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CHALLENGES BY NEW BUILDINGS
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BACKGROUND

Thermal conductivity coefficient λ of thermal 
modified Norway spruce wood is 20% lower 
then nature Norway spruce wood

In last few years an advantageous formulation 
prototype of innovative wood protective wax 
coating has been developed.
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GOALS

• Develop and test passive window, made of
Silvapro thermally modified spruce, surface
treated with Silvacera wax coating
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GOAL OF TEST CUBES

• Behaviour testing and modelling of windows 
and facades elements 

• To test:

– Colour measurement 

– Decay

– Fungal disfigurement 

– Moisture content recordings 
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LOCATIONS OF TEST CUBES
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SKETCH OF TEST CUBES
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ASSEMBLING TEST CUBES
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WAXING PROCESS
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MATERIALS ON THE FASSADE
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WINDOWS
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• Description of window
samples:

– 3 samples per cube: ½ 
spruce, ½ thermally
modified spruce (TMS)

– Surface treated with 
synthetic coating (W1), 
oil (W2) and wax (W3)



WINDOW INSTALATION
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DOORS

• Made of TMS

• Pannels made of waxed
surface TMS, spruce and 
larch 
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MONUTING OF SENSORS

Measurements:

• Colour measuring

• Blue stain

• Decay

• Moisture content

• Temperature
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MOISTURE CONTENT AND
TEMPERATURE MEASURMENT

• Moisture content (MC)

– Every 12 h

– Resistance based measuremnt

– Calibration curves

• Temperature

– Every hour

– Sensors on the inner and outer 
part of the windows and under
some fasade elements
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COLOURS MEASURMENT
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• Before exposure
• After 14 days
• 1, 3, 6, 12 months



VISUAL ASSESSMENT OF BLUE STAINING

According to modified standard EN 152 Rat

ing

Classification Definition

0 No

disfigurement

No surface disfigurement can

be detected visually on the

surface.

1 Slight

disfigurement

The surface exhibits only a

few individual small colonies

none larger than 1.5 mm in

width and 4 mm in length.

2 Moderate

disfigurement

The surface is colonized up to

a maximum of one third of

the total area.

3 Severe

disfigurement

More than one third of the

surface area is colonised.

x Grey surface Surface disfigurement caused

by blue stain fungi can not be

resolved from greying caused

by weathering.
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TEST CUBES ON LOCATIONS
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CLIMATE DATA OF TEST SITES
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WINDOW – MAX MC
Ljubljana Ziri madrid hannover Sweden

MAX MAX MAX MAX MAX

window Spruce TMT Coating down 9,2 8,8 8,1 9,3 7,6

window Spruce TMT Coating up 9,4 9,0 8,2 9,1 7,4

window Spruce TMT oje up 8,3 8,5 8,9 8,5 7,4

window Spruce TMT oil  down 8,2 8,7 7,6 8,4 8,5

window Spruce TMT wax up 8,1 8,2 8,2 8,2 7,7

window Spruce TMT wax down 8,4 9,0 7,9 8,6 7,5
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Ljubljana Ziri madrid hannover Sweden

MAX MAX MAX MAX MAX

window Spruce  Coating down 15,5 15,3 14,6 15,3 14,0

window Spruce  Coating up 15,8 15,2 14,3 15,7 13,8

window Spruce  oil  up 15,5 15,4 14,8 15,7 14,7

window Spruce  oil  down 15,8 15,5 14,2 15,4 14,7

window Spruce  wax up 15,2 15,0 15,0 15,5 13,8

window Spruce  wax down 15,0 15,5 14,9 15,5 13,6



WINDOW – MEDIAN MC
Ljubljana Ziri Madrid Hannover Sweden

median median median median median

window Spruce TMT Coating down 6,8 6,7 6,7 7,4 5,9

window Spruce TMT Coating up 7,2 6,5 6,5 7,4 5,8

window Spruce TMT oje up 6,9 6,6 7,1 7,4 5,2

window Spruce TMT oil  down 6,7 6,6 5,9 7,5 6,1

window Spruce TMT wax up 7,2 6,3 6,3 7,5 5,9

window Spruce TMT wax down 7,0 6,5 5,9 7,8 5,2
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Ljubljana Ziri Madrid Hannover Sweden

median median median median median

window Spruce  Coating down 13,7 13,0 12,3 13,0 10,6

window Spruce  Coating up 13,5 12,4 11,7 13,3 10,8

window Spruce  oil  up 13,2 12,3 12,2 13,9 10,5

window Spruce  oil  down 13,2 11,6 11,6 14,0 9,7

window Spruce  wax up 13,4 12,4 12,3 14,4 10,1

window Spruce  wax down 12,9 12,7 12,1 14,2 10,4



COLOUR CHANGES

Windows



ŽIRI
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HANNOVER MADRID

LJUBLJANA SKELLEFTEÅ
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COLOUR CHANGES

Door Ljubljana and Madrid



LJUBLJANA
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MADRID
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BLUE STAIN



LJUBLJANA
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HANNOVER
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MADRID
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SKELLEFTEÅ
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