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Introduction

This guideline explains the procedure of the calculation and evaluation of flat
roofs in wooden constructions without ballast.

For the assessment of green or gravel flat roof constructions the following
guidelines are available:

 Guideline for the calculation of extensive green roofs

 Guideline for the calculation of gravel roofs
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data and the evaluation criteria are
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The procedure from input to evaluation
is then explained using an example case.
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https://wufi.de/en/service/downloads#green_roofs
https://wufi.de/en/service/downloads#green_roofs
https://wufi.de/en/service/downloads#gravel_roofs
https://wufi.de/en/service/downloads#gravel_roofs

Input: Component Assembly

Component — Assembly

Roofing Membrane

The roofing membrane is not included in the calculation as a component
layer but is considered as an s -value in the surface transfer parameters.

This leads to identical results but may speed up the calculation
considerably compared to considering the roofing membrane in the
component assembly.

Underlying Roof Assembly

The underlying layers are to be entered according to the assembly in the
cavity axis.
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Input: Infiltration Source

Component — Assembly

Moisture Source — Infiltration (only needed for structures with wooden parts)

According to DIN 68800 [1], the amount of moisture that convectively
enters the construction as a function of the air tightness always needs to
be assessed for wooden structures and is considered in the simulation
using the IBP infiltration model.

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

For roofs 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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Input: Infiltration Source

Component — Assembly

Moisture Source — Infiltration (only needed for structures with wooden parts)

The amount of moisture entered in winter is automatically determined in
the program 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 [2].

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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https://wufi.de/en/service/downloads/#infiltration
https://wufi.de/en/service/downloads/#infiltration

Input: Initial Conditions

Component — Initial Conditions

Initial Temperature and Moisture:

A constant initial relative humidity of 80 % and an initial temperature of
20 °C should be used 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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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 [4], 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 set 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 [8].
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Input: Orientation / Inclination

Boundary Conditions (exterior) — Orientation

Orientation

The relevant orientation is usually North with the lowest radiation gains.
However, the orientation is only of minor importance for pitched roofs with
an inclination close to zero degrees.

Roof Inclination

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

—
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Input: Surface Transfer Coefficients (exterior)

Boundary Conditions (exterior) — Surface

Heat Transfer

The heat transfer coefficient at the exterior surface is assumed to be
19 W/m?3K for flat roofs according to experience values of IBP from
numerous field and object investigations.

The 25 W/m?K proposed in some standards corresponds to an average wind
speed of higher than 6 m/s, which is well above the average value for
Germany with about 3.5 m/s and thus too far on the safe side. (If the short-
term behavior of the surface temperatures is also to be evaluated, the
setting "wind-dependent"” may be used).

Vapor Transfer (additional diffusion resistance)

The roofing membrane is not considered as a component layer but is
specified as an additional diffusion resistance (s4-value) in the surface
transfer parameters.

Note: This value has no influence on rain absorption!
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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 roofing membrane.

Radiation: Long-Wave Emissivity

For roofing membranes, the long-wave radiation emissivity is usually 0.9.

To consider the (night-time) overcooling, the explicit radiation balance
always must be used for roofs due to its large field of view to the sky.

Rain

As the roofing membrane is assumed to be rain tight, but is not included
in the component in WUFI®, rainwater absorption is switched off.

—
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Input: Indoor Climate

Boundary Conditions (interior) — Climate / Surface

Indoor Climate:

By default, we recommend using the indoor climate with medium
moisture load + 5% for design purposes (according to DIN 4108-3 [3]
and EN 15026 [6]).

Alternatively, depending on the use of the building, the indoor climate with
low moisture load (according to EN 15026 [6]) or with medium or high
moisture load (according to DIN 4108-3 [3] and EN 15026 [6]) can be
applied. For example, constant or measured conditions can also be
applied.

Heat Transfer:

The heat transfer coefficient at the interior surface is assumed to be
8 W/m?3K according to DIN 4108-3 [3].
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Input: Control

Control

Period of Calculation:

It is recommended to start the calculation on October 1st, because the
component usually moistens up further in the following winter months
before drying out 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.
It can be assumed that calculation times will tend to be shorter for
diffusion-open components and longer for diffusion-tight components.
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Notes on Ventilated Flat Roofs

Ventilated flat roofs

Requirements for a ventilated cross-section and the openings according to
German requlations depending on inclination of the roof

INCLINATION DIN 68800-2 DIN 4108-3

OF THE ROOF
max. 15 m ventilation path max. 10 m for
Air-gap height Openings Air-gap height Openings for inclination < 5° up to max. 10 m

<3° For roof inclinations below 3°, ventilation is generally not recommended.

=23°and <5° =80 mm 240% =50 mm eaves and monopitch roof connection for inclination < 5°:
resp. 2 150 mm" 2 %o of the roof area, min. 200 cm3m

= 5%°and <15° =80 mm 240 % (=20 mm) ridge and hip for inclination = 5°:

>15° =80 mm 240 % (=20 mm) 0.5 %o of the roof area, min. 50 cm?m

1) Specification valid for greened, flat pitched and pitched roofs according to DIN 68800-2, Annex A, Figure A.

Recommendation: The ventilation air-gap height should be larger than the specified minimum dimension.

Source: Informationsdienst Holz - Flachdécher in Holzbauweise, 01-2019

|
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https://informationsdienst-holz.de/fileadmin/Publikationen/2_Holzbau_Handbuch/R03_T02_F01_Flachdaecher_2019.pdf
https://informationsdienst-holz.de/fileadmin/Publikationen/2_Holzbau_Handbuch/R03_T02_F01_Flachdaecher_2019.pdf
https://informationsdienst-holz.de/fileadmin/Publikationen/2_Holzbau_Handbuch/R03_T02_F01_Flachdaecher_2019.pdf
https://informationsdienst-holz.de/fileadmin/Publikationen/2_Holzbau_Handbuch/R03_T02_F01_Flachdaecher_2019.pdf
https://informationsdienst-holz.de/fileadmin/Publikationen/2_Holzbau_Handbuch/R03_T02_F01_Flachdaecher_2019.pdf

Notes on Ventilated Flat Roofs

Ventilated flat roofs

Air Change Source in WUFI®

Guided by set air change rate, an air change source exchanges a certain
amount of air at the source's location in the component with outdoor air.
Depending on the temperature and humidity conditions in the component
and in the outdoor air, this process leads to a transport of heat and
humidity into or out of the component.

Procedure:

Grid and Sources

» Left-click on the bottom
line of the air layer | -
to be Ventilated ] = . Insert new Air Change Source B —

w

» Insert ,New Air Change Source”

» Specify constant air change rate in [1/h];
mix with air from ,left-hand side”

~~~~~~~~
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Notes on Ventilated Flat Roofs

Ventilated flat roofs

Air change rate in [1/h]

Depending on the design of the ventilated cavity and the inclination of the
roof, there may only be a low air change rate.

We recommend varying the air change rate (0/h; 0.5/h; 2/h; 5/h) to check
how sensitively the construction reacts to ventilation.

If the construction only works with a high air change rate, pay attention
to a very exact design and compliance with the required height of the air
gap as well as the ventilation openings given in the standards!
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Notes on the Evaluation: Mineral Wool Insulation

Roofs with mineral wool insulation without wooden sheathing

These assemblies do not have any moisture-sensitive -
materials in the standard cross-section (in the cavity).

Only at 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 to
evaluate the results. 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.

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

Notes on the Evaluation: Wood Fibre Insulation

. , . . . , CY Y0 Y
Roofs with wood fibre insulation without wooden sheathing VAAAAAN A

- : U : )
For assemblies with wood fibre insulation between the rafters, ==————==—"————=~
an evaluation of the wood moisture in the wood fibre insulation 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 been 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 [1] 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

NN/ \\7_,/

For assemblies with exterior wooden sheathing, the e
insulation between the rafters (mineral wool or wood fibre) is evaluated
according to slide 17+18.

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 [1] is recommended as the
limit value. If this limit moisture content is not exceeded, no further
evaluation is necessary.

If the wood moisture exceeds the limit value according to DIN 68800 [1], 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 [1] PSS

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 specified in DIN 68800 [1] are exceeded over a
long period.

However, this limit value includes high safety margins and, in contrast to
the WTA guideline, no specifications are made for the evaluation range.
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
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Evaluation according to WTA Guideline 6-8 [8] e

If the limit value for wood of 20 % by mass according to DIN 68800 [1] 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 relevant position of the wood. This allows a more
accurate and realistic evaluation.

This evaluation is not permissible 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].

Below the red limit line, wood decay is not possible in solid wood.
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Examples: Flat Roof without and with Shading by PV Modules

Based on the example of a flat roof in timber construction without and with
shading by rack-mounted PV modules, the procedure for the input and the
evaluation of flat roofs is described.

A
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Roofing Felt

EPS Insulation

PE Foil

Wooden Sheathing
Insulation

Rafter

Vapour Retarder

Installation Layer

Gypsum Board

PV Modules (rack-mounted)

. i ff\f\;,\//\/f\ﬁ'\,l\ 2
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Examples: Assembly

Assembly (from outside to inside):

Roofing Felt (s, = 300 m)

EPS (heat cond.: 0.04 W/mK — density: 30 kg/m?)
PE Foil (vapour retarder, s, = 100 m)

Wooden Sheathing (Softwood)

Mineral Wool (heat cond.: 0.04 W/mK)
Moisture-Variable Vapour Retarder (PA-Membrane)
Air Layer

Gypsum Board

0.1

0.025
0.24
0.001
0.02
0.0125

3 3 3 3 3

—
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Examples: Boundary Conditions

Boundary Conditions:

Flat roof (3° to the North)
Dark roofing felt (a = 0.8; € = 0.9)

Example A: no shading
Example B: shading by rack-mounted PV modules (WTA 6-8)

Outdoor Climate: Holzkirchen

Indoor Climate: Medium Moisture Load + 5 %
according to DIN 4108-3

Air Tightness of the Envelope: g5, = 3 m*/m®h

Stack Height: 5 m

—
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Examples: Evaluation Matrix

Evaluation Matrix:

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

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

Consistent, periodic course of the total water content?

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

Water content in the wooden sheathing below the limit values
according to DIN 68800 or WTA 6-87?

\
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Example A: Flat Roof without Shading

Example A:
Flat roof in timber construction without shading

Roofing Felt

EPS Insulation

PE Foil

Wooden Sheathing
Insulation

Rafter

Vapour Retarder
Installation Layer
Gypsum Board

|

A AN
\ /\ .x .x‘ f\ f\ f\ ANA AN A 2

\."; \/ ."lll I \ / Fovg \ /o
VAR \,,r \,f VARYERVARYARVAN 3 4

( /’ | N

o
© O NOO Ok WN -

|

~ Fraunhofer

IBP



Example A: Input — Component Assembly

Input: Component — Assembly

¥ () Project
w §l case: 1 Flat Roof without Shading
* (f Component
BB Initial Conditions
» 3| Bounsary Conditions (exterior)
» ||l Boundary Conditions (interior)
Control

esults

f WUFI Pro 7.1
Project Run Outputs Database  Result Analysis  Help
R =B X X £

[T Edit Assembly by Diagram | 1= Edit Assembly by Table

Layer: Gypsum Board Thickness [m]: | 0.0125
Exterior (Left Side) Interior (Right Side)
EPS (heat cond.: 0.04 W/mK - density... Mineral Wool (heat cond.: 0,04 W/mK) AirL...
0.1m 0.24m 0.02 m |0....
= New Layer | [[) Duplicate | [i] Delete & Materials | & Material Data & Constructions | [B) & Save
Grid and Sources — |+ | Original Size | 100%
B >
Q & & & Manage Grid Setting | Automatic (I} 200 Elements Geometry Setting | cartesian

Geometry Properties

Total Thickness [m]: 0.399
Number of Layers: 7

Total Thermal Performance

R-Value (dry) [mK/W]: 8.99
R-Value (at 80% RH) [mK/W]: 8.35

U-Value (dry) [W/m?KL: 0.109
U-Value (at 80% RH) [W/m]: 0.1

Enter roof assembly without roofing felt

Adjust layer thicknesses if necessary
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Example A: Input — Infiltration Source

Input: Component — Assembly

Infiltration source according to DIN 68800 in the wooden sheathing

J WUFIPro 7.1
Project  Run  Outputs Database
R = B %

¥ () Project

| ¥ [ Component
1] Assembly
BB Initial Conditions
» 3| Beundary Conditions [exterior)
* |l Boundary Conditions (interior)
Control
* B2 Results

X X

¥ B Case: 1 Flat Roof without Shading

Result Analysis  Help

[ ?

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

Layer: Softwood (formwork, thin layers)

Exterior (Left Side)

EPS (heat cond.: 0.04 W/mK - density...
01m

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

Right-click-in the grid
of the material layer

Q & & = Manage

Geometry Properties

Total Thickness [m]: 0.299
Number of Layers: 7

Thickness [m]: | 0.025

Interior (Right Side)

Softw... Mineral Wool (heat cond.: 0,04 W/mK) AirL.. Gy...
0.025m 024m 0.02m O0...
£ Materials Material Data & Constructions | [B) & Save

— || 4 || Original Size | 100%

ﬂ Infiltration Source  [lFQ

@ Rain Source

Select Infiltration Source

utomatic () 200 Elements Geometry Setting | cartesian

& Moisture Source

Td @& Al Change Source

R-Value (dry) [mK/W]: 8.99
R-Value (at 80% RH) [mK/W]: 8.35

U-Value (dry) [W/m?KL: 0.109
U-Value (at 80% RH) [W/m]: 0.1
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Example A: Input — Infiltration Source

Input: Component — Assembly

Moisture Source in the

interior 5 mm of the
wooden sheathing.

I} Hygrothermal Sources
Q Infiltration Source
MName | Infiltration 1

Spread Area

Thickness [m] | 0.005

® Area right-fixed

Source Type Source Term Cut-Off [kg/m’]

@) Air Infiltration model [BP @ Cut-Off at Free Water Saturation

Envelope Infiltration g50 [m®/m*h]

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

Adjust Infiltration Source Stack Height [m] | 3

Mechanical Ventilation Overpressure [Pa] | 0

OK Cancel Help
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Example A: Input

— Initial Conditions

Input: Assembly

— Initial Conditions

f | WUFI Pro 7.1

Project Run Outputs Database  Result Analysis

= =] X X EH

Help

¥ () Project
¥ B Case: 1 Flat Roof without Shading
¥ [ Component
1 Assembly

n
» 3| Boundary Conditions (exterior)
* |l Beundary Conditions (interior)

Control
Results

| Temperature

Constant across Component

Initial Temperature in Component

[ Manual settings

Initial Moisture | 2 |

I ®) Same relative humidity in all layers (e.g. lightweight constructions and fabric)

Initial Relative Humidity [-] 0.8

Assign typical built-in moisture (e.g. solid constructions and new buildings)

[H Manual settings

Initial Conditions in Different Layers

Material Thickness
No.
[m]

EPS (heat con I/mK - densi / 01

2 vapor
3 Softwood (formwark, thin layers) 0025
4 Mineral Wool (heat con 0.24
5 PA-Membrane 0.001
6 Air Layer 20 mm; without additional moisture capacity 0.02
7 Gypsum Board 00125

Temperature
ra

Rel. Humidity

‘Water Content

[kg/m?]

881

60

Typical Built-In ...
[kg/m?]

No changes required

\
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Example A: Input — Outdoor Climate

Input: Boundary Conditions (exterior) — Climate

[ WUF Pro 7.1

B =B ®8 X X

Project Run Outputs Database  Result Analysis

o

¥ () Project
w §l Case: 1 Flat Roof without Shading
* (f Component
1 Assembly
R Initial Conditions

¥ 3| Boundary Conditions (exterior)

nate
@) Orientation
4 surface
» ||l Bounsary Conditiens (interior)
Control

Results

Select Climate File

DA+ From Map / File | 44+ EN 15026 / DIN 4108 / WTA 6-2 | A4 150 13788 | &M ASHRAE 160 44§ User-Defined

I 3 Set Climate.. | Holzkirchen; Fraunhofer-IBP, Moisture Reference Year I £ Details...

8w Temperature / Relative Humidity | @ Climate Analysis
30
25

20

Temperature [°C]

Jan-01 Jan-26 Feb-20 Mar-17 Apr-11 May-08 May-31 Jun-25 Jul-20 Aug-14 Sep-08 Oct-03 Oct-28 MNov-22

WH L UNE I

)
£
!
E
3
E
Fl
=
i
T
e«
0
[
Jan-01 Jan-26 Feb-20 Mar-17 Apr-11 May-06 May-31 Jun-25 Jul-20 Aug-14 Sep-08 Qct-03 Oct-28 Nov-22
3 Climate File Info
3 Additional Data Diagrams

Dec-17

LY LY

Dec-17
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Example A: Input — Orientation / Inclination

Input: Boundary Conditions (exterior) — Orientation

f WUFI Pro 7.1

= B B X A

Project Run Outputs Datsbase  Result Analysis

¥ () Project
v §l Case: 1 Flat Roof without Shading
¥ [l Component
1 Assembly
EB Initial Conditions
w 3| Boundary Conditions [exterior)

0@ Climate

£ surface
» ||l Boundary Conditions (interior)
Control
» 2] Results

Building Height / Driving Rain Coefficients

®) Rain load calculation according to WUFI model

R1[] 1
R2[s/m] 0
Note:

Rain Load =

Rain * (R1 + R2 * Wind Velocity)

Rain load calculati

Inclination [ 3

[%] 524

on according to ASHRAE Standard 160

Adjust orientation and inclination

\
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Example A: Input — Surface Transfer Coefficients (exterior)

Input: Boundary Conditions (exterior) — Surface

| (r) WUFI Pro 7.1

- o x
Project  Run  Outputs Database  Result Analysis  Help
E = . O 4 R = ?  q

¥ ([) Project
* &l Case: 1 Flat Roof without Shading

¥ [ Component
1| Assembly
BB Initial Conditions

v 3| Boundary Conditions (exterior)
LA Climate
@) Orientstion

urfe

¥ ||l Boundary Conditions (interior)
Control

| [

Heat Transfer Coefficient [W/m®K]

19 | Roof

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

Wind-dependence formula

Vapor Transfer

Additional diffusion resistance (e.g. coating), sd-Value [m] | 200 | User-Defined

Note: This setting does net affect rain absorption.

Radiation

Short-wave absorptivity, e.g. solar radiation [-] 0.8 | W DIN 4108-3: black, dark hue -
Radiative overcooling v Note: Explicit Radiation Balance, includes radiative cooling due to long-wave emission.
Long-wave emissivity, e.g. nighttime radiative cooling [-] 0.9

Additional radiation parameters

Reduction factors

Rain

Simulation takes rain into account

Rain parameters

Adjust surface

No rain water absorption

transfer coefficients
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Example A: Input — Indoor Climate

Input: Boundary Conditions (interior) — Climate

| (F.) WUFI Pro 7.1

= o X
Project Run  Outputs Datsbase Result Analysis  Help
E = =] X X le2. ?
¥ () Project
v " i i From Map / File | 44§ EN 15026 / DIN 4108 /WTA 6-2 | ZAk§ 150 13788 | 44§ ASHRAE 160 | 4§ User-Defined
%l Case: 1 Flat Roof without Shading
¥ [l Component
derived from:  Holzkirchen; Fraunhofer-IBP, Moisture Reference Year Details... | [v/| Use Left Climate ?
1l Assembi
ssembly
BB Initial Conditions Temperature o
w 3| Boundary Conditions [exterior)
0@ Climate Graph | Table =
@) Orientation = 0
3 Ssurface _
v |l & | Conditions (interior) B 2 >
oundary Conditions (interior g - ""411 |l ,ll* A ﬁn
Eiz g 23 2
£ 5
t surface 2 g
- g 22 G 15
Control 3 =
Results = .
20 s
-20 15 -0 50 5 10 15 20 25 30
Outdoor Air Temperature [°C] o
Jan-26 Mar-17 May-06 Jun-25 Aug-14 Oct-03 MNow-22
Jan-01 Feb-20 Apr-11 May-31 Jul-20 Sep-08 Oct-28 Dec-17
Relative Humidity
100
Normal Moisture Load +5% (Design} (EN/DIN/.. = o
Graph | Table 80
85 - 10
i
F 60 2w Wﬁfﬂ
= E
I 555 2 50
£ o
‘ e e \W Wy
| = 2
545 30
8
Z4 20
35 10
-20 -15 -10 -5 0 5 10 15 20 25 30 o
Qutdoor Air Temperature [°C] b (= May-06

o e e me NO-Changes.required for indoor climate
‘ with medium moisture load + 5%

—
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Example A: Input — Surface Transfer Coefficients (interior)

Input: Boundary Conditions (interior) — Surface

| (F) WUFI Pra 7.1 - u] X

Project Run Outputs Database  Result Analysis  Help

h = B % E X [ ? i
¥ () Project
| 5l case: 1 Flat Roof without Shading - I ‘
T et
1] Assembiy
‘ B Iniial Conditions V| Apply list selection from exterior surface
¥ 3| Boundary Conditions (exterior) Heat Transfer Coefficient [W/m?K] 8 Roof (Interior Surface)
0@ Climate
@ orenaion
} surface Additional diffusion resistance (e.g. coating), so-Value [m] e -
¥ ||l Boundary Conditions (interior)
AB Climate
Surface

| No changes required

\
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Example A: Input — Period of Calculation and Numerics

Input: Control

| (F) WUFI Pra 7.1 - u] X

Project Run Outputs Database  Result Analysis  Help

E = =) X X
T — |

v &l Case: 1 Flat Roof without Shading
¥ [l Component

Ed ? |

Period of Calculation l
1l Assembly
‘ B Initial Conditions Startof Calculation | Oct 1, 2025 =
¥ 3|l Boundary Conditions (exterior) Calculation Peried | 5.0 years  ~ I
Climate
‘A [#] Define profiles
@) Orientation
Surface
* Adaptive Time Step Control
¥ || Boundary Conditions (interior)
A Climate Enable
& surface [# Adjust opticns

[ Mode of Calculation
[ Hygrothermal Special Options

[ Numerical Expert Settings

Adjust calculation period
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Example A: Evaluation — Check for numerical quality

Results:

| (7 WUFI Pra 7.1

Project Run  Outputs Database  Result Analysis

‘m=sEm B X X

Help

Ll

2

| * (F) Project

|l Case: 1 Flat Roof without Shading

¥ [l Component
1 Assembly

| B Initial Conditions

v 3| Boundary Conditions (exterior)
LA Climate
@) Orientation
£ surface

¥ |l Boundary Conditions (interier)
AL Climate
t surface

Control

(G == S |

» I EEEEEEEEEE——

Status of Calculation

Calculation: Time and Date

Dec 18, 2025, 12:52 PM

Begin / End of calculation

Oct 1, 2025/ Oct 1, 2030

Computing Time

0:00:37.096

Current Date/Time

QOct 1, 2030, 12:00 AM

Check for numerical quality

No. of Convergence Failures 0
) Eors g
Losod] goon 105
Balance (mass vs. sum of surface-fluxes) [kg/m?] -0.743 -0.745
Water Content [kg/m?]
Start End Min. Max.
Total Water Content 2187 1441 1.406 2.266
Water Content [kg/m?]
Layer/Material Start End Min. Max.
EPS (heat cond.: 0.04 W/mK - density: 30kg,’r’ﬂ3] 1787 0938 0.921 1.822
vapor retarder (sd=100m) 19E-3 B89E-4 8.3E-4 3.0E-3
Softwood (formwerk, thin layers) 60.000 45,569 42.304 74.026
Mineral Wool (heat cond.: 0,04 W/mK) 1787 0.659 0414 1.787
PA-Membrane 0441 0.200 0.101 0441
Air Layer 20 mm; without additional moisture cap 0.014 9.1E-3 6.2E-3 0.014
Gypsum Board 6.300 3.064 23584 6.200
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Example A: Evaluation — Total Water Content

Evaluation:

f) WUFI Pro 7.1

Project  Run  Outputs Database  Result Analysis  Help

E = B 8 X X E w l»

¥ () Project
v Bl Case: 1 Flat Roof without Shading

¥ [l Component
1 Assembly
BB Initial Conditions

¥ 3| Boundary Conditions {exterior)
0@ Climate
@) Orientation
4 surface

¥ |l Boundary Conditions (interier)
B Climate
f surface

[ Control

Results
¥ [] Courses
Total Water Content

» =] Water content in materials
Local Temp/Moisture
[] Local hygrothermal load

Profiles

Case Data Summary

Total Water Content

» @

210
205

200

Water Content [kg/m’]

Oct Feb Jul Dec
2025 2026 2026 2026

May
2027

Total Water Content

Oet
2027

Total Water Content decreases!

VA

Mar
2028

Aug Jan Jun Now Apr Sep
2028 2029 2029 2029 2030 2030

N\
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Example A: Evaluation — Wooden Sheathing

Evaluation:
Moisture Content in the Wooden Sheathing

Py The water content in the wooden sheathing is

Project  Run  Outputs Database  Result Analysis  Help

2o v - xx muwe o o- a1 permanently below the limit value of 20 % by mass.

¥ () Project

¥ B Case: 1 Flat Roof without Shading ot

" B Comers — No damage to the wood to be expected

II] Assembly
BB Initial Conditions

— The evaluation of the wood moisture content

/f“” according to WTA is also shown as an example

650 -
¥ [ Water content in materials 2. =
= EPS (heat cond.: 0.04 W/mK - density: 30kg/m?) 5 | Ll %
c [ =
] vapor retarder (sd=100m) S s00- 8
5 5
£
=

Wat

|
| Softwood (formwork, thin layers) ‘
1 14
| F Mineral Wool (heat cond.: 0,04 W/mK) 575
|
9 PA-Membrane f\/“ 140 \
] Air Layer 20 mm: without additional moisture capaq 550
135
H Gypsum Board
Local Temp/Moisture = W 130
[ Local hygrothermal load
500 125
! Profiles ,,f[ /
Case Data Summary s 120
15
450 i
10
425
Oct Feb Jul D Mar Aug Jan Jun Nav Apr Sep
2025 2026 2026 2028 2028 2029 2029 2029 2030 2030

Oct
02

20 Mass-%
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Example A: Evaluation — Wooden Sheathing

Evaluation with WUFI® Graph:
Moisture Content in the Wooden Sheathing according to WTA 6-8

Note:
To open WUFI® Graph, the WUFI® project must be saved first!

F. WUF Pro 7.1

Open WUFI® Graph
Project Rum  Outputs Database  Result Analysis  Help
B = B XX B w » 0OLd B2 2?2 ¥ 0

| - (@ _ | WUFI Graph
J) Project
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Example A: Evaluation — Wooden Sheathing

Evaluation with WUFI® Graph:
Moisture Content in the Wooden Sheathing according to WTA 6-8

(0} FEile MNewpage Cument Help Project1 - WUFI® Graph 2.29.5 = [n} ®
Result files
() Example flot roof WUFIF 2025121870 Total Water Content

Flat Roof without Shading
* Total Water Content

HJ\

o

User-Defined

Water content [kg/m?]
o
S

VISUALA
YRVAVAY

1.0
/X 01102025 01.10.2026 01.10.2027 02102028 02.10.2029 02.10.2030

Time
Right-click in the ,,User-Defined” area
|

o Ready
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Example A: Evaluation — Wooden Sheathing

Evaluation with WUFI® Graph:
Moisture Content in the Wooden Sheathing according to WTA 6-8

User-Defined
Temperature
Relative Humidity . .
Water Content > Evaluation of the wood pore RH according to WTA
Isopleths
Averaged flux density
=}
I WTA 6-8 Wood pore RH WTA

User-Defined X

—— ‘Water content in M.-3%5 (mv)

Limit water content in M.-%
Iﬁ Ready
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Example A: Evaluation — Wooden Sheathing

Evaluation with WUFI® Graph:
Moisture Content in the Wooden Sheathing according to WTA 6-8

(7) Area Selection / Settings - a X
P ——— Selection range of 1 cm
’Grid Elerentln": B|3 '—"n;zl 87 |‘Widr ID‘iﬂ mT I acco rdin% t T‘\ iT p 'Iﬁ‘s t
Select critical centimetre \
F\Ieof: tmfwaodemsh&ath'ing[)zﬂﬂﬂ.w?p | Type Wood pore RH WTA ~ | Module ¥-Plot for selection Ii| Collective selection mm|
(here: interior) Options Values
Result quantity X Temperature
Result quantity Y Relative Humidity
Title Wood pore RH WTA 6-8
Series name Wood pore RH
Start color Help

Middle color Cancel
End color | oK |

\ Grid Element 86 | Position 122,62 mm | Material Softwood (formwork, thin layers)

Enter ,,OK*“

\
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Example A: Evaluation — Wooden Sheathing

Evaluation with WUFI® Graph:

Moisture Content in the Wooden Sheathing according to WTA 6-8

() FEle Newpage Curent Help
Result files
‘-:! Example flat roof WUFI7 20251218 wip

Flat Roof without Shading
[3) Total Water Content

D Water content in layer

D Menitor position Temperature/Hur

[2) Monitor position Isopleths

User-Defined

D Pagel

[] Wood pore RH WTA §-8

Project - WUHI® Graph 2.29.5

Wood pore RH WTA 6-8

Relative Humidity [%]

N

87.7

@
=}
i

-
w

658

58.5

-4 4 10 8 24
Temperature [°C]

& Wood pore RH — Limit moisture WTA

[m}

x

G I

The relative pore air
moisture in the interior
centimetre of the
sheathing does not
exceed the limits
according to WTA.

— no damage from
wood decay

v

|
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Example A: Evaluation — Final Evaluation

Final Evaluation:

1) Numerical quality No or only low balance differences
(especially in the case of convergence
failures)?

Consistent, periodic course of the total water
content?

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

Water content in the wooden sheathing /
below the limit values according
to DIN 68800 or WTA 6-8?
Construction unproblematic
from a moisture point of view!
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Example B: Flat Roof with Shading by PV modules

Example B:
Flat roof in timber construction with shading by rack-mounted PV modules

Roofing Felt

EPS Insulation

PE Foil

Wooden Sheathing
Insulation

Rafter

Vapour Retarder

Installation Layer

Gypsum Board

PV modules (rack-mounted)

n . | F‘\ ||II"I' II
\I\‘“- h‘ J,\'xmﬁufhxmifh‘u;'if IHHWLViz
RV ERYERY! ARV ARVERVERVERY 3

O ©Wo0ONO O b WDN -~

I
>_<>
<
><

The assembly is identical to example A. The additional shading affects the radiation absorption
and emission. Therefore, the reduction factors due to shading are adjusted accordingly!

—
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Example B: Input — Surface Transfer Coefficients (exterior)

Input: Boundary Conditions (exterior) — Surface

Heat Transfer

Heat Transfer Coefficient [W/m?K] 19 Roof -

long-wave radiation parts Heat Transfer Coefficient [W/.. 6.5
wind-dependent

[#] Wind-dependence formula

Vapor Transfer

Additional diffusion resistance (e.g. coating), sd-Value [m] | 300 User-Defined -

Mote: This setting does net affect rain absorption.

Radiation

Short-wave absorptivity, e.g. solar radiation [-] 0.8 M DIN 4108-3: black, dark hue -
Radiative overcooling L Mote: Explicit Radiation Balance, includes radiative cooling due to long-wave emission.
Long-wave emissivity, e.g. nighttime radiative cooling [-] 0.9

[#] Additional radiation parameters

[E] Reduction factors

for absorptivity [-] 03 “® Rack-mounted PV modules (WTA 6-8) -

for emissivity [-] 0.5

Simulation takes rain into account

[#] Rain parameters

Reduction factors:

Shading by rack-
mounted PV modules
(WTA 6-8)

Adjust surface transfer coefficients!

\
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Example B: Evaluation — Check for numerical quality

Results:

[ WUFI Pra 7.1 - o

Project Run Outputs Database  ResultAnalysis  Help

|ms B B % KX w 2 O =Bz 0
¥ () Project
» ] Case: 1Fiat Roof without Shading - l

| » [ Component
» 3| Boundary Conditions (exterior)

| » |l Boundary Cenditiens (interior) Status of Calculation
| Contral
Calculation: Time and Date Dec 18, 2025, 1:23PM
» [ Courses Begin / End of calculation Oct 1, 2025 / Oct 1, 2030
1 [ profiles Computing Time 0:00:22456

Case Data Summary Current Date/Time Oct 1, 2030, 1200 AM

Check for numerical quality

| No. of Convergence Failures 0
Sum of diffusive fluxes (Ieft/right) Tkg/m?) -0.026 0214
| Sum of capillary fluxes (left/right) Tka/m] 0,000 0000
I Balance (mass vs. sum of surface-fluxes) [kg/m] -0.100 -0.102
Water Content [kg/m?]
Start End Min. Max.
| Total Water Content 2187 2,087 2,084 2350
| Water Content [kg/m®]
| Layer/Material Start End Min. Max.
i EPS (heat cond.: 0.04 W/mK - density: Eokg,’r’ﬂzl 1.787 1952 1787 1975
vapor retarder (sd=100m}) 1.9E-3 1.8E-3 13E-3 24E-3
Softwood (formwork, thin layers) 60.000 63.462 60.000 76.602
Mineral Wool (heat cond.: 0,04 W/mK) 1787 1062 0559 1787
PA-Membrane 0441 0225 0.105 0441
Air Layer 20 mm; without additional moisture cap 0.014 92E-3 6.2E-3 0.014
Gypsum Board 6.300 4003 2588 6.300

| ¥ B Case: 2 Flat Roof with Shading by PV modules S "]

\
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Example B: Evaluation — Total Water Content

Evaluation:
Total Water Content

| () WUFI Pro 7.1:

Project  Run Outputs Database  Result Analysis  Help

_ - . : Total Water Content
E = B B = X X E Ww W = B 2 | 1 @

| ¥ (F) Project

s — decreases or reaches the

5l Case: 2 Flat Raof with Shading by PV madules

» [ Compenent

Total Water Content Settled State'
» 3| Boundary Conditions (exterior) 0 . )

* |l Boundary Conditions (interior)

Contral

2325
¥ [ Results
¥ [ ] Courses
2300
» [ Water content in materials
2275

Local Temp/Maisture
[#] Local hygrothermal laad
| Profiles

Case Data Summary

\
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Example B: Evaluation — Wooden Sheathing

Evaluation:
Moisture Content in the Wooden Sheathing

P The water content in the sheathing

Project  Run  Outputs Database  Result Analysis  Help

MrEB EE KX BuwoGEr 40 does not exceed the limit value of

¥ FOTE—— o 20 % by mass.

¥ Bl Case: 2 Flat Roof with Shading by PV modules
+ 'g by g
Softwood (formwaork, thin|

» fl Compenent

» 3| Bounsary Conditions (exterior)

L tora ot - — no damage from wood decay

Control
¥[8 Results
¥ [] Courses 7 8
] Total Water Content 76 1900
¥ [ Water content in materials 2 r,\

H pa-Membrane
H Gypsum Board

al o d mn
3 U
um Bos 5
£
5
rma ] !
[ profiles 68

1875
'S nd.: 0.04 W/
vapar er (sd=100m) g i w ' “ 1850
Softwood (formwork, thin layers) 7 1825
] Mineral Wool (heat cond.: 0,04 W/mK) I
72 1800
] Air Layer 20 mm: without additional moisture capa
Local Temp/Moisture
[ Local hygrothermal load
Case Data Summary l I
) 1 l L
. \ 1 \4 i
65 L

Water Content [kg/m’]
a =
& 2
E——

Water Content [Mass-%]

ct Feb Jul Dec May oct a Aug Jan Jun Now Apr Sep
2025 2026 2026 2026 2027 2027 2028 2028 2029 2029 2029 2030 2030
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Example B: Evaluation — final Evaluation

Final Evaluation:

1) Numerical quality No or only low balance differences
(especially in the case of convergence
failures)?

Consistent, periodic course of the total water
content?

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

Water content in the wooden sheathing /
below the limit values according
to DIN 68800 or WTA 6-8?
Construction unproblematic
from a moisture point of view!
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