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Green Roof Data in the WUFI® - Material Database

.Generic Substrate”

This substrate should be used if no measured material properties for the green roof
are available. The application is limited due to the experimental basis and the effective
radiation parameters for locations in Central Europe (or comparable climates).

More information about the different models
and there development can be found in the
Guideline for the Calculation of extensive Green Roofs (generic)
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https://wufi.de/en/service/downloads#green_roofs

Extensive Green Roof on Lightweight Construction

On the basis of two example cases, 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 A:

Extensive green roof on
lightweight construction
without additional insulation

Substrate incl. Planting

Roofing Membrane (s4 = 300 m)
Wooden Sheathing

Mineral Wool Insulation

A wh =

Moisture-variable Vapour Retarder
6 Gypsum Board

Substrate incl. Planting

Roofing Membrane (s4 = 300 m)
EPS-Insulation

Wooden Sheathing

Mineral Wool Insulation
Moisture-variable Vapour Retarder
Gypsum Board

Example B:

Extensive green roof on
lightweight construction

with additional insulation

~NOoO s WN =
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Example A: Assembly

Assembly (from outside to inside):

Generic Substrate 0.06
Roofing Membrane (s4 = 300m) 0.001
Wooden Sheathing (Softwood) 0.025
Mineral Wool (heat cond.: 0.04 W/mK) 0.24
Moisture-variable Vapour Retarder (Vario KM Duplex) 0.001
Gypsum Board 0.0125

3 3 3 3 3 3
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Example A: Boundary Conditions

Boundary Conditions:

* Flat roof (3° to the North)

« Short-Wave Radiation Absorptivity / Long-Wave Radiation
Emissivity: according to the Generic Green Roof Model

e Qutdoor Climate: Holzkirchen

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

e Air Tightness of the Envelope: gs; = 3 m3/ms3h

« Stack Height: 5 m
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Example A: Component Assembly

Input: Component — Assembly / Monitor Positions

() WUFI Pro 65

Project Inputs Run Outputs Options Datsbase Result Analysis 7
DeH 2R 2R BEBOR? b |

() Project Case: Green Roof without additional Insulation
= 'EI Case: 1 Green Roof without additi

@ Confral
# Climate |

@ Component LEEE LTI GINGIASENGIEY | Orientation/Inclination/Height | Surface Transfer Coeff. | Initial Conditions
&4l ssembly/Monitor Positions
~ Orientation Layer Name Thickn. [m]
~ Surface Transfer Coeff
~ Initial Conditions Material Data
Exterior (Left Side) Interior (Rig

-Assign from Grid
Automatic (I}

100 Fine

&) Material Database |
& Example Cases

Total Thickness
Thickness: —

Total Thermal Performance
R-Value: —

< >

Units: 8l Ne calculation results available.

py Auto. Grid Def. for Manual Editing

@%y  Sources. Sinks

1 New Layer
Duplicate

Edit Assembly by:
@ Graph
(O Table

U-Value: —

Enter green roof lay

er
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Example A: Component Assembly

Input: Component — Assembly / Monitor Positions

(L} WUFI materials *
Search materials /:' WUF| — Fraunhofer-IBP — Green and Gravel Roofs
All Sources - -
: . Bulk density  Porosity Heat Cap.  Therm. Co..  Vap.Res.
= Material N
& Wur stenalfame kg/m  [m¥md  Dkgkl  [W/mK] (-]
[ | Fraunhofer-IBP

Concrete and Screads qeneric gravel
Insulating Materials
Masonry Bricks Optigreen Economy Roof 1 (protection mat) 3-3 OPTIGREEN ¢ 0.035
Mermbranes
Mortar and Plaster Optigreen Economy Roof 1 (sedum planting) 1-3 OFTIGREEN & 1500 0.5 1000 0.2 5
atural Stone Optigreen E Roof 1 (sub Mincl. FKD) 2-3 o 900 065 1000 0.4 33
- PTIGREEN &7
Wooden Materials: Boards ptigreen Economy Roof 1 (substrate type M incl. ) st . . .
[ Generic Materials Optigreen Economy Roof 2 (protection mat) 3-3 OFTIGREEN = 83 0.95 840 0.035 1
- | Japan Database
LTH Lund University, Sweden Optigreen Economy Roof 2 (sedum planting) 1-3 OFTIGREEN & 1500 0.5 1000 02 5
[ MASEA Database, Germany X Y]
fa ey C =] £ D fevidnrdentn & AAY D D O o o AW NERS 1000 na 22

Materials for thermal calculatio
- Morth America Database
NTMU Morwegian University of
University of Technology Vienn
""" L User defined MNOTE: Input of a moisture source (“fraction of driving rain") in the

""" | Recycle Bin lowest 2 cm of the layer which deposits 40 % of the rain with clipping
to free water saturation. Last update: -

Material Information  Hygrothermal Functions

substrate (thickness <= 15 cm)

Added to DB: 24.07.2013

The material properties were developed within the research project
"Zuverlissige Beurteilung der hygrothermischen und energetischen
Auswirkungen von Griinddchern” (SF-10.08.18.8 / Il 3-F20-10-1-100),
funded by the research program "Zukunft Bau" of the Bundesinstitut
fir Bau-, Stadt- und Raumforschung (German Federal Ministry of
Transport, Building and Urban development).

Enter green roof layer

Import | Export Thickness [m]: |0.06 ~ Assign Cancel Help
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Example A: Component Assembly

Input: Component — Assembly / Monitor Positions

(F ) WUFI Pra 6.5

Project Inputs Run Outputs Options Database Result Analysis 7

Dl 2k ExR B EBEOE]? T00O

(F) Project
=4l Case: 1 Green Roof without additi
= Component

~ Assembly/Monitor Positions

~ Orientation

~ Surface Transfer Coeff.

i L+ Initial Conditions

+-f] Control

s Climate

< >

| ase: Green Roof without additional Insulation

Assembly/Monitor Positions | Orientation/Inclination/Height ‘ Surface Transfer Coeff | Initial Conditions |

Layer Name

Gypsum Board

Exterior (Left Side)

Thickn

[m]

Interior (Right Side)
00

| 006 000,025 0.24 0125
Assign from Grid
{£)  Material Database || 2 iy e
100 Fine ~
& Example Cases |—‘
Copy Auto. Grid Def. for Manual Editing

Total Thickness Total Thermal Perf
[ Thickness: 0,339 m R-Value: 6,36 (m? K)/W

Edit Assembly by:
- (® Graph
(O Table

Material Data

®%  Sources. Sinks

] New Layer
Duplicate
1 Delete

Enter underlying structure

adjust layer thicknesses if neces:

U-Value: 0,153 W/(m?K) |

sary

Units: 8l Ne calculation results available.
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Example A: Grid

Input: Component — Assembly / Monitor Positions

(F WUFI Pro 6.5 — m] *
Project Inputs Run Outputs Options Database Result Analysis ?

DSR2 EEI2EBEOR|? 100

@ Project Case: Green Roof without additional Insulation
=-§] Case: 1 Green Roof without additi
- Component Assembly/Monitor Positions | Orientation/InclinationfHeight ‘ Surface Transfer Coeff. ‘ Initial Conditions ‘
P ~ Assembly/Monitor Positions
..... ~f Qrientation Layer Name Thickn. [m]
~ Surface Transfer Coefl. Gypsum Board 00125
----- ~ Initial Conditions Matenial Data

Exterior (Left Side) Interior (Right Side)
| 006 0.0(0.025, 0.24 00.0125

@3 Sources, Sinks

] New Layer
Duplicate
i3 Delete

Edit Assembly by:
® Graph
() Table

Assign from ~Grid

Material Database | Automatic (Il) ~

200 User-Defined &
p= Example Cases

Copy Auto. Grid Def. for Manual Editing
Total Thickness Total Thermal Performance
’7 Thickness: 0.339m R-Value: 6.36 (m? K)/W U-Value: 0.153 Wj(m? K) |

Adjust grid

Recommended for green and gravel roofs:
¢ > Automatic (II) with 200 elements (user-defined)

Units: 8l Mo calculation results available.
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Example A: Moisture Source in the Substrate Layer

Input: Component — Assembly / Monitor Positions

Enter moisture source in the layer ,Generic Substrate®.

085 - o x
Project inputs Fun  Cutpets Options  Catabase  Besull Anabysis 7
Ded R+ ZxE REECE? 10 @
D) Project ) | Case: Green Roof without additional Insulation
~ § Case: 1 Grean Roof without additi
= @ Component PP | Orientasonfinclination/Hoight | Surtace Transfor Coofl | lnial Canditions
" AssemblyManitor Positians 1
o Orientation Layer Name _ Thickn. [m] SO U rCeS, SI n kS
¥ Sutaco Transfor Coel rerenic Subsksle 006
 Initial Condisons B Mowrial Data
= [l Canved it Side)
53 Climate 300}
@B/ Sources, Sinks
= Newlayet |
BEY  Oupbcate |
2 Delote | Hygrothermal Sources =

Edit Assembly by,

Layer/Material Name

e @) Graph
e OTable
— Hygrothermal Sources

@

New Heat Source ...

. : ; S— Nr.|Type| Name
Select componertlayer. IR

Aszagn from Girieh

£)  Matenal Dstabase "““‘"“‘“"" e = NeW MOISture SO
B ewmphonn ||| B EEem___

Total Thickness Total Thermal Perfomance
Thickness: 0,339 m R-Vialus: 6,36 (m? KW UFVialies: 0,153 Wim? K)

&

MNew Moisture Source ..

=

u rC@fﬁ New Air Change Source . |

VOK X Abort

? Help
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Example A: Moisture Source in the Substrate Layer

Input: Component — Assembly / Monitor Positions

Moisture source in the vE—— <
Iowest 2 Cm Of the |ayer MName |moisture source in the substrate LOWGSt 2 cm |n the Substrate

Spread Area

: 114
.Generic Substrate”. e SerDeptinLayer(m [006 |
QED I S End Depth in Layer [m] |0.06

() Whole Layer

Source Type Source Term Cut-Off [kg/m?]
(1 Transiant from Fila O Mo Cut-Off
® Fraction of Rain Load O Cut-Off at Max. Water Content
O Air Infiltration model IBP ® Cut-Off at Free Water Saturation
O Constant Monthly Maisture Load (O UserDefined

Fraction [%]

User-Defined v

Enter fraction of the driving rain

" 0K X Cancel ? Help

\

~ Fraunhofer 12

IBP



Example A: Infiltration Source

Input: Component — Assembly / Monitor Positions

Infiltration source according to DIN 68800 in the wooden sheathing.

I WURPra 6.5
Project Inputs Run  Outputs Options Datsbave  Result Anabun 1

DR Bx 2R BBBOE?

() Project
- ¥ Caze: 1 Green Hoof without addit
C: HAag

100

Roof without additional Insulation
i) Onentaion/inchnason/Height | Sutface Transfer Coefl | Initial Condiions

Sources, Sinks

B Maserial Data

o Surface Transfar Coeff
+ Iniial Condiions

<+ Conmel

a1 Chmate

Thickn [m]
0025

Select compa

L} o 3n
£)  Matensl Database
& Example Cases

Total Themal | Perdormance
R-Value: .35 {m” KyW

Total Thickness
Thickness: 0338 m

Units: 1 Mo calculation results available:

Gopy Auto, Gnd Dot tor Manual Edsng

UrValue: 0,153 Wiim® K}

Hygrothermal Sources

X

Layer/Material Name | SIuilefsfs

~Hygrothermal Sources

Nr.| Type | Name

New Moisture Sou

?

New Heat Source ... |

B

New Moisture Source ...

rc@ﬁ New Air Change Source ... |

X Abort

? Help
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Example A: Infiltration Source

Input: Component — Assembly / Monitor Positions

Moisture Source in the x
interior 5 mm of the Interior 5 mm of the sheathing

Spread Area

WOOden Sheathing . () One Element Start Depth in Layer [m]
gien\.j;aisl‘:?ems End Depth in Layer [m]

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

O Transient from File (O Mo Cut-Of

() Fraction af Rain | nad O Cut-Off at Max. Water Content
® Air Infiltration model IBP ® Cut-Off at Free Water Saturation
() Constant Manthly Moisture Load O User-Defined

Envelope Infiltration g50 [m?/{m? h)]

Air Tighness Class B (DIN 4108, tested <= 3 m¥/m#) -
Stack Height [ir]

Mechanical Ventilation Overpressure [Pa] D

Adjust infiltration source

\/OK  Cancel 2 Hep
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Example A: Orientation / Inclinati

on

Input: Component — Orientation

(F ) WUFIPro 65
Project Inputs Run Outputs Options Database Result Analysis ?

DR 2% ERR B EBEBOR ? T00
@Pro]e:t

=] 'fl Case: 1 Green Roof without additi

Case: Green Roof without additional Insulation

~ Assembly/Monitor Positions
+ Orientation Orientation Inclination
~ Surface Transfer Coeff N

~ Initial Conditions
Control

# Climate

Building Height/Driving Rain Coefficients
[JRain load calculation according to ASHRAE Standard

Note:

< >

Units: 81 No calculation results available.

RI[-

- Component Assembly/Monitor Positions | EeNENEGINIEMENENgETNY = Surface Transfer Coeff. | Initial Conditions

Inclination [] =

160

!

sl |

Rain Load =
Rain*

(R1+R2* Wind Velocity)

Adjust orientation and inclination

\
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Example A: Surface Transfer Coefficients

Input: Component — Surface Transfer Coeff.

(F) WUFI Pra 6.5

Project Inputs Run Outputs

DeH x| ZERE2BEBOE?

Options Database Result Analysis 7

T00O

@_ Project

Case: Green Roof without additional Insulation

E\EI Case: 1 Green Roof without additi
- Component

(Assemb\y}MummrPusiﬁuns

~ Orientation

~ Surface Transfer Coeff

' Initial Conditions

[ Control

3 Climate

< >

AssemblyManitor Positions | Orientation/inclination/Height | [EN A RIEINEHed | Iniial Condiions

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

includes

wind-dependent

adiation parts [W,

m? K)

<

sd-Value [m]

No coating ~

Note: This setting does not affect rain absorption

Long-Wave Radiation Emissivity [ -]

Short-Wave Radiation Absorptivity [-]

I |] 1

03 Green roof, generic model ~

Reduction factors caused by shading
forab

orptivity [+

for emissivity [-

No shading ~

Explicit Radiation Balance

0 Note: This option takes radiative cooling dus to long-wave
emission into accourt. Senstive cases may require sufficiently
accurate courtemadiation data in the weather file

Ground Short-Wave Reflectivity [-]

0.2 Standard value ~

Adhering Fraction of Rain [-]

Depending on inclination of companent ~

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

-l

sd-Value [m]

lzl No coating ~

Heat Transfer Coefficient
for Roof = 19 W/m2K

Adhering Fraction of Rain =1

Adjust surface transfer coefficients!

Units: 51 No calculation results available.

Z Fraunhofer

IBP

16



Example A: Initial Conditions

Input: Component — Initial Conditions

(F ) WUFI Pra 6.5

Project Inputs Run Outputs Options Database Result Analysis 7

D2 2R B EBECR?

() Project Case: Green Roof without additional Insulation

= 'EI Case: 1 Green Roof without additi
- Component

~ Assembly/Monitor Positions
~ Orientation Initial Moisture in Component

~ Surface Transfer Coeff.
& ) Initial Conditions|
Control

Climate O Read from File

Initial Relative Humidity [ -]

Initial Water Content in Different Layers

Assembly/Monitor Positions | Orientation/Inclination/Heigl

® Constant Across Component

Oln each Layer

Material
No.
Layer
1 generic substrate
2 vapour retarder (sd=300m)
3 Softwood
4 Mineral Wool (heat cond.: 0.04 W/mK)
5 ISOVER Vario KM Duplex
6 Gypsum Board

< >

Units: 8l Ne calculation results available.

ht

Initial Temperature in Component

@ Constant Across Gomponent

O Readfrom File

Initial Temperature in Component ['C]

Thickn Water
Content
(ml [kg/r]
0.06 120
0.001 0.0
0.025 60.0
0.24 1.79
0.001 35
0.0125 6.3

Surface Transfer Coeff | JUUGEIe Tl

No changes required
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Example A: Calculation Period

Input: Control — Calculation Period/ Profiles

() WUFI Pro 65 — a X
Project Inputs Run Outputs Options Database Result Analysis ?

DeH 2R EXRREBEBOR ? €400
() Project

= 'EI Case: 1 Green Roof without additi

Case: Green Roof without additional Insulation

= Component Calculation Period  Profiles [jRTIERTES
.~ Assembly/Monitor Positions
+ Orientation Start_End / Profiles
+ Surface Transfer Coeff New
~ Initial Conditions Calculation Profiles Date Hour
—@ Confrol
i W4 Caiculation Period/Profiles Start Profile 1 01.10.2021 00:00:00
H ~ Numerics End Profile 2 01.10.2029 00:00:00
i<~ Climate
j Delete
Copy
29062021 00:00:00 Ipsert

Adjust calculation period

Note:
Green roofs reach their dynamic equilibrium very slowly

= generally rather longer calculation periods are required
Recommendation: at least 8 years

< >

Units: 81 No calculation results available.
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Example A: Numerical Settings

Input: Control — Numerics

(F) WUFI Pra 6.5 — O %

Project Inputs Run Outputs Options Database Result Analysis 7

DEM2ERZERBBEOE|? 1T0C

(,D Project Case: Green Roof without additional Insulation
=-5] Case: 1 Green Roof without additi:
=@ Component Calculation Period | Profiles

~ Assembly/Monitor Positions
~ Orientation Mode of Calculation

~ Surfacs Transfer Coeff [ Heat Transport Calculation
~ Initial Conditions
e @ Control Moisture Transport Calculation

~ Calculation Period/Profiles

Hygrothermal Special Options
[]Excluding Capillary Conduction

[]Excluding Latent Heat of Evaporation

[]Excluding Temperature Dependency in Latent Heat of Evaporation

[J Excluding Latent Heat of Fusion

[]Excluding Temperature and Moisture Dependency of Thermal Conductivity
Numerical Parameters

[ Increased Accuracy

[ Adapted Convergence

‘Adaptive Time Step Control

Steps |3 ~
[“1Enable
Max Stages |10~
Geometry
(® Cartesian

(O Radially Symmetric

For the calculation of green roofs, the
,»Adaptive Time Step Control* should be enabled!
(Recommendation: 3 Steps, 10 Stages

< >

Units: 51 No calculation results available.
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Example A: Outdoor Climate

Input: Climate — Outdoor (Left Side)

(F WUFI Pro 6.5 - m} X

Project Inputs Run Outputs Options Datsbase ResultAnalysis ?

DR EEZZBRBOR ? 100

@ Project Case: Green Roof without additional Insulation
=-§] Case: 1 Green Roof without additi
2! @ Component [T T EICY (R ET0) | Indoor Climate (Right Side)
~ Assembly/Monitor Positions §V H
~ Orientation @ From Map / File ';@ EN 15026 / DIN 4108 / WTA 6-2 ',@ 5013752 79} ASHRAE 160 @ Sine QleCt Cl Imate
~ Surface Transfer Coeff = — —
~ Iniial Conditions S ;
& Control Holzkirchen; Fraunhofer-1BP, Moisture Reference Year | | (@ Set Climate... | | £5 Details...
I j EG‘CU‘E”U” Period/Profiles |dha Temperature / Relative Humidity @ Climate Analysi
C“m:t:e”cs Data Info
Sl Outdoor (Left Side) £ Location: Holzkirchen
~ Indoor (Right Side) T 2
T Latitude [*]: 47.88 North
5 10
=
2 0 Longitude [*]: 11.73 East.
E
]
=1 Altitude [m]: 680
-20
30-Dec  28-Jan  O1-Mar  31-Mar  O1-May OfJun 28-Jun  30-Jul  29-Aug  28-Sep  20-Oct  28-Nov  30-Dec Time Zone: 1.0
100 Number of data lines: 2760
F
z 8 Description: [i]
£ 60
El Comment: L]
g 40
£ .
E 20 Climate Elements
0 Temperature: TA
31-Dec 30-Jan 02-Mar 01-Apr 02-May 02-Jun  30-Jun 31-dul 30-Aug 30-Sep 30-Oct 30-Nov 31-Dec
Relative Humidity: HREL
Additional Data Diagram
Global Radistion » Short-Wave Radiation:  1SGH, ISD NOte
1,000 Long-Wave Radiation: ILAH The generlc green roof
£ R Wind: WS, WY, WD ) )
E o - - model is also suitable
ain:
for climate data without
g e or climate data withou
200 : —
o long-wave radiation.
31-Dec  30-Jan  02Mar Of-Apr  D2May O02Jun 30-Jun  31Jul  30-Aug  30-Sep 30-Oct  30-New  31Dec . .
< > Rain data is necessary!

Units: 81 No calculation results available.
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Example A: Indoor Climate

Input: Climate — Indoor (Right Side)

(F ) WUFI Pro 65 - 0
Project Inputs Run Outputs Options Database Result Analysis 7
DM 2% ZXE 2 BBOZ|? 100
@ Project Case: Green Roof without additional Insulation 1
= 'fl Case: 1 Green Roof without additi NO C h a.n g eS req U I red
- Component Qutdoor Climate (Left Side) | JlfE10g ate (Right Side) o o .
¥ AssemblyMonor Positors with medium moisture
~ Orientation @ From Map / File "ﬁ EN 15026 / DIN 4108 / WTA 6-2 ’.@ 150 13788 "@ ASHRAE 160 @ Sine Curves
+ Surface Transfer Coeff. - = =
+ Initial Conditions - . =
& @ Control derived from: |Holzkirchen; Fraunhofer-IBP, Moisture Reference Year @ Set Climate... £ Details... Use Left Climate
+ Calculation Period/Profiles 40 100 Temperature
" Numerics 23
Climate - W Temperature @ Relative Humidity tas Graph Table
~ Outdoor (Left Side) 25
¥4 Indoor (Right Side) B = ol /
32 o Sy
i
20 E 15
I
28 80 - 10
5
26 3
175 £ 5
24
» 70 0
- 20 -10 0 10 20 30
20 = Outdoor Air Temperature [°C]
18
F:]
Iy = 50°®  Relative Humidity
o, 14 2
b 55 < Medium Moisture Load +3% (Design]) (..
212 o
g 10 s0 E Graph  Table
3 8 El =
E- 45 2 =60
£ ¢ 2 By
- - ]
4 il = E a0
2 H
- 35 &
0 = 20
5
2 30 210
4 E
- = 20 410 0 10 2 30
Outdoor Air Temperature [°C]
£ 20
-10
F1s
-12
-14 10
-16
5
-18
-20 0
31-Dec 30-Jan 02-Mar O1-Apr 02-May 02-Jun 30-Jun 31-Jul 30-Aug 30-Sep 30-Oct 30-Now 31-Dec
< >
Units: 81 No calculation results available.

for indoor climate
e load + 5%

~ Fraunhofer
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Example A: Note when Calculation Start

Calculation Start:

Note:

After calculation start this warning appears:

Warning *

- Explicitradiation balance disabled but inclination is 3°.

. Continue | X Cancel

— this warning can be ignored for the calculation of a green roof with the
generic model!

\
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Example A: Evaluation Calculation Quality

Status of Last Calculation:

Status of Last Calculation

Status of Calculation

Calculation: Time and Date 29.06.2021 10:14:37

Computing Time 6 min,39 sec.

Begin / End of calculation 01.10.2021 /01.10.2029

No. of Convergence Failures 0
Check for numerical quality

Integral of fluxes, left side (kl,dI} [kg/m?] -641,99 -449.31

Integral of fluxes, right side (kr,dr) [kg/m?] 2.2E-7 0,91

Balance 1 [kg/m?] 16,91

Balance 2 [kg/m?] 16,77
Water Content [kg/m?]

Start End Mir. Maix.

Total Water Content 273 19,93 2 66 2224

Water Content [kg/m?]
Layer/Material Start End Min. Max. |

[JCalculation locked

No convergence failures!

Balance differences acceptable!

\
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Example A: Evaluation Total water content

Evaluation with the help of the Quick Graphs:
Total Water Content

Total Water Content

Evaluation:

The total water content for

green roofs is hardly

conclusive because of the

| | large amount of moisture in
the substrate.

[T

Water Content [kg/m?]

=]

LN LR AR AR — Evaluation of the single
layers of the substructure

01.012022 01.01.2023 01.01.2024 01.01.2025 01.01.2026 01.01.2027 01.01.2028 01.01.2029

\
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Example A: Evaluation Wooden Sheathing

Evaluation with the help of the Quick Graphs:
Water Content in the wooden sheathing

Softwood

IRERNYTA

!

15
01.01.2022 01.01.2023 01.01.2024 01.01.2025 01.01.2026 01.01.2027 01.01.2028 01.01.2029

40

Evaluation:

The water content in the
wooden sheathing increases
over the calculation period
and exceeds the limit value of
20 % by mass clearly.

— Evaluation of the wood
moisture according to WTA

\

| ]
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Example A: Evaluation Wood Moisture Content with WUFI® Graph

Evaluation with the help of WUFI® Graph:
Wood moisture in the wooden sheathing according to WTA 6-8

Open WUFI Graph
Project Inputs Run Outputs Options Database Result Analysis 7

e 2% 2R B EBHO=E ? y 2RO

{F Project

EIEI Case: 1 Green roof without additic
-l Component
=-p= Control
&2 Climate Green roof without additional insulz
E Quick Graph

Case: Green roof without ac

Case Name

Dﬂm:-rl:'e

\
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Example A: Evaluation Wood Moisture Content with WUFI® Graph

Evaluation with the help of WUFI® Graph:
Wood moisture in the wooden sheathing according to WTA 6-8

(7) Project] - WUFI® Graph 2.24.1
File Newpage Current Help

|Resultfiles
(0} EQtmp Total Water Content

RO
YR
w!

‘[ | |l

Ll

=
o

ntent [kg/m?]

Water col
s
-

I

i

I

right-click here
2.0
01102021 08052023 14422024  21.07.2026  26.02.2028  03.10.2029

Right-click in the ,, User defined” area-
|

[ﬁ Ready

\
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Example A: Evaluation Wood Moisture Content with WUFI® Graph

Evaluation with the help of WUFI® Graph:

Wood moisture in the wooden sheathing according to WTA 6-8

User-Defined

right-click K

Temperature

Relative Hurnidity
Water Content
|sopleths

Averaged flux density
Flow

WTA 6-8
User-Defined

Evaluation of the wood pore RH according to WTA

e

Wood pore RH WTA

‘Water content in M.-% (mv)

Limit water content in M.-%

\
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Example A: Evaluation Wood Moisture Content with WUFI® Graph

Evaluation with the help of WUFI® Graph:
Wood moisture in the wooden sheathing according to WTA 6-8
Evaluation in the most critical centimetre (in case of doubt consider both sides)

WL D] '
elect critical centimetre
of the wooden sheathing

exterior)

Bens Salnstion | Settings

File |C1: Green Roof without additignal Insulation - F_04mp, « | Type [Wood pore RHWTA Module |X-Y-Plot for selection [ Collective selection |10 mm
Qptions Values

Result quantity X Of the Wooden Sheath|ng aaaaaaaaaaa

Result quanti ty ¥ Relative Humidity e eCtlon ranae of 1 cm

Title H H Wood pore RH WTA 6-2 S I g f

Series name (I ntel’IOI’) Weood pore RH . .

Start color -S t
Widdle color w Help
End color | —

[X-Auis label Temperature rcl —

V-t Isbel Relative Humidity [%] ~‘ ‘
Grid element 88 | Position B1.18 mm | Materil Softwood Crtmr G |

cnter ,, OK

29
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Example A: Evaluation Wood Moisture Content with WUFI® Graph

Evaluation with the help of WUFI® Graph:

Wood moisture in the wooden sheathing according to WTA 6-8
Evaluation in the most critical centimetre (in case of doubt consider both sides)

Wood pore RH WTA 6-8

terior centimetre

Evaluation:

The relative pore air
moisture in the interior
= | and the exterior
" B centimetre of the
Wood pore RHWTA 63 sheathing exceeds the
| ' erior centimetre limit moisture according
to WTA also clearly.

Humidity [%]

— High risk regarding
damage of the wood

§ 135
Temperature [*C]

i Wood pore RH — Limit moisture WTA

\
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Example B: Assembly

Assembly (from outside to inside):

Generic Substrate 0.06
Roofing Membrane (s4 = 300m) 0.001
EPS (heat cond.: 0.04 W/mK - density: 30kg/m?) 0.1
Wooden Sheathing (Softwood) 0.025
Mineral Wool (heat cond.: 0.04 W/mK) 0.24

Moisture-variable Vapour Retarder (Vario KM Duplex) 0.001
Gypsum Board 0.0125

3 3 3 3 3 3 3

\
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Example B: Boundary Conditions

Boundary Conditions:

Flat roof (3° to the North)

Short-Wave Radiation Absorptivity / Long-Wave Radiation
Emissivity: according to the Generic Green Roof Model

Outdoor Climate: Holzkirchen

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

Air Tightness of the Envelope: gs; = 3 m3/ms3h

Stack Height: 5 m

\
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Example B: Component Assembly

Input: Component — Assembly / Monitor Positions

(F ) WUFI Pra 6.5

(F) Project
=] 'fl Case: 1 Green Roofwithout additional It
- Component
@ Contral
4 Climate
E Quick Graph
=] 'fl Case: 2 Green Roof with additionz
- Component
~
~ Orientation
~ Surface Transfer Coeff.
~ Initial Conditions
-f# Control
-~ ¢ Climate

< >

Units: S Project

Project Inputs Run Outputs Options Database Result Analysis 7

DEH eR EETR B EBEOT ? 2 59

Case: Green Roof with additional Insulation

PLEEETWTINGTTGIAETGIEY | Orientation/Inclination/Height | Surface Transfer Coeff Initial Conditions

Layer Name Thickn. [m]
Layerl
Exterior (Left S

Interior (Right
I

‘Assign from Grid
Automatic (I} ~

100 Fine ~

Material Database
& Example Cases

Total Thickness
Thickness: —

Auto. Grid Def. for Manual Editing

Total Thermal Performance
R-Value: —

Material Data

@y Sources. Sinks

] New Layer
Duplicate

Edit Assembly by:
(® Graph
(O Table

U-Value: —

Enter green roof |z

yer

\
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Example B: Component Assembly

Input: Component — Assembly / Monitor Positions

(1) WUFI materials

[

Insulating Materials

Masonry Bricks
Mermbranes

Mortar and Plaster
Matural Stone

Wooden Materials; Boards
[ | Generic Materials

Japan Database

LTH Lund University, Sweden
[ MASEA Database, Germany
Materials for thermal calculatio
[ Morth America Database
MNTNU Norwegian University of
University of Technology Vienn
----- User defined

----- "Il Recycle Bin

aeneric arayel

Optigreen Economy Roof 1 (protection mat) 3-3
Optigreen Economy Roof 1 (sedum planting) 1-3
Optigreen Economy Roof 1 (substrate type M incl. FKD) 2-3
Optigreen Economy Roof 2 (protection mat) 3-3

Optigreen Economy Roof 2 (sedum planting) 1-3

fayrey c Donf ] foubebeate b RAY T 2D

OPFTIGREEN £

OPTIGREEN &
OPTIGREEN &
OPTIGREEN &

OPTIGREEN &

Olwrrien ey

1500

a3

1500

Search materials 2| [WUFI — Fraunhofer-IBP — Green and Gravel Roofs
All Sources - -
: . Bulk density ~ Porosity Heat Cap.  Therm. Co..  Vap.Res.
= Material Name
&Ly WUR kg/mil  [m¥md Ukgkl  [W/mK] (-1
=3 Fraunhofer IBP

0.035

03 1000 0.2 5

0.65 1000 0.4 33

0.95 240 0.035 1

0.5 1000 0.2 5

Material Information  Hygrothermal Functions

substrate (thickness <= 15 cm)

MNOTE: Input of a moisture source (“fraction of driving rain"} in the
lowest 2 cm of the layer which deposits 40 % of the rain with clipping
to free water saturation.

The material properties were developed within the research project
"Zuverldssige Beurteilung der hygrothermischen und energetischen
Auswirkungen von Griinddchern” (SF-10.08.18.8 / Il 3-F20-10-1-100),
funded by the research program "Zukunft Bau" of the Bundesinstitut
fiir Bau-, Stadt- und Raumforschung (German Federal Ministry of
Transport, Building and Urban development).

Import | Export

Added to DB:
Last update:

Thickness [m]: |0.06

24.07.2013

Enter green roof layer

w Assign Cancel Help

Z Fraunhofer
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Example B: Component Assembly

Input: Component — Assembly / Monitor Positions

Project Inputs Run

() WUFI Pro 65

Outputs Options Database Result Analysis 7

FHER EXFRBEHEOR?

00

<

(F) Project

= 'fl Case: 1 Green Roof without additional It

- Component
Control
Climate
FH auick Graph

%l Case: 2 Green Roof with additionz

- Component
~ Assembly/Monitor Positions
+ Orientation
+ Surface Transfer Coeff
~ Initial Conditions
[ Control
Climate

| ase: Green Roof with additional Insulation

Assembly/Monitor Positions | Orientation/Inclination/Height | Surface Transfer Coeff | Initial Conditions ‘

. [m]

L

ayer Name

Gypsum Board

Exteum |L=ﬂ ‘hde\
0.025

Thickn,

024

Material Data

Interior (Right Side)
000125

@3 Sources, Sinks

= New Layer
Duplicate
T Delete

Edit Assembly by:

@® Graph
(O Table

@

~Assign from

Material Database

Grid

Automatic (Il

S Example Cases

100 Fine

Copy Auto. Grid Def for Manual Editing

[

Total Thickness
Thickness: 0.44 m

Total Thermal Performance
R-Value: 8.86 (m? K)/W

U-Value: 0.111 W/m? K) |

Enter underlaying structure

adjust layer thicknesses if ne

cessary

Units:

2 51 Last Calculation: 29.06.2021

~ Fraunhofer
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Example B: Grid

Input: Component — Assembly / Monitor Positions

() WUFI Pro 65

Project Inputs Run Outputs Options Database Result Analysis ?

DEH B®EZ2IRBEBOZ|?

2100

(F) Project

= 'fl Case: 1 Green Roof without additional It

- Component

Case: Green Roof with additional Insulation

Assembly/Monitor Positions | Or\emauun]\nclmauuana\ght‘ Surface Transfer Coeff ‘ Initial Conditions ‘

- Control
- Climate Layer Name Thickn. [m]
-fE Quick Graph Gypsum Board -_D 0125
=] Case:- 2 Green Roof with additionz Material Data
-l Component Exterior (Left Side) ) Interior (Right Side)
~ Assembly/Monitor Positions INROGRCEN]] i e LRI
~ Orientation @3 Sources, Sinks
+ Surface Transfer Coeff
~ Initial Conditions
- Control = New Layer
24~ Climate
Duplicate
T Delete
EditAssembly by:———
@® Graph
(O Table
~Assign from Grid
Material Database | R anEE(l e
200 g ~
& EephEms User-Defined
Copy Auto. Grid Def. for Manual Editing
Total Thickness Total Thermal P |
’7 Thickness: 0.44 m R-Value: 8,86 (m?K)) U-Value: 0.111 W/(m?K)
Adjust grid
Recommended for green and gray
g g Automatic (II) with 200 elements (
Units: SI Last Calculation: 29.06.2021

vel roofs:
user-defined)

~ Fraunhofer
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Example B: Moisture Source in the Substrate Layer

Input: Component — Assembly / Monitor Positions

Enter moisture source in the layer ,Generic Substrate®.

! FWURPro 6.5 a =

Project Inputs  Run  Outputs  Opticns  Datsbisie  Retult Anahysic 7

D@ B EZRE BEOE? 10D

(@ Project Case: Green Roof with additional Insulation
§ Case 1 Green Rocfwithaut addisanal It
@ Companent ] OrwrtatonfinclinationMeght | Surice Transhr Coofl | Inikal Condigans
B Conral

: 25 Climats Layer Name o i
L1 Chon s om0 g W SERIEE S

= Component

 AssemblyMonitor Posisons S 25 2
O PE  Souces, Sinks

n
o Surtace Transfor Coolf
o Initisd Conditions

1 Mewlayer

P%  Duplicate

+ B Contral
¥ Delets Hygrothermal Sources

*

Edit Assumbly by

++-3¢: Climate
Layer/Material Name

@ New Heat Source .. |

ST S . | HiGaph
R il LULELEECEE O Table
Il I 118 ~Hygrothermal Sources

. = Nr.|Type| Name
elect componeftlayer HEMI

N

Assign farn Gl
£  Matenal Database [Automate i v|
200 UserDefned -
&  ExampleCases
Coy R, Gend Dol Tor Maraal EdBng
Total Thicknass Tatal Tharmsl Performance
Thicknass: 044 m RV 8,86 (e KW UVl 0,111 Wi K)

New Moisture Sou

T MNew Moisture Source ...

I’C@Ea New Air Change Source ... |

S OK ¥ Abort

? Help

Uit 51 Lt Calerdaton: 29,06 2001
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Example B: Moisture Source in the Substrate Layer

Input: Component — Assembly / Monitor Positions

Moisture source in the etsur o .
Iowest 2 Cm Of the |ayer MName |moisture source inthe substrate LOWGSt 2 cm in the SUbStl‘ate

Spread Area

M 13
"Generlc SUbStrate . () One Element Start Depth in Layer [m]
(® Several Elements End Depth in Layer [m]

(U Whole Layer

Source Type Source Term Cut-Off [kg/m?®]

() Transient fram File O No Cut-Off

® Fraction of Rain Load O Cut-Off at Max. Water Content
() AirInfiltration model IBP ® Cut-Off at Free Water Saturation
O Constant Monthly Moisture Load O UserDefined

Fraction [%]

User-Defined ~

Enter fraction of the driving rain

" OK X Cancel ? Help

\
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Example B: Infiltration Source

Input: Component — Assembly / Monitor Positions

Infiltration source according to DIN 68800 in the wooden sheathing.

FWUR Pro 6.5
Project Inputs Run Oulputs Optices Databuse Rewwl Anshus 7

DR B ExREERCE|?

() Project

100

Case: Green Hool with additional Insulation

S . O0Urces, Sinks

Bl Case: 1 Green Roofwithout addsanal I
o @ Companont I | OvientationinchnasonHeight | Surface Transter Coefl | Initia Condiions
B contal
42 Climate Laysr Name Thickn. [m]
<[] Quick Gragh || |[Sohwoac
- Case: 2 Green Roof with addition:
~-l Companant
+ AssemblyMontorPosmions | L . ¥ &% o S
+ Onertation | @5 Sources, Sinky
+ Surface Transter Coell
+ Initiod Conditons
i B Conual *i Newlayer
o 23 Climats
B ODupkcobe |
] Delote
Edt Assambly by:

5 ¥
Select companentlayer

Assign fon Grid

& Mool Database Asomat (8

200 UsarDefined
& Example Cases C

Cépy Aite Giid D fot Manual
Total Theckness Total Thermal Perfomancs

Thickness 044 m R-Valuo 856 (m? K\W U-Waluo: 0,111 Wim?* K)

Hygrothermal Sources

s

Layer/Material Name Softwood

—Hygrothermal Sources

@

Nr.| Type | Name

New Heat Source ...

New Moisture Sou

&

rcg)fa Mew Air Change Source ...

New Moisture Source ... J

X Abort

9 Help
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Example B: Infiltration Source

Input: Component — Assembly / Monitor Positions

Moisture Source in the x
interior 5 mm of the Interior 5 mm of the sheathing

Spread Area

WOOden Sheathing . () One Element Start Depth in Layer [m]
gien\.j;aisl‘:?ems End Depth in Layer [m]

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

O Transient from File (O Mo Cut-Of

() Fraction af Rain | nad O Cut-Off at Max. Water Content
® Air Infiltration model IBP ® Cut-Off at Free Water Saturation
() Constant Manthly Moisture Load O User-Defined

Envelope Infiltration g50 [m?/{m? h)]

Air Tighness Class B (DIN 4108, tested <= 3 m¥/m#) -
Stack Height [ir]

Mechanical Ventilation Overpressure [Pa] D

Adjust infiltration source

\/OK  Cancel 2 Hep

\
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Example B: Orientation / Inclination

Input: Component — Orientation

() WUFI Pro 65

() Project
= 'fl Case: 1 Green Roof without additional It
- Component
[ Control
4 Climate

E Quick Graph
=] 'fl Case: 2 Green Roof with additionz
- Component

+ Assembly/Monitor Positions

~ Orientation

+ Surface Transfer Coeff

+ Inifial Conditions
@ Control
2 # Climate

< >

Units: S Project

Project Inputs Run Outputs Options Database Result Analysis 7

DEH B™EZ2XRBEBOZ|? T00O

Case: Green Roof with additional Insulation

Assembly/Monitor Positions | JeUERETGHIGMTEIGHISERE | Surface Transfer Coeff Initial Conditions

Qrientation Inclination

Inclination [] =

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

RIL]
Refsimf0 ]

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

Adjust orientation and inclination

\
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Example B: Surface Transfer Coefficients

Input: Component — Surface Transfer Coeff.

Adjust surface transfer coeff

Heat Transfe

for Roof = 19

r Coefficient
W/m2K

Adhering Fraction of Rain =1

icients!

(F ) WUFI Pro 65
Project Inputs Run Outputs Options Datsbase Result Analysis ?
DEH 2R ZXTE D EBBOZ|? 00
() Project Case: Green Roof with additional Insulation
=] 'fl Case: 1 Green Roofwithout additional It
{# Component Assembly/Monitor Positions ‘ Or|ematlonflnc\mauon]Helght| Surface Transfer Coeff. ‘ Initial Conditions ‘
@ Control
= Climate ~Exterior Surface (Left Side)
[ Quick Graph Heat Transfer Coefficient [W/(m? K)] |19 Hﬁuuf V‘
B'fl Case: 2 Green Roof with o R e .
includes long-wave radiation parts [W/(m? K} 65
- Component
" Assembly/Monitor Positions
d-d dent
~ Orientation s U
+ Surface Transfer Coeff.
& ~ Initial Conditions sd-Value [m] |_ ‘ ‘Nu coaling v‘
147 Control
<% Climate Note: This setting does not affect rain absorption

Short-Wave Radiation Absorptivity [-] |U 3 ‘ ‘Green roof, generic model v‘

Long-Wave Radiation Emissivity [ -]

Reduction factors caused by shading

orptivity [] No shading ~
for emissivity [-]

Explicit Radiation Balance O Nete: This option takes radiative cooling due to long-wave
emission into account. Sensitive cases may require sufficiertly
accurate countemradiation data in the weather file.

Ground Short-Wave Reflectivity [ -] |02 ‘ ‘Standard value V‘

Adhering Fraction of Rain [-] [1o | Depending oninclination of component v

(Interior Surface (Right Side)
Heat Transfer Coefficient [W/(m? K)] (Roof)
sd-Value [m] |7 ‘ ‘No coating V‘
< >
Units: 51 No calculation results available.
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Example B: Initial Conditions

Input: Component — Initial Conditions

(F ) WUFI Pra 6.5

Project Inputs Run Outputs Options Database Result Analysis 7

DEH eR EETR B EBEOT ? 2 59

(F) Project
=] 'fl Case: 1 Green Roofwithout additional It
- Component
@ Contral
4 Climate
E Quick Graph
=] 'fl Case: 2 Green Roof with additionz
- Component
-~ Assembly/Monitor Positions
~ Orientation

-~ ¢ Climate

< >

Units: 51 Last Calculation: 29.06.2021

Case: Green Roof with additional Insulation

Assembly/Monitor Positions | Orientation/Inclination/Height

Initial Moisture in Component
® Constant Across Component
Oln each Layer

O Read from File

Initial Relative Humidity [ -]

Initial Water Content in Different Layers

Material
No.
Layer

1 generic substrate

2 vapour retarder (sd=300m)

3 EPS (heat cond.: 0.04 W/mK - density: 30kg/m?)
4 Softwood

5 Mineral Woaol (heat cond.: 0,04 W/mK})

6 ISOVER Vario KM Duplex

7 Gypsum Board

Initial Temperature in Component

@ Constant Across Gomponent

O Readfrom File

Initial Temperature in Component ['C]

Thickn
[m]

0.06
0.001
01
0.025
0.24
0.001
0.0125

Surface Transfer Coeff | JUUGEIe Tl

Water
Content
[kg/m?]

120
0.0
179
60.0
179
35
63

No changes required

\
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Example B: Calculation Period

Input: Control — Calculation Period/ Profiles

(F) WUFI Pro 6.5

@ Project
= 'fl Case: 1 Green Roofwithout additional It
- Component
a-f Control
f-54 Climate
«-fE Quick Graph
= 'EI Case: 2 Green Roof with additionz
&~ Component
~ Assembly/Monitor Positions
+ Orientation
+ Surface Transfer Coeff
.+ Initial Conditions
—@ Control
v
~ Numerics
i-54 Climate

< >

Units: 51 No calculation results available.

Project Inputs Run Outputs Options Datsbase Result Analysis 7

PR ERZEZ D EBBOT?

100

Case: Green Roof with additional Insulation
Calculation Period / Profiles Ty t=7d

Start_End / Profiles

Calculation Profiles Date Hour
Start Profile 1 01.10.2021 00:00:00
End Profile 2 01.10.2029 00:00:00

Time Steps [h]

29.06.2021 00:00:00

Delete

Copy

Insert

Adjust calculation period

Note:
Green roofs reach their dynamic equilibrium very slowly

= generally rather longer calculation periods are required

Recommended: at least 8 years

~ Fraunhofer
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Example B: Numerical Settings

Input: Control — Numerics

() WUFI Pro 65

Project Inputs Run Outputs Options Database Result Analysis 7

DEH B® EZ2IDEBBOZ|?
() Project

= “I Case: 1 Green Roof without additional Ir
- Component
a-f Control
f-54 Climate
] E Quick Graph
= 'fl Case: 2 Green Roof with additionz
o Component
+ Assembly/Monitor Positions
~ Orientation
~ Surface Transfer Coeff
+ Inifial Conditions
=) @ Control
~ Calculation Period/Profiles
+ Numerics
# Climate

|0 O
Case: Green Roof with additional Insulation

Calculation Period [ Profiles

Maode of Calculation

[ Heat Transport Calculation
Moisture Transport Calculation
Hygrothermal Special Options
[J Excluding Capillary Conduction

[J Excluding Latent Heat of Evaporation

[ Excluding Latent Heat of Fusion

[]Excluding Temperature and Moisture Dep

[]Excluding Temperature Dependency in Latent Heat of Evaporation

Numerical Parameters

[ Increased Accuracy

[ Adapted Convergence
‘Adaptive Time Step Control

[F1Enable

Geometry

(® Cartesian

(O Radially Symmetric

< >

Units: 51 Ne calculation results available.

1cy of Thermal Conductivity

Steps |3

Max.Stages |10

For the calculation of green roofs, the
,Adaptive Time Step Control* should be enabled!
(Recommendation: 3 Steps, 10 Stages)

Z Fraunhofer
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Example B: Outdoor Climate

Input: Climate — Outdoor (Left Side)

(F ) WUFI Pro 6.5

Project Inputs Run Outputs Options

Database

DEEl 2R 2XE BEEOT|?

(F) Project
=] 'fl Case: 1 Green Roofwithout additional It
- Component
Control
Climate
[ Quick Graph
=] 'fl Case: 2 Green Roof with additionz
- Component
~ Assembly/Monitor Positions
~ Orientation
Surface Transfer Coeff
~ Initial Conditions
Control
Calculation Period/Profiles
~ Numerics
154 Climate
v

~ Indoor (Right Side)

< >

Units: 51 No calculation results available.

Result Analysis 7
1T00
Case: Green Roof with additional Insulation

(oG LR EIEY (TG | Indoor Climate (Right Side)

@ Frem Map / File '@ EN 15026 / DIN 4108 / WTA 6-2

150 13788 '@ ASHRAE 160 @ SineCuw§eI eCt CI I m ate

Holzkirchen; Fraunhofer-IBP, Moisture Reference Year @ Set Climate... | || & Details...
| Temperature / Relative Humidity @% Climate Analysis
Data Info
0 Location: Holzkirchen
g 20
@ Latitude [*]: 47.38 North
5 10
B
2 0 Longitude [*}: 11.73 East
E
2
i~ £l Altitude [m]: 680
-20
30-Dec  28-Jan O1-Mar  31-Mar  01-May  O1Jun  28-Jun  30-Jul  20-Aug  20-Sep 20-Oct  20-Nev 30-Dec Time Zone: 1.0
100 Number of data lines: 8760
=
= 80
z Description: (i}
E e
El Comment: L]
2 40
5
2 20 Climate Elements
ol Temp TA
31-Dec  30-Jan 02-Mar  01-Apr 02-May 02-Jun  30-Jun 31-Jul 30-Aug 30-Sep 30-Oct 30-Nov  31-Dec
_ ) Relative Humidity: HREL
Additional Data Diagrams
Global Radiation ~ Short-Wave Radiation:  ISGH, ISD
1,000 Long-Wave Radiation: ILAH
E g Wind: WS, WV, WD
g 600
< Rain: RN
g 400
200 Cloud Index: _
0 Air Pressure: PSTA
31-Dec 30-Jan 02-Mar 01-Apr 02-May 02-Jun  30-Jun 31-Jul 30-Aug 30-Sep 30-Oct 30-Now 31-Dec

Note:

The generic green roof
model is also suitable
for climate data without
long-wave radiation.
Rain data is necessary!
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Example B: Indoor Climate

Input: Climate — Indoor (Right Side)

Project

D2H eREEF BEBEOR ?

| WUFIPro 6.5

Inputs  Run Outputs Options

Database

@
=]

<

Project
'f Case: 1 Green Roofwithout additional It
@ Component
& Control
24 Climate
E Quick Graph
Case: 2 Green Roof with additionz
@ Component

~ Assembly/Monitor Positions

« Orientation

+ Surface Transfer Coeff.

+ Initial Conditions
B Control

~ Calculation Period/Profiles

" Numerics
54 Climate

~ Outdoor (Left Side}

& flIndoor (Right Side)|

]

>

Units: 5

No calculation results available.

Result Analysis

7

100

Case: Green Roof with additional Insulation

Outdoor Climate (Left Side) | JUlsLI IRl EER{Ts LT}

Temperature [°C]

40
38
36
34

30
28
26
24
22

-20

derived from:

Holzkirchen; Fraunhofer-IBP, Moisture Reference Year

W Temperature W Relative Humidity

31-Dec 30-Jan 0Z-Mar O1-Apr D2-May 02-Jun 30-Jun

31-Jul 30-Aug 30-Sep 30-Oct 30-Nov 31-Dec

@ Set Climate.

No changes required

@ From Map / File ﬁ EN 15026 / DIN 4108 / WTA 6-2 ﬁ 150 13788 ﬁ ASHRAE 160 @ Sma\i\u,r\!egh med I u m m OIStu r

100

95

[0

85

L8 Details... Use Left Climate
Temperature
Graph Table
25
g 20 J
i
E 15
5
=
5 10
2
-
0

[%] AupiwnH saelay

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

Relative Humidity
Medium Moisture Load +5% (Design) (.. ~

@
5
Ed

Table

60
50
40
30
20

Indoor rel. Humidity [%]

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

for indoor climate
eload +5 %

~ Fraunhofer

IBP

a7



Example B: Note when Calculation Start

Calculation Start:

Note:

After calculation start this warning appears:

Warning *

- Explicit radiation balance disabled butinclination is 3°.

. Continue | X Cancel

— this warning can be ignored for the calculation of a green roof with the
generic model!

\
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Example B: Evaluation Calculation Quality

Status of Last Calculation:

Status of Last Calculation X
Status of Calculation "
Calculation: Time and Date 29.06.2021 11:59:53
Computing Time 4 min,14 sec.
Begin / End of calculation 01.10.2021 /01.10.2029
No. of Convergence Failures 0
Check for numerical quality
Integral of fluxes, left side (kl,dl) [kg/m?] 332,11 -386,38
Integral of fluxes, right side (kr dr) [kg/m?] 1,5E-7 -0,51
Balance 1 [kg/m?] 15,48
Balance 2 [kg/m?] 15,55
T No convergence failures!
Start End Min. Masx. Balance differences acceptable!
Total Water Content 2,91 18,83 2,83 21.05
Water Content [kg/m?]
Layer/Material Start End Min. Max. | v
[ Calculation locked ? Help |

\
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Example B: Evaluation Total Water Content

Evaluation with the help of the Quick Graphs:
Total Water Content

Total Water Content

Evaluation:

The total water content for
green roofs is hardly
conclusive because of the
large amount of moisture in
the substrate.

nt [kgfm]

il
!

H’M

|

R
o0

‘Water Conte
-

— Evaluation of the single
layers of the substructure

RN I

\
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Example B: Evaluation Wooden Sheathing

Evaluation with the help of the Quick Graphs:
Water Content in the wooden sheathing

Softwood

Evaluation:

The water content in the wooden
) m / sheathing increases over the
fﬁM J DW W W W\r U calculation period slowly und
m_ K doesn‘t reach the dynamic
/ VW W equilibrium after 8 years.

— Longer calculation period is
necessary

\
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Example B: Calculation Period

Input: Control — Calculation Period/ Profiles

() WUFI Pro 65

Project Inputs Run Outputs Options

DS Hl 2kl ZREE

Database Result Analysis 7

BEBEOX ?

@ Project

=] 'fl Case: 1 Green Roofwithout additional It

{# Component
@ Control
# Climate
E Quick Graph

Start_End / Profiles

=] Case: 2 Green Roof with additionz Calculation Profiles

@ Component

[ control

+
" Numerics

Climate

FH Quick Graph

<

Start Profile 1
End Profile 2

Units: 51 Last Calculation: 29.06.2021

Date

01.10.2021
01.10.2034

29.06.2021

Case: Green Roof with additional Insulation

Calculation Period / Profiles Ty t=7d

Hour

00:00:00
00:00:00

00:00:00

Delete

Copy

Insert

Adjust calculation perio

d
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Example B: Evaluation Wooden Sheathing

Evaluation with the help of the Quick Graphs:
Water Content in the wooden sheathing

Softwood

- Evaluation:

The water content in the wooden
sheathing reaches the dynamic

equilibrium after 12 years with
maximum values of just over
/I . 20 % by mass.

W

g W The limit value according to
DIN 68800 of 20 % by mass is
minimally exceeded.

— Evaluation of the wood
moisture according to WTA

14
2021 2023 2025 2027 2029 2031 2033

\
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Example B: Evaluation Wood Moisture Content with WUFI® Graph

Evaluation with the help of WUFI® Graph:

Wood moisture in the wooden sheathing according to WTA 6-8

Open WUFI Graph

Project Inputs Run Outputs Options Database Result Analysis 7

Nl B2 % 22X B EBEHOT? y B0

([ Project
e
- Component
Control
-2 4 Climate
+-fE Quick Graph

Case: Green roof with additic

Case Name

Green roofwith additional insulation

M mm melem

\
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Example B: Evaluation Wood Moisture Content with WUFI® Graph

Evaluation with the help of WUFI® Graph:
Wood moisture in the wooden sheathing according to WTA 6-8

Total Water Content
m h “ M rh
Al | ' ‘. |

6.1

I

il

L
i

nt [kg/m?]

aaaaaaaaa

I

A . - a “ Time
Right-click in the ,User defined” area

J — Total Water Content

£
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Example B: Evaluation Wood Moisture Content with WUFI® Graph

Evaluation with the help of WUFI® Graph:

Wood moisture in the wooden sheathing according to WTA 6-8

User-Defined

right-click K

Temperature

Relative Hurnidity
Water Content
|sopleths

Averaged flux density
Flow

WTA 6-8
User-Defined

Evaluation of the wood pore RH according to WTA

e

Wood pore RH WTA

‘Water content in M.-% (mv)

Limit water content in M.-%
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Example B: Evaluation Wood Moisture Content with WUFI® Graph

Evaluation with the help of WUFI® Graph:

Wood moisture in the wooden sheathing according to WTA 6-8
Evaluation in the most critical centimetre (in case of doubt consider both sides)

‘Beea Salacton | Settings

of the wooden sheathing
(exterior)

timetre
eathi

(7) Area Selection / Settings

M T T 1
Select critical centimetre

no
File «C2: Green Roof with additional Insulation - F_1.tmp ~ | Type \Wood pore RH WTA ~ | Module |X-Y-Plot for selection Collective selection |10 mm ‘
VVVVVV

Result quantity X Temperature

Result quanti ity Relative Humidity .

Title Wood pore RH WTA 6-3 Selection range of 1cm

Series name Wood pore RH ) .

Middle color Help

End col |

[X-Auis label Temperature [*C]

[V-Auis label Relative Humidity [%] J oK ‘
EFEntar O K« J
enter ,, OK

=
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Example B: Evaluation Wood Moisture Content with WUFI® Graph

Evaluation with the help of WUFI® Graph:

Wood moisture in the wooden sheathing according to WTA 6-8
Evaluation in the most critical centimetre (in case of doubt consider both sides)

Wood pore RH WTA 6-8

Exterior centimeter

| i Wood pore RH = Limit moisture WTA

Wood pore RH WTA 6-8

Interior centimeter

| i Wood pore RH — Limit moisture WTA

Evaluation:

The relative pore air
moisture in the interior
and the exterior
centimetre of the
sheathing doesn’t
exceed the limit
moisture according to
WTA.

— No damage by
wood-decay fungi
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Example B: Evaluation Water Content Additional Insulation

Evaluation with the help of the Quick Graphs:

Water Content in the additional insulation

EPS (heat cond.: 0.04 W/mK - density: 30kg/m®)

Evaluation:

/‘\V/\/\/\

Ay
SV

Content [kg/im?®]

‘Water

N

2021 2023 2025 2027

2029 2031

2033

The water content in the
additional insulation also
increases over 13 years.

A relevant increase of the
thermal conductivity occurs only
from a water content of about
20 kg/m?3 and should be
consider if the insulation is
taken in account for the
R-value.

Otherwise a slight moisture
accumulation has no negative
effect on this material.

\
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