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Damage caused by Air Infiltration

Moisture entry by air infiltration due to small, unavoidable leakages.

Vapor Diffusion
o:I' o A |/ .:I-o,r. ,1. o ‘O o
9808308300830, ,a 9\,
BN B N O

| |

Air Infiltration

Problem: Moisture entry by air infiltration > Drying by vapor diffusion
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Damage caused by Air Infiltration

What kind of leakages are responsible for moisture damages?

,Energy” leak ,Moisture” leak
ol
RN
Warming of the flow path in case Cooling of the air in case of slow
of strong air flux and tortuous air flux
— no or only little condensation — potential of serious condensation

Dew water due to vapor convection only for “moisture” leakages,
if P,> P, and 6 < temperature of dew point of the indoor air.

source position
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Damage caused by Air Infiltration

Overpressure depends on:

« temperature difference between
indoors and outdoors

* height of connected indoor I T T T T
air volume — |
— \\ !_/"ff
« -
__________________ 18 | Neutral
= = plane
- E N
—_ —
—_— —

T

Overpressure due to buoyancy (stack effect) permanently present in winter
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Damage caused by Air Infiltration

» Air flow in the overpressure range from inside to outside (moisture entry)

« Air flow in the vacuum range from outside to inside (drying)

— No moisture problems due to convection in the bottom part of the building
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German Standard DIN 68800-2

Since 2012, German Standard DIN 68800 requires to consider air infiltration as
standard case for the moisture design of wooden light weight constructions

5.2.4 Tauwasser

Eine unzutrdgliche Veranderung des Feuchtegehaltes durch Tauwasser aus Wasserdampfdiffusion oder
Wasserdampfkonvektion ist zu verhindern.

Es ist sicherzustellen, dass an Kaltwasser fuhrenden Leitungen innerhalb von Bauteilen kein Tauwasser
ausfallt.

Die Bauteile der Gebaudehille sind gegen Wasserdampfkonvektion luftdicht auszubilden.

Der Tauwasserschutz fur die raumseitige Oberflaiche und fir den CQuerschnitt der Bauteile ist nach
DIN 4108-3 oder DIN EN 15026 nachzuweisen. Ein solcher Nachweis ist fir die Konstruktionen nach
Anhang A nicht erforderlich, mit Ausnahme der in Bild A.23 dargestellten Balkone/Terassen.

For beidseitig geschlossene Bauteile der Gebaudehille ist bei der Berechnung mit den Verfahren nach
DIN 4108-3 (Glaser-Verfahren) zur Beriicksichtigung eines konvektiven Feuchteeintrages und von Anfangs-
feuchten eine zusatzliche rechnerische Trocknungsreserve = 250 g/(m2a) bei Dachern und = 100 g/(m<a) bei
Wanden und Decken nachzuweisen. Beim MNachweis mit numenschen Simulationsverfahren nach
DIN EN 15026 ist der konvektive Feuchteeintrag entsprechend der geplanten Luftdurchlassigkeit mit dem
ggg-Wert nach DIN 4108-7 in Rechnung zu stellen. Die rechnerische Beriicksichtigung eines konvektiven
Feuchteeintrages und von Anfangsfeuchten ist nicht erforderlich fir Konstruktionen nach Anhang A und far
Bauteile mit wasserdampfdiffusionsaquivalenten Luftschichtdicken nach Tabelle 1.

ANMERKUNG  Bauteile der Gebdudehille sind alle Bauteile, die an kaltere Bereiche grenzen, wie z. B. Bauteile der
Aulfenwande, der Dacher, der Wande oder Decken zum Erdreich, zu unbeheizten Kellern oder Dachraumen.
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Proceeding

All necessary input data for the simulation of a light-weight flat roof are described
below with special focus on the air infiltration source.

Also the evaluation of the construction will be explained.

//\ //
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Proceeding: Input - Component

Component — Assembly/Monitor Positions

Roofing membrane

Usually the roofing membrane is not simulated as a material layer, but it is
taken into account as s -value in the surface transfer parameters.

Roof assembly

The other layers beneath the roofing membrane (in the cavity section) are
all included in the simulation model.

Note: For the evaluation of the moisture conditions, mostly the cavity
section is considered. Here normally occur the most critical
conditions due to the highest insulation level combined with the
lowest vapor diffusion resistance: This leads to the highest vapor
pressure gradients, while in the rafter section the vapor diffusion
resistance is higher and the thermal conductivity lower.
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Proceeding: Input - Moisture Source

Component — Assembly/Monitor Positions

Moisture source

According to the German standard DIN 68800 [1] the convective moisture
entry in wooden constructions has always to be taken into account. For
hygrothermal simulations a transient model is proposed. For that the IBP
air infiltration model is used.

The moisture source has to be deposited at that position within the
assembly, where the dew water formation is expected. Usually that’s inside
the second air-tightness layer or membrane.

The moisture source should be spread over several grid elements to
ensure that the accumulated dew water can be absorbed by that area (a
thickness of 5 to 10 mm can be recommended).

It is useful to place the moisture source in tha material which cam absorb
the dew water (for example at the interface between mineral wool
insulation and wooden sheathing the sheathing would be chosen).

\
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Proceeding: Input - Moisture Source

Component — Assembly/Monitor Positions

Moisture source

The amount of condensation water is determined for every hour
automatically from the overpressure due to thermal buoyancy in the
building (temperature difference between outside and inside and stack
height), the interior relative humidity, the temperature at the source position
and the specified air-tightness of the building envelope [2].

The single parameters are described in detail on the following slides.

\
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Proceeding: Input - Moisture Source

Air Infiltration Model IBP:

Envelope Infiltration Qso [m3/m2h]

C

untested

B

tested

For single-family houses, the
numerical value of g,
corresponds approx. to the
ngy-value (with different units),
especially for bigger houses a
conversion is necessary.

According to DIN 4108-3, air tightness class C is to be used for untested
buildings. With a measured gg,-value £ 3 m®/(m?h), air tightness class B can

be applied.

N\
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Proceeding: Input - Moisture Source

Air Infiltraion Model IBP: T ‘[ I T _
Stack Height [m]: I\ A
—| —
Corresponds to the heightof Ll ‘& ___ + o
the connected and heated indoor S E < h
air space. — —
_’ ‘_

A

Example: Single-family houses
with open stairwell

— here the total building height (h)
(possibly including heated cellar) I

- >
should be applied. {
2
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Proceeding: Input - Moisture Source

Air Infiltraion Model IBP:

Example: apartment buildings with ~ t
,Separate” stairwell \ ,
— In case of pressure-sealed fire doors h

a meaningful reduction of the stack height
IS justified. For example for the roof only

\

n»ﬁre doors

the height of the upper floor (h) can be

used (or two story heights to be more on

the safe side)

In the stairwell, the height of the contiguous

air space would be significantly larger

(Netairwen)s UL IN Most cases the stairwell is

unheated with lower pressure difference

between inside and outside. Furthermore, the

moisture load in the stairwell is usually lower

VVVVVY

(this should be taken into account by suitable

climate conditions).

—
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Proceeding: Input - Moisture Source

Air Infiltraion Model IBP:

Mechanical Ventilation Overpressure [Pal:

Here, it is possible to take into account overpressures or negative
pressures generated by existing air-conditioning systems.

The declared value is constantly set to the pressure difference between
iInside and outside.

Fraunhofer
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Proceeding: Input - Moisture Source

Air Infiltraion Model IBP:

Summary:

Modeling of vapor convection due to leakages for the evaluation of the
moisture protection with the help of hygrothermal simulations.

The moisture entry due to vapor convection is determined for every time
step situation-specific depending on:

« the transient boundary conditions (interior and exterior climate)
« the temperature at the expected position of the dew water formation
« the air tightness of the building envelope

« the stack height

\
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Proceeding: Input - Orientation / Inclination

Component - Orientation

Orientation

Usually the relevant orientation is North, because here the radiation gains
are the lowest. Alternatively, for specific projects, the most unfavorable real
orientation can be used.

Inclination

The inclination of the flat roof should be specified according to the planned
roof inclination.

\
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Proceeding: Input - Surface Transfer Coefficient

Component — Surface Transfer Coefficient

Heat transfer coefficient on the exterior surface

The heat transfer coefficient for flat roofs is usually 19 W/m2K.,

S4-value on the exterior surface

Here the s -value of the roofing membrane has to be indicate, if it is not taken
into account as a single component layer.

Note: If the roof membrane is taken into account as a single component
layer, no s,-value is to be specified here.

Adhering Fraction of Rain

If the roof membrane is taken into account as a sg4-value in the surface
transfer parameters, the rain absorption must be switched off. The setting for
the s -value only affects the diffusion behavior and not the liquid transport.

\
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Proceeding: Input - Surface Transfer Coefficient

Component — Surface Transfer Coefficient

Short-Wave Radiation Absorptivity

The short-wave radiation absorptivity is chosen according the color of the
roofing membrane.

Long-Wave Radiation Emissivity

The long-wave radiation emissivity for roofing membranes is usually 0.9.

For roofs, the explicit radiation balance must always be switched on due to
the large field of view to the sky in order to take into account the
undercooling as a result of long-wave radiation.

\
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Proceeding: Input - Initial Conditions

Component — Initial Conditions

Initial Temperature and Moisture in Component:

A constant relative initial moisture of 80 % and an initial temperature of
20°C should be used as default setting.

\
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Proceeding: Input - Control

Control

Calculation Period / Profiles:

A calculation start on 1 October is recommended because the component
absorbs moisture in the following winter months before a possible drying
occurs in spring. This start date is usually the most critical case.

The calculation period depends on when the construction reaches its
dynamic equilibrium. Usually a period of 5 years is sufficient. The period

must be extended, if the dynamic equilibrium is not yet recognizable after
the calculation.

Numerics:

The default setting can be used for numerics.

\
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Proceeding: Input - Climate

Climate

Outdoor:

It should be used a suitable climate data set for the building location.

For this purpose the hygrothermal test reference years (HRY), which were
produced in a research project [3] for 11 locations in Germany, are suitable.
These locations are typical for the respective climate region.

More information on this in the WUFI®-Help (F1) — Topic: Hygrothermal
reference years.

The outdoor climate of Holzkirchen is regarded as critically representative
for Germany in many applications. However, especially in the assessment
of roofs, locations with less radiation can be more unfavorable.

\
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Proceeding: Input - Climate

Climate

Indoor:

For the design aspect we recommend the indoor climate with medium
moisture load + 5 % according to the WTA Guideline 6-2 [5].

Alternatively, depending on the use of the building, the indoor climate
according EN 15026 [4] with medium or high moisture load can be used.

~ Fraunhofer
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Proceeding: Evaluation - General

General:

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

No long-term moisture accumulation in the construction!

Evaluation of the total water content:
— Usually only qualitative assessment of the moisture balance
— Decreases: Component dries

— No change over annual cycle :
dynamic equilibrium is reached

— Long-term increase:
permanent moisture accumulation in the construction

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

Proceeding: Evaluation - General

General:

Evaluation of the water content in individual material layers:
— Qualitative assessment of the moisture balance
— Quantitative assessment of the moisture values

— Initial increase: can be caused by a redistribution of the initial moisture
in the construction

— Long-term increase: moisture accumulation in the material layer

— Moisture-sensitive materials (for example wood and wooden based
materials...) must not exceed the respective limit values.

~ Fraunhofer 25
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Proceeding: Evaluation - General

General:

|dentification of critical positions within the construction:
— Possible with WUFI® Animation1D (movie)

— Extreme values in the relative humidity and in the water content often
represent critical positions (for example at layer boundaries...)

\
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Proceeding: Evaluation - Wood Decay

Wood decay — Evaluation according to DIN 68800 [1]

Critical conditions concerning the damage of wood can occur by long-term
exceeding of the limit values of 20 % by mass for wood and 18 % by mass
for wooden based materials according to DIN 68800 [1].

However, these limit values contain high safety margins and there is no
specification of the evaluation range.

If the water content in the framework remains below these limit values, no
further evaluation is necessary.

\
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Proceeding: Evaluation - Wood Decay

Wood decay — Evaluation according to WTA Guideline 6-8 [6]

If the limit values according to DIN 68800 [1] are exceeded, an further
evaluation can be done according to the new WTA Guideline 6-8 [6].

Here the evaluation of wooden constructions occurs on the basis of
temperature-dependent limit values. The daily mean of the relative pore air
moisture content over the most critical 10 mm of the wood must not exceed
95 % at 0 °C and 86 % at 30 °C.

This allows a more accurate and realistic evaluation.

\
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Proceeding: Evaluation - Wood Decay

Extract from the WTA Guideline 6-8 [6]:

6.4 Bewertung von Simulationsergebnissen

Die Auswertung erfolgt nach zwei Kriterien:

a) Die Bewertung beziiglich holzzerstérender Pilze erfolgt bel Holz iber die mittlere Porenluftfeuchte der
malgebenden (kntischen) 10 mm Schicht.

b) Fur die Beurteilung der konstruktiven Aspekie (siehe Abschnitt 6.5) wird die mittlere Holzfeuchte der
gesamten Matenalschicht herangezogen (Holz und Holzwerkstoffe). Bei vielen Holzwerkstoffen ist dies
das maligebende Beurteilungskriterium.

100
95
L2l
Ho:'&a by any,
90 “3bbg, Fineg Hﬁ”dgn

f&‘ta-“

rel. Porenluftfeuchte [%]
© Do
e O

e |
(9}

Abbildung 1: Grenzkurve der rel. Porenluftfeuchte

70 bezogen auf die Temperatur einer 10 mm dicken
0 5 10 15 %O 25 30 Holzschicht, die im Tagesmittel nicht Gberschntten
Temperatur [*C] werden darf.
=
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Example: Wooden Flat Roof Construction

Hygrothermal assessment of a wooden flat roof construction.

| 1
a SN, 2
\ \\ 4

< J OO SOSNT

NOGaPR, WN =

Roofing Membrane
Wooden Sheathing
Insulation

Rafter

Vapor Retarder
Installation Level
Gypsum Board

\
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Example: Wooden Flat Roof Construction

Assembly (from outside to inside):

Vapor retarder (sy = 300m)

Oriented Strand Board (density 615 kg/m3)  0.022
Mineral Wool (heat cond.: 0.04 W/mK) 0.24
PA-Membrane 0.001
Air Layer (25 mm) 0.025
Gypsum Board 0.0125

3 3 3 3 3

Z
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Example: Wooden Flat Roof Construction

Boundary Conditions:

« Flat roof (3° to the North)

« Dark roofing membrane:
short-wave radiation absorptivity: 0.8
long-wave radiation emissivity: 0.9

e Qutdoor climate: Holzkirchen
 Indoor climate: EN 15026 with medium moisture load
« Envelope infiltration: g5 = 3 m3/msh

« Stack height: 5 m

~ Fraunhofer
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Example: Wooden Flat Roof Construction

Input: Component — Assembly / Monitor Positions

(¥ | WUFI® Pro 6.1

Project Inputs Run Outputs Options Datsbase ResultAnalysis 7

DEW 2% E2RF BEBEOE]? 100

£ 0| e

([ Project
=5 Case: 1flatroof (Act Case)
£+ Component

i~ Assembly/Monitor Positions
i~ Orientation
i~ Surface Transfer Coeff

L Initial Conditions

Control

- Climate

| Case: flat roof

_‘ Orlentahon/\ncllnahon/He\ghl‘ Surface Transfer Coeff. ‘ Initial Conditions ‘

Layer Name Thickn. [m]
Gypsum Board po12s
Exderior (Left Side) Interior (Right Side)
10022, 0.24 0.000.02:0.0125

~Assign from ~Grid

Material Database [Autumatm an ']
B weemomen ||
y-) Example Cases

Copy Auto. Grid Def. for Manual Editing

Material Data
@%  Sources, Sinks

el New Layer

Duplicate
g Delete

Edit Assembly by:
@ Graph
() Table

Total Thickness Total Thermal P
’V Thickness: 0,301 m R-Value: 6,36 m¥/W

U-Value: 0,153 W/mK

Input component

Units: SI No calculation results available.

assembly
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Example: Wooden Flat Roof Construction

Input: Component — Assembly / Monitor Positions

Moisture source in the interior 5 mm of the Oriented Strand Board.

(¥ wune pro 61 =1

“Project Inputs Run Outputs Options Dafsbase ResultAnalysis 7
DR ERRBBEBCRE 2 100

fF} Project

=-5] Case: 1fiat roof (Act Case)

| Case: flat roof

| ASSEmBIIMOnIoIPasiions] | Orientation/inclination/Height | Surface Transfer Coefl. | Inital Conftions |

Tk o Sources, Sinks
Material Data

0

and Board (density 615 kg/m?) 0022

-~ Initial Conditions
& Control )
@; cm;m ] 024 0.02:0.0125

Exterior( eft Side) erior (Right Sice)

VU ECUE N EL -l Oriented Strand Board (density 615 kg/m®

|
:

ignfrom Grid
B NewNoisuro Source |
e
H |
Select mater %—%Vé?—' Copy Ak, G Do o anualEding
Total Thick Total Themal P H MNew Air Change Source ...
s 40m | Rvase g5 T — New Moisture Sourcé® :

@ New Heat Source ..

rHygrothermal Sources |

Nr.|Type |

Unite: 81 No calculation results available.

\
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Example: Wooden Flat Roof Construction

Input: Component — Assembly / Monitor Positions

Moisture source in the interior
5 mm of the Oriented Strand Board.

Moisture Source - I" e

Spread Area
One Flement Start Depth in Layer [m] 0.017

@ Several Elements

Interior 5 mm of the Oriented Str

Name Infiltration

End Depthin Layer [m] 0.022

Whole Layer
Source Type Source Term Cut-Off [kg/m?®]
Transient from File MNo Cut-Off
Fraction of Drivina Rain Cut-Off at Max. Water Content
@ Air Infiltration model IBP @ Cut-Off at Free Water Saturation |
Constant Monthly Moisture Load User-Defined I
|
Envelope Infiltration g50 [m%m?h] |l
3 [Air Tightness Class B -

Stack Height[m] 5

Mechanical Ventilation Overpressure [Pa] 0

Adapt air infiltration source |

' OK X Cancel ? Help

and Board
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Example: Wooden Flat Roof Construction

Input: Component - Orientation

(¥ | WUFI® Pro 6.1

T |
Project Inputs Run Outputs Options Database Result Analysis 7

Dl %= 2%E 3 E

('} Project

-3 Case: 1 fat roof (Act Case)
£+ Component

i Lf" Assembly/Monitor Positions
B Oricniation]

-~ Surface Transfer Coeff.

-~ Inifial Conditions

| Control

3% Climate

Units: §1 No calculation results available.

BomE ? 100

Case: flat roof

Assembly/Monitor Positions | |[ONENEHONINCINGUGAINEIGN | Surface Transfer Coeff. | Initial Condiions

Orientation Inclination

Inclination [] 3

Building Height/Driving Rain Coefficients
[Z]Rain load calculation according to ASHRAE Standard 160

R[] 1
R2[s/m] 0

Note:
RainLoad =
Rain*(R1+R2 * Wind Velocity)

Adapt orientation and inclination

=

Z

\
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Example: Wooden Flat Roof Construction

Input: Component — Surface Transfer Coeff.

[F | WUFIE Pro 6.1 —ronx

Project Inputs Run Outputs Options Database Result Analysis ?

DEH 2R ERR S EBRECT? 100

[ Project Case: flat roof
=31 Case: 1 flat roof (Act Case)
=@ Companent A Positions | Orientati ion/Height | |EiiaeeransienGogf = Iniial Condiions |
~f Assembly/Monitor Positions
-~ Qrientation

Heat transfer

g Suiface Transfer Coeff Heat Transfer Cosfficient [W/m?K] 190 [Root
~ Initial Conditions

4

el includes long-wave radiation parts [W/m] 65 fo r fl at ro OfS
: Lvind:dependent, i B

Sd-Value [m] 300 User-Defined -
TIote. TTie selng Cose ol anectiam sbsopher

Short-Wave Radiation Absorptivity [-] 038 [Dark - |
s—

Long-Wave Radiation Emissivity [-] 09

Explicit Radiation Balance [ Note:This oplion takes adiative cooling e o long wave

emission irto accourt. Sensitive cases may require sufficiently
accurate countemadiation data in the weather file

Ground Shor-Wave Reflectvity [-] 02 [Standard value -]

Adhering Fraction of Rain[ -] — [No absorption -] ‘

No rain water

~Interiar Surface (Right Side)
Heat Transfer Coefficient \W/m?2K] 80 (Roof)

Sd-Value [m] - [ No coating -

Adapt Surface transfer coeffic

oefficient
19 W/m2K

licit Radiation Balance!

absorption!

ents!

Units: SI No calculation results available.
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Example: Wooden Flat Roof Construction

Input: Component — Initial Conditions

IUEITEEE . T .. TR L

Project Inputs Run Outputs Options Database Result Analysis
DEH % xR B EBOE? L TX0)
(> Project Case: flat roof

-3 Case: 1 fat roof (Act Case)
£+ Component

~ Assembly/Monitor Positions
~ Orientation Initial Moisture in Component

~ Surface Transfer Coefl. @ Constant Across Component @ Constant Across Component

¥ &initial Conditions| .
©)Ineach Layer

Control i
Climate ©) Read from File 2 Read from File

lination/Height | Surface Transfer Coeff. | [filiclCONGIONS]

Initial Temperature in Component

A b ly/M Positions | O

Initial Relative Humidity [-] 08 Initial Temperature in Component['C] 20
Initial Water Content in Different Layers
Material Thickn Water
No. Content
Layer [m] [kg/m?]
1 Qriented Strand Board (density 615 kg/m®) 0.022 92.0
2 Mineral Wool (heat cond.: 0,04 W/mK) 024 179
5 PA-Membrane 0.001 044
4 Air Layer 25 mm 0025 188
5 Gypsum Board 00125 63

No changes required

Units: §1 No calculation results available.
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Example: Wooden Flat Roof Construction

Input: Control — Calculation Period / Profiles

R e . W

Project Inputs Run Outputs Options Database Result Analysis ?
D2l % x 2R 2 EBBOE ? 100
(i) Project Case: flat roof

-3 Case: 1 fat roof (Act Case)
£ Component [CoETERREaPies|  Numerics

i Lf Assembly/Monitor Positions
i L Orientation Start & End / Profiles

Surface Transfer Coeff. =
Initial Conditions Calculation Profiles Date Hour

ontrol

Calculation Period/Profiles Start Profile 1 01.102017 | 00:00:00

| Lo Numerics End Profile 2 01102022 | 00:00:00
¢ Climate Delote

Copy

=
=

05042017  00:00:00 inser,

Time Steps [h] 1

Adapt calculation period

Units: §1 No calculation results available.

\
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Example: Wooden Flat Roof Construction

Input: Control — Numerics

s ... | |

Project Inputs Run Outputs Options Database Result Analysis

Dl % x 2@

BEOE ? 100

"[‘:I“’i?“ . @) Case: flat roof

=l ase’ at roof (Act Case)

- Component Calculation Period / Profiles | [NUMelies]
i L Assembly/Monitor Positions

~ Orientation Mode of Calculation

~ Surface Transfer Coeff. [#|Heat Transport Calculation
~ Inifial Conditions
Control [#] Moisture Transport Calculation

~ Calculation Period/Profiles
4

Hygrothermal Special Options
# Climate [7] Excluding Capillary Conduction

[T Excluding Latent Heat of Evaporation

[]Excluding Temperature Dependency in Latent Heat of Evaporation
[T Excluding Latent Heat of Fusion

[|Excluding T

and Moisture Dep of Thermal Conductivity

Numerical Parameters
[¥Increased Accuracy
[¥] Adapted Convergence

‘Adaptive Time Step Control
[“|Enable
Geometry

@ Cartesian

) Radially Symmetiic

No changes required

Units: §1 No calculation results available.
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Example: Wooden

Flat Roof Construction

Input: Climate — Outdoor (left side)

(¥ | WUFI® Pro 6.1

Project Inputs Run Outputs Options Database Result Analysis

DS H| %% ERRE S

BomE ? 100

(7 Project
-3 Case: 1 fat roof (Act Case)
- Component
i Lf Assembly/Monitor Positions
~ Orientation
~ Surface Transfer Coefl.
~ Initial Conditions
Control
.+ Calculation Period/Profiles
“f Numerics
Climate
£ v

L+ Indoor (Right Side)

Case: flat roof

[OUEESICima(LeRSig8)|  Incoor Climate (Right Side)
@ From Map  File fg EN 15026 1 WTA 5—2| :9 180 13788 | :9 ASHRAE1EU| @ Sine Curves

Select location

|d Temperature / Relative Humidity \(5 Clwmatema\ysls‘

Halzkirchen; Fraunhofer-IBP, Moisture Reference Year | {3 Set Climate. E £ Details

30

Temperature [*C]

31Dec  30-Jan  O2-Mar  O1Apr  02May 02Jun 30-Jun  31Jul  30-Aug  30-Sep 30-Oct  30-Nov  31-Dec

il “"I'l | A4 .| e,

Relative Humidity [%]
o
4

31-Dec  30Jan O2-Mar Of-Apr  02May ©02Jun 30Jun  31Jul  30Aug  30-Sep 30-0st 30-How  31-Dec

dditional Data Diagram:

Diffuse Solar Radiation -

I1SD Wim?]
%)
S
8

31-Dec  30-Jan  O02Mar  O1-Apr  O02May O2Jun 30Jun  31Jul  30-Aug  30-Sep  30-0st  30-Nov  31-Dec

Data Info

Lacation: Holzkirchen
Latitude [ 47.88 North
Longitude [*] 11.73 East
Altitude [m] 630
Time Zone: 1.0
Number of data lines: 8760
Description:

Comment

Climate Elements

Temperature: TA

Relative Humidity. HREL

Short-Wave Radiation ISGH, 18D

Long-Wave Radiation: ILAH
Wind: WS, WV, WD
Rain: RN
Cloud Index _
Air Pressure: PSTA

Units: §1 No calculation results available.
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Example: Wooden Flat Roof Construction

Input: Climate — Indoor (right side)

WA P 6, |- 0 ]

Project Inputs Run Outputs Options Database Result Analysis

DeH &2x xR BB ? 100

No changes required

([:‘:mi?d i e Case: flat roof . . . . .
=] ase: 1 flat roof (Act Case f d I h d I d
" Componen Oudoor Climate (Let Sice) | | ESEICTMEEEERSES] or indoor climate with medium moisture loa
i Lf Assembly/Monitor Positions
~ Qrientation @ From Map / File ':Q EN 15026 1 WTA 6-2 |"9 1S0 13788 | '8 ASHRAE1EU| @ Sine Curves
" Surface Transfer Coeff.
~ Inifial Conditions B
Control derived from:  Holzkirchen; Fraunhofer-IBP, Moisture Reference Year| | (3 Set Climate Use Left Climate
~ Calculation Period/Profiles 40 1100 Temperature
+ Numerics .
+ Outdoor (Left Side) e 35
(¥4 ndoor (Right Side) 34 =0 P 20 || s’
32 =
a5 E1s
30 2
28 ta0 2
Es
26
s 0
2 20 -0 0 10 20 30
2 70 Outdoor Air Temperature [C]
20
18 2 Relative Humidity
16 80 Wedium Woisture Load -
— o
& 14 y Graph -
2 s B rap
g 12 b F 60
B w lso & g0
El -]
g e s |18
E
i - Z0
= =20
4 40 §
2 E a
35
0 20 -0 0 10 20 30
a lzm Outdoor Air Temperature [°C]
-4
]
-6
B 20
-10
15
-12
14 10
-16
Is
-18
20 0
31-Dec 02-Mar 02-May 30-Jun 30-Aug 30-Oct 31-Dec

Units: §1 No calculation results available.
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Example: Wooden Flat Roof Construction

Evaluation:

Numerics

Status of Last Calculation

Status of Calculation

Calculation: Time and Date

16.07.2024 11:13:44

Computing Time

1 min,9 sec.

Begin / End of calculation

No. of Convergence Failures

Check for numerical quality

01102017 /01102022

Integral of fluxes, left side (kl,dl)

[kg/m?]

-0,02 0,02

Integral of fluxes, right side (kr,dr)

Balance 1

[kg/m?]

14E-7 1,38

Balance 2

Water Content [kg/m?]

No convergence failures and no balance differences

Start End Min. Max
Total Water Content 2.58 1.66 1.6 2.66
Water Content [kg/m?]
| Layer/Material | Start | End | Min. Max. |
? Help

N\

Fraunhofer
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Example: Wooden Flat Roof Construction

Evaluation with the Quick Graphs:
Total Water Content

Total Water Content

Evaluation:

. /\ Total water content
\ decreases and reaches

the dynamic equilibrium
w after 3 years

— OK
I .

ntent [kg/m?]
I

the individual layers

\ // \ / \\ / \ //\ » Detailed evaluation of

R AR VAR VAR

Fraunhofer

IBP
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Example: Wooden Flat Roof Construction

Evaluation with the Quick Graphs:

Water Content in the Oriented Strand Board

Oriented Strand Board (density 615 kg/m®)

\

A\

A\

W

FEETY

Evaluation:

Water content in the
Oriented Strand Board
decreases and reaches
the dynamic equilibrium
also after 3 years.

The water content remains
below the limit value of

18 % by mass according
to DIN 68800 — uncritical!

— However, the
evaluation of the wood
moisture according to
WTA is shown

Fraunhofer

IBP

\
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Example: Wooden Flat Roof Construction

Evaluation with WUFI Gaph:
wood pore air moisture in the Oriented Strand Board according WTA 6-8

1 woRspos: T op.n wUF Graph I

Project Inputs Run Outputs Options Database Result Analysis 7
hed 2 2EXEBEHEORE? 400

{f Project

O
= Component

----- + Assembly/Monitor Positions

..... + Orientation flat roof

----- + Surface Transfer Coeff.

----- + Initial Conditions Remarks

=& Control

----- + Calculation Period/Profiles

----- + Numerics

=4 Climate

----- + Outdoor (Left Side)

----- + Indoor (Right Side)

EIE Quick Graph

Case: flat roof

Case Mame

\

~ Fraunhofer
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Example: Wooden Flat Roof Construction

Evaluation with WUFI Gaph:
wood pore air moisture in the Oriented Strand Board according WTA 6-8

(e

Total Water Content

Water cantent [kg/m?]
re
| e |

RIght-C"Ck in “Useruwwd eiln@i: ote 01102019 e 02102020

\
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Example: Wooden Flat Roof Construction

Evaluation with WUFI Gaph:
wood pore air moisture in the Oriented Strand Board according WTA 6-8

User defined
right-click here
Temperature
Relative humidity
Water content 4 - 0 q .
Fopleths Evaluation of the wood pore air moisture according to WTA
Averaged flux density * /
Flow »
WTAB-8 Woed pore air moisture WTA
User defined i
Water content in M.-% (mv)
Limit water content in M.-%
|o Ready
L
Z Fraunhofer 49
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Example: Wooden Flat Roof Construction

Evaluation with WUFI Gaph:
wood pore air moisture in the Oriented Strand Board according WTA 6-8

v s e i | .
=

Select the interior centimeter

of the Oriented Strand Board i ;
Collective selection of 1 cm
according to WTA is preset

\

Collective selection (1 cm)

eeeeeeeeee

‘
Cancel

-Ais label Temperature [*C]

¥-Aais label

e i 5 | T Confirm with ,,0K*

uuuuuuuu
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Example: Wooden Flat Roof Construction

Evaluation with WUFI Gaph:
wood pore air moisture in the Oriented Strand Board according WTA 6-8

{7) Projectl - WUFI® Graph 2.7, C=ro x|
File New page Current Help E I = .
z valuation:
©F

Wood pore air moisture WTA 6-8

The relative pore air
moisture in the interior
centimeter of the
Oriented Strand Board
doesn’t exceed the limit
value according to WTA.

eeeeeeeeeee

tﬁ =
Relative humidity [%]

— uncritical

¥ 1
Temperature [°C]

M Wood pore air moisture == Limit moisture WTA

~ Fraunhofer 51
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