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Playing with light .

The relationship between daylight and sports hall designs in the Netherlands
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1.1
Alvar Aalto, Sports hall for the Helsinki University of
Technology, Espoo, 1949-1952.
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“No space, architecturally, is a space unless it has natural light.”

- Louis Kahn
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1.2

Pictures of the gym at my old elementary school,
Sporthal de Lindenhot.




- problem statement -

The design of traditional sports halls has tended to exclude natural light. Mostly due to
problems such as glare, overheating and local cooling. Variation in light quality and quantity
can be unmanageable and fenestration can lead to unwelcome distractions.
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- problem statement -

The design of traditional sports halls has tended to exclude natural light. Mostly due to
problems such as glare, overheating and local cooling. Variation in light quality and quantity
can be unmanageable and fenestration can lead to unwelcome distractions.

However, the resulting designs are rarely compatible with attractive architecture and
pleasing indoor environments.
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natural light artificial light

no relationship to daylight is convenience of the use
seasons and weather often excluded of artificial light
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why do we mostly design secluded boxes
in the Netherlands when it comes
to sports facilities?
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lack of requirement cost effectivity controlling light

no regulation for sports hall designs sports halls with large proportions difficulty to achieve visual comfort
in the Netherlands that specifies of windows have higher costs + with daylight in sports halls
the daylight requirements additional requirement blinds and hard to avoid glare
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- overall design question -

“How can the use of daylight be optimised within the design of an indoor
environment with a mixture of sports at the Marine area of Amsterdam?”
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- thematic research question -

"How can the relationship between daylight and sports hall designs in the Netherlands
be defined compared to other European countries, when the CEN (European Committee
for Standardization) remains the guideline for sports lighting at European level?”
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METHODOLOGY

From research to design

Which combination of (daylight) systems or strategies can be
S lss | ysed to make daylight an integrated part into sports halls?

. What is important to be taken into account related to
. the context regarding daylight?

I
'
'
'
'

. What techniques and methods are used to
. control/optimise the use of daylight in the
. selected case studies?

CASE
STUDIES

What are important standards and

-
i
'
'
'
'

i recommendations that should be

REFINING nchudd 1 he desgn of ot g

Which steps have to be taken
. into account when designing a

D E Fl N | N G sports building?

. Which regulations do we
. have and which norms |
. are conflicting?

I
'
'
'
'
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METHODOLOGY

From research to design

norms (NEN-EN) +
recommendations

Which regulations or norms are
conflicting with each other?

standards (NOC*NSF) + important
recommendations in the
Netherlands + approach towards
the design of a sports building

Who are the users and what is their
level of sport?

Which steps have to be taken into
account when designing a sports
building?

how to deal with the translation
from regulations to practice

What are important standards and
recommendations that should be
included in the design of a sports
building?

To explore better practice within
the context of creating sports
building whereby daylight is
included as a starting point in the
design it is important to have a
look to the existing sports facilities

What techniques and methods
are used to control/optimise the
use of daylight in the selected case
studies?

Analysing the context to point out
how to deal with the direct sun

(1) by passive design

(2) by active design (control)

What is important to be taken into
account related to the context
regarding daylight?

N

.
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METHODOLOGY

From research to design

The Dutch-European Norm for Sport lighting
NEN-EN 12193

NN 351005 ‘Lighting’

Handbook Sports Accommodations (NOC*NSF)

Z
7))
<
<

\Lighting for sport accommodations - indoor sports
i Lighting for sport accommodations - indoor sports

 Concerning a sport accommodation which is used
. for educational purposes, a daylight area of at
' least 5% of the floor surface should be met. !

' The daylight surface must be composed in a way
that teachers and students can have a look out at
' the weather !

{
—
w

o
—
=8

If gym is used for exams 350 Lux at floor level is rec-
ommended.
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METHODOLOGY

From research to design

N
—

?$? ' standards (NOC*NSF) + important recommendations
+in the Netherlands and data from other sports buildings

® What is the level of sport for the design?

2.2 7TTTTTTTTTTIISesseennnnnnoononnonooosssssiooeeoe .
I I - - >750 lux :
T >500 lux

L level ] -—remreeeeeeees >300 lux ;

Q Il --------------------------------------------------------- \\
a ! occupancy rate + who are the users? '
\ ® Is the multidisciplinary sports accommodation
: used for educational purposes?

24 S
t Take a closer look at the desired switching and
+ controllability of the lighting in the various spaces
v (2.3)
' Analyze which lighting system meets the best the
+lighting requirements, but also match the best

the chosen zoning and the requirements in terms of
controllability, ambiance and comfort

t Optimize daylight entry through fagcade and/or roof,
+ considering the heat load in the summer.
i Choose for such lightweight interior, but consider the
' reflection factors on the principles and guidelines of
+ the NOC*NSF (3.2)

+ Make a selection of lamps based on function, colour

. views and colour impression + select the highest lamp
\ system efficiency (3.2)

1 1 . Switch/rule on the presence of daylight: aim for
+ hardly noticeable changes of daylight and artificial light
. Presence of people - application of a dimming

! arrangement, which allows the lighting level to be used
+ or the wishes can be adjusted
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METHODOLOGY

From research to design

@
w
IS

L
w
0]

6

300 -750 lux

Per division of a sports hall the average
illumination must be at least 300 lux

Take in account the aging and pollution during
the lifetime of lighting. This aging factor averages
1.25to0 1.3

Colour reflection of the ceiling -------------- 0.60-0.80
Reflection can be prevented by

placing glass at a small angle 3-5°
Colour reflection of the wall  ----------—----- 0.45-0.60
Colour reflection of the floor ...._...._..._. 0.25-0.40

x No direct daylight in the sports hall

V Indirect daylight access in the roof or facade

switchable lighting levels to adapt to suitable level
(see 1.1.) + presence detection

keep the walls and ceiling as light in colour as
possible and use the floor surface for
or

the minimum required light values vary per
function, per branch of sport and per level

.
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METHODOLOGY

From research to design

SOLUTIONS

@34
i x No direct daylight in the sports hall
V Indirect daylight access in the roof or facade
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METHODOLOGY

From research to design

' CASE STUDIE 1 apollohal, Amsterdam (NL) :

\ . J.van Stigt, 2005 |
. type - direct light ;

direct — mmmTmmTmmTmmmmmmmmmesmeomoooooooooooooooooooos ’
' CASE STUDIE 2 gymnastics, Utrecht (NL) :

\/ | NL Architects, 2071 :
. type - indirect light ;

INQIFECE "~ = === == ’
' CASE STUDIE 3 sports hall, Berlin (DE) :

O | Ludioff + Ludioff architects, 2011 :
| type - view towards environment ;
P .

' CASE STUDIE 4 Gammel Hellerup, Copenhagen (DK)
@ . BIG Architects, 2013
lighting

type - artificial light

' CASE STUDIE 5 Sports hall Klaus, Klaus (DE) )

. Dietrich and Untrifaller, 2013 |

. type - roof system ;

FOOf e ‘

' CASE STUDIE 6 The Crystal, Copenhagen (DK) )

. Dorte Mandrup, 2006 |

W . type - translucent glass ;
material - .. .
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METHODOLOGY

From research to design

The light from the north sky is no different from that
of the south, east, or west sky except;
in and contribution from the

(1) North light is cooler and more uniform

(2) South light is more intense, warm,
more variable because of the
contribution from the direct sun

By using you avoid the
of the that with its
intensity often has to be controlled by (technical)

systems

Solatube daylight system filters the
of daylight and can the

hereby the system is suitable for both top athletes
and educational institutions

22120



METHODOLOGY

From research to design

| of the that with its
' intensity often has to be controlled by (technical)
:  systems

keep the walls and ceiling as light in colour as
possible and use the floor surface for
or

Inwardly glass has on levels of
daylight reaching the interior;
An has on levels of daylight

can be by 3-5°

help in

to bring daylight in the inner darkest part of the
building -

By using , you avoid the
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METHODOLOGY

From research to design

' |

1 1

1 1

1 1

passive
' Recessed windows and rounded window frames !
. help in |

- ! to bring daylight in the inner darkest part of the
. building - )

/ + By using , you avoid the
o | of the that with its :
' intensity often has to be controlled by (technical)
:  systems
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METHODOLOGY

From research to design

passive
' Recessed windows and rounded window frames :
. help in :

_________________________________________________________

to bring daylight in the inner darkest part of the )
building -

-

/ ' By using , you avoid the )
: of the that with its :
~ ! intensity often has to be controlled by (technical) !

. systems

_________________________________________________________
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METHODOLOGY

From research to design

passive

Recessed windows and rounded window frames
help in
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METHODOLOGY

From research to design

passive

Recessed windows and rounded window frames
help in

Flush openings Deep window wells Rounded jambs
produce sharp help soften daylight soften contrasts
contrasts.. and contrasts
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METHODOLOGY

From research to design

- to bring daylight in the inner darkest part of the
building - using
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METHODOLOGY

From research to design

/ 4 By using , you avoid the )
of the that with its
B intensity often has to be controlled by (technical)
\ systems )
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design

urban scale
building scale
daylight concept



context. marine area



the National Maritime museum

\

Site

The Marineterrein is with its rich history and unique location an icon in the city,
and well known spots such as Nemo and the National Maritime museum nearby
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Accessibility

two new bridge connections to the Dijksgracht (1) and to Oosterdok (2)
gives the area a completely different meaning in the context
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climbing wall

sports and to meet

Sports and to meet

One of the themes in the development of the marine area is to create
sports and meeting places in the area
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Central meeting point

the open spot at the centre of the Marine area
will become a central meeting point
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strict border

The marine area is characterized with a strict boundary
of land
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creating inlets

Dissolve the edge + blur the sense of boundary of the

land the marine area by creating inlets in the strict
boundary
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KAYAK + WATERSPORTS

additional outdoor sports activities

Piers are created where can berth and
can take place.
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DESIGN

ORGANISATION OF THE PROGRAM



How do we organize a highly complex and diverse program within the Marine area?
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To organize the various functions in relation to specific requirements and needs,
the complex program of various sports is organized corresponding their functionality
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active / public active / indoor relax / retreat

skateboarding, outdoor basketball, indoor sports, badminton, basketball, yoga, pilates, swimming, fysio
streetdance, running, karate volleyball, soccer, fencing, judo, retreat, mediation, restaurant, cafe
gymnastics (education)
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the urban plaza the active front the backyard

skateboarding, outdoor basketball, indoor sports, badminton, basketball, yoga, pilates, swimming, fysio
streetdance, running, karate volleyball, soccer, fencing, judo, retreat, mediation, restaurant, cafe
gymnastics (education)
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the street

ORGANISATION

The building is divided in three main parts to give place to each function
in relation to specific requirements and needs
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the active front

ORGANISATION

The building is divided in three main parts to give place to each function
in relation to specific requirements and needs
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the backyard

ORGANISATION

The building is divided in three main parts to give place to each function
in relation to specific requirements and needs
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the backyard  the active front the street
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ORGANISATION =

The building is divided in three main parts to give place to each function
in relation to specific requirements and needs
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privacy+ | changing rooms

ORGANISATION

To give place to functions with the highest privacy range
a new cluster is created in the core of the building
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retreat | swimming pool active | fencing, judo, boxing

FUNCTIONS

Various functions are clustered by either active or relax to fit in the programme
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~active | indoor sports hall

U o o o o o o o

FUNCTIONS

Various functions are clustered by either active or relax to fit in the programme
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core | less access to light:
storage, changing roomes,
showers, lockers

CORE

Whereas the core gets less access to light, all the functions with the highest privacy range
are positioned in the core, such as changing rooms, showers and toilets

52/ 120



/T~

daylight | north-orientated sheds

DAYLIGHT

North-orientated sheds allows uniform daylight into the sports hall
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sunlight | overhang to avoid
direct light from the south
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SUNLIGHT

To avoid direct sunlight from the south a overhang will be
created by extending the roof at the south facade
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set back| to avoid reflections
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DAYLIGHT PRINCIPLES

reflections can be avoided when glass is pushed inwards
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indirect light| recessed or splayed windows

- —/7

DAYLIGHT PRINCIPLES

recessed or splayed windows let indirect light in without sharp contrasts
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skylight + set back | to bring daylight in the/
inner darkest part of the building ,

DAYLIGHT PRINCIPLES

To bring daylight in the core of the building
a skylight will be added + the wall will be set back
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CLIMBING WALL

Inclined wall will be used for bouldering and climbing activities
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design

DIFFERENT HEIGHTS IN RELATION TO PROGRAM

three volumes are created for the various sports
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t1J < design > marine area

dijksgracht

CONNECTION TO SURROUNDINGS

the three volumes are turned into a friendly and more elegant form
by making a wavy roof
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< design

dijksgracht

INTERIOR

continuously, this has been continued in the interior
to evenly distribute the light in the space

» marine area
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FROM RESEARCH TOWARDS DESIGN
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NTERIOR 1ot ad - Tociced onthie oberonce | INTERIOR | principle - north orientated sheds 1

By using northern daylight, you avoid the disadvantages of the
‘direct’ light that with its intensity often has to be controlled by

the design principles from my research show how light
can be integrated into the design of a sports building on the basis of certain strategies
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STREET FOOD MARKET

MARTIAL ARTS
RESTAURANT

SWIMMING POOL VERTICAL CORE

relax, retreat

GROUND FLOOR
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FIRST FLOOR

relax, retreat m

YOGA / BALLET VERTICAL CORE e TRIBUNE MAIN SPORTS HALL

CLIMBING HALL CHANGING ROOMS
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Spring | 21th March
38.1°

— +26 M direct light (south)
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034
j[ (X No direct daylight in the sports hall )

Spring | 21th March
38.1°

— +26 M direct light (south)

+15m

south
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Vv Indirect daylight access in the roof or facade

direct light (south)

+15m

S| | indirect light (north)
4 |

south

84/ 120



window frames help in

RESEARCH {Recessed windows and rounded }




DESIGN

using the principle of vaults
(j &) to bring in diffuse light with a light

textile ceiling




RESEARCH .---

to bring daylight in the inner darkest
part of the building:
using the principle of an atria

- +26 M




DESIGN . ---

skylights +inclined climbing wall
can deliver daylight deep into the
Interiors




RESEARCH - "By using )

< you avoid the

TNy of the that with
its intensity often has to be
controlled by (technical)

systems
NS _J

26 m direct light (south)

indirect light (north)
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DESIGN

(The curved roof that extends

from a height of 15 meters to
a height of 26 meters upwards
consists of 7 identical modules,
each of which has been rotated
5 degrees in order to achieve as
much indirect light from the
north to enter the sports hall

direct light (south)
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technical part

construction
climate concept
details



CONSTRUCTION PRINCIPLES

integration of construction within the design

°* CROSS LAMINATED TIMBER BEAMS

The great width (>40 m) of the suspended
roof is spanned by cross laminated timber
beams (CLT)

- +26 M
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CONSTRUCTION PRINCIPLES

integration of construction within the design

°* STABILITY FROM CONCRETE

The CLT beams are supported by the
reinforced concrete wall in the core

of the building (climbing hall).

- +26 M
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CONSTRUCTION PRINCIPLES

integration of construction within the design

° FRONT - Y COLUMNS

The columns at the front are )
positioned outwards to emphasize
the structural expression of the
y-columns and also to carry the
protruding roof that serves as
an overhang to avoid the light

coming from the south
. | J

- +26 M
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SOUTH FACADE

95/ 120




SOUTH FACADE
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SECTION AA

4m
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SECTION AA
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SECTION AA

e 1.1
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DETAILS

integration of climate within the design

4 : :
By putting the beams on a distance
from each other, | use the inner
space to organize the technical
installations. Hereby they will not be

kdirectly visible from the sports hall

® 1.1
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\_~ +19.0m

roof

kalzip brown sprayed aluminium profiled sheet
compressed insulation blanket

vapor barrier layer

kalzip E-clip

steel profile

40 mm acoustic impact-sound insulation

vapor open water retaining foil

\_~ +15.0m

o

//
e~

structure

2x 1500x500mm cross laminated timber (CLT) beams
@ 460 mm air duct

@ 290 mm waterdrainage pipe

.~ +13.0m

facade

limestone

50 mm cavity

vapour barrier

60 mm rigid thermal insulation
gypsum plasterboard; painted white

.~ +8.0m

\_~ +7.0m

. +4.5m floor structure

5 -8 mm neoprene/polyurethane
95 mm reinforced screed

0.2 mm polythene sheeting

40 mm impact-sound insulation
0.2 mm polythene sheeting

300 mm reinforced concrete

+0.0m
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roof

kalzip brown sprayed aluminium profiled sheet
compressed insulation blanket

vapor barrier layer

kalzip E-clip

steel profile

40 mm acoustic impact-sound insulation
vapor open water retaining foil

\_~ +15.0m
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structure

2x 1500x500mm cross laminated timber (CLT) beams
@ 460 mm air duct
@ 290 mm waterdrainage pipe

.~ +13.0m

facade

limestone

50 mm cavity

vapour barrier

60 mm rigid thermal insulation
gypsum plasterboard; painted white

.~ +8.0m

\_ +7.0m

i T L e L +45m floor structure

5 -8 mm neoprene/polyurethane
95 mm reinforced screed

0.2 mm polythene sheeting

40 mm impact-sound insulation
0.2 mm polythene sheeting

300 mm reinforced concrete
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+0.0m
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waterdrainage

DETAIL 1.1 | integration waterdrainage

10

11

[]
]

1

i

i

103/ 120



[T

\_~ +19.0m
roof

kalzip brown sprayed aluminium profiled sheet
compressed insulation blanket

vapor barrier layer

kalzip E-clip

steel profile

40 mm acoustic impact-sound insulation
vapor open water retaining foil

\_~ +15.0m

structure

2x 1500x500mm cross laminated timber (CLT) beams
@ 460 mm air duct

@ 290 mm waterdrainage pipe

.~ +13.0m

facade

limestone

50 mm cavity

vapour barrier

60 mm rigid thermal insulation
gypsum plasterboard; painted white

.~ +8.0m

\_ +7.0m

. +4.5m floor structure

5 -8 mm neoprene/polyurethane
95 mm reinforced screed

0.2 mm polythene sheeting

40 mm impact-sound insulation
0.2 mm polythene sheeting

300 mm reinforced concrete

+0.0m
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air ducts

. AW, R

DETAIL 1.2 | integration air ducts
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"YC7+w0m rCNDf

kalzip brown sprayed aluminium profiled sheet
compressed insulation blanket
acoustic sound insulation

inner roof; timber slats

\_~ +15.0m

structure

cross laminated timber (CLT) beams
@ 460 mm air duct
@ 290 mm waterdrainage pipe

facade

limestone

50 mm cavity

vapour barrier

60 mm rigid thermal insulation
gypsum plasterboard; painted white

floor structure

5 -8 mm neoprene/polyurethane anti-slip
95 mm reinforced screed

0.2 mm polythene sheeting

40 mm impact-sound insulation

0.2 mm polythene sheeting

300 mm reinforced concrete

concrete; floorheating/-cooling pipes

+0.0m
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| | A/ +19.0m roof outer roof inner roof

kalzip brown sprayed aluminium profiled sheet
compressed insulation blanket
acoustic sound insulation
inner roof; timber slats

S +15.0m
structure
cross laminated timber (CLT) beams - ’ a
_ @ 460 mm air duct & i

@ 290 mm waterdrainage pipe =

facade

limestone

50 mm cavity

vapour barrier

60 mm rigid thermal insulation
gypsum plasterboard; painted white

I

[

floor structure

5 -8 mm neoprene/polyurethane anti-slip
95 mm reinforced screed

0.2 mm polythene sheeting

40 mm impact-sound insulation

0.2 mm polythene sheeting

300 mm reinforced concrete

concrete; floorheating/-cooling pipes

+0.0m
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CONSTRUCTION NODE
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THE MAIN INDOOR SPORTS HALL
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THE SOUTH FACADE
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21th March

Sprin
38.1°

direct light (south)

+26 M
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Thank youl!




Playing with light

The intecture of daylight and sports

The relationship between daylight and sports hall designs in the Netherlands
compared to other European countries, whereby the European Committee for
Normalization is the guideline for sports lighting at European Level

Presentation of:
Olly Veugelers
Student number: 4166833

Tutors:
Design tutor: Ir. Annebregje Snijders
Research + Building Technology tutor: Dr. Ing. Marcel Bilow

As part of:
The Architectural Engineering
Graduation Studio 19

Date:
June 29th, 2018
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CLIMATE PRINCIPLES

integration of climate within the design

relaxing sports < active sports active sports

| |

- +26 M
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CLIMATE PRINCIPLES

integration of climate within the design

® ventilation principle ® ventilation principle
textile ceiling of standard ventilation ventilation ducts in between
cloth will be used as ‘ventilation ducts’ pairs of beams

+15m

erature

south
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