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Foreword

This Kenya Standard was prepared by the Clay and Clay Products Technical Committee under the guidance
of the Standards Projects Committee and in accordance with the procedures of the Kenya Bureau of
Standards.

During the development of this standard, reference was made to the following documents:

BS EN 1745:2012 Masonry and Masonry Products — Methods of determining thermal properties.

Acknowledgement is hereby made for the assistance received from these sources.
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CS
Introduction |

This Kenyan Standard provides rules for the determination of dry and design thermal conductivity and thermal
resistance values of masonry products and masonry.

It describes how dry thermal values are determined. It also describes the correction methods to derive design

values from a dry value. The dry value is a characteristic of a masonry material, masonry unit or of masonry.
On the basis of dry thermal conductivity values determination methods of design thermal values are given.

Three procedures (model S1 - S3) for the determination of dry thermal conductivity (A10,dry,unit) of solid
masonry units are described and five procedures (model P1 - P5) for the determination of equivalent dry

thermal conductivity (A10,dry,mat) of masonry units with formed voids and composite masonry units are
described, see Figure 1.

For mortars according to EN 998-1 and EN 998-2, the models S1 - S2 can be used.

Additionally three procedures for the determination of thermal resistance are described. These procedures
are:

- the use of tabulated R-values;
- the measurement of R-value;
- the numerical calculation of R-value.
The following major types of masonry units are covered by thisKkenyan Standard:
- solid masonry units;
- masonry units with formed voids;
- composite masonry units.
In Figure 1, the different models and procedures are illustrated.

The design value of a product characteristic is the value determined for a specific application and for use in
calculations.

Design thermal values are determined, according to the procedure given in this Kenyan Standard according
to the intended application, environmental and climatic conditions, bearing in mind the purpose of this
determination, such as:

- energy consumption;

- design of heating and cooling equipment;

- surface temperature determination;

- compliance with national building regulations;

- consideration of non-steady state thermal conditions in buildings.

© KEBS 2019 — Al rights reserved %



DKS 2803:2019

material or

tabulated values solid unit testina

masonry testing

the mortar:
acc.toClause6

the masonry:
acc.toClauseb

the masonry unit:
acc.toClause6

1] : ]
i ! I
S1 P2 P4 S2 P1 P3 S3 P5
1 . I : Il
| | u
EN 1?45:201.2, Annex A| material: | |
: : [_ ] thermal : __| .
| ' conductivity I
I A A AR in dry State ”
| I ————————
A 10,dry,mat i Recalculate without
§ thermal conductivity
| I | - of the mortar
| B Calculation of acc. to 5.3.3.2
_ 3 | | thermal conductivity -
EN174T5§P126AnHEXB ....... . ! of the masonry unit szzzzsqszzf====x
e DX : I I acc. to 5.2 "
] x I
P2 P1 S1 | I S2 P4 P3 S3 I P5 n
: : h
| masonry unit: y
thermal conductivity in dry state s
A 10,dry,unit ii
1]
Calculate the influence of the Moisture %
thermal conductivity of the mortar correction of the | ===
acc. to 5.3.3.2 mortar acc.to 6
i
\ 4 i ¢ ¢ A 4
Moisture correction of | " | Moisture correction of Moisture correction of

v v

v
masonry:

design thermal conductivity A design,masonry

masonry unit:
design thermal conductivity A design,unit

design thermal resistance R design,masonry design thermal resistance R design, unit

vi

Figure 1 — Determination of thermal properties of masonry units and masonry
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KENYA STANDARD DKS 2803:2019

Masonry and masonry products -

Methods for determining thermal properties

1. Scope

This Kenyan Standard specifies procedures for the determination of thermal properties of masonry and
masonry products.

2. Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

EN 772-4, Methods of test for masonry units - Part 4: Determination of real and bulk density and of total and
open porosity for natural stone masonry units

DKS 2802-7, Methods of test for masonry units - Part 13: Determination of net and gross dry density of
masonry units (except for natural stone)

EN 1015-10, Methods of test for mortar for masonry - Part 10: Determination of dry bulk density of hardened
mortar

EN 1934, Thermal performance of buildings - Determination of thermal resistance by hot box method
using heat flow meter - Masonry

EN 1936, Natural stone test methods - Determination of real density and apparent density, and of total and
open porosity

EN 12664, Thermal performances of building materials and products - Determination of thermal resistance
by means of guarded hot plate and heat flow meter methods - Ory and moist products of medium and low
thermal resistance

EN I1SO 6946:2007, Building components and building elements - Thermal resistance and thermal
transmittance - Calculation method (1ISO 6946:2007)

EN ISO 7345:1995, Thermal insulation - Physical quantities and definitions (ISO 7345:1987)

EN ISO 10211, Thermal bridges in building construction - Heat flows and surface temperatures - Detailed
calculations (ISO 10211)

EN ISO 10456, Building materials and products - Hydrothermal properties - Tabulated design values and
procedures for determining declared and design thermal values (ISO 10456)

3. Terms, definitions and symbols

For the purposes of this document, the following terms, definitions and symbols and those given in
EN ISO 7345: 1995 apply.

© KEBS 2019 — Al rights reserved 1



3.1. Terms and definitions

3.1.1. masonry
Assemblage of masonry units laid in a specified pattern and joined together with masonry mortar

3.1.2. masonry product
Masonry units, masonry mortars, rendering and plastering mortars

3.1.3. solid masonry unit
Masonry unit containing no perforations except external indentations such as grip holes grooves, etc.

3.1.4. masonry unit with formed voids
Masonry unit with a system of intentionally formed voids

3.1.5. Composite masonry unit
Masonry unit incorporating one or more layers of additional material to enhance performance

3.1.6. thermal value
common term for either the thermal conductivity [W/(m-K)] or the thermal resistance [m?'K/W]

3.1.7. dry state
state after drying under conditions stated in the relevant standards

3.1.8.dry thermal value
value of a thermal property of a building material or product in a dry state determined according to this
Kenyan Standard as a basis for the calculation of design thermal values

Note 1 to entry: The dry thermal value can be expressed as thermal conductivity or thermal resistance.

3.1.9. design thermal value
value of a thermal property of a building material or product under specific external and internal conditions
which can be considered as typical of the performance of that material or product when incorporated in a
building component or building

3.1.10. masonry thermal conductivity
value which is derived by dividing the thickness of a given masonry element by its thermal resistance excluding
surface resistance.

3.1.11. reference conditions
set of conditions identifying a state of equilibrium selected as the base to which the thermal values of building
materials and products are referred

3.1.12. equivalent thermal conductivity
value derived by dividing the width of a masonry unit with formed voids or a composite masonry unit or masonry
by its thermal resistance excluding surface resistance

3.2 Symbols
2 © KEBS 2019 — All rights reserved



The order of the indices for thermal values is temperature, condition and subject
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Unit

thermal conductivity at an average temperature of 10 °C in dry state for W/(m-K)

the material

thermal conductivity at an average temperature of 10 °C in dry state for W/(m-K)

the masonry

thermal conductivity at an average temperature of 10 "C in dry state for  W/{m-K)

the mortar

thermal conductivity at an average temperature of 10 "C in dry state for W/{m-K)
the unit. For solid units the A,pay, v 1S the same as Adigay, me and for
units with formed wvoids and composite units the im_m}r_ et 15 the

equivalent thermal conductivity.

design thermal conductivity for the masonry

design thermal conductivity for the mortar

design thermal conductivity for the unit

individual measured or calculated thermal conductivity
individual measured thermal resistance

thermal resistance of masonry

design thermal resistance of masonry

internal and external surface resistance

the true thermal resistance of the masonry

percentage area of mortar joint in the measured masonry
percentage area of units in the measured masonry
thickness of the masonry

temperature

water vapour diffusion coefficient

specific heat capacity

length of a masonry unit

width of a masonry unit

height of a masonry unit

© KEBS 2019 — Al rights reserved

Wi(m-K)
Wim-K)
WiI(m-K)
Wi(m-K)
m*. KW
m*-KIW
m-KW
m?-K/W
m*-KIW

%

Ji(kg-K)
mm

mm



W
Usg dry, mas
Uinas

Unar

U

P

Pg.ary

B ciry

thickness of a mortar joint

moisture conversion factor

moisture conversion coefficient by mass
moisture conversion coefficient by volume
moisture content mass by mass

moeisture content volume by volume
thermal transmittance of the masonry in dry state
thermal transmittance of the masonry
thermal transmittance of the mortar
thermal transmittance of the units

fractile of population

gross dry density

net dry density

percentage of voids

3.2. Subscripts

10 average test temperature of 10 °C
dry state after drying under conventional conditions as stated in the relevant standards

mas masonry
mat material
mor mortar

unit masonry unit

mm

ka/kg

ka/kg
m*fm’
Wi(m*K)
Wim*.K)
Wim*K)
Wim*K)
%

kg/m®
kg/m”

%
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4. Procedures to determine 110,dry, unit - values for solid masonry units and 210,dry mor-
Values for mortars

4.1. General
A10.dry.unit -values for solid masonry units and A10,dry,mor -values for mortars are identical to the A10,dry,mat

-values. The A10,dry,mat-values of solid masonry units and of mortars can be determined from tests

carried out on samples of the material or from tables or graphs which relate 110,dry,mat to density or
from determining the thermal transmittance (Umas) of masonry built from masonry units and mortar.

In all cases the A1, dry,mat -value is to be representative of the material.
4.2. A10,dry, mat -values for solid masonry units and mortars

4.2.1. Model S1. Determination of A10,dry,unit - values from tabulated A10,dry,mat /net dry density
relation

Tabulated A10,dry,mat -values for different materials used for masonry products are given in Annex A,

differentiated by material and dry density. This annex also contains values forthe water vapour diffusion
coefficient, the specific heat capacity and the moisture conversion coefficient.

These tabulated values are valid for materials where there is factory production control of the net dry

density but no directly measured A-values. A10,dry,mat -values are given as 50% and 90 % fractiles (P).

4.2.2. Model S2. Determination of J1o,dry,unit —values based on )1o,dry,mat Inet dry density curve

4.2.2.1. General

To determine a A10,dry,mat -value from a A10,dry,mat/net dry density relationship the following procedure
shall be used:

4.2.2.2. Test specimens

Test specimens shall be in accordance with the requirements of EN 12664. Care should be taken that the
test specimens are representative of the masonry product itself.

NOTE: An appropriate way to ensure this is to cut specimens from masonry units.

4.2.2.3. Conditioning of specimens
Normally masonry materials are tested in a dry condition. Itis also possible to carry out tests in a moist
condition (e.g. conditioned to constant mass in an environment of (23 + 2) °C and 50% * 5% relative
humidity), in which case the measured value has to be converted tothe dry state following one of
the procedures given in Clause 6.

4.2.2.4. Test measurement
The reference test method is given in EN 12664. The test shall be carried out at a mean temperature of 10 °C.
Alternative test methods, which may require different test specimens and different conditioning

methods, may be used, if the correlation between the reference test method and the alternative
method can be given.
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4.2.2.5. Establishing a product related A10,dry,mat /net dry density-curve

Three items of information are necessary for this determination procedure:

1) the tabulated A10,dry,mat /net dry density-correlation for the given material (see Annex A);

2) the product net dry density range, which can be derived either from the production history or
from the net dry density tolerances which are given in the relevant product standards;

3) atleast three individual test measurements of the net dry density and A, on material which
is representative for the current material produced. The measurements of net dry density

and A shall be carried out on the same specimens. The three tests have to be carried out on
specimens from different production batches to represent the manufactured product net dry
density range. These three measurements are used to determine the distance of the

individual A10,dry,mat /net dry density-curve, for a defined production, from the tabulated

A10,dry,mat /net dry density curve.
Determine the measured A -value as prescribed in 4.2.2.1 to 4.2.2.3 and calculate the arithmetic mean value
of the 3 Ai -results.

Measure the net dry density of each of the three samples following the procedure prescribed in EN 772-4 or
DKS 2802-7 or EN 1015-10 and calculate the arithmetic mean value of the 3 results.

Then use the following procedure.

Through the point A representing mean thermal conductivity and mean net dry density draw a A /net dry

density-curve parallel to the general A10,dry,mat /net dry density-curve obtained from plotting the tabulated A -
and net dry density-values for the product (material) given in Annex A.

Derive the mean A-value of the product from the average net dry density. Derive the upper and lower limit
values as the values that represent 90% and 10% of the manufactured product under consideration
density range with a confidence level of 90% according to EN ISO 10456.

Use the product related A10,dry;mat /net dry density-curve to determine the A10,dry,mat-value related to the
mean net dry density the manufacturer is confident to achieve.

Express the A10,dry,unit -values  for solid masonry units or the A10,dry,mor -values for mortars as the mean

A10,dry,mat -value together with the difference between the limit and the mean value.

Figure 2 shows this process in the form of a graph.

6 © KEBS 2019 — All rights reserved
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Figure 2 — Derivation of the material 1y 4 mar-value

NOTE: For factory production control purposes thermal conductivity may be controlled from the net dry density
of the material, see Annex E.
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4.2.3. Model S3. Procedures to determine A10,dry,unit -values from determining the thermal
transmittance(Umas) of masonry built from solid masonry units and mortar

To determine a A10,dry,unit -values from test measurements of the thermal transmittance of masonry built from
masonry units and mortars, the procedure in 5.3.3 shall be used.

4.3. Test methods and numbers of samples to be taken for the different models
In the following table test methods and numbers of samples to be taken for the different models is given.
Table 1 - Test methods and minimum numbers of specimens within the test

Test methods Minimum numbers
of specimens

Model S1:

Material density, DKS 2802-7 or EN 1936 (natural stone units) 6
6

Model S2:

Material density, DKS 2802-7, EN 1015-10 or EN 1936 (natural 3
3 stone units)

Thermal conductivity, EN 12664 3 3
Model S3:

Gross dry density, DKS 2802-7, EN 1015-10 or EN 1936 (natural 3X6
3 x 6 stone units)

Thermal transmittance, EN 1934 3

5. Procedures to determine equivalent Ai0dryunit-values for masonry units with
formed voids and composite masonry units

5.1. General

The thermal properties of masonry units with formed voids cannot fully be determined by the A10,dry mat
-value of the material, there is also a high influence from the shape and the geometry of the voids in the
unit. The thermal conductivity of the materials can be derived from tables or measurements.

The A10,dry,unit- values  of masonry units with formed voids can be determined:
- from tables;
- from calculations;

- from test measurements carried out on masonry samples.

The A10,dry,unit- values of composite masonry units can be determined:

- from calculations;

- from measurements carried out on masonry samples.
8 © KEBS 2019 — All rights reserved
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5.2. Calculation methods
There are several different numerical methods in use (e.g. Finite Difference, Finite Element) for the calculation
of the thermal properties of masonry units with formed voids or composite masonry units. The thermal
conductivities of the materials and the configuration of the units are necessary input parameters for such
calculations.

The requirements for appropriate calculation programs (accuracy, boundary conditions, etc.) are given in
Annex D.

The method described in EN ISO 6946 may also be used.

5.3. A10,dry,unit- values of masonry units

5.3.1.Determination of A10,dry,unit- values from tabulated Aunit /Amat relation

5.3.1.1. General

A10,dry,unit-values used for masonry units with different void patterns are given in Annex B. Annex C provides
an example of how to use Annex B.

No tabulated values for composite masonry units are given in Annex B.

NOTE: The types of units shown and the pattern of voids are intended as examples of units typically found on
the market. They are not intended to cover every size and type of unit or void pattern produced.

5.3.1.2. Application of Annex B

Examples for A10,dry,unit-values of masonry units with formed voids given in Annex B, are differentiated by:
- material;

- geometry of the units and geometry of formed voids;

- A-value of the material of the masonry units;

Linear interpolation may be used for material conductivities between the values given in the tables in
Annex B.

5.3.1.3. Model P1. The determination of the A10,dryunit-value using Annex B using
measured thermal conductivity of the masonry unit material

To determine a A10,dry,unit-value from using Annex B using measured thermal conductivity of the masonry
unit material, the following procedure shall be used:

Select the table relevant for the actual units. Express the A10,dry,unit-value as the value given in the relevant

table for the A10,dry,mat-value the manufacturer is confident to achieve. The A10,dry,mat-value is a measured
thermal conductivity of the masonry unit material as specified in 4.2.2.

© KEBS 2019 — Al rights reserved 9



5.3.1.4. Model P2. The determination of the A10.dry,unit-value using Annex B using
tabulated value from Annex A

To determine a A10,dry,unit-value  from using Annex B using tabulated value from Annex A, the following
procedure shall be used:

Select the table relevant for the actual units. Express the A10,dry,unit-value as the value given in the relevant

table for the A10,dry,mat-value the manufacturer is confident to achieve. The A10,dry,mat-value is a tabulated
value from Annex A.

5.3.2.Determination of A10,dry,unit-values based on calculation

5.3.2.1. General

To determine a A10,dry,unit-value  for a masonry unit by calculation methods following 5.2, the following
procedure shall be used:

Based on:
- the geometry of the units;

- the geometry of formed voids;

- the A10,dry,mat-Value;

- the orientation of the unit in use

a numerical model of the unit can be established and the thermal transmittance can be approximated. This
method is also suitable for composite masonry units, where the calculation is dealt with separately for
each layer.

5.3.2.2. Model P3. Determination of A10dryunit-values using measured thermal
conductivity of the masonry unit material

Express the A10,dry,unit-value as the result of the calculation using the A10,dry,mat-value the manufacturer is

confident to achieve. TheA 10,dry,mat-value is a measured thermal conductivity of the masonry unit material
as specified in 4.2.2.

5.3.2.3. Model P4. Determination of A10dryunit-values using tabulated value from
Annex A

Express the A10,dry,unit-value as the result of the calculation using the A10,dry,mat-value the manufacturer is
confident to achieve. The A10,dry,mat-value is tabulated values from Annex A.

5.3.3. Model P5. Determination of A10dry,unit-values from determining the thermal
transmittance (Umas) of masonry built from masonry units with formed voids or composite
masonry units and mortar

5.3.3.1. General

To determine A10,dry,unit-values from test measurements of the thermal transmittance of masonry built from
masonry units and mortars, the following procedure shall be used.

10 © KEBS 2019 — All rights reserved
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5.3.3.2. Testing procedure

- Select test samples from 3 different production batches for the product under consideration.
Determine their mean gross dry density.

- From each of these batches erect one wall.
- Measure the thermal transmittance on each of those walls following EN 1934. If the

measured wall is not in adry state, the measured value hasto be converted tothe dry state
following the procedure given in Clause 6.

5.3.3.3. The determination of the A10dry,unit-value
Calculate the A gy, mes - value using the equation: f{, iy s = 1 d
7 R, -R.
10,dry mas
where
L is the thermal transmittance of the masonry in dry state, in WI/mK;
Ry R are the intermal and extemal surface resistance in m>KMW according to
EN ISD 6946;
d is the thickness of the masonry in m;
A 100y, mas is the thermal conductivity of the masonry in dry state in W/(m-K).
_ e 5 100X, 4, mas — Bmor X103y mor
— Calculate the 4454y wnrvalue using the equation: A 4 i = B— -é-,... -
where
Brrior is the percentage area of monrtar joint in the measured masonry;
yni is the percentage area of units in the measured masonry;
A1 dey, e is the thermal conductivity of the actual mortar joint;
A1,y uni is the thermal conductivity of the units.

The thermal conductivity of the mortar joints shall take into account mortar pockets and strip bedding and the
use of insulating material between the strips.
If the units are intended to be used with unfilled vertical mortar joints the masonry tested shall also be with

unfilled joints and the A10,dry,unit-values for the units will take into account the effect of the unfilled joints
calculated according to EN 6946.

Take the 3 individual calculated A10,dry,unit-values and calculate the arithmetic mean value.

Measure the gross dry density of each of the three samples taken from each batch of masonry units and mortar
following the procedure prescribed in EN 772-4 or EN DKS 2802-7 or EN 1015-10 and calculate the arithmetic
mean value of the 3 results.

To the given A10,dry,mat-values in the relevant table in Annex B find the corresponding net dry densities values

in Annex A. From the corresponding net dry density values calculate the related gross dry density values
using the following equation:

© KEBS 2019 — Al rights reserved 11



_100-v
g.dry 100 Pn.dry

Jy
where
Dg.cry is the gross dry density in kg/m”;

Pnay IS the net dry density in kg/m”;

v is the percentage of voids taken from the relevant table in Annex B.

Through the point A representing mean thermal conductivity and mean density draw a A/ gross dry density-
curve parallel to the general A10,dry,unit- /gross dry density-curve obtained from plotting the tabulated

A10,dry,unit-values in Annex B and the corresponding calculated gross dry density-values for the product.

Use the product related A10,dry,unit- /gross dry density-curve to determine the A10,dry,unit-value  related to
the mean gross dry density the manufacturer is confident to achieve.

Figure 3 shows this process in the form of a graph.

12 © KEBS 2019 — Al rights reserved
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Key

1 .-i_falg,r}.- unit {W!m-K]I

2 upper limit A value

3  mean A value

4 lower limit A value

5 curve resulting from tabulated values (combination of Annexes A and B)

6  parallel curve drawn through point A {(mean of the single values a, b, c)

7 10 % of production of the product under consideration

8 mean gross dry density

9 90 % of production of the product under consideration

10 product density range

11 gross dry density (kg/m’)

Figure 3 — Derivation of the A0 4y ynirvalue

NOTE: For factory production control purposes thermal conductivity may be controlled from the gross dry

density of the product, see Annex E.
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5.4. Test methods and numbers of samples to be taken for the different models

In the following table test methods and numbers of samples to be taken for the different models is given.

Table 2 - Test methods and minimum numbers of specimens within the test

Test methods

Minimum numbers of specimens

Model P1:

Material density, DKS 2802-7
Thermal conductivity, EN 12664
Model P2:

Material density, DKS 2802-7
Model P3:

Material density, DKS 2802-7
Thermal conductivity, EN 12664
Model P4:

Material density, DKS 2802-7
Model P5:

Gross dry density, DKS 2802-7 and
EN 1015-10

Thermal transmittance, EN ISO 1934

6

3

3X6

6. Moisture conversion

Design thermal conductivity values/resistance values for masonry units or mortars may be determined using

one of the following 3 procedures:

From the Ai1odry-value calculate the corresponding Adesign-value using the moisture conversion
coefficient given in Annex A for each material and the design moisture content from the tables in EN ISO 10456
or the nationally given design moisture content for a specific material and application.

Alternatively, moisture conversion coefficients and moisture conversion factors can be derived from tests,

carried out at several practical moisture contents.

14
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Procedure 1 (for materials, mortar and solid masonry units):

Avesm = Aroary X Fa or alternatively R esion =
with

f

f w ;
u™ Ydesign F =¥ Vdesign

Py = or alternatively m

where
Fn is the moisture conversion factor (1l
[ is the moisture coefficient by mass koglkg,
Usesigr is the design moisture content mass by mass ka'kg;
. is the moisture coefficient by volume mim?;
Wiesgn 15 the design moisture content volume by volume m*m?

Procedure 2 (for masonry units with formed voids and composite masonry units):

Moisture conversion has to be carried out for the thermal conductivity of each constituent material
according to procedure 1, followed by a calculation of the thermal conductivity of the unit according to
5.2.

For composite masonry units and partially filled units with formed voids the moisture conversion
factors of each material have to be taken into account.

Procedure 3 (for masonry units with formed voids):

As an alternative to procedure 2 an approximate method taking into account the percentage of voids can
be used. Details of this procedure can be found in informative Annex F.

7. Procedures to determine design thermal values (Rdesignmas Or Adesignmas) for
masonry built from masonry units and mortar

7.1. General 0

Design thermal resistance or design thermal conductivity for masonry may be determined using one of
following procedures.

The Rdesign,mas — values Or Adesign,mas-values of masonry built from masonry units can be determined
from calculations, from tables or from tests.

7.2. Rdesign,mas— OF Adesign,mas-values based on calculation

7.2.1. Rdesign,mas— OF Adesign,mas-values based on Adesign-values for the masonry units and
the mortar

Determine the Rdesign,mas— OF Adesignmas—values according to the following procedure:
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Calculate the Adesign,mas—Values using the equation:

/-[rfu.';r';,ur mas — a moyr j‘cjnsi_url.mu: + aurm irfum’grl.urn’!
where
Amar is the percentage area of mortar joint;
8unp is the percentage area of units;
P is the design equivalent thermal conductivity of the mortar joint
P is the design thermal conductivity of the units.

Calculate the design thermal resistance R s Using the equation:

= a d
design, mas "

1:.'-'“!;.'  FTIEE
where

d s the thickness of the masonry in m.

7.2.2. Rdesign,mas—Or Adesign,mas-values using a numerical calculation method based on the
design thermal conductivity of the materials used

There are several numerical methods in use (e.g. Finite Difference, Finite Element) for the calculation of the
thermal properties of masonry units. The thermal conductivities of the materials as necessary input parameters

for such calculations shall be the design mas-value for the masonry product used.

The requirements for appropriate calculation programs (accuracy, boundary conditions, etc.) are given in
Annex D.

The method described in EN ISO 6946 may also be used.

7.3. Rdesign,mas— OF Adesign mas-values of masonry built from masonry units with formed voids or
composite masonry units and mortar based on tabulated values

7.3.1. Tabulated values

Equivalent A10,dry,mas-values for masonry built with units having different void patterns are given in Annex B.
No tabulated values for composite masonry units are given in Annex B.

NOTE: The types of units shown and the pattern of voids are intended as examples of units typically found on
the market. They are not intended to cover every size and type of unit or void pattern produced.

7.3.2. Application of Annex B

Examples for material A10,dry,mat-valuesfor the determination of Rdesign,mas— OF Adesign,mas-values of
masonry built from masonry units with formed voids are given in Annex B, differentiated by:

- material;
- geometry of the units and geometry of formed voids;
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- A10,dry,mat-value of the material of the masonry units;

- A10,dry,mor-value of the mortar.

The tabulated Rdry,mas— OF Adry,mas-Rdry,mas- or Arn,dry,mas-values should be taken as the basis for the

calculation of any national design values, which are dependent on the climatic conditions and corrections
for the application using Clause 6.

Linear interpolation may be used for material conductivities between the values given in the tables in
Annex B.

7.3.3. Alternative application of Annex B

The tabulated values have been calculated assuming a specific height and length of the masonry units, a
specific thickness of the horizontal mortar joints and no mortar in the vertical joints (the "basic dimensions" are
given for each geometry class). For masonry built from units with a different height, a correction for the mortar
joints may be taken into account as follows. The same procedure may be used to determine values for masonry
with vertical mortar joints in those cases where no separate values are given. These methods are suitable for
all available masonry units.

Calculate the Umas-value of the masonry from the Amas-value of the masonry in the table using the equation:

© KEBS 2019 — Al rights reserved 17



where

Umas ==

R+ +R
e

is the thermal transmittance of the masonry, in Wim*K);
are the internal and external surface resistance in m*K/W according to EN IS0 6946;
is the thickness of the masonry in m;

is the tabulated value of the thermal conductivity of the masonry in W/{m-K).

Calculate the thermal transmittance of the masonry units without mortar as follows:

18

= Umas K_h = Umur )imq'
hu.mf

U i

is the unit height which was the basis for the calculation of the tabulated value in mm;

is the height of the mortar joint which was basis for the calculation of the tabulated
value in mm;

= Byt + Binge in mm;
is the thermal transmittance of the units without mortar influence in Wi(m?K);

is the thermal transmittance of the mortar joint in W/(m“K) given by:

© KEBS 2019 — Al rights reserved



DKS 2803:2019

T
U,., = —
d
He *R
Amar
A is the thermal conductivity of the mortar in W/(im-K).

Calculate the thermal transmittance of masanry built from units with another height, as follows

— U.'rf.'-r * fl-lll.'l'l.l',.'u'f + Ur-‘ll_-r X hr"-‘,l.' acl

Ul-’-’. = )
5 h-'.l-\'-u'
where
Ungsaee I8 the thermal transmittance of masonry made from units with the height f,, in Wim™K;
Nimiae I8 the actual height of the unit in mm

Amorace IS the actual height of the mortar joint in mm;

Naz = M, act + Mimar ger IN MM

A similar calculation may be applied for different length of masonry units and thickness of vertical mortar joints.
If there are no vertical mortar joints the differing lengths of the units may be ignored.

NOTE 1 The thermal transmittance of masonry made from masonry units with a length > 250 mm which have
a tongue and groove system instead of vertical mortar joints will be lower than the tabulated value, which
means that the tabulated value is on the safe side. For masonry units with shapes as shown in Figures B.23
to B.28, where the voids run continuously over the vertical joint, the length of the unit has no influence on the
thermal transmittance.

NOTE 2 The heat flow direction is indicated in the drawings in Annex B by means of an arrow.

8. Determination of the thermal transmittance of masonry

Calculation of the thermal transmittance U shall be made according to EN I1ISO 6946.

9. Specific heat capacity

The thermal mass of the construction has a significant influence on the heating and cooling
requirements of buildings. Values for the specific heat capacity Cp are therefore given in Annex A.

10.Rounding rules for A-values for masonry

The value should be rounded according to EN ISO 10456.
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Annex A
(normative)

Tabulated Ai0drymat*Valueosf materials used for masonry products

The water vapour diffusion coefficient y is defined as the factor, which describes how many times higher the
diffusion resistance of a material layer is, than the resistance of an air layer with the same thickness under the
same conditions. To compare the diffusion resistance of two building elements, it is necessary to multiply the
p-factor by the thickness of the respective layer, which leads to a figure with the dimension m. The diffusion
behaviour is different, whether it is diffusion into a building component (lower values) or out of the building
component (drying period, higher value).

Table A.1 — Clay units (fired clay)

Density of the material A10,dry,mat ) Wafter vapour Specific 'heat
(net dry density) - diffusion coefficient capacity
Cp

[kg/m’] P=50%" P=90% T [J/(kg-K)]

1000 0,20 0,27 5/10 1000

1100 0,23 0,30 5/10 1000

1200 0,26 0,33 5110 1000

1300 0,30 0,36 5/10 1000

1400 0,34 0,40 5/10 1000

1500 0,37 0,43 5/10 1000

1600 0,41 0,47 5/10 1000

1700 0,45 0,51 5/10 1000

1800 0,49 0,55 5/10° 1000

1900 0,53 0,60 5110 ° 1000

2000 0,58 0,64 5/10" 1000

2100 0,62 0,69 5/10° 1000

2200 0,67 0,74 5/10° 1000

2 300 0,72 0,79 5/10° 1000

2400 0,77 0,84 5/10° 1000
f,=10 (m°/m°)
? Calculations in support of the Energy Performance of Buildings Directive are related to buildings and not to
individual products. U-values used in such calculations are based on the mean thermal resistance of masonry
elements. Therefore the recommended material A value is the 50 % fractile.
® For clay materials with a density between 1 800 kg/m® and 2 400 kg/m® used as facing materials the p-value is
50/100 instead of 5/10.
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Table A.2 — Calcium silicate units
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oy Acky.met et o ol
(net dry density) Wim-K)] cp
[kg/m"] P=50%" P=90% 7 [Jikg-K)
900 0,22 0,29 510 1000
1000 0.24 0,30 5M10 1000
1100 0,26 0,32 5M10 1000
1200 0,30 0,36 5M10 1000
1300 0,34 0,41 5M10 1000
1400 0.40 0,46 510 1000
1500 047 0,53 5/25 1000
1600 0,55 0,61 5/25 1000
1700 0.64 0,70 5/25 1000
1800 0,75 0,81 5/25 1000
1800 0,86 0,92 5/25 1000
2 000 0,98 1,05 5/25 1000
2100 1,14 1,20 5125 1000
2200 1.3 1,37 525 1000
2 300 1,49 1,56 5/25 1 000
2400 1,68 1,76 525 1000
f, =10 (m*im*
* Calculations in support of the Energy Performance of Buildings Directive are related to buildings and not to
individual products. U-values used in such calculations are based on the mean thermal resistance of masonry
elements. Therefore the recommended material 4 value is the 50 % fractile.
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Table A.3 — Dense aggregate concrete units and manufactured stone units

Density of the material A10,0ry,mat Water vapour Specific heat
’ diffusion capacity
ingsdry dhnsly) [Wi(m-K)) coefficient
cﬂ‘

[kg/m] P=50%" P=90% u [J(kg-K)]

1600 0,69 0,88 5M15 1000

1700 0,75 0,93 aM15 1000

1800 0,82 1.01 5M5 1000

1900 0,90 1,09 a5 1000

2000 1,00 1,19 5M5 1000

2100 1,11 1,30 aMs 1000

2200 1,24 142 30100 1000

2300 1,37 1,56 501150 1000

2400 1,52 1,72 50/150 1000
f, =4 (m¥m?
® Calculations in support of the Energy Performance of Buildings Directive are related to buildings and not to
individual products. U-values used in such calculations are based on the mean thermal resistance of masonry
elements. Therefore the recommendead material 4 value is the 50 % fractile.

Table A.4 — Concrete units with no other aggregate than pumice

Deusitti :i'uf Ithe A10, gy mat dlﬂ:u?ter vasroﬁl.:_' . Specific Lheat
materia sion co ien capac|
(net dry density) R P:, Y
[kg/m™] P=50%" P=90% m [J/(kgK]]
500 0,11 0,14 5115 1000
600 0,13 0,16 515 1000
700 0,16 0,18 515 1000
800 0,19 0,21 515 1000
900 0,22 0,24 515 1000
1 000 0,26 0,28 5/15 1000
1100 0,30 0,32 515 1000
1200 0,34 0,36 515 1000
1300 0,38 0,41 515 1000
f, =4 (m*m?)
* Calculations in support of the Energy Performance of Buildings Directive are related to buildings and not to
individual products. U-values used in such calculations are based on the mean thermal resistance of masonry
elements. Therefore the recommended material 4 value is the 50 % fractile.
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Table A.5 — Concrete units with polystyrene aggregate

DKS 2803:2019

Density of the material Ao dry.mat Water vapour Specific heat
: o diffusion coefficient capacity
‘ﬂe‘ dl'l'." derlﬁltf] [w-‘l:[l'l'KH
Cp
[kg/m®] P=50%" ] P=90% M [V(kg-K)]
500 0,13 0,16 5M35 1 000
600 0,14 0,19 515 1000
700 0,17 022 5M15 1 000
800 0,18 0,25 5M15 1000
f, =5 (m’im?)
* Calculations in support of the Energy Performance of Buildings Directive are related to buildings and not to
individual products. U-values used in such calculations are based on the mean thermal resistance of masonry
elements. Therefore the recommended material 4 value is the 50 % fractile.

Table A.6 — Concrete units with expanded clay aggregate

Soinieead B R 5 T
(net dry density) [Wi(m-K)]
C,
[kg/m”] P=50%" P=90% n [Ji{k;-K}]
400 0,10 0,12 5/15 1000
500 0,12 0,15 5115 1000
600 0,16 0,18 5/15 1000
700 0,19 0,21 5/15 1000
800 0,22 0,25 5/15 1000
900 0,26 0,28 5115 1000
1000 0,30 0,32 5/15 1000
1100 0,34 0,36 5115 1000
1200 0,39 0,41 5115 1000
1300 043 0,46 5/15 1000
1400 0,48 0,51 515 1000
1500 0,53 0,56 5/15 1000
1600 0,60 063 5/15 1000
1700 0,67 0,70 5/15 1000
f, = 4 (kg/kg) if expanded clay is the predominant aggregate
f, = 2,6 (kg/kg) if expanded clay is the only aggregate
? Calculations in support of the Energy Performance of Buildings Directive are related to buildings and not to
individual products. U-values used in such calculations are based on the mean thermal resistance of masonry
elements. Therefore the recommended material A value is the 50 % fractile.
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Table A.7 — Concrete units with more than 70 % expanded blast-furnace slag aggregate *

Density of the Water vapour Specific heat
material A10,dry,mat diffusion coefficient capacity
(net dry density) Wi(m-K)] Cp
[kg/m’] P=50%" P=90% 1 [Ji(kg-K)]
1100 0,19 0.21 5M15 1000
1200 0.23 0,24 515 1000
1300 0.28 0,29 515 1000
1400 0,33 0,34 515 1000
1500 0,39 0,40 515 1000
1600 045 0,47 515 1000
1700 0,52 0,54 515 1000
f, =4 (kg/kg)
* A lightweight aggregate produced by the expansion of molten blast-fumnace slag with water. Blast-furnace slag is
a by-product of the extraction of iron haematite ores.
® Calculations in support of the Energy Performance of Buildings Directive are related to buildings and not to
individual products. U-values used in such calculations are based on the mean thermal resistance of masonry
elements. Therefore the recommended material 4 value is the 50 % fractile.

Table A.8 — Concrete units with the predominant aggregate derived from pyroprocessed
colliery material

Density of the A10,dry,mat Water vapour Specific heat
material ' diffusion coefficient capacity
f{m-K
(net dry density) [Wien-10) Cp

[kg/m] P=50%" P=90% m [J(kgK)]

1100 0,31 0,35 515 1000

1200 0,33 0,37 515 1000

1300 0,35 0,39 515 1000

1400 0,37 0,41 515 1000

1 500 0,39 0,43 5/15 1000
f, =4 (kg'kg)
* Calculations in support of the Energy Performance of Buildings Directive are related to buildings and not to
individual products. U-values used in such calculations are based on the mean thermal resistance of masonry
elements. Therefore the recommended material 4 value is the 50 % fractile

24 © KEBS 2019 — Al rights reserved



DKS 2803:2019

Table A.9is to be used for concrete units with lightweight aggregates, where no history for A exists (e.g.

for new products). Therefore, no 50% and 90% fractiles (P) can be given, the given A-values are to be
understood as safe values for all different types of aggregates.

Table A.9 — Concrete units with other lightweight aggregates

Do e | oyt | Woer P S Specitc
{net dry density) capacity
Cp
[kg/m’] [Wi(m-K)] 1 [W(kg-K)]
500 0,24 5M15 1000
600 0,27 5M15 1000
700 0,30 515 1000
800 0,33 5M15 1000
800 037 5115 1000
1000 0.41 5M5 1000
1100 0,46 515 1000
1200 0,52 515 1000
1300 0,58 515 1000
1400 0,66 515 1000
1 500 0,74 515 1000
1 600 0,83 515 1000
1800 1,08 5/15 1000
2000 1,33 515 1000
f,=4 (m°/m°)
* Caleulations in support of the Energy Performance of Buildings Directive are related to buildings
and not to individual products. U-values used in such calculations are based on the mean thermal
resistance of masonry elements. Therefore, the recommended material A value is the 50 % fractile.
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Table A.10 — Autoclaved aerated concrete units

Density of the Water vapour Specific heat
material At0,dry,mat diffusion coefficient capacity
(net dr',r 'I'.'EI'IS“'YI [Wﬂ:m“]] cp
[ka/m”] P=50%" P=90% M [Wikg-K)]
300 0,072 0,085 5/10 1000
400 0,096 01 510 1000
500 012 0,13 5/10 1000
600 015 0,16 510 1000
700 017 0,18 510 1000
800 0189 0,21 510 1000
900 0,22 0,24 5M10 1000
1000 0,24 0,26 5/10 1000

f, =4 (ka/kg)

* Calculations in support of the Energy Performance of Buildings Directive are related to buildings and not to
individual products. U-values used in such calculations are based on the mean thermal resistance of masonry
elements. Therefore the recommended material 4 value is the 50 % fractile.

26
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Table A.11 — Natural stone units *

Density of the P Water vapour diffusion Specific
material 10,dry.mat coefficient heat
Type of stone . capacity
{net dry e
density) :
[kg/m’] [Wi(m-K)] dry wet (kg K)]
1. METAMORPHIC AND PLUTONIC ROCKS
- Gneiss, porphyry 2 300 to 2 900 35 10 000 10 000 1000
- Marble 2 600 to 2 800 356 10 000 10 000 1000
- Granites 2500102700 28 10 000 : 10 000 1000
- Shale, slates 2000 to 2 800 2.2 1000 800 1000
2. VOLCANIC ROCKS
- Basalt 2700 to 3000 16 10 000 | 10 000 1000
- Trachytes, andesites | 2000 to 2 700 1,1 20 15 1000
- Vacuole lava <1600 0,55 20 5 15 1000
3. LIMESTONE
- very hard stone 2200 to 2 590 23 250 i 200 1 000
- hard rock 2000t0 2190 1.7 200 160 1000
- compact stone 1 800 to 1990 14 50 40 1000
- soft stone 1600 to 1790 1.1 40 25 1000
- very soft stone =1 590 0,85 a0 20 1000
4. SANDSTONE
- Quartz sandstone 2 600 to 2 800 26 40 ao 1 000
- Siliceous sandstone 220010 2 590 23 40 30 1000
- Calciferous sandstone | 2000to 2 700 19 30 20 1000
5. FLINT, MILLSTONE, PUMICE L
- Flint 2 600 to 2 BOD 26 10 000 10000 1000
- Millstone 1 900 to 2 500 1.8 50 40 1000
- Millstone 1300 to 1 900 09 30 20 1000
- Matural pumice =400 0,12 8 B 1000

* For these materials the 50 % / 90 % approach is not applicable.
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Table A.12 — Mortar (masonry mortar and rendering mortar)

Density of the material Ao, ciry,mat Water vapour Specific heat
(net dry density) [Wi(m-K)] diffusion coefficient capacity
c
[kg/m’] P=50%" P=90% M [Jf{kg;-K}]
200 0,074 0,081 5/20 1000
300 0,086 0,084 520 1000
400 0,10 01 5/20 1000
500 0,12 0,13 5/20 1000
600 0,14 0,15 5/20 1000
700 0,186 0,17 5/20 1000
800 0,18 0,20 5/20 1000
200 0,21 0,23 5/20 1000
1000 0,25 0,27 5/20 1000
1200 0,33 0,36 5/20 1000
1400 0,45 0,49 5/20 1000
1600 0,61 0,66 15/35 1000
1 800 0,82 0,89 15/35 1000
2 000 1.1 1.21 15/35 1000
f, =4 (mm°)
* Calculations in support of the Energy Performance of Buildings Directive are related to buildings and not to
individual products. U-values used in such calculations are based on the mean thermal resistance of masonry
elements. Therefore the recommended material A value is the 50 % fractile.
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Annex B
(informative)

Rdry,mas— Or Adry,mas-Values of masonry built from a range of masonry units containing
formed voids

NOTE: The range of size and types of unit and void pattern is intended to be representative of units typically
found on the market. It is not intended to be an exhaustive list covering all combinations of material, unit size,
void configuration and size. The procedure according to 7.3.3 will need to be followed for configurations of
units not covered by these tables.

The geometries are defined numerically by two figures:

- the number of rows of voids; and

- the number of voids in a row.
For example 3,7/1,6 means that this type of unit has 3,7 rows of voids per 100 mm thickness and 1,6 voids in
a row per 100 mm length, which means 11 rows of voids in the case of a masonry thickness of 300 mm and
4 voids in a row in the case of a unit length of 250 mm. The transverse web portion is defined as the sum of
the thicknesses of the transverse webs divided by the unit length expressed as a percentage and is given for

each geometry as additional information.

Further information is given for each geometry about the dimensions, which were the basis for the numerical
calculation.

The following tabulated values should be used as a basis for the determination of unit equivalent A10,dry,unit-

values  or Rdry,mas— OF A10,dry,mas-values of the masonry if neither an individual test measurement nor a
calculation are available for a specific product.

The values in this annex were calculated using a three-dimensional Finite-Difference-Program.
The equivalent thermal conductivity of the airinthe voids was determined according to EN ISO 6946:2007,
B.2. The program used was checked through the examples shown in Annex D and fulfils all the requirements

for appropriate calculation procedures.

The theoretical background for the selection of geometries was knowledge about the principal geometrical
influences on the thermal resistance:

- number of rows of voids;

thickness of the material webs between the voids (transverse web portion);

voids staggered or "in line";

shape of the voids.

(experience shows that the last two factors can be neglected-for the purpose of tabulated values).
The tabulated values in the following tables are generally given for masonry with only horizontal mortar joints.
In some cases, the tabulated values are split into two, one of which is valid without vertical mortar joints and

the second is valid with vertical mortar joints. For those geometry classes, where no separate values are given
use the calculation procedure in 7.3.3.
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The thermal resistance of the mortar joints on which the calculation results are based can be derived
in different ways. Full bed mortar joints may be provided using an insulating mortar oritis possible to
reach the same resistance/equivalent conductivity by making twin strip mortar joints from a general
purpose mortar, possible with a strip of insulating material in between.

The values are grouped according to the material of the masonry units, nevertheless, the calculation results
are also valid for other materials, if the geometry and the thermal conductivity of the material is the same.

The resistance-values are tabulated as resistance per 100 mm, which means for example that for a masonry
of 300 mm thickness the values have to be multiplied by 3. As additional information, the calculation results

are also given as A10,dry mas-values of the masonry, which are calculated according to the following equation:

01

f“il:ldr}a.:r:las " R
ary.mas

The values for the percentage of voids given in the tables are related to the cross section of the units.

[ e e e g Table B.1 — Vertical perforated clay masonry
units — Geometry 3,711,6
| [ S [ e f o . - ]
mj! 11 11 1 O A 10,chymat At ciry,anie R [m"-KMW] per 100 mm
-
o [ o | s I
OL ] [ 11 1 O WImM-K)] | WAmM-K)] | As00mmas Of the masonry
14 I T===5 1 of the of the [ [WHm-K)]
e units units —-— .
Ol ] ] [ 1 1 with a mortar with a
i 1 [ 110 10 1 conductivity of [W/m-K]
OC3aC3l 1 O 0,16 | 0,32 0,80
L | — ] — 0,34 0,175 | 0,57/ | 055/ | 049
y (B30 018 |08 |020
0,42 0,199 0,50/ 0,49/ 044/
[~ é - 0,20 0,20 0,23
3 0,51 0,224 0,46/ D44/ | 040/
Key 022 [023 |025
0,60 0,245 0,42/ 0,40/ I 0,37/
; :S:;Th 024 | 025 |027

3  horizontal cross section

Figure B.1 — Vertical perforated clay masonry

units — Geometry 3,7M1,6
(transverse web portion: 26,4 %; percentage of voids : 38 4 %)
basic dimensions: | = 250 mm, w = 300 mm, Ay = 238 mm, fge-= 12 mm

30
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m ] I 11 10 Table B.2 — Vertically perforated clay masonry

s | s | 11 10 ] units — Geometry 5/2

ar 1L 10 110 100 - 2

[ 1L 1 11 10 ] Asg drymaf A1 0y, wnid EIITI W per 100 mm

m ] 1L 10 10 100 thickness/

.DI 1 |r':h 11 - 1L -E: [hﬂu'f{m-_K}] of [Wf{m-_l'{}] of | A4g,ary.mes Of the masonry

I T - - > ) the units the units [Wiiim-Kj]

= 1L 1 10 10 with a mortar with a

[ 1L 11 11 1L ] L.

O —me— o conductivity of [Wim-K]

| 11 10 1L ] 0,16 0,32 0,80

ar 1 [ 11 1L 10

| 11 1L 1] | 0,34 0,161 0,62/ 0,58/ 0,53/

] 10 11 1L 10 0,16 017 0,19
042 0,182 0,58/ 0,53/ 0,48/

Figure B.2 — Vertically perforated 0,18 0,19 0,21

SN IRos ORIy ';sz ==fSesny 0,51 0203 | 050/ |048/ | 043

0,20 0,21 0,23
0,60 0,224 0,45/ 0,44/ 0,40/
0,22 0,23 0,25

(transverse web portion: 25,8 %; percentage of voids : 37,5 %)
basic dimensions: /= 250 mm, w = 300 mm, Ay = 238 mm, Hue = 12 mm

m ] [ 1 Table B.3 — Vertically perforated clay masonry units

L A 1 L ] — Geometry 5/1,6

3l 1 [ ] [ 1

[ 11 110 11 ] A10,drymat Ajgcryunt R[m*-KAW] per 100 mm

-] ] [ 1 [ 1 3 thickness/

L ]I L 11 1 i fth

el e ——] ] [Wim)] of | [WIMK) of | Araay.mes OF the masonry

: T T T " the units the units [Wi(m-K)]

]y | s— = with a mortar with a

II_:I 11 11 ][ D| conductivity of [W/m-K]

L I ] L 11 i | 016 0132 D-B‘ﬂ

o s [ s s | 0,34 0,150 0,65/ 062/ 0,55/

| — 110 11 ] 0,15 0,16 0,18

e — e 042 0171 | 058/ | 056/ | 0,50/
0,17 0,18 0,20

Figure B.3 — Vertically perforated 0,51 0,192 053 |051 [ o046/

clay masonry units — Geometry 019 0.20 0.22

51,6 0,60 0,203 0,49/ 047/ 0,43/

0,20 0,21 0,23

{transverse web portion: 22,2 %, percentage of voids: 39,1 %)
basic dimensions: / = 250 mm, w = 300 mm, f,.; = 238 mm, fpe = 12 mm
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IEI ——l—=1= 'l:! Table B.4 — Vertically perforated clay masonry units —
=] T T 10 Geometry 5,7/1,6
::l [ - T - 1 = -EI Ao gy mat A1g.dnyanit R [mz_m] per 100 mm
[ 1 1 1 | thickness/
=l 1L 1L 13
s 1L -] 1L ] [Wim-K)] of [Wi{m-K]] of A1 "’"Tr"'"'a'suf the masonry
[ 1C 1€ 13 the units the Units M”:ml‘(‘]]
e i — with a mortar with a
|= 11 11 1 =| CDr'IdLICti'.fil'y of [W.l'mK]
[ 10 1L 103 0,16 0,32 0,80
(=] T T 101 0,34 0,140 0,70/ 0,66/ 0,59/
D| [ 1L 10 =I 0,14 0,15 0,17
0,42 0,161 0,63/ 0,60/ 0,54/
0,16 0,17 0,19
Figure B.4 — Vertically perforated 0,51 0,175 0,57/ 0,55/ 0.49/
clay masonry units — Geometry 0.18 0.18 0,20
5,71.6 0,60 0,192 053 | 051/ | 0,46/
0,19 0,20 0,22

(transverse web portion: 20,8 %; percentage of voids: 39,3 %)
basic dimensions: /= 250 mm, w = 300 mm, A= 238 mm, e = 12 mm

=) 1 1 f— Table B.5 — Vertically perforated clay masonry

CaOC——acC—rc4g units — Geometry 5,711,2

| — | | 1] | -

[ ] [ 1 A 10,y mat A1 dey it R [mi.KNIJ] per 100 mm

C—iC——JC———1 thickness/

L: T 1 [ e g Wim-K)] | MIm-K) | Avodnemas Of the masonry

L 1 [  — of the of the Wilm-K)]

C—I I|_,__1_| units units with a mortar with a

o 1 [ = conductivity of [W/(m-K)]

COC—C—1C3 0,16 0,32 0,80

:lE, ] s——— | e— 0,34 0129 |075 |071 |083/

| —| — — 0,13 0,14 0,16

— 0,42 0,140 0,69/ 0,65/ 0,58/
0,14 0,15 07

Figure B.5 — Vertically perforated 0.51 0157 084/ |061/ 054/

clay masonry units — Geometry 0,186 0,16 0,19

5,71,2 0,60 0171 |os% |os57 |05

017 0,18 0,20

(transverse web portion: 15,6 %, percentage of voids: 50,9 %)
basic dimensions: | = 250 mm, w = 300 mm, fye = 238 mm, Hye = 12 mm
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Table B.6 — Vertically perforated clay masonry
— Geometry 1,6/3,7

Aoy mar Ao ciy, i R [m*K/W] per 100 mm
thickness/
WImK)] | WImK)] | A1an.maes of the masonry
of the units | of the units | [W/(m-K)]
— — — — with a mortar with a
O [ E] EI EI E] EI conductivity of [WAm-K)]
] — — — — — 0,32 0,80
— — — — = 0,34 0,296 0,33 0.3
] U U Ufiyfid | 0,30 0,32
=== = 0,42 0342 |0,29 0,27
:I U UTTEE Y ' 0,34 0,37
= =l = R = = 0,51 0,392 0,26 0,24
ououguououno 0,39 0,41
0.60 0,441 0,23 0,22
Figure B.6 — Vertically perforated D44 048
clay masonry — Geometry 1,6/3,7
(transverse web portion : 48,0 %; percentage of voids: 38 4 %)
Basic dimensions: |1 =300 mm, w =250 mm, hunit =238 mm, hmor = 12 mm A

NOTE: There are no values given for a combination of such a masonry unit with a mortar with a conductivity
of 0,16 W/m-K, because such a combination would not be sensible.
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Table B.7T — Vertically perforated clay masonry units —
Geometry 2,8/4,1

Aroaymat | Arogmene | P LM -KM] per 100 mm thickness/
Wim-K)] | pPWAM-K)] | A0y mesOf the masonry [Wim-K))]
of the of the
units units
with a mortar with a conductivity of
[Wim-K)]
0,16 0,32 0,80 !
0,25 0,221 0,48/ 0,42/ 0.3/ 0,30y
0,21 0,24 0,31 (0,33)
0,34 0,265 0.40/ 0,36/ 0,29/ (0,28)
0,25 0,28 0,34 (0,36Y
goooooooo 0,42 0324 |033% |031/ |025  (0.24y
ooooooooo 030 |033 |038  (041y
goooooooo 0.51 0387 |028 |026/ |02 (021
035 |038 |045  (047V
Figure B.7 — Vertically perforated
Eh}' masonry units — Gﬂumetw U,Bﬂ ﬂ,445 D,EH U,Zﬂf U.ZUI {U. 191{
2,8/4,1 040 |043 |o050  (0,52y
* Values in brackets are where there is a vertical mortar joint.

(transverse web portion: 50,9 %; percentage of voids: 30 %)
basic dimensions: / = 220 mm, w= 105 mm, f. = 65 mm, hpe = 12 mm
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Table B.8 — Vertically perforated clay masonry
units — Geometry 2,17/4,51

Moayma | Aodmu | P [m*-KAV] per 100 mm
thickness/
[WAmMK)] | (Wim-K)] | Aroaymas Of the masonry
of the of the [Wim-K)]
units units
with a mortar with a
DUDD :IDI:II:”: DDDD conductivity of [W/{m-K)]®
[l [I D D 016 | 032 0,80
D[l l:l[l I:l |:| D I:l 0,25 020 |053 0,50 042
0,19 0,20 0,24
Jalal0000s0a0
0.34 021 |050 0,48 0,40
0,20 0,21 0,25
042 0,21 042 0,42 0,36
0,23 0,24 0,28
0,51 0,24 0,38 0,37 0,32
0,26 0,27 0,31
Figure B.B — Vertically perforated 0,60 0,29 0,34 0,33 0,29
clay masonry units — Geometry 0,29 0.30 0.34
2,17/4,51 : ’
# All values are with vertical mortar joints.

(transverse web portion: 31 %; percentage of voids: 53 %)
basic dimensions: [ = 288 mm, w = 138 mm, hy = 138 mm, hger = 12 mm
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Table B.9 — Vertically perforated clay masonry
units — Geometry 3,62/3,82

J?-r‘.‘l.iiyrrm’ -’i.'d'urymnr R [I'I'I:?K."'I.I"ll'] per 100 mm
thickness/
WAHmM-K)] | WHmMK)] | A1amymas of the masonry
of the of the [Wim-K)]
units units
with a mortar with a conductivity
of [Wi(m-K)] ®
0,16 032 0,80
WY UﬂUﬁUbUﬂU U0V 025 020 | 050 0,48 0,42
0000 0000 020 |021 024
%OOOOOOQOOOOOO‘:? 0,34 022 | 045 0,43 0,38
0,22 0,23 0.26
AT A AT A A ATATAE 0.42 027|037 0.36 0,32
0,27 0,28 0,31
0.51 030 | 0,34 0,33 0,29
0,29 0.30 0,34
0.60 037 | 028 0,27 0,24
0,36 0.37 0,41

* All values are with vertical mortar joints.

Figure B.9 — Vertically perforated
clay masonry units — Geometry
3,62/3,82

(transverse web portion: 64 %; percentage of voids: 39 %)

basic dimensions: / = 288 mm, w= 138 mm, b, = 138 mm, h.o = 12 mm
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Table B.10 — Vertically perforated clay masonry units —
Geometry 1,9/2,3

Aoy mar Aoyt R [I'I'IQ-K.IW] per 100 mm thickness/
MmN | (WHm-K)] | A10dy.mas OF the masonry [Wi(m-K)]
of the of the
units units
with a mortar with a conductivity of
[Wi/(m-K)]
L1 11 11 L1 I 016 |o032 |os |°
0,25 0,199 0,50/ 0,44/ 0.35/ (0,32y
O0oagaoang 020 (023 |029 (031)
0,34 0,280 0,38/ 0,34/ 027 (0.26)
0,26 0,29 0,37 (0,29)
042 0,341 0,32/ 0,29/ 024/ (023)
Figure B.10 — Vertically perforated 0,31 0,34 042 (044)
clay masonry units — Geometry 0,51 0414 |027/ |025 |021 (0.20¥
1,9/2,3 0,37 0,40 0,48 (0,50
0,60 0479 | 024/ | 022/ | 0,18/ (0.,18)
042 0.45 0,54 (0,55
* Values in brackets are where there is a vertical mortar joint.

(transverse web portion: 54,5 %, percentage of voids: 17,3 %)
basic dimensions: [ = 220 mm, w = 105 mm, A = 55 mm, Hper = 12 mm

—— Table B.11 — Horizontally perforated clay masonry —
Geometry units 21,5
[}
Atochy.mat iyt R [m*KAWV] per 100 mm
thickness/
Wim-K)] of | (WAHM-K)] | As60y.mes Of the masonry
1 the units of the [Wim-K)
units with a mortar with a conductivity
of (Wiim-K)]
016 | 032 |o0g0 |°®
] 0,34 0,222 045 | 0,44/ | 0,3%  (0,37V
022 | 023 | 025 (0,27
- r - 042 0,243 042/ | 040/ | 037/ (0,35)/
i 024 | 025 | 027 (0,28)
3 0,51 0,257 040/ | 0,38 | 0,34 (0,33}
025 | 026 | 029 (030)
Key . 0,860 0,282 0,36/ | 0,36/ | 0,32/ (0,31}
; :ﬂeﬁ:‘ 028 |028 | 031 (032y
3 verical cross section * The values in brackets are for the case where there is a
vertical mortar joint.

Figure B.11 — Horizontally perforated
clay Masonry — Geometry units 2/1,5

(fransverse web portion: 16 %; basic dimensions: / = 500mm, w = 200mm, hyy =
percentage of voids: 63,9 %) 200 mm, hype = 12 mm
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Table B.12 — Horizontally perforated clay masonry
units — Geometry 1,85/1,5

—_— Arodymat Aradyunt II;i'["'l'lz'|"(.l"ul"'»"] per 100 mm
thickness/
A1a.ay masOf the masonry [W/im-K]
| I I ' ! l WhHm-K)] | Wim-K)] | with a mortar with a conductivity
of the of the of [Wim-K]
units units
016 |032 |os0 |°®
0,34 0,160 044/ | 043/ | 040/ (0.38Y
022 |023 | 025 (026)
| | e [ | 0,42 0,169 | 042 | 040/ | 0,37/ (0,36)
024 | 025 | 027 (0.28)
0,51 0,183 0,38/ | 0377 | 0,34/ (0,33)
Figure B.12 — Horizontally 026 |027 | 029 (0,30)
P e WL IR EUSY L1 4 — 0,60 0201 | 0,36/ | 034/ | 033 (0,31)
eometry 1,85/1,5
028 (029 | 031 (0,32)
* The values in brackets are for the case where there is a
vertical mortar joint.

(transverse web portion: 21,5 %; percentage of voids: 62,8 %)
basic dimensions: / = 500 mm, w = 270 mm, ;= 200 mm, hy = 12 mm

Table B.13 — Horizontally perforated clay masonry
units — Geometry 3,715

A1 iy, mat A1y, umit R [m*-K/W] per 100 mm
thickness/

Atg.ane mas OF the masonry
MWiim-K)
[WiHmK)] of | [Wim-K)] of | With @ mortar with a conductivity

D D D D — D — D the units the units of W/(m-Kj]
016 |032 |080 |°
D I] [I D - D = D 0,34 0,169 0,59/ | 0,55/ | 0.50/ (0.48)
017 | 018 | 020 (0,21)
0,42 0,183 0,55/ | 0,51/ | 046/ (0D43Y
mlm 018 | 0,19 | 022 (023)
D D D D D E] 0,51 0,201 0,50/ | 0,48/ | 043 (040)
— L 020 |021 | 0,23 (025)
0,60 0,222 046/ | 0,43/ | 040/ (0,38Y
Figure B.13 — Horizontally = . 022 |023 | 025 :U,?E]
perforated clay masonry units — The values in brackets are for the case where there is a
Geometry 3,7/1,5 vertical mortar joint.

(transverse web portion: 18,5 %, percentage of voids: 61,8 %)
basic dimensions: /= 500 mm, w = 300 mm, hye = 200 mm, by = 12 mm
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Table B.14 — Horizontally perforated clay masonry

units — Geometry 4,31

FI—— I R [m*KMW] per 100 mm
thickness/
—_— Wim-K)] of | (WIM-K)] of | A1adyma0f the masonry
— — — the units the units [WHm-K)]
|: T :I :I 016 | 032 |o0g0®
— — = - 0,34 0,151 064/ | 061/ | 0.53/ (0,50)
ARREEREEE 015 | 016 | 0,49 (0,20)
=lsli=R=RiE 042 0,169 0,59/ | 0,56/ | 0,50/ (048Y
L aig= - 017 | 018 |020 (021)
[ ] :l 0,51 0,186 0,53/ | 0,53/ | 0,46/ (0A43Y
N NNRNENEN || 019 | 019 |0,22 (0,23)
0,60 0,201 0,50/ | 0,48/ | 0,43/ (041)
020 (021 | 023 (024)

Figure B.14 — Horizontally
pe rfnmmg:;::e';:iu;? BATREE) == vertical mortar joint.

* The values in brackets are for the case where there is a

(transverse web portion: 15,4 %; percentage of voids: 56,3 %)
basic dimensions: / = 500 mm, w = 300 mm, H,,; = 200 mm, h, = 12 mm

| J| |
I ” | Table B.15 — Calcium silicate masonry units —
\ Geometry 2,5/0,8
I I | | Ao, vy mar Aro gyt R [I"I'IZ'KM] per 100 mm
l “ | thickness/
Atgaymes  Of  the  masonry
| I | Wm-K)]
| 1l | [Wim-K)] | [Wi(m-K)] of with a mortar with a thin
of the the units conductivity of layer
| I | units [Wiim-K)] mortar
016 | 032 | 080
I l I | 0,32 0,192 0,52/ | 050/ | 0,48/ | 0,52/
I ” | 019 | 020 | 022 |09
0,64 0,276 0,37 | 036/ | 0,33/ | 0,36/
027 (028 | 030 | 028

Key
1 horizontal cross section

Figure B.15 — Calcium silicate
masonry units — Geometry 2,5/0,8

(transverse web portion: 20 %; percentage of voids: 46 %)
basic dimensions: / = 240 mm, w = 365 mm, Ay = 238 MM, Apee = 12 mm
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L 11 |

Table B.16 — Calcium silicate masonry units —

A ‘ " ] Geometry 3,7/0,8
L Il |
, . . Aiosymet | Aogment | R [M>KMW] per 100 mm
r ’ : thickness/
A10,ary mas Of the masonry
L 11 1
[Wim-K]
: - ' WIm-K)] | (WimK)] | with a mortar witha | Thin
' e y of the of the conductivity of layer
' 11 1 units units Wim-K] mortar
' 11 y 0,16 | 0,32 | 0,80
0,32 0,178 0,57/ | 0,54/ | 0,49/ | 0,57/
_ ) N 0,18 019 | 0,20 0,18
Figure B.16 — Calcium silicate 0,64 0,259 0,40/ | 0,38/ | 0,35/ | 0,39/
masonry units — Geometry 3,7/0,8 025 | 026 | 029 | o026

(transverse web portion: 16 %; percentage of voids: 30 %)
basic dimensions: | = 247 mm, w = 365 mm, hy,; = 238 mm, hyor = 12 mm

L 1 1 1l ' Table B.17 — Calcium silicate masonry units —
(— | 1L 1] 11 Genmetry 3,711
L 1] 10 | | ]
— T ] =] Aoy mt Bk R [m*K/MW] per 100 mm
' L L y ' thickness/
] 1L ] 1 .
[ 1] 1 1| ] Asa,an:mas Of the masonry
- 10 ] 1 [Wim-K]
Ir:| - 1 - I - 10 : I:In WI(m-K)] of | [Wim-K)] of | with a mlnlrtar with a thin
[ 10 10 I ] the units the units conductivity of layer
[Wim-K] mortar
0,6 | 032 | 080
Figure B.17 — Calcium silicate 0,32 0,171 0,60/ | 057/ | 0,51 | 0,60/
masonry units — Geometry 3,7/1.1 017 | 018 | 020 | 07
0,64 0,259 041/ | 040/ | 037/ | 041/
D24 | 025 | 027 | 024

({transverse web portion: 19 %; percentage of voids: 34 %)
basic dimensions: f = 373 mm, w = 300 mm, b, = 238 mm, A= 12 mm
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Table B.18 — Calcium silicate masonry units —
elelelell e
Ao, drymat Ag,chy.uni R [m*-K/MW] per 100 mm
thickness/
Aigary mas0f the masonry
[Wim-K]
OQOO|! | e[z
of the the units conductivity of [W/m-K]
units
0,80 thin  layer
Figure B.18 — Calcium silicate mortar
masonry units — Geometry 1,3/1,3 0,64 0,440 0,22/ 0,22/
0,45 0,45
1,05 0,666 0,15/ 0,15/
0,67 0,67

(transverse web portion: 39 %; percentage of voids: 28 %)

basic dimensions: [ = 300 mm, w = 240 mm, A = 238 MM, e = 12 mm

Table B.19 — Calcium silicate masonry units —
Geometry 1,7/1,3

Atahy met Avgcryune R [m"-KAW] per 100 mm
thickness/
O O O O A10.aymasOf the masonry
300 ¢ o
: WimK)] | WimK)] | with a mortar with a
O O O O of the units | of the units | conductivty of [W/(m K)]
0,80 thin  layer
mortar
Figure B.19 — Calcium silicate 0,04 0,430 | 020/ 0,20/
masonry units — Geometry 1,711,3 0,50 0,50
1.05 0,666 013/ 0,13/
0,77 077

(transverse web portion: 59 %; percentage of voids: 17 %)

basic dimensions: | = 300 mm, w = 175 mm, B, = 238 mm, fgpe = 12 mm

© KEBS 2019 — Al rights reserved 41



Figure B.20 — Calcium silicate
masonry units — Geometry 1,7/11,7

Table B.20 — Calcium silicate masonry units —
Geometry 1,7/1,7

A10,0ry,mat A10,dryunit R [mz-K}W] per 100 mm
thickness/
A10,dry,masOf the masonry
[Wi(m-K)]
Wi/(m:-K)] of | [W/(m-K)] of | with a mortar with a
the units the units conductivity of
Wi(m-K)]
0,80
0,64 0,411 0,23/
043
1,05 0,621 0,16/
0,63

(transverse web portion: 33 %; percentage of voids: 36 %)
basic dimensions: / = 240 mm, w = 115 mm, hyn: = 238 mm, Aper = 12 mm

)OOOOOOOC
)OOOOOOO(
O OO0

Figure B.21 — Calcium silicate
masonry units — Geometry 2,1M1,3

Table B.21 — Calcium silicate masonry units —
Geometry 2,1/1,3

Ao, gy mat Asgayunt R [mz'mw] per 100 mm
thickness/
A10,an,mas OF the masonry
[Wim-K]
[Wi(m-K)] WiAm-K)] with a mortar with a
of the units | of the units | conductivity of [W/m-K]
0,80 thin layer
mortar
0,64 0,405 0,23/ 0,25/
0,43 0,40
1,05 0,625 0,16/ 0,16/
0,63 0,63

(transverse web portion: 49 %; percentage of voids: 32 %)
basic dimensions: [ = 300 mm, w = 240 mm, f,; = 238 mm, Ay = 12 mm

42
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Table B.22 — Calcium silicate masonry units —
Geometry 2,11,7

A,y mat Aradneunt R [mz_w per 100 mm

thickness/
) OOOOOOOOO ( g;:mr:i;};:f the masonry
(m-
: : with rtar with
0000 o the unts | ofhe unts. | conductvtyof Wi )
—0-0-00--C 080 [in Taye
O o O O O 0,64 0,430 0,22/ 0.23/

0,45 0,43
1,05 0,666 0,15/ 0,15/
Figure B.22 — Calcium silicate 0,67 0,67

masonry units — Geometry 2,1/1,7

(transverse web portion: 50 %; percentage of voids: 25 %)
basic dimensions: | = 300 mm, w = 240 mm, hy.p = 238 mm, hy. = 12 mm

Table B.23 — Calcium silicate masonry units
— Geometry 2,6/1,7

Ao,y mat Ao,y unt R [mz-Kf’W] per
100 mm thickness/
imlm}r mas of the
masonry [W/m-K]
Wim-K)] | (Wim-K)] | with a mortar with a
O O O O of the units | of the units | conductivity of
[Wim-K]
0,80
OO 00O os T om ios
0,43
1,05 0612 0,16/
Figure B.23 — Calcium silicate 0,63

masonry units — Geometry 2,6/1,7

(transverse web portion: 50 %, percentage of voids: 31 %)
basic dimensions: [ =240 mm, w= 115 mm, . = 113 mm, A, = 12 mm
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Figure B.24 — Calcium silicate
masonry units — Geometry 2,6/2,1

Table B.24 — Calcium silicate masonry units

— Geometry 2,6/2,1
Ato.crymat v dryumi RD“{KﬂM]WH
100 mm thickness/
A 100y masOf the
masonry [W/m-K]
WimK)] | WimK)] | with a mortar with a
of the units | of the units | conductivity of
[Wirm-K]
0,80
0,64 0,501 0,19/
0,53
1,05 0,833 0,12/
0,83

(transverse web portion: 63 %; percentage of voids: 14 %)
basic dimensions: | = 240 mm, w = 115 mm, Ay = 113 mm, hpee = 12 mm

NOTE

Tables B.23 o B.28 inclusive were calculated without verlical mortar joints. Tables B.29 to B.33

inclusive were calculated with mortar pockets. Table B.34 is based on a continuous vertical mortar joint.

The values in Tables B.29 to B.33 inclusive are valid for more than one shape, the drawings shown are only

examples for the geometries covered.
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Table B.25 — Lightweight concrete masonry units
— Geometry 1/1,2

A1 ciry. mot y B R [m™-K/AW] per 100 mm
thickness/
Ay mas OF the masonry
[W/(m-K)]
Him-K of fim-K with a mortar with a
tﬂ{units}} gﬁ H{m ur?i]tﬁ conductivity of (W/(m-K)]
0,16 0,32 080"
0,35 0,315 032/ | 031 | 02%
0,31 0,32 0,34
0,50 0,378 027 | 027 | 025
0,37 0,37 0,40
0,67 0,431 024/ | 024/ | 0,22/
0,42 0,42 0,45
0,83 0,484 - 0,21/ | 0,20/
- 0,48 0,50
1,00 0,515 - - 0,19/
- - 0,53
1,26 0,579 - - 017!
- - 0,59
1,50 0,663 - - 0,15/
- - 0,67
Figure B.25 — Lightweight * These values are valid, if there is no mortar in the vertical
concrete masonry units — joint (which means that the rows of voids are not interrupted
Geometry 111,2 in the vertical joint).

(transverse web portion: 16 % to 21 %; percentage of voids: 58,9 %)
basic dimensions: | = 380 mm, w = 300 mm, h,e = 221 mm, Bge, = 12 mm
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Table B.26 — Lightweight concrete masonry units

— Geometry 1,7/1,2

Figure B.26 — Lightweight
concrete masonry units —
Geometry 1,7/1,2

Ao cymat Atocyuni R [m?K/MW] per 100 mm
thickness/
A10,dry,mas Of the masonry
[Wi(m-K)]
W/(m-K)] of | [W/(m-K)] of | With a mortar with a
the units the units conductivity of [W/(m-K)]
0,16 0,32 0,80°
0,35 0,241 0,42/ 0,41/ 0,37/
0,24 0,24 0,27
0,50 0,273 0,36/ | 0,35/ | 0,33/
0,28 0,29 0,30
0,67 0,315 - 0,31/ | 0,29/
- 0,32 0,34
0,83 0,357 - 0,28/ 0,26/
- 0,36 0.38
1,00 0,399 - - 0,24/
- - 0,42
1,25 0,431 - - 0,22/
: : 0,45
1,50 0,484 - - 0,20/
- - 0,50

? These values are valid, if there is no mortar in the vertical
joint (which means that the rows of voids are not interrupted in

the vertical joint).

(transverse web portion: 13 % to 19 %, percentage of voids: 54,4 %)

basic dimensions: /= 380 mm, w = 300 mm, Ay = 221 mm, Ay = 12 mm
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Table B.27 — Lightweight concrete masonry units
— Geometry 1,7/0,8

Ao ary.mat A0 ey R [m*K/W] per 100 mm
thickness/
A1 dry mas OF the masonry
Wi(m-K)]
[Wim-K)] [W/mK)] of | With a mortar with a
of the units | the units conductivity of [Wi(m-K)]
0,32 0,80°
0,35 0,231 041/ 0,38/
0,24 0,26
0,50 0,273 0,35/ 0,33/
I | | | 0.29 0,30
| | ] I 0,67 0,315 0.31/ 0,29/
0,32 0,34
l—l l—_| 0,83 0,347 0,29/ 0,27/
| | ] | 0,34 0,37
1,00 0,378 - 0,25/
| | | | . 0,40/
1,25 0,421 - 0,22/
- 0,45
Figure B.27 — Lightweight 1,50 0,463 % 0,21/
concrete masonry units — - 0,48
Geometry 1,7/0.8 * These values are vaiid, if there is no mortar in the vertical
joint (which means that the rows of voids are not interrupted in
the vertical joint).

(transverse web portion: 11 % to 16 %, percentage of voids: 51,8 %)
basic dimensions: [ = 380 mm, w = 300 mm, h. =221 mm, hq = 12 mm
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Table B.28 — Lightweight concrete masonry units —

Geometry 31,2
Attt Attt R [m*-K/\W] per 100 mm
thickness/
A1 dy.masOf the masonry
[Wiim-K)]
WiimK)jJof | MWIi(m-K)]of | with a mortar with a
: ) | I L J the units the units conductivity of [Wi(m-Kj]
1 11 11
[ 11 11 1 0,16 0,32 080°
11 1 [ 11 0,17 0,125 0,77 0,73/ 0,64/
I 11 11 1 | 0,13 0,14 0,16
! A | | 0,35 0,178 055/ | 053/ | 0,48/
|' - L - 4. = '| 018 [019 | 0,21
I 11 11 1 0,50 0,210 0,47/ 0,45/ 0,41/
0,21 0,22 0,24
0,67 0,241 - 0,40/ 0,37/
Figure B.28 — Lightweight = 0,25 0,27
concrete masonry units — * These values are valid, if there is no mortar in the vertical joint
Geometry 3/1,2 (which means that the rows of voids are not interrupted in the
vertical joint).

(transverse web portion: 11 % to 18 %, percentage of voids: 40,9 %)
basic dimensions: | = 380 mm, w = 300 mm, Ay = 221 mm, Aper = 12 mm

Table B.29 — Lightweight concrete masonry unit

— Geometry 3/0,8
Ao drymat Aso gyt R [m*KAV] per 100 mm
thickness/
A10,dry.mas Of the masonry
[ 1L 1 [Wim-K)]
11 1T [Wim-K)] of | Wi(m-K)] of | witha mortar with a
L h ] the units the units conductivity of [W/(m-K]]
e —— 016 |032 |o080°
] 11 0,17 0,125 0,78/ 0,73/ 0,64/
[ 1 [ 1 0,13 0,14 0,16
11 I 0,35 0,167 0,57/ 0,54/ 0,49/
! | . 0,18 0,19 0,20
0,50 0,199 0,49/ 047/ 043/
Fi 8.2 L ) 0,20 0,21 0,23
‘:g:;em :m_s m:?;m:g_ht * These values are valid, if there is no mortar in the vertical joint
Geometry 3/0,8 (which means that the rows of voids are not interrupted in the
' vertical joint).

(transverse web portion: 7 % - 14 %; percentage of voids: 42,7 %)
basic dimensions: | =380 mm, w = 300 mm, Ay = 221 mm, figg = 12 mm

48 © KEBS 2019 — Al rights reserved



DKS 2803:2019

Table B.30 — Lightweight concrete masonry units
— Geometry 3,7/0,8

A0,y mat ET— R [m”K/W] per 100 mm
thickness/

Ayoaymas Of the masonry
[ ]I ! [Wihm-K)]

[WHm-K)] [Wi(m-K)] of | with a mortar with a

of the units | the units conductivity of [Wi(im-K)]

| |
K X 1 | 016 |o032 |o0s80®
K - - - ] 0,17 0125 | 079 |074/ | 064/
X 1 1 013 | 014 |06
| - - - - . l 0,35 0,167 0,57/ | 0,55/ | 049
t € . 018 |018 |020
0,50 0,199 049 | 047/ | o043
020 |021 |023
Figure B.30 — Lightweight * These values are valid, if there is no mortar in the vertical
concrete masonry units — joint {which means that the rows of voids are not interrupted in
Geometry 3,7/0,8 the vertical joint).

(transverse web portion: 7 % to 14 %; percentage of voids: 35,9 %)
basic dimensions: [ = 380 mm, w = 300 mm, Ay: = 221 mm, Aper= 12 mm
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Table B.31 — Lightweight concrete masonry units

Figure B.31 — Lightweight
concrete masonry units —
Geometry 0,6/x

— Geometry 0,6/x
A1, gy, mat A ary,unk R [m*KAW] per 100 mm
thickness/
A,y mas Of the masonry
[Wim-Kj]
Wim-K)] [Wi{m-K)] with a mortar with a
of the units | of the units | conductivity of [W/{m-K)]
0,16 0,32 0,80
0,10 0,151 0,75/ 0,71/ 0,65/
0,13 0,14 0,15
017 0,231 0,51/ 049/ 045/
0,20 0,20 0,22
0,25 0,309 0,38/ 0,37/ 0,34/
0,26 0,27 0,29
0,40 0,408 0,28/ 0,27/ 0,29/
0,36 0,37 0,40
0,55 0,523 0,23/ 0,22/ 021/
043 0,45 0,48
0,75 0,631 - - 017/
- - 0,59
1,00 0,746 - - 0,14/
- - 0,71
1,25 0,847 - . 0,12/
= - 0,83
1,50 0,940 - - 0,11/
- - 0,91

(transverse web portion: 20,2 %; percentage of voids: 30 %)
basic dimensions: [ = 485 mm, w = 175 mm, hy,; = 238 mm, g = 12 mm
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Table B.32 — Lightweight concrete masonry
units — Geometry 0,8/x

Ao,y mat A0,y amit R [m:‘-KM] per 100 mm
thickness/
I I I I A1g.arymas OF the masonry
Wiim-K)]
] 1 I I I [ WHmM-K)) Wimk) | witha m_::_rtar with a
of the units | of the conductivity of [Wi(m-K)]
units

0,16 0,32 0,80
0,10 0,215 0,74/ 0,68/ 0,59/

0,14 0,15 0,17
017 0,314 0,52/ 0 48/ 0,42/

A 019 |021 |024
0,256 0,410 0,40/ 0,38/ 0,34/

0,25 0,26 0,29
0,40 0,562 0,29/ 0,28/ 0,25/

0,34 0,36 0,40
0,55 0,698 0,23/ 0,22/ 0,20/

0,43 0,45 0,50
0,75 0,865 - - 0,16/

- - 0,63
1,00 1,062 - - 0,1%

Figure B.32 — Lightweight . . 0.77
co ﬂcfgﬂm?y"g;:m - 125 1262 |- - 0,11/
- - 0,91/
1.50 1,437 - - 0,10/

- - 1,00

(transverse web portion: 21,2 % to 40,8 %; percentage of voids: 30,8 % to 31,4 %)
basic dimensions: | = 495 mm, w = 240 mm, hyor = 238 mm, hper= 12 mm
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Table B.33 — Lightweight concrete masonry
units — Geometry 1,0/x

Figure B.33 — Lightweight
concrete masonry units —
Geometry 1,0/x

(transverse web portion: 25,9 %; percentage of voids: 35,4 %)

Asodymat | Aogyan | R [M*-KAV] per 100 mm
thickness/
A1g,an,mas O the masonry
[Wi(m-K)]
MWAmK) | Wiim-K)] | with a mortar with a
of the of the conductivity of [W/(m-K)]
units units
0,16 0,32 0,80
0,10 0,080 o077 072! 0,63
013 0,14 016
017 0117 0,54/ 0,51 0,46/
0,19 0,20 0,22
0,25 0,153 042/ 0,40/ 0,36/
0,24 0,25 0,28
0,40 0,207 0,31/ 0,30/ 0,28/
0,32 0,33 0,36
0,55 0,252 0,26/ 0,25/ 0,23
0,38 0,40 043
0,75 0,305 - 01%
0,53
1,00 0,364 - 0,16/
- - 0,63
1,25 0,418 - - 014/
- 0,71
1.50 0,479 - - 0,12/
- 0,83

basic dimensions: [ = 495 mm, w = 300 mm, by = 238 MM, Ay = 12 mm
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Table B.34 — Lightweight concrete masonry
units — Geometry 1,3/x

| I 1 | | A1, gyt Ato.dryunit R [m*-K/W] per 100 mm
| 1 | thickness/
A1g.ay.mas Of the masonry
[ 1 ] [Wi{m-K)]
, 10 17 , WimK)] | Wi mK)] | with a mortar with a
of the of the conductivity of [W/(m-K)]
) units units
0,16 0,32 0,80
0,10 0,086 0,83/ 0,77/ 0,87/
Figl.lfﬂ B.34 — Lightwelgh‘t 0,12 0,13 0,15
m"':r;t:o“r:‘ﬁf;' ?ﬁ:m o 0,17 0122 | 0,59 |056/ | 049
0,17 0,18 0,20
0,25 0.155 0,47/ 0,44/ 040/
0,21 0,23 0,25
0,40 0,205 0,35 0,34/ 0,31/
0,29 0,29 0,32
0,55 0,246 0,29/ 0,28/ 0,26/
0,34 0,36 0,38
0,75 0,294 - - 0,21/
- - 0,48
1,00 0,349 - - 0,18/
- - 0,56
1,256 0,397 - - 0,16/
- - 0,63
1.50 0445 - - 0,14/
- - 0,71

(transverse web portion: 21,2 % to 48 %, percentage of voids: 35,5 %)
basic dimensions: / = 495 mm, w = 300 mm, Ay = 238 mm, Hper = 12 mm
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Table B.35 — Lightweight concrete masonry
units — Geometry 1,7/x

=
A1ty mat A10dryamit lez-m“ﬂ per 100 mm
thickness/
A10,dry.mas OF the masonry
. [Wi{m-K)]
Figure B.35 — Lightweight = .
concrete masonry units — [Wi(mK])] | WimK)] | with amortar with a
Geometry 1,7/x of the of the conductivity of [Wi(m-K)]
units units
0,16 0,32 0,80
0,10 0,062 1,01/ 0,92/ 0,78/
010 0.1 0,13
0,17 0,092 0,69/ 0,64/ 0,55/
0,14 0,186 0,18
0,25 0,120 0,52/ 0,49/ 0,43/
0,19 0,20 0,23
0,40 0,160 0,37/ 0,36/ 0,32/
0,27 0,28 0,31
0,55 0,195 0,30/ 0,29/ 0,26/
0,33 0,34 0,38

(transverse web portion: 20,6 %; percentage of voids: 11,8 %)
basic dimensions: / = 485 mm, w = 300 mm, A, = 238 mm, B = 12 mm
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Table B.36 — Lightweight concrete masonry
units — Geometry 3,0/x

M 0 M U A U . Atogymat | Aroayese | R [M*KMW] per 100 mm
thickness/
i M N U A0 arymas O the masonry
- | - Wi(mK)]
- - . [Wim-K)] | Wi(m-K)] | with a mortar with a
- - - of the of the conductivity of [W/m-K)]
g g . g units units
1 i M 1 016 | 032 0,80
L bt
~ . - 0,10 0,091 1,06/ | 096/ | 079
- J . 9 0,09 0,10 0,13
a 2 ~ M 0.17 0,133 0,75/ 070/ 0,60/
- - - 013 |014 |o017
g U 1 U i U 0,25 0,171 0,59/ | 056/ 0,49/
A A ~ - 0,17 0,18 0,20
v 0,40 0234 | 044/ | 042/ | 0,38
i i 023 |024 |026
- et bt et
™) ™ ™ ~
= L

{transverse web portion: 24 2 %; percentage of
voids: 23,1 %)

basic dimensions: [ = 495 mm, w = 300 mm, Ay
= 238 mm, Ny = 12 mm

Figure B.36 — Lightweight concrete
masonry units — Geometry 3,0/x
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Annex C
(informative)

Example of how to use the tables in Annex B

Dimensions in millimetres

380

A vertical perforated clay unit with the dimensions | X w X hunit = 250 mm x 380 mm x 238 mm has a dry mass
of approximately 13,6 kg. The horizontal joint is made with a thermal insulating mortar with a thermal

conductivity A10,dry,mat of 0,16 W/m'K The net dry density of the brick is approximately 1500 kg/m3, which

can be derived from the mass and the net volume of the unit (the net volume needs to be determined according
to DKS 2802-2).

Figure C.1 - Example of a vertically perforated clay unit

The unit has 19 rows of holes, which means 5 rows of holes per 100 mm thickness, and either 3 or 4 holes per
row, which means 1,2 or 1,6 holes per 100 mm length. There is no geometry class 5/1,2, therefore the
relevant table is Table B.3 - Geometry 5/1,6. The values from this table are on the safe side, because of the

number of voids per row and also because of the thickness of the webs. From Annex A the A10,dry,mat-value
for a clay unit material with a density of 1500 kg/m® can be taken as 0,43 W/m-K (if an individual test

measurement for A is available the measured value can be taken). From the first column in Table B.3

(A10,dry,mor = 0,16 W/m-K) a resistance per 100 mm thickness of 0,58 m2-K/W and a A10,dry,mas of 0,17
W/m-K is obtained. As the unit has a thickness of 38 cm, the R-value for the dry masonry is 0,58 x 3,8 = 2,204
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m?2-K/W. The unit has a tongue and groove system in the vertical joint, therefore no mortar correction is
necessary (even if there was a vertical mortar joint, it could be neglected, because a thermal insulating mortar
is used). No correction is necessary for deviating dimensions, because the length and height of the unit are
identical with the "basic dimensions" of geometry in Table B.3).

To produce a design thermal value, the dry resistance has to be corrected according to moisture. The
moisture correction coefficient is taken as 6% per volume percent change of moisture as no individual
measurement is available. Therefore, for a practical moisture content of 1 % by volume the dry resistance has
to be multiplied by 0,94, which leads to a design resistance of 2,204 x 0,94 = 2,072 m2-K/W; a practical
moisture content of 1,5 % by volume leads to a design resistance of 2,204 x 0,91 = 2,006 m2-K/W. The design
U-value would then be in the first case 0,45 W/(m?2-K) in the second case 0,46 W/(M2-K).
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Annex D
(normative)

Requirements for appropriate calculation procedures
D.1 Capabilities of the program

The user shall be supplied with the necessary information about the capability of the program to simulate the
relevant characteristic properties of the physical component under considerations. Therefore, the following
aspects of the heat flow model shall be defined:

- 2 or 3 dimensional;

- rectangular or non-rectangular shape;

- isotropic or non-isotropic conductivity. In this case:
- general anisotropy;

- partial anisotropy (with respect to the eigenvalues or eigenvectors of conductance);

- equivalent conductivity or resistance (convective and radiative part);

- radiation exchange and equivalent conductivity (convective part);

- radiation exchange and internal air flow model;

- the thermal resistance of the voids has to be calculated according to EN ISO 6946;
- mass transfer (air-, moisture-transport from environment to environment);
- surface resistances to be taken from EN ISO 6946.

There is no specific preference related to the numerical methods incorporated; on the other hand, the user
shall be informed about the advantages and restrictions of each method.

D.2 Input data and results

Input data shall be presented, to make it possible for a third party to do the same calculation. The following
calculation results shall at least be provided:

- minimum surface temperature of the test component on all sides;

- maximum surface temperature of the test component on all sides;

2D or 3D thermal coupling coefficient (W/(m-K) or W/K respectively);

number and type of elements.
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D.3 Testing of the program accuracy

The program shall be tested by calculating

D.4 Reference cases

D.4.1 Case1:

unit (vertically perforated unit).

Given:

Geometry of masonry unit: see Figure D1
Materlal- l'!-n::l.|:||"..-_.'u.:||' = n.35 WIrl:mK}
Boundary conditions: Ry =0,13 m* KW

R..=0,04 m* KW

Preparation of input data:

Thermal resistance of voids in the unit;

d=00142m; b, =0,047 5m: 400y umt = 0,082 Wi(m-K)

b, = 0,017 7 m . Aipanume = 0,074 WH{m-K)

reference cases according to EN 10211.

Cut off planes:
Symmetry planes perpendicular to surface planes;
smallest distance of symmetry planes: w = 125 mm.

Result of 2-DIM calculation:

thermal coupling coefficient: L% = 0,070 7 W/(m-K)

DERIVATION OF THERMAL VALUES R, Ajo,ary,um

U=tw=29707 05656 wimk
0,125
R..= ; =1,7680 m*K/W

Fit = Rmas - Ry - R = 1,598 m® KW

~d 03002
"R, 1,598

A =0,188 W/mK

NOTE Definitions and symbals are given in EN IS0 10211
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Calculation of thermal resistance R and thermal conductivity A10,dry,unit of a masonry
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Dimensions in millimetres

- 250 .
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12 17,7 |12 475 12 476 12 4175 121 17,7 12
b1 b2
e EEE—
< w=125 o
Figure D.1 — Geometry of a masonry unit, vertically perforated
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D.4.2 Case 2: Calculation of thermal resistance Rdrymas of masonry consisting of vertically
perforated masonry units and internal/ external plaster layers.

Given:

Geometry of the building component: see Figures D.1 and D.2

Material: masonry units: A=10,35 Wiim-K);
masonry mortar: A=0,20 Wiim-K);
plaster - external: A=045Wim-K);

- internal: A=010 Wiim-K);
boundary conditions: Ry =10,13 m"KMW.

R.. = 0,04 m> KW
Preparation of input data:

Thermal resistance of voids in the masonry unit:

d=0,0142 m; b;=0,047 5m : Ar0dryeme = 0,082 WH{m:K);
b;=0,0177m: A1 dryumie = 0,074 WI{m-K).
Cut off planes:
Vertical cut off planes are symmetry planes : w =125 mm;
horizontal cut off planes are symmetry planes h =250 mm.

Result of 3-DIM calculation:
thermal coupling coefficient : L™ = 0,015 9 W/K

Derivation of thermal value R of masonry:

L 00159 )
u = — = . = 0,508 8 Wim~K
me = A T 0125%025 m

R = 5'1' = 1,965 4 m*K/W

s

Rf.-m's = Rmﬂs = R.'Gi = ng = % = 1 1539 9 mZKIfW

where

R} mas is the true thermal resistance of the masonry.

NOTE The term g relates to the two plaster layers
Aj
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Symbols and definitions given in EN 1SO 10211

ET
L

A-A

Figure D.2 — Geometry of masonry consisting of vertically perforated masonry units, bed joints with
mortar layers, head joints without mortar but with interlocking system

D.4.3 CASE 3: Calculation of thermal resistance Rt of masonry consisting of masonry units, horizontal
mortar layers, vertical mortar pockets and additional external insulation layer.
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Given:

Geometry of the building component: see Figure D.3

Material: masonry units: A= 0,685 Wim-K);
maortar (joints, pockets): A= 1,00 Wi(m-K};
plaster - external: A= 0,50 Wim-K);
- internal: A= 0,40 W/(m-K),
adhesive mortars: A= 0,30 Wi(m-K);
insulation material: A=0,041 Wim-K};
boundary conditions: Ry = 0,13 m*KW;

R, = 0,04 m*KMW.
Preparation of input data:
Thermal resistance of voids in the masonry unit:
d = 0,036 mm; b = 0,095 mm: 450y .. = 0,174 Wi(m-K})
Cut off planes:
— Wertically- there exist symmetry planes at distance of 125 mm;
— horizontally - no symmetry planes exist due to asymmetry of the masonry unit.

For testing the influence of the selection of cut off planes disregarding symmetry, calculations were carried out
for two masonry elements of different height:

Type height

[mm]
1 250 (1 layer)
2 500 (2 layers)

Result of 3-DIM calculation:

Type L
[WIK]

1 0,013 14

2 0,026 28
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Derivation of thermal values U, R:

Using:
B LJFJ - -1
Usnes = a0 Rme= Dmss
and
d
R!.mas =Rmes - Rsu - Esa - =
where

R mas 15 the true thermal resistance of the masonry,

we get the thermal values listed in the following table;

Table D.1 — Results of case 3

Type | height Upas R

[mm] | (WM K)] | [m*KW]

1 250 04205 0,668 2

2 500 04205 0,668 2

NOTE The result shows, that in this special case the influence of the selection of cut off planes disregarding
symmetry on the calculation result is so small, that it cannot be seen within the calculation accuracy.

Symbols and definitions are given in EN 1SO 10211.
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Dimensions in millimetres
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A view B vertical section C horizontal section
1 layer of masonry units 2 mortar

Figure D.3 — Geometry of masonry consisting of masonry units, horizontal mortar layers and vertical
mortar pockets and an external insulation layer
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Dimensions in millimetres
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Figure D.4 — Geometry of cement bound unit

66 © KEBS 2019 — Al rights reserved



Annex E
(informative)

Evaluation of conformity

DKS 2803:2019

Information about in what way the parameters used inthe determination of the A10,dry,unit or equivalent

A10,dry,unit- values will be part of the evaluation of conformity system is given in the following table:

Information about in what way the parameters used in the determination of the A;q.. or equivalent
Atg gy un—values will be part of the evaluation of conformity system is given in the following table:

Model Initial type testing (ITT) Factory production control (FPC)
51 Net dry density Met dry density
52 Met dry density Net dry density
Asgary, mae Inet dry density relationship *
i s3 Net dry density Net dry density
Thermal transmittance of masonry
P1 MNet dry density Met dry density
Configuration Configuration
Thermal conductivity of the masonry unit material
P2 Met dry density _ Net dry density
Configuration Configuration
P3 Met dry density Net dry density
Configuration Configuration
Thermal conductivity of the masonry unit material
P4 Net dry density Net dry density
Configuration Configuration
P5 Gross dry density Gross dry density
Configuration Configuration
Asodry.uni | gross dry density relationship ©
* If the net dry density of the unit under consideration deviate less than 2 times the declared tolerance from the nel dry
density forming the basis for the established relationship, then the 404y e /Net dry density relationship does not need to
be repeated.
" If the pattern is the same and the gross dry density of the unit under consideration deviates by less than twice the
declared lolerance from the gross dry density forming the basis for the established relationship, then the A1y unt / gross
dry density relationship does not need to be repeated.

Table E.1 — Parameters for evaluation of conformity
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As part of a FPC system the A10,dry,mat-value for a batch of masonry unit may be determined based on direct
testing of thermal conductivity. If so the following procedure should be used:

Establish a correlation between EN 12664 results and the alternative test method. The A10dry,unit- A-

10,dry,unrvalue may be based on the value obtained from the alternative test method after applying the
established correlation correction.

NOTE: Care should be taken that the test specimens are representative of the masonry product itself. An
appropriate way to ensure this is to cut specimens from masonry units.

68 © KEBS 2019 — All rights reserved



Annex F

(informative)

DKS 2803:2019

Alternative procedure for the moisture correction of units with formed voids

The principle of this method is to correct the design moisture content according to the percentage of voids. It
is a safe approximation and may be used as an alternative to procedure 2 in Clause 6.

From the moisture correction coefficient and the design moisture content, the following formulae can be used:

U eructed = Wogerign % (1-17100) or alternatively ¥ oorraced = ¥ desion %(1-w100)
% A R“____.“
Avesgn = Aiody X Fr or alternatively R i, = =
with
I 5. S PR . [ 3
Fp=e’" : or alternatively Fn=e¢
with
y ooy
Py dry a"f'or:'.cfr'\- = [ L 100 )
NOTE It is possible to use the term (gross dry density / net dry density) instead of (1- +/100) in the corrected equation
above
where

f,  is the moisture coefficient by volume

Iy i; the moisture coefficient by mass

Py 15 the gross dry density

Waesyn 18 the design moisture content volume by volume
Mension 18 the design moisture content mass by mass

Pnay 15 the net dry density

v is the voids ratio
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