Handling of typical constructions

WUFI® Guideline
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Flat roof
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Flat roof
Please note

rrrrrrr

 Insert an infiltration source at the cold side of the construction
(at the position where condensation would occur)
— depending on the air tightness of the building and the stack height

 Orientation/ Inclination according to planning
« Heat transfer resistance ,Roof* or “DIN 4108-3 — Exterior component”

- Roofing membrane can be considered by using an sj-value on the outer surface
(numerical more favorable)
— if doing so, use no roofing membrane in the component assembly
— switch off rainwater absorption
(remove tick from “Simulation takes rain into account”)

« Short-wave absorptivity depending on colour of roof surface
- Switch on “Radiative overcooling”

« Long-wave emissivity depending on the material of the surface
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Flat roof

Input: Moisture Source

Exterior (Left Side)

EPS (heat cond.: 0.0.
0.06 m

= Mew Layer | [ Duplicate | [ii] Delete

Gnd and Sources

X

Mineral Wool (heat cond.: 0,04 W/mK)

03 m

= Materials | 4" Material Data

Interior (Right Side)

AirL.. G..
0.02 m 0....

& Constructions £ save

=— | <4 || Onginal Size | 100%

q

Infiltration Source

‘ Rain Source

Heat Source
Q Maisture Source

= Air Change Source

1. Right mouse click
in the layer®

\d Setting | Automatic (Il) 200 Elements

2. Select appropriate source
here: Infiltration Source

Geometry Setting | cartesian

*) Material in which condensation is to be expected due to convection. Infiltration source either in the inner 5 mm of the wooden
sheathing or — if there is no sheathing — in the outer 5 mm of the insulation between the rafters.
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Flat roof
Input: Moisture Source

* |Infiltration Source

i'j:l Hygrothermal Sources

‘ Infiltration Source

MName | Infiltration 1

Spread Area

sl zns Thickness [m] | 0.005
® Area right-fixed «
Source Type Source Term Cut-Off [kg/m’]

@ Air Infiltration model IBP

Envelope Infiltration g50 [m*/m°h]

5

Air Tightness Class C (DIN 4108, untested) - |

m
m

|StackHeight[m] 5 |

Mechanical Ventilation Overpressure [Pa] | 0
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Flat roof
Result analysis*

Exterior Interior

« Check the numerical quality of the result using convergence failures and
balances! (— )

* Check total water content
— regular, periodic course?
— accumulation of moisture in whole construction?

« Check water content in wooden sheathing

* You may check moisture accumulation in the exterior insulation

*) Note: List not necessarily complete. Depending on boundary conditions additional critical positions may occur
— Check film

A
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https://wufi.de/en/service/downloads/#result_evaluation

Flat roof
Result analysis*

Exterior Interior

* |n a construction without wood-based or moisture sensitive materials:

— Examination of amount of dew water (further information can be found in
the )

— Further check influence of moisture content on the thermal conductivity
in the material data table ,thermal conductivity, moisture-dependent”

*) Note: List not necessarily complete. Depending on boundary conditions additional critical positions may occur
— Check film

A
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https://wufi.de/en/service/downloads#condensation_assessment

Flat roof
Additional information

rrrrrrr

» Be careful with bright roofing membranes:
The drying potential of the construction is greatly reduced!

« Shading / green roof / gravel roof has to be considered
(more information in the paper (only German)
and in )

 In case of modeling the roofing membrane as s;-value on the exterior surface,
this only models the vapor-retarding property of the membrane, not its rain-
tightness — don't forget to switch off rain!

« Considering an insulated roof with rafters, usually the cross section through the
insulation is relevant.

- Metal roof: Metal layer is considered as s -value at the exterior surface,

absorptivity and emissivity according to material
- unsealed seams: effective s-value around 25 m — 75 m
- sealed seams: effective s -value > 300 m
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https://wufi.de/literatur/Bludau,%20K%C3%B6lsch%202014%20-%20Verschattung%20von%20Holzflachd%C3%A4chern.pdf
https://wufi.de/literatur/Bludau,%20K%C3%B6lsch%202014%20-%20Verschattung%20von%20Holzflachd%C3%A4chern.pdf
https://wufi.de/literatur/Bludau,%20K%C3%B6lsch%202014%20-%20Verschattung%20von%20Holzflachd%C3%A4chern.pdf
https://wufi.de/en/service/downloads#green_roofs
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Pitched roof

Construction drawing

Roofing tiles and battens
Weather-protecting membrane
Wooden sheathing

Insulation

Vapor retarder

Installation layer

Gypsum board

~NOoO ok WODN -

AS sem bly Exterior Interior
in WUFI
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Pitched roof

Please note

rrrrrrr

 Insert an infiltration source at the cold side of the construction
(at the position where condensation would occur)
— depending on the air tightness of the building and the stack height

* Relevant orientation: usually North

* Ventilated roofing is omitted for the calculation
— switch off rainwater absorption (remove tick from “Simulation takes rain into account”)

- Underlay membrane can be considered by using an sj-value on the outer surface
(numerical more favourable)
— if doing so, use no roofing membrane in the component assembly

» For assemblies without a separate underlay membrane:
— Surface sy-value of 0.01 m, to consider the reduced relative humidity in the
ventilation gap (e.g. due to condensation on the roofing covering).
— otherwise, it can lead to very high moisture contents in timber boards or similar
materials which can absorb liquid water
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Pitched roof

Please note

rrrrrrr

+ Heat transfer coefficient (exterior):
— select “Pitched roof”: weak, normal or strong ventilated
— the long-wave radiation parts are set to 0 W/m?K
(for more information: )

« Short-wave absorptivity depending on colour of the roofing tiles
+  Switch on “Radiative overcooling”
« Long-wave emissivity depending on the material of the roofing tiles

« Set the reduction factor to the absorption coefficient:
,Pitched roof, ventilated, middle position®
(further information: )
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https://wufi.de/en/service/downloads#ventilated_pitched_roofs
https://wufi.de/en/service/downloads#ventilated_pitched_roofs

Pitched roof

Moisture source setup

[ | I nfi Itration Sou rce =']___' Hygrothermal Sources %

a Infiltration Source

Name | Infiltration 1

Spread Area
Thickness [m] | 0.005
® Area right-fixed ~
Source Type Source Term Cut-Off [kg/m?]
@ Air Infiltration model IBP @ Cut-Off at Free Water Saturation

Envelope Infiltration 30 [m*/m°h]

3 Air Tightness Class B (DIN 4108, tested <= 3 m¥m*h) =

Stack Height [m] | 5

FO r p roced u re : Mechanical Ventilation Overpressure [Pa] | 0

see ,flat roof — o
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Pitched roof

Input: Surface transfer parameter

Heat Transfer

Heat Transfer Coefficient [W/m?K] 19 Pitched roof, nermal ventilated -

long-wave radiation parts Heat Transfer Coefficent [W/.. 0

wing-dependent

[#] Wind-dependence formula

Vapour Transfer

| Additional diffusion resistance (e.g. coating), sd-Value [m]  0.01 Model ventilated pitched roofs - | _ For assemblles WlthOUt u nderl ay
Mote: This setting does not affect rain absorption. m e m b ra n e
-
: a Otherwise:
Short-wave absorptivity, e.g. solar radiation [-] 0.67 M Tiles, red - E nter the Sd_value Of the u nderlay
Radiative overcooling v | Mote: Explicit Radiaticn Balance, includes radiative cooling due to long-wave emission. m e m b ra n e

Long-wave emissivity, e.g. nighttime radiative cooling [-] 0.9

[#] Additional radiation parameters

[=] Reduction factors

for absorptivity [-] 09 % Pitched roof, ventilated, middle position -

for emissivity [-] 1.0

Simulation takes rain into account

}I

[#] Rain parameters
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Pitched roof

Result analysis*

Exterior Interior

« Check the numerical quality of the result using convergence failures and
balances! (— )

* Check total water content
— regular, periodic course?
— accumulation of moisture in whole construction?

« Check water content in wooden sheathing

* |n a construction without wood-based or moisture sensitive materials:
— Examination of amount of dew water (further information can be found in
the )
— Further check influence of moisture content on the thermal conductivity
in the material data table ,thermal conductivity, moisture-dependent”

*) Note: List not necessarily complete. Depending on boundary conditions additional critical positions may occur
— Check film
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https://wufi.de/en/service/downloads/#result_evaluation
https://wufi.de/en/service/downloads#condensation_assessment

Pitched roof -

Additional information

Heat transfer coefficient according to the latest research results by Kolsch
( )

In case of modeling the underlay membrane as sy -value on the exterior
surface, this only models the vapor-retarding property of the membrane, not
its rain-tightness — don't forget to switch off rain!

Metal roof: Metal layer is considered as s -value at the exterior surface,

absorptivity and emissivity according to material
- unsealed seams: effective sg-value around 25 m — 75 m
- sealed seams: effective sg-value > 300 m
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https://wufi.de/en/service/downloads#ventilated_pitched_roofs
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Construction 1
drawing
2 :
1 Exterior plaster
2 Insulation
3 3 Plaster
4 Masonry / concrete
4 5 Interior plaster
S
Assemb Iy Exterior Interior
in WUFI
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Exterior wall with ETICS

Please note

m Moisture source behind ETICS: 1 % of driving rain

m Relevant orientations: Prevailing direction of driving rain and North
m Short wave absorptivity depending on colour of exterior plaster
m Long wave emissivity for plaster (if not known: 0.9)

m If the short-term hygrothermal behaviour of the outer surface is to be evaluated,
switch on “Radiative overcooling”

m Rain parameters: Depending on inclination of component (vertical wall: 0.7)

\
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Exterior wall with ETICS

Input: Moisture source

Exterior (Left Side) Interior (Right Side)

Mine... EP5S (heat cond.: 0.04 W/mK - density: ...| ...
0.02 m 01m 0...

Inte...
0.0...

=+ Mew Layer @ Duplicate ]ﬁ[ Delete ! Materials | 4" Material Data ! Constructions | [E) ! Save

Gnd and Sources = || 4 || Criginal Size | 100%

R

& Infiltration Source

¢
Heat Source

Q & & = Manage & Moisture Source 1) 200 Elements Geometry Setting | cartesian
= Air Change Source
_ _ 2. Select appropriate source
1. Right mouse click e R
_ B ere: Rain Source
In the layer
*) Driving Rain source is inserted in the outer 5 mm of the layer behind the insulation.
_——
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Exterior wall with ETICS

Input: Moisture source

° Rain Sou rce f Hygrothermal Sources et
Q Rain Source
Mame | Rain 1
Spread Area
Thickness [m] | 0.005
® Area left-fixed =
Whaole Layer
Source Type Source Term Cut-Off [kg/m’]
No Cut-Off

@ Fraction of incident Driving Rain Cut-Off at Max. Water Content
Note. @ Cut-Off at Free Water Saturation
According to German standard User-Defined
DIN 4108-3, the source is spread
over a depth of 5 mm. However, in Fraction [%]
rainy locations, the source should 1 Driving rain penetration DIN 4108-3 -
be spread over 10 mm to provide
more pore space for water — =
absorption.

__——
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Exterior wall with ETICS

Result analysis*

« Check the numerical quality of the result using convergence failures and
balances! (— Guideline for the Result Evaluation)

* Check total water content
— regular, periodic course?
— accumulation of moisture in whole construction?

* Check water content in the insulation
— Reduction of thermal conductivity?

+ Relative humidity at the interface between exterior plaster and insulation
during winter — risk of frost damage?

- At warm and humid sites check relative humidity between insulation and
wall (dew water and failure of adhesive may occur)

*) Note: List not necessarily complete. Depending on boundary conditions additional critical positions may occur
— Check film

\
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https://wufi.de/en/service/downloads/#result_evaluation

Exterior wall with ETICS

Additional information Hl

« Determining the main direction of driving rain by using the climate analysis
(usually West in Middle Europe)

«  The moisture source of 1% of the driving rain behind the ETICS is regulated in
the ASHRAE Standard 160 as well as in the EN 15026:2023 and represents
critical positions e.g. in the area of window frames

\l
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Exterior wall with ETICS

Additional information Hll

* Information on the calculation and evaluation of ETICS with wood fibre
insulation can be found in the following guideline: Guideline for the
calculation and evaluation of an ETICS with wood fibre insulation

\
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https://wufi.de/en/service/downloads/#wood_fibre
https://wufi.de/en/service/downloads/#wood_fibre
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Construction
drawing 1 _ _
1 Facing brickwork
2 2 Interior plaster or
adhesive
3 3 Interior insulation
4 Vapor retarder
4 5 Gypsum board
5
Assembl Yy Exterior Interior
in WUFI
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Exterior wall with interior insulation
Please note

nterior

m Relevant orientations: Prevailing direction of driving rain and North
m Short-wave absorptivity depending on colour of exterior surface

m Long-wave emissivity for exterior surface (if not known: 0.9)

m Using “Radiative overcooling” usually not necessary

m Rain parameters: depending on inclination of component
(vertical wall: 0.7)

m If needed: Water-repellent treatment of the exterior surface to reduce rainwater
absorption

\
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Exterior wall with interior insulation
Water-repellent treatment of facades

Modification of the A-value without influencing other material properties (e.g. sy-value)

Step by step:

1) Split the exterior layer into a surface layer (0.5 — 1.0 cm depending on penetration
depth of treatment) and the remaining layer. To do this, duplicate the original layer
and then adjust the two thicknesses as needed.

2) Edit the material properties of the new exterior layer:

* “Unlock” the material

« Switch “Liquid Transport Coefficients” for suction and redistribution to
“‘generate”

« Adjust “Water absorption coefficient”
Be careful with the units: [kg/m2Vs] is the A-value in [kg/m>Vh] divided by 60 !!!
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Exterior wall with interior insulation
Water-repellent treatment of facades

[T Edit Assembly by Diagram | {= Edit Assembly by Table

1. Select exterior
layer

Layer: Selid Brick Masonry Thickness [m]: | 0.4

Exterior (Left Side) Interior (Right Side)

i... Mineral Wool (heat cond.: 0,04 W/...

014 m 0...
=+ New Layer | [[] Duplicate Delete = Materials | 4" Material Data = Constructions | [B) B Save
Gnd and Sources = || 4= | Original Size | 100%
¢ E
Q & & = Manage Grid Setting | Automatic (Il) 200 Elements Geometry Setting 2 D | ) t |
Geometry Properties Total Thermal Performance
Total Thickness [m]: 0.574 R-Value (dry) [nK/W]: 4.26 U-Value (dry) W/m?K]: 0.225
Number of Layers: 5 R-Value (at 80% RH) [m*K/W]: 417 U-Value (at 80% RH) [W/m?K]: 0.23

\
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Exterior wall with interior insulation
Water-repellent treatment of facades

[M Aufbau tiber Bild bearbeiten || = Aufbau tber Tabelle bearbeiten

Schicht: Vollziegelmauerwerk Dicke [m]: | 0.4 \ 4 ' Change th iCkneSS
AuBen (linke Seite) Innen (rechte Seite) e . g . d - O . O 1 m

. Mineralfaser (Warm...4...

0,14 m

= Neue Schicht | [[) Duplizieren | [il] Léschen = Materialien = £ Konstruktionen & sSpeichem

Gitter und Quellen = || = || OriginalgréBe | 100 %

3. Select exterior

¢ >
layer
Q O & = Verwalten Gittereinstellung | Automatisch (Il) 200 Elemente Geometrieeinstellung | kartesisch
Geometnieeigenschaften Warmeschutzeigenschaften
Gesamtdicke [m]: 0,974 Wirmedurchlasswiderstand (trocken) [m*K/W]: 4,02 U-Wert (trocken) [W/mK]: 0,196
Anzahl der Schichten: 6 Warmedurchlasswiderstand (bei 80% r.F.) [m K/MW]: 4,75 U-Wert (bei 80% r.F.) [W/m®K]: 0,203

\
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Exterior wall with interior insulation
Water-repellent treatment of facades

[T Edit Assembly by Diagram | {= Edit Assembly by Table

Layer: Solid Brick Masonry Thickness [m]: D.tls 6. Change thICkneSS

Exterior (Left Side)

Interior (Right Side) e . g . d - O . 39 m

i... Mineral Wool (heat cond.: 0,04 WY/...
0.14m 0...

= Mew Layer | [[) Duplicate | [ii] Delete = Materials | & Material £ Constructions | [B) == Save

Grid and Sources — || 4 | | Original Size | 100%

4

Q & & = Manage Grid Setting | Automatic (1) 200 Elements Geometry Setting | cartesian 5 . Se | eCt I nte rl O r
Geometry Properties Total Thermal Performance |aye r
Total Thickness [m]: 0.584 R-Value (dry) [m*K/W]: 4.27 U-Value (dry) [W/m®K]: 0.224
Number of Layers: & R-Value (at 80% RH) [m*K/W]: 418 U-Value (at 80% RH) [W/m?K]: 0.229

\
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Exterior wall with interior insulation
Water-repellent treatment of facades

[T Edit Assembly by Diagram | ¢ = Edit Assembly by Table

Layer: Solid Brick Masonry Thickness [m]: | 0.01

Exterior (Left Side)

Interior (Right Side)

i... Mineral Wool (heat cond.: 0,04 WY ...

== Mew Layer Duplicate Delste Matenals ﬂ. Material Daf Constructions Save
el P

Grid and Sources (riginal Size | 100%

4

»

Q ™ & = Manage Gnd Setting | Automatic (Il) 200 Elements Geometry Setting | cartesian
Geometry Properties Total Thermal Performance
Total Thickness [m]: 0.574 R-Value (dry) [m*K/W]: 4.26 U-Value (dry) W/mK]: 0.225
MNumber of Layers: & R-Value (at 80% RH) [m K/W]: 417 U-Value (at 80% RH) [W/mK]: 0.23

0.14m 0...

7. Double click on
layer

7. Or click
,Material data“

33
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Exterior wall with interior insulation
Water-repellent treatment of facades

] Layer/Material Data

Bulk density [kg/m’]:

Porosity [m*/m*}

Spec. Heat Capacity [J/kgK]:
Thermal Conductivity [W/mK]:

Water Vapour Diffusion Resistance Factor [ - 1

Hygrothermal Functions | Material Information

Layer/Material Name: | Solid Brick Masonry - unlocked

1900

0.24

850 3
05 '
10

Moisture Storage Function
Liquid Transport Coefficient, &

Liguid Transport Coefficient,

Water Vapour Diffusion Resis
Thermal Conductivity, moisture-
Thermal Conductivity, temperatu

Enthalpy, temperature-dependent

No.

Generate

Paste into Database Impart

10 1.5E-10
190 1.7E-6

Typical Built-In Moisture [lg/m’]:
Layer Thickness [m]:
Thermal Conductivity, Design Value [W/mK]:

Colour:

[m?/s]
0 00 01

gt

g 7550 ‘a0
170800
e
.‘0-07.00
.‘0-07.50
Jpece
plese

1p0n0

Liquid Transport Coefficient [m?/s]

o0

oI

o 25

——

(] X

<— 8. Unlock material

100

0.01

M Red -

Normalized Water Content [-]
62 03 04 05 06 07 08 08 10

YUr

50 75 100 125 150 175 200 225
Water Content [kg/m?]

Cancel Help

9. Select ,Liquid Transport Coefficient, Suction®
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Exterior wall with interior insulation
Water-repellent treatment of facades

r Layer/Material Data [} X
Layer/Material Name: | Sclid Brick Masonry - unlocked
Bulk density [kg/m*): | 1200 Typical Built-In Maisture [kg/m’]: | 100
Parosity [m®m®: | 0.24 Layer Thickness [m]: | 0.01
Spec. Heat Capacity [J/kgK]: 850 '] Thermal Conductivity, Design Value [W/mK]:
Thermal Conductivity [W/mK]: 0.6 Tt MEE Colour: | Il Red -
‘Water Vapour Diffusion Resistance Factor [-]: | 10
Hygrothermal Functions | Material Information
Maisture Storage Function N Water Content Dws.
- —— o [kg/m*] [ms] Normalized Water Content [-]
Liquid Transport Coefficient, Suction ; ; ; 50 01 02 03 04 05 06 07 08 09 10
Liquid Transport Coefficient, Redistribution 150
2 : 2 — Ugg Yy
Water Vapour Diffusion Resistance Factor, moisture-depe... ;‘2 10550
3 £
Thermal Conductivity, moisture-dependent 2 qpUse pr—
o
Thermal Conductivity, temperature-dependent o 08
Enthalpy, temperature-dependent E 1gTe
2
| Generate g_ qpTse
£
Appl £ g0
2
Referenci 18 2 107850
=
Free Water Sat 190 10780
o 25 50 75 100 125 150 175 2000 225
‘Water Absorption ! 011 Water Content [kg/m?]
Paste into Database Export OK Cancel Help

10. Select ,Generate”

35
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Exterior wall with interior insulation
Water-repellent treatment of facades

/| Layer/Material Data m} *
Layer/Material Name: | Solid Brick Masonry - unlocked
Bulk density [kg/m®]: | 1900 Typical Built-In Moisture [kg/m?]: | 100
Porosity [m*m°]: | 0.24 Layer Thickness [m]: | 0.01
Spec. Heat Capacity [J/kgK]: | 850 3 Thermal Conductivity, Design Value [W/mK]:
Thermal Conductivity [W/mK]: | 0.6 i RE Colour: | [l Red -
Water Vapour Diffusion Resistance Factor [-]: | 10
Hygrothermal Functions || Material Information
Moisture Storage Function N Water Content Dww
o o - [kg/m?] [m3/s] Normalized Water Content [-]
Liquid Transport Coefficient, Suction ] : . D0 01 02 03 04 05 06 07 08 09 10
Liquid Transport Coefficient, Redistribution 1070675
2 3 2.4 —_ Uy uy
ater Vapour Diffusion Resistance Factor, moisture-depe... :“El 10T T
_ 3 E
ermal Conductivity, moisture-dependent e s
g 10
Thermal Conductivity, temperature-dependent 2
:E 1070750
Enthalpy, temperature-dependent g
0775
£ 0
v| Generate E_ 1980
Appro? Parameters: E 0825
- W0
Reference Water kg/m7: 18 & . easo
g 10
Free Water Saturation [kg;‘m;]:

Water Absorption Coefficient [kg/m*vs]: Water Content [kg/m?]

Paste into Database Import

Cancel

o 25 50 75 100 125 150 175 200 225

Help

11. Select ,Liquid Transport
Coefficient, Redistribution®

12. Select ,Generate”

36
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Exterior wall with interior insulation
Water-repellent treatment of facades

] Layer/Material Data m} X
Layer/Material Name: | Solid Brick Masonry - unlocked
Bulk density [kg/m*]: | 1200 Typical Built-In Moisture [kg/m*]: | 100
Porosity [m*/m’]: | 0.24 Layer Thickness [m]: | 0.01
Spec. Heat Capacity [)/kgK]: | 850 B Thermal Conductivity, Design Value [W/mK]:
Thermal Conductivity [W/mK]: | 0.6 i EE Colour: | ll Red -
Water Vapour Diffusion Resistance Factor [ -] | 10
Hygrothermal Functions | Material Information
Maisture Storage Function N Water Content Dww
. - . o [kg/m] [m?/s] Normalized Water Content [-]
Liquid Transpart Coefficient, Suction p : : 00 01 02 03 04 05 06 07 08 09 10
Liguid T t Coefficient, Redistribut
Iqumn ranspor oermaent, istripution 2 . A1E-1- - 1009m um o
Water Vapour Diffusion Resistance Factor, moisture-depe... o S ——
3 E 100
Thermal Conductivity, moisture-dependent =
& qpese
Thermal Conductivity, temperature-dependent =
087
Enthalpy, temperature-dependent E i
£ gplow
V| Generate 2
2 g
Approximation Parameters: £
5 1070
Reference Water Content [kg/m’: 18 F
E= .ID-ID?S
Free Water Saturation [kgfmg]: 190
0 25 S0 75 100 125 150 175 200 225
Water Absorption Coefficient [kg/m*Vs]: 0.00833 Water Content [kg/m’]
Paste into Database Import Export Cancel Help

13. Enter A-value
here:
0.5 kg/m=lh / 60
= 0.00833 kg/m*\s

37

~ Fraunhofer
IBP



Exterior wall with interior insulation
Result analysis*

nterior

« Check the numerical quality of the result using convergence failures and
balances! (— Guideline for the Result Evaluation)

* Check total water content
— regular, periodic course?
— accumulation of moisture in whole construction?

+ Relative humidity at the interface between interior plaster and interior
insulation < 95 % RH
— risk of frost damage?
— or: frost-resistance of materials necessary
(Insulation system plaster, wall materials)

*) Note: List not necessarily complete. Depending on boundary conditions additional critical positions may occur
— Check film

\
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https://wufi.de/en/service/downloads/#result_evaluation

Exterior wall with interior insulation
Additional information

nterior

* An interior insulation reduces the drying potential of a construction due to a
lower over-all temperature and a higher diffusion-resistance to the interior side.

- The moisture content at the interface interior plaster / interior insulation usually
can be reduced by an enhancement of the protection against driving rain
(e.g. by water-repellent treatment, new exterior plaster, paint coat) .

«  Water-repellent treatment according to WTA:
- A-value < 0.1 kg/mx'h
- 50 % increase of the s;-value

* Investigations of an exposed masonry need the knowledge of effective material
properties, combining the properties of bricks and mortar.

« A gypsum plaster at the interior surface usually has to be removed before
applying an interior insulation.

- Smart vapor retarders are favourable since the drying potential to the inside
mainly remains unaffected.

39 ~ Fraunhofer

IBP

A



Content

Flat roof

Pitched roof

Exterior wall with ETICS

Exterior wall with interior insulation
Ventilated timber frame construction
Basement wall without ground water

Interior component
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Ventilated timber frag constuction

Construction
drawing

-

1 Planking

2 Battens

3 Counter battens
4 External cladding
5 Insulation

6 Internal Cladding
7 Vapour retarder
8 Gypsum board

8 T

(WO IN | =

(0))

-..\l

g

AT

% © Fraunhofer IBP&

e e

Assembly Exterior Interior
in WUFI
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Ventilated timber frame construction

Exterior nterior

Please note

* Insert an air change source in the air layer
— The exchange rate is dependent on construction, surface colour and
ventilation openings

 Insert an air infiltration source at the cold side of the construction
(at the position where condensation would occur)
— depending on the air tightness of the building and the stack height

« Relevant orientation: North
- Short wave absorptivity depending on colour of surface
« Long wave emissivity depending on material of surface

* If the short-term hygrothermal behaviour of the outer surface is to be
evaluated, switch on “Radiative overcooling”

* Rain parameters: Depending on inclination of component (vertical wall: 0.7)
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Ventilated timber frame construction
Input: Air change source

Exterior (Left Side) Intericr (Right Side)

I Air I.ayer 40 mm; witho... I Mineral Wool (heat cond.: 0,04 W/mK)
0.14 m

’ ! Materials ] .4?‘ Material Data

| !Constructions | ) ! Save |

| == New Layer | |D Duplicate | '@' Delete |

] a Infiltration Source

| = || + || oOriginal size | 100%

k|

Grid and Sources

| >

] Q Rain Source

(% Heat Source
| Geometry Setting | cartesian

@ Moisture Source | Grid Setting | Automatic (Il) 200 Elements

=3 Air Change Source
|

\ 2. Select appropriate source
1. Right mouse click here: Air Change Source
in the air layer

Q& & Manfge |

\
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Ventilated timber frame construction
Input: Air change source

f Hygrothermal Sources W
= Air Change Source

Name | AirChange 1

Spread Area
@ Whole Layer
Source Type mix with air from
® Constant @ |eft-hand side
Transient from File right-hand side

Air Change Rate [1/h Typical air exchange rates

10 WVentilated facade 5-200/h

Vented Facade /Cladding | 3-20/h

Cavity wall 1-5/h
Flat roof ~05-1/h
Delete source OK Cancel Help
—
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Ventilated timber frame construction
Input: Moisture source

Exterior (Left Side)
Air Layer 40 mm; witho... Mineral Wool (heat cond.: 0,04 W/mK)
0.14 m
| =+ Mew Layer | @ Duplicate | @ Delete | ! Materials | ;?‘ Material Data

Gnd and Sources

Interior (Right Side)

Gypsu...
0.012...

| !Consiructiuns | ] ESEWE |

| = + || Original Size  100%

Infiltration Source

Rain Source

e

] 3

Heat Source

Maisture Source

> e

|QG‘ = Manage

Automatic (Il) 200 Elements

= Air Change Source | =

in the external cladding

| Geometry Setting

2. Select appropriate source
1. Right mouse click here: Infiltration Source

cartesian

© Fraunhofer IBP 45
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Ventilated timber frame construction
Input: Moisture source

5']_" Hygrothermal Sources e

a Infiltration Source

Name | Infiltration 1

Spread Area
Thickness [m] | 0.005
® Area right-fixed ~
Source Type Source Term Cut-Off [kg/m?]
@ Air Infiltration model IBP @ Cut-Off at Free Water Saturation

Envelope Infiltration 30 [m*/m°h]

3 Air Tightness Class B (DIN 4108, tested <= 3 m*/m’h) -

Stack Height [m] | 5

Mechanical Ventilation Overpressure [Pa] | 0

46 Z Fraunhofer
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Ventilated timber frame construction
Result analysis*

« Check the numerical quality of the result using convergence failures and
balances! (— )

* Check total water content
— regular, periodic course?
— accumulation of moisture in whole construction?

« Check water content in the external cladding

 If necessary, check moisture content of the insulation

*) Note: List not necessarily complete. Depending on boundary conditions additional critical positions may occur
— Check film
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Ventilated timber frame construction

Additional information

nterior

As the occurring air exchange rates are often not known, it may be
useful to vary the air exchange rate to see its influence on the
hygrothermal behavior of the construction.

(Information on this can be found in the WTA Guideline 6-2-2014
chapter 5.1)
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Ventilated timber frame construction
Additional information

Exterior Interior

Recommendations for air exchange rates for facades (critical):

Typical air exchange rates (guideline values for common designs):

Ventilated facade _
(openings at the top and bottom) 5-200 /h

Double-face masonry / facing brickwork 1-5 /h

No air exchange but effective transfer

Hitened, ventilated tlediroots parameters — see guideline “Pitched Roof”

Note: Low values are usually more critical in Central Europe — in warmer climates also
higher values can become critical. If in doubt, check the range for variations and take a
closer look if there is a significant influence!

\
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Ventilated timber frame construction

Additional information

Average values for air exchange rates from US literature (relevant for more continental climate
conditions with also dominant warm summer periods where high ventilation rates can also

become critical)

Reference values
for air change rates
Wood Siding =~ 1,83 =5 20
Vinyl Siding = 9,14 =5 200
Facing brick = 2,74 =25 10
Stucco (vented) =~ 1,83 =10 10
Sheathing flanking = 0,91 =5 10
ﬂOW* © Building Science Press

*The flank flow refers to the leaks in the area on the outer panel.

50
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Content

Flat roof

Pitched roof

Exterior wall with ETICS

Exterior wall with interior insulation
Ventilated timber frame construction
Basement wall without ground water

Interior component

\
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Basement wall (without ground water)

Construction
drawing

1 Soil

2 Perimeter insulation
3 Concrete wall

4 Interior plaster

Exterior Intericr

Assembly

in WUFI
XPS Core

XPS Surface Skin

\
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Basement wall (without ground water)...
Please note

* Insert the soil layer as a separate material layer in the simulation in order to take
into account the interaction between the construction and the soil.
— Generic material data ,Solil ‘Christian’ DIN®“ with a thickness of about 0.5 m

« The XPS perimeter insulation consists of the core and the outer surface skin, each
1 cm thick (is defined as a system in the material database).

« Heat transfer coefficient (exterior): ,Basement®
* No radiation absorptivity / emissivity

* No rainwater absorption

« Set interior climate depending on utilization

\
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Basement wall (without ground water)...
Please note

Temperature at the exterior surface (soil temperature)

« The WTA Guideline 6-2 (10/2025) recommends applying a sinusoidal annual curve
depending on the outdoor climate and the depth below ground level. Up to a depth
of 2 m, the values to be used for the hygrothermal references years are given in a
table.

- DIN 4108-3 from 2024 specifies a siplified approach with a minimum value of 1 °C
at the beginning of February and a maximum value of 17 °C at the beginning of
August.

 Alternatively, the values for the soil temperatures can also be taken from the
literature (e.g. values from the diagram on the next slide) and applied as a sine
curve. (This procedure is described in the following as an example)

Relative humidity at the exterior surface

« All approaches should be combined with a relative humidity of 100 %.
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Basement wall (without ground water)
Input: Soil temperature

Average soil temperature for each month depending on the depth of the soil

— 18 Januar
O N | —— Feb
e. 16 ebruar
fo s e | Marz
2 RS * —— Apri
i | pri
g 12 >< | s
— Mai
[ e ; Juni
) = uni
S 8 Z| el | :
© 6 Z L A Juli
g’_ 4 _A/ e | August
qE) 2 // - : = L S e — ' | — September
3 0 ~ Qktober
0 2 3 4 6 8 10 12 November
" ——— Dezember
Depth of the soil [m]

Example for a depth of 3 m:

Minimum Of about 7 OC in MarCh and Ref: Heidreich, U.: Nutzung oberflachennaher Geothermie zum Heizen
: : und Kihlen eines Biirogebdudes. Symposium Energetische Sanierung
MaXImum Of abOUt 1 2 OC In September von Schul- und Verwaltungsgebauden, FH Munster 2006.

\
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Basement wall (without ground water)
Input: Soil temperature

‘ 3& From Map / File

Halzkirchen; Fraunhofer-1BP, Moisture Reference Y...

4 EN 15026 / DIN 4108 / WTA 6-2

A 150 13782 | bR ASHRAE 160

A User- Deﬁnz/

Template: [ *Sine curve (outdoor)

2 B (@

Indoor Temperature
Graph| Table o
Constant
0
Sine Curve o
o
E
Transfer 2_
function E
Jan/0l Marf02  May/0Z  Julf02  Sept/01 Now/@1  Jan/01
o Time [h]
dependent
Q Mean Value [*C] Amplitude [K] Day of Maxi
0 May/02  Julf02  Septf01  Now/01  Jan/01
o l95 |2 | [seprro1  m
Indoor Rel. Humidity
Graph| Table -
Constant [ﬁ
0
Upper Limit —
£
Sine Curve =
=
Lower Limit g
I
Transfer E
function =
o
o
o Jan/01 Mar/02  May/02  Jul/02  Sept/01  Mow/01  Jan/O1
dependent Time [h]
n Constant Relative Humfdfl)' [l 100 Jan/01 Marf02 Mayf02 Julf02  Septf01 Now01  Jan/D1
G :

1. Select User-Defined

2. Select sine curve
(outdoor)

3. Enter Mean value,
Amplitude and Day
of Maximum for the
temperature

4. Relative humidity
constant 100 %

© Fraunhofer IBP
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Basement wall (without ground water)
Warning at calculation start

| | Confirmation *

Should we start the calculation? o

An indoor climate has been assigned to the left surface.

Yes Mo

m This warning appears at the start of the calculation because the sine curve
applied to the exterior surface is defined in the program as an indoor climate.
This warning can be ignored here.

\
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Basement wall (without ground water)...
Result analysis*

« Check the numerical quality of the result using convergence failures and
balances! (— Guideline for the Result Evaluation)

* Check total water content
— regular, periodic course?
— accumulation of moisture in whole construction?

» Check water content of insulation

« Check water content in masonry / concrete

*) Note: List not necessarily complete. Depending on boundary conditions additional critical positions may occur
— Check film

\
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Basement wall (without ground water)...
Additional information

+ Set the initial water content in the soil to 99 % relative humidity in order to
reach a steady state in the soil more quickly and thus reduce the
computing time.

- If a capillary-breaking layer such as a dimpled membrane is used in front
of the perimeter insulation, this can be modelled in the simulation using a
foil. The thickness of the foil must not be changed; the s -value must be
selected according to the used product.

\
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Basement wall (without ground water)...

Additional information

Consideration of water in the soil:

Material data containing moisture storage function and moisture transport
coefficients (e.g. ,Soil ‘Christian’ FSP“) must be used. Further soill
materials can be found in the “North American Database in the “Soil”
section.

The soil has to be saturated during the calculation period (check water
content after calculation).

Create a climate file, which contains rain for each time step (with
CreateClimateFile.xls).

The rain parameters must be set to 1.
Pressurized water can not be taken into account!

\
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Content

Flat roof

Pitched roof

Exterior wall with ETICS

Exterior wall with interior insulation
Ventilated timber frame construction
Basement wall without ground water

Interior component
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Interior component (partition wall)

Construction
drawing

Exterior

Assembly
in WUFI

1 Interior plaster
2 Masonry
3 Interior plaster

Interior

62
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Interior component (partition wall)
Please note

Heat transfer coefficient ,,exterior”: 8 W/m?K (Partition wall)
Heat transfer coefficient ,interior®: 8 W/m2K (Partition wall)

Indoor climate on both the outside and inside

Indoor climate according to DIN 4108 / EN 15026 / WTA 6-2 derived from
the outdoor climate (outdoor climate must be selected)

Sine curves user-defined (e.g. for cellar rooms)
Constant indoor climate (e.g. for air conditioning)

\
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Interior component (partition wall)

Input: Outdoor climate — according to EN 15026 / DIN 4108 / WTA 6-2

1. Outdoor climate

¥ () Project
3 ‘.‘I Case: 1Flat roof
> '}I Case: 2 Pitched roof

QA From Map / File] | 44§ EN 15026 / DIN 4108 / WTA 6-2

§8% Set Climate...
» Bl Case: 3 Exterior wall with iTICS =

[ fl Case: 4 Exterior wall withinterior insulation Temperature
» EI Case: 5 Ventilated timbgll frame construction
» B Case: 6 8asement wall {thout ground water Graph || Table
30
v ':I Case: 7 Interior comp§nent 25 o
=
v |j Component Toa b4 *
= =
Assembl g 52
I Assembiy En H
BB Initial Conditions T n £ 15
<] @
: 5] =
v :ﬂ" Boundary Conditions (extericr) -E P 10
uﬁ Climate 20 s
@ orientstion 20 0 o 10 22 30
; [1]
+ surface Cutdoor Air Temperature [°C]
o lan-26 Mar-17
L4 ||".‘: Boundary Conditions (interior)
Jan-01 Feb-20 Apr-11
Control . -
Relative Humidity
3 Results 100
Normal Moisture Load +5% (Design) (... -
&0
Graph || Table =
¥ £ 7
o =
i 5 60
260 £
b=l =
E o
£ 50 £
3 3=
o 2
g 40
E 10
20 -0 o w0 30 ©
Outdaor Air Temperature [°C] T (==
Jan-01 Feb-20 Apr-11

aghived from:  Holzkirchen; Fraunhofer-IBP, Moisture Reference Year

/ 2. EN 15026 / DIN 4108 / WTA 6-2

AMB 150 13788 | Ab§ ASHRAE 160 | 48 User-Defined

4 oroi 3. Select climate (select

outdoor climate, from which

the indoor climate is to be
vad)

May-06 Jun-25
May-31

Aug-14 Oct-03
Sept-08

Mow-22

Jul-20 Oct-28 Dec-17

4. Select moisture load

MOF the interior

May-08 Jun-25

Aug-14 0Oct-03
Sept-08

Mow-22

May-31 Jul-20 Oct-28 Dec-17

© Fraunhofer IBP
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Interior component (partition wall)
Input: Outdoor climate — according to EN 15026 / DIN 4108 / WTA 6-2

Surface (exterior) Heat Transfer Coefficient: Partition wall

v I:D Project
» Bl Case: 1 Flat roof
> H Case: 2 Pitched roof
> H Case: 3 Exterior wall with ETICS
» Bl Case: 4 Exterior wall with interior i
> n Case: 5 Ventilated timber frame
> H Case: 6 Basement wall without

Heat Transfer

ulation Heat Transfer Coefficient [W/m?K] Partition wall (inner)

4.5

wind-dependent
w %l Case: 7 Interior component

v m Component
1l Assembly
BB Initial Conditions

Wind-dependence formula

Vapour Transfer

Boundary Conditions |

04 Climate
@ Orientation

Additional diffusion resistance (e.q. coating), sd-Value [m] - No coating -

MNote: This setting does not affect rain absorption.

Radiation

Boundary Conditions (interior)

. c | Short-wave absorptivity, e.g. solar radiation [-] === @& Mo absorption/emission -
[::] Control
3 Results Radiative overcooling Mote: Explicit Radiation Balance, includes radiative cooling due to long-wave emission.

Long-wave emissivity, e.g. nighttime radiative cooling [-] ===

[ Additional radiation parameters

Reduction factors

Simulation takes rain into account

[# Rain parameters

No rainwater absorption

\
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Interior component (partition wall)
Input: Outdoor climate — sine curve

1. Outdoor climate
2. User-Defined

¥ () Project
» §] Case: 1 Fiat roof U4 From Map / File | 488 EN 15026 / DIN 4108 / WTA 6-2 | 4448 150 13788 | 44} B ASHRAE 160| | 4&§ User-Defined
» Bl Case: 2 Pitched roof

» EI Case: 3 Exterior wall with ETICS

Holzkirchen: Fraunhofer-IBP, Moisture Ref. Template: *Sine curve (indoor condition, 'mal moisture load) E] 0

- R o . Indoor Temperature
> .I Case: 4 Exterior wall with interior i @ulation

3. Select sine
Constant o " i Cu rve

> ‘EI Case: 5 Ventilated timber frame ¢

> ‘fl Case: 6 Basement wall without g

v 'fl Case: 7 Interior component .25 o

— 20

¥ (ffl Component '15, = =)

[II] Assembly Sine Curve = <

o 5 2
. - | = 10

BB Initial Conditions = T

=5 =

¥ [ Beundary Conditions (ext=rior) Transfer Jan/01 ManD2 Maw02 JulD2 Sept/01 Nowol Jan/ol k2

J 4@ Climate FoEi Time [h] 0 4 . D efl ne s | ne
i S::::ﬁon Q | Meanvaiera Amplitude [K] Day of Maximum C u rve fo r
temperature

U1 Mar/02 May/02 Julf/02 Sept/01 Now/01  Jan/01

9 9 Jun/03 3

» "".‘: Boundary Conditions (interior) »

Indoor Rel. Humidity

Constant " 1:5
0 0 — = J\
gj EE — F—— Upper Limit § 0
Sine Curve 'g 40 100 E &0
. Lower Limit T 1 1
0 wer Limi o 40
Transfer Jan/01 Mar/02 May/02 Juli02 Sept/01 Now/01 Jan/o1 0 E 30 5 - Defl ne SI ne
function Time [h] = oo
: curve for
o Mean Value [3] Amplitude [%] Day of Maximum
ar/02 May/02 Juli02 Sept/01 Now/Ol Jan/O1 . . .
= : ” relative humidity
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Interior component (partition wall)
Input: Outdoor climate — constant climate

¥ () Project
> ':I Case: 1 Flat roof
» '§| Case: 2 Pitched roof
> ':I Case: 3 Exterior wall with ETICS

> EI Case: 4 Exterior wall with interior @ulation
» ':I Case: 5 Ventilated timber frame
3 ﬂ Case: 6 Basement wall withoutfround water
v ':I Case: 7 Interior componen
v m Component
|| Assembhy

BB Initial Conditions

| v :ml Boundary Conditions (exterior) |

@ Orientation
:': Surface
» |m: Boundary Conditions (interior)
Control
> Results

1. Outdoor climate

QA From Map / File | Ak EN 15026/ DIN 4108 / WTA 6-2 | 44k 1SO 13728 | 44§ ASHRAE 160

Holzkirchen; Fraunhofer-IBP, Moisture Ref... Template:

Constant

Sine Curve

*Sine curve (indoor condition, n

Indoor Temperature

=

Transfer e

function Jar01 Mar02 May/02 W02 Sept/01 Now01 Jan/0l

Time [h]

5 Constant Indoor Temperature ['C]: | 9

Indoor Rel. Humidity

Graph o
Constant
0

£ =0 4 Upper Limit
Sine Curve 2 @

5 40

=1

k= 20
Transfer o
CE a0l Marf02 May/02 Jul02 Sept/1 Now01 Jan/0l

Time [h]

5 Constant Relative Humidity [%]: | 80

erature ["C]

W Hurnidity (%]

4§ User-Defined

al moisture foad) | [8)

\ 3. Select sine

2. User-Defined

curve

4. Select ,Constant”
and specify
temperature

5. Select ,Constant®
and specify
rel. humidity
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Interior component (partition wall)
Warning at calculation start

i | Confirmation *

Should we start the calculation? o

An indoor climate has been assigned to the left surface.

Yes Mo

m This warning appears at the start of the calculation and can be ignored for the
calculation of an interior component

\
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Interior component (partition wall)
Result analysis*

Evaluation depends on the type of construction / situation

« Check the numerical quality of the result using convergence failures and
balances! (— Guideline for the Result Evaluation)

* Check total water content
— regular, periodic course?
— accumulation of moisture in whole construction?

« Check the water content in individual materials, especially if they are sensitive to
moisture

*) Note: List not necessarily complete. Depending on boundary conditions additional critical positions may occur
— Check film

\
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Interior component (partition wall)
Additional information

« Critical positions can occur in particular, if the neighbouring rooms have
significantly different temperatures.

\
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Handling of typical constructions

Auf Wissen bauen
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