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1. Overview

Material core properties
Name:  |Multipor Minerally insulation board 2014

Category: | Insulation materials

capabilities: [l
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Parameter
~ |p-Bulk density of dry material
<p- Specific heat capacity of dry material
©por - Open porosity
©eff - Effective saturation (long term process)
©cap - Capillary saturation content (short term process)
©80 - Hygroscopic sorption value at RH=80%
Adry - Thermal conductivity (dry)
Aw - Water uptake coefficient
|- Water vapor diffusion resistance factor
Kleff - Liquid water conductivity at effective saturation
Adesign - Design value of thermal conductivity
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Figure 1. Main window of the material editor

The main window can be divided into five areas as shown in Figure 1.

Basic parameters
Flags

Buttons

Gk W

Model view

Basic data with material name

v Apply

* Cancel

The basic data, the basic parameters and the flags are always visible. The displayed model view
depends on the section and model selection. Sections here are sections of the material file,

which are assigned to certain physical processes, for example. The division in the editor is

slightly different from the material file for reasons of overview. The following sections can be

selected:

» Identification - further texts and dates

* Heat transport
* Heat storage
» Moisture storage

e vapour transport
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 Liquid water transport
* Air transport

¢ Ice forming

1.1. Basic data

This area displays the material name, material category and transport capabilities (color-
coded).

The material name, like all other descriptions, can be specified in several languages. In the
main view, the texts are always displayed in the language of the operating system. If this
language is not available, the text is displayed in English.

Material core properties

Name: Multipor Minerally insulation board 2014

Category:  Insulation materials &
Capabilities: .l.

Language selection

Check

Figure 2. Basic data

To edit the text in the other languages you should click the button with 3 dots on the right.
Then a corresponding editor will open.

Third language: |it

en |5toLE1.feII In Absolute

it |S1:0Le'u'ell In Absolute

| ok || cancel

Figure 3. Multilingual editor
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In this dialog the text can be entered directly in English, the language of the operating system
and another language. The third language can be selected in the selection box above. The
default language is Italian. If English is the language of the operating system only two
languages will be shown.

The category can be selected from one of 13 types:

Coatings
. Plaster and mortar
. Building bricks

. Natural Stones

1.
2
3
4
5. Concrete-containing building materials
6. Insulating materials

7. Building boards

8. Timber

9. Natural materials

10. Soil

11. Cladding panesl and ceramic tiles

12. Foils and waterproofing products

13. Miscellaneous

The transport properties are displayed in color-coded form. A particular transport type can
only be taken into account if all the necessary properties are available. Furthermore, this

special transport must not be switched off by using a flag (section Identification). The colors
have the following meaning:

Red

Heat transport

Dark blue

Liquid water transport

Blue

Vapour transport

Light blue

Air transport

The transport processes for salt and VOC are currently not supported by the material editor.
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Check button

This button checks the current status of the material. All models and basic parameters are
checked and a description of the status is provided.

Errors or Warnings in Material x

Thermal storage

Valid base parameter cet (heat capacity). Exist and is valid.
Valid base parameter rho (bulk density). Exist and is valid.

Linear approach by using cet and rho is used.

Thermal transport

Valid base parameter Lambda_Dry (thermal conductivity of dry material). Exist and is valid.
Linear approach by using lambda dry and thermal conductivity of water.

Moisture storage

Valid function Thetal(pc). Exist and is valid.
Valid function pc(Thetal). Exist and is valid.
Valid base parameter Theta_EFf. Exist and is valid.
Valid base parameter Theta_Por. Exist and is valid.

Moisture retention function will be used.
Reverse function is given.

Moisture transport

Valid function Kl(Thetal). Exist and is valid.
Valid Function Kv(Thetal). Exist and is valid.
Valid base parameter KI_EFf. Exist and is valid.
Valid base parameter Aw. Exist and is valid.
Liquid transport by using Kl(Thetal) function.
Vapor transport by using Kv(Thetal) function.

Figure 4. Check window for a valid data record

The image above shows the output for a valid data set. The status and the models used are
displayed for each section. The button adapts its color to the error status of the data set:

* Yellow marker - data set valid, but warnings present

* Red marking - data set invalid

The following two illustrations show the behavior of an invalid data set.
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Material core properties
Name: Multipor Minerally insulation board 2014

Category: | Insulation materials - (!

Capabilities: .. '

_ Check |

Figure 5. Check button for invalid data record
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Errors or Warnings in Material X

Thermal storage

Valid base parameter cet (heat capacity). Exist and is valid.
Valid base parameter rho (bulk density). Exist and is valid.

Linear approach by using cet and rho is used.

Thermal transport

Valid base parameter Lambda_Dry (thermal conductivity of dry material). Exist
and is valid.

Linear approach by using lambda dry and thermal conductivity of water.

Moisture storage

Error in base parameter Theta_Por. Base parameter not given and vapor
transport function exist.

Warning in function Thetal(pc). First Thetal value is wrong. It should be
Theta_Eff.
Warning in base parameter Theta_Por. Base parameter not given.

Valid function Thetal(pc). Exist and is valid.
Valid base parameter Theta_EFf. Exist and is valid.

Moisture retention function will be used. -
v OK

Figure 6. Check window for an invalid data record

Clicking on the Check button then displays the check window, where the cause of the invalid
data record is shown.

1.2. Basic Parameters

The basic parameters represent a selection of data which on the one hand should help to select
a concrete material from the database and on the other hand can serve as parameters for
transport and storage models. Some parameters are derived from the models themselves.
These cannot then be changed directly. A description of all basic parameters can be found in
the following table. In column 'Usage' one can find the transport and storage processes which
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are influenced by this parameter. If nothing is entered there, the parameter serves only for
information and is not used in the simulations!

Table 1. Description of the basic parameters

Size

p

Co

®por

®eff

Kleff

Dleff

K,

7\design

Cly

Oy

Unit
kg/m®
Ws/kg

K
m’/m?

m’/m

m’/m?®

m’/m

W/mK

kg/m’s

W/mK

1/K

Description
bulk density of dry material

specific heat capacity

porosity

effective saturation

capillary saturation

moisture content at 80% relative
humidity

thermal conductivity of the dry
material

water absorption coefficient

water vapour diffusion resistance
factor dry

diffusion equivalent air layer
thickness

liquid water conductivity for pressure
gradient

liquid water conductivity for water
content gradient

air permeability

design value of the thermal
conductivity

linear thermal expansion coefficient

hygric expansion coefficient
(volumetric moisture content)

Usage
heat storage

heat storage

moisture storage, vapour transport,
air transport

moisture storage, heat conduction,
liquid water transport

heat transport

liquid water transport

vapour transport

vapour transport (vapour retarders)

liquid water transport

liquid water transport

air transport

heat transport with purely thermal
calculation

The material database format of DELPHIN supports even more basic parameters, but these are
not supported by the editor. You can find more information here: https://nbn-resolving.org/
urn:nbn:de:bsz:14-qucosa-126274
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The following figure shows the section of the editor for the basic parameters.

Parameter Value Unit -
p - Bulk density of dry rnaterial 1302.82 kg/m3
cp - Specific heat capacity of dry material 1134.08 I kg
Gpor - Open porosity 0.508371 m3/m3
Deff - Effective saturation (long term process) 0.40432 m3/m3
Gcap - Capillary saturation content (short term process) 0.364 m3,/m3
280 - Hygroscopic sorption value at RH=280% 0.0656429 m3/m3
Adry - Thermal conductivity (dry) 0.4405 Wk
Aw - Water uptake coefficient 0.08695891 kg/mds05 ¥

[ ] show all parameters

Figure 7. Window of the base parameters

By checking the box 'Show all parameters' all possible parameters (see table) are displayed in
the list, otherwise only those with a valid value are shown. If a number is marked yellow there,
you can change this number. Some values can also be deleted. But this is only possible if this
parameter is no longer needed (flags, models). You delete a parameter by deleting the value
and then pressing ENTER. If this value cannot be deleted, the original value is re-entered.

1.3. Flags

The flags are located to the right of the basic parameters.
Flags
[ ] water tight

[ | vapour tight
|:| Air
Air tight
[ ] wood
[ | Wood based
[ ] Fail
Figure 8. Window for flags
These have different effects and can be grouped as follows:

Transport flags:

* Water tight - liquid water transport switched off (keyword: WATER_TIGHT)
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» Vapour tight - vapour transport switched off (keyword: VAPOR_TIGHT)
* Air tight - air transport switched off (keyword: AIR_TIGHT)

If such a flag is set, the respective transport is no longer possible and all related parameters
and models are no longer used (and can be deleted). If a material is both water tight and
vapour tight, no parameters for moisture transport and storage is required. This is the case for
materials such as glass, metals or solid plastics. The corresponding keywords for the material
files are listed in brackets.

Material flags:

 Air - The material is air. Moisture storage function is provided internally and does not need
to be specified (keyword: AIR)

Wood - The material is wood. For information only (keyword: WOOD).

Wood based - The material is wood. Informative only (keyword: WOODBASED).

 Foil - The material is a vapour barrier. An sd-value must be given.

1.4. Buttons

There are five buttons on the bottom of the material editor. These have the following effect:

1.4.1. Help

Display this help page via the website in the browser.

1.4.2. Reset

Here the current material file is read in again from the database and the editor is set to these
values. This overwrites all unsaved changes.

1.4.3. Apply

Saves the data set without closing the editor.

1.4.4. Cancel

Closes the editor without saving the data set.

1.4.5. Ok

A click on this button saves the material file with the current contents of the editor and closes
the editor.
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1.5. Model view and section selection

The appearance of the model view depends on the selected section. The currently available
sections are shown in [Main_Window_Sections]. The individual sections are described below.

1.5.1. Identification

Descriptions Dates

Producer: [5to SE &.Co. KGaA [[] pat 010120005
Production date: [01/01/2000 /%

ProductiD: [StoLevel In Absolute | (=] —
Sanping dte:

Source: ‘TU Dresden, File created by MaterialGenerator Version 1.0.3.9 ‘ El

Comments

en it

glue mortar for inside insulation board AEVERO (Aerogel)

Identification ‘ Thermal transport | Thermal storage | Moisture storage | Vapor transport | Liquid transport Air transport \

Figure 9. Window identification

The figure above shows the identification area. Here the name of the manufacturer, the
product designation, the data source and comments can be specified. The language selection is
done as described in [Basic_data]. The comment is only available in German, English and
Italian or in case of an english operating system only in English and Italian. Other languages
must be entered directly into the material file using a text editor. Additionally, there are date
specifications on the right. These have the following meaning:

* Date: when the data record was created
* Production date: when was the measured material produced

» Sampling date: when were the measured samples prepared
If 01/01/2000 is entered as the date, this date is not known.

If further specifications are to be made in the identification area, this must be done directly
with a text editor in the material file.

[IDENTIFICATION]
NAME
AQUISITION_ID
PRODUCER
PRODUCT_ID
LABORATORY
DATE
COLOUR
FLAGS
CATEGORY
COMMENTS
DBTYPE
HATCHING

DE: Multipor Mineralddmmplatte 2014 |EN: Multipor Minerally insulation board 2014 |IT: Pannello isolante minerale Multipor 2014
643

DE: Xella International |EN: Xella International |IT: Xella International

DE: Multipor |EN: Multipor |FR: Multipor |IT: Multipor

DE: IBK-Labor |EN: IBK-Laboratory |IT: Laboraterio IBK

23.01.2014

#ffdacesc

AIR_TIGHT

INSULATION

DE: 042 Kompromiss, ab 2014, Dicke ab 5emm |EN: @42 Adoption, since 2014, thicknes grater equal Semm |IT: €42 compromesso, dal 2014, spessore da Semm
1,7,16

13

Figure 10. Example of an identification area in a material file
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1.5.2. Models - General

All following model sections have a similar structure.

Function type:

| Moisture retention spline 1 |

Moisture content as Function of capillary pressure (desorption) 5

ﬂgqpa] 0 ?]H 0.999999992614642 %‘,/m,] 04
pC ol
[togPa] [m?/m?]
) 0.1
0.5 0.12801
0.6 0.128009
0.65 0.128008
0.7 0.128007
0.75 0.128006
0.8 0.128003 3
0.825 0.128002
0.85 0.128
0.875 0.127998
0.9 0.127995
0.925 0.127992
0.95 0.127988

=/ 8
Rows: 99

Figure 11. General model view

The figure above show a view for general models. This is divided into four areas:

. Model selection

. Buttons Model Editing

1

2

3. Tables for data values

4. Graphical representation
5

. Model calculator

Model selection (1)

Here is a selection box with which you can choose a model from the available ones. Only the
models of the selected section are available. For all sections there is also a point No model. This
is selected if nothing is specified for this section. For sections with only one possible model, the
selection box is replaced by two radio buttons (heat storage). Only models for which data is

available are displayed in the table. However, diagrams of the functions are always displayed if
a conversion is possible.

Buttons model editing (2)
There are 5 buttons at the top right. These are shown in each model, but not always available.

Remove deletes the currently selected model.
Create inserts data for the selected model.
Complete is only available for incomplete models and fills the data gaps.

Clean deletes all other data from this range except the data required for the selected model.
This can be used to remove old models that are no longer needed.

Copy diagram 1 Copies the graphic of diagram 1 to the clipboard for further use as a picture or
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in word processing programs.

Copy data set 1 Copies the data from diagram 1 as a table to the clipboard. This can be pasted
into Excel, for example, for further use.

Tables for data values (3)

pC . ol A
[logPal [m*/m?]

0 0.40482

o1 0404319

0.2 0404817

0.25 0.404215
03 0.404212
0.35 0.404308
0.4 0.404202
0.45 0.404795
0.5 0.404735
0.525 0.404778

0.55 0.404771
575 NANATA?

+=DE

F2:. 3 4 5 g 6 o

Figure 12. Data table with editing functions

The data table (1) shows the currently used data. For models created from the basic parameters
(linear), this table is grey and the values cannot be changed. Otherwise all values can be
changed. The decimal separator must always be that one which the operating system used. If
an input cannot be interpreted as a numerical value, the background will turn red.

Button 1 (plus) allows to add a value pair above the current selection. The mean values of the
upper and lower data are entered as default. Button 2 (minus) deletes the selected data row.
However, at least two value pairs must remain in the table. Delete is deactivated when this
limit is reached. A click on button 4 replaces the content of the entire table with the content of
the clipboard. The data for this must be arranged in such a way that each row contains a pair
of values (separated by a tabulator). The decimal separator must be that of the operating
system. If the contents of the clipboard cannot be used, nothing happens. With button 5 the
content of the table is copied into the clipboard and is available for editing with external
programs. In the input field 6 the number of lines of the table can be changed. The values are
always added or deleted at the end. Here too, the minimum number is 2 pairs of values.

Graphical representation (4)

In this area the available data is displayed graphically. Changes are not possible here.
Exporting the display ais ossible only for the first chart with the current version. If you need
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your own view, you can export the data to the clipboard and then display it using a tool of your
choice.

Model data calculator (5)

There are input fields above the table. Values can be entered in the fields with a yellow
background. The fields with a blue background are for display purposes only. These can be
used to calculate function values for the models used. E.g.: In the moisture storage function, the
moisture content is modeled as a function of the capillary pressure. In this function, there are
input fields for a capillary pressure in logPa and for the relative humidity. Both values can be
converted into each other using the Kelvin equation. If you enter a value in one of the two
fields (enter + click in another field), the values in the other fields are calculated based on the
existing model. If you enter an air humidity here, the capillary pressure and the moisture
content are calculated and displayed in the corresponding fields.

el
.95 [m3/m?]
Capillary pressure rel. humidity Water content

0.0158793119265498

pC RH
6.84168905148271 0
[logPa] l ” [

Figure 13. Calculation fields with entered humidity of 95%

1.5.3. Heat transport

Function type: Moisture-dependent: finear ]

Thermal conductivity as function of meisture content {inear model) Remove Create Complete
T T T T T T T T T T T T T T T T T T T T 7]

0.7

I
w

el A [
[m*/m?] [W/mK] C /—

0 0.4405 /

0.40482 | 0.667139

S
n

/

e

Thermal conductivity in [W/mK]
F =
m

o
&

fe"

FEEE |

. . \ . \ . \ \
Rows: 2 e 0 0.1 0.2

. . . .
0.3 0.4 0.5
Moisture content in [m3/m3]

Identification ‘ Thermal transport |Therma\ storage | Moisture storage | Vapor transport | Liquid transpert Air transport |

Figure 14. Heat transport section

The figure above shows the view for the Heat Transfer section. The first view always shows the
currently selected model. The following models are available for heat transport:

* Moisture dependent: linear

* Moisture dependent: spline

* Temperature dependent: spline
If no model is available, 'No model’ would be displayed in the selection box. In case of heat

transport, this would mean that the material is not valid (usable) because heat transport is
always required. In the following the individual models are described:
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Moisture dependent: Linear

This model consists of a simple linear dependence of the thermal conductivity on the
volumetric moisture content. The thermal conductivity of water is used as the slope (0.6
W/mK). Thus a simple parallel approach of the heat flows in material and pores is represented.
The thermal conductivity of the dry material from the basic parameters is the only parameter
required. If this value is changed, the model adapts automatically. Since only one basic
parameter is needed here, this model should always be possible or available. Therefore this
model cannot be removed. If its still missing, the thermal conductivity is not given for the base
parameters.

Moisture dependent: Spline

Here the moisture dependence is represented by data pairs for the volumetric moisture
content in m*/m® and the thermal conductivity in W/mK. Linear interpolation is performed
between these points. Such data pairs are also used for many other models.

Function type: Maisture-dependent spline ~ |

Thermal conductity as function of moisture content Create Compicte | [ Cleanup
18 T T T T T T
ol A ~ r — ]
[m*/m?’] [W/mK] s b
0 0493626 Tr /"— .
0022145 0.739726 N 7
» e

004423 09179

0.066435 1.05368
0.08858  1.16059
0.110725  1.24694
013287 131816

0155015 137789 F B
0.17716 142872 F ]
0199305 147248 N ]
022145 151057 r / ]
n243505 15401 h ’Z/ i
+ =D E

0.a . \ . . . \ . \
Rows: 21 8 0 0.1 0.2

o
@

Thermal conductivity in [#/mK]
e ‘

o
o

. . . .
0.3 0.4 0.5
Moisture content in [m3/m3]

Identification ‘ Thermal transport | Thermal storage I Moisture storage | Vapor transport | Liquid transport I Air transport ‘

Figure 15. Moisture-dependent thermal conductivity with stored data

The value for the moisture content of 0 m*/m® should correspond to the thermal conductivity in
the basic parameters. A change of the base value has no influence on this data.

Temperature dependent: Spline

This section works analogous to the previous one. The temperature in °C and the thermal
conductivity in W/mK must be entered here as value pairs. This model can be given parallel to
the moisture-dependent data. Both dependencies are then considered. There are two
prerequisites:

1. The moisture-dependent thermal conductivity is defined for 23°C.

2. The temperature-dependent heat conductivity is defined for 0 m*/m”’.,
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1.5.4. Heat storage

@) Nomodel (O u(T) function

Identification | Thermal transport | Thermal storage | Moisture storage | Vapor transport | Liquid transport | Air transport

Figure 16. Heat storage section

By default, the heat storage is calculated based on the basic parameters density and heat
capacity. The moisture content or the stored heat of all three phases (vapour, water, ice) is
taken into account internally. It is possible to use a function u(T) as a function of the internal
energy depending on the temperature instead. In the current DELPHIN version, this is only
possible with pure heat transport. If the moisture transport is switched on, DELPHIN uses the
standard model instead. This is also the case if a u(T)-function exists. The main application of
such a function is the modeling of PCMs. For questions about this, please contact the
developers.

O Momodel (@) u(T) function

S rergy < fucton ofrperatire create | [ corples

2.5e+09 T T T T T T T T T T T T T T T T T T T T T T T T T T T T

u | "
] Dfm’] /
0 0
289.15 | 1.734%e+09
.5e+03 /

¥
&

290.15  1.73%4e+09
29115 1743908
29215 1.7499+09
20315 1.7574e+09
29415 1.7664e+09
20515 1.784e-09
20615 18174e+09
297.15  18579%+09
20815 1932909 5e+08 ]
20015 1 07NAanQ M

Rows: 18 - 0 50 100 150 250 300 350 400

§

Inner energy in EI,’mB]

\

200
Temperature in [K]

Identification | Thermal transport \ Thermal storage \ Moisture storage | Vapor transport | Liquid transport | A transport

Figure 17. Heat storage function for a PCM

1.5.5. Moisture storage

A model for moisture storage is required as soon as a moisture flow is to be calculated, i.e. the
material is not vapour and water tight.
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Function type: Maisture retention spline v |

Maisture content as function of capillary pressure {desorption) Create Complete
-‘-E'O‘S = T T T T T T T T T L
[logPa] [m*/m’] D [m*/m’] [logPa] s é é
0 040482 0 12 g05E E
01 0.404219 6.83624e-07 875 ED‘Z E \ 3
02 0404817 40216805 |8.3313 201 E 3
025 0404815 7975605 831932 g E ) L L E
03 0.404812 0000119283 831184 B 2 5 3 o ey

0.35 0404808 0.000158816  8.30652 Capillary pressure in [log(Pa)]
04 0.404802 000019835 830221 g T T T T T T T T T T E
0.45 0.404795 0.000237883 | 8.2936 E‘ 10 1
0.5 0404785 0.000277416 | 8.29549 g 8 E
0525 0404778 0.000316940 | 8.29274 8 F Dy E
0.55 0.404771 0.000356482 | 8.29029 § & £ —-_———-——"‘-q_.____ E
N&7s NANTED e NNNNIOANTA | & 2000F = 4F 3
_ . ZLE . E
= = i 4 ;
S G E L L L L L L L P L L B
Rows: Rows: 53 0 0.1 0.2 0.3 0.4 0.5

Moisture content in [m3/m3]

| tdentification | Thermal transport | Thermal storage | Moisture storage | Vapor transport | Liquid transport | A ransport

Figure 18. Moisture storage section

The standard model for moisture storage is the **MoistureRetentionCharacteristic (MRC). Here,
the water content is represented as a function of capillary pressure. In DELPHIN, the decadic
logarithm of the negative capillary pressure (pC) is used instead of the capillary pressure itself.
So that the DELPHIN solver can calculate quickly, the corresponding inverse function should
always be given (right table). If this is not available, there are several possibilities:

1. You use the data set as it is and let DELPHIN calculate the inverse function. This is not
recommended because it can lead to numerical difficulties.

2. If the inverse function is missing, the Complete button is active. A click on it creates an
inverse function by simply swapping the data pairs. This can also lead to numerical
problems during the calculation.

3. Based on the original function, data pairs are generated for both functions. This requires
knowledge of the raw data or the original functions used. This is numerically most stable.

The only other model possible is the use of a sorption isotherm.

|Sorpﬁan isotherm v |

Remove Clean up

0.35 T T T T T T T T T T T T T
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Figure 19. Moisture storage function with sorption isotherm

Since a sorption isotherm cannot correctly represent the high moisture range, this function is
not recommended for materials that absorb large amounts of moisture (condensation, water
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contact, rain).

Vapour transport

Function type: Kv moisture-dependent spline v ‘
Vapor permability as function of moisture content Create Complete
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Figure 20. Vapour transport section

For vapour transport, a moisture content dependent vapor conductivity (Kv) is generally
required. There are three possible models:

* Kv moisture-dependent: linear
* Kv moisture-dependent: Spline

* udepending on relative humidity

These models are only used if the flag Vapour tight is not set.

Kv humidity dependent: linear

Here the vapour conductivity is considered to be linearly dependent on the moisture content.
The value at a moisture content of 0 m*/m? is calculated from the p-value of the dry material.
The vapour conductivity then drops to 0 when the material is completely saturated (porosity).
As parameters, this model requires only the p-value and the porosity from the basic
parameters. This model can neither be deleted nor added. It exists automatically if both base
parameters are present. However, it is only used if no other model is available.

Kv moisture-dependent: Spline

The decadic logarithm of the vapour conductivity Kv is provided as specified data pairs as a
function of the volumetric water content. Linear interpolation is performed. The figure above
show such a function. The function starts at a moisture content of 0 m*/m® and ends at porosity.
If the porosity changes, the function is adjusted (scaled). The same applies to a change of the p-
value. Here a new Kv-value for the dry material is calculated and the function is adjusted. This
model can also be used to generate a moisture-independent vapour conductivity. In this case
only two data pairs with the same Kv and the moisture contents 0 and porosity have to be
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specified (see example 3).

u depending on the relative humidity

Function type: s relative humidity dependent spline v]

Vapar diffusion resistance factor (p-value) as function of moisture content for a layer with 1mm thickness Create Complete
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XIdenﬁﬁaﬁcn | Thermal transpart | Thermal storage | Moisture storage ‘ Vapor transport Liquid transport Air transport
Figure 21. Vapour transport section - u(RH)-function

This approach is primarily used for moisture-adaptive vapour retarders (smart vapour
retarder). In this case it must be noted that the p-value specified there applies to a 1 mm thick
layer. In the end result, the entire layer has the sd value of the corresponding vapour retarder.
This model can be changed by directly entering the data. Furthermore it depends on the
&#956,-value as well as on the sd-value of the basic parameters. Changing either value will also
change this function. If both data are given, the regular layer thickness is also known. It is
usually given in the comment to the material.

1.5.6. Liquid water transport

There are two models for liquid water transport, both specified via data pairs. The models
differ only in the way the transport is modeled.

* KI(®) - conductivity for capillary pressure gradient

* DI(®) - conductivity for water content gradient

The picture below shows as an example the preferred KI.
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Function type: Liuid conductivity moisture-dependent spine v]
Liquid conductivity as function of moisture content Create Complete
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Figure 22. Liquid water transport section - KI(©)

For the data, the conductivity must again be given as a decadic logarithm.

As with vapour transport, a model is only used here if the flag Water tight is not set. If it is set,
all models including the associated base parameters can be deleted without invalidating the

data set.

For both models there is a parameter for conductivity at saturation in the base parameters
(KI_Eff and DI_Eff). Furthermore, a water absorption coefficient (Aw) can exist there. If this
and the conductivity parameter are given, a mathematical relationship can be derived. This
allows function to be adjusted (scaled) by changing the Aw value. If the Aw-value does not
exist, a warning is given. It is then possible to determine this value by simulating the water
absorption test. If the material editor is started and it is determined that a transport function
exists but the corresponding basic parameter is missing, the possibility is offered to derive this

value from the function and enter it.

Missing base parameter

Missing base parameter found.
D_Eff from DI(Theta_l) for Theta_| = Theta_Eff

Should the parameters be derived from the models and added to the basic data
set?

Figure 23. Check missing basic parameters

1.5.7. Air transport
Here a moisture-dependent air permeability is provided. There are two models:

* Kg moisture dependent: linear
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* Kg moisture dependent: spline

Function type: Moisture dependent spline v]

Air permeability as function of moisture content Create Complete
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Figure 24. Air transport section

In the linear model, the permeability for the dry material is taken from the basic parameters
(Kg). This value then goes linearly towards 0 at complete saturation (porosity). The other model
allows the input of data pairs. In contrast to most other models, Kg is not given logarithmically.
As with vapour and water transport, an air transport model is only used if the material is not
marked as Air tight.

1.5.8. Ice formation

DELPHIN uses a so-called equilibrium model to calculate ice formation. It first it checks
whether ice formation is possible and then calculates the amount of ice formation at which
there is a balance between the transformation enthalpy and the heat flows supplied or
dissipated in the volume element. When determining whether ice formation is possible, a
freezing point depression due to the capillary tension in the pore system is taken into account.
The central point of this determination is a function that represents the mass of the still
unfrozen water as a function of the temperature. By default, this function is calculated
internally. This function is displayed in this section. It is also possible to enter this function
yourself. To do this, you must change the function type and enter the necessary data. When
this function is recreated, the originally calculated function is used by default.

Function type: Default ice calculation

Mass of unfrozen water as function of temperature (internal model) Remove Clean up |Copy chart 1 Copy data 1

T mwu
x] [kg/m?]
7315 0
21315  2.82314
213.549 2.82809
213.946 2.83305 -
214.341 2.83817
214.734 2.84334
215.125 2.84853
215.514 2.85391
215.901 2.85932
216.287 2.86478
21667 2.87045
217.051 2.87614
217.43  2.88192
217.808 2.88789
218.183 2.8939
+=|3(@
Rows: 99 Joo o 6 £

Water massin kyma]

Figure 25. Window ice with mwu(T) function
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2. Examples

2.1. Hydrophobing of a brick

In this example we are dealing with an internally insulated brick wall. In such a construction,
the impermeability to driving rain plays a major role. If this is not the case with the original
construction, it must be provided subsequently. In the case of a brick-faced facade, a
hydrophobic coating is often applied.

What does hydrophobicity mean for the material? Ideally, the liquid water conductivity should
be reduced without affecting the vapour transport. A hydrophobing agent, e.g. on a silicone
basis, can be used here, which is applied to the outside of the facade. It penetrates several
millimetres deep and changes the liquid water transport there. In Delphin, this can be
modelled in such a way that an adapted brick material is used for an approx. 5 mm thick outer
layer. How do you proceed?

» Copy the existing brick material in the material selection

Materials [ 4

B4/ =88

| | Old Building Brick Dresden ZD [452]
Mineral Woel 032 [730
Rigips gypsum board [42
Air gap 03rmm (vertical) [13]

After clicking on the copy button marked with the arrow, the following dialog appears

Material reference

Name: ‘Old Building Brick Dresden ZD | | Edit... | Base parameter Value Unit
[ 1619.5 kg/ m*
coo: O * 953 Vigk
A 0.403 W/mK
Material data file: ‘nS_Uunkfdam,.'DB_maI:Erialsfﬁ\lﬂ)auziegelDresdenZD_‘!QZ‘ms | IIl |Import into project directpry u 1047 -
:
Reference: §{Material Database} fAltbauziegelDresdenzD_492.mé Duplicate material file. . . Wsat 361.0 kg/m
wep 3.7 kgim?
() Reference with file path relative to project file Aw 038 kg,.fmzs1/1
(®) Reference with file path relative to material database directory " Kleff 21e-09 s
() Reference with file path relative to user material database "
() Reference with absolute file path ‘:‘

The chosen material was in the DELPHIN material database, which can be easily recognized by
the reference (green arrow) that refers to the Material Database. To be able to change the
material, it has to be copied. There are two possibilities for this:

» Copy to the project directory (red arrow)
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* Duplicate material file (blue arrow)

The first button is used to copy material files from the database to another directory. The most
suitable directory for this is materials in the project directory. This should be used here as well.
The second button is used to duplicate material files that are already outside the database. This
is useful if you want to perform variant studies with several adapted materials.

After clicking the first button, another dialog appears:

Delphin 6.1

Material file name (within project's material directory):
[ai

Here you can enter a new name for the new material. By default, a number in square brackets
is appended to the existing name. We change the name so that a hydrophobicity can be
recognized.

Delphin 6.1

Material file name (within project's material directory):

|DIdBuiIdingBrid¢. hydrophob_01lms |

| oK | | Cancel |

After closing this dialog, you will return to the original dialog. Here you should change the
display name and also the color to differentiate to the original material. Then you can close the
dialog.

Material reference

MName: ‘Dld Building Brick Dresden ZD hydrophob 01 | | Edit... | Base parameter Value Unit
p 1619.5 kg/m®

Colo: p 953 J/koK
A 0,403 W/mkK

Material data fileyItalienMailand /materialsfOldBuildingBrick hydrophom.ms | IIl |Import into project dlrecr.ory| u 1047 -

s
Reference: &{Praject Directory}/materials/OldBuildingBrick hydropha% Duplicate material file... Wsat 361.0 kg/m

W8D 3.7 kg/m®
(®) Reference with file path relative to project fie

B 038 kg/m's':
() Reference with file path relative to material database directory Kleff 2.1e-09 s

(2 Reference with file path relative to user material database
() Reference with absolute file path

As a result, a new material can now be seen in the material list of the project.
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Materials &8 x

B s/ V=& @ 2

I C!d Building Erick Dresden ZD [492]

Mineral Wool 032 [730]

Rigips gypsum board [427]

Air gap 03mm (vertical) [13]

Old Building Brick Dresden ZD hydrophob 01

The material is still shown in grey italics because it has not yet been assigned to the
construction. Next, the liquid water conductivity has to be adjusted. To do this, open the
material reference dialogue again by double-clicking on the material and then click the Edit
button. The material editor opens. Here you select the Liquid Water Transport tab.

I Material editor - OldBuildingBrick hydrophob_01.m&

Material core properties Flags
Name: |Old Bulding Brick Dresden 7D | [-] Parameter il Unit 21 ) water tght
©por - Open porosity 0388864  m3/m3 ater til
Category: |Bulding brick v] .
Oeff - Effective saturation (long term process) 0361042 m3fm3 [] Vapour tight
Capabiltes: .l. @cap - Capillary saturation content (short term process) 0.2563 m3fm3 A
80 - Hygroscopic sorption value st RH=80% 0.00365688  m3/m3
Adry - Thermal conductivity (dry) 0.4025 W/mK A tight
Aw - Water uptake coefficient 0.380526 kg/m2s05 [ ] wood
1 - Water vapor diffusion resistance factor 10.4726 [ Wood based
Kleff - Liquid water conductivity at effective saturation 200084e-09 5 0 ||
Fail

[] Show all parameters
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Liquid conductivity as function of moisture content Create Complete
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The picture shows the currently used guiding function. This brick has a KI(®1) function with a
highest Kl value of -8.44log(s). In the basic data there is an Aw-value of 0.38kg/m’s** and a
KI_Eff of about 2*10° s. A good hydrophobicity should reduce the Aw-value to at least a tenth
(better to a hundredth) of the original value. We now change the Aw-value to 0.01 kg/m’s*°. All
we have to do is double click on the value in the table, adjust it and then press ENTER. The
whole function is then scaled down. The result is shown in the following picture:
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Material editor - OldBuildingBrick hydrophob_01.mé

Material core properties Flags
Name: |Old Bulding Brick Dresden 7D | [-] Parameter il Unit 21 ) Water tght
©por - Open porosity 0388864  m3/m3 ater til
Category:  |Bulding brick v] .
Oeff - Effective saturation (long term process) 0361042 m3fm3 [] vapour tight
Capabilties: .l. @cap - Capillary saturation content (short term process) 02563 m3fm3 [l
880 - Hygroscopic sorption value at RH=80% 000365688 m3/m3
Adry - Thermal conductivity (dry) 04025 W/mK A tight
Aw - Water uptake coefficient 0.01 kg/m2s05 [ ] wood
W - Water vapor diffusion resistance factor 10.4726 [] Wood based
Kleff - Liquid water conductivity at effective saturation 1.44305¢-12 s v
[ Fail
[ Show all parameters \ Y
Function type: | Linuit conductivity meisture-dependent spline v
Liuid conductivity as function of meisture content Create Complete
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As you can see, not only the Aw-value has changed, but also KI_Eff, as well as the whole leading
function. This material can now be accepted by clicking on Ok and then assigned to the
construction.

2.2. Existing material of a building is not in the database

When examining existing buildings, it often happens that the materials used there are not
available in the DELPHIN database. Nevertheless, you still need the material characteristics so
that you can calculate. Here, there are two procedures:

1. Complete measurement: you take some samples and send them to a qualified laboratory.
There, all parameters necessary for the calculation are determined. This is very accurate,
but also expensive and time-consuming.

2. Partial measurement - you measure so many parameters that you can identify a material
from the database which is as similar as possible to the existing material. The more is
measured, the better the result. Then the database material is adapted to the existing
material.

In this section variant 2 is to be chosen. A brick is used here as an example. A sample was
taken and the following characteristic values were determined:

density: p = 1835 kg/m’
Thermal conductivity: A = 0.75 W/mK
Water absorption coefficient: A,, = 0.07 kg/m’s*°
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The material database is opened in DELPHIN. There, you can choose the category 'Building
bricks' and then, by clicking on the column header, sort according to the density. As moisture
transport is to be taken into account, the vapour diffusion filter restricts the selection to
materials that at least have vapour transport.

Cayﬁuﬂding brick vl Name: | | Language: ‘Enghsh v‘
Cal fiter: Thermal transport Wapor diffusion [ | Liquid water transport || Air flow
D Name Category Producer Rho [kg/m3) cpl/kgk]  Lambda [W/mK] i WaD[kg/m3]  WSat[kg/m3]  Aw[kg/m2s05] Material file p *
551l Liy#Send Stone Xella Ytong 2004 Building brick  Xella Internatic... 1743.8 8583 0.854/--- 279 376 3331 0.048 ${Material Dat
sl e Sand Brick Building brick  Xella Internatio... 17438 850.0 0.819/-— 2719 379 3331 0.030 §{Material Dat
sco ] “Lime Sand Brick Building brick 17546 850.0 0.779/--- 15.7 220 2334 0011 §{Material Dat
533[}]  oldBuilding Brick Dresden 7B Building brick 17692 1000.0 0.789/-— 36 20 3340 0.150 §{Material Dat
819l 0ld Building Brick Tivoli Berlin (.. Building brick 17731 8624 0.838/-—- 411 87 2300 0.047 §{Material Dat
52l Normal Brick Building brick  Wienerberger AG 17863 8387 0,548/ 180 134 3194 0,198 §{Material Dat
sl 0d Building Brick DresdenZ)  Building brick 1787.0 867.9 0.496/--- 171 37 2918 0,184 §{Material Dat
791l Loam brick green Building brick 1787.1 760.2 0.826/-— 360 52.0 4126 0.048 §{Material Dat
oo ] erick Building brick  CoolBricks Ha.. 17878 799.7 0.811/--- 283 05 2339 0.031 §{Material Dat
153l Lime Sand Brick (traditional) Building brick 18100 9400 1.000/-—- 400 336 3300 0.032 §{Material Dat
550l Lime Send Stone Xella Ytong 2002 Building brick  Xella Internatic... 1813.5 1000.0 0.819/--- 398 320 3313 0.052 §{Material Dat
SO Lime Sand Brick Building brick  Xella Internatio... 18135 936.5 1045/ 398 206 3313 0.032 §{Material Dat
s3] OldBuilding Brick Reithalle Pot..  Building brick 1818.3 825.0 0.586/--- 31.0 250 2954 0.085 §{Material Dat
20l OidBuilding Brick Dresden ZA  Building brick 1835.6 8146 0,528/~ 157 54 2829 0.182 §{Material Dat
0] OldBuilding Brick RoteKasern... Building brick 1842.5 T2 0.797/--- 376 20 2840 0.067 §{Material Dat
26l 0id Building Brick DresdenZH  Building brick 18519 7841 0.659/-— 120 23 2825 0262 §{Material Dat
s:elfl  OldBuilding Brick Reithalle Pot...  Building brick 1852.5 809.7 0.682/--- 271 230 2871 0.041 S{Material Dat
531 J]  old Building Brick Bornstatter F.. Building brick 1853.9 738.0 0722/ 425 44 1929 0.035 §{Material Dat
s41f]  01d Building Brick Rote Kaserne... Building brick 1853.9 788.0 0.722/--- 425 38 2200 0.055 §{Material Dat
503 )]  oldBuilding Brick Dresden ZO  Building brick 18817 8272 0.838/-— 462 44 1929 0.068 §{Material Dat
sos [l Old Building Brick Elbphilharm...  Building brick 1885.2 8516 0.808/--- 239 30 2124 0.201 §{Material Dat
535 )]  o1d Building Brick Elbphilharm...  Building brick 1885.2 851.6 0.808/-— 239 32 2120 0201 §{Material Dat
s3] Brickloens Building brick 1903.3 868.0 0.871/--- 130 26 3517 0224 §{Material Dat
21l 0dBuilding Brick Dresden ZC  Building brick 19044 8474 0.808/-— 29 21 2124 0.172 §{Material Dat
537 ]  01d Building Brick Reithalle Pot... Building brick 1905.8 781.8 0.734/--- 378 38 2200 0.057 ${Material Dat
256l 0ld Building Brick Dresden ZQ  Building brick 1942.0 8132 0.905/-— 9856 32 1731 0.022 §{Material Dat
s3] Ceramic Brick Building brick 1952.2 862.6 0.961/--- 194 12 2330 0,142 §{Material Dat
529)]  o1dBuilding Brick Am Weinber... Building brick 1966.5 2733 0928/~ 265 1.0 2401 0.060 §{Material Dat
534 ]|  0Id Building Brick Dresden ZQ...  Building brick 19700 8516 1.050/--- 1238 32 1781 0.010 §{Material Dat
24l OidBuilding Brick Dresden ZF  Building brick 1975.7 2460 1012/ 411 74 1604 0.017 §{Material Dat
s6lfl  Historical Brick (edge) Building brick 1980.0 2340 0.996/--- 168.0 28 2410 0051 §{Material Dat
- T e e e i = o
Show material properties  [_] Show depricated or removed materials Import
,,

A material with exactly the right data is not included. One should therefore look for
similarities. Priority should be given to the Aw-value and next to the thermal conductivity.
Although the density is easy to measure, it has only little influence on the calculation result.

erial database

Category: [Buiing brick v | Name: [ | tanguage: [Engish ]
Capability filter: Thermal transport Vapor diffusion [ Liquid water transport [ Air flow
D Name Category Producer Rhe [kg/m3] cpl/kgk]  Lambda [W/mK] w1 W20 [kg/m3]  WsSat[kg/m3]  Aw[kg/m2s05] Material file p »
551 [l Lime Sand Stone Xella ¥tong 2004 Building brick  Xella Internatio... 17438 363.3 0.854/-— 219 376 3331 0.048 §{Material Dat
511 LimeSand Brick Building brick  Xella Internatic... 17438 850.0 0.819/--- 279 379 3331 0.050 §{Material Dat
509 Lime Sand Brick Building brick 17546 850.0 0779/ 157 420 2334 0011 §{Material Dat
533l OldBuilding Brick DresdenZB Building brick 1769.2 1000.0 0.789/--- 8.6 8.0 3340 0130 §{Material Dat
219}l  o1d Building Brick Teli Berlin (... Building brick 17731 3624 0.838/-— 431 a7 230.0 0.047 §{Material Dat
s Mormal Brick Building brick  Wienerberger AG 1786.3 888.7 0.548/--- 8.0 134 3194 0.199 §{Material Dat
203 [ll]  OdBuilding Brick DresdenZ)  Building brick 17870 367.9 0,496/~ 171 37 291.9 0,184 §{Material Dat
791 ] Loam brick green Building brick 1787.1 760.2 0.826/--- 360 580 24126 0.048 §{Material Dat
635l Brick Building brick  CoolBricks Ha... 17879 799.7 0.811/-— 283 05 2309 0.031 §{Material Dat
153l Lime Sand Brick (traditional) Building brick 1810.0 940.0 1.000/--- 400 336 3300 0.052 §{Material Dat
550} Lime Sand Stone Xella Ytong 2002 Building brick  Xella Internatio... 18135 1000.0 0.819/-— 393 320 3313 0.032 §{Material Dat
SO Lime Sand Brick Building brick  Xella Intematio... 1813.5 936.5 1.045/--- 398 296 3313 0.052 §{Material Dat
539]]  o1d Building Brick Reithalle Pot... Building brick 18183 8250 0586/~ 310 250 2994 0.095 §{Material Dat
490 Old Building Brick Dresden ZA Building hrick 18356 A48 0.528/--- 157 5.4 282.9 0.182 §{Material Dat,
@’Eﬁﬁﬁm Rote Kasem... Building brick 12423 22 0797/ 376 20 2840 0067 SienarDa
205 )] Old Building Erick Dresden ZH  Bullding brick TESTY T BT - 120 23 2825 0.262 §{Material Dat
532 [J]  o1dBuilding Brick Reithalle Pot... Building brick 18525 200.7 0,682/ 211 230 2871 0.041 §{Material Dat
531} 0ld Building Brick Bomnstatter F... Building brick 1853.9 788.0 0.722/--- 425 44 1529 0.055 §{Material Dat
s41}]  o1d Building Brick Rote Kaserne... Building brick 1853.9 783.0 0722/ 425 38 2200 0.035 §{Material Dat
=no HN YT S A NI Y LRI, 10017 0171 nodos Az an mna nANSe ernas im

The material with the ID 540 seems to meet the requirements best. Here it would be good to
have at least one more measured parameter for moisture (y-value, ©.; etc.).
Next, the material must be copied so that it can be changed. Here you have two options:

1. Copy to the user database from the material database dialog
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2. Importing into the project

A copy into the user database is only useful if this material is needed more often outside of this
project. In this case, the material is only needed for the concrete investigation. Therefore point
2 is chosen and the material is imported. For this, select the material and click on Import. Then
the material reference dialog will appear:

Material reference

Mame: |D\d Building Brick Rote Kaserne Potsdam (outer brick 1) [540] ‘ ‘ Edit... | Base parameter Value Unit
P 18425 kg/m’
) 0.797 W/mK
Material data fi: [a/DB_metericls/AltbouziegeRoteKasernePotsdamAussenziegel1_540.m | [.... | [Import into project dircctory | “ 77,561
:
Reference: ${Material Database}/Alth: | &P 1ziegel1_540.m6 ’ Wsat 2840 kg/m
Weo 20 kg/m*
() Reference with file path relative to project file Aw 007 kg/mis¥:
() Reference with file path relative to material database directory Kleff 2e-08

() Reference with file path relative to user material database
() Reference with absolute file path

There you click on Import into project directory to save the material in the materials directory
of the project.

Afterwards the material database dialog can be closed. The material then appears in the
material list of the project. A double click on the material and then a click on Edit in the
reference dialog opens the material editor. Here the name should be adapted first.
Furthermore, information about measurement and fitting should be entered in the comments.

Material editor - Brick_project_from_540.m6

Material core properties

Flags
. i = -
s oot AN L] Opor - Open porosity Ferameter 03;:;;: m3/l:'m“;t [ water doht
LT |Eu\\d\ng orick \ vl @eff - Effective saturation (leng term process) 0.28399 m3/m3 [ vapour tight
Capabilties: .l. \ @cap - Capillary saturation content (short term process) 0253 m3fm3 O
©80 - Hygroscopic sorption value at RH=80% 0.00197895  m3/m3
Jdry - Thermal conductivity (dry) 0.7975 W/mK LA
Aw - Water uptake coefficient 0.0668929  kg/m2s05 [ ] wood
1 - Water vapor diffusion resistance factor 375558 [ Wood based
Kleff - Liquid water conductivity at effective saturation 2e-08 s v

[ Fail
/ 7] show all parameters
Descriptions / Dates

Producer: [adapted from ID 540 - | L] pate: 05/01/2014 |
Production date: |01/01/2000 | &
ProductiD: [Bornstatter Feld | o
Sampling date:  |07/10/2010 |
Source:  [TU Dresden, File created by MaterialGenerator Version 1.0.3.9 | =1
Comments
en it /
-
Parameter original from ID 540, Rha, Lambda and Aw adopted| t

Identification | Thermal transport | Thermal storage | Moisture storage | Vapor transport | Liquid transpart | Air transport

o ][ oen [ o ][ v |

You could also set the date on the right in the identification area to the current date.
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Afterwards, the characteristic values must be adjusted. All three measured values are basic
parameters and can be changed in the table on the top right. This can lead to side effects in the
models:

Density

influences the heat storage. Would have no effect if a u(T) function were available - not the
case here

Thermal conductivity

For the dry material. Attention! If a A(®)) function is present, changing the base parameter
has no effect. Then the function would have to be adjusted. The same applies to a A(T)
function.

Aw value

Influences an existing liquid water function. This should be present, otherwise the material
could not be used here.

First you can adjust the density. Then you should switch to the heat transport section to see the
current settings. With this material only the linear model is available. Here you can easily
adjust the thermal conductivity using the base parameter. The figure below shows the result.

Material editor - Brick_project_from_540.m6

Material core properties Flags
— |E”d( oroict 1 | [-] Parameter \\‘ Value unit  ~ W
Category: [Buldng brick “]le- Bulk density of dry material 1835 kg/m3 .
cp - Specific heat capacity of dry material 772224 ikgK [ vapour tight
Ear e ... ©por - Open porosity 0304727 m3/m3 [ ar
eff - Effective saturation (long term process) 028399  m3/m3 —
Qcap - Capillary saturation content (short term process) 0.255 m3/m3
©820 - Hygroscopic sorption value at RH=20% 0.00197395  m3/m3 [ wood
Adry - Thermal cenductivity (dry) 075 W/mK [] wood based
Aw - Water uptake coefficient /‘ 00863929 kg/m2s05 ™| oy

[] show all parameters

Function type: / [Moisturedependent: linear v]
Thermal conductivity as function of moisture content (inear model) Remove Create Complete
1 . . —— ——— ———
ol A r
[m*/m*]  [W/mK] [
- r
0 075 o —
028399 |0.956534 T e
E L
E C /
E_.r
- 09 -
§ L /
]
g L
s [
0.5 =,
go%
y ] L /
E f /
§ [
=T

N
\

Eﬂi :' 0.75

Rows! 2 - 0 0.05 0.1 0.15
Moisture content in [m3/m3]

Identification | Thermal transport | Thermal storage | Moisture storage | Vapor transport | Liquid transport | A transport

oc [ ome ][ cos | [_mwr |

The red arrows point to the changed data.

The next step is to switch to liquid water transport section. Here a function KI(®)) is specified as
data pairs. There is also a KI_Eff value in the basic parameters. Therefore an adjustment by
means of the Aw-value is possible. The figure below shows the result.
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aterial editor - Brick_|

Material core properties

Name: [Brick projet 1

| L] Parameter

Category: |Bulding brick

Oper - Open porosity

T

@eff - Effective saturation (long term process)

@cap - Capillary saturation content (short term process)
880 - Hygroscopic sorption value at RH=80%

Jdry - Thermal conductivity (dry)

Aw - Water uptake coefficient

W - Water vapor diffusion resistance factor

Kleff - Liquid water conductivity at effective saturation

N

b A

Value Unit -
0.304727 m3/m3
0.28399 m3/m3
0.255 m3/m3
0.00197895  m3/m3
0.75 WmK
0.07 kg/m2s03
37.5558
2.19011e-08 s v

["] show all parameters

/"

Flags

[] wiater tight
[ vapour tight
[] air

Air tight

[] wiood

[] Wiood based

[ Fail

Function type:

Liquid conductivity s function of moisture content

| Linuit conductivity meisture-dependent spline

v]

Geate | [[compis

ol Ki -
[m*/m*]  [log(s)]

d

o

0.283748 -7.67861
0.283755 -7.67806

e
5

0.283762 -1.67752
0.283769 -7.67697
0.283775 -7.67643

i
]

/

0.283782 -7.67388
0.283789 -7.67334

A
=

0.283796 -7.6748

o
&

Logarithmic liquid conductivity in [log(s)]

0283303 7.67425
0.28381 76737 / n
0283317 767315
0283024 J ATIED e

i
&

- L L L L
z o 0.05 0.1 0.15 0.2 0.25 0.3
Moisture content in [m3/m3]
Identification | Thermal transport | Thermal storage | Moisture storage | Vapor wansport | Liquid transport | Air transpart
5] [ ] [ ] [ e ]

The changes are now complete and the material can be used. A click on Check shows the

current status of the material.
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Dialeg

Material data valid.

h’hermal properties

Thermal transport
Lambda depends on moisture by linear model,
Thermal storage.

Thermal storage calculated fraom density and heat capadity.

Moisture properties

Moisture storage

Muoisture storage with Theta_l{pC) and reverse function given by spline data.
Moisture transport

Vapor transport

kw{Theta_l) function with spline values is used for vapor transport.

Liguid water transport

Kl(Theta_l) function is used for liquid water transport.

Air transport properties

Material is air tight, Mo parameter regarding air transport necessary.

Since no characteristic values for vapour transport were measured in the present case,
uncertainties regarding the correctness may arise. If a measurement is not possible, at least a
sensitivity study should be performed. This means creating variants of the material with
different p-values and comparing the results. If these do not differ greatly, it means the vapour
diffusion of this brick has little effect. Then no further considerations are necessary. If the
differences are large, however, further material measurements should be made. To create
variants, proceed as follows:

» Copy of the material to be changed
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I ©!d Building Erick en ZD [492]

Mineral Wool 032 [730]
Rigips gypsum board [427]

* In the reference dialog that appears, duplicate the material file

[Z Material reference

Name: ‘Old Building Erick Rote Kaserne Potsdam {outer brick 1) [540] | | Edit... | Base parameter Value Unit
p 1833.0 kg/ m*
coo: (m] » T2 oK
A 0.750 W/mK
Material data file: ‘oblemema\ien,'Mailand,fmaDerialszrid(JrajectjroquO.ms | IIl |Import into project direcr.ory| 3756 -
n .
:
Reference: &{Project Directory}/materials Brick_project_from_540.mé Duplicate material file... Wsat 2840 kg/m
) wao 2.0 kg/m®
(®) Reference with file path relative to project file A 007 kg/mis:
() Reference with file path relative to material database directory Kleff 2.2e-08 s
() Reference with file path relative to user material database
() Reference with absolute file path

The name of the new material file and also the new material name should reflect the change.
Then you can adjust the new material. This way you can create as many variations as you like.
The figure below shows the new material list.

Matenals H X

Bl4+/0=x&8 7z
I O!< Building Brick Dresden ZD [492]
Mineral Wool 032 [730]

Rigips gypsum board [427]
Air gap 03mm (vertical) [13]

1
;
1
i
;
o
i)
=
m
LA
m
f & |

- project brick my

hydrophob (7
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2.3. Make material permeable to air

A top floor ceiling under an unheated attic space is to be investigated. Severe moisture damage
had occurred in the ceiling. It is assumed that this damage was caused by convective moisture
flow. To illustrate this, the construction is to be calculated with air flow. The following figure
shows the construction with the materials and the paths of the air flow.

Air exchange with attic

open wooden boarding
upper air space

mineral wool

vapor retarder (1m)
wood

wooden-
beam

sand

S aaa

""W

wood
gypsum board

gaps 5mhm
air flow

Figure 26. Construction sketch of the ceiling

As can be seen in the figure, the air flow should flow from bottom to top through gaps in the
wooden formwork, through the sand fill and the mineral wool into the upper air space. In
order for DELPHIN to take air flow through materials into account, they must not be airtight
and there must be a model for the (moisture-dependent) air permeability. For this, three
materials have to be examined:

* Air

* Mineral wool

e Sand

Air and mineral wool are both labelled as air permeable and have air permeability. As an
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example, the model for mineral wool is shown below.

L2 Material editor - Mineral_We

Material core properties Flags
Name: |M\nera\ Wool | I:l Parameter Value Unit
Oeff - Effective saturation (long term process) 09 m3/m3 EE I
Category: | Insulation materials v] - ;
@cap - Capillary saturation centent (short term process) 09 m3/m3 [ vapour tight
Capabilties: . . 980 - Hygroscopic serption value at RH=80% 000016 m3/m3 Clar
3dry - Thermal conductivity (dry) 004 W/mK
- [] Air tight
Aw - Water uptake coefficient 0 kg/m2s05
| - Water vapor diffusion resistance factor 1 - Wood
Kleff - Liquid water conductivity at effective saturation 0 3 4 [] Wood based
Kg - Air permeability 0.0001 s
[ Feil
[] Show all parameters
Function type: j [Moisture dependent inear model v
Air permeabilty as function of meisture content (inear model Remove Create Complete
0.0001 T T T T T T T T T T T T T
ol Kg
[m®/m’] Is] r 7
0 0.0001
8e-05
09 0 ™
= r i
£
- 6205 ~
f L \ -
]
3
E 4205
a \
= [ \ |
2005 \
¥ [= T~
0 L 1 L L L 1 L L 1 1 1 1
Rows: 2 ¥ [ 0.2 0.4 0.6 0.8 1
Moisture content in [m3/m3]
Identification | Thermal transport | Thermal storage | Moisture storage | Vapor wansport | Liquid transport | Air transport
I e

The sand, on the other hand, is airtight and still needs to be adjusted. An additional task is that
the air permeability for the sand should be independent of the moisture content. First, as
explained in the other two examples, the material must be copied from the database into the
project. Then the material editor for this material is called and the section Air transport is
selected. The following display then appears.
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Material editor - Sand_825.m6&

Material core properties Flags
Name:  [sand | L] Parameter Value T .
o - Bulk density of dry material 15126 kg/m3 Water tight
Category: [Sol v] -
cp - Specific heat capacity of dry material 204,533 kg [] Vapour tight
Capabilities: -
pa .l. @por - Open porasity 04429 m3fm3 [l
@eff - Effective saturation (long term process) 04429 m3/m3
Jdry - Thermal conductivity (dry) 0501308  W/mK (AR
Aw - Water uptake coefficient 1.55254 kg/m2s05 Wood
W - Water vapor diffusion resistance factor 20.8599 - [] Wood based
Kleff - Liquid water conductivity at effective saturation 284006%e-06 s O r
Foil
\\ [] Show all parameters /
Function type: \h\lu air transport v
Identification | Thermal transport | Thermal storage | Moisture storage | Vapor wansport | Liquid transport | Air transport
e

The following can be seen:

» The flag for airtight is set (red arrow).
* There is no model for air transport.

* There is no basic parameter for air permeability.

First the flag for air tightness is switched off. Then the basic parameter list is extended so that
the parameters that are not set are also visible. To do this, click on Show all parameters.
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Material editor - Sand_825.m6&

Material core properties Flags
Name: sand Parameter Value unit -
ame | an | El [] wiater tight
Categorys [Sal ] 4= Water vapor diffusion resistance factor 208599
sd - Diffusion equivalent air layer thickness - m [ vapour tight
o [JI
Kleff - Liquid water conductivity at effective saturation 8.4096%e-06 s [] air
-‘ﬂ DIeff - Liquid water diffusivity at effective saturation = m2fs ) taht
Kg - Air permeability = s
Adesign - Design value of tharmal conductivity . Wk L Viood
Thermal expansion coefficient - mm/mK [] wood based
\ Hygric expansion coefficient (volumetric moisture content) - m3m/m3m | ¥ O r

Show all parameters

Function type: [+ air transpert v

Identification | Thermal transport | Thermal storage | Moisture storage | Vapor wansport | Liquid transport | Air transport

o | Lo [ o ][ |

Immediately after switching off the airtightness flag, the Check button at the bottom turns red.
This is the case because the material should now be able to calculate air transport, but no
model exists yet. After checking Show all parameters the air permeability Kg is also shown in
the basic parameter list (see picture above).

Next, a value for Kg is entered. Of course, this can only be an estimated value here, since no
measurements are available. As a clue one can look at the mineral wool. There a value of 1e-4 s
is entered. Since sand will certainly be denser, we choose a value of 1e-5 s. When this has been
done, you should first choose Moisture dependent: linear when selecting the model. As you can
see in the picture below, we now have a valid model. You can see this by the fact that the Check
button is no longer red and the material is therefore valid.
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Material editor - Sand_825.m6&

Material core properties Flags
N 3 Sand Parameter Value Unit -
ame: [san J L] [] water tight
Categorys [sol o] |- Weter vaper diffusion reistonce factor 208599
sd - Diffusion equivalent air layer thickness - m [ vapour tight
s [
Kleff - Liquid water conductivity at effective saturation 8.40060e-06 s [] air
DIeff - Liquid water diffusivity at effective saturation = mfs ] air tight
Kg - Air permeability e s
/'Adasign - Design value of thermal conductivity . Wk L)
Thermal expansion coefficient - mm/mK [] wood based
Hygric expansion coefficient (volumetric moisture content) - mimmim V|

Show all parameters

Function type: \ [Maisture dependent inear mode! v
fir permeabilty as function of moisture content (inear model Remove Create Complete
1e-05 T T T T T T T
ol Kg F
[m®/m?] [s] r 4
0 1e-05 L
8e-06
0428 |0 L T ]
= i
2 L ]
S6e06 ]
: L \ ]
o
H | 4
.E,qe-ns
geets \ il
= C \ ]
o \
0 L L L L \ L L
Rows: 2 v 0 0.1 0.2 0.3 0.4 0.5
Moisture content in [m3/m3]

Identification | Thermal transport | Thermal storage | Moisture storage | Vapor transport | Liquid transport | Air transport

o ][ oen [ o ][ v |

The simple linear model only requires air permeability and porosity and is therefore already
valid here. However, the task states that for this material the air permeability should be
independent of the moisture content. This is not yet the case. For this we need the other model
Moisture dependent: Spline.

When you switch to it, the model view is empty for the time being. To create the model, you
have to click on Create. Then a default data set is inserted. This corresponds to the linear model
(see picture below).
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Material edi

Material core properties Flags
Name: sand Parameter Value unit -
| J L] ] water tight
Categorys [Sal ] 4= Water vapor diffusion resistance factor 208599
sd - Diffusion equivalent air layer thickness m [ vapour tight
T
Kleff - Liquid water conductivity at effective saturation 8.4096%e-06 s [] air
Dleff - Liquid water diffusivity at effective saturation mfs
g ity [ air tight
Kg - Air permeability 1e-05 s
. . . [] wiood
Adesign - Design value of thermal conductivity WimK
Thermal expansion coefficient mm/mK [] wood based
Hyqric expansion coefficient (volumetric moisture content) mim/mim || ey
Show all parameters
N
b}
Function type: ————p [Mosture dependent spine N v
«
Air permeability as function of moisture content Create Complete Clean up
1205 T T T T T T
ol Kg r g
[m*/m®] 5] r B
e oo L |
ge08
04429 0 L T ]
= ]
= L ]
Z6e06 —
£ i \ :
o
H | 4
Eieoo
§ I \ ]
= C \ ]
o \
+ = B ~_ ]
" . . . . . .
Rows: 2 0 0.1 0.2 03 04 05
Moisture content in [m3/m3]
Identification | Thermal transport | Thermal storage | Moisture storage | Vapor wansport | Liquid transport | Air transport
&) o] [t ][]

In contrast to the linear model, the data table is now editable. To remove the moisture
dependence, only the Kg value for porosity must have the same value as for dry material. A
double click on the value in the table opens the edit mode. The lower picture shows the final
result.

Material

Material core properties Flags
N 3 Sand Parameter Value Unit ~
e [san |L-] 8 5 [] water tight
Category: 5ol ] [+ Water vepor diffusion resistance fecter 203509 .
sd - Diffusion equivalent air layer thickness m [ vapour tight
cossie: [ . e
Kleff - Liquid water conductivity at effective saturation 84096006 s [ A
Dleff - Liquid water diffusivity at effective saturation ma/s
q ity 2 [ air tight
Kg - Air permeability 1e-05 s
[] wioed
Adesign - Design value of thermal conductivity W/mK
Thermal expansion coefficient mm/mK [ Wood based
Hygric expansion coefficient (volumetric moisture content) mimimdm |y
Show all parameters
Function type: [Moisture dependent spine v
Air permeability as function of moisture content Create Complete Clean up
1.6e-05 T T T T T T T T T T T
ol Kg L ]
[m*/m]  Is] L ]
0 1e-05 1.4e-05 ~
04420 L \ ]
. C ]
21,2005
E [ kY ]
> L ]
| le5
H ]
E L i
H
g ]
& 8e-06
= L 4
6e-06
4206 L 1 1 1 1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5
Moisture content in [m3/m3]
Identification | Thermal transport | Thermal storage | Moisture storage | Vapor transport | Liquid transport | air transport
o ][ oes|[_cwas |[_mow |

The material can now be used. It would be conceivable here to create variants with different
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air permeabilities to investigate the influence of this value.

2.3. Make material permeable to air | 37



	Material Editor - Manual
	Table of contents
	1. Overview
	1.1. Basic data
	1.2. Basic Parameters
	1.3. Flags
	1.4. Buttons
	1.4.1. Help
	1.4.2. Reset
	1.4.3. Apply
	1.4.4. Cancel
	1.4.5. Ok

	1.5. Model view and section selection
	1.5.1. Identification
	1.5.2. Models - General
	1.5.3. Heat transport
	1.5.4. Heat storage
	1.5.5. Moisture storage
	1.5.6. Liquid water transport
	1.5.7. Air transport
	1.5.8. Ice formation


	2. Examples
	2.1. Hydrophobing of a brick
	2.2. Existing material of a building is not in the database
	2.3. Make material permeable to air


