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Development of Green Roof Models

Within the research project

LErmittlung von Materialeigenschaften und effektiven
Ubergangsparametern von Dachbegriinungen zur zuverldssigen
Simulation der hygrothermischen Verhéltnisse in und unter Grindachern
bei beliebigen Nutzungen und unterschiedlichen Standorten® [1]

(Funded by the research programme "Zukunft Bau" of the Bundesinstitut fur Bau-, Stadt- und

Raumforschung (German Federal Ministry of Transport, Building and Urban Development);
file number: SF-10.08.18.7-11.18 / Il 3-F20-10-1-100)

one generic and several product-specific models were developed in order to

simulate and design green roofs — especially on wooden constructions — reliably
with the help of hygrothermal simulations.

—
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Development of Green Roof Models

Generic Approach:

The generic green roof model was developed based on field studies in Holzkirchen,
Leipzig [2], Vienna [3] and Kassel [4]. The climate data available for the test period
didn’t contain any data for the atmospheric counter radiation, so it was necessary to
consider their influence in a simplified way by the available climate elements and
appropriate surface transfer coefficients. Therefore this model is suitable especially for
locations in Central Europe respectively locations with a comparable climate. They can
be used if no measured data for the atmospheric counter radiation or no detailed
information about the applied substrate type are available.

See also “Guideline for the Calculation of extensive Green Roofs (generic)”

Product-Specific Approach:

On the basis of the generic model, product-specific approaches for five green roof
systems of the company Optigreen (partly with solid drainage) were developed by
means of additional laboratory and field tests in Holzkirchen. Hereby the influence of
the measured atmospheric counter radiation was considered explicitly, so these
approaches are in principle also suitable for other climate regions. Validations have
been performed for Holzkirchen and Milan [5].

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

Application of the Specific Green Roof Models

Due to the fact that the product-specific approaches also consider the long-
wave counter radiation and thus all relevant climate elements, these
approaches are in principle also suitable for other climate regions.

Prerequisite is the availability of data for the atmospheric counter radiation.
Validations have been performed for the European locations Holzkirchen and
Milan.

Within the research project all necessary input data for the hygrothermal
simulation of five Optigreen-Systems with WUFI® were developed in
collaboration with the company.

—
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Application of the Specific Green Roof Models

First the input data which are identical for the five approaches are given.

Then each of the systems is described briefly and the procedure for the
calculation with WUFI® is explained.

Optigreen-Systems according to the product names of the manufacturer:

+ Light-weight Roof Solution 1: slide 20
 Economy Roof Solution 1:  slide 22
« Economy Roof Solution 2:  slide 24
» Pitched Roof 5-45°: slide 26
* Nature Roof Solution 1: slide 28
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Input: Component Assembly and Grid Setting

Component — Assembly

Optigreen-Systems

The layer structure of the specific green roof models is explained in the
description of the respective Optigreen-Systems.

The materials are available in the WUFI® - Material Database under
Fraunhofer-IBP— Green and Gravel Roofs.

The systems are applied to the component assembly with the layer
structure and respective layer thicknesses specified by the manufacturer.
The specific green roof models are also explained in the description of the
respective Optigreen-Systems.

Finally, the moisture sources and boundary conditions must be set in
accordance with this guideline.

—
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Input: Component Assembly and Grid Setting

Component — Assembly

Underlying Roof Assembly

The underlying layers are to be entered according to the assembly in the
component axis.

Grid Setting

Recommended grid setting:
Automatic (1) with 200 elements (default setting)

—
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Input: Moisture Source in the Substrate

Component - Assembly

Moisture Source in the Substrate Layer

In order to take the precipitation flowing through the substrate layer into
account in the calculation, a moisture source is to be considered in the
lower 2 cm of the substrate layer. This should introduce 40 % of the
precipitation, limited to the free water saturation, into the substrate layer
during a rain event.

Settings:
- Spread Area: S
Area — right fixed; thickness: 0.02 m -

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

@ Fraction of incident Driving Rain Cut-Off at Max. Water Content

Fraction of incident driving rain

« Source Term Cut-Off:
C ut_Off at F ree Wate r Satu ratio n 40 Green roof models IBP (in substrate/drainage board)  ~

* Fraction: 40 % (Green roof models IBP)

User-Defined

—
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Input: Moisture Source in the Drainage Layer

Component - Assembly

Moisture Source in the Drainage Layer (only for the system “Nature Roof”)

If a drainage element is present, an additional moisture source is placed in
the entire drainage and storage layer also with 40 % of the precipitation.
This moisture source is limited to the maximum filling volume specified by
the manufacturer. In this way, the drainage function is reflected in the
calculation, since excess water is not taken into account.

Settings: —
« Spread Area: Whole Layer

« Source Type:
Fraction of incident driving rain

e Source Term Cut-Off: User-Defined
Limitation of the source value to the max.

filling volume of the drainage element
(8.7 kg/m?) /(0.04 m) = 217.5 kg/m? 0 s

* Fraction: 40 % (Green roof models IBP)

Source Term Cut-Off [kg/m’]

—
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Input: Infiltration Source

Component - Assembly

Moisture Source - Infiltration (only for wooden structures)

According to DIN 68800 [6], the amount of moisture that convectively
enters the construction as a function of the air tightness must always be
assessed for wooden structures and is taken into account in the
simulation using the infiltration model of the IBP.

The moisture source must be located in the component assembly at the
position where the condensation water will precipitate in practice —

usually this is in front of 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 for wooden structures)

The amount of moisture entered in winter is automatically determined in
the program from the overpressure due to the thermal buoyancy in the
building (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 [7].

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 construction moisture contents are known, these can be
specified separately for each individual layer.

—
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Input: Outdoor Climate

Boundary Conditions (exterior) — Climate

Outdoor Climate:

An outdoor climate appropriate for the building location must 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) — Climate

Orientation

The relevant orientation is usually North, as this is where the lowest
radiation gains occur. However, the orientation is only of minor
importance for very flat sloping roofs.

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 19 W/m?K according to
the specific green roof model [1].

Radiation

Selection (drop-down menu): Roof — Green roof, Optigreen system

According to the specific green roof model in [1], the short-wave radiation
absorptivity is 0.6 and the long-wave radiation emissivity is 0.9.

The radiative overcooling must always be activated for roofs due to the large
field of view to the sky, in order to take into account the undercooling due to
long-wave radiation.

Rain

Rain must be taken into account when simulating green roofs.
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Input: Indoor Climate

Boundary Conditions (interior) — Climate / Surface

Indoor Climate:

For design purposes, an indoor climate with medium moisture load + 5%
(according to DIN 4108-3 [3] and EN 15026 [6]) is recommended.

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 [8].
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Input: Control

Control

Period of Calculation:

It is recommended to start the calculation on October 1, because the
component usually becomes even more humid during the following winter
months before the drying period starts in spring. This start date is
therefore usually an unfavorable case.

The calculation time depends on when the construction reaches the
steady-state condition. Green roofs usually require a calculation time of
about 10-15 years.
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Input: Control

Control

Adaptive Time Step Control:

Due to the difficult moisture balance in the substrate layer, the calculation
of green roofs should be performed with "Adaptive Time Step Control".

The following setting is recommended:

« Steps: 3
« Max. Stages: 10

Aumerics. ameis |

It is recommended to use 2 CPU cores (=] Mode of Calculation
when simulating green roofs. 7] Heat Transport Calculation

w'| Maoisture Transport Calculation

— Mode of Calculation

2 =~ Max. Number of Threads
— Max. Number of Threads: 2
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Optigreen-System Light-weight Roof Solution 1

AN

¢¢¢¢¢¢¢¢¢¢¢ sedum planting
substrate type L incl.

|_| ﬂ m |_| {_| m drainage board FKD 25

protection mat

Description according to the manufacturer:

« double layer, extensive roof greening (from 0-5° roof pitch)
* low layer height (approx. 6 cm)

* low weight (approx. 55 kg/m?)

« drought-tolerant sedum plants (approx. 6-8 species)

* low maintenance (1 time per year)
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Optigreen-System Light-weight Roof Solution 1

Assembly in WUFI®:

Material data set (system): “Optigreen Light-weight Roof Solution 17

Consisting of the following layers:

* 1 cm Sedum planting
« 5.5 cm Substrate type L incl. drainage board

0.1 cm Protection mat
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Optigreen-System Economy Roof 1

e sedum planting
2 o '-; '~; el s e _' substrate type M incl.

""""" drainage board FKD 25

ﬂﬂﬂﬂﬂﬂ

protection mat

Description according to the manufacturer:

« double layer, extensive roof greening (from 0-5° roof pitch)
* low layer height (approx. 8.5 cm)

* low weight (approx. 95 kg/m?)

« drought-tolerant sedum plants (approx. 6-8 species)

* low maintenance (1 - 2 times per year)

~ Fraunhofer

IBP



Optigreen-System Economy Roof 1

Assembly in WUFI®:

Material data set (system): “Optigreen Economy Roof 1”

Consisting of the following layers:

* 1 cm Sedum planting
« 8.5 cm Substrate type M incl. drainage board

0.1 cm Protection mat

~ Fraunhofer

IBP

23



Optigreen-System Economy Roof 2

V f

¢¢¢¢¢¢¢¢¢¢¢ sedum planting

.........

substrate type M

protection mat

Description according to the manufacturer:

 single layer, extensive roof greening (from 1-5° roof pitch)
* low layer height (approx. 8 cm)

* low weight (approx. 100 kg/m?)

« drought-tolerant sedum plants (approx. 6-8 species)

* low maintenance (1 - 2 times per year)
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Optigreen-System Economy Roof 2

Assembly in WUFI®:

Material data set (system): “Optigreen Economy Roof 2”

Consisting of the following layers:

* 1 cm Sedum planting
« 8 cm Substrate type M

0.1 cm Protection mat
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Optigreen-System Pitched Roof 5° - 45°

sedum planting

substrate type E

protection mat

Description according to the manufacturer:

« double layer, extensive roof greening (from 5-45° roof pitch)
* low layer height (approx. 9 cm)

* low weight (approx. 110 kg/m?)

« drought-tolerant sedum plants (approx. 6-8 species)

* low maintenance (1 time per year)
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Optigreen-System Pitched Roof 5° - 45°

Assembly in WUFI®:

Material data set (system): “Optigreen Pitched Roof 5° - 45"

Consisting of the following layers:

* 1 cm Sedum planting
« 8 cm Substrate type E

0.1 cm Protection mat
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Optigreen-System Nature Roof Solution 1

ettt J1ASSES

SRR ST G ol e S rr ) (e SN e e e R A S
L substrate type E

filter mat
drainage board FKD 40

protection mat

Description according to the manufacturer:

« multi-layer, extensive roof greening (from 0-5° roof pitch)

« medium layer height (approx. 10 cm)

« medium weight (approx. 120 kg/m?)

« drought-tolerant sedum plants, grasses, herbs (approx. 25 species)
« medium maintenance (2 - 3 times per year)
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Optigreen-System Nature Roof Solution 1

Assembly in WUFI®:

Material data set (system): “Optigreen Nature Roof Solution 1”

Consisting of the following layers:

e 1 cm Grasses

10 cm Substrate type E

0.1 cm Filter mat

4 cm Drainage board

0.1 cm Protection mat
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Notes on the Evaluation of Green Roofs

Calculation Quality

= Long calculation times are not
unusual for green roofs.

= The balance differences should
remain as small as possible.

Status of Calculation

Calculation: Time and Date

Start / end of the computed time period

Calculation Period

Currently simulated time step
Check for numerical quality
‘ Mo. of Convergence Failures

Sum of diffusive fluxes (left/right)

Sum of capillary fluxes (left/right)

Balance (mass vs. sum of surface-fluxes)

May 11, 2026, 10:15AM
Oct 1, 2026 / Oct 1, 2034
0:01:28.302

Oct 1, 2034, 1200AM

104

-362.132 -0.245

-726.990 0.000

15.292 15.371

= The number of convergence failures is not a decisive factor, but a high
number indicates that convergence is difficult. It is important that the
balances do not differ too greatly. In the case of green roofs, however,
larger balance differences can occur due to the large amounts of moisture
in the green roof structure (driving rain source). These usually occur in the
green roof layers and often have no or only a marginal effect on the

underlying structure.

= [|f the water content curves in the layers of the underlying structure do not
show any abnormalities (e.g. abrupt jumps, peaks...), the result is usually

acceptable.
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Notes on the Evaluation of Green Roofs

Greened lightweight constructions

The evaluation procedure and the evaluation criteria are almost
identical to those for normal flat roofs and can be found in the
Guideline for the calculation of flat roofs.

The evaluation of the moisture conditions in a possibly existing additional
insulation of the outer sheathing is explained on the following slides.

|
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https://wufi.de/en/service/downloads/#flatroofs

Notes on the Evaluation of Green Roofs

Additional evaluation in the case of an additional insulation

A slow accumulation of moisture is often observed in the additional insulation

of the exterior sheathing, therefore moisture-insensitive materials should
preferably be used in this area.

= Moisture leads to an increase in thermal conductivity - but this increase
usually remains so small (see next slide) that it appears negligible even
for typical service lives of 25 years.

= |n rigid-foam insulation, moisture remains in the pore structure of the
material - i.e. usually without any further consequences for the material
or construction.

= |n fibre insulation, liquid condensation can possibly penetrate into other
component layers and damage them - this effect must be considered
separately!

—
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Notes on the Evaluation of Green Roofs

Additional evaluation in the case of an additional insulation

The example shows the water content of a mineral wool insulation, which
increases to about 20 kg/m?® over the service life of the roof (converted to a
thickness of 6 cm, this corresponds to about 1.2 kg/m?).

The effect on the thermal conductivity can be taken from the material data.
In this case, it increases by about 2.5 % from 0.04 to 0.041 W/mK. If the
additional insulation is relevant for the U-value of the component, the effect
could be compensated by using insulation that is about 1.5 mm thicker.

Mineral Wool (heat cond.: 0,04 W/mK) 60 0.95 850 0.04 1.3

Hygrothermal Functions | Material Information

Moisture Storage Function No. Water C:n... Therm. Co... I
Liquid Transport Coefficient, Suction ; fkg/m’] (] TV 3 | t};} 3l> z-:a -f:llﬁe -Uf:”-:?] [Iglf" 09 10
Liquid Transport Coefficient, Redistribution E
Water Vapor Diffusion Resistance Factor, moisture-dep... ° = /
Thermal Conductivity, moisture-dependent : %‘0_5
4 5
Thermal Conductivity, tem perature-dependent = .
Ertholpy temperature-dependent 5 §° Increase of thermal conductivity
6 o
54 from 0.04 W/mK to 0.041 W/mK
8 at a water content of 20 kg/m?.
0
—
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Important Notes / Rules for Construction Practice

« Additional insulation of the exterior sheathing is useful and
recommended for insulation thicknesses above about 15 - 20 cm.

» Moisture-variable vapour retarders in combination with diffusion-open
interior sheathing improve drying and moisture balance and should
therefore be preferred.

e Caution should be exercised in shaded areas and locations with low
radiation, as the low drying potential is further reduced.

* Install materials as dry as possible — drying out after installation is only
possible very slowly.

« Aim for and verify for good airtightness.

* No drying possible upwards through the greening layer — but moisture
entry from above is possible. Therefore, diffusion-resistant roofing
membranes perform more favourably (s4-values 2 300 m recommended)!

* Insulation over the rafters is always uncritical!!

—
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Example: Extensive green roof on lightweight construction

On the basis of an example case with the lightweight substrate, the procedure
for the evaluation of green roofs on lightweight constructions is described below.

The necessary material data, the moisture sources and the boundary conditions
as well as the procedure for the evaluation of the construction are explained.

Example:

extensive green roof on
lightweight construction
with ,,Optigreen
Light-weight Roof 1*

N W N

Sedum Planting

Substrate

incl. Drainage Board (FKD)
Protection Mat

Roofing Membrane (sq = 300 m)
Oriented Strand Board

Mineral Wool Insulation
Moisture-variable Vapour Retarder
Gypsum Board

~ Fraunhofer
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Example: Assembly

Assembly (from outside to inside):

Optigreen Light-weight Roof 1 (sedum planting) 1-3 0.01
Optigreen Light-weight Roof 1

(substrate type L incl. FKD) 2-3 0.055
Optigreen Light-weight Roof 1 (protection mat) 3-3 0.001
Roofing Membrane (s, = 300m) 0.001
Oriented Strand Board (density 615 kg/m?) 0.022
Mineral Wool (heat cond.: 0,04 W/mK) 0.18
Moisture-variable Vapour Retarder (Vario KM Duplex) 0.001
Gypsum Board 0.0125

3

3 3 3 3 3 3 3

—
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Example: Boundary Conditions

Boundary Conditions:

Flat roof (3° to the North)

Radiation according to “Green roof: Optigreen system”
Short-wave absorptivity: 0.6
Long-wave emissivity: 0.9
Consideration of radiative overcooling!

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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Example: Component Assembly

Input: Component — Assembly

f ) WUFI Pro 7.2

Geometry Properties

Total Thickness [m]:

Number of Layers: 1

Total Thermal Performance

R-Value (dry) [m*K/W]:
R-Value (at 80% RH) [m?K/W:

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

= [m] X
Project Run  Outputs Database Result Analysis  Help
E = B3 % X X =] ? i
¥ () Project
¥ Bl Case: 1 Green roof on lightweight constructior [T Edit Assembly by Diagram | |= Edit Assembly by Table
Layer: Layer 1 Thickness [m}: | 0
: - &
BB Initial Conditions Exterior (Left Side) Interior (Right Side)
» 3|l Boundary Conditions (extericr)
» ||l Boundary Conditions (intericr)
Control Layer 1
Results T
=+ New Layer | [ Duplicate & Materials | & Material Data & Constructions. =
Grid and Sources = || 4 || Original Size | 100%
< >
) Grid Setting | Automatic (Il) 200 Elements Geometry Setting | cartesian

Ente

r green roof assembly

\
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Example: Component Assembly

Input: Component — Assembly

—

v

v

&

[ | WUFI materials

All Sources

WUFI

Fraunhofer-IBP

Concrete and Screeds

Green and Gravel Roofs

Insulating Matenals

Masonry Bricks

Membranes

Mortar and Plaster

Natural Stone

Wooden Materials; Boards
Generic Materials
Australia & New Zealand Database
FabTrads, UCD Ireland Database
Japan Database
Korean Database
LTH Lund University, Sweden
MASEA Database, Germany
Materials for thermal calculations (fr
North America Database

NTNU MNorwegian University of Scier

Scotland Database

University of Technclegy Yienna, Au
User defined
Recycle Bin

[m] >
WUFI = Fraunhofer-IBP — Green and Gravel Roofs
. Bulk density Porosity Heat Cap. Therm. Cond. Vap.Res.
Material Name = [ka/m’] [m*/m’] [/kgK] [W/mK] [-1

generic gravel 1400 03 1000 07 1

generic substrate 1500 0.5 1500 0.9 5
> Optigreen Economy Roof 1 OPTICREEN.
> Optigreen Economy Roof 2 OPTIGRE]

* Optigreen Nature Roof Sclution 1 OPTICREEN.
Optigreen Pitched Roof 5° - 45° OPTIGREEN 2
Hygrothermal Functions || System information
Moisture Storage Function No. RH Water Coint_.
[-1 [kg/m7]

Liquid Transport Coefficient, Suction

Liquid Transport Coefficient, Redistribution

Water Vapor Diffusion Resistance Factor, moisture-depen...
Thermal Conductivity, moisture-dependent

Thermal Conductivity, temperature-dependent

Enthalpy, temperature-dependent

Thickness [m]:

Mo content in table

Water Content [kg/m’]

Relative Humidity [ - ]

0.066 -

Insert green roof-assembly as a-co

mplete system

\
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Example: Component Assembly

Input: Component — Assembly

f ) WUFI Pro 7.2 - [u] X
Project Run  Outputs Database Result Analysis  Help
R =B %8 X X H & ? |
¥ () Project
¥ Bl Case: 1 Green roof on lightweight constructior [T Edit Assembly by Diagram | |= Edit Assembly by Table
¥ [fl Component
BB Initial Conditions Exterior (Left Side) Interior (Right Side)
» 3|l Boundary Conditions (extericr)
» ||l Boundary Conditions (intericr)
Control
e Mineral Waol (heat cond.: 0,04 W/mK) L.
Results 018m
=+ New Layer | [0 Duplicate | [ii] Delete & Materials | & Material Data & Constructions. = save

= || 4 || Original Size | 100%

|

B

Grid and Sources

Q & & = Manage Grid Setting | Automatic (I} 200 Elements Geometry Setting | cartesian
Geometry Properties Total Thermal Performance
Total Thickness [m]: 0.283 R-Value (dry) [m’K/W]: 4.95 U-Value (dry) [W/m’K]: 0.195
Number of Layers: 8 R-Value (at 80% RH) [m*K/W]: 491 U-Value (at 80% RH) [W/m*K]: 0.196

Enter underlying structure

adjust layer thicknesses if necessary

|
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Example: Moisture Source in the Substrate Layer

Input: Component — Assembly

Insert moisture source in the layer “Substrate Type L incl. FKD*

f ) WUFI Pro 7.2

= [m] X
Project Run  Outputs Database Result Analysis  Help
R =B %8 X X = ?

¥ () Project

¥ Bl Case: 1 Green roof on lightweight constructior [T Edit Assembly by Diagram | |= Edit Assembly by Table
¥ [fl Component

|I1] Assembly

Layer: Substrate type L incl. drainage board  Thickness [m} | 0.055
B Initial Conditions

System: Optigreen Light-weight Roof Solution 1

Exterior (Left Side)

» 3|l Boundary Conditions (extericr)

Interior (Right Side)
» ||l Boundary Conditions (intericr)

Control

Results

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

I... Gyp...
0.18m

o 0.01...

=+ New Layer | [0 Duplicate | [ii] Delete & Materials | 4" Material Data & Constructions = save

Right-CIiCk e = || + || Original Size | 100%
material layer

| | RainSource | 2
Heat Source — . - .
= Manage id Settin utomatic ements eomets ettin cartesian
Q & & &= Manag d Setting | A Iy 200E G ry Setting
& Moisture Source
Geometry Properties & Air Change Source | Performance

Total Thickness [m]: 0.283 R-Value (dry) [mK/W]: 495

U-Value (dry) [W/m’K]: 0.195
R-Value (at 80% RH) [mK/W]: 491

U-Value (at 80% RH) [W/m*K]: 0.196

Number of Layers: 8

Z Fraunhofer
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Example: Moisture Source in the Substrate Layer

Input: Component — Assembly

Moisture source in the 7) Hygrothermal Sources
lowest 2 cm of the
substrate layer.

0 Rain Source

Name | Rain 1
Spread Area
Thickness [m] | 0.02
®) Area right-fixed ~
Whole Layer
Source Type Source Term Cut-Off [kg/m]
No Cut-Off
® Fraction of incident Driving Rain Cut-Off at Max. Water Content
® Cut-Off at Free Water Saturation
User-Defined
. Fraction: 40 % (Green roof models IBP)
Fraction [%]
40 Green roof models IBP (in substrate/drainage board) -

Ok Cancel Help
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Example: Infiltration Source

Input: Component — Assembly
Infiltration source according to DIN 68800 in the OSB

f) WUFI Pro 7.2

Project Run Outputs Database Result Analysis
R =B %@ X X

¥ () Project

¥ §] Case: 1 Green roof on lightweight constructior
¥ [fl Component
Il Assembly
B Initial Conditions
» 3| Boundary Conditions (exterior)
» ||l Boundary Conditions (intericr)
Control

Results

Help

=] ? i
[T Edit Assembly by Diagram | }= Edit Assembly by Table

Layer: Oriented Strand Board (density 615 ..  Thickness [m]:

Exterior (Left Side)

Rig hﬁ-@l i@k@ Duplicate | [ Delete
in the grid of the

mat-l

0.022

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

& Materials | &' Material Data

- o X

Interior (Right Side)

I... Gyp...
e 0.01...

& Constructions | [B) & Save

<+ | Original Size | 100%

Infiltration Source |

[eemasn==—. I

@ Rain Source

Heat Source

Q & & = Manage

utomatic (I} 200 Elements

Geometry Setting | cartesian

Geometry Properties

Total Thickness [m]: 0.283
Number of Layers: &

T

& Moisture Source

& Air Change Source

R-Value (dry) [m?K/W]: 495
R-Value {at 80% RH) [m*K/W]: 491

U-Value (dry) [W/m’K]: 0.195
U-Value (at 80% RH) [W/m?K]: 0.196

\
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Example: Infiltration Source

Input: Component — Assembly

Moisture Source in the 7 Hygrothermal Sources o
interior 5 mm Of the OSB_ QInfiItrationSource

Name | Infiltration 1

Spread Area

Thickness [m] | 0.005

®) Area right-fixed ~
Source Type Source Term Cut-Off [kg/m’]
@) Air Infiltration model 1BP @ Cut-Off at Free Water Saturation

Envelope Infiltration g50 [m*/m°h]
3 Air Tightness Class B (DIN 4108, tested <= 3 m*fmh) -
Stack Height [m] | 5

Adjust infiltration source

Mechanical Ventilation Overpressure [Pa] | 0

0K Cancel
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Example: Initial Conditions

Input: Component — Initial Conditions

(f ) WUFI Pra 7.2 — o x

Project Run  Outputs Database Result Analysis  Help

R =82 % %= X X HH B W ? | &

T I — [

¥ §] Case: 1 Green roof on lightweight constructior

v
[ Component e == 2]

[I1] Assembiy

Io Constant across Component Initial Temperature in Component ['C] | 20

» 3|l Boundary Conditions (extericr)
. [#) Manual settings
» ||l Boundary Conditions (intericr)

Control Initial Moisture g2

Results

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)

[#) Manual settings

Initial Conditions in Different Layers

o Material Thickness Temperature Rel. Humidity Water Content | Typical Built-In M...
Layer [m] ra [-1 [kg/m’] [kg/m’]
Sedum planting 001 20 0.8 12
2 Substrate type L incl. drainage board 0.055 20 0.8 4z 42
3 Protection mat 20 0.8 o7 07
4 vapor retarder (sd=300m) 0.001 20 0g 0.001881 0.001881
5 Oriented Strand Board (density 615 kg/m’) 20 og 0z 92
6 Mineral Wool (heat cond.: 0,04 W/mK) 0.18 20 0.8 1787 1.787
7 ISOVER Vario KM Duplex 20 0.8 35 3.5
8 Gypsum Board 0.0125 20 0.8 63 63

4

lo changes required
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Example: Outdoor Climate

Input: Boundary Conditions (exterior) — Climate

(F) WUFI Pra 7.2

Project Run Outputs Database  Result Analysis
E = B = X X

¥ () Project

¥ §l Case: 1 Green roof on lightweight constructior
v (fl Component
1| Assembiy
R Initial Conditions
¥ 3| Boundary Cenditions (exterior)

(@) Orientation

4 Surface

* ||l& Boundary Conditiens (interior)
Control

Results

Oct 13 Nov 7 Dec2 Dec 27

Oet 13 Now 7 Dec2 Dec 27

TA
HREL

Help
HH B o 2 | &
.
0 From Map / File | 448 EN 15026 / DIN 4108 / WTA 6-2 | 44k 1S 13788 | A0 ASHRAE 160 | &g User-Defined
&85 SetClimate... | Holzkirchen; Fraunhofer-IBP, Moisture Reference Year | | £¥8 Details..
| Temperature / Relative Humidity | @ Climate Analysis
0
o 20
g
®
510
E
g0
g
=0
-20
Jan 11 Feb 5 Mar 2 Mar 27 Apr 21 May 16 Jun 10 Jul 5 Jul 30 Aug 24 Sep 18
100
)
.E‘ 75
z
E 50
T
2
X 25
&
o
Jan 11 Feb 5 Mar 2 Mar 27 Apr21 May 16 Jun 10 Jul's Jul 30 Aug 24 Sep 18
v Climate File Info
Data Info Climate Elements
Location: Holzkirchen Temperature:
Latitude [7: 47.88 North Relative Humidity:
Longitude [): 11.73 East SR
Altitude [m]: 680 -Wave Radiation:
Time Zone: 10 -
Number of data lines: 8760
Description: (i ] 3
Comment: o Air Pressure:

Additional Data Diagrams

PSTA
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Example: Orientation / Inclination

Input: Boundary Conditions (exterior) — Orientation

f ) WUFI Pro 7.2

Project Run Outputs Database Result Analysis

=B % XX E

¥ () Project
¥ §] Case: 1 Green roof on lightweight constructior
¥ [fl Component
Il Assembly
ER Initial Conditions
¥ 3| Boundary Conditions (exterior)
QA Climate
=+ Ssurface
» ||l Boundary Conditions (intericr)
Control
» [E5] Results

Help

H A ? |

Inclination [7] | 3

40 4

North - ] | 524

Building Height / Driving Rain Coefficients

#® Rain load calculation according to WUFI model

Rain load calculation according to ASHRAE Standard 160

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

Rain Load =

Rain * (R1 + R2 * Wind Velocity)

Adjust orien

tation and inclination

\
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Example: Surface Transfer Coefficients

Input: Boundary Conditions (exterior) — Surface

r=

(f) WUFI Pro 7.2
Project Run  Outputs Database  Result Analysis  Help

E = B = | X X H B B W ? b
¥ () Project

v B Cane 1 Green roof o ightmeight constructor MMM |
v m Component Heat Transfer n

1l Assembly

BB Initial Conditions Heat Transfer Caefficient [W/m’K] 19 Green roof (IBP models) hd H eat tranSfer coeffl CIe nt
v :“" Boundary Conditions (exterior) long-wave radiation parts Heat Transfer Coefficient [W/... 6.5 (from Ilst: g reen rOOf)

Climate
@ wind-dependent

(@ Orientation

[E Wind-dependence formula

» ||l Boundary Conditians (interior)

Vapor Transfer B3
Control

» Results Additional diffusion resistance (e.g. coating), sd-Value [m] ~ ---- Mo coating -

Mate: This setting does not affect rain absorption.

Radiation B3
Short-wave absorptivity, e.g. solar radiation [-] 0.6 M Green roof, Optigreen system b I

Radiative overcooling v ote: Explicit Radiation Balance, includes radiative cooling due to long-wave emission.

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

[E Additional radiation parameters

[H Reduction factors

Simulation takes rain into account v

Rain is taken into account

[# Rain parameters

: : Adjust surface transfer coefficients!

A

\
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Example: Indoor Climate

Input: Boundary Conditions (interior) — Climate

f) WUFI Pro 7.2 = [u] X
Project Run  Outputs Database Result Analysis  Help
E =B X X ?
¥ () Project
v ] Case: 1 Green roof on lightweight constru QA From Map / File | 44k EN 15026 / DIN 4108 / WTA 6-2 | 44§ ISO 13788 | 4§ ASHRAE 160 | 44§ User-Defined
¥ [fl Component
1l Assermi derived from:  Holzkirchen; Fraunhofer-IBP, Moisture Reference Year | &X§ Details.. | [v/] Use Left Climate ?
ssembly
BB Initial Conditions Temperature @
¥ 3| Boundary Conditions (exterior) .
0@ Climate Graph | Table
() Orientation 25 EL]
=+ Surface o B
¥ ||l Boundary Conditions (interior) g [3
5 n\Nwﬂ f‘ V WN‘\'”V,A‘" L
g2 ® 20
) E ]
& surface E 2 E 15
Control =2 ,
= 21
Results w
20 5
-20 <13 <10 -5 0 5 10 15 20 25 30
Qutdoor Air Temperature [°C] O
Feb 5 Mar 27 May 16 Jul's Aug 24 Oct13 Dec2
Jan 1 Mar 2 Apr21 Jun 10 Jul 30 Sep 18 Nov 7 Dec 27
Relative Humidity
100
Normal Moisture Load +5% (Design) (EN/DIN/.. 1
Graph | Table 80
= g™
= 2
) £ &0 er
z 5 A
3 55 % \
£ ¥
E 50 % l v
%45 =
8
Ew 2
35 10
-20 15 110 5 ©0 5 10 15 20 25 30 o H f H d H
ooton A Tomperatoe ] w wao wme :NO.changes required for indoor climate
Jan11 Mar 2 Apr 21 Jun 10 Jul go

with medium moisture load + 5 %
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Example: Surface Transfer Coefficients (interior)

Input: Boundary Conditions (interior) — Surface

f ) WUFI Pro 7.2

Project Run Outputs Database Result Analysis

=B % XX E

¥ () Project

¥ §] Case: 1 Green roof on lightweight constructior
¥ [fl Component
Il Assembly
ER Initial Conditions
¥ 3| Boundary Conditions (exterior)
QA Climate
() Orientation
=+ Ssurface
¥ ||l Boundary Conditions (interior)
A § Climate
Control
¥ [E2] Results

Help

H A ? |
| ] I

/| Apply list selection from exterior surface

:
Heat Transfer Coefficient [W/m'K] 8 Green roof # (IBP models) (Interior Surface)

Vapor Transfer B

Additional diffusion resistance (e.g. coating), sd-Value [m] Ne coating ~

No ¢

>hanges required

\
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Example: Period of Calculation and Numerics

Input: Control

(f ) WUFI Pra 7.2
Project Run Outputs Datsbase  Result Anslysis  Help

h=Rn 88 &% XX BHBEE LN B

T I — [

¥ §] Case: 1 Green roof on lightweight constructior

¥ [ Component Period of Calculation

1l Assembly
[B Initial Conditions Start of Calculation | Oct 1,206 | B |
¥ 3l Boundary Conditions (exterior) Iccmpmd Period | 8 [years = | I
Climate
A [ Define profiles
() Orientation
=+ Ssurface
Adaptive Time Step Control
¥ ||l Boundary Conditions (interior)
A § Climate
& surface [® Adjust options

Numerics

Results

[E] Mode of Calculation
|| Heat Transport Calculation

|| Moisture Transport Calculation

2 E Max. Number of Threads

Hygrothermal Special Options
yg p p

Numerical Expert Settings

Adjust calculation period and numeric settings
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Example: Check for Numerical Quality

Results:

f ) WUFI Pro 7.2 - [u] X

Project Run  Outputs Database Result Analysis  Help

| R = B XX EBEHHA & @ ® © ©
I @ Proje
| 7 @i m |

| ™ Bl Case:1Green roof on lightweight construction

¥ [fl Component >
|I1] Assembly =
| R Initial Conditions Status of Calculation
[T rrc——— — A eep—— In the case of green roofs,
P Siart e ot to compd e peicd Oct 120267 0ct 12038 long calculation times
3 surface Calculation Period | 0:39:51.791 are not uncommon !
v ‘m: Boundary Conditians (interior) Currently simulated time step | Oct 1, 2034, 1200AM
A § Climate
& surface Check for numerical quality
i ntl No. of Convergence Failures 1974 D ue to the Iarge amou nts
su
Sum of diffusive fluxes (left/right) fleg/m’] 720773 0222 of water absorbed by the
: Sum of capillary fluxes (left/right) [kg/m?] -1356.080 0.000 g ree n roof s i g n ifica nt
i Balance (mass vs. sum of surface-fluxes) [kg/m’] 24.697 13.453 o i O a
. discrepancies in the
| Water Content [kg/m?]
: ; balances can occur.
| Start End Min. Max.
? Total Water Content 2780 27.593 2,694 30.210 These balance failures
Water Content [kg/m?] =
usually occur in the green
Layer/Material Start End Min. Max. f I d ft h
I Sedum planting 12.000 297.723 .08 304718 roo ayers an o en ave
I Substrate type L incl. drainage board 4.200 377.109 4.099 416,584 Ilttle or no eﬁeCt on the
_ Brotection mat 0700 258442 0644 582507 substructure (check the
| *vapor retarder (sd=300m) 1963 0019 15E-3 0.022 cou rse of the
QOriented Strand Board (density 615 kg/m®) 92.000 145.834 92.000 166.114
substructure!).
Mineral Waal (heat cond.: 0,04 W/mK) 1787 1971 1.020 2597 v

\
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Example: Evaluation of Total Water Content

Evaluation:

Total water content

| ¥ () Project

f. WUFI Pro 7.2

Project Run Outputs Database Result Analysis

=B % X X

¥ §] Case: 1 Green roof on lightweight constructior
¥ [fl Component
11} Assembly
BR Initial Conditions
¥ 3| Boundary Conditions (exterior)
J@ Climate
() Orientation
=+ Surface
¥ ||l Boundary Conditions (interior)
A § Climate
& surface
Control
¥ & Results
¥ [ Courses

¥ [ Water content in materials
Local Temp/Moisture
[#] Local hygrothermal load
& Balance
Profiles
Film view

» B Case Data Summary

Help

BE HEH B & © » @

Water Content [kg/m?]

Total Water Content

|
100
|

Evaluation:

The total water content for green roofs is hardly conclusive because
of the large amount of moisture in the substrate layer.
— Evaluation of the individual layers of the underlying construction

=

\
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Example: Evaluation of Wood Moisture

Evaluation:
Water content in the OSB

— Evaluation:
R e T A mel* |10 The water content in the
| e —— OSB increases over the
"iiA:embly
e exceeds the limit value of
3o 18 % by mass.
R — Improvement,
i i \ e.g. by an additional

Water Content [kg/m?]
E &

] Substrate type Lind. drainage board

] Protection mat

Project Run Outputs Datsbase  Result Analysis
| ™ Bl Case:1Green roof on lightweight construction
Oriented Strand Board (density 615 kg/m®) . .
| W calculation period and
=+ Surface /\]
¥ ||l Boundary Conditions (interior) 155 /
A § Climate 150 /
& surface .en
\\ — critical
¥ & Results
i 135
¥ [—] Water content in materials £y
W/ top-side insulation

1 ] vapor retarder (sd=300m)
|| B 15 f(\'\‘/‘

] Mineral Wool (heat cond.: 0,04 W/mK) 10 / w E

F ISOVER Vario KM Duplex

105 7
H Gypsum Board /
| Local Temp/Moisture 00 .
[#] Local hygrothermal load /
a5
&2 Balance | 15
Profiles EL
Film view & 14
¥ 5] Case Data Summary Ot Feb  Jul  Dec May Ot Mar  Aug  Jan  Jun  Nov  Apr  Sep  Feb  Jul  Mov  Apr  Sep  Feb  Jul

2026 2027 2027 2027 2023 2028 2029 2029 2030 2030 2030 2031 2031 2032 2032 2033 2033 2033 2034 2034

18 Mass-%
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