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Flat roof
Construction drawing
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Roofing membrane
Exterior insulation
Vapor retarder

Wooden sheathing
Insulation

Rafter

Vapor retarder
Installation layer
Gypsum board
Simulated cross-section
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FI a.t r O O f Exterior side Interior sid

LML

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

Please note

A

m Orientation/ Inclination according to planning
m Heat transfer resistance ,roof"

m Roofing membrane can be taken in account by using an s -value on the outer
surface (numerical more favorable)
— if doing so, use no roofing membrane in the construction setup
— rain water absorption then has to be set to zero (“adhering fraction of rain”)

m Short wave radiation absorptivity depending on color of roof surface
m Long wave emissivity depending on the material of the surface

m Switch explicit radiation balance on
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Flat roof
Moisture source setup

1. Select layer* 2. Select ,Sources, Sinks®

Exterior (Left Side]
| 006 00§15

Interior (Right Side)
0.18 0.000.0:0,0125

@& Sources, Sinks

i MNew Layer

Duplicate

g Delete

%lill % Edit Assembly by:
@ Graph
i©) Table

*) Material in which the condensate is expected due to convection which can not be simulated in a 1D program. The infiltration
source is 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
Moisture source setup

rHygrothermal Sources

3. Select ,New Moisture Source”

u-‘

Layer/Material Name Oriented Strand Board (density 615 kg/m®)

I

Type

@

MNew Hefit Source ..

)

Mew Moisture Source ...

@Zy New Air Change Source ..

Edit ...

i

Delate

© Fraunhofer IBP

\

~ Fraunhofer

IBP



Flat roof
Moisture source setup

m Air Infiltration Model

|

Name Air Infiltration

~Spread Area

) One Element Start Depth in Layer [m] 0.07

@ Several Elements _—

) Whole Layer End Depthin Layer[m] 0.015
~Source Type Source Term Cut-Off [kg/m?]

() Transient from File ) No Cut-Oft

() Fraction of Driving Rain (0) Cut-Off at Max. Water Content

@ Air Infiltration model IBP @ Cut-Off at Free Water Saturation

(C) Constant Monthly Moisture Load ) User Defined

Envelope Infiltration 50 [m®/m?3h]
3 IAir Tightness Class B

Stack Height[m] 5

Mechanical Ventilation Overpressure [Pa] 0

X Cancel
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FI a.t r O O f Exterior side Interior sid

Result analysis*

F

(Il (AN

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

Check total water content (accumulation of moisture in whole construction)
Check water content in wooden sheathing

In 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”

You may check moisture accumulation in the exterior insulation

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

FI a.t r O O f Exterior side Interior sid

F

oo mert e mermanes. AR

the drying potential of the construction is greatly reduced

Additional information

m Shading / green roof can be treated by using more elaborate models (more
information in the paper (only German) and
in )

m 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!

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

m Metal roof. Metal layer is taken into account as sd-value at the exterior surface,

absorptivity and emissivity according to material
- unsealed seams: effective sd-value around 25 m — 75 m
- sealed seams: effective sd-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/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
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Interior side

Construction
in WUFI
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P i t C h e d r O O f ‘Exterior side Interior side

e ot AN |

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

m Relevant orientation: usually north

m Ventilated roofing is omitted for the calculation
— rain water absorption has to be set to zero (“adhering fraction of rain”)

m Weather-protection layer can be taken into account by using an s;-value on
the outer surface (selectable in the surface transfer coefficient dialog,
numerical more favorable)

— if doing so use no roofing membrane in the construction setup
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P I t C h e d r O O f ‘Exterior side Interior side

m Heat transfer coefficients according to table on slide 14 from “Hygrothermal

Simulation of ventilated pitched roofs”, value for the long-wave radiation
parts is 0 W/m2K.

m Short-wave radiation absorptivity depending on color of roofing tiles, if
applicable reduction according to table on slide 14

Please note

=
UL

m Long-wave radiation emissivity depending on the material of roofing tiles

m Switch on explicit radiation balance

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

Pitched roof

Please note

Exterior side

|

Interior side

WL

Ll

Eaves Position (coldest) Middle Position Ridge Position (warmest)
Strong ay e = 30 [W/m3K]
Venti|a'ti0n ae =aq - 07 ae =a- 09 ae =a
Normal 3 = 19 [W/m3K]
Venti|ati0n ae =a- 07 ae =a- 09 ae =a 2
160 a e = 13.5 [W/mK] ;
ventilation a,=a-0.75 a,=a-0.9 a, = a g

with a, .. convective heat transfer coefficient and a,: effective short-wave coefficient of absorption

Strongly ventilated

Eaves open without any grid
etc.

Ridge open with a low flow
resistance

Normal ventilated

Eaves openings with insect
protection grid or eave comb

Ridge closed with ridge / arris role

© Fraunhofer IBP

Low ventilated

Small openings at the eaves

Small openings at the ridge

No counter battens
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Pitched roof
: wereore . ==
Moisture source setup R ——

Name Air Infiltration

~Spread Area
o Alr I nfl |trat|0n M Odel IE:E- One Element Start Depth in Layer [m] 0.01

@ Several Elements
) Whole Layer End Depthin Layer[m] 0.015

~Source Type Source Term Cut-Off [kg/m?]
() Transient from File ) No Cut-Oft
() Fraction of Driving Rain (0) Cut-Off at Max. Water Content
@ Air Infiltration model IBP @ Cut-Off at Free Water Saturation
(C) Constant Monthly Moisture Load ) User Defined

Envelope Infiltration 50 [m®/m?3h]
3 IAir Tightness Class B

Stack Height[m] 5

Mechanical Ventilation Overpressure [Pa] 0

For procedure see
”ﬂ at r O Of“ R

—_—
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Pitched roof

Surface Transfer setup

Assembly/Monitor Positions | OrientationfInclination/Height |_| Initial Conditions |

—Exterior Surface (Left Side)
Heat Transfer Coefficient [W/m3K] User Defined
e Long-wave radiation parts: 0 Wik
wind-dependent [ .. ]
Sd-Value [m] 0.2 Benutzerdefiniert ~  sg4-value of the weather-protection layer
Mote: This setting does not affect rain absorption here: Sd =20cm
Short-Wave Radiation Absorptivity [ - ] 047 [L}se[ Defined .] Color of roofing tiles
Long-Wave Radiation Emissivity [ -] 0.9 here: red tiles (a: 0’67) _ _
—— O S——————r Eaves position (a, =a - 0.7 = 0.47)
t ti T (=} IS Oplion TaKes radigive Cooling due 1o long-wave
plicit Radiation Balance :] emission into account. Senstive cases may require sufficienthy
accurate countemadiation data in the weather file. | Switch on explicit radiation balance
Ground Short-Wave Reflactivity [ -] 0.20 [Standaldvalue v]
Adhering Fraction of Rain [-] = Mo absaorption -
—Interior Surface (Right Side)
Heat Transfer Coefficient [W/m3K] 8 (User Defined)
Sd-Value [m] = [No coating -
=
© Fraunhofer IBP 16 % FraunhOfer
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Pitched roof

Result analysis*

Exterior side Interior side

B LLL L L

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

m Check total water content (accumulation of moisture in whole construction);
must not keep increasing

m Check water content in wooden sheathing

m |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 in film display
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https://wufi.de/en/service/downloads/#result_evaluation
https://wufi.de/en/service/downloads#condensation_assessment

P i t C h e d r O O f ‘Exterior side Interior side

|

Additional information

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

m In case of modeling the roofing 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!

m Metal roof: Metal layer is taken into account as sy-value at the exterior

surface, absorptivity and emissivity according to material
- unsealed seams: effective s,-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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Exterior wall with ETICS

Construction

[]

drawing

Construction
in WUFI

1
2 :
1 Exterior plaster
2 Insulation
3 3 Plaster
4 Masonry / concrete
4 5 Interior plaster
S

Interior sid_e

\
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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 radiation absorptivity depending on color of exterior plaster
m Long wave radiation emissivity for plaster (if not known: 0.9)

m If the short-term hygrothermal behavior of the outer surface is to be
evaluated (e.g. dew position), turn on explicit radiation balance

m “Adhering Fraction of Rain” according to inclination and construction
type (vertical wall: 0.7)

\
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Exterior wall with ETICS

Moisture source setup

1. Select layer* 2. Select ,Sources, Sinks®
Exterior (Left Side) Interior (Right Side)
0,015 0.12 1 0.24 0,015
s’ Mew Layer
Duplicate
i Delete
B Edit Assembly by:
i@ Graph
") Table

*) Driving Rain source is inserted in the outer 5 mm of the layer behind the insulation.
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Exterior wall with ETICS

Moisture source setup

3. Select ,New Moisture Source”

Layer/Material Name CementLime Plaster (stucco, A-value: 1.0 kg/m2h0.5)

rHygrothermal Sources @

Mew Heft Source ..

Mr.| Type

Ty Mew Moisture Source ...

@3y MNew Air Change Source ..

Edit ...

\
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Exterior wall with ETICS

Moisture source setup

m Fraction of driving rain

=

Name fraction of driving rain

—Spread Area
(71 One Element

@ Several Elements

) Whole Layer

Start Depth in Layer [m] 0

End Depth in Layer [m] 0.005

~Source Type
() Transient from File

@ Fraction of Driving Rain
() Air Infiltration model IBP
() Constant Monthly Moisture Load

Source Term Cut-Off [kg/m?]

) No Cut-Oft

) Cut-Off at Max. Water Content
@ Cut-Off at Free Water Saturation
() User Defined

Fraction [%2] 1

X Cancel

© Fraunhofer IBP
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Exterior wall with ETICS

Result analysis*

@

LI

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

m Check total water content (accumulation of moisture in whole construction);
must not keep increasing

m Check water content in the insulation
— Possible reduction of insulating capability

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

m 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 condtions more critical
positions may occur => Check in film display

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

Exterior wall with ETICS

Additional information

@

LI

m The prevailing direction of driving rain can be found by using the Climate
Analysis dialog (usually west in Middle Europe)

m 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

\
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Construction
drawing

1 Facing brickwork

2 2 Interior plaster or
adhesive

3 3 Interior insulation
4 Vapor retarder
5 Gypsum board

Exterior side Interior sid

Construction
in WUFI

\

28 ~ Fraunhofer

IBP



Exterior wall with interior insulation ... . s
Please note

m Relevant orientations: Prevailing direction of driving rain and north

m Short-wave radiation absorptivity depending on color of exterior surface
m Long-wave radiation emissivity for exterior surface (if not known: 0.9)

m Explicit radiation balance usually not necessary

m “Adhering fraction of rain” according to inclination and construction type
(vertical wall: 0.7)

m If needed: Water-repellent treatment of the exterior surface to reduce rain
water 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. s4-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:

m Unlock the material

m For materials with a default moisture storage function:
switch “Moisture Storage Function” to “Approximate”

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

m 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

_| Orientaﬂonjlnclinatioaneight| Surface Transfer Coeff. | Initial Conditions |

Layer Name Thickn. [m]
Solid Brick Masonry 0.4

1. Select exterior layer

Material Data |

Exterior (Left Side)

Interior (Right Sidgg
I 0.4 0.02 0.14

@Z; Sources. Sinks |

i Mew Layer |
Duplicate |
i Delete
% Edit Assembly by:
| ® Graph 2. Duplicate layer
| ©) Table
@
—Assign from Grid
#£8  Material Database I [Automatjc (1 ']
& Example Cases | 0 [Medium v]
Copy Auto. Grid Def. for Manual Editing
—Total Thickness ~ Total Thermal Performance
Thickness: 0.574 m R-Value: 417 ma#/W U-Value: 0,23 W/m2K
—
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Exterior wall with interior insulation
Water-repellent treatment of facades

_| Orientation/Inclination/Height ‘ Surface Transfer Coeff. ‘ Initial Conditions |

Layer Name Thickn. [m]
Solid Brick Masonry 04

Material Data |

Exterior (Left Side) Interior (Right Side)
| 04 - 0.02 014 100125

@5  SourcedN

4. Reduce thickness
e.g. 0.0l m

i MNew Layer |

Duplicate |
i Delete |
Eal £ Edit Assembly by

3. Select exterior layer

—Assign from Grid
Material Database | [Automatic (1 v]
ML [Medium -

S Example Cases

Copy Auto. Grid Def. for Manual Editing

—Total Thickness —Total Thermal Performance
Thickness: 0.974 m R-Value: 4,75 m2/W U-Value: 0,203 W/m2K

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

_‘ Orientationjlnclinaﬂoaneight| Surface Transfer Coeff ‘ Initial Conditions

Layer Name Thickn. [m]
Solid Brick Masonry p.4

Material Data

Exterior (Left Side) Interior (Right Side)
0.01 04 0.02 014 (0.0125
@ Sources, Sinks
gy’ Mew Layer |
Duplicate |
i Delete |
E Edit Assembly by:
@ Graph
—Assign from Gnd
Material Database | lAutomatic 0] ']
70 Medium -
& Example Cases | ’ ]
Copy Auto. Gnd Def for Manual Editing
~ Total Thickness ~Total Thermal Performance
Thickness: 0,584 m R-Value: 4,18 m3/W U-Value: 0,229 W/m3K

6. Change thickness
e.g. original thickness
minus 1 cm

5. Select layer

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

_| Orientationflnclinaﬂoaneight| Surface Transfer Coeff. | Initial Conditions ‘

Layer Name Thickn. [m]
Solid Brick Masonry p.o1

Material Data |
Exterior (Left Side) Interior (Right Side)

0.02 0.14 (00125

@% Sources, Sinks |

g’ Mew Layer |

Duplicate |

i Delete |

Edit Assembly by:
@ Graph

7. Double click on layer

~Assign from Grid (OI’ C“Ck ,,Materlal data“)
Material Database | lAutomatic (Iny "l
70 ’Medium vl

& Example Cases |

Copy Auto. Grid Def. for Manual Editing

—Total Thickness—— Total Thermal Performance
Thickness: 0,584 m R-Value: 418 m3/wW U-Value: 0,229 W/mK

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

Layer/Material Name: |So|id Brick Masonry - unlocked

Bulk density [kag/m?]:

Porosity [m™m7:

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

Water Vapour Diffusion Resistance Factor[-]:

Typical Built-In Moisture [kg/m?:
Layer Thickness [m]:
Thermal Conductivity, Design Value [WimK]:

Color:

Hygrothermal Functions | Material Information |

Moisture Storage Function

Liquid Transport Coefficient, Suction

Liquid Transport Coefficient, Redistribution
‘Water Vapour Diffusion Resistance Factor, moisty
Thermal Conductivity, moisture-dependent
Thermal Conductivity, temperature-dependent
Enthalpy, temperature-dependent

Generate

DWS Mormalized Water Content [ - ]

[kaim?] [ms] 0 02 0.4 0.6

1.5E-10

1.7E-6

v

V.

N

v

Ligquid Transport Coefficient [ms]

50 100 150
Water Content [kg/m?]

Paste into Dataha.se] [ Import ] [

[ QK ][Cancel][ Help ]

8. Unlock material

9. Select ,Liquid Transport Coefficient, Suction®

© Fraunhofer IBP
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Exterior wall with interior insulation
Water-repellent treatment of facades

Layer/Material Name: |So|id Brick Masonry - unlocked

Bulk density [kg/m™: 1900
Porosity [m3m-:
Spec. Heat Capacity [Jikgk]:

Thermal Conductivity [W/mK]:

SERIERE
3

Water Vapour Diffusion Resistance Factor[- ]

Typical Built-In Moisture [kg/m®. 100

Layer Thickness [m]:

Color:

Thermal Conductivity, Design Walue [WimK]: I:I

)

Hygrothermal Functions | Material Information

loisture Storage Function Water Cont... DWS Mormalized Water Content [- ]
Liquid Transport Coefficient, Suction MNo. [kg/m?] [rmfs] 0 02 04 06 o0&
Liquid Transport Coefficient, Redistribution 1 0 0 w 10-05.00
Water Vapour Diffusion Resistance Factor, moistu... 2 13 2 45E-0 "g
Thermal Conductivity, moisture-dependent 3 400 1:2?E—5 E 40-06.00
Thermal Conductivity, temperature-dependent E /
Enthalpy, temperature-dependent 3
) O 1g-07.00 //

Gener, s

wy
Approximation Rameters: E 10-08.00 '/

=
Reference Water COgtent [ka/m]: g /
Free Water Saturation [Mym: 190 5 qg-09.00 [ 1480 i

0 a0 100 150 200

Water Absorption Coefficie 011 Water Content [kgim?]
[kafm?/s]: :
[F'asteinto Data.ha.se][ Imps [ Export [ Ok ][Cancel][ Help ]

10. Check ,Generate”

© Fraunhofer IBP
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Exterior wall with interior insulation
Water-repellent treatment of facades

LayerMaterial Name: |So|id Brick Masonry - unlocked | | % |

Bulk density [kg/m: Typical Built-In Moisture [kg/m?: 100

1900
Porosity [m™m?]: Layer Thickness [m]:
850
Water Cont

Spec. Heat Capacity [J/kgk]: Thermal Conductivity, Design Value [W/mkK]:

Thermal Conductivity [W/mK]: Color:

e
o
jary

Water Vapour Diffusion Resistance Factor [- . 0

Hygrothermal Functions | Material Information |

Moisture Storage Function

o ) i N DWW MNormalized Water Content [- ]
Liquid Transport Coefficient, Suction 0. [kg/me] [ms] 0 0.2 0.4 0.6 08 1
Liguid Transport Coefficient, Redistribution 1 0 0

ater Vapour Diffusion Resistance Factor, moistu... 2 13 2 45E-0 4g-07.00

ermal Conductivity, moisture-dependent 3 190 197E-7
hermal Conductivity, temperature-dependent
Enthalpy, temperature-dependent

10-07.50 /

10-08.00 /
Approximation Para ars: /
Reference Water Content [RERg]: 10-08.50 /

Free Water Saturation [kg/m]: W 'ﬁn uf
0 50 100 150 200

Water Absorption Coefficient
Tkaim?/sk: El“ Water Content [ka/m?

Liguid Transpart Coefficient [m3/s]

[F‘a.steintoDatahaseH Import H Expol ‘ [ OK ][Cancel][ Help ]

o 12. Check ,Generate”
11. Select ,Liquid Transport

Coefficient, Redistribution®

_—
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Exterior wall with interior insulation
Water-repellent treatment of facades

Layer/Material Mame: |So|id Brick Masonry - unlocked

Water Vapour Diffusion Resistance Factor[-]:

Bulk density [kg/m™:

Poraosity [m¥m7:

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

Typical Built-In Moisture [kg/m™:

Layer Thickness [m]:

Thermal Conductivity, Design Value [WimkJ]:

Color:

Hygrothermal Functions | Material Informaﬁon|

Moisture Storage Function
Liquid Transport Coefficient, Suction

Liquid Transport Coefficient, Redistribution

Water Vapour Diffusion Resistance Factor, moistu...
Thermal Conductivity, moisture-dependent

Thermal Conductivity, temperature-dependent
Enthalpy, temperature-dependent

Generate

Approximation Parameters:

Reference Water Content [kg/m=]:
Free Water Saturation [kg/m] 190

Water Absorption Coefficient
[kag/m?s]:

Liquid Transport Coefiicient [m3s]

Mormalized Water Content [-]

02

04 0.6 nea

/

/

/

/

/

50

100 150 200
Water Content [ko/m?]

[F'a.steinto Databa.se] [ Import ] [

[ OK ][Cancel][ Help ]

13. Enter A-value

In this case:

~ 0.5 kg/myh /60

= 0.00833 kg/m?Vs

© Fraunhofer IBP
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Exterior wall with interior insulation .....

L

Result analysis*

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

m Check total water content (accumulation of moisture in whole construction);
must not keep increasing

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

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

\
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Exterior wall with interior insulation .....

il

m 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

Additional information

m 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)

m Water-repellent treatment according to WTA:
- A-value < 0.1 kg/m2vh
- 50 % increase of the s;-value

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

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

m Smart vapor retarders are favorable since the drying potential to the inside
mainly remains unaffected.

\
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Content

Flat roof (slide 3 ff.)

Pitched roof (slide 11 ff.)

Exterior wall with ETICS (slide 20 ff.)

Exterior wall with interior insulation (slide 28 ff.)
Ventilated timber frame construction (slide 42 ff.)
Basement wall without ground water (slide 54 ff.)
Interior component (slide 64 ff.)

\
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Ventilated timber frame construction

Construction i E 1

drawing y 5 1 Planking
2 Battens
3 3 Counter battens
4 4 External cladding
5 5 Insulation
| 5 6 Internal Cladding
= 7 Vapour retarder
= 7 8 Gypsum board
1

Exterior Interior

Construction
in WUFI

I,

0 A B
(%

|l

\
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Ventilated timber frame construction
Please note

FanY

™
e
E—— g.
N — =
1.
_l
:‘

\—

= Insert Air Change Source in air layer "MM B

— The exchange rate is dependent on construction, surface color and
ventilation openings

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

m Relevant orientation: usually north
m Short wave radiation absorptivity depending on color of surface
m Long wave radiation emissivity depending on material of surface

m If the short-term hygrothermal behavior of the outer surface is to be evaluated
(e.g. dew position), turn on explicit radiation balance

m “Adhering fraction of rain” according to inclination and construction type
(vertical wall: 0.7)
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Ventilated timber frame construction

Air change source setup

1. Select air layer

Exterior (Left Jide)
0.01 0.04 0.013

0,14

Interior (Right Side)
0.00.0.0125

=4

2. Select ,Sources, Sinks*

/

@% Sources, Sinks

g New Layer
Duplicate
i Delete
Edit Assembly by:
i@ Graph
(") Table

© Fraunhofer IBP
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Ventilated timber frame construction
Air change source setup

3. Select ,New Air Change Source”

Hygrothermal Sources g

Layer/Material Name  Air Layer 40 mm; without additional moisture capacity

rHygrothermal Sources @ Mew Hea! Source

Mr.| Type Mame

T Mew Moisflire Source ...

@3y New Air Change Source ...

L Edit .
¥ Delete

\
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Ventilated timber frame construction

Air change source setup

MName Air Change Source

—Spread Area
One Element

Several Elements

@ Whole Layer

—Source Type mix with air from
@ Constant @ left-hand side
) Transientfrom File () right-hand side

Air Changes [1/h] 10

© Fraunhofer IBP
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Ventilated timber frame construction
Moisture source setup

1. Select External cladding 2. Select ,Sources, Sinks*

Exterior (Left Side) Interior (Right Side)
0.m 0,04 0.0 014 0.00.10,0125

@3 Sources, Sinks

i New Layer

Duplicate

o Delete

= Edit Assembly by:
P (@) Graph
rem e () Table

\
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Ventilated timber frame construction
Moisture source setup

3. Select ,New Moisture Source”

Hygrothermal Sources —

Layer/Material Name  Particle board V100

rHygrothermal Sources

@ New Heat Source .

Nr.‘ Type |

Ty New Moisture Source .

®%=  New Air Change Source ...

= Edit ...

# Delete

\
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Ventilated timber frame construction
Moisture source setup v sorce S,

Name Moisture Source

| ~Spread Area E
() One Element Start Depth in Layer [m] 0,008
@ Several Elements
© Whole Layer End Depth in Layer [m] 0,013
~Source Type ~Source Term Cut-Off [kg/m’]—
(") Transient from File () No Cut-Off
() Fraction of Driving Rain () Cut-Off at Max. Water Content
@) Air Infiltration model IBP @ Cut-Off at Free Water Saturation
() Constant Monthly Moisture Load | | () User-Defined

Envelope Infiltration 20 [m3m*h]
3 |Air Tightness Class B

Stack Height [m] 5

Mechanical Ventilation Overpressure [Pa] 0

" OK X Cancel |

o
I
[}
o

\
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Ventilated timber frame construction
Result analysis*

el | |1l

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

Fany

m Check total water content (accumulation of moisture in whole construction);
must not keep increasing

m Check water content in the external cladding

m If necessary, check moisture content of the insulation

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

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

Ventilated timber frame construction

rrrrrrr

ILILLUJJ

Additional informaton N :
111

m As the occurring air exchange rates are often not known, |t may be

useful to vary the air exchange rate to see its influence on the
hygrothermal behavior of the construction.

(Air exchange rates are usually between 10 and 200 1/h)

\
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Ventilated timber frame construction
Additional information

rrrrrrr

111

m Examples for air change rates for ventilated

[IARMAI

facades muuu
changes

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.
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Content

Flat roof (slide 3 ff.)

Pitched roof (slide 11 ff.)

Exterior wall with ETICS (slide 20 ff.)

Exterior wall with interior insulation (slide 28 ff.)
Ventilated timber frame construction (slide 42 ff.)
Basement wall without ground water (slide 54 ff.)

Interior component (slide 64 ff.)

\
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Basement wall (without ground water)

Construction i
drawing § 1
. B
oil >
2 Perimeter insulation < 3
3 Concrete wall h —
4 Interior plaster h 4
.
P
Exterior side Interior side

Construction

in WUFI
XPS Core

XPS Surface Skin

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

o -WW'

m Material data ,Soil (Christian) DIN® (see Generic Materials)
Thickness about 0.5 m

m The XPS perimeter insulation is build up three layers: core and outer surface skins
(thickness 1 cm).

m Heat transfer resistance ,Basement”
m No radiation absorptivity / emissivity
m No rain water absorption

m Outdoor climate:
- Soil temperature from the climate ,Holzkirchen-IBP Year 1991
- Sinus curve according to the diagram on slide 58
with constant relative humidity of 99 % or 100 % RH

m Set interior climate depending on utilization

\
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@ From Map / File

@ EN15026!WTA6—2|® IS0 13788 | :9 ASHRAE160| @ Sine Curves

Holzkirchen; Fraunhofer-IBP; Year 1991

Temperature / Relative Humidity |Climate Analysis |

Basement wall (without ground water)
Soil temperature setup (from climate Holzkirchen)

30

Temperature [°C]

30-Dec  28-Jan 01-Mar  31-Mar  01-May  01-Jun  28-Jun 30-Jul 20-Aug 20-5ep  20.Oct 20-Mov  30-Dec

100
90
80
70
60
50
40
30
20
10

0

TTTAT T N YRR

Relative Humidity [%]

31-Dec  30-Jan 02-Mar  01-Apr  02-May 02-Jun  30-Jun 31-Jul  30-Aug  30-Sep  30-Oct  30-Mov  31-Dec

Additional Data Diagram:

Diffuse Solar Radiation

1SD Wi
w
(=}
o

31-Dec 30-Jan 0Z-Mar O1-Apr 02-May 02-Jun  30-Jun 31-Jul 30-Aug 30-Sep  30-Oet 30-Nov 31-Dec

Location:

Latitude [*]:

Longitude [°:

Altitude [m]:

Time Zone

Mumber of data lines:

Description

Comment

Climate Elements

Temperature:

Relative Humidity:

Long-Wave Radiation

Wind:

Rain:

Cloud Index:

Air Pressure

Short-Wave Radiation:

Holzkirchen

TA

HREL

ISGH, 15D

WV, WD

RN, RM

PMSL

1. Select climate file
,2Holzkirchen; Fraunhofer-IBP;
Year 1991°

2. Select ,Details..."
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Basement wall (without ground water)
Soil temperature setup (from climate Holzkirchen)

o

rEN15026

Temperature Shift [K]:

- Nighttime radiation cooling

3' SeIeCt ground temperature [¥] switch off simplified radiation cooling {recommended)
at 50 cm or 1 m depth werFie |

- Temperature

(1 Air Temperature
(1 Black surface
(1 White surface

(71 Ground surface

@ 50 cm below ground surface

) 1 m below ground surface

4. Enter Constant Relative
Humidity of 99 % or 100 %

L
~ Relative Humidity

Constant Relative Humidity [%] |99

- Radiation

Mo Radiation

rRain

Mo Rain

[ oK || canca || Help

\

© Fraunhofer IBP 57 % Frau n hOfer

IBP



Basement wall (without ground water)
Soil temperature setup (from diagram)

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

. 18 Januar
© R | —— Feb
o 16 ebruar
= N = | Mérz
q " 5\\ 1 Aol
Ny 1 ~——Apri
2 o> .
—— Mai
L i, . |
) 8 [ Juni
5 pd i< :
© 6 L L - Juli
g 4 —A/ o —] August
£ P - == | ‘ —— September
= 0 ———— Oktober
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 °C in March and Ref: Heidreich, U.: Nutzung oberflachennaher Geothermie zum Heizen
. : und Kihlen eines Blrogebaudes. Symposium Energetische Sanierung
MaXImum Of abOUt 12 OC In September von Schul- und Verwaltungsgeb&auden, FH Miinster 2006.
| A
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Basement wall (without ground water)
Soil temperature setup (from diagram)

1. Sine Curves
BM,W
- w7100

Curve Selection

* userpetned . Gu— )  Seclect  User Defined”

00
a5 Temperature
liso Mean Value [FCL: (9.5 |
75 Amplitude [l |25
70 Day of Maximum: }ﬁ
. Dcomsun 3. Enter Mean Value,
[0 B retmve Humay Amplitude and Day of
= MeanValue{%t|100 | MaXImUm

Temperature [°C]
&
[%] Mipiuny sARejsy

[¥] Constant
\ 4. Relative Humidity

20 constant 99 % or 100 %

25

20

15

10

| . . . . . |is
-18 [Apemmmmmmmameszaas {zesmemsmmozmmmaay jpememmameszzzazaad i et o =

Rl | | | | | Al g

31-Dec 02-Mar 02-May 30-1un 30-Aug 30-Oct 31-Dec

=
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Basement wall (without ground water) ...«

o analySiS* -MM'

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

A

m Check total water content (accumulation of moisture in whole construction);
must not keep increasing

m Check water content of insulation

m Check water content in masonry / concrete

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

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

Basement wall (without ground water)...... ...

. -W'

m The climate file from Holzkirchen 1991 contains measured temperatures
in the ground at 50 cm and 100 cm depth.

Furthermore one can use temperature values from the literature and
implement them as sinusoidal curve (slide 56).

m By inserting a soil layer, the interaction between construction and soil can
be taken into account in the simulation

m 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.

m 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)...... ...

- -W'

Consideration of water in the soil:

A

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

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

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

m Adhering Fraction of Rain (in ,Surface Transfer Coefficient®) must be set
to 1.

m Pressurized water can not be taken into account!

\
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Content

Flat roof (slide 3 ff.)

Pitched roof (slide 11 ff.)

Exterior wall with ETICS (slide 20 ff.)

Exterior wall with interior insulation (slide 28 ff.)
Ventilated timber frame construction (slide 42 ff.)
Basement wall without ground water (slide 54 ff.)

Interior component (slide 64 ff.)

\
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Interior component (partition wall)

Construction 1 Interior plaster

drawing 2 Masonry
3 Interior plaster

Exterior side Interior side

Construction — = —— -
N M

64 ~ Fraunhofer

IBP

b

\l



Interior component (partition wall) e
Please note

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

m Indoor climate on both the outside and inside

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

m Sine curves user-defined (e.g. for cellar rooms)

m Constant indoor climate (e.g. for air conditioning)

\
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Interior component (partition wall)
Enter heat transfer coefficient

Exterior Surface (Left Side)
Heat Transfer Coefficient [W/(m? K)]

wind-dependent

udes long-wave radiaion parts [V

Partition wall (inner) ~

sd-Value [m]

Mo coating ~
Note: This setting does not affect rain absomption

Short-Wave Radiation Absorptivity [ -]
Long-Wave Radiation Emissivity [-]

Reduction factors caused by shading:
for absorptivity [-]

Explicit Radiation Balance

Ground Short-Wave Reflectivity [ -]

i

Mo absorptionfemission ~

Mo shading

MNete: This option takes radiative cooling due to long-wave
emission into account. Sensitive cases may require sufficienthy
accurate counteradiation data in the weather file.

0.2 Standard value ~

Adhering Fraction of Rain [ -]

Depending on inclination of component ~

—Interior Surface (Right Side}
Heat Transfer Coefficient [W/(m? K)]

(Partition wall (inner))

sd-Value [m]

Mo coating ~

B |
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Interior component (partition wall)
Enter outdoor climate (left side) —according to EN 15026 / DIN 4108 / WTA 6-2

1. Outdoor climate (left side)
/ 2. EN 15026 / DIN 4108 / WTA 6-2

Outdoor Climate (Left Side) ‘ Indoor Climate (Right Side} .
® ® ® 3. Select climate (select outdoor
From Map / File EN 15026 / DIN 4108 / WTA 6-2 150 13788 ASHRAE 160 ﬁSineCulws
e e M.M climate, from which the indoor
o A —— T e climate is to be derived)
35 |M _
. 5 |0 =
a0} s £ 20 —_—
80 EIS
i i - &
s | (AR S S SN SO SHUSSS WSS S TN S W N 3 10
; ; g
| |70 E
20 | - 0
i ; @ 20 -0 0 10 20 30
Sl N WYMo Outdoor Air Temperature [*C] 4 Select moisture |Oad
g0 ) |, T Relative Humidiy f he i :
ol N R e — or the interior
E BRI L | T é Graph Table
. |l gﬁﬂ
- I
= 2= Z a0
| =0 §20
10 = Il:lg
i o 20 0 0 10 20 30
A5 5 Outdoor Air Temperature [*C]
20/E A,
31-Dec 30-Jan  02-Mar 01-Apr 02-May 02-Jun 30-Jun  31-Jul 30-Aug 30-Sep 30-Oct 30-Nov 31-Dec
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Interior component (partition wall)
Enter indoor climate (left side) —according to EN 15026 / DIN 4108 / WTA 6-2

25

30

&5

15

10

Temperature [*C]

=l

Belol

40 1=

o {8

-10

1. Indoor climate (right side)
2. EN 15026 / DIN 4108 / WTA 6-2

Outdoor Climate (Left Side) ‘ Indoor Climate (Right Side) |
. From Map / File @ EM 15026/ DIN 4108 / WTA 6-2 150 13788 @ ASHRAE 160 % Sine Curves

derived from: | Holzkirchen; Fraunhof

|BP, Moisture Ref

B Temperature B Relative Humidity

cvew | Qs

31-Dec 30-Jan 02-Mar 01-Apr 02-May 02-Jun 30-Jun  31-Jul 30-Aug 30-Sep

30-Oct

30-Mov  31-Dec

s e it

100

[5] Aip1wnH aaeley

Temperature

Graph Table

s
£ 20
2
£1s
o
g
5 10
o
=

0

_/_

-20 -10 0 10 20 30

Relative Humidity

Graph
£ 60
E 50
5 40
=30
[

C 20
=3

,E 10
=0

Table

_/_

-20 -10 0 10 20 30
Outdoor Air Temperature [°C]

3. Select moisture load

“:‘Z for the interior
i Load +5% -
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Interior component (partition wall)

Enter outdoor climate (left side) — user-defined sine curves /
constant indoor climate

1. Outdoor climate (left side)

2. Sine curves
LT Yt | Indoor Climate (Right Side) | /

.meMaPn’Flle @EN‘IM,’DIN-{‘IDBIWTAG—Z @\SO'IS?SB @ASHRA[‘IG] %SineCuws / 3. Select user-defined
’ - - - V|

40 [ 100 Curve Selection

;1|
36|

34
2
20
28
26

i 95 User-Defined

S0

85 Temperature

o weweras
e

4. Define sine curves
for temp. and rel.

| | N v - .
a2 [P humidity
o 168 /50 2 Relative Humidity
14 =
o @ 3 Mean Value [%]: 1
2 F s b7 or specify constant
= 45 & f i
B g T T | d
£ R conditions
E 35
-2 30
-4
- 25
R B 20
-10 !
-12 15
-14 1} et 10
-16 4| o
-18 i ]
-20 =lg

31-Dec 30-Jan 0Z-Mar 01-Apr 02-May 0Z-Jun 30-Jun 31-Jul 30-Aug 30-Sep 30-Oct 30-Nov 31-Dec
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Interior component (partition wall)

Enter indoor climate (right side) — user-defined sine curves /
constant indoor climate

/ 1. Indoor climate (right side)

2. Sine curves
Outdoor Climate (Left Side) | [N o G prr |
.meMapIFuI: @[mmmmumrwmez @mum @ASHRAE‘IG] %smemws 3 Select user-deflned
40 i i i i i 7 T 100 Curve Selection
;: ative Humidity 95 User-Defined v|
| oo
32 T = . .
= = 4. Define sine curves
2| 80 Mean Value [*CJ:
%6 {| )
o fli= Ao for temp. and rel.
22 {8 ~ 7o Day of Maximum: [ln/03  [£] -
20 { [ Oc d
. [ humidity
o ©| ~ |[®° £ Relative Humidity
ie 14 e
=) ; 55 % MeanValue [%: -
*E 1 s ; fomplude ] or SpECIfy constant
o 5 a3 - .-
2 : 2 ovorummm gt #
£ w2 o conditions
i i
i - |l=0
4
P 5
-8 20
-10
- 15
14 =0
16
-18 5
20 =lg
31-Dec 30-Jan 02-Mar 01-Apr 02-May 02-Jun 30-Jun  31-Jul 30-Aug 30-Sep 30-Oct 30-Nov 31-Dec
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Interior component (partition wall)
Warning at calculation start

Warning *

- Anindoor climate has been assigned to the left surface.

- Selected climate for left surface does not contain sufficient data for
calculation of an oriented wind-dependent rain load; wind
dependency will be ignored.

«" Continue X Cancel ‘

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

\l
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Interior component (partition wall) e
Result analysis*

Evaluation depends on the type of construction / situation

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

m Check total water content (accumulation of moisture in whole construction)

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

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

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

Interior component (partition wall) e
Additional information

m 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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