
Fire resistance in a sunshading element
 as an alternaƟ ve design soluƟ on for fi re retardant glazing
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0.  IntroducƟ e

Op welke manier is het mogelijk om zonwering te gebruiken als een brandwerend 
element, zodat het funcƟ oneert als een alternaƟ eve ontwerpoplossing voor 
brandwerende beglazing in openbare gebouwen in Nederland?

• Het begin
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Flash-overFire penetraƟ on

0.  IntroducƟ e

• Het begin
 
• Waarom? 
 - branddoorslag (fi re penetraƟ on)
 - brandoverslag (fl ash-over)

Op welke manier is het mogelijk om zonwering te gebruiken als een brandwerend 
element, zodat het funcƟ oneert als een alternaƟ eve ontwerpoplossing voor 
brandwerende beglazing in openbare gebouwen in Nederland?



J.E. Goldbach 228-8-8-06006-2010 6 6         GraduaƟ on preseentntntntaaƟaƟaƟ on
#408424 68  AR3B025       Tutoors: F.F A.A VVVVeeeeeeerrr r &&& R.M.J. Bokkkel 

Flash-overFire penetraƟ on

Op welke manier is het mogelijk om zonwering te gebruiken als een brandwerend 
element, zodat het funcƟ oneert als een alternaƟ eve ontwerpoplossing voor 
brandwerende beglazing in openbare gebouwen in Nederland?

0.  IntroducƟ e

• Het begin
 
• Waarom? 
 - branddoorslag (fi re penetraƟ on)
 - brandoverslag (fl ash-over)

• Hoe? 
 - kennis brandveiligheid & zonwering
 - simulaƟ es
 - prototypes
 - meƟ ngen
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1.  Posed problem & relevance

• Gap of fi re safety knowledge



J.E. Goldbach 228-8-8-06006-2010 6 6         GraduaƟ on preseentntntntaaƟaƟaƟ on
#408424 68  AR3B025       Tutoors: F.F A.A VVVVeeeeeeerrr r &&& R.M.J. Bokkkel 

•  Gap of fi re safety knowledge 

•  Lack of integraƟ on of fi re safety and design 

1.  Posed problem & relevance
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•  Gap of fi re safety knowledge 

•  Lack of integraƟ on of fi re safety and design 

         
•   More glass in buildings
  
  - more sunshading
  - more fi re resistant glass
   
    - expensive
    - not fi t into i.e. monuments
        

1.  Posed problem & relevance
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2.  Research quesƟ ons

In which way is it possible to use sunshading as a fi re retardant element, such that 
it will be an alternaƟ ve design soluƟ on for fi re retardant glazing in public buildings 
in Holland?
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What are the criteria and specifi caƟ ons of the fi re retardant element? 
• What are the current rules in Holland regarding fi re resistance of windows?
• What are the current criteria for fi re retardant glazing and how does it work? 
• What criteria should the fi re retardant sunshading element meet?
• What is the infl uence of the distance between the element and the window?
• What is the criƟ cal Ɵ me in which the system has to close in order to prevent the 

window from breaking?
• How to ensure that the system will close automaƟ cally in case of fi re? 
• How to ensure natural venƟ laƟ on via the window and what will be the infl uence 

during fi re?

In which way is it possible to use sunshading as a fi re retardant element, such that 
it will be an alternaƟ ve design soluƟ on for fi re retardant glazing in public buildings 
in Holland?

2.  Research quesƟ ons
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In which way is it possible to use sunshading as a fi re retardant element, such that 
it will be an alternaƟ ve design soluƟ on for fi re retardant glazing in public buildings 
in Holland?

Which materials will be used?
• What kind of materials is best to use for the sunshading?
• What kind of materials is best to use for the fi re resistance? 
• What will be the infl uence of UV over Ɵ me?

2.  Research quesƟ ons
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In which way is it possible to use sunshading as a fi re retardant element, such that 
it will be an alternaƟ ve design soluƟ on for fi re retardant glazing in public buildings 
in Holland?

What will be the durability of the element? 
• How is the price in relaƟ on to current fi re retardant glazing and sunshading?
• How to prevent malfuncƟ on, possible damage and wearing?
• What will be the performance of the sunshading element in relaƟ on to thermal 

comfort?

2.  Research quesƟ ons
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In which way is it possible to use sunshading as a fi re retardant element, such that 
it will be an alternaƟ ve design soluƟ on for fi re retardant glazing in public buildings 
in Holland?

What will be the infl uence of a fi re retardant sunshading element on a fi re and what 
will be the consequence for the fi re fi ghters?

2.  Research quesƟ ons
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3.  Method & Ɵ me planning

P1
• Contact the Dutch 

InsƟ tute of Physical 

Safety & the fi re 

department 

• Subject & relevance

• Research quesƟ ons

• TheoreƟ cal 

framework
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P1 P2
• Contact the Dutch 

InsƟ tute of Physical 

Safety & the fi re 

department 

• Subject & relevance

• Research quesƟ ons

• TheoreƟ cal 

framework

• TheoreƟ cal frame-
work

      - sunshading
      - fi re safety
      - products & 
        materials
      - mechanism

• SimulaƟ ons

• Program of 
requirements

• EfecƟ s fi re lab

3.  Method & Ɵ me planning
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P1 P2 P3
• Contact the Dutch 

InsƟ tute of Physical 

Safety & the fi re 

department 

• Subject & relevance

• Research quesƟ ons

• TheoreƟ cal 

framework

• TheoreƟ cal frame-
work

      - sunshading
      - fi re safety
      - products & 
        materials
      - mechanism

• SimulaƟ ons

• Program of 
requirements

• EfecƟ s fi re lab

• Design mechanism 

• Design element

• Material study 

• Prototype playing 
cards

• Prototype wood

• Prototype steel

• Test measurement

3.  Method & Ɵ me planning
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P1 P2 P3 P4
• Contact the Dutch 

InsƟ tute of Physical 

Safety & the fi re 

department 

• Subject & relevance

• Research quesƟ ons

• TheoreƟ cal 

framework

• TheoreƟ cal frame-
work

      - sunshading
      - fi re safety
      - products & 
        materials
      - mechanism

• SimulaƟ ons

• Program of 
requirements

• EfecƟ s fi re lab

• Design mechanism 

• Design element

• Material study 

• Prototype playing 
cards

• Prototype wood

• Prototype steel

• Test measurement

• Durability &
     sustainability

• AdjusƟ ng method

• AdjusƟ ng the 
    prototype

• Measurements

• Refl ecƟ on

3.  Method & Ɵ me planning
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P1 P2 P3 P4 P5
• Contact the Dutch 

InsƟ tute of Physical 

Safety & the fi re 

department 

• Subject & relevance

• Research quesƟ ons

• TheoreƟ cal 

framework

• TheoreƟ cal frame-
work

      - sunshading
      - fi re safety
      - products & 
        materials
      - mechanism

• SimulaƟ ons

• Program of 
requirements

• EfecƟ s fi re lab

• Design mechanism 

• Design element

• Material study 

• Prototype playing 
cards

• Prototype wood

• Prototype steel

• Test measurement

• Durability &
     sustainability

• AdjusƟ ng method

• AdjusƟ ng the 
    prototype

• Measurements

• Refl ecƟ on

• Test fi re retardant 
coaƟ ng

• Measurements

• SimulaƟ ons

• EvaluaƟ on

• Model

3.  Method & Ɵ me planning



TheoreƟ cal framework
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4.  TheoreƟ cal framework - fi re 

E: closed for fl ames

EW: radiaƟ on

EI: temperature

• Specifi caƟ ons of fi re retardant glazing
 - E
 - EW
 - EI 

• Diff erent types of fi re retardant glazing
 - Safety wired glass (E)
 - Full tempered glass (E)
 - Full tempered glass with coaƟ ng (EW)

 - Full tempered glass with an epoxy resin interlayer (EW)
 - Fire resistant glass with intumescent interlayers (EW/EI)



J.E. Goldbach 228-8-8-06006-2010 6 6         GraduaƟ on preseentntntntaaƟaƟaƟ on
#408424 68  AR3B025       Tutoors: F.F A.A VVVVeeeeeeerrr r &&& R.M.J. Bokkkel 

4.  TheoreƟ cal framework - fi re 

E: closed for fl ames

EW: radiaƟ on

EI: temperature

• Specifi caƟ ons of fi re retardant glazing
 - E
 - EW
 - EI 

• Diff erent types of fi re retardant glazing
 - Safety wired glass (E)
 - Full tempered glass (E)
 - Full tempered glass with coaƟ ng (EW)

 - Full tempered glass with an epoxy resin interlayer (EW)
 - Fire resistant glass with intumescent interlayers (EW/EI)

• Infl uence of the breaking of the glass of a window during a 
fi re



4.  TheoreƟ cal framework - fi re 

E: closed for fl ames

EW: radiaƟ on

EI: temperature

• Specifi caƟ ons of fi re retardant glazing
 - E
 - EW
 - EI 

• Diff erent types of fi re retardant glazing
 - Safety wired glass (E)
 - Full tempered glass (E)
 - Full tempered glass with coaƟ ng (EW)

 - Full tempered glass with an epoxy resin interlayer (EW)
 - Fire resistant glass with intumescent interlayers (EW/EI)

• Infl uence of the breaking of the glass of a window during a 
fi re

• Price of glazing

EI: temperature
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4.  TheoreƟ cal framework - fi re 

E: closed for fl ames

EW: radiaƟ on

EI: temperature

• Specifi caƟ ons of fi re retardant glazing
 - E
 - EW
 - EI 

• Diff erent types of fi re retardant glazing
 - Safety wired glass (E)
 - Full tempered glass (E)
 - Full tempered glass with coaƟ ng (EW)

 - Full tempered glass with an epoxy resin interlayer (EW)
 - Fire resistant glass with intumescent interlayers (EW/EI)

• Infl uence of the breaking of the glass of a window during a 
fi re

• Price of glazing

• RelaƟ on between radaƟ on and distance to the heat source

EI: temperature
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Markies Folding arm awnings

Roller shuƩ ers Shading between glass

MarkisoleƩ e

Overhang

5.  TheoreƟ cal framework - sunshading 
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VeneƟ an blinds

5.  TheoreƟ cal framework - sunshading 

+  1 side of the lamellae UV coaƟ ng

+  1 side of the lamellae fi re retardant coaƟ ng

+  Window is not breaking

+  Diff erent posiƟ ons of the shading

+  Easier maintainance

+  Less damage, wear and vandalism 



VeneƟ an blinds

5.  TheoreƟ cal framework - sunshading 

+  1 side of the lamellae UV coaƟ ng

+  1 side of the lamellae fi re retardant coaƟ ng

+  Window is not breaking

+  Diff erent posiƟ ons of the shading

+  Easier maintainance

+  Less damage, wear and vandalism 

- Sunshading on the inside

-  Dust & cleaning
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Design research
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Program of requirements: 
• Integrity
• Stop radaƟ on
• InsulaƟ on
• Fire retardant materials
• UV & fi re retardant coaƟ ng
• Self closing mechanism 
• Costs of element < 250 - 550 euro
• Sunshading
• EstheƟ cal
• HR++ Glass  4-16-4 or 6-16-6 mm
• OpƟ mal distance between element and window
• Minimum loss of space
• Element on the inside of the window
• Fire intumescent coaƟ ng

6.  Design research

VeneƟ an blinds

Fire intumescent coaƟ ng

Design assignment
A concept for a sun shading element which also funcƟ ons as an alternaƟ ve 
design soluƟ on for fi re retardant glazing.
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6.  Design research - overview

U-profi le Z-profi le

MounƟ ng principle MounƟ ng principle

Sealing principle Sealing principle
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1. Wire & fi re

6.  Design research - mechanism
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6.  Design research - mechanism

2. Burning wire



J.E. Goldbach 228-8-8-06006-2010 6 6         GraduaƟ on preseentntntntaaƟaƟaƟ on
#408424 68  AR3B025       Tutoors: F.F A.A VVVVeeeeeeerrr r &&& R.M.J. Bokkkel 

3. Breaking wire

6.  Design research - mechanism



J.E. Goldbach 228-8-8-06006-2010 6 6         GraduaƟ on preseentntntntaaƟaƟaƟ on
#408424 68  AR3B025       Tutoors: F.F A.A VVVVeeeeeeerrr r &&& R.M.J. Bokkkel 

Fiire reetaardant 
coaƟ nng

MaggnneeƟƟ c wweeiight

Nylon wiree

Steel wire

6.  Design research - mechanism

MMMMaagneƟ cc  ssttrip
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Normal sunshading

6.  Design research - design
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NNorrmaal sunshading

Less lamellae used

6.  Design research - design
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Closed element with the 
mounƟ ng principle

NNorrmaal sunshading

Less lamellae used

6.  Design research - design
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CClosed eleemmmeentt wwwwwith the 
mounƟ ngg  pprriinnciippleee

NNorrmaal sunshading

The element is taken out Less lamellae used

6.  Design research - design
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CClosed eleemmmeentt wwwwwith the 
mounƟ ngg  pprriinnciippleee

NNorrmaal sunshading Integrated element

Thee element is taken ouuut Less lamellae used

6.  Design research - design
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Closed element with the 
mounƟ ng principle

Normal sunshading Integrated element

The element is taken out Less lamellae used

6.  Design research - design
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6.  Design research - durability

Possible damage and wear
• Nylon wire with UV coaƟ ng
• Element on the inside
• Check
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6.  Design research - durability

Possible damage and wear
• Nylon wire with UV coaƟ ng
• Element on the inside
• Check regularly

Price
• Fire retardant glazing : 250 Ɵ ll 550 euro per m2  
• Sunshading: 20 Ɵ ll 150 euro  
• HR+++ glass: 120 euro per m2 
• FaciliƟ es for fire resistance: 50 euro
• Fire retardant sunshading element: 190 Ɵ ll 310 euro
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6.  Design research - durability

Possible damage and wear
• Nylon wire with UV coaƟ ng
• Element on the inside
• Check regularly

Price
• Fire retardant glazing : 250 Ɵ ll 550 euro per m2  
• Sunshading: 20 Ɵ ll 150 euro  
• HR+++ glass: 120 euro per m2 
• FaciliƟ es for fire resistance: 50 euro
• Fire retardant sunshading element: 190 Ɵ ll 310 euro
• 
• 
Infl uence for the fi re fi ghters 
• Temperature increase
• Less oxygen supply 
• No fl ash-over 
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Before 

6.  Design research - Prototype playingcards

AAAAAAAŌ er
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Befoorree 

6.  Design research - Prototype playingcards

AŌ er
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6.  Design research - Prototype wood
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• Distances of 75 and 100 mm 

• Steel wire and nylon wire 

• Handles

6.  Design research - Prototype steel
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The results of the simulaƟ ons should determine the following 
variables:

• Incident radiaƟ on on the glass & shading element

• Temperature of the glass during the simulaƟ on

• Temperature of the element during the simulaƟ on

• The opƟ mal distance between the window and the element 
in relaƟ on to heat 

• Results of the simulaƟ on with the same distances as used in 
the measurements in order to compare them
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7.  SimulaƟ ons 
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Result TRISCO simulation Result TRISCO simulation -- temperature inside glass panetemperature inside glass pane

4//16/4 mm glass 6/16/6 mm glass

• Element more closed - smaller opƟ mal distance

• The temperature of the glass is around the same value 
for each distance in all posiƟ ons

• When the distance between the element and the 
window is bigger the temperature on the window will 
be lower - but radiaƟ on on the element is higher

• New simulaƟ ons with the same distances as the 
measurements
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7.  SimulaƟ ons - results
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• Diff erent glass thickness hardly had any eff ect in the 
simulaƟ on

• RelaƟ on between distance and heat source

• No comparsion to the measurements, because of the 
diff erent scale, diff erent radius to the heat source

7.  SimulaƟ ons - conclusions



Measurements

J.J.J.J.E.E.E.EEEE GGGGGolololdbdbdbbacacccca h h h hh 22222222228-8-8-8-88-8-8-8-8-8-8-8-8-8--8-8--88 0000006060606060006060600066-2-2-2-2-2-2-2010101010010101010 6 6 6 66 6666       GrGrGrGrGrradadadadadaaadaaa uauauauaƟ Ɵ ƟƟƟ onononononn pppppppprereerer seseeeeeeeentntntntntntnttntntntntntntnnntntntnttntntnntn aaƟaƟaƟaaƟaƟaƟaƟaƟaƟaƟaƟaaƟaaƟaaaaƟaƟaaaaƟa oooonnnnnnnn
#4#4#4#4#4444# 0808080888884242424242444444268686868888 ARARARARARR3B3B3B3B3B333B3B3B02020202020220 5 5 55 555        TuTuTuTT totototootototototorsrssrsrsrsrsrs: : : ::: F.F.F.F.FFFFF A.A.A.A.A.A.A.AA VVVVVVVVVVVVVVVVVVVVVVVVeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee rrrrrrrrrrrrrrrrrrrr rr r &&&&&&&&&&&&&&&&& R.R.RR M.MM.M.MMMM J.J.J.J.J BBBBBokokokokokkkkkkelelelee  



J.E. Goldbach 228-8-8-06006-2010 6 6         GraduaƟ on preseentntntntaaƟaƟaƟ on
#408424 68  AR3B025       Tutoors: F.F A.A VVVVeeeeeeerrr r &&& R.M.J. Bokkkel 

Measurements: 
- 4 mm / without an element 
 4 mm / open element / 75 mm distance
 4 mm / open element / 100 mm distance
 4 mm / closed element / 75 mm distance
 4 mm / closed element / 100 mm distance
 4 mm / open or closed element / 75 mm distance / fi re  
             retardant coaƟ ng
 6 mm / without an element 
 6 mm / open element / 75 mm distance
 6 mm / open element / 100 mm distance
 6 mm / closed element / 75 mm distance
 6 mm / closed element / 100 mm distance
 6 mm / open or closed element / 75 mm distance / fi re  
             retardant coaƟ ng

8.  Measurements
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8.  Measurements 

Materials: 
• Steel plate: 28 steel lamellae of 458 x 30 x 0.8 mm
• Fire retardant coaƟ ng for steel (Tangit FP800 is used)
• Steel wire 
• Nylon wire
• Steel frame with mounƟ ng opƟ ons for the element
• Steel pipe for mounƟ ng the element
• 4 mm glass 6 panes: 400 x 625 mm
• 6 mm glass 6 panes: 400 x 625 mm
• Stopwatch
• Infra-red measurement tool 
• Heat resistant suits
• Bricks to absorb and radiate the heat
• Fire exƟ nguisher or other safety measures



J.E. Goldbach 228-8-8-06006-2010 6 6         GraduaƟ on preseentntntntaaƟaƟaƟ on
#408424 68  AR3B025       Tutoors: F.F A.A VVVVeeeeeeerrr r &&& R.M.J. Bokkkel 

• The mechanism worked 

• Handles 

• Re-use of frame, lamellae and metal wire

8.  Measurements 
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8.  Measurements - method
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8.  Measurements - method
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8.  Measurements - method
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8.  Measurements - method
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8.  Measurements - method
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8.  Measurements - method
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8.  Measurements - method
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8.  Measurements - method
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8.  Measurements - method
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8.  Measurements - method
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8.  Measurements - method
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• Temperature increase rate

• 4 mm glass breaks faster, but at 
higher temperatures

Temperature increse rate 1.7 oC/s

Temperature increse rate 1.7 oC/s

Closing element aŌ er 8 seconds

8.  Measurements - results 4 mm glass

Oven: 607 oC

Oven: 609 oC
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Temperature increse rate 0.5 oC/s

Temperature increse rate 0.4 oC/s Temperature increse rate 2.2 oC/s
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8.  Measurements - results 6 mm glass
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• Not always the same spot measured

• Closed element 100 mm distance, 
variant result

Temperature increse rate 1.0 oC/s

Temperature increse rate 1.0 oC/s

Temperature increse rate 0.3 oC/s

Temperature increse rate 0.3 oC/s Temperature increse rate 1.3 oC/s
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• Fire retardant coaƟ ng on the inside 

• Expanded

• No fl ash-over

• Not a remarkable result   - insulaƟ on
       - Ɵ me 

• Only 1 measurement done   - not safe enough 
       - safety report

8.  Measurements - results fi re retardant coaƟ ng



J.E. Goldbach 228-8-8-06006-2010 6 6         GraduaƟ on preseentntntntaaƟaƟaƟ on
#408424 68  AR3B025       Tutoors: F.F A.A VVVVeeeeeeerrr r &&& R.M.J. Bokkkel 

8.  Measurements - photos
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• 4 mm glass can withstand higher temperatures but breaks 
faster.

• When the element is closed the temperature when the 
glass breaks is lower than when the element is open, 
because there was less exposure to the heat source.

• With the element at a distance of 75 mm from the glass 
it takes longer for the glass to break in comparison to a 
distance of 100 mm. 

• The temperature rise of the glass fl uctuates. 

8.  Measurements - conclusions
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• 4 mm glass can withstand higher temperatures but breaks 
faster.

• When the element is closed the temperature when the 
glass breaks is lower than when the element is open, 
because there was less exposure to the heat source.

• With the element at a distance of 75 mm from the glass 
it takes longer for the glass to break in comparison to a 
distance of 100 mm. 

• The temperature rise of the glass fl uctuates. 

SimulaƟ on vs. measurements: 
• Diff erent scale / distances 

• Closer to the heat source, higher radiaƟ on on the element

8.  Measurements - conclusions
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        RecommendaƟ on
SimulaƟ on:
• Program      Other program like Brando i.e.
        More refi ned grid
• Room temperature 
• Scale and size      First know the measurements
• Smoke        Other simulaƟ ons

9.  Discussion & recommendaƟ on
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        RecommendaƟ on
SimulaƟ on:
• Program      Other program like Brando i.e.
        More refi ned grid
• Room temperature 
• Scale and size      First know the measurements
• Smoke        Other simulaƟ ons
   
Measurements: 
• Method       Conform NEN/Dutch Building Decree
        Measuring on the same spot and at   
        more places

9.  Discussion & recommendaƟ on
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        RecommendaƟ on
SimulaƟ on:
• Program      Other program like Brando i.e.
        More refi ned grid
• Room temperature 
• Scale and size      First know the measurements
• Smoke       Other simulaƟ ons
   
Measurements: 
• Method       Conform NEN/Dutch Building Decree
        Measuring on the same spot and at   
       more places
Design: 
• Pull up of the lamellae 

9.  Discussion & recommendaƟ on
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        RecommendaƟ on
SimulaƟ on:
• Program      Other program like Brando i.e.
        More refi ned grid
• Room temperature 
• Scale and size      First know the measurements
• Smoke        Other simulaƟ ons
   
Measurements: 
• Method       Conform NEN/Dutch Building Decree
        Measuring on the same spot and at   
        more places
Design: 
• Pull up of the lamellae 

• Further measurements: 
• Thinner lamellae thickness
• Other glass thickness 
• Other coaƟ ngs 

9.  Discussion & recommendaƟ on



Conclusion
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10.  Conclusions 

In which way is it possible to use sunshading as a fi re retardant element, such that 
it will be an alternaƟ ve design soluƟ on for fi re retardant glazing in public buildings 
in Holland?

What are the criteria and specifi caƟ ons of the fi re re-
tardant element? 

 Sunshading
 Fire retardant 
 Manually adjustable
 Diff erent colours and designs
 Self-closing mechanism
 Heat-fl ux < 15 kW/m2 at 1 meter distance
 Lower costs than fi re retardant glazing
 AlternaƟ ve design soluƟ on
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10.  Conclusions 

In which way is it possible to use sunshading as a fi re retardant element, such that 
it will be an alternaƟ ve design soluƟ on for fi re retardant glazing in public buildings 
in Holland?

What are the criteria and specifi caƟ ons of the fi re re-
tardant element? 

 Sunshading
 Fire retardant and prevent fl ash-over
 Manually adjustable
 Diff erent colours and designs
 Self-closing mechanism
 Heat-fl ux < 15 kW/m2 at 1 meter distance
 Lower costs than fi re retardant glazing
 AlternaƟ ve design soluƟ on
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10.  Conclusions 

• Infl uence of the distance between the element and the 
heat source

• System closes automaƟ cally in case of fi re

• Natural venƟ laƟ on

• Infl uence during a fi re

• Consequence for the fi re fi ghters



Thank you! QuesƟ ons?
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