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Calculations for thermal insulation, moisture protection and heat protection
created on 20.1.2025 21:16

Content

Component U-value Condensate TA- Thickness Weight
W/m2K kg Attenuation cm kg/m?2

1 Tremblay Wall 0.14 - 16,6 35,62 36,4 2

2 Tremblay Crawlspace Wall (Ground) 0.14 - 128,2 43,21 516,7 9

3 Tremblay Crawlspace Wall (Exposed) 0.14 - 128,2 43,23 516,6 13

4 Tremblay Crawlspace Floor 0.21 <0,001 2,0 12,07 57 20

5 Tremblay Basement Wall (Remaining Ground) 4.3 - 1,7 20,32 487,7 24

6 Tremblay Basement Wall (Ground) 0.28 - 122,0 32,39 514,7 28

7 Tremblay Basement Wall (Exposed) 0.27 0,021 122,0 32,39 514,7 32

Comparison with different maximum values*

Component BEG Einzelma3n. GEG 2020/24 Bestand GEG 2023/24 Neubau DIN 4108
Tremblay Wall

Tremblay Crawlspace Wall (Ground)
Tremblay Crawlspace Wall (Exposed)
Tremblay Crawlspace Floor

Tremblay Basement Wall (Remaining Ground)
Tremblay Basement Wall (Ground)

Tremblay Basement Wall (Exposed)

CLLKX

< KKKLX
CLKLKX

<L KKKX

*Comparison of the U-value with den techn. Mindestanforderungen fir BEG Einzelmanahmen; den Hochstwerten aus GEG Anlage 7 (GEG Page 1
2020-2024 Bestand); 70% des U-Werts der Referenzausfihrung aus GEG 2023/2024 Anlage 1 (GEG Neubau); den R-Werten aus DIN 4108-2 Tabelle
3
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Exterior wall
Trem bl ay Wa" created on 20.1.2025
Thermal protection Moisture proofing Heat protection
_ Drying reserve: 645 g/m2a Temperature amplitude damping: 17

U= 0,14 w/m) No condensate phase shift: 12,7 h

A ,
DIN 4108* R>1,74 m2K/W + Rg + Ree Thermal capacity inside: 29 kJ/m2K

excellent insufficient excellent insufficient excellent insufficient
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38 571,5 |
38 368 '
@ Gypsum board (12,5 mm) @ Isocell (89 mm)
(2) Foil, PE Tyvek® HomeWrap®
@ Insulation, blanket and batt, rock or glass mineral fibre, R12, 89mm (89 mm) @ Rear ventilated level (9,525 mm)
(8) Plywood - Douglas fir (9,5 mm) Rear ventilated level (19 mm)
(5) Tyvek® HomeWrap® 1) Vertical cladding (12,5 mm)

@ Isocell (114 mm)

<-> Layers marked by arrows are perpendicular to the main axis.

Impact of each layer and comparison to reference values
Wood, structural framing (spruce-pine-fir), Insulation, blanket and batt, rock or glass mineral fibre (CAN/ULC-S702), R12, 89mm

Plywood - Douglas fir Isocell, Wood, structural framing (spruce-pine-fir) Equivalent
W | insulation thickness
Isocell (WLS 038)

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 mm
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Inside air : 21.0°C/ 40% Thickness: 35,6 cm
Outside air: -25.0°C / 80% sd-value: 16,7 m Weight: 36 kg/m?2
Surface temperature.: 19,1°C/-24,7°C Heat capacity: 50 kJ/m2K
BEG EinzelmaRn. M GEG 2020/24 Bestand M GEG 2023/24 Neubau DIN 4108
*Comparison of the U-value with den techn. Mindestanforderungen fiir BEG EinzelmaBnahmen; den Hochstwerten aus GEG Anlage 7 (GEG Page 2

2020-2024 Bestand); 70% des U-Werts der Referenzausfihrung aus GEG 2023/2024 Anlage 1 (GEG Neubau); den R-Werten aus DIN 4108-2 Tabelle
3
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Tremblay Wall, U=0,14 W/(mZ2K)

U-Value calculation according to DIN EN ISO 6946

The use of this document is permitted for educational purposes only.

Created with the version for study and teaching. ||| NNENEbQ

# Material Dicke A R
[cm] [W/mK] [m2K/W]
Thermal contact resistance inside (Rsi) 0,130
1 Gypsum board 1,25 0,250 0,050
2 Foil, PE 0,02 0,400 0,000
3 Insulation, blanket and batt, rock or glass mineral 8,90 0,055 1,618
fibre (CAN/ULC-S702), R12, 89mm
Wood, structural framing (spruce-pine-fir) (9.4%) 8,90 0,118 0,757
4 Plywood - Douglas fir 0,95 0,090 0,106
5 Tyvek® HomeWrap® 0,05 0,400 0,001
6 Isocell 11,40 0,038 3,000
7 Isocell 8,90 0,038 2,342
Wood, structural framing (spruce-pine-fir) (6.2%) 8,90 0,118 0,757
8 Tyvek® HomeWrap® 0,05 0,400 0,001
Thermal contact resistance outside (Rse) 0,130

Thermal contact resistances have been taken from DIN 6946 Table 7.
Rsi: heat flow direction horizontally
Rse: heat flow direction horizontally, outside: Ventilation level

Upper limit of thermal resistance Rioyypper = 7,167 m?K/W.
Lower limit of thermal resistance Ryotiower = 6,951 m2K/W.
Check applicability: Riot,ypper / Riotiower = 1,031 (maximum allowed: 1,5)

The procedure may be used.

Thermal resistance Ryt = (Riotupper * Riotiower)/2 = 7.0569 m2K/W

Estimated maximum relative uncertainty according to section 6.7.2.5: 1.5%

Heat transfer coefficient U = 1/R; = 0,14 W/(m2K)

This component includes several inhomogeneous layers of different overall width. For all the calculations it was assumed
that the layer arrangement is repeated in width all 61 cm. This, however, is not true for at least layer 3 with a total width of

40,6 cm and can cause increased inaccuracy of the U-value.

i 1
T
—

114

356,177

F9,5
89

1 T125 ——— — —(1\2)—=
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Tremblay Wall, U=0,14 W/(mZ2K)

LCA

Heat loss: 19 kWh/m?2 per heating season Amount of heat that escapes through one square meter of

PRTIIIII———————. this component during the heating period. Please note: Due
to internal and solar gains, the heating demand is lower than

the heat loss.

Primary energy (non renewable): 13 kWh/m? Non-renewable primary energy (= energy from fossil fuels and
» nuclear energy) that was used to produce the new building
materials ("cradle to gate”).

Green house gas potential: -25 kg CO2 l'\qv. /m?2 For the production of the building materials used, more
greenhouse gases were withdrawn from the atmosphere than
4 emitted.

Composition of non-renewable primary energy of production:

[ 1socell (114 mm) 31%

[[] 1socell (89 mm) 23%

Vertical cladding (12,5 mm) 15%

[ ] Tyvek® HomeWrap® 8%

[ ] Wood, structural framing (89x38) 8%
[ ] Tyvek® HomeWrap® 8%

[ ] Stud (19x89) 8%

Composition of the greenhouse potential of production:

#5 Tyvek® HomeWrap® 0kg

#8 Tyvek® HomeWrap® 0kg

#9.1 Wood, structural framing (spruce-pine-fir) -0kg
#10.1 Stud (spruce) -3kg

#11 Vertical claddin

#7.1 Wood, structural

#7 Isocell -6kg

Page 4
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Tremblay Wall, U=0,14 W/(m2K)

Global warming potential and primary energy for construction and use

The left figure shows the global warming potential of the

€ 120 production of the component in the vertical part of the
= curve. Greenhouse gas emissions (through heating)

< 100 arising during use of the building are indicated by the

S upward curve.

o 80

é” The figure at the bottom left shows the nonrenewable
K] 60 primary energy expenditure for the production of the

E:; 20 component in the vertical part of the curve. The primary
° energy required during use of the building (through

g 20 heating) is represented by the upward curve.

o

§ 0 The longer the component is used unchanged, the more
2 environmentally friendly it is, because the production

5 20 costs contribute less to the total emissions (indicated by
g 0 10 20 30 40 the color of the curve).

Useful life in years . . .
Due to unknown solar and internal gains, the heating

demand can only be estimated. Accordingly, primary

energy consumption and global warming potential during
800 the use phase are only vaguely known. For the estimation
it was assumed that solar and internal profits contribute

_% 700

5 with 4 kWh/a/m2 component area. The light gray area
= 600 indicates the area in which the curve is located with great
% certainty. For heat generation, a primary energy input of
$ 500 1.2 kWh per kWh of heat and a global warming potential
2 of 0.21 kg CO2 eqv/m? per kWh of heat was used. Heat
g 400 source: Natural gas H.

2 300

&

5 200

5

> 100

@

E 0

a 0 10 20 30 40

Useful life in years

Hints

Calculated for the location AB:ABEE AGDM, heating period from Mid of October to End of April. The calculation is based on
monthly average temperatures. Source: Canadian Weather Year for Energy Calculation (2016)

The climate and energy data on which this calculation is based can, in some cases, show considerable fluctuations and, in
individual cases, deviate considerably from the actual value.

Keine Berechnung maglich.
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Tremblay Wall, U=0,14 W/(mZ2K)

Temperature profile

89 368

Top left: Temperature profile in the blue section (see right illustration). Bottom left: Temperature profile in the green section.

Layers (from inside to outside)

# Material A RSI Temperatur [°C] Weight
[W/mK]  [m2K/W] min max [kg/m?]
Thermal contact resistance* 0,250 19,1 21,0
1 1,25 cm Gypsum board 0,250 0,050 18,6 19,5 8,5
2 0015cm Foil, PE 0,400 0,000 18,6 19,2 0,1
3 8,9 cm Insulation, blanket and batt, rock or glass 0,055 1,618 88 19,2 2,6
mineral fibre (CAN/ULC-S702), R12, 89mm
8,9 cm Wood, structural framing (spruce-pine-fir) (9.4%) 0,118 0,757 10,7 18,8 38
4 0,95cm Plywood - Douglas fir 0,090 0,106 8,1 10,7 29
5 0,05 cm Tyvek® HomeWrap® 0,400 0,001 8,1 98 0,1
6 11,4cm Isocell 0,038 3,000 -135 9.8 6,8
7 89 cm Isocell 0,038 2,342 248 -10,0 50
8,9 cm Wood, structural framing (spruce-pine-fir) (6.2%) 0,118 0,757 24,6 -136 2,5
8 0,056 cm Tyvek® HomeWrap® 0,400 0,001 -24,8 24,6 0,1
Thermal contact resistance* 0,040 -25,0 -24,6
9 0.9525 Rear ventilated level (outside air) -25,0 -25,0 0,0
cm
10 1.9 cm Rear ventilated level (outside air) -25,0 -25,0 0,0
11 1.25cm Vertical cladding (board on board) -25,0 25,0 2,2
35.61774 cm Whole component 7,059 36,4

*Thermal contact resistances according to DIN 4108-3 for moisture protection and temperature profile. The values for the U-
value calculation can be found on the page 'U-value calculation'.

Surface temperature inside (min / average / max): 19,1°C  194°C  19,5°C
Surface temperature outside (min / average / max):  -24,8°C -24,7°C  -24,6°C

Page 6
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Tremblay Wall, U=0,14 W/(mZ2K)

Moisture proofing

For the calculation of the amount of condensation water, the component was exposed to the following constant climate for
90 days: inside: 21°C und 40% Humidity; outside: -25°C und 80% Humidity (Climate according to user input).

This component is free of condensate under the given climate conditions.

Drying reserve according to Ubakus 2D-FE method: 645 g/(m?2a)
At least required by DIN 68800-2: 100 g/(m2a)
# Material sd-value Condensate Weight
[m] [kg/m?] [Gew.-%] [kg/m?]
1 1,25 cm Gypsum board 0,05 - 8,5
2 0,015cm Foil, PE 15,24 - 0,1
3 8,9 cm Insulation, blanket and batt, rock or glass 0,09 - 2,6
mineral fibre (CAN/ULC-S702), R12, 89mm
8,9 cm Wood, structural framing (spruce-pine-fir) 1,78 - - 3,8
(9.4%)
4 0,95cm Plywood - Douglas fir 0,48 - - 29
5 0,05cm Tyvek® HomeWrap® 0,06 - 0,1
6 11,4cm Isocell 0,34 - 6,8
7 89 cm Isocell 0,27 - 50
8,9 cm Wood, structural framing (spruce-pine-fir) 4,45 - - 2,5
(6.2%)
8 0,05 cm Tyvek® HomeWrap® 0,06 - 0,1
35.61774 Whole component 16,65 0 36,4
cm
Humidity

The temperature of the inside surface is 19,1 °C leading to a relative humidity on the surface of 45%.Mould formation is not
expected under these conditions.
The following figure shows the relative humidity inside the component.

100F JH— — Relative humidity (%)
90l " , —saturation point
s-e\ 80+ \2 @ % -
_‘ém- B
‘€ 60+ E
2 50+
2 40f
5
@ 301 R
@ g
20}
10
0 1 H 1 1 1 1 i
0 50 100 150 200 250 300 35[0 ]
: . mm
Inside 0°C Outside 38 5715
@ Gypsum board (12,5 mm) (®) Tyvek® HomeWrap® (9) Rear ventilated level (9,53 mm)
(2 Foil, PE (®) Isocell (114 mm) @0 Rear ventilated level (19 mm)
(3) Insulation, blanket and batt, rock ... (7) Isocell (89 mm) @D Vertical cladding (12,5 mm)

(@) Plywood - Douglas fir (9,5 mm) Tyvek® HomeWrap®

Layers marked with <-> run parallel to the illustrated cutting plane and were not taken into account in the
moisture protection calculation.

Notes: Calculation using the Ubakus 2D-FE method. Convection and the capillarity of the building materials
were not considered. The drying time may take longer under unfavorable conditions (shading, damp / cool
summers) than calculated here.
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Tremblay Wall, U=0,14 W/(m2K)

Heat protection

The following results are properties of the tested component alone and do not make any statement about the heat protection
of the entire room:

Temperature profile

36f i Temperature at 3pm, 11am and 7am

34 i Temperature at 7pm, 11pm and 3am

32f 1
= 301 1 @® GyPsum board (12,5 mm)
= ogl { @ Foil, PE
S 261 | (@ Insulation, blanket and batt, rock or glass mineral fibre, R12, 89mm (89 mm)
g o4l | @ Plywood - Douglas fir (9,5 mm)
2 | | (® Tyvek® HomeWrap®
o (®) Isocell (114 mm)
= 20+ 4

(@) 1socell (89 mm)

18 1 Tyvek® HomeWrap®

16f i @ Rear ventilated level (9,53 mm)

14t i . : 1 {0 Rear ventilated level (19 mm)

0 100 200 300 @) Vertical cladding (12,5 mm)
Inside [mm]

Outside

[T®le surface temperature during the day
36F

34r

32/
30r
28¢
26r
24¢
22r
201
18

16
14k Phase shift: 12.7h

121416182022242 4 6 8 1012
[time of day]

— Qutside
— Inside

Top:Temperature profile within the component at different times. From top to bottom, brown lines: at 3 pm, 11 am and 7 am
and red lines at 7 pm, 11 pm and 3 am.

Bottom:Temperature on the outer (red ) and inner ( blue ) surface in the course of a day. The arrows indicate the location of
the temperature maximum values . The maximum of the inner surface temperature should preferably occur during the
second half of the night.

Phase shift* 12,7h Heat storage capacity (whole component): 50 kJ/m2K
Amplitude attenuation** 16,6 Thermal capacity of inner layers: 29 kJ/m2K
TAV *xx 0,060

* The phase shift is the time in hours after which the temperature peak of the afternoon reaches the component interior.

** The amplitude attenuation describes the attenuation of the temperature wave when passing through the component. A value of 10
means that the temperature on the outside varies 10x stronger than on the inside, e.g. outside 15-35 °C, inside 24-26 °C.

***The temperature amplitude ratio TAV is the reciprocal of the attenuation: TAV = 1 / amplitude attenuation

Note: The heat protection of a room is influenced by several factors, but essentially by the direct solar radiation through windows and the
total amount of heat storage capacity (including floor, interior walls and furniture). A single component usually has only a very small
influence on the heat protection of the room.

The calculations presented above have been created for a 1-dimensional cross-section of the component.
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Tremblay Crawlspace Wall (Ground) created oo oo
Thermal protection Moisture proofing Heat protection

U = 0,14 w/mzx) Mo condensate TAV and phase non relevant

Lo )
DIN 4108% R>1,2 m2K/W + Rg + Ree Thermal capacity inside: 228 kJ/m2K

excellent insufficient excellent insufficient excellent insufficient

S e e ShTl oV Sa D e I8 ATe

T F127 (10)
153975 9
153975 (8)
S
S (2032 Q)
(32
<
= 5 6
153975 @@)CX}
153975 A2
Lo Oa
@ Aluminum foil @ Concrete (203,2 mm)
@ Graphite Polystyrene (53,975 mm) Graphite Polystyrene (53,975 mm)
(3) Aluminum foil (9) Graphite Polystyrene (53,975 mm)
@ Graphite Polystyrene (53,975 mm) Cement plaster (12,7 mm)

(5) Aluminum foil @1 soil

(6) Foil, PE

Impact of each layer and comparison to reference values

For the following figure, the thermal resistances of the individual layers were converted in millimeters insulation. The scale
refers to an insulation of thermal conductivity 0,032 W/mK.

Graphite Polystyrene (GPS) Concrete Graphite Polystyrene (GPS)
Graphite Polystyrene (GPS)
Graphite Polystyrene|(GPS) Equivalent
| insulation thickness
(WLS 032)

’IlllllllllllllllIIIIIIII]IIII IllllllllllllllllllllIII|IIII[llllllllllllllllllllIIII]IIIIlllllllllllllllllllllIIII|IIII[llllllllllllllllllllIIII]IIIIlIIIIIII llllll
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Inside air : 21.0°C/ 40% Thickness: 43,2 cm
Ground: 0.0°C/ 100% sd-value: 4560,3 m Weight: 517 kg/m?
Surface temperature.: 20,3°C/ 0,1°C Heat capacity: 494 kJ/m2K
BEG EinzelmaRn. M GEG 2020/24 Bestand Ml GEG 2023/24 Neubau VI DIN 4108
*Comparison of the U-value with den techn. Mindestanforderungen fiir BEG EinzelmaBnahmen; den Hochstwerten aus GEG Anlage 7 (GEG Page 9

2020-2024 Bestand); 70% des U-Werts der Referenzausfihrung aus GEG 2023/2024 Anlage 1 (GEG Neubau); den R-Werten aus DIN 4108-2 Tabelle
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Tremblay Crawlspace Wall (Ground), U=0,14 W/(m2K)

U-value calculation

# Material Dicke A R
[cm] [W/mK] [m2K/W]
Thermal contact resistance inside (Rsi) 0,130
1 Aluminum foil (coated) 0,00 160,000 0,000
2 Graphite Polystyrene (GPS) 5,40 0,032 1,687
3 Aluminum foil (coated) 0,00 160,000 0,000
4 Graphite Polystyrene (GPS) 5,40 0,032 1,687
5 Aluminum foil (coated) 0,00 160,000 0,000
6 Foil, PE 0,03 0,400 0,001
7 Concrete 20,32 2,000 0,102
8 Graphite Polystyrene (GPS) 540 0,032 1,687
9 Graphite Polystyrene (GPS) 540 0,032 1,687
10 Cement plaster 1,27 1,400 0,009
Thermal contact resistance outside (Rse) 0,000

Thermal contact resistances have been taken from DIN 6946 Table 7.
Rsi: heat flow direction horizontally
Rse: heat flow direction horizontally, outside: Ground

Thermal resistance Riot = 6.989 m2K/W

DIN 6946 may not be used for earth-contacting components. However, for the alternative method from DIN V 4108-6 Annex
E, the required data on the size and position of this component are missing.

Heat transfer coefficient U = 1/Ry; = 0,14 W/(m2K)

The constructive U-value was calculated. Heat losses across the ground or basement were not considered because the
necessary data are missing.

T F127
153975

153975

203,2

432,094

53975
[ 53975

inside

Page 10



|

\'7/

- u b a k u 5 The use of this document is permitted for educational purposes only.
- Created with the version for study and teaching. ||| NNENEbQ
Tremblay Crawlspace Wall (Ground), U=0,14 W/(m2K)

Temperature profile

Temperature profile

22 T // 7 ' — Temperature
20¢ C!D@ )~ —Dew point
:g : ® 1O

(1) Aluminum foil
(2 Graphite Polystyrene (53,98 mm)
(3 Aluminum foil
@ Graphite Polystyrene (53,98 mm)

b N
" — ==
5120 = -

© 10 o | 7

g4 11 //
E - »

7 - .

[ o] - -

8 (®) Aluminum foil
6r (&) Foil, PE
ar J<2 ~ R—. 1 (@ Concrete (203,2 mm)
2t e (| =& . Graphite Polystyrene (53,98 mm)
113 ~—C 5 v 1 - (9) Graphite Polystyrene (53,98 mm)
0 50 100 150 200 250 300 350 400 450 (0 Cementplaster (12,7 mm)
Inside 0&{2&2

Temperature and dew-point temperature in the component. The dew-point indicates the temperature, at which water vapour
condensates. As long as the temperature of the component is everywhere above the dew-point temperature, ho
condensation occurs. If the curves have contact, condensation occurs at the corresponding position.

Layers (from inside to outside)

Material Temperatur [°C]
[W/mK]  [m2K/W] min max

Thermal contact resistance* 0,250 20,3 21,0
1 0,001 cm Aluminum foil (coated) 160,000 0,000 20,3 20,3 0,0
2 5398 cm Graphite Polystyrene (GPS) 0,032 1,687 15,3 20,3 08
3 0,002cm Aluminum foil (coated) 160,000 0,000 15,3 15,3 0,1
4 5398 cm Graphite Polystyrene (GPS) 0,032 1,687 104 15,3 08
5 0,001 cm Aluminum foil (coated) 160,000 0,000 104 104 0,0
6 0,025cm Foil, PE 0,400 0,001 104 104 0,2
7 20,32cm Concrete 2,000 0,102 10,1 104 487,7
8 5,398 cm Graphite Polystyrene (GPS) 0,032 1,687 51 10,1 08
9 5,398 cm Graphite Polystyrene (GPS) 0,032 1,687 0,1 51 08
10 1,27 cm Cement plaster 1,400 0,009 0,1 0,1 254

Thermal contact resistance* 0,040 0,0 0,1
11 Soil 0,0 0,0 73,5
43.2094 cm Whole component 6,989 516,7

*Thermal contact resistances according to DIN 4108-3 for moisture protection and temperature profile. The values for the U-
value calculation can be found on the page 'U-value calculation'.

Surface temperature inside (min / average / max): 20,3°C  20,3°C  20,3°C
Surface temperature outside (min / average / max): 0,1°C 0,1°C 0,1°C
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Tremblay Crawlspace Wall (Ground), U=0,14 W/(m2K)

Moisture proofing

For the calculation of the amount of condensation water, the component was exposed to the following constant climate for
90 days: inside: 21°C und 40% Humidity; outside: 0°C und 100% Humidity (Climate according to user input).

This component is free of condensate under the given climate conditions.

# VEIGHE] sd-value Condensate Weight

[m] [kg/m?] [Gew.-%] [kg/m?]

1 0,001 cm Aluminum foil (coated) 1500 0,0
2 5398 cm Graphite Polystyrene (GPS) 1,08 - 0,8
3 0,002 cm Aluminum foil (coated) 1500 - 0,1
4 5,398 cm Graphite Polystyrene (GPS) 1,08 - 0,8
5 0,001 cm Aluminum foil (coated) 1500 - 0,0
6 0,025cm Foil, PE 25,40 - 0,2
7 20,32cm Concrete 26,42 - 487,7
8 5,398 cm Graphite Polystyrene (GPS) 2,70 - 0,8
9 5,398 cm Graphite Polystyrene (GPS) 2,70 - 0,8
10 1,27cm Cement plaster 044 - 254
43.2094 Whole component 4.560,31 0 516,7
cm
Humidity

The temperature of the inside surface is 20,3 °C leading to a relative humidity on the surface of 42%.Mould formation is not
expected under these conditions.
The following figure shows the relative humidity inside the component.

100 J- : T T TT° ] —Relative humidity (%)
90r E)@é) / | —saturation point
<80 h ) .
= 70k | (@ Aluminum foil
:g 60l | (2 Graphite Polystyrene (53,98 mm)
E (3 Aluminum foil
S 50r C 1 (@ Graphite Polystyrene (53,98 mm)
2 40r —1.7 1 (& Aluminum foil
s30 |- — | ® Foil, PE
20k ) i @ Concrete (203,2 mm)
10k | Graphite Polystyrene (53,98 mm)
D i . . e : . @ Graphite Polystyrene (53,98 mm)
0 50 100 150 200 250 300 350 400 450 (0 Cementplaster (12,7 mm)
Inside mm

Outside

Notes: Calculation using the Ubakus 2D-FE method. Convection and the capillarity of the building materials
were not considered. The drying time may take longer under unfavorable conditions (shading, damp / cool
summers) than calculated here.
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Tremblay Crawlspace Wall (Exposed) created oo oo
Thermal protection Moisture proofing Heat protection

U= 0,1 4 W/ (meK) No condensate :)'ﬁgls[;e;?lti;ltrzenzrr??éilg(li ?amping: >100

Lo )
DIN 4108% R>1,2 m2K/W + Rg + Ree Thermal capacity inside: 228 kJ/m2K

excellent insufficient excellent insufficient excellent insufficient
AN
T F127 (10
| 53975 @
| 53,975
&
& | 2032 @
<
= 516
| 53,975 3
| 53975 Nl
L Ox
@ Aluminum foil @ Vapor retarder sd=10m
(2) Graphite Polystyrene (53,975 mm) (7) Concrete (203,2 mm)
(3) Aluminum foil Graphite Polystyrene (53,975 mm)
@ Graphite Polystyrene (53,975 mm) @ Graphite Polystyrene (563,975 mm)
(5) Aluminum foil Cement plaster (12,7 mm)

Impact of each layer and comparison to reference values

For the following figure, the thermal resistances of the individual layers were converted in millimeters insulation. The scale
refers to an insulation of thermal conductivity 0,032 W/mK.

Graphite Polystyrene (GPS) Concrete Graphite Polystyrene (GPS)
Graphite Polystyrene (GPS)
Graphite Polystyrene|(GPS) Equivalent
| insulation thickness
(WLS 032)

’IllllllllllllllllllllIII]IIIIlIIIIIIIIIIII |||||||11|1|1|1|[||| Illll IIIIIIIIIIIIII]Illlllllllllllllll lllllllIIIlIIII[llllllllllllllllllllIIII]IIIIlIIIIIIIIIIIIII

0 20 40 60 80 100 | 120 140 (160 180 200 220 240 260 280 300 mm

® W) oS O g% A\
2 07 g T &
N o Ay 2° )
o 8¢ O ¥ o O
< & S 2 o )
2 %° o2 ® <
o\ AV oY o 0 %
o AP SV o WY o
< € W NV o 7
o2 o & o n PO
() Q,\‘\ \{gx\ 6\‘\ \>\ v’bo
NONRR
e
Inside air : 21.0°C/ 40% Thickness: 43,2 cm
Outside air: -25.0°C / 80% sd-value: 45449 m Weight: 517 kg/m?
Surface temperature.: 19,4°C/-24,7°C Heat capacity: 494 kJ/m2K
BEG EinzelmaRn. M GEG 2020/24 Bestand M GEG 2023/24 Neubau M DIN 4108
*Comparison of the U-value with den techn. Mindestanforderungen fiir BEG EinzelmaBnahmen; den Hochstwerten aus GEG Anlage 7 (GEG Page 13

2020-2024 Bestand); 70% des U-Werts der Referenzausfihrung aus GEG 2023/2024 Anlage 1 (GEG Neubau); den R-Werten aus DIN 4108-2 Tabelle
3
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Tremblay Crawlspace Wall (Exposed), U=0,14 W/(m2K)

U-Value calculation according to DIN EN ISO 6946

# Material Dicke A R
[cm] [W/mK] [m2K/W]
Thermal contact resistance inside (Rsi) 0,130
1 Aluminum foil (coated) 0,00 160,000 0,000
2 Graphite Polystyrene (GPS) 5,40 0,032 1,687
3 Aluminum foil (coated) 0,00 160,000 0,000
4 Graphite Polystyrene (GPS) 5,40 0,032 1,687
5 Aluminum foil (coated) 0,00 160,000 0,000
6 Vapor retarder sd=10m 0,05 0,220 0,002
7 Concrete 20,32 2,000 0,102
8 Graphite Polystyrene (GPS) 5,40 0,032 1,687
9 Graphite Polystyrene (GPS) 540 0,032 1,687
10 Cement plaster 1,27 1,400 0,009
Thermal contact resistance outside (Rse) 0,040

Thermal contact resistances have been taken from DIN 6946 Table 7.
Rsi: heat flow direction horizontally
Rse: heat flow direction horizontally, outside: Direct contact to outside air

Thermal resistance Riot = 7.030 m2K/W
Heat transfer coefficient U = 1/Rot = 0,14 W/(m2K)

outside

e

T Fl27 =
53975

53975

2032

432,34

53,975 |||
| 53975 ||
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Tremblay Crawlspace Wall (Exposed), U=0,14 W/(m2K)

LCA

Heat loss: 15 kWh/m?2 per heating season Arpount of heat that. escapes th.rough one square meter of
this component during the heating period. Please note: Due
to internal and solar gains, the heating demand is lower than
the heat loss.

Primary energy (non renewable); 88 kWh/m?2 Non-renewable primary energy (= energy from fossil fuels and
nuclear energy) that was used to produce the new building
materials ("cradle to gate").

Green house gas potential: 16 kg CO2 Aqv. /m2 Quantity of released greenhouse gases in the production of
building materials used ("cradle to gate”).

Composition of non-renewable primary energy of production:

. Graphite Polystyrene (53,975 mm) 22%
. Graphite Polystyrene (53,975 mm) 22%
|:| Graphite Polystyrene (53,975 mm) 22%
D Graphite Polystyrene (53,975 mm) 22%
[ ] Cement plaster (12,7 mm) 5%

[ ] Aluminum foil 2%

[ ] vapor retarder sd=10m 2%

|:| Aluminum foil 1%

Aluminum foil 1%

Composition of the greenhouse potential of production:

#9 Graphite Polystyrene (GPS) 2kg
#2 Graphite Polystyrene (GPS) 2kg
#4 Graphite Polystyrene (GPS) 2kg
#8 Graphite Polystyrene (GPS) 2kg

#3 Aluminum foil (coated) 1kg
#1 Aluminum foil (coated) Okg
#5 Aluminum foil (coated) Okg

_ #6 Vapor retarder sd=10m Okg
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Tremblay Crawlspace Wall (Exposed), U=0,14 W/(m2K)

Global warming potential and primary energy for construction and use

The left figure shows the global warming potential of the
production of the component in the vertical part of the
curve. Greenhouse gas emissions (through heating)
arising during use of the building are indicated by the

120

0 10 20 30 40 the color of the curve).

E

>

o

L

§ 100 upward curve.

é” 80 The figure at the bottom left shows the nonrenewable
K] primary energy expenditure for the production of the

E:; 60 component in the vertical part of the curve. The primary
§_ energy required during use of the building (through

@ 40 heating) is represented by the upward curve.

o

& The longer the component is used unchanged, the more
> 20 . . .- .

8 environmentally friendly it is, because the production

S 0 costs contribute less to the total emissions (indicated by
(]

1]

Useful life in years . . .
Due to unknown solar and internal gains, the heating

demand can only be estimated. Accordingly, primary
energy consumption and global warming potential during

«’vE“ 700 the use phase are only vaguely known. For the estimation
= it was assumed that solar and internal profits contribute
2 600 with 4 kWh/a/m? component area. The light gray area

= indicates the area in which the curve is located with great
= 500 certainty. For heat generation, a primary energy input of
g g 1.2 kWh per kWh of heat and a global warming potential
2 400 of 0.21 kg CO2 eqv/m? per kWh of heat was used. Heat

2 source: Natural gas H.

S 300

£

& 200

(]

S 100

ey

@

E 0

a 0 10 20 30 40

Useful life in years

Hints

Calculated for the location AB:CALGARY INTL A, heating period from Mid of October to End of April. The calculation is based
on monthly average temperatures. Source: Canadian Weather Year for Energy Calculation (2016)

The climate and energy data on which this calculation is based can, in some cases, show considerable fluctuations and, in
individual cases, deviate considerably from the actual value.

Keine Berechnung maglich.
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Tremblay Crawlspace Wall (Exposed), U=0,14 W/(m2K)

Temperature profile

Temperature profile

20t <] 7 - ' — Temperature
15l i —Dew point
10 L
T (1) Aluminum foil
';' (2 Graphite Polystyrene (53,98 mm)
5 0 (3 Aluminum foil
% -5r @ Graphite Polystyrene (53,98 mm)
£-10} (&) Aluminum foil
- sl (®) Vapor retarder sd=10m
20 (@) Concrete (203,2 mm)
| Graphite Polystyrene (53,98 mm)
-25¢ Mo £ T 1 (9 Graphite Polystyrene (53,98 mm)
0 50 100 150 200 250 300 350 400 450 (O Cementplaster (12,7 mm)
Inside )°C 0[m_m]
utside

Temperature and dew-point temperature in the component. The dew-point indicates the temperature, at which water vapour
condensates. As long as the temperature of the component is everywhere above the dew-point temperature, ho
condensation occurs. If the curves have contact, condensation occurs at the corresponding position.

Layers (from inside to outside)

VEIGIE] A
[W/mK]

RSI Temperatur [°C]
[m2K/W] min max
0,250 194 21,0

Weight
[kg/m2]

Thermal contact resistance*

1 0,001 cm Aluminum foil (coated) 160,000 0,000 19,4 19,4 0,0
2 5398 cm Graphite Polystyrene (GPS) 0,032 1,687 8,5 194 08
3 0,002cm Aluminum foil (coated) 160,000 0,000 8,5 8,5 0,1
4 5398 cm Graphite Polystyrene (GPS) 0,032 1,687 23 8,5 08
5 0,001 cm Aluminum foil (coated) 160,000 0,000 2.3 2.3 0,0
6 0,056 cm Vapor retarder sd=10m 0,220 0,002 23 23 0,1
7 20,32cm Concrete 2,000 0,102 -3,0 23 487,7
8 5,398 cm Graphite Polystyrene (GPS) 0,032 1,687 -13,8 -3,0 08
9 5,398 cm Graphite Polystyrene (GPS) 0,032 1,687 247 -138 08
10 1,27 cm Cement plaster 1,400 0,009 24,7 24,7 254
Thermal contact resistance* 0,040 -25,0 247
43.234 cm Whole component 7,030 516,6

*Thermal contact resistances according to DIN 4108-3 for moisture protection and temperature profile. The values for the U-
value calculation can be found on the page 'U-value calculation'.

Surface temperature inside (min / average / max): 194°C  194°C 194°C
Surface temperature outside (min / average / max):  -24,7°C  -24,7°C  -24,7°C
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Tremblay Crawlspace Wall (Exposed), U=0,14 W/(m2K)

Moisture proofing

For the calculation of the amount of condensation water, the component was exposed to the following constant climate for
90 days: inside: 21°C und 40% Humidity; outside: -25°C und 80% Humidity (Climate according to user input).

This component is free of condensate under the given climate conditions.

# VEIGHE] sd-value Condensate Weight

[m] [kg/m?] [Gew.-%] [kg/m?]

1 0,001 cm Aluminum foil (coated) 1500 0,0
2 5398 cm Graphite Polystyrene (GPS) 1,08 - 0,8
3 0,002 cm Aluminum foil (coated) 1500 - 0,1
4 5,398 cm Graphite Polystyrene (GPS) 1,08 - 0,8
5 0,001 cm Aluminum foil (coated) 1500 - 0,0
6 0,05 cm Vapor retarder sd=10m 10,00 - 0,1
7 20,32cm Concrete 26,42 - 487,7
8 5,398 cm Graphite Polystyrene (GPS) 2,70 - 0,8
9 5,398 cm Graphite Polystyrene (GPS) 2,70 - 0,8
10 1,27cm Cement plaster 044 - 254
43.234 Whole component 4.54491 0 516,6
cm
Humidity

The temperature of the inside surface is 19,4 °C leading to a relative humidity on the surface of 44%.Mould formation is not
expected under these conditions.
The following figure shows the relative humidity inside the component.

100} YL lissisizd L 1" ] —Relatiw_a humi_dity (%)
9ot 5 / : ' | —saturation point
6 - -
~ 80} 2 o _
£ ol v ) C | | (@ Aluminum foil
g sol — = | (2 Graphite Polystyrene (53,98 mm)
E ‘ — X (3 Aluminum foil
£ 50F — “I'| 1 @ Graphite Polystyrene (53,98 mm)
2 40f ) : /1| 1 ® Aluminum foil
§ 30} - y || 4 (® Vapor retarder sd=10m
20k _ _ 1 @ concrete (203,2 mm)
1ok : L 1] Graphite Polystyrene (53,98 mm)
- ' i // / ’ /A il , @ Graphite Polystyrene (53,98 mm)
0 50 100 150 200 250 300 350 400 450 (O Cement plaster (12,7 mm)
Inside 0°C o mm
utside

Notes: Calculation using the Ubakus 2D-FE method. Convection and the capillarity of the building materials
were not considered. The drying time may take longer under unfavorable conditions (shading, damp / cool
summers) than calculated here.
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Tremblay Crawlspace Wall (Exposed), U=0,14 W/(m2K)

Heat protection

The following results are properties of the tested component alone and do not make any statement about the heat protection
of the entire room:

Temperature profile

36 ' ' ] : ' Temperature at 3pm, 11am and 7am
34r- @ /&ﬂ Temperature at 7pm, 11pm and 3am
32F 10
— 30} [ Aluminum foil
2 28t /% % Graphite Polystyrene (53,98 mm)
S 6l (3 Aluminum foil
g o4l < @ Graphite Polystyrene (53,98 mm)
2 ol \\ (®) Aluminum foil
© ool \: (6) Vapor retarder sd=10m
18l \ @ Concrfete (203,2 mm)
Graphite Polystyrene (53,98 mm)
161 L (9) Graphite Polystyrene (53,98 mm)
14t A A A ' —1 11, 1 {0 Ccement plaster (12,7 mm)
0 50 100 150 200 250 300 350 400 450
Inside OL!?s]ir(Yl]e
[°C] The surface temperature during the day
36r 1 — Outside
34 — Inside
32
30
28
26
241
22r
20F
18f
161
14} Phase shift: 9.8h .
12 14 16 18 20 22 24 2 4 6 8 10 12
[time of day]

Top:Temperature profile within the component at different times. From top to bottom, brown lines: at 3 pm, 11 am and 7 am
and red lines at 7 pm, 11 pm and 3 am.

Bottom:Temperature on the outer (red ) and inner ( blue ) surface in the course of a day. The arrows indicate the location of
the temperature maximum values . The maximum of the inner surface temperature should preferably occur during the
second half of the night.

Phase shift* non relevant Heat storage capacity (whole component): 494 kJ/m2K
Amplitude attenuation**  >100 Thermal capacity of inner layers: 228 kJ/m2K
TAV #¥* 0,008

* The phase shift is the time in hours after which the temperature peak of the afternoon reaches the component interior.

** The amplitude attenuation describes the attenuation of the temperature wave when passing through the component. A value of 10
means that the temperature on the outside varies 10x stronger than on the inside, e.g. outside 15-35 °C, inside 24-26 °C.

***The temperature amplitude ratio TAV is the reciprocal of the attenuation: TAV = 1 / amplitude attenuation

Note: The heat protection of a room is influenced by several factors, but essentially by the direct solar radiation through windows and the
total amount of heat storage capacity (including floor, interior walls and furniture). A single component usually has only a very small
influence on the heat protection of the room.
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Tremblay Crawlspace Floor

Moisture proofing
No condensate

Thermal protection
U=0,2T w/mx)

DIN 4108*: R>1,756 m2K/W + Rg; + Rge

Floor
created on 20.1.2025

Heat protection

Component is adjacent to earth:
TAV and phase non relevant
Thermal capacity inside: 6.7 kJ/m2K

insufficient excellent insufficient excellent insufficient

excellent

O) Plywoo&\/Douglas fir (12,5 mm) (4) Aluminum foil (7) Foil, PE
@ Aluminum foil @ Graphite Polystyrene (53,975 mm) Soil
(3) Graphite Polystyrene (53,975 mm) (6) Aluminum foil

Impact of each layer and comparison to reference values

For the following figure, the thermal resistances of the individual layers were converted in millimeters insulation. The scale
refers to an insulation of thermal conductivity 0,032 W/mK.

Plywood - Douglas fir Graphite Polystyrene (GPS)

Graphite Polystyrene (GPS Equivalent
insulation thickness
(WLS 032)
IIllllllllllllllllllllllllllIlllllllllllllllllllllllllllllllll|llll|llll|IllllIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIII|IIIIIIIII|llllllllllIIII|IIIIIIIIIlIIIIIIIIIIIIII
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 mm
® » O o
o\ © 2 2
\$u o \;e" %ze‘ N 5\3
Mo Y o 2>
O (\* QU e &
« S o o o <
\‘\0‘ QS;L ?’(\é Q&Q ‘R‘o’®$(\ \)‘.’0’
Q >
© C‘;L ‘5%0 é‘(\ ) ,Q‘} Q- g\"e\
(‘)Q’ < 6(\1« Qx\ N Q‘\b‘ 'b’\'\\
8 ‘oo‘& &Q’ ,bo‘{“
\\z"éx;a“(\ &
Inside air : 21.0°C/ 40% Thickness: 12,1 cm
Ground: 0.0°C/ 100% sd-value: 4528,8 m Weight: 6 kg/m?
Surface temperature.: 19,6°C/ 0,2°C Heat capacity: 8.9 kJ/m2K
BEG EinzelmaRn. M GEG 2020/24 Bestand Ml GEG 2023/24 Neubau DIN 4108

*Comparison of the U-value with den techn. Mindestanforderungen fiir BEG EinzelmaBnahmen; den Hochstwerten aus GEG Anlage 7 (GEG Page 20
2020-2024 Bestand); 70% des U-Werts der Referenzausfuhrung aus GEG 2023/2024 Anlage 1 (GEG Neubau); den R-Werten aus DIN 4108-2 Tabelle
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Tremblay Crawlspace Floor, U=0,21 W/(m2K)

U-Value calculation according to DIN V 4108-6

# Material Dicke A R
[cm] [W/mK] [m2K/W]
Thermal contact resistance inside (Rsi) 0,170
1 Plywood - Douglas fir 1,25 0,090 0,139
2 Aluminum foil (coated) 0,00 160,000 0,000
3 Graphite Polystyrene (GPS) 540 0,032 1,687
4 Aluminum foil (coated) 0,00 160,000 0,000
5 Graphite Polystyrene (GPS) 540 0,032 1,687
6 Aluminum foil (coated) 0,00 160,000 0,000
7 Foil, PE 0,03 0,400 0,001
Thermal contact resistance outside (Rse) 0,000

Calculation of the constructive U-value

Thermal contact resistances have been taken from DIN 6946 Table 7.
Rsi: heat flow direction downward
Rse: heat flow direction downward, outside: Ground

Thermal resistance Ry, = 3.684 m2K/W

Constructive heat transfer coefficient U = 1/R,; = 0.271 W/(m2K)

Consideration of heat losses across the soil

Calculation according to DIN 4108-6 Appendix E with the following parameters:

Floor space, Ag: 28,89 m? Heat conductivity of soil, A: 2 W/mK
Perimeter of floor space, P: 21,7m Height of basement wall with earth-contact, z: 0,75m
Thickness of rising wall, w: 0,3m

Characteristic measure of base slab B'= A / (0.5 - P) = 2.66 m

Effective thickness d; = w + A - (Rsi + Rf + Rse) = 7.75 m; mit Rsi + Rf = 1/U; U = 0.271 W/m2K und Rse = 0.04
Verwende Formel E.24 weil d; + 0.5 *z > B"

Uys = N/(0.457 B' + d; + 0.52) = 0.214 W/m2K

Effective heat transfer coefficient U, = 0,214 W/m2K
Attention Beta version: Please report errors and problems with the calculation according to DIN 4108-6.

120,744
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Tremblay Crawlspace Floor, U=0,21 W/(m2K)

Temperature profile

Temperature profile

22 N J) =S ' — Temperature
201 - —_— i
Dew point
| ® DO P
) 167 (@) Plywood - Douglas fir (12,5 mm)
= 141 (2 Aluminum foil
512 (3) Graphite Polystyrene (53,98 mm)
% 10} @ Aluminum foil
g 8r (5) Graphite Polystyrene (53,98 mm)
2 6f (& Aluminum foil
al @) Foil, PE
2 L
0 20 40 60 80 100 1 2[ ]
. mm
Inside Outside

Temperature and dew-point temperature in the component. The dew-point indicates the temperature, at which water vapour
condensates. As long as the temperature of the component is everywhere above the dew-point temperature, ho
condensation occurs. If the curves have contact, condensation occurs at the corresponding position.

Layers (from inside to outside)

RSI Temperatur [°C]
[m2K/W] min max

Material A
[W/mK]

Weight
[kg/m?]

Thermal contact resistance* 0,250 19,6 21,0
1 1,25 cm Plywood - Douglas fir 0,090 0,139 189 19,6 38
2 0,001 cm Aluminum foil (coated) 160,000 0,000 189 18,9 0,0
3 5,398 cm Graphite Polystyrene (GPS) 0,032 1,687 9,5 189 08
4 0,002 cm Aluminum foil (coated) 160,000 0,000 9,5 9,5 0,1
5 5,398 cm Graphite Polystyrene (GPS) 0,032 1,687 0,2 9,5 08
6 0,001 cm Aluminum foil (coated) 160,000 0,000 0,2 0,2 0,0
7 0,025cm Foil, PE 0,400 0,001 0,2 0,2 0,2
Thermal contact resistance* 0,040 0,0 0,2
8 Soil 0,0 0,0 20,5
12.0744 cm Whole component 3,684 57

*Thermal contact resistances according to DIN 4108-3 for moisture protection and temperature profile. The values for the U-
value calculation can be found on the page 'U-value calculation'.

Surface temperature inside (min / average / max): 196°C 19,6°C  19,6°C
Surface temperature outside (min / average / max): 0,2°C 0,2°C 0,2°C
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Tremblay Crawlspace Floor, U=0,21 W/(m2K)

Moisture proofing

For the calculation of the amount of condensation water, the component was exposed to the following constant climate for
90 days: inside: 21°C und 40% Humidity; outside: 0°C und 100% Humidity (Climate according to user input).

This component is free of condensate under the given climate conditions.

# VEIGHE] sd-value Condensate Weight
[m] [kg/m?] [Gew.-%] [kg/m?]
1 1,25 cm Plywood - Douglas fir 0,63 - - 3,8
2 0,001 cm Aluminum foil (coated) 1500 - 0,0
3 5,398 cm Graphite Polystyrene (GPS) 1,08 - 0,8
4 0,002 cm Aluminum foil (coated) 1500 - 0,1
5 5,398 cm Graphite Polystyrene (GPS) 1,08 ~0 0,8
6 0,001 cm Aluminum foil (coated) 1500 - 0,0
7 0,025cm Foil, PE 25,40 - 0,2
12.0744 Whole component 4.528,75 ~0 57
cm
Humidity

The temperature of the inside surface is 19,6 °C leading to a relative humidity on the surface of 44%.Mould formation is not
expected under these conditions.
The following figure shows the relative humidity inside the component.

100f 4 | ' | s ' ] —Relative humidity (%)

ool Iﬂb @ —— (‘HD @ | —saturation point
< 80 T N - _
<ol ‘ ( | @ Plywood - Douglas fir (12,5 mm)
£ (2 Aluminum foil
g 60y | 1 (@ Graphite Polystyrene (53,98 mm)
S 50r — 1 (@ Aluminum foil
2 40r — 1 (&) Graphite Polystyrene (53,98 mm)
ﬁ 30t {® Aluminum foil

20l 1 @ Foil, PE

10r 1

0 20 40 60 80 100 12
Inside 0&;2:&!

Notes: Calculation using the Ubakus 2D-FE method. Convection and the capillarity of the building materials
were not considered. The drying time may take longer under unfavorable conditions (shading, damp / cool
summers) than calculated here.
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Tremblay Basement Wall (Remaining Ground)

Moisture proofing
No condensate

Thermal protection
U = 4,30 w/mz)

DIN 4108*: R>1,2 m2K/W + Rg; + Rge

Exterior wall
created on 20.1.2025

Heat protection

Component is adjacent to earth:
TAV and phase non relevant
Thermal capacity inside: 112 kJ/m2K

insufficient excellent insufficient

v e

excellent insufficient excellent

B RS

9 2032 )

(1) Concrete (203,2 mm) (2 soil

Impact of each layer and comparison to reference values

For the following figure, the thermal resistances of the individual layers were converted in millimeters insulation. The scale
refers to an insulation of thermal conductivity 0,040 W/mK.

Concrete Equivalent
insulation thickness
(WLS 040)
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Inside air : 21.0°C/ 40% Thickness: 20,3 cm
Ground: 0.0°C/ 100% sd-value: 26,4 m Weight: 488 kg/m?
Surface temperature.: 7,6°C/2,1°C Heat capacity: 463 kJ/m2K
[] BEG EinzelmaRn. [] GEG 2020/24 Bestand [] GEG 2023/24 Neubau (] DIN 4108
*Comparison of the U-value with den techn. Mindestanforderungen fiir BEG EinzelmaBnahmen; den Hochstwerten aus GEG Anlage 7 (GEG Page 24

2020-2024 Bestand); 70% des U-Werts der Referenzausfihrung aus GEG 2023/2024 Anlage 1 (GEG Neubau); den R-Werten aus DIN 4108-2 Tabelle
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Tremblay Basement Wall (Remaining Ground), U=4,30 W/(m2K)

U-value calculation

# Material Dicke A R
[cm] [W/mK] [m2K/W]
Thermal contact resistance inside (Rsi) 0,130
1 Concrete 20,32 2,000 0,102
Thermal contact resistance outside (Rse) 0,000

Thermal contact resistances have been taken from DIN 6946 Table 7.
Rsi: heat flow direction horizontally
Rse: heat flow direction horizontally, outside: Ground

Thermal resistance Ry, = 0.2326 m?2K/W

DIN 6946 may not be used for earth-contacting components. However, for the alternative method from DIN V 4108-6 Annex
E, the required data on the size and position of this component are missing.

Heat transfer coefficient U = 1/Ry; = 4,30 W/(m2K)

The constructive U-value was calculated. Heat losses across the ground or basement were not considered because the
necessary data are missing.

ISR 0‘!4@‘». Q‘z‘ e‘ ‘0

N\

p'l
()

203,22

inside
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Tremblay Basement Wall (Remaining Ground), U=4,30 W/(m2K)

Temperature profile

Temperature profile

22 I I I —Temperature
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Dew point
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Inside Outside

Temperature and dew-point temperature in the component. The dew-point indicates the temperature, at which water vapour
condensates. As long as the temperature of the component is everywhere above the dew-point temperature, ho
condensation occurs. If the curves have contact, condensation occurs at the corresponding position.

Layers (from inside to outside)

# Material N RSI Temperatur [°C] Weight
[W/mK]  [m2K/W] min max [kg/m?]
Thermal contact resistance* 0,250 7.6 21,0
1 20,32 cm Concrete 2,000 0,102 21 76 A487,7
Thermal contact resistance* 0,040 0,0 2,1
2 Soil 0,0 0,0 34,5
20.32 cm Whole component 0,233 487,7

*Thermal contact resistances according to DIN 4108-3 for moisture protection and temperature profile. The values for the U-
value calculation can be found on the page 'U-value calculation'.

Surface temperature inside (min / average / max): 7,6°C 7,6°C 7,6°C
Surface temperature outside (min / average / max): 21°C 21°C 2,1°C
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Tremblay Basement Wall (Remaining Ground), U=4,30 W/(m2K)

Moisture proofing

For the calculation of the amount of condensation water, the component was exposed to the following constant climate for
90 days: inside: 21°C und 40% Humidity; outside: 0°C und 100% Humidity (Climate according to user input).

This component is free of condensate under the given climate conditions.

# VEIGHE] sd-value Condensate Weight
[m] [kg/m?] [Gew.-%] [kg/m?]

20,32 cm Concrete 26,42 - 4877
20.32 cm Whole component 26,42 0 487,7

Humidity

The temperature of the inside surface is 7,6 °C leading to a relative humidity on the surface of 95%.Most kinds of moulds
start to grow at relative air humidities of 80% or more. Mould grow is expected! To avoid mould formation, the surface
temperature should be increased by (additional) insulation.

The following figure shows the relative humidity inside the component.

100} | ! LD
90r IL7
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> 70
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—Relative humidity (%)
/ | —saturation point

(1) Concrete (203,2 mm)

Relative humidit

0 20 40 60 80 100 120 140 160 180 20([) 22]0
; mm
Inside Outside
Notes: Calculation using the Ubakus 2D-FE method. Convection and the capillarity of the building materials
were not considered. The drying time may take longer under unfavorable conditions (shading, damp / cool
summers) than calculated here.
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Tremblay Basement Wall (Ground)

Thermal protection
U = 0,28 w/mzx)

DIN 4108*: R>1,2 m2K/W + Rg; + Rge

Moisture proofing
No condensate

The use of this document is permitted for educational purposes only.

Created with the version for study and teaching. ||| NN

Exterior wall
created on 20.1.2025

Heat protection

Component is adjacent to earth:
TAV and phase non relevant
Thermal capacity inside: 428 kJ/m2K

insufficient

excellent insufficient excellent insufficient excellent
T\
@e M o o0
o @ (AN
T F127 (@)
53975 ©)
o | 53975 @)
e
o
P>
2032 )

@ Concrete (203,2 mm)
@ Graphite Polystyrene (53,975 mm)

(5) soil

@ Graphite Polystyrene (53,975 mm)
(4) Cement plaster (12,7 mm)

Impact of each layer and comparison to reference values

For the following figure, the thermal resistances of the individual layers were converted in millimeters insulation. The scale
refers to an insulation of thermal conductivity 0,032 W/mK.

Concrete Graphite Polystyrene (GPS)
Graphite Polystyrene|(GPS) Equivalent
| insulation thickness
(WLS 032)
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Inside air : 21.0°C/ 40% Thickness: 324cm
Ground: 0.0°C/ 100% sd-value: 189 m Weight: 515 kg/m?
Surface temperature.: 19,6°C/ 0,2°C Heat capacity: 491 kJ/m2K
[J BEG EinzelmaRn. M GEG 2020/24 Bestand [] GEG 2023/24 Neubau DIN 4108

*Comparison of the U-value with den techn. Mindestanforderungen fir BEG EinzelmaRnahmen; den Hochstwerten aus GEG Anlage 7 (GEG
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2020-2024 Bestand); 70% des U-Werts der Referenzausfihrung aus GEG 2023/2024 Anlage 1 (GEG Neubau); den R-Werten aus DIN 4108-2 Tabelle
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Tremblay Basement Wall (Ground), U=0,28 W/(m?2K)

U-value calculation

# Material Dicke A R
[cm] [W/mK] [m2K/W]

Thermal contact resistance inside (Rsi) 0,130

1 Concrete 20,32 2,000 0,102

2 Graphite Polystyrene (GPS) 5,40 0,032 1,687

3 Graphite Polystyrene (GPS) 540 0,032 1,687

4 Cement plaster 1,27 1,400 0,009
Thermal contact resistance outside (Rse) 0,000

Thermal contact resistances have been taken from DIN 6946 Table 7.
Rsi: heat flow direction horizontally
Rse: heat flow direction horizontally, outside: Ground

Thermal resistance Riot = 3.615 m2K/W

DIN 6946 may not be used for earth-contacting components. However, for the alternative method from DIN V 4108-6 Annex
E, the required data on the size and position of this component are missing.

Heat transfer coefficient U = 1/Ry,; = 0,28 W/(m2K)

The constructive U-value was calculated. Heat losses across the ground or basement were not considered because the
necessary data are missing.

outside
() ) .' . »

323,85

inside
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Temperature profile

Temperature profile
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Temperature and dew-point temperature in the component. The dew-point indicates the temperature, at which water vapour
condensates. As long as the temperature of the component is everywhere above the dew-point temperature, ho
condensation occurs. If the curves have contact, condensation occurs at the corresponding position.

Layers (from inside to outside)

# Material N RSI Temperatur [°C] Weight
[W/mK]  [m2K/W] min max [kg/m?2]
Thermal contact resistance* 0,250 19,6 21,0
1 2032cm Concrete 2,000 0,102 19,0 19,6 487,7
2 5398 cm Graphite Polystyrene (GPS) 0,032 1,687 9,7 19,0 08
3 5,398 cm Graphite Polystyrene (GPS) 0,032 1,687 0,3 9,7 08
4 1,27 cm Cement plaster 1,400 0,009 0,2 0,3 254
Thermal contact resistance* 0,040 0,0 0,2
5 Soil 0,0 0,0 55,1
32.385cm Whole component 3,615 514,7

*Thermal contact resistances according to DIN 4108-3 for moisture protection and temperature profile. The values for the U-
value calculation can be found on the page 'U-value calculation'.

19,6°C
0,2°C

19,6°C
0,2°C

19,6°C
0,2°C

Surface temperature inside (min / average / max):
Surface temperature outside (min / average / max):
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Tremblay Basement Wall (Ground), U=0,28 W/(m?2K)

Moisture proofing

For the calculation of the amount of condensation water, the component was exposed to the following constant climate for

90 days: inside: 21°C und 40% Humidity; outside: 0°C und 100% Humidity (Climate according to user input).

This component is free of condensate under the given climate conditions.

# VEIGHE] sd-value Condensate Weight
[m] [kg/m?] [Gew.-%] [kg/m?]
1  20,32cm Concrete 16,26 - 4877
2 5398 cm Graphite Polystyrene (GPS) 1,08 - 0,8
3 5,398 cm Graphite Polystyrene (GPS) 1,08 - 0,8
4 1,27 cm Cement plaster 044 - 254
32.385 Whole component 18,86 0 514,7
cm
Humidity

The temperature of the inside surface is 19,6 °C leading to a relative humidity on the surface of 44%.Mould formation is not

expected under these conditions.
The following figure shows the relative humidity inside the component.
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= ‘ P
< 30/ / P |
10t / -
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Notes: Calculation using the Ubakus 2D-FE method. Convection and the capillarity of the building materials
were not considered. The drying time may take longer under unfavorable conditions (shading, damp / cool
summers) than calculated here.
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Tremblay Basement Wall (Exposed) et o erior wal
Thermal protection Moisture proofing Heat protection

U = 0,27 w/me) Condensate: 21 g/ phase shift non reevant

Lo )
DIN 4108% R>1,2 m2K/W + Rg + Ree Thermal capacity inside: 428 kJ/m2K
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(1) Concrete (203,2 mm) (3) Graphite Polystyrene (53,975 mm)
@ Graphite Polystyrene (53,975 mm) @ Cement plaster (12,7 mm)

Impact of each layer and comparison to reference values

For the following figure, the thermal resistances of the individual layers were converted in millimeters insulation. The scale
refers to an insulation of thermal conductivity 0,032 W/mK.

Concrete Graphite Polystyrene (GPS)
Graphite Polystyrene|(GPS) Equivalent
insulation thickness
(WLS 032)
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Inside air : 21.0°C/ 40% Thickness: 324cm
Outside air: -25.0°C / 80% sd-value: 189 m Weight: 515 kg/m?
Surface temperature.: 18,0°C / -24,5°C Heat capacity: 491 kJ/m2K
[J BEG EinzelmaRn. [] GEG 2020/24 Bestand [J GEG 2023/24 Neubau M DIN 4108
*Comparison of the U-value with den techn. Mindestanforderungen fiir BEG EinzelmaBnahmen; den Hochstwerten aus GEG Anlage 7 (GEG Page 32

2020-2024 Bestand); 70% des U-Werts der Referenzausfihrung aus GEG 2023/2024 Anlage 1 (GEG Neubau); den R-Werten aus DIN 4108-2 Tabelle
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U-Value calculation according to DIN EN ISO 6946

# Material Dicke A R
[cm] [W/mK] [m2K/W]

Thermal contact resistance inside (Rsi) 0,130

1 Concrete 20,32 2,000 0,102

2 Graphite Polystyrene (GPS) 5,40 0,032 1,687

3 Graphite Polystyrene (GPS) 540 0,032 1,687

4 Cement plaster 1,27 1,400 0,009
Thermal contact resistance outside (Rse) 0,040

Thermal contact resistances have been taken from DIN 6946 Table 7.
Rsi: heat flow direction horizontally
Rse: heat flow direction horizontally, outside: Direct contact to outside air

Thermal resistance Riqt = 3.654 m2K/W
Heat transfer coefficient U = 1/Ryot = 0,27 W/(m?2K)

outside
000N

32385

inside
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Tremblay Basement Wall (Exposed), U=0,27 W/(m?2K)

LCA

Heat loss: 30 kWh/m?2 per heating season Amount of heat that escapes through one square meter of

P A——==. this component during the heating period. Please note: Due
to internal and solar gains, the heating demand is lower than

the heat loss.

Primary energy (non renewable); 42 kWh/m?2 Non-renewable primary energy (= energy from fossil fuels and
r— nuclear energy) that was used to produce the new building
materials ("cradle to gate").

Green house gas potential: 9.2 kg CO2 Aqv. /m2 Quantity of released greenhouse gases in the production of
buildi terial d dle to gate”).
EE—— uilding materials used ("cradle to gate")

Composition of non-renewable primary energy of production:

. Graphite Polystyrene (53,975 mm) 45%
|:| Graphite Polystyrene (53,975 mm) 45%
Cement plaster (12,7 mm) 10%

Composition of the greenhouse potential of production:

#2 Graphite Polystyrene (GPS) 2kg

#3 Graphite Polystyrene (GPS) 2kg
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Global warming potential and primary energy for construction and use

The left figure shows the global warming potential of the
production of the component in the vertical part of the
curve. Greenhouse gas emissions (through heating)
arising during use of the building are indicated by the
200 upward curve.

250

The figure at the bottom left shows the nonrenewable

150 primary energy expenditure for the production of the
component in the vertical part of the curve. The primary
100 energy required during use of the building (through

heating) is represented by the upward curve.

50 The longer the component is used unchanged, the more
environmentally friendly it is, because the production
costs contribute less to the total emissions (indicated by

0 10 20 30 40 the color of the curve).

Useful life in years

Green house gas potential (kg CO2 Aqv./m?)

Due to unknown solar and internal gains, the heating
demand can only be estimated. Accordingly, primary
energy consumption and global warming potential during

"*g 1400 the use phase are only vaguely known. For the estimation
= it was assumed that solar and internal profits contribute
5 1200 - with 4 kWh/a/m2 component area. The light gray area
= indicates the area in which the curve is located with great
% 1000 certainty. For heat generation, a primary energy input of
g 1.2 kWh per kWh of heat and a global warming potential
2 800 of 0.21 kg CO2 eqv/m? per kWh of heat was used. Heat
2 source: Natural gas H.
& 600
£
3 400
(]
S 200
e
@
E o0
a 0 10 20 30 40
Useful life in years
Hints

Calculated for the location AB:CALGARY INTL A, heating period from Mid of October to End of April. The calculation is based
on monthly average temperatures. Source: Canadian Weather Year for Energy Calculation (2016)

The climate and energy data on which this calculation is based can, in some cases, show considerable fluctuations and, in
individual cases, deviate considerably from the actual value.

Keine Berechnung maglich.
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Temperature profile

Temperature profile

20f N / ' / ’ — Temperature
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§ 5t (@) Cement plaster (12,7 mm)
£-10 N ]
T
0 50 100 150 200 250 300 350
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Temperature and dew-point temperature in the component. The dew-point indicates the temperature, at which water vapour
condensates. As long as the temperature of the component is everywhere above the dew-point temperature, ho
condensation occurs. If the curves have contact, condensation occurs at the corresponding position.

Layers (from inside to outside)

# Material N RSI Temperatur [°C] Weight
[W/mK]  [m2K/W] min max [kg/m?2]
Thermal contact resistance* 0,250 18,0 21,0
1 2032cm Concrete 2,000 0,102 16,7 18,0 487,7
2 5398 cm Graphite Polystyrene (GPS) 0,032 1,687 -3,8 16,7 08
3 5,398 cm Graphite Polystyrene (GPS) 0,032 1,687 24,4 -3,8 08
4 1,27 cm Cement plaster 1,400 0,009 -24,5 24,4 254
Thermal contact resistance* 0,040 -25,0 24,5
32.385cm Whole component 3,654 514,7

*Thermal contact resistances according to DIN 4108-3 for moisture protection and temperature profile. The values for the U-
value calculation can be found on the page 'U-value calculation'.

Surface temperature inside (min / average / max): 18,0°C 180°C 18,0°C
Surface temperature outside (min / average / max):  -245°C -245°C -24,5°C
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Moisture proofing

For the calculation of the amount of condensation water, the component was exposed to the following constant climate for
90 days: inside: 21°C und 40% Humidity; outside: -25°C und 80% Humidity (Climate according to user input).

Under these conditions, a total of 0.021 kg of condensation water per square meter is accumulated.This quantity dries in
summer in 2 days (Drying season according to DIN 4108-3:2018-10).

# Material sd-value Condensate Weight
[m] [kg/m?] [Gew.-%] [kg/m?]

1 20,32cm Concrete 16,26 - 4877
2 5398 cm Graphite Polystyrene (GPS) 1,08 - 0,8
3 5,398 cm Graphite Polystyrene (GPS) 1,08 0.021 0,8
4 1,27 cm Cement plaster 0,44 0.021 254
32.385 Whole component 18,86 0.021 514,7

cm

Condensation areas

0 Condensate: 0,021 kg/m? Affected layers: Cement plaster, Graphite Polystyrene (GPS)

Humidity

The temperature of the inside surface is 18,0 °C leading to a relative humidity on the surface of 48%.Mould formation is not
expected under these conditions.
The following figure shows the relative humidity inside the component.

100 % ; j 7 ———k = "] ——Relative humidity (%)
90l 1 ) — saturation point
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ty
=

Relative humidi
S
=
\
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Notes: Calculation using the Ubakus 2D-FE method. Convection and the capillarity of the building materials
were not considered. The drying time may take longer under unfavorable conditions (shading, damp / cool
summers) than calculated here.
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Heat protection

The following results are properties of the tested component alone and do not make any statement about the heat protection
of the entire room:

Temperature profile

w
(=)}
T
\
N\

7 g 1 —— Temperature at 3pm, 11am and 7am
¢ @ Temperature at 7pm, 11pm and 3am

w
»
T
N\
N\
N\
N\
N\

W W
SN
T
\

\
\

\

(&

1

(1) Concrete (203,2 mm)

@ Graphite Polystyrene (53,98 mm)
(3) Graphite Polystyrene (53,98 mm)
(@) Cement plaster (12,7 mm)

[°C]
N
(o)
T
N\
N\
N\
N\
N\

Temperature
_—— = NNNN
H OO OO NS~ D

11

AN

t—t

0 50 100 150 200 250 300 [ 35]0
; mm
Inside Outside
[°C] The surface temperature during the day
361 1 — Outside

34 — Inside
32

30
28
26
241
221
20+
18r
16r
14+ Phase shift: 8.5h

12 14 16 18 20 22 24 2 4 6 8 10 12
[time of day]

Top:Temperature profile within the component at different times. From top to bottom, brown lines: at 3 pm, 11 am and 7 am
and red lines at 7 pm, 11 pm and 3 am.

Bottom:Temperature on the outer (red ) and inner ( blue ) surface in the course of a day. The arrows indicate the location of
the temperature maximum values . The maximum of the inner surface temperature should preferably occur during the
second half of the night.

Phase shift* non relevant Heat storage capacity (whole component): 491 kJ/m2K
Amplitude attenuation**  >100 Thermal capacity of inner layers: 428 kJ/m2K
TAV #¥* 0,008

* The phase shift is the time in hours after which the temperature peak of the afternoon reaches the component interior.

** The amplitude attenuation describes the attenuation of the temperature wave when passing through the component. A value of 10
means that the temperature on the outside varies 10x stronger than on the inside, e.g. outside 15-35 °C, inside 24-26 °C.

***The temperature amplitude ratio TAV is the reciprocal of the attenuation: TAV = 1 / amplitude attenuation

Note: The heat protection of a room is influenced by several factors, but essentially by the direct solar radiation through windows and the
total amount of heat storage capacity (including floor, interior walls and furniture). A single component usually has only a very small
influence on the heat protection of the room.
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