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Introduction

This guideline explains the procedure of the calculation and evaluation of pitched
roofs with a vapour retarder applied on the whole interior surface.

In the first step all necessary input
data and the evaluation criteria are
described.

The procedure from input to
evaluation is then explained
using an example case.
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Notes on the Input: Component Assembly

Component - Assembly

Roof Cladding with Tiles

The ventilated roof cladding is replaced in the simulation by effective
transfer parameters, e. g. according to Kolsch [1]. So, this is not modelled
for the simulation.

Underlay / Weather Protection Membrane

The underlay / weather protection membrane is also not included in the
calculation as a component layer but is considered as an s -value in the
surface transfer parameters. This leads to practically identical results but
speeds up the calculation significantly compared to taking the roofing
membrane into account in the component structure.

Underlying Roof Assembly

The underlying layers are to be entered according to the assembly in the
cross section of the insulated cavity.

—
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Notes on the Input: Infiltration Source

Component - Assembly

Moisture Source — Infiltration

According to EN 15026 [7], the amount of moisture which enters the
construction by convection depending on the air tightness of the envelop
always needs to be assessed for wooden structures. In the simulation it is
considered using the IBP infiltration model.

The moisture source must be placed at the position in the model where
the condensation water will form in practice — usually this is below the
second airtight layer on the cold side of the component.

For roof constructions we recommend the following settings:

« with wooden sheathing: moisture source in the interior 5 mm
of the wooden sheathing

« without wooden sheathing: moisture source in the exterior 5 mm
of the insulation layer

—
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Notes on the Input: Infiltration Source

Component — Assembly

Moisture Source — Infiltration

The source strength is automatically determined depending on the
overpressure due to the building's thermal buoyancy (temperature
difference between outside and inside as well as specified air space
height), the indoor air humidity and the specified airtightness of the
building envelope [3].

For more information on using the infiltration source in WUFI®,
click here: Guideline for Using the Air Infiltration Source in WUFI®

—
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Notes on the Input: Initial Conditions

Component — Initial Conditions

Initial Temperature and Moisture:

A constant initial relative humidity of 80 % and an initial temperature of
20 °C is recommended as a default setting.

If increased built-in moisture contents are known, these can be specified
separately for the corresponding layer.

—
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Notes on the Input: Outdoor Climate

Boundary Conditions (exterior) — Climate

Outdoor Climate:

A climate appropriate for the location of the building should be used.

For Germany:

The hygrothermal reference years (HRY), which were created for 11
locations in Germany as part of a research project [5], are useful here.
These locations are representative for the respective climate region. For
more information, please refer to the

WUFI® Help (F1) — Topic: Hygrothermal Reference Years

The Holzkirchen location, with 20% reduced radiation, is considered
critically representative of German locations up to altitudes of 700 m.
This can be considered in the simulation by reducing the absorption
coefficient from a to a*0.8. This climate was also used for the exemption
of deemed-to-satisfy constructions in DIN 4108-3 [4].
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Notes on the Input: Orientation / Inclination

Boundary Conditions (exterior) — Orientation

Orientation

The relevant orientation usually is North where the lowest radiation gains
occur. Alternatively, the most unfavourable orientation of the building part
can be used for specific projects.

Inclination

The inclination of the roof must be specified according to the planned roof
inclination.

—
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Notes on the Input: Surface Transfer Coefficients (exterior)

Boundary Conditions (exterior) — Surface

Heat Transfer

The heat transfer coefficient is set according to the following tables (Kolsch
[1]); the long-wave radiation parts of the heat transfer coefficients must be
set to 0 W/m?K, as the radiation is calculated explicitly.

Usually ,normally ventilated” can be assumed!

Eaves open Ridge open
Strong without any :
S”"T‘g ay . = 30 [W/m3K] ventilated | ventiationgrid | " @ 1o flow
ventilated k.e otc. resistance
Eaves openings ,
Normal =19 IW/m2K Normal with insect Ridge closed
: Ay o [W/m?K] , SOu with ridge /
ventilated ’ ventilated | protectiongrid | _ . 0
or eave comb
Low
: A = 13,5 [W/m?K] Low Small openings | Small openings | No counter
ventilated ’ : :
ventilated | atthe eaves at the ridge battens
a, .. convective heat transfer coefficient
—
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Notes on the Input: Surface Transfer Coefficients (exterior)

Boundary Conditions (exterior) — Surface

Vapor Transfer (Additional diffusion resistance)

The underlay / weather protection membrane is considered as s -value
in the surface transfer parameters, instead of modelling it as a layer.

Underlay membranes with s;-values of less than 0.1 m are offered on the
market. As this value may increase due to dust and deposits, the s -value
of the underlay membrane should be set at a minimum of 0.1 m in the

calculation according to the note in the German Standard DIN 4108-3 [4].

—
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Notes on the Input: Surface Transfer Coefficients (exterior)

Boundary Conditions (exterior) — Surface

Vapor Transfer (Additional diffusion resistance)

Note for constructions with absorbent underlay materials:

In the case of assemblies with exterior wooden sheathing, an additional
sq-value of 0.01 m must be applied to the external surface to avoid
unrealistically high condensation on the substructure caused by the
absence of roof tiles in the simulation.

For a more detailed explanation, see Hygrothermal Simulation of
ventilated pitched roofs with effective transfer parameters, chapter 8.
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Notes on the Input: Surface Transfer Coefficients (exterior)

Boundary Conditions (exterior) — Surface

Radiation: Short-wave absorptivity

The short-wave radiation absorptivity should

be selected depending on the colour of the Red tiles a=0.67-0.78
roof tiles (examples below or in right table) Grey tiles a~0.85
and, if necessary, be reduced according to Dark tiles a=0.9-0.94

Kolsch [1] (table on next slide).

© Fraunhofer IBP

“
0.85 0.94

0.72 0.76

Red, high Brick red Light red, Light red, Natural clay
gloss semi-matt matt red, matt
glazed (weathered)
0.74 0.75 0.78

\
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Notes on the Input: Surface Transfer Coefficients (exterior)

Boundary Conditions (exterior) — Surface

Radiation: Reduction factors

The middle position can be used to evaluate typical conditions,
especially if the coldest position (30 cm distance to the eaves
opening) is still in the area of the roof overhang. This reduction can be
considered in the reduction factors (drop-down menu).

Coldest Middle Warmest

position position position
\?;rrgcir;gted 8. =a-07 | a=a-039 a,=a
vontiated | 2=2707 | 3=a:08 |  a=a
\I;(e)x\fcilated 3, =a-075| a,=a-0.9 a,=a

a.. effective coefficient of absorption

\
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Notes on the Input: Surface Transfer Coefficients

Boundary Conditions (exterior) — Surface

Radiation: Long-wave emissivity

The long-wave radiation emissivity

- Clay tile, high closs clazed £~0.82
depends on the surface condition ;
. . Clay tile, matt €~0.84
of the clay / concrete tiles and varies —
Concrete tile, in general €=0.9-0.91
between 0.82 and 0.91.

To consider the (night-time) overcooling, the explicit radiation balance

must always be switched on for roofs due to its large field of view to the
sky.

Rain

The roofing is assumed to be waterproof, so the absorption of rainwater
must be switched off.

Note: The setting for the s -value in the boundary condition only affects
the diffusion behaviour of the surface and not the liquid water absorption.

—
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Notes on the Input: Indoor Climate

Boundary Conditions (interior) — Climate / Surface

Indoor Climate:

By default, we recommend to use the indoor climate with medium
moisture load + 5% for design purposes according to German Standard
DIN 4103-3 [4] and EN 15026 [7].

Alternatively, depending on the use of the building, the indoor climate can
also be set with low moisture load (according to EN 15026 [7]) or with
normal or high moisture load (according to DIN 4108-3 [4] and EN 15026
[7]). Constant or measured conditions can also be set, for example.

Heat Transfer

The heat transfer coefficient on the interior surface is set to
8 W/m?3K in accordance with DIN 4108-3 [4].

—
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Notes on the Input: Control

Control

Calculation Period:

It is recommended to start the calculation on October 1st, because the
component usually moistens up further in the following winter months
before drying to the inside possibly starts in spring. This start date is
therefore usually an extra stressing of the component.

The calculation time depends on the time the construction needs to reach
steady state conditions. Usually, a calculation time of 5 years is sufficient.
In the case of diffusion-open building components, the calculation times
tend to be shorter, in the case of diffusion-tight building components, the
calculation times tend to be longer.
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Notes on the Evaluation: Mineral Wool Insulation

Roofs with mineral wool insulation and underlay membrane

These assemblies do not have any moisture-sensitive ~
materials in the standard cross-section (insulated cavity). N\
Below the roofing felt, due to the higher diffusion resistance
compared to the insulation, temporarily increased moisture or
condensation may occur.

The amount of condensation occurring below the roofing felt is used for
result evaluation. For this purpose, the maximum water content in [kg/m?]
in the outer area of the mineral wool insulation is evaluated. The guideline
“Assessing the risk of interstitial condensation runoff” presents the
condensation water retention capacity (RC) as a practical limit value and
describes how to assess the risk of condensation water runoff using
hygrothermal simulation.

The assessing method recommended until 2023 for hydrophobic mineral
fiber insulation materials has been replaced by new findings and
extended to other fiber insulation materials.

~ Fraunhofer 18
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Notes on the Evaluation: Wood Fibre Insulation

Roofs with wood fibre insulation and underlay membrane

For assemblies with wood fibre insulation between the rafters, :
an evaluation of the wood moisture in the wood fibre insulation A
is performed.

For this purpose, the wood moisture content is evaluated in [% by mass]
in the outer centimeter of the wood-fiber insulation in the settled state.
The settled stage has reached if the course of the water content does not
change between the years any longer.

For evaluation purposes, the general limit value of 18 % by mass from
DIN 68800 [2] can be used, which may be exceeded by a maximum of
20 % by mass for up to three months a year. Alternatively, the
manufacturer can guarantee the maximum moisture content for which his
product can be used.
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Notes on the Evaluation: Wooden Sheathing

Roofs with insulation and wooden sheathing

For assemblies with exterior wooden sheathing, the
insulation between the rafters (mineral wool or wood fibre)
is evaluated according to slide 18+19.

For the evaluation of the wooden sheathing, the course of the wood
moisture content in [% by mass] in the wooden sheathing in the settled
state is used. The value of 20 % by mass for wood and 18 % by mass for
wood-based materials specified in DIN 68800 [2] is recommended as the
limit value. If this limits are kept, no further evaluation is necessary.

If the wood moisture exceeds the limit value according to DIN 68800 [2],
an evaluation according to the WTA Guideline 6-8 [8] can also be carried
out for solid wood. This allows a more precise evaluation considering the
temperature and humidity conditions.
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Notes on the Evaluation: Wooden Sheathing

Roofs with insulation and wooden sheathing

Evaluation according to DIN 68800 [2]

Critical moisture conditions regarding damage to the wood
can occur, if the moisture content limits of 20 % by mass for
wood and 18 % by mass for wood-based materials are
exceeded over a long period.

However, this limit value includes high safety margins and, in contrast to
the WTA guideline 6-8 [8], no specifications are made for the evaluation
area. In the case of thin wooden sheathings, the entire section of the
sheathing shall be evaluated, otherwise the most critical 1 cm thick
section should be used in accordance with the WTA evaluation.

If the wood moisture remains below the limit values (see above), no
further evaluation is necessary.
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Notes on the Evaluation: Wooden Sheathing

Roofs with insulation and wooden sheathing

Evaluation according to WTA Guideline 6-8 [8]

If the limit value for wood of 20 % by mass according to
DIN 68800 [2] is exceeded, also an evaluation according
to the WTA 6-8 [8] can be carried out. Here, the evaluation of wood
structures is carried out based on temperature-dependent limit values for
the relative pore air humidity in a 1 cm thick layer at the critical position of
the wood. This allows a more accurate and realistic evaluation.

Please note: This evaluation cannot be used for wood-based materials,
as other limit values for rotting processes may apply here.
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Notes on the Evaluation: Wooden Sheathing

Roofs with insulation and wooden sheathing

Limit curve for wood decay depending on temperature (x-axis)
and relative humidity (y-axis) according to WTA 6-8 [8].

At conditions below the red limit line, wood decay is not possible
in solid wood.

75

Relative humidity of the pore ar [%]

70
0 5 10 15 20 25 30

Temperature [°C)
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Example: Pitched Roof with Mineral Wool and Wooden Sheathing

Based on the example of a pitched roof with mineral wool insulation and wooden
sheathing, the procedure for the input and the evaluation is described.

Roofing and Battens

Weather Protection Membrane
Wooden Sheathing

Insulation

Vapour Retarder

Installation Layer

Gypsum Board

~NOoO Ok~ WN -
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Example: Assembly

Assembly (from outside to inside):

Red Concrete Tiles

Weather Protection Membrane (sy = 0.1 m)

Wooden Sheathing (Softwood)

Mineral Wool (heat cond.: 0.04 W/mK)

Moisture-Variable Vapour Retarder (Intello Plus)

Air Layer

Gypsum Board

0.025
0.24
0.001
0.02
0.0125

3 3 3 3 3

—
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Example: Boundary Conditions

Boundary Conditions:

Pitched roof (30° to the North)

Red concrete tiles
(a=0.67;£€=0.9)

Normal ventilated roof (middle position)
Outdoor climate: Holzkirchen

Indoor climate: medium moisture load + 5 %
Air tightness of the envelope: g5, = 3 m*m?h

Stack Height: 5 m

—
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Example: Evaluation Matrix

Evaluation Matrix:

The following matrix shows the evaluation criteria relevant to this design.

1) Numerics No or only small differences in balances
(especially in the case of convergence failures)?

Consistent, periodic course of total water content?

2) Evaluation parameters Total water content reach dynamic equilibrium or
decreases?

Risk of wood decay in the wooden sheathing?
(limit values according to DIN 68800 or WTA 6-8)

Amount of condensation in the insulation layer?

~ Fraunhofer 28
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Example: Component Assembly

Input: Component - Assembly

F) WUFI Pro 7.1

Project Run Outputs Database  Result Analysis  Help
h = 2 % b 4 o ?

¥ (F) Project

* §] Case: 1 Pitched Roof [T Edit Assembly by Diagram | {= Edit Assembly by Table
¥ (il Component
1 Assembly Layer: Gypsum Board Thickness [m]: | 0.0125
P
BB Initial Conditions Exterior (Left Side)
» 3| Boundary Conditions (exterior)
* |l Boundary Conditions finterior)
Control
e Softwaod... Mineral Woal (heat cond.: 0,04 W/mK)
» 3
el 0.025m 024m
= New Layer | [[) Duplicate | [ii] Delete = Materials Material Data

Gnd and Sources

Q & & & Manage Grid Setting | Automatic (I 200 Elements

Geometry Properties Total Thermal Performance:
Total Thickness [m]: 0.299 R-Value (dry) [m*K/W]: 6.49
Mumber of Layers: 5 R-Value (at 80% RH) [m K/W]: 6.45

Interior (Right Side)

& Constructions | [B) & Save

— || 4 || Original Size | 100%

Geometry Setting | cartesian

U-Value (dry) [W/m®K]: 0.15
U-Value (at 80% RH) [W/m*K]: 0.151

Enter roof assembly without roofing tiles and
weather protection membrane

Adjust layer thicknesses if necessary

N\
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Example: Infiltration Source

Input: Component - Assembly

Infiltration source in the wooden sheathing according to EN 15026

F) WUFI Pro 7.1

Project Run Outputs Database  Result Analysis

h > 2 T E X [E

¥ (F) Project
* §] Case: 1 Pitched Roof
¥ (il Component
|| Assemity
BB Initial Conditions
» 3| Boundary Conditions (exterior)
* |l Boundary Conditions finterior)
Control
» [ Results

Right-click in
the grid of the
material layer

Help

[Ed ?

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

Layer: Softwoad (formwork, thin layers)

Exterior (Left Side)

Softwood....
0.025 m

= New Layer | [[) Duplicate | [ii] Delete

Gnd and Sources

0 Rain Source

Heat Source
Qo éd
& WMoisture Source
Geometry &= Air Change Source

Total Thickness [m]: 0.299
Mumber of Layers: 5

Thickness [m}: | 0.025

Mineral Wool (heat cond.: 0,04 W/mK)
0.24m

= Materials Material Data

. Select Infiltration source
[ iwton source | I T L

Grid Setting | Automatic (Il 200 Elements

Total Thermal Performance

R-Value {dry) [m*K/W]: 6.49
R-Value (at 80% RH) [mK/W]: 6.45

Interior (Right Side)

Air Lay... Gyp...
0.02m 00..

& Constructions | [B) & Save

— || 4 || Original Size | 100%

Geometry Setting | cartesian

U-Value (dry) [W/m®K]: 0.15
U-Value (at 80% RH) [W/m*K]: 0.151
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Example: Infiltration Source

Input: Component - Assembly

Moisture Source in the

I | Hygrothermal Sources

K
interior 5 mm of the & Infitraton Source
wooden sheathing_ Name | Infiltration 1
Spread Area
Thickness [m] | 0.005
Source Type Source Term Cut-Off [kg/m’]
@ Air Infiltration model IBP ® | Cut-Off at Free Water Saturation
Envelope Infiltration g50 [m®/m*h]
3 Ajr Tightness Class B (DIN 4108, tested <= 3 m*/m*h) -
Stack Height [m] | 3
AdJUSt Inflltratlon Source Mechanical Ventilation Overpressure [Pa] | 0
OK Cancel Help
=
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Example: Initial Conditions

Input: Component — Initial Conditions

(7) WUFI Pro 7.1
Project Run  Outputs  Database
h = @ b 4

Result Analysis  Help

¥ (F) Project
* §] Case: 1 Pitched Roof
* il Component
|| Assemisty

» 3| Boundary Conditions (exterior)
* |l Boundary Conditions finterior)
Control

Results

[Ed ?

Initial Temperature

I ® Constant across Component Initial Temperature in Component [*C] | 20 I

[ Manual settings

Initial Moisture n

I ® Same relative humidity in all layers (e.g. lightweight constructions and fabric) Initial Relative Humidity [-] | 0.8 I
Assign typical built-in moisture (e.g. solid constructions and new buildings)
[ Manual settings
Initial Conditions in Different Layers
N Material Thickness Temperature Rel. Humidity Water Content | Typical Built-In ...
- Layer im] ra (-] [kg/m’] Ikg/m]
Softwood (formweork, thin layers) 0.025 20 08 60 60
2 Mineral Wool (heat con 4 W/mkK) 0.24 20 0.8
3 INTELLO PLUS (ETA) 0.001 20 0.8 67 6.7
4 Air Layer 20 mm; without additional moisture capacity 0.02 20 0.8 0.0138 0.0
5 Gypsum Board 0.0125 20 0.8 63 63

No ch

anges required

\
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Example: Outdoor Climate

Input: Boundary Conditions (exterior) — Climate

f) WUFI Pro 7.1

Project Run Outputs Database  Result Analysis

B =B B E X

¥ (F) Project

* §] Case: 1 Pitched Roof
¥ (il Component
|| Assemisty

BB Initial Conditions

¥ 3| Boundary Conditions (exterior)

nate
@ Orientation
2 Ssurface
> |||r; Boundary Conditions (interior]
Control

Results

- o X
Help
b | Select climate file
34 From Map / File | 48§ EN 15026 / DIN 4108 / WTA 6-2 | 48§ IS0 13788 | 48 § ASHRAE 160 | 44k § User-Defined
483 SetClimate.. | Holzkirchen; Fraunhofer-1BP, Moisture Reference Year | #38 Details.. ?

| Temperature / Relative Humidity | @& Climate Analysis

30
25
20

Temperature ['C]

Jan-11 Feb-05 Mar-02 Mar-27  Apr-21 May-16 Jun-10 Jul-05 Jul-30 Aug-24 Sep-18 Oct-13 Now-07 Dec-02 Dec-27

v

Relative Humidity [%]

10
]
dan-11 Feb-05 Mar-02 Mar-27 Apr-21 May-16 Jun-10 Jul-05 Jul-30 Aug-24 Sep-18 Oct-13 Nov-07 Dec-02 Dec-27
> Climate File Info
> Additional Data Diagrams

\
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Example: Orientation / Inclination

Input: Boundary Conditions (exterior) — Orientation

| (F) WUFIPra 7.1

Project Run Outputs Database  Result Analysis  Help

B =B B X X e ?
| * () Project
* §] Case: 1 Pitched Roof
* il Component
|| Assemisty
BB Initial Conditions
¥ 3| Boundary Conditions (exterior)

14 Climate

2 Ssurface

> |||': Boundary Conditions (interior]
Control
» [E] Results

| Inchnation [7] | 30

CILANE I

Morth hd [%] | 57.74

Building Height / Driving Rain Coefficients

# Rain load calculation according to WUFI maodel Rain load calculation according to ASHRAE Standard 160
R1[] 1
R2[s/m] 0
i Note:
Rain Load =

Rain * (R1 + R2 * Wind Velocity)

Adjust orien

tation and inclination

\
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Example: Surface Transfer Coefficients (exterior)

Input: Boundary Conditions (exterior) — Surface

() WUFI Pra 7.1

Project Run Outputs Database  Result Analysis  Help

B =B %8 = XX

E i |~ (el = I A |

¥ (F) Project
* §] Case: 1 Pitched Roof
* il Component
[} Assembty
BB Initial Conditions
¥ 3| Boundary Conditions (exterior)
14 Climate
@ Orientation
Surface
> |||': Boundary Conditions (interior]
Control
» [E] Results

Heat Transfer

Heat Transfer Coefficient [W/m®K]

long-wave radiation parts Heat Transfer Coefficient [W/...

19 Pitched roof, normal ventilated -

wind-dependent

Wind-dependence formula

Vapor Transfer

Additional diffusien resistance (e.g. coating), sd-Value [m]

LIl e

Weather protection

01 User-Defined

membrane (s4 = 0,1 m)

ELIETL

Short-wave absorptivity, e.g. solar radiation [-]

Radiative overcooling

M Tiles, red

offe: Explicit Radiation Balance, includes radiative cooling due to long-wave emission.

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

Additional radiation parameters

B Reduction factors
for absorptivity [-] 09 | & Pitched roof, ventilated, middle position ~|
for emissivity [-] 1.0

Simulation takes rain into account

Rain parameters

No rainwater absorption

Adjust surface transf?r coefficients!
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Example: Indoor Climate

Input: Boundary Conditions (interior) — Climate

F.) WUFI Pro 7.1 - m] x|
Project Run Outputs Database  Result Analysis  Help
B = B % E X 2 ?
¥ (F) Project
v ] Case: 1 Pitched Roof Q4 From Map / File | 44§ EN 15026/ DIN 4108/ WTA 6-2 | 48§ 150 13788 | 4R} ) ASHRAE 160 | 4&}§ User-Defined
¥ (il Component
"" a " derived from:  Holzkirchen; Fraunhofer-1BP, Moisture Reference Year ﬂ: Details... V| Use Left Climate ?
ssemibly
BB Initial Conditions Temperature S
¥ 3| Boundary Conditions (exterior) -
3@ Climate Graph | Table
@ Orientation 25 o
;I;! Surface o2 2 25 _/y%
£ g
¥ ||l& Boundary Conditions (interior) d,, - e S N ..J'\NH“’[ " IR
Climate 5 g
= E
i surface ] = g
o
Control £ 10
Results
20 5
2015 -10 -5 0 5 10 15 20 25 30
Outdoor Air Temperature [°C] °
Feb-05 Mar-27 May-16 Jul-05 Aug-24 Oct-13 Dec-02
Jan-11 Mar-02 Apr-21 Jun-10 Jul-30 Sep-18 Now-07 Dec-27
Relative Humidity
100
Normal Moisture Load +5% (Design) (EN/DL. = @
Graph | Table @
- £ 0
2 &0 g @ A qum
= : LY
2 =
gsi ) \ Jﬁ f\M M
250 2 U
" & 2
3
£ 40 ]
=
3s 10
201510 5 0 5 10 15 20 25 30 o - - -
e —— e werweeNO changes required for indoor climate
Jan-11 Mar-02 Apr-21 Jun-10 A\.{B Sep—iad. Nov-07 Deg2? t I d 5 )
with medium moisture load + 5 %

—
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Example: Surface Transfer Coefficients (interior)

Input: Boundary Conditions (interior) — Surface

| (F) WUFIPra 7.1
|

Project Run Outputs Database  Result Analysis  Help

E = B B X X l” ?
[+ @ pojec | | |

* §] Case: 1 Pitched Roof

v
1 Component Heat Transfer

|| Assemisty
[ Initial Conditions | Apply list selection from exterior surface
¥ 3| Boundary Conditions (exterior) Heat Transfer Coefficient [W/m?K] 8 Pitched roof, normal ventilated (Interior Surface)
14 Climate
® Onerston
+ surface Additional diffusion resistance (e.g. coating), sd-Value [m] ____ No coating -
v |||': Boundary Conditions (interior]
A § Climate
Control

» [ Results

No changes required

\
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Example: Calculation Period and Numerics

Input: Control

| (r) WUFIPra 7.1 - ]
|
| Project Run Outputs Database Result Analysis  Help |
| - - |
'E = 2 X X e ? | @ |
¥ (F) Project _ l |
* §] Case: 1 Pitched Roof
¥ [ Component Period of Calculation
|| Assemisty
B Initial Conditions Start of Calculation | Oct 1, 2026 =B
¥ 3| Boundary Conditions (exterior) I Caleulztion Peried | 5.0 years - I
Climate
A [ Define profiles
@ Orientation
Surface
:h Adaptive Time Step Control n
v |||': Boundary Conditions (interior]
4§ Climate Enable
i surface [ Adjust options
Control

» [ Results

[ Mode of Calculation
[ Hygrothermal Special Options

[#] Numerical Expert Settings

Adjust calculatio

n period if necessary
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Example: Evaluation — Check for numerical quality

Evaluation:

f) WUFI Pro 7.1 -

Project Run Outputs Database  Result Analysis  Help

= = XX B wkwoaBzz?2 |0
¥ (F) Project
* §] Case: 1 Pitched Roof _

¥ [ Component > . ____________________________________________________________________________________]
|| Assemisty
BB Initial Conditions
¥ 3| Boundary Conditions (exterior) Status of Calculation
14 Climate
Calculation: Time and Date Feb 11, 2026, 12:22PM
@ Orientation
:h Surface Begin / End of calculation Oct 1, 2026 / Oct 1, 2031
¥ ||l& Boundary Conditions (interior) Computing Time 0:00:37.321
g Climate Current Date/Time Oct 1, 2031, 1200 AM
i surface
Control Check for numerical quality
I
No. of Convergence Failures 0
Sum of diffusive fluxes (left/right) [kg.fmz] -2.248 -1.115
—wabein i buis it Yol Lt st
Balance (mass vs. sum of surface-fluxes) [kg/m?] -0.441 -0.443
Water Content [kg!mz]
Start End Min. Max.
Total Water Content 2.015 1.572 1196 2.290
Water Content [kg/m’]
Layer/Material Start End Min. Max.
Softwood (formwork, thin layers) 60.000 54,498 36.934 85.609
Mineral Wool {heat cond.: 0,04 W/mK) 1.787 0.656 0361 1787
INTELLO PLUS (ETA) 6700 1773 0.682 6700
Air Layer 20 mm; without additional maisture cap 0014 9.3E-3 6.4E-2 0.014
Gunerim Bozed £200 4072 2R £.200

\
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Example: Evaluation — Total Water Content

Evaluation:
Total Water Content

F) WUFI Pro 7.1

m] x|
Project Run Outputs Database  Result Analysis  Help
E =B EX B wikw o2 B 2 ¥ 0
* §] Case: 1 Pitched Roof
¥ (il Component
] Asserms Total Water Content
ssemibly
BB Initial Conditions
¥ 3| Boundary Conditions (exterior)
22
14 Climate
@ Orientation
2 Ssurface 21
v |||r; Boundary Conditions (interior] ’
Al Climate o
i surface [
Control
r Results 1'9
¥ [] Courses T
Total Water Content Ss
» [ Water content in materials E
Local Temp/Moisture é - |
[ Local hygrothermal load %
Profiles =
Case Data Summary 5
15
14
13
D ' ilibri
) | ynamic equilibriu
Oct Feb Jul Dec May Cct Mar Aug
2026 2027 2027 2027 2028 2028 2029 2029

Bom after 2 years

\
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Example: Evaluation — Wooden Sheathing

Evaluation:
Moisture Content in the Wooden Sheathing

F) WUFI Pro 7.1 - m] X
Project Runm  QOutputs Database  Result Analysis  Help I
E = B T E X Ll = » 10

| * () Project I ‘

® 1P
v ‘I Case: 1 Pitched Roof Softwood (formwark, thin layers)
¥ (il Component .
Softwood (formwork, thin layers)

|| Assemisty
BB Initial Conditions
¥ 3| Boundary Conditions (exterior) 825
U4 Climate L N
@ Orientation

2 Ssurface

775
19

v |||r; Boundary Conditions (interior] 750
Al Climate 725 l Y R 8

i surface 700
Control \ / \ 7

675
v [ Results — = P/
= f
y £ 650 a
| ¥ [ Courses E} J \ w B
[ Total Water Content £ 625 ‘ €
£ £
) £ ]
- E Water content in materials é & 4 15 &
Softwood (formwork, thin layers) = ’ o
& 515 z
[ Mineral Wool (heat cond.: 0,04 W/mK) = .=
H INTELLO PLUS (ETA) E50)
H Air Layer 20 mm; without additional m 525 1

Gypsum B
E Gypsum Board s00
Local Temp/Moisture
475 d L E
[ Local hygrothermal load d ‘ '
Prof\les b i ] 1 | i

..| The water content in the wooden sheathing exceeds
4 the limit value of 20 % by mass only for a short time in
the first year!
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Example: Evaluation — Amount of Condensation

Evaluation:
Amount of condensation in the mineral wool insulation

— Evaluation of the water content in the outer centimetre of the insulation

User-Defined

Evaluation of the
water content in kg/m?®

Temperature | /

WetrCoten: [ e conertinigm | Note:

- st Further information, including

T s e information on inclination-
dependent limit values, can be

found in the guideline:

y Guideline for assessing the risk

of interstitial condensation

runoff

alﬁ Ready
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https://wufi.de/en/service/downloads#condensation_assessment
https://wufi.de/en/service/downloads#condensation_assessment
https://wufi.de/en/service/downloads#condensation_assessment

Example: Evaluation — Amount of Condensation

Evaluation: Amount of condensation in the mineral wool insulation

— Evaluation of the water content in the outer centimetre of the insulation

2. Select outer centimetre of the insulation

File = C1: Pitched Roof - Example_pitched roof_20260211.w7p

Result quantity
Title

Series name
Color

X-Auis label
Y-Auis label
Start Date

Options

Module | Result quantity for selection I\Z\ Collective selection 10 mm I

Values
Water content in kg/m®

Water Content
Water Content
Time Help
Water content [kg/m’] Cancel

10/1/2026 12:00 AM I 0K I

3. Enter ,,OK*“

\
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Example: Evaluation — Amount of Condensation

Evaluation: Amount of condensation in the mineral wool insulation

— Evaluation of the water content in the outer centimetre of the insulation

Water Content
45

Maximum: ca. 4.0 kg/m?

eeeeeeeeeee v Ll Hl L L
D \Zg\e’\;a(w Content E r\l /
tter Content \ - /
|
k . [ . . ) [ .

content [kg/m?]

Water

Maximum water content = 4.0 kg/m?
4.0 kg/m®* 0.01 m (layer thickness) = 0.040 kg/m? = 40 g/m?

— Condensation remains below the minimum limit value of 100 g/m?
(£ minimum retention capacity)
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Example: Evaluation — final Evaluation

Final Evaluation:

1) Numerics No or only small differences in balances M
(especially in the case of convergence failures)?

Consistent, periodic course of total water content? M
2) Evaluation parameters Total water content reach dynamic equilibrium or t/

decreases?

Risk of wood decay in the wooden sheathing? /

(limit values according to DIN 68800 or WTA 6-8) \

Amount of condensation in the insulation layer? M

¥

Construction
unproblematic from the
moisture point of view!

~ Fraunhofer 45

IBP



	Folie 1
	Folie 2: Content
	Folie 3: Introduction
	Folie 4: Notes on the Input: Component Assembly
	Folie 5: Notes on the Input: Infiltration Source
	Folie 6: Notes on the Input: Infiltration Source 
	Folie 7: Notes on the Input: Initial Conditions
	Folie 8: Notes on the Input: Outdoor Climate
	Folie 9: Notes on the Input: Orientation / Inclination
	Folie 10: Notes on the Input: Surface Transfer Coefficients (exterior)
	Folie 11: Notes on the Input: Surface Transfer Coefficients (exterior)
	Folie 12: Notes on the Input: Surface Transfer Coefficients (exterior)
	Folie 13: Notes on the Input: Surface Transfer Coefficients (exterior)
	Folie 14: Notes on the Input: Surface Transfer Coefficients (exterior)
	Folie 15: Notes on the Input: Surface Transfer Coefficients
	Folie 16: Notes on the Input: Indoor Climate
	Folie 17: Notes on the Input: Control
	Folie 18: Notes on the Evaluation: Mineral Wool Insulation
	Folie 19: Notes on the Evaluation: Wood Fibre Insulation
	Folie 20: Notes on the Evaluation: Wooden Sheathing
	Folie 21: Notes on the Evaluation: Wooden Sheathing
	Folie 22: Notes on the Evaluation: Wooden Sheathing
	Folie 23: Notes on the Evaluation: Wooden Sheathing
	Folie 24: Literature
	Folie 25: Example: Pitched Roof with Mineral Wool and Wooden Sheathing
	Folie 26: Example: Assembly
	Folie 27: Example: Boundary Conditions
	Folie 28: Example: Evaluation Matrix
	Folie 29: Example: Component Assembly 
	Folie 30: Example: Infiltration Source 
	Folie 31: Example: Infiltration Source 
	Folie 32: Example: Initial Conditions
	Folie 33: Example: Outdoor Climate
	Folie 34: Example: Orientation / Inclination
	Folie 35: Example: Surface Transfer Coefficients (exterior)
	Folie 36: Example: Indoor Climate
	Folie 37: Example: Surface Transfer Coefficients (interior)
	Folie 38: Example: Calculation Period and Numerics
	Folie 39: Example: Evaluation – Check for numerical quality
	Folie 40: Example: Evaluation – Total Water Content 
	Folie 41: Example: Evaluation – Wooden Sheathing
	Folie 42: Example: Evaluation – Amount of Condensation
	Folie 43: Example: Evaluation – Amount of Condensation
	Folie 44: Example: Evaluation – Amount of Condensation
	Folie 45: Example: Evaluation – final Evaluation

