the 787 in the hangar. KLM how-
ever requires only 4 positions for aircraft 
and it would be difficult to manouvre 
the planes therefore option 2 will not be 
executed.

Limits positioning
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Option 1. Traditional

5.6 Options floorplan 

Equipment

Equipment

Planning / meeting / ?

Workshop
(OHWP) FO

Warehouse 737 + 787

Tool Control

Option 2. Central warehouse

Option 3. Warehouse central Option 4. WH split in two

Option 5. Offices central Option 6. Empty ground floor

43

21

65
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Option 7 Offices on edge Option 8. Offices right

Matrix options Valued rating options Values 1-6

Eight options for the floorplans were analysed, these floorplans are based on the flowchart 
of the processes and the List of Requirements of today and the future that lead to a List of 
requirements of Tomorrow. The List of requirements was then linked to m2’s.

The different options were rated on 6 criteria mentioned in the table above. Option 2 and 6 
already fall off the possible solutions since some functions such as the front office are re-
quired on the ground floor. Option 6 is not possible because it would require the movement 
of the fire distuinguisher installation which would be a very costly activity. 

When we look at the matrix option 1. and 5 score best. Otion 1 is the way the hangar looks 
like now nd option 5 positions the offices in the centre of the hangar. In the second table 
a value is added to the different subjects the hangars are compared to. Also after addding 
different values the options 1 and 5 score best. It seems logical to conclude that we then 
should continue with option 1 as it has the highest amount of points. The 6 subjects how-
ever did not cover all the aspect such a design choice should look at. Therefore I will inves-
tigate the plus and downsides of option 1 and 5 further. Please read this analysis on the 
following pages.

Conclusion analysis floorplan options

87
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Spagetti chart movement flows Today
Option 1. Central Today

Option 2. Sides Today
PERFORMED ACTIONS
- enter hangar 12
- change clothes
- coffee @ opkomstruimte
- check in @ planruimte
- check material
- order new material
- start tasks
- get material @magazijn
- continue tasks
- (dinner) break
- continue tasks
- move to trash area
- check out @ planningsruimte
- change clothes
- Go home
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PERFORMED ACTIONS
- enter hangar 12
- change clothes
- coffee @ opkomstruimte
- check in @ planruimte
- check material
- order new material
- start tasks
- get material @magazijn
- continue tasks
- (dinner) break
- continue tasks
- move to trash area
- check out @ planningsruimte
- change clothes
- Go home

Option 2. Sides Future

Spagetti chart Future movement flows
Option 1. Central Future
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Comparing Two options

Pro’s option 1. Side offices
- Central area for tooling and equipment 
    > Can be shared by all aircraft in H12
- Old buildings can be re-used
- Empty space on the sides of the hangar are  
used efficiently
- enough space on GF

Contra’s  option 1. Side Offices
- No central space and overview
   > unclear typology and wayfinding
- Longer walking distance to the “opkomstru-
itme from the airplanes on the right side
- Mix equopment 787 + 737’s 
- Messy central area  with equipment + tools
- Demolishing costs existing offices 1st floor.

Pro’s option 1. Central offices
- Central space and overview
   > clear typology and wayfinding
 - Feeling of unity between employees
- Statement architecture
- Clear separation tools equipment 737 787
- Short walking distance to all fascilities that 
are placed centrally
- Flexibility in future use of the rooms

Contra’s  option 1. Central Offices
- No direct daylight offices
- Demolishing costs side existing rooms on 
the sides
- Sides are not an optimal position for shar-
ing tools and equipment 787 - 737
-  Not enough space GF> functions lifted to 
1st floor > less open less contact

2 options: Offices Central or on the sides

CONCLUSIONS SPAGETTI CHART

Taking the changes of the future into 
consideration, the location of the equip-
ment and tools is more important than the 
location of the offices. The reason is that 
the offices will be used much less when tab-
lets or laptops are available, whereas the 
equipment and tools will be of almost equal 
importance in the future. The 787 however 
will need more ITdriven maintenance due 
to its electrical system and less frequent 
maintenance because of the composite 
materials.

- Distance to Tools and Equipment is equal 
in both options
- Distance to Front office is much larger in 
the Sides option
- Tools and Equipment cannot be shared 
when not places centrally
- Distances in the Future will become 
shorter
- No significant distance differences be-
tween the two options.

Positions offices in the hangar
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Positions offices in the hangar
OPTION 1. OFFICES ON THE SIDES

OPTION 1. OFFICES IN THE  CENTRE
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5.2 CONSTRUCTION H12 
The firm Hollandia BV received a request on the 11th of August 
1977 from KLM to compete with other companies to realize a new 
KLM hangar. Attached to this request was a global design for the 
hangar as visible in the figure. 

Hangar 12 exists out of a square that has dimensions of 115x74 
meters with a height of 38,4 meters. On the short side and the 
south side of the hangar a lower part is built with a height of 28,3 
meters to connect to the existing H11. 
 
The following aspects were importent for the construction
1. The door opening had to be at least 103 meters and a free 
height of 25 meters to make sure the Boeings 747 could enter the 
hangar. In the definitive design this became 105x25 meters.
2. In the main area of the hangar a crane of 10.000kg had to be 
placed that could be used in the entire hangar.
3 size of the truss above the doors and the roof of the central area 
in the hangar that has to span 115 meters.

the systemsize of the roof is 114,45x73,35 meters. The roof exists 
out of a steel plate with isolation above this and on top a layer of 
bitumen. The purlingdistance could be 4 meters. the roof rests on 
several support points but not on the walls of the hangar. 

Different span directions were investigated, but in the end the 
solution KLM already proposed turned out to be the best. The 
reasons for this were for example the different trus sizes that were 
easier to transport or cheaper to produce in this final option or the 
trusses of equal size that lowered the productioncosts.  The final 
construction is visible in the figure. 

The most profitable span distance was calculated at 16,35 m. The 
truss head is designed as a fully clamped portal truss with a free 
span of 105 x 25 meter. To avoid big foot-moments a portal truss is 
laterally held by a heavy windcross at the doorwalls. The horizon-
tal forces on the backside are supported by the two V collumns. 
Stability in the other direction is created by the crosses in the two 
walls on the sides of the doors.

***Ir.C.D.J.Overhoff ‘Hangar 12’, Bouwen met staal , No.48. 1979, pp 20 
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Placement of the 16m trusses

Source: ‘Hangar 12’, Bouwen met staal , No.48. 1979, pp 20 -29

Construction H12
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MAIN CONSTRUCTION
The main truss is 9 meters high and is located above the doors.The 
forces in this truss can reach up to 20.000 kN in the girder, 25.000 
in the stanchion and 10.000 kN in the foot of the spant. The edges 
of the spant are therefore made out of linked HE and IPE profiles 
600 series, see fig.  The diagonals are again these profiles and all 
the connectoins are bolted so that they could easily be transport-
ed to Schiphol. The 73 timbers (spanten) all have a construction 
height of 6 meters.

On the 16 trusses in the roof the purlins are located h.o.h 4,075 
meters from each other that carry the steel roofskin. 
In the walls the collumns are located 8meters h.o.h. from each 
other. The facade is linked to a horizontal construction (regels) that 
are connected to the construction by pull props (trekschoren)
the lowest 2,4 meters exist out of prefab concrete elements with a 
window.

The taildocks are 26 meters high and are adjustable. This allows 
the hangar to be used for several different types of aircraft.

EGGBUILDINGS OF H12
On the South side of the building  on the bataviaweg the offices 
are located. In the lower area (40mx20m 6 meters high)  a trans-
port corridor is designed. In a three stories high part (50x20m 14 
metres high a cantine and offices are located. The cantine is closed 
today. 

The construction of these buildings exist out of a steel skeleton 
with concrete floorsprefab wallplates and Durax roof. The build-
ings are separated  because the fundations are realized seperatel 
and the 14 meter high buildings is realized seperately form H 12 
because it would otherwise start following the relatively large 
movements of the large hangar. The 6 meters high buidings has 
two spans of 10,2m , the 14 meter high building has spans of 8, 10 
and 15 meter. The montagetime was about a month.*

***Ir.C.D.J.Overhoff ‘Hangar 12’, Bouwen met staal , No.48. 1979, pp 20 
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Scheme of H12

Backside buildings H12

Source image: Ir.C.D.J.Overhoff ‘Hangar 12’, Bouwen met staal , No.48. 1979, pp 20 



154

Roof view H12

Section A-A

Section B-B
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Roof view H12

Section A-A

Section B-B

Section D-D

South-West facade

North-East facade

SourceKLM archive 1979 drawings Hollandia
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Sections interior

Section interior
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Roofview + Section A and door construction

3D analysis drawing
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7.4 Noise
Sound waves are produced and spread in 
all directions. When the sound wave comes 
in contact with a hard surface, part of the 
wave is absorbed and part is reflected. The 
harder the surface, the larger the percent-
age of sound that is reflected and this caus-
es reverberation in the room. The amount 
of reverberation is expressed in reverbera-
tion time. This is the time in seconds it takes 
for sound to decrease 60 dB in strength.
A longer reverberation time results in poor-
er acoustics and in both the hangar and the 
office, we expect an that he desired rever-
beration time will be exceeded.

Advice Hangar 
The acoustics in the room can be improved 
by the application of sound-absorbing
materials. The reflections of noise are re-
duced by the application of sound-absorb-
ing materials, and the reverberation time 
will be shortened.

Reflections and reverberation time
The reduction of reflection is most effective 
in the immediate vicinity of sound sources 
but can also be reduced by using noise ab-
sorbing material. The farther the sound-ab-
sorbing surface is removed from the source, 
the more material is needed in order to 
achieve a positive result.

The shortening of the reverberation time 
is also carried out by the application of 
sound-absorbing materials and is in fact 
based on the same principal. It requires rel-
atively large amounts of material to shorten 
the overall reverberation time in the space. 
The ceiling would provide the most suitable 
surface.

Solutions and materials
In addition to acoustic properties, we also 
recommend things like durability and fire 
safety. It would be wise for the acoustics of 
the hangar to make a combination between 
acoustic measures under the ceiling and on 
the wall. In the offices the ceiling is the most 
effective surface. Depending on the final 
classification additional or more effective 
absorbent surfaces can be accomplished by 
also placing wall panels or acoustic room di-
viders.

Hangar
In the hangar, it would be an option to use 
industrial ceiling islands as an acoustic mea-
sure. These islands are locally modular sys-
tem with a visible profile in white and fitted 
between trusses, steel structures, etc. The 
ceiling islands can be mounted about 800 
mm below the ceiling.

Additionally, it is recommend to place sound 
absorbing material on the bottom half of 
both short walls in the hangar. A combina-
tion of a durable and aesthetic solution is 
could be the use of perforated cassettes 
in the colour white provided with a sound 
absorbent pad based on polyester wool. 
The cassettes are placed at or between the 
horizontal girders. A photo can be printed 
on these panels as well. Combinations with 
light (backlight) are possible. To achieve the 
desired acoustics of about 2.5 seconds,  ap-
proximately 8,000 m2 ceiling islands will be 
necessary as well as 2000 m2 of wall pan-
els.
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7.4 Noise
Office
An option for the acoustics in the offices would be to apply Pyracoustic cylinder baffles. 
These cylinders are manufactured from high grade melamine foam. They have a diameter of 
150 mm and a length ranging from 40 to 120 cm. these cilinders will still show the concrete 
ceiling with piplines that emphasize the industrial feeling of the hangar.

In order to achieve the desired reverberation time of 0.5 to 0.6 seconds 6quired. If varying 
lenghts are used, for example 40 and 80 cm, extra efficiency is realized since more frequen-
cies can be absorbed.

Source: KLM Health Services and interview 
noise advisor Easy Noise 01-06-2015

Source:  advisor Easy Noise 01-06-2015
CSR report KLM 2009

Most noise producing activities in maintenance

Estimated reverberation time (nNagalmtijd)
10 activities produce >80db
which is the max healthy level
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AIRCONEwww.meinema.nl
020-3118396
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Prices

3D cilinders in offices

Conluding drawing Noise H12
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Frequentie windsnelheden op Schiphol 
2013-2014

Rel. Frequente windsnelheden Schiphol
2013-2014

Windrichting op Schiphol 2013-2014

Source: Website KNMI.nl retreived on 28-06-2015



163

Frequentie windsnelheden op Schiphol 
2013-2014

Rel. Frequente windsnelheden Schiphol
2013-2014

Windrichting op Schiphol 2013-2014

Source: Website KNMI.nl retreived on 28-06-2015

7.5 Wind
Windkracht in Nederland 22 juni 2015The KNMI (Koninklijk Nederlands Meet 

Insituut) gathers it’s data about the 
wind at schiphol form a measurement 
centre at Schiphol. This station howev-
er is located at 10 meters height. The 
reason why this data is interesting for 
us is to get information on which type 
of windmill we could use to place on 
the roof or next to our hangar. 

As the measurement station is located 
at 10 m height and our Hangar will be 
35 meters high, I did extra measure-
ments with a portable windmeter to 
validate the data. The average wind-
speed is around 5 m/s d but differ-
ences excist as the N-O wind is much 
stronger then the Z-W wind.

3D visualisation of findings Wind and windmills
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7.6 Hangar doors
The KLM doors in H12 are old and 
require large maintenance, this will 
cost about 3 million euro. Therefore 
other options for hangar doors were 
also investigated as this would be a 
good moment to switch to a new sys-
tem. The 5 doors of  20 meters each 
are 27 meters high and currently work 
with a sliding sytem. An option is to 
remove the current system and switch 
to a doorsystem that works vertically 
in stead of horizontally as it is today. 
After consulting a hangar in Germany 
where this ‘ megadoor’ system is used 
it turned out that it was not a good 
solution. The maintenance of this new 
system is much higer then the current 
simple sliding method.

Probably KLM will replace the current 
door panels with transparent material 
and keep the current system.

Drawing one hangar door + overview total 

Source: Technical drawings KLM archive

Current hangar doors H12
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7.6 Hangar doors

Drawing one hangar door + overview total 

Source: Technical drawings KLM archive

Current hangar doors H12

Explanation of Mega door system

Visualization of transparant door system

3D oview of current door system
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Lights
Currently the hangar has gasontlading-
slampen which do not provide enough 
light on the workarea and have a very 
warm orange colour (Ra 25, lux 400)

KLM could replace these lamps with 
a system that is called Green Horizon. 
This means that the current system is 
preserved but the lamps are changed. 
In stead of 173 lamps only 103 would 
then be necessary. This system im-
proves the light color and amount of 
lux but is far from ideal. It does save 
energy and therefore costs.

Another idea is to change the system 
to LED, this will be a larger investment 
and has an extra 4 year return on in-
vestment time. It will have the same 
financial consequences but a better 
quality in light.

Lux on workground

Current lights H12

3D image of 173 current lamps

Specifications Green Horizon lamps
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Lights

Lux on workground

Current lights H12

600 lux futuristic twistable arioled

Specs Varioled Kloklamp

3D Overview Lights H12

3D image of 173 current lamps

Specifications Green Horizon lamps



168

Solar energy
The hangar of the future has to be able to function withouth energy support 
of the outside world and even create more energy then it needs. It should 
be selfsustainable.

For KLM this was an unachievable goals as it is too expensive. They will 
place a strip of 75 panels on the roof of H12. 
These panels are  260 Watt and will produce 17160 kWh/ jaar. It is an in-
vestment of 20.000 euro that will have a return on investment wihtin 5.5 
years. Just like other panels the warranty is 15 years and the lifespan is be-
teen 25 and 30 years.

For the hangar of the future we could complement the KLM “Golden option” 
wich is transparant solar cells. These could be implemented in the roof or 
facade. The efficienty of these panels however is much lower.
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Solar energy Solar energy 1 row KLM

Solar energy 1 row KLM

Transparant panels

facade panels

Overview drawingsolar energy
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LED Light and Daylight

Dark area under landing system + References

The area underneath the wings is very dark, as the wings block the light 
from the lamps on the ceiling. I propose to make three strips of LED under 
the front wheel of the aircraft for KLM. Only under the front wheel because 
the sizes of the aircraft differ but the front wheel is always placed on the 
same line. So by doing this the leds will be compatible with any type. 

It would be possible to make three openings in the concrete floor and place 
three strips besides the wheel and in the middle. For the Hangar of the 
future a floor filled with lights can be made that creates a hangar flexible to 
maintenance all type of aircraft.
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LED Light and Daylight

Dark area under landing system + References

Detail

Overview drawing LED floor lights

implementation 
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Hangar Heating

Source: Pei, Y., Bai, Y., Shi, Y., Zhu, D., & Wang, Y. (2008). Temperature distribu-
tion in a long-span aircraft hangar. Tsinghua Science & Technology, 13(2), 184-190. 

The current heating system of H12 exists out of radiant heating via heating 
strips in the ceiling. The heating system is hung up at 25 meters, just below the 
lamps. the 10.000 kg crane runs below the two systems. 
Much heat is lost when the large doors open.  The air is circulated to the ground 
by blowers which blow the air down where the men work. This is not efficient 
in the future the optimal temperature of 16 degrees could also be reached by 
using floor heating.
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Hangar Heating

Source: Pei, Y., Bai, Y., Shi, Y., Zhu, D., & Wang, Y. (2008). Temperature distribu-
tion in a long-span aircraft hangar. Tsinghua Science & Technology, 13(2), 184-190. 

Overview heating 

Picture heating H12 KLM
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Tooling&Equipment / Material

Scorechard delivery time March 2015

Material that is needed for performing a certain check is orderen in advanced 
in placed into the ‘ stellingen’  that are visible in the right middel picture. How-
ever, 25% of all deliveries of material and equipment is sent back and 80% of 
the times material is missing. Some of the time is lost by slow delivery by run-
ners, the small cars that drive from hangar to hangar to supply them with or-
dered material.  (picture top left)

Another weak point in material circulation is the manned warehouse. It is dif-
ficult to get the planning right, the peak times in aircraft maintenance should 
be supported by large crew at the warehouses. At the moment there is a lot of 
maiting time.

We should look into the ways to support the maintenance processes and opti-
mise them with the use of architecture.

Source : Research report Materials TU Delft 2014 Rutger Greefhorst
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Tooling&Equipment / Material

Scorechard delivery time March 2015

Source : Research report Materials TU Delft 2014 Rutger Greefhorst
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Concluding drawing 
Design proposal Renovation H12 
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The numbers of H12 



179



180



181

CHAPTER 4.
Hangar analysis

CHAPTER 8.
Hangar analysis
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A380 Lufthansa Maintenance Hangar
Frankfurt, Germany

Architect  Volkwin Marg, GMP
Construction: Schlaich Bergermann 
m2 60,000 m²
Height 27,5m
volume 1,300,000 m³
Buildingcosts -
Type airplanes  4A380 / 6 B747
Status: in use

The new hangar is mainly dedicated to the maintenance of Lufthansa’s new wide-bodied air-
craft Airbus A380. At one time the building provides cover for 4 Airbus A380 or six Boing 747. 
Lufthansa staff is employed to ensure immaculate technical conditions of the planes, working 
in three shifts, 365 days a year.The Hangar measures 350 m x 140 m, including a 20 m deep 
zone of administrati-on and other facilities, spanning the full length of the back of the hangar.
The approximately 35 m high, light-silver clad building is supported by its characteristic struc-
ture. The delicate support structure has been moved to the outside, to reduce the enclosed 
volume.The sliding front gates of the hangar are facing North. The translucent fillings of their 
structure add to the natural lighting inside. The planes silhouette perceivable from the outside, 
define the elevation of the Lufthansahangar to the airfield.

 

 

2007 4/6 
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Orly Hangar
Paris, France

Architect   Eugene Freyssinet
Construction: thin-shell 
reinforced concrete parabolic shells 
m2 15.925m²
Height 60
volume  955.500
Buildingcosts -
Type airplanes: airships
Status: not in use

The airship hangers at Orly, France were built by Eugene Freyssinet between 1921-1923.The program 
which Freyssinet needed to follow stipulated that a sphere with a radius of 25 meters had to fit, un-
obstructed, within the hangar. The buildings dimensions were carefully determined so that they could 
house the airships without much extra space resulting in unneccesary additional costs and building 
stresses. The hangars were destroyed in WWII by American aircraft. 

The building envelope was made up of a series of parabolic arches, each formed in the shape of a vault, 
that when connected, created an undu lating pattern, similar to that of corregated cardboard. Each 
individual arch was made from separate stacked components, 7.5 meters wide. These components 
tapered in depth and measured 4.4 meters deep at the arches’ base and 3.4 meters at the crown. Th e 
complete span from base to base measured 86 meters. Windows were situated on the outermost part 
o f the arches starting at a height of 20 meters and were constructed of a special reinforced yellow 
colored glass that was used to provide light and to protect the airships from harmful radiation. 
The moulds for the components were made of pinewood planks. The concrete that was poured was 
reinforced with steel and the moulds themselves were stressed with tension rods running through the 
elements to create prestressed concrete. The concept of prestressed concrete was later patented by 
Freyssinet in 1928. 

1923 1
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Lufthansa-Wartungshalle V
Frankfurt, Germany

Architect  ABB Architekten
Construction Dyckerhoff & Widmann 
m2 32000m2
Height 23-43m
volume -
Buildingcosts -
Type airplanes  6 B747/14 B707
Status: in use

1972 6-14

The Lufthansa Maintenance Hangar V at Frankfurt Airport has a spectacular form that results 
directly from the load-bearing structure, which consists of two suspended roofs. The thin pre-
stressed concrete bands forming the roof surface are supported by cables spanning between 
large truss-like support structures.. 

It is well-known for its size and capacity as well as its spectacular form. With its length of 320 
meters, width of 100 meters and height of 23-43 meters, it can hold six Boeing 747 jumbo jets, 
or alternatively 14 Boeing 707 long-distance jets. In 1972, when the hangar was built, that 
was a world record. Its form results directly from the load-bearing structure, which consists of 
two suspended roofs. The thin pre-stressed concrete bands are supported by cables spanning 
between large truss-like support structures.

The shape of the roof is determined by the forces, which act on the structure. The roof consists 
of 10 lightweight concrete bands (width b = 7.5 m, material thickness t = 90 mm) with 30 steel 
cables (S500) embedded into each band, spanning across a distance of 130 m. Between the 
adjacent concrete bands there is a glazed opening. The loads to be considered for the roof are 
the concrete band (wgk = 1.85 kN/m2) and snow (wsk = 1.0 kN/m2).
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Piere Luigi Nervi Hangar 
Orv

Architect  Pierre Luigi Nervi
Construction Binnewies, Hamburg; 
Schlaich Bergermann und partner
m2 4884 m²
Height -
volume -
Buildingcosts -
Type: -
Status: destroyed

Between 1935 and the years of the War, Nervi and his company constructed various airplane 
hangars in reinforced concrete for the Regia Aeronautica militare (Italian Royal Air Force). 
Eight are the result of the development of a unique project for a ribbed vault with a geodetic 
structure, constituted of a series of arches overlapping one another at 45°, with a maximum 
span of 50 meters. Nervi arrived at this solution after a series of successive elaborations, 
initially studied for the Ciampino Airport [in Rome] in 1935, beginning with much more tra-
ditional schemes based on a portal and overlapping trusses. For the first time in the work of 
Nervi, the verification of the appropriateness of the structural concept and the refinement of 
the construction drawings made use of small scale models realized by the Politecnico di Mila-
no, under the supervision of Guido Oberti. The first two hangars (1935-38), entirely site-cast, 
were realized for the military airport in Orvieto; the successive six hangars (1939-42), located 
between Orvieto, Orbetello and Torre del Lago, used the same geometric matrix as the first 
two, while proposing a drastic reconsideration of the building processes: realized by assem-
bling the lightweight elements of the structure, prefabricated in the building yard, with the 
sole integration of strengthening ribs in solid walls in the areas most subject to loading, antic-
ipating the widespread use of structural prefabrication pursued by Nervi during the post-war 
period.

1935 4
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Jumbo Hangar Lufthansa
Hamburg, Germany

Architect   Meinhard von Gerkan und 
Karsten Brauer gmp architekten
Construction: Assmann
m2 18,000 m²
Height 26
volume 468.000 m³
Buildingcosts -
Type airplanes: B747 + A380
Status: in use

The maintenance hangar on the southern side of the airport cannot be missed. With its han-
gar space 150 m long, 81 m deep and a clear working height of 26 m, two Jumbo Jets and an 
Airbus can be dealt with simultaneously. 

In order to provide a column-free gigantic hall, a primary structural system is created by two 
bows leaning against one another having a total span of 175 m. The whole roof hangs on these 
bows, the main load being transferred to two buttress constructions at the side of the hangar. 
The arch form is similar to a large suspension bridge and determines the appearance of the 
new hall, while the facades are covered with a silver grey metal cladding. 

The hangar doors having a total length of 150 m and height of 22 m are totally glazed. This 
gigantic “window” allows passengers rolling past in an aircraft to look inside the massive work-
shop.

 

1992 3
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Red Bull Hangar 7
Salzburg Austria

Architect   Karsten Brauer
Construction: Assmann
m2 12131m²
Height 15m
volume  449.100 m³
Buildingcosts -
Type airplanes: B747 + A380
Status: in use (museum)

The 40 metre-long entrance and two cylindrical towers, providing space for offices, loung-
es and a restaurant, were cut into the elliptical glass shell. It presented Salzburg architect 
Volkmar Burgstaller with enormous static challenges as far as the supporting structure was 
concerned, because the steel supports were ultimately supposed to be as slim as possible. A 
complex static engineering concept, which met all the specifications and requirements, was 
finally developed using specially written 3-D simulation software.

The team of architects furthermore succeeded in making all the cabling, heating and ven-
tilation invisible. Visitors can also admire the mobile interior at various angles from three 
self-supporting ribs which span the hall – not an easy feat in a steel and glass construction, 
but important for experiencing the space in Hangar-7. The 1,754 panes of glass, which are all 
different sizes, provide a view of the impressive mountain panorama, and their transparency 
creates a different atmosphere in Hangar-7 depending on the weather or the time of day.

Hangar-7 has become what it is today because of these structural requirements: a place 
where technology, art and entertainment come face to face and naturally complement each 
other, and of course a garage that any airplane would love to call home.

2003 3
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The New Mexico Spaceport Authority Building.
New Mexico,

Architect   SMPC Architects 
+ Foster& partners
Construction URS Corporation
m2 3300 m²
Height 25
volume -
Buildingcosts -
Type: A380
status: in use

The Foster + Partners and URS team has won an international competition to build the first 
private spaceport in the world - The New Mexico Spaceport Authority Building. The sinuous 
shape of the building in the landscape and its interior spaces seek to capture the drama and 
mystery of space flight itself, articulating the thrill of space travel for the first space tourists. 
Making a minimal impact on the environment, the scheme will be the first facility of its kind 
and a model for the future.

The Spaceport lies low within the desert-like landscape of the site in New Mexico and seen 
from the historic El Camino Real trail, the organic form of the terminal resembles a rise in the 
landscape. Using local materials and regional construction techniques, it is both sustainable 
and sensitive to its surroundings.

Organised into a highly efficient and rational plan, the Spaceport has been designed to relate 
to the dimensions of the spacecraft. There is also a careful balance between accessibility and 
privacy. The astronauts’ areas and visitor spaces are fully integrated with the rest of the build-
ing to convey the thrill of space travel. 
.

2014 4
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Major Component Assembly Hall, Airbus A380
Hamburg, Germany

Architect  Volkwin Marg with Marc 
Ziemons GMP architekten
Construction Binnewies, Hamburg; 
Schlaich Bergermann und partner
m2 58,890 m²
Height 23
volume 1.354.470m3
Buildingcosts -
Type: A380
Status: in use

The Equipment Assembly Hall consists of four free standing interconnected assembly spaces, 
each with a width of 92.5 metres and a depth of more than 80 metres. An enormous admin-
istration building to the south accommodates office space. The nose of the Airbus “breaks 
through” this massive structure and is reflected by projections in the façade, the so-called 
nose scoops.      

Four tail scoops located on the hall’s roof provide the necessary height clearance. The ex-
ternal load bearing structure extends over the entire length of the hall as a ten meter high 
framework girder, supported by five main supports. Eight transverse framework girders with a 
height of nine metres rest on supports next to nose projections, cross the main support with a 
rigid connection and freely project 36 meters next to the tail scoops out over the north
façade.

The entire length of the 370 meter-long glazed north façade is open to the Elbe River and its 
banks.  At night the anti-glare interior and exterior lighting causes the halls to shimmer and 
provides a view of the airplanes in the distance.

2002 4
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Qatar airways maintenance centre
Qatar, Doha

Architect   Ghafari Associates 
Construction:  Thornton Tomasetti
m2 153.000 m²
Height 12-45m
volume  4600.000 m³
Buildingcosts 560 million
Type airplanes: all types
Status: in use

Qatari authorities have decided to build a new airport in the immediate vicinity of the existing 
facility in order to compensate for increased traffic that has saturated the existing airport. 
ADPI working for Bechtel is in charge of conducting the preliminary studies for all the build-
ings (except for the terminal) as well as the detailed studies of the Emir’s pavilion.

THE PROJECT : The future Qatar Airways maintenance centre consists of three main assem-
blies: two maintenance buildings and a logistical support building featuring all workshops, 
offices and plant rooms at the back. The centre will be able to simultaneously accommodate all 
types of aircraft for all maintenance requirements.

SERVICES PROVIDED: The plant’s various volumes are derived from structural and opera-
tional requirements: high overhead volumes for the buildings to accommodate aircraft, and 
lower volumes for the logistics building. The facade materials selected are based on the ex-
perience acquired by ADPI architects from extensive hangar projects in Toulouse, Dubai and 
Seville. The large trestles will be covered in translucent polycarbonate, installed vertically in an 
“accordion” arrangement in order to capture the color of the sky while allowing the structures 
to be perceived behind them.other, and of course a garage that any airplane would love to call 
home.

2012 7
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CargoLifter Hangar
Krausnick, Germany

Architect  SIAT architects
Construction Ove Arup
m2 81700 m²
Height 107
volume 8,7 million
Buildingcosts -
Type: Zeppelin
Status: used as swimingpool

Another example for a revitalizing and stimulating approach is the hangar that was recently 
built for the CargoLifter. A good 60 years after the Hindenburg, the concept for the CargoLift-
er resembles a rejuvenated, high-tech version of dirigibles. Conceived as an airship for heavy 
and bulky loads (up to 160 tons) that could deliver cargo independent from infrastructural and 
geographical limitations on the ground, it was supposed to enter production in 2005. After 
an initial euphoria over the new technology at the turn of the millennium, however, the proj-
ect was stopped well under way, mostly because of the formerly underestimated influence of 
heavy winds that would constrain the overall performance of the airship and thus its economic 
feasibility.

 Although plans to construct the lifter were stopped in 2002, the hangar for its final assem-
blage had already been erected in Brand, 60km south of Berlin. The world’s biggest airship 
was logically supposed to be housed in the worlds’ largest single span structure, designed by 
SIAT architects and engineered by Ove Arup. The semi-cylindrical steel-tube system of the 
roof is covered by a PVC-membrane taking motives from the airships structure it was sup-
posed to accommodate. Built on a former East German military base, it today remains as a 
witness of a disrespected technology.and provides a view of the airplanes in the distance.

1996 2
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CHAPTER 10
Output Specifications 

Hangar of the Future
The output specifications have been designed by using the 
knowledge of the research and combining this with the 
flowchart of the future. These two together provide the 
basis voor the Design og the O.S and thereby the Design.

In this chapter a bief version of the O.S can be found. a 
more detailed description written down by using the Brief 
Builder  O.S programma can be found in the appendix.
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10. Output Specifications

Key words: Flexible, inspiring, initiating

Required rooms
- Changing area incl showers men 100m2
- Changing area incl showers women 25 m2
- Toilets 4 toilets men / 2 toilets women 18m2
- Lounge 40m2
- Techroom Ipads 20m2
- Committee rooms / flex rooms / innovation room> freely organised total 40m2
- Team rooms  4x/ Flex room large 10 people meeting / training room 60m2
- Outdoor area chilling 20 people 30 m2
- Presentation/relax/training room 50 people 100m2
- Private time area 10 m2
- Bike / vehicle stalling 10 m2
-  Parking spaces 50x

Technical Maintenance support area’s
- Warehouse 350m2 RFID (underground)
- Tool control 100m2
- Maintenance workshop 160m2
- Storage maintenance workshop 15 m2
- Washing area 15 m2
- Avio/cabine workshop 15 m2
- Environmental room
- Storage extra tools and equipment 
- Maintenance hall 12000m2 25 m hoog min 
- (design for 787 and 737 but should be flexible
- EHBO post 8m2
- Moonshine workspace 20m2

Necessary activities not room bound
- Supply to aircraft by runner
- Movement of aircraft in and out of hangar on platform
- Parking space employees hangar 30 cars
- Lifting up to 10.000 kg by crane
- 400HZ supply for the aircraft from the air or floor
-  Movement to aircraft by movable stairs ground bound and from ceiling
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Key words: Flexible, inspiring, initiating

Technical specifications
- Noise hangar:  required reverberation time 2.0-2,5 seconds
- Noise offices: required reverberation time 0,5-0,6 second 45 db
- Lighting office and hangar:
  600 lux on the ground or desk from a height of 25 meters RA 80
- Floor heating average temperature in hangar 17 degrees 
- Cooling -
- Ventilation
- Electricity need: 500.00 kw/h lighting (LED)
- Energy: self-sufficient and extra by use of sun and wind energy
- washing equipment

Ambitions
- Inspiring surroundings
- Visual connection with the outside world
- Daylight in rooms where people stay more than 3 hours 
- Visible futuristic character > image KLM as innovative company
- Support intrinsic motivation employees
- Support new organizational strategy of teaming
- Support intrapreneurship within KLM 
- Flexible building: we cannot predict the future
- Integrated design with toolkit of the future
- Involve employees in processes
- Realistic design > KLM should be able to built it in 30 years.
- Sustainable > reuse and energy friendly
- Support innovation and creativity among the employees of KLM

Technical ambitions
- 400hz kabels, 220hz cabels 230 volt electricity and air pop up from floor from floor
- Hands on metal should be supported by the design > short walking distance to tools  
 and equipment.
- Reduce energy loss by opening doors
- Make use of large area above the airplane or reduce this.
- Place LED lights in the floor especially under the chassis next to the wheels. 
 Preferably under fornt wheels or in a flexible system

kantoren ventialtie: 5 m3/m2.h of 50 m3/h per persoon
Meetingrooms 20 m3/m2.h of 50 m3/h per persoon
toilet : 35 m3/m2.h
CHanging area: 11 m3/h per m2 vloeroppervlakte
infrastructure support : 1 m3/h per m3
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Overview and Purpose Output Specifications General

Overview Output Specifications Nordic Five Level Structure
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It is importants to know what has to be built and what qualities different spaces 

require. Different levels of output specifications can be defined in order to give a 

complete discription of the project. The three most importants levels are the strate-

gic, functional and Technical brief. Apart from these measurable performance specifi-

cations also design objectives and principles are important and should be mentioned 

in the brief. In the design process the brief can and should be used to test wether the 

design meets the requirements or not. If it does not, the design should be changed in 

order to meet the requirements. Sometimes not all requirements can be met. In this 

case decisions should be made considering the priorities of the different brief ele-

ments. 

Het ruimtelijk-functioneel Programma van Eisen beschrijft de:

- strategische visie

- organisatorische analyse

- ruimtelijke eisen (soort, aantal en oppervlakte)

- functionele eisen en relaties tussen ruimten (relatieschema en vlekkenplan)

- globale kwaliteitseisen.

In de praktijk worden verschillende indelingen gehanteerd. Er is een norm voor het 

opstellen van Programma’s van Eisen (NEN 2658) en een SBR richtlijn (SBR 258)

source: http://www.vastgoeddialoog.nl/diensten/programma-van-eisen/
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Research + Flowchart >>>>  Output Specifications
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Research + Flowchart >>>>  Output Specifications

Three elements 
From the O.S is becomes clear that three main
 elements are important for the design. 
The design should be:

1. Functional
2. Pleasant workenvironment
3. Sustainable
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CHAPTER 12
Design Hangar
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Movement sketch floorplan

12.1 Concepts and first sketches
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Two final concepts  - Machine is chosen
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12.2 Restrictions and boundaries shape 

122km

90km

The boundaries for the footprint are 
90x122 km. This is based on maintenance 
on two Boeing 787-10 and three  B737-
400 airplanes. Also other models can be 
placed in the hangar. All 737 models and 
th A350 are also possible in this config-
uration. Larger airplanes are possible but 
737’s no not fit next to these planes.

Height boundaries by airplane

3D visualisatie boundaries

Foorprint boundaries 11.000m2
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DESIGN 1.0
Interior and Climate scheme
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FINAL DESIGN PROPOSAL

Design Proposal
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Design Proposal
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Floorplan overview
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Floorplan overview

Schiphol Oost situation drawing
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South West facade
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-

---

Lounge - opkomst

Entree hangar

Workshop 

Teamrooms

Elevator

Copy corner

AGV elevator

Shafts
Coffee corner

20000

-

---
Entrance  

Committee work garden

Presentation area

Relax area

Noise level low

Floorplan Ground Floor 1:200

Floorplan 1st floor  1:200

C

C

-

---

5236

52365236

52
36

26
97

10
53
2

15
40

65
11

10000

6079 2542 5985

14606
Entrance square

Training room

Changing room men

Changing room women

showers

Kitting warehouse
Automated wall warehouse

Floorplan -1.   1:200

C
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Section C.  1:200

3D view inside Globe GF

Doorsnede C kantoren

Level 1
3500

level 3
8000

Level -1
-3500

Ground floor
-200

3D view inside Globe GF

Doorsnede C kantoren
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Presentation room
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Technical facilities

GF
0

Level 1
3500

Level 2
6000

Level 13
45000

level 3
9000

Level 6.
20000

Level 7.
24000

Level 8.
28000

Level -1
-3500

Ground floor
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-2000

Level 9
32000

Level 10
36000

Level 4
12000

Level 11
40000

1

12

Level 14
16000

8150 8150 8150 8150 8150 8150 8150 8150 8150 8150 8150 8150 8150 8150 8150

122250

40
20

0

Section A



223

Interior drawing of the hangar

Entrance south facade
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Section A
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Line drawing interior

South - West view



229
Local workspaces

Interior line drawing
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Opkomstruimte
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Climate concept Summer

Climate concept Winter

Climate concept
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Heating and cooling principle

The design of the hangar of the future is based on a low energy consuming prin-
ciple. Only the areas where people work are heated. The office globe and the 
local workspaces are linked to a floor heating and cooling system that provides a 
comfortable work climate. This system is also linked to a heat regain system. The 
hangar is ventilated naturally as the amount of air in the hangar is relatively large-
combared with the required fresh air for the users. Natural ventilation provided by 
vantilation openings on the south-west side of the hangar (because of wind direc-
tion) will be enough.

The design makes use of the height of the hangar building that is required for the 
hight tail of aircraft to be sustainable in it’s energy use.
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Section of the hangar showing the contrast between the livable pleasant 
area and the area where harsh wheather is in control. The Globe and the 
area under the floor with floor heating are kept at pleasant temperatures. 
Human beings stay close to the floor, up in the air it is too hot or too cold 
to live. This climate concept creates an energy efficient hangar.
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The area underneath the floor is purely used as infrastructural area. This is the 
domain of the AGV´s, the automated guided vehicles. These self driving machines 
carry the pre-ordered and prepared kits wit tools and material to the mechanics. 
The raster on the floorplan shows the grids the agv’s follow and the round shapes 
indicate where they can pop up to the ground floor where the aircraft are waiting. 

At the heart of the hangar a secured data centre is located at the -1 floor. In this 
room the databases of KLM are kept and here maintenance and back up data can 
be safely stored. This is also the place underneath the main check up point for the 
local workspaces.
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In Detail
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ETFE Cushion 0.2 mm 3 layer

Air supply 60mm diameter

Extruded aluminum profile

Thermal insulation

Sheet metal and plastic 
gutter

Steel extra construction 

Steel tube construction 
400mm

ETFE cushion 
0.2 mm thick three layers
500mm widest point

Air supply tube plastic
60mm diameter

Main construction
400mm steel
construction tube round

Extruded aluminum profile
round edges at etfe attach-
ment points

Steel connection screwed to 
the main construction

Air supply tube section
60 mm

Rubber air supply pipe 
adds air every 5-10 min-
utes to maintain constant 
pressure

ETFE Cushion 0.2 mm 3 layer

Air supply 60mm diameter

Extruded aluminum profile

Metal sheet finishing

Floor finishing with epoxy 
coating
Belgian stone outdoor floor
Concrete prestressed floor 
500mm with 120 mm insula-
tion under the floor.

Maaiveld

Steel shoe welded to the 
ground plate attached after 
the floor has been cast

Concrete foundation with 
three steel pins 18 mm 
precast

Detail 1. 1:10

Detail 2. 1:10

Detail 3. 1:10
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ETFE detail impression

ETFE 3D visualisation
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ETFE cushions in Revit model

ETFE cushions in render
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Facade Prototype
Buitink Technology ETFE Panel
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Reflection
When I first started this new design challenge as antern and graduate student 
at the same time I had no knowledge whatsoever about aircraft of hangars. The 
combination of an internship and a design project that ran parrallel has proven to 
be a very usefull combination to gather practical knowledge and at the same time 
design withouth strong contrains and restrictions.

Internship
As intern at KLM I designed new offices in the existing Hangar 12 as well as a new 
outdoor area for the mechanics working in Hangar 12. These design assignments 
were separate from my graduation design, however the combination of an in-
ternship and a graduation project did offer the possibility to access information 
about the aviation industry which has proven to be very useful for the research and 
graduation design. For my understanding of the functionalities of a hangar and 
how maintenance processes work, it was very helpful to be able to walk around in 
real hangars, talk to employees and actually work in a hangar. This has helped me 
to firstly understand the current architecture in order to then be able to think of a 
design of ” the hangar of the future “. The methodology I used transferred the in-
ternship into an addition to the research and in this way contributed to the design. 
I would advise more students to use this approach, however, when performing a 
gradation project in combination with an internship one should be aware of the 
influence the company has on the scientific quality of the graduation work as well 
as on the freedom in the final design and design process.

After my research I understood “the hangar” and I could start designing the out-
put specifications for the Hangar of the Future. Eye opener of this graduation 
project was that in my opinion the design does not start after the O.S have been 
specified, but at the very beginning of specifying them. In my O.S document de-
sign ambitions as well as requirements for spaces and technical requirements are 
defined, but also a new KLM organisation is described. By using the  Brief builder 
programme I was able to structurally write down in detail which requirements the 
hangar of the future has, from design ideologies to the specification of the epoxy 
floor coating. This O.S was then linked to the design concept and these two to-
gether formed the basis of the design proposal. 
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 Architectural position
An architect has to take a position in what context he or she is designing. In the 
specific case of the hangar of the future one of the ambitions defined in the O.S is 
as follows: “ design a hangar that supports the hangar functionalities in an innova-
tive way and offers a pleasant work environment.” There are many contexts to do 
this in, options are for example to connect to the context of the surrounding area 
at Schiphol Oost. Or one could choose the context of all the hangars in the Neth-
erlands and base the design on the local existing hangar architecture. I have cho-
sen to position the design in the context of the existing hangars in the world and 
focus on KLM as user of the hangar. It must be mentioned that the context of the 
surrounding always must be taken into account. In the research report an analysis 
of ten different types of hangars all over the world can be found. This design  posi-
tions itself between these hangars.

Most of the hangars at Schiphol Oost are beautiful in their purely efficient, prac-
tical architecture and fit into the type of “Functional Hangar architecture”. For 
example the Lufthansa hangar in Frankfurt from the analysis also fits into cate-
gory. Other examples in my analysis were not even actually built because of their,  
however beautiful, unrealistic design. The Hangar of the Future positions itself in 
between these two extremes, more leaning to the functional design category but 
the architecture is much more influenced by sustainability and ambiance then the 
other existing functional hangars in the analysis. Shape and materialisation are 
decided upon by referring to the ambitions of ambiance and concept of the energy 
machine. The idea behind this is to create beautiful architecture that is pleasant, 
still affordable, realistic and functional. The beauty of the integration of construc-
tion and architecture in combination with a practical transparent materialisation 
leads to a pleasant work environment. Together with innovative climate system 
and new organisational model the hangar of the future really does support the 
maintenance processes in an innovative way.This also leads to happy, and there-
fore productive employees. After all, the hangar  is an industrial building where 
profit and efficiency of processes plays an important role.
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Wider social context
For the wider social context two main aspects of the hangar are of importance. 
Firstly that this hangar shows that it is possible to create a new type of sustainable 
hangar and secondly a hangar with a completely new organisation. 
Sustainable, as the shape is designed to save and even produce energy and 
equipped with the new unproven concept of local workspace. These local work 
bubbles offer a pleasant work climate without the need to heat up the enormous 
hangar hall which saves an substantial amount of energy considering one façade 
opens almost completely several times a day.

New organisation models are required as the current society is used to certain 
organisational structures that many companies follow. I am however convinced 
that this is not the organisation structure people are most happy in and therefore 
also not as efficient as they could be. I propose to provide employees, at KLM but 
at all companies in general, with more responsibility and freedom and less hierar-
chy. Intrinsic motivation is the best motivation and no money or punishments can 
provoke this.  When the new organisational method is implemented it will increase 
efficiency as well as work pleasure. Example of successful implementation of such 
a model is General Electric. Here the teams that work on engines are responsible 
for the engines themselves The boss does not decide on the worktimes or shifts 
but merely sets the deadline. Next week he says, the engine should be finished. 
If the employees work all night and day during two days or just one week 8 hours 
per day does not interest him, the employees are free to decide. There are also 
no secretaries or managers, nor cantine ladies or cleaners. Everybody does every-
thing. The architecture of the workplace has to support this new organisational 
structures that will require completely different type of spaces. The hangar of the 
Future is designed based on this principle and if actually built would form a great 
example of a completely new organisation, as well as new hangar architecture.
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Thank you
I would like to thank my professor Kees Kaan and weekly mentor Henri van Benne-
kom for their enthousiasm about the project and the inspirational way in wich they 
have guided me through this graduation project. It has been a pleasure.

Thanks also to Coen Swaanenburg, mentor at the KLM for showing me how KLM 
works and by being open and always looking for innovations. It was very nice 
working together and thank you for giving me the freedom that I needed while 
always being there with knowldge and input when required.

Thank you Mahasti for letting me use your super computer for hours and hours to 
make my high resolution renders and for all the other things, there are to many to 
mention. Johan thank you for your critical view and helping me when the model 
was not working out the way I wanted. And also for providing the perfect work-
space with nice tools, materials and most of all strong coffee.

Lyla, it was awesome graduating together and thank you for helping me in hard 
times with the roof and for being nice when I was slightly grumpy.

Gert-Jan thank you for being supportive and critical in general, and for thinking 
along with my computer rendering issues even if it was 2 am. 

It was a great experience with all of you.
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