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Foreword

This document (EN 1745:2012) has been prepared by Technical Committee CEN/TC 125 “Masonry”,
the secretariat of which is held by BSI.

This European Standard shall be given the status of a national standard, either by publication of an
identical text or by endorsement, at the latest by October 2012, and conflicting national standards
shall be withdrawn at the latest by October 2012.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such
patent rights.

This document supersedes EN 1745:2002.

This document has been prepared under a mandate given to CEN by the European Commission and
the European Free Trade Association.

The following is a list of significant technical changes since the last edition:

— addition of Figure 1 to show the procedures and calculation possibilities;

— editorial improvement;

— extension of Annex B;

— adaption of Annex E;

— addition of Annex F;

— deletion of Annex ZA.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the
following countries are bound to implement this European Standard: Austria, Belgium, Bulgaria,
Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary,

Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal,
Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the United Kingdom.
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Introduction

This European 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 (A9 dry,unir) Of solid
masonry units are described and five procedures (model P1 — P5) for the determination of equivalent
dry thermal conductivity (4+0,qry,unit) 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 this European 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 European 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.
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Figure 1 — Determination of thermal properties of masonry units and masonry
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1 Scope

This European 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

EN 772-13, 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 — Dry and moist products of
medium and low thermal resistance

EN ISO 6946:2007, Building components and building elements — Thermal resistance and thermal
transmittance — Calculation method (ISO 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.

3.1 Terms and definitions

311
masonry
assemblage of masonry units laid in a specified pattern and joined together with masonry mortar
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31.2
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

315
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 [mz-KNV]

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
European 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.

31.9

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

3.1.1

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

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

Symbol

11 0,dry,mat

11 0,dry,mas

21 0,dry,mor

21 0,dry,unit

ﬂdesign,mas
ﬂdesign,mor
ﬂdesign, unit
A

Ri

Rdry, mas
Rdesign, mas
Rsi: R se
R t,mas
8mor

Aunit

d

T

h unit

Quantity

BS EN 1745:2012

EN 1745:2012 (E)

thermal conductivity at an average temperature of 10 °C in dry state for

the material

thermal conductivity at an average temperature of 10 °C in dry state for

the masonry

thermal conductivity at an average temperature of 10 °C in dry state for

the mortar

thermal conductivity at an average temperature of 10 °C in dry state for
the unit. For solid units the A4y, unit is the same as Ao dry, mae and for

units with formed voids and composite units the A1, unit
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

is the

Unit

W/(m-K)

W/(m-K)

W/(m-K)

W/(m-K)

JI(kg-K)
mm
mm

mm
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Rimor thickness of a mortar joint mm

F moisture conversion factor

f, moisture conversion coefficient by mass kg/kg

f, moisture conversion coefficient by volume m°/m?®

u moisture content mass by mass kg/kg

v moisture content volume by volume m°/m*
U10,dry,mas thermal transmittance of the masonry in dry state W/(mz-K)
Unas thermal transmittance of the masonry W/(mZ-K)
Unor thermal transmittance of the mortar W/(mZ-K)
Uunit thermal transmittance of the units W/(mZ-K)
P fractile of population %

Pg,dry gross dry density kg/m®
Pn,dry net dry density kg/m®

v percentage of voids %

3.3 Subscripts

10 average test temperature of 10 °C

dry state after drying under conventional conditions as stated in the relevant standards

mas
mat
mor

unit

10

masonry
material

mortar

masonry unit
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4 Procedures to determine Asg,ary, uni-values for solid masonry units and
A10,dry,mor-values for mortars

4.1 General

A1o,aryunirvalues for solid masonry units and A4 4, mo-values for mortars are identical to the A1 dry,mar
values. The Asggymarvalues 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 14 4y, mat to density or from

determining the thermal transmittance (U,,,s) of masonry built from masonry units and mortar. In all
cases the A1qy,mar-value is to be representative of the material.

4.2 A10,4ry, mar-values for solid masonry units and mortars

4.2.1 Model S1. Determination of Aoqry,uni-values from tabulated Ao gry,mat/net dry
density relation

Tabulated A;¢4y,marvalues for different materials used for masonry products are given in Annex A,
differentiated by material and dry density. This annex also contains values for the 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. A4, mat - Values are given as 50 % and 90 % fractiles (P).

4.2.2 Model S2. Determination of Aoqry,uni-values based on A4 qr,mat/net dry density
curve

4.2.2.1 General

To determine a Asqay,mar-value from a Asgay,mae /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. It is 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 to the dry state following
one of the procedures given in Clause 6.

4224 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.

11
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4.2.2.5 Establishing a product related /110,d,y,mat Inet dry density-curve

Three items of information are necessary for this determination procedure:
1) the tabulated /110,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 /;, on material which is
representative for the current material produced. The measurements of net dry density and 4
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 /170,d,y,ma, /net dry density-curve, for a defined production, from the tabulated
A10,dry,mat Inet 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 4, -results.

Measure the net dry density of each of the three samples following the procedure prescribed in
EN 772-4 or EN 772-13 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 /110,d,y,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 Asgar, mat /net dry density-curve to determine the A;oqr,mar-value related to
the mean net dry density the manufacturer is confident to achieve.

Express the A1gan,unir-values for solid masonry units or the Aqg 4y mo-values for mortars as the mean
10,0y mar-Value together with the difference between the limit and the mean value.

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

12
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10

Key
1 /1,70,dry,mat (W/mK)
2 upper limit A value
3 mean Avalue
4 lower limit A value
5 curve resulting from tabulated values (Annex A)
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 net dry density
9 90 % of production of the product under consideration
10 product density range
11 netdry density (kg/m?’)
Figure 2 — Derivation of the material A1 qry,mar-value
NOTE For factory production control purposes thermal conductivity may be controlled from the net dry

density of the material, see Annex E.

4.2.3 Model S3. Procedures to determine A9 gry,uni-values from determining the thermal
transmittance (U,,,s) of masonry built from solid masonry units and mortar

To determine a A4q ary uni-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.

13
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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 S§1:

Material density, EN 772-13 or EN 1936 (natural stone units) 6
Model S2:

Material density, EN 772-13, EN 1015-10 or EN 1936 (natural | 3
stone units)

Thermal conductivity, EN 12664 3
Model S3:

Gross dry density, EN 772-13, EN 1015-10 or EN 1936 (natural | 3 x 6
stone units)

Thermal transmittance, EN 1934 3

5 Procedures to determine equivalent Ao gry,uni-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
A1o,ary,marvalue 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 Ao dry,unirvalues of masonry units with formed voids can be determined:

— from tables;

— from calculations;

— from test measurements carried out on masonry samples.

The Ao dry,uni-values of composite masonry units can be determined:

— from calculations;

— from measurements carried out on masonry samples.

14
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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,ary,uni-values of masonry units
5.3.1 Determination of 4404y uni-values from tabulated A,,i¢/Am.: relation

5.3.1.1 General

Aroayunicvalues 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 A4 4, uni-values of masonry units with formed voids given in Annex B, are differentiated
by:

— material;
— geometry of the units and geometry of formed voids;
— J-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 A1 ar,uni-value using Annex B using measured
thermal conductivity of the masonry unit material

To determine a Aqggyuni-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 Aqqy uirvalue as the value given in the

relevant table for the A/ 4, mar-value the manufacturer is confident to achieve. The g4y, marvalue is a
measured thermal conductivity of the masonry unit material as specified in 4.2.2.

5.3.1.4 Model P2. The determination of the 494y uni-value using Annex B using tabulated
value from Annex A

To determine a Ag,ar,uni-value from using Annex B using tabulated value from Annex A, the following
procedure shall be used:

15
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Select the table relevant for the actual units. Express the A1 4y, unirvalue as the value given in the
relevant table for the A1 qr,mar-value the manufacturer is confident to achieve. The Aoy marvalue is a
tabulated value from Annex A.

5.3.2 Determination of A4y, uni-values based on calculation

5.3.2.1 General

To determine a Aqqn,uni-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 Asg.dary,marvalue;

— 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 P 3. Determination of 4o 4ry,uni—values using measured thermal conductivity of
the masonry unit material

Express the Asqn,uni-value as the result of the calculation using the A1 4, mar-value the manufacturer

is confident to achieve. The A4y, mar-value is a measured thermal conductivity of the masonry unit
material as specified in 4.2.2.

5.3.2.3 Model P 4. Determination of Ao 4ry,uni-values using tabulated value from Annex A

Express the Asqr,uni-value as the result of the calculation using the A1g g, mar-value the manufacturer
is confident to achieve. The A4 gy, mar-value is tabulated values from Annex A.

5.3.3 Model P5. Determination of A4 gry,uni-values from determining the thermal transmittance
(Unmas) of masonry built from masonry units with formed voids or composite masonry units and
mortar

5.3.3.1 General

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

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.
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— Measure the thermal transmittance on each of those walls following EN 1934. If the measured
wall is not in a dry state, the measured value has to be converted to the dry state following the
procedure given in Clause 6.

5.3.3.3 The determination of the A g1, unic—Vvalue

d
— Calculate the A1g,dry, mas - Value using the equation: //LIO,dry,mas = 7
U - Rsi - Rse
10,dry,mas
where
U10,dry,mas is the thermal transmittance of the masonry in dry state, in W/mzK;
Rsi, Rse are the internal and external surface resistance in m*K/W according to
EN ISO 6946;
d is the thickness of the masonry in m;
A10,0ry,mas is the thermal conductivity of the masonry in dry state in W/(m-K).

1 00Xﬂ‘1 0,dry,mas amorXﬂ“IO,dry,mor

— Calculate the A4y uni-value using the equation: A4, dry.unit =

aunit
where
Amor is the percentage area of mortar joint in the measured masonry;
Aunit is the percentage area of units in the measured masonry;
A10,dry,mor is the thermal conductivity of the actual mortar joint;
A10,dry,unit 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 A¢4y,unirvalues for the units will take into account the effect of the unfilled
joints calculated according to EN 6946.

Take the 3 individual calculated A1¢ qr,uni-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 772-13 or EN 1015-10 and calculate
the arithmetic mean value of the 3 results.

To the given ﬂ10’d,y,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:

100 -v
Pg.dry = 100 Ph,dry

where

Pg,dry is the gross dry density in kg/m3;
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Pn,dry is the net dry density in kg/m?’;

v

Through the point A representing mean thermal conductivity and mean density draw a A /gross dry
density-curve parallel to the general /110,d,yyun,t /gross dry density-curve obtained from plotting the
tabulated A1 dr,uni—values in Annex B and the corresponding calculated gross dry density-values for

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

the product.

Use the product related /110,dry,un,-t /gross dry density-curve to determine the A9 4y, uni-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.

Key

), 2 OO NOOR WN -

- O

18

A

10

A 10,dry,unit (W/m-K)

upper limit A value

mean A value

lower limit A value

curve resulting from tabulated values (combination of Annexes A and B)
parallel curve drawn through point A (mean of the single values a, b, c)
10 % of production of the product under consideration

mean gross dry density

90 % of production of the product under consideration

product density range

gross dry density (kg/m®)

Figure 3 — Derivation of the Ao gry,uni-value



BS EN 1745:2012
EN 1745:2012 (E)

NOTE For factory production control purposes thermal conductivity may be controlled from the gross dry
density of the product, see Annex E.

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
numl?ers of
specimens

Model P1:

Material density, EN 772-13 6

Thermal conductivity, EN 12664 3

Model P2:

Material density, EN 772-13 6

Model P3:

Material density, EN 772-13 3

Thermal conductivity, EN 12664 3

Model P4:

Material density, EN 772-13 6

Model P5:

Gross dry density, EN 772-13 and 3x6

EN 1015-10

Thermal transmittance, EN ISO 1934 3

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 Aqay-value calculate the corresponding Agesign-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.

Procedure 1 (for materials, mortar and solid masonry units):
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Adesign = A10,ary X Fm or alternatively Raesign = R}g’dry
m
with
F = efu " design or alternatively Fr, :efwx Vdesign
where
Fr is the moisture conversion factor [11;
f, is the moisture coefficient by mass kg/kg;
Udesign is the design moisture content mass by mass kg/kg;
fy is the moisture coefficient by volume m3/m?3;
Wdesign is the design moisture content volume by volume m?3/m3.

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 (Rgesignmas OF Adesign, mas) for
masonry built from masonry units and mortar

7.1 General

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

The Rdesignmas-values or Agesign mas-values of masonry built from masonry units can be determined from
calculations, from tables or from tests.

7.2 Ryesign,mas- OF Adesignmas-values based on calculation

7.21 Ryesignmas= OF Adesignmas-values based on Agesign-values for the masonry units and the
mortar

Determine the Ryesign,mas- OF Adesignmas—Values according to the following procedure:

Calculate the Agesign, mas-values using the equation:

ﬂ“design,mas a mor ﬂdesign,mor + aunil‘ ﬂ“design,unit
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where
Amor is the percentage area of mortar joint;
Aunit is the percentage area of units;
Adesign,mor is the design equivalent thermal conductivity of the mortar joint;
Adesign,unit is the design thermal conductivity of the units.

Calculate the design thermal resistance Ryesignmas Using the equation:

B d
Rdesign,mas - 1
design,mas

where
d is the thickness of the masonry in m.

7.2.2 Ryesignmas= OF Adesignmas-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 4esig-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 Ruyesignmas- OF Adesignmas-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 A0 4y,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 A1¢ 4r,mar-values for the determination of Ry, mas- OF A10,dr,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;
—  A1ody,mar-value of the material of the masonry units;

—  A1o.dy,mo-value of the mortar.
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The tabulated Rgny,mas~ OF A10dry,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 U,zs-value of the masonry from the A,.s-value of the masonry in the table using the

equation:
_ 1
Umas - o+ d R
si se
/,lmas
where
Unas is the thermal transmittance of the masonry, in W/(mZ-K);

Rs, Rse are the internal and external surface resistance in m2-K/W according to EN ISO 6946;
d is the thickness of the masonry in m;
Amas 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:

_UmasXh - Umorthor

Uunit =
Hunit
where
Runit is the unit height which was the basis for the calculation of the tabulated value in mm;
Rmor is the height of the mortar joint which was basis for the calculation of the tabulated
value in mm;
h = Rynit + Doy in MM
Upnit is the thermal transmittance of the units without mortar influence in W/(mzK);
Unor is the thermal transmittance of the mortar joint in W/(mzK) given by:
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1
Umor = R N d N R
si se
/,lmor
Amor is the thermal conductivity of the mortar in W/(m-K).

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

— Uun/’t X hunit,act + Umor X hmor,act
Umas,act -
hact

where
Umasact 1S the thermal transmittance of masonry made from units with the height hy; in W/m?K:;
hunitact IS the actual height of the unit in mm;
hmoract IS the actual height of the mortar joint in mm;
Pact = Punit, act + Pmor, act 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 1SO 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 ¢, 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 4404, mar-values of materials used for masonry products

The water vapour diffusion coefficient 1 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 Water vapour Specific heat
. diffusion coefficient capacity
(net dry density) [WI(m-K)]
Cp

[kg/md] P=50%"° P=90 % u [J/(kg-K)]

1000 0,20 0,27 5/10 1000

1100 0,23 0,30 5/10 1000

1200 0,26 0,33 5/10 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 5/10° 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 4 value is the 50 % fractile.
® For clay materials with a density between 1 800 kg/m3 and 2 400 kg/m3 used as facing materials the p-value is
50/100 instead of 5/10.
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Density <_>f the ,110’ dry,mat _ Wa_lter vapour Specific_heat
material diffusion coefficient capacity
, [Wi(m-K)]
(net dry density) Cp

[kg/m"] P=50%" P =90 % u [J/(kg-K)]
900 0,22 0,29 5/10 1000
1000 0,24 0,30 5/10 1000
1100 0,26 0,32 5/10 1000
1200 0,30 0,36 5/10 1000
1300 0,34 0,41 5/10 1000
1400 0,40 0,46 5/10 1000
1500 0,47 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
1900 0,86 0,92 5/25 1000
2 000 0,98 1,05 5/25 1000
2100 1,14 1,20 5/25 1000
2200 1,31 1,37 5/25 1000
2 300 1,49 1,56 5/25 1000
2400 1,68 1,76 5/25 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 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.d ry,mat Water vapour Specific heat
(net dry density) e diffusion capacity
Yy Yy [Wi(m-K)] coefficient c
P
[kg/m"] P=50%" P=90% i [J/(kg-K)]
1600 0,69 0,88 5/15 1000
1700 0,75 0,93 5/15 1000
1800 0,82 1,01 5/15 1000
1900 0,90 1,09 5/15 1000
2000 1,00 1,19 5/15 1000
2100 1,11 1,30 5/15 1000
2200 1,24 1,42 30/100 1000
2300 1,37 1,56 50/150 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 recommended material A value is the 50 % fractile.
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Table A.4 — Concrete units with no other aggregate than pumice

Density of the A0,dry,mat Water vapour Specific heat
material diffusion coefficient capacity
[WI(m-K)]
(net dry density) Cp
[ka/m’] P=50%" P=90% i [J/(kg-K)]
500 0,11 0,14 5/15 1000
600 0,13 0,16 5/15 1000
700 0,16 0,18 5/15 1000
800 0,19 0,21 5/15 1000
900 0,22 0,24 5/15 1000
1000 0,26 0,28 5/15 1000
1100 0,30 0,32 5/15 1000
1200 0,34 0,36 5/15 1000
1300 0,38 0,41 5/15 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 A value is the 50 % fractile.

Table A.5 — Concrete units with polystyrene aggregate

Density of the material Ao dry,mat Water vapour Specific heat
. e diffusion coefficient capacity
(net dry density) [Wi(m-K)]
Cp
[ka/m”] P=50%°% | P=90% N [J/(kg-K)]
500 0,13 0,16 5/15 1000
600 0,14 0,19 5/15 1000
700 0,17 0,22 5/15 1000
800 0,18 0,25 5/15 1000
f, =5 (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.
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Table A.6 — Concrete units with expanded clay aggregate

Density of the material ,110, dry,mat _ Wa_lter vapour Specific_heat
(net dry density) (Wi(erK] diffusion coefficient capacity
C,
[kg/m"] P=50%"? P=90% i [J/(kg-K)]
400 0,10 0,12 5/15 1000
500 0,12 0,15 5/15 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 5/15 1000
1000 0,30 0,32 5/15 1000
1100 0,34 0,36 5/15 1000
1200 0,39 0,41 5/15 1000
1300 0,43 0,46 5/15 1000
1400 0,48 0,51 5/15 1000
1 500 0,53 0,56 5/15 1000
1600 0,60 0,63 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 /110,dly,mat diffusion coefficient capacity
(net dry density) [W/(m-K)] Cp
[kg/m’] P=50%" P=90% i [J/(kg-K)]
1100 0,19 0,21 5/15 1000
1200 0,23 0,24 5/15 1000
1300 0,28 0,29 5/15 1000
1400 0,33 0,34 5/15 1000
1500 0,39 0,40 5/15 1000
1600 0,45 0,47 5/15 1000
1700 0,52 0,54 5/15 1000
f, =4 (kg/kg)
@ A lightweight aggregate produced by the expansion of molten blast-furnace 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.

29



BS EN 1745:2012
EN 1745:2012 (E)

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

Density _of the ,110’ dry,mat _ W_ater vapour Specific_heat
material diffusion coefficient capacity
: [Wi(m-K)]
(net dry density) Cp

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

1100 0,31 0,35 5/15 1000

1200 0,33 0,37 5/15 1000

1300 0,35 0,39 5/15 1000

1400 0,37 0,41 5/15 1000

1 500 0,39 0,43 5/15 1000
fu =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 A value is the 50 % fractile
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Table A.9 is to be used for concrete units with lightweight aggregates, where no history for 1 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

Density of the AMo,dry,mat” Water vapour diffusion Specific
material coefficient heat
(net dry density) capacity
Cp
[kg/m’] [W/(m-K)] u [J/(kg-K)]
500 0,24 5/15 1000
600 0,27 5/15 1000
700 0,30 5/15 1000
800 0,33 5/15 1000
900 0,37 5/15 1000
1000 0,41 5/15 1000
1100 0,46 5/15 1000
1200 0,52 5/15 1000
1300 0,58 5/15 1000
1400 0,66 5/15 1000
1500 0,74 5/15 1000
1600 0,83 5/15 1000
1800 1,08 5/15 1000
2000 1,33 5/15 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 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 A10,dry,mat diffusion coefficient capacity
(net dry density) [Wi(m-K)] Cp

lkg/m’] P =50 % "° P=90 % u [J/(kg-K)]
300 0,072 0,085 5/10 1000
400 0,096 0,11 5/10 1000
500 0,12 0,13 5/10 1000
600 0,15 0,16 5/10 1000
700 0,17 0,18 5/10 1000
800 0,19 0,21 5/10 1000
900 0,22 0,24 5/10 1000
1000 0,24 0,26 5/10 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 A value is the 50 % fractile.
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Table A.11 — Natural stone units ?

Density ‘_’f the p) Water vapour diffusion Specific
material 10,dry,mat coefficient heat
Type of stone capacity
(net <.iry g c
density) P
[kg/m3] [W/(m-K)] dry wet [J/(kg-K)]
1. METAMORPHIC AND PLUTONIC ROCKS
- Gneiss, porphyry 2 300 to 2 900 3,5 10 000 10 000 1000
- Marble 2600 to 2 800 35 10 000 10 000 1000
- Granites 2500 to 2700 2,8 10 000 10 000 1000
- Shale, slates 2000 to 2 800 2.2 1000 800 1000
2. VOLCANIC ROCKS
- Basalt 2700 to 3 000 1,6 10 000 10 000 1000
- Trachytes, andesites 2000to 2700 1.1 20 15 1000
- Vacuole lava <1600 0,55 20 15 1000
3. LIMESTONE
- very hard stone 2200 to 2590 23 250 200 1000
- hard rock 2000to 2190 1,7 200 150 1000
- compact stone 1800 to 1990 1,4 50 40 1000
- soft stone 1600to 1790 1,1 40 25 1000
- very soft stone <1590 0,85 30 20 1000
4. SANDSTONE
- Quartz sandstone 2600 to 2 800 2,6 40 30 1000
- Siliceous sandstone 2200 to 2 590 23 40 30 1000
- Calciferous sandstone | 2000 to 2 700 1,9 30 20 1000
5. FLINT, MILLSTONE, PUMICE
- Flint 2600 to 2 800 2,6 10 000 10 000 1000
- Millstone 1900 to 2 500 1,8 50 40 1000
- Millstone 1 300 to 1 900 0,9 30 20 1000
- Natural pumice <400 0,12 8 6 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 A10,dry,mat Water vapour Specific heat
(net dry density) Wi(m-K)] diffusion coefficient capacity
Cp
[kg/m"] P=50%" P=90% i [J/(kgK)]
200 0,074 0,081 5/20 1000
300 0,086 0,094 5/20 1000
400 0,10 0,11 5/20 1000
500 0,12 0,13 5/20 1000
600 0,14 0,15 5/20 1000
700 0,16 0,17 5/20 1000
800 0,18 0,20 5/20 1000
900 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
1800 0,82 0,89 15/35 1000
2000 1,11 1,21 15/35 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 A value is the 50 % fractile.
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Annex B
(informative)

Rdry,mas= OF A10,0ry,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,unirValues or Ry, mas- OF A10.4ry,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 air in the 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 or it is 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 Ao qy,mas -values of the masonry, which are calculated according
to the following equation:

0,1

Rdry,mas

11 0,dry,mas —

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

A ml B B 1 O3 Table B.1 — Vertical perforated clay masonry
| T T - : units — Geometry 3,7/1,6
OCOCO 0O Modymat | AMogyune | R [M*KM] per 100 mm
| 1] 11 11 ! thickness
O ] [ ] [ 1 O W/(m-K)] | W/(m-K)] | A104y,mas Of the masonry

14 I B 1] 1T 1 of the of the [W/(m-K)]
units units - -
[ ] [ ] [ ] O with a mortar with a

[ 1 1 1] 1] 1 conductivity of [W/m-K]

(! ] [ ] [ 1 O 0,16 0,32 0,80
' I 1 | | | | | 0,34 0,175 | 0,57/ | 0,55/ | 0,49/

Y e e 0,18 | 018 |020
0,42 0,199 0,50/ 0,49/ 0,44/

- é - 020 |020 |023
3 0,51 0,224 0,46/ 0,44/ 0,40/

Key 022 |023 |[025
0,60 0,245 0,42/ 0,40/ 0,37/

; }gf;?h 024 |025 |o027

3 horizontal cross section

Figure B.1 — Vertical perforated clay masonry
units — Geometry 3,7/1,6

(transverse web portion: 26,4 %; percentage of voids : 38,4 %)
basic dimensions: /=250 mm, w = 300 mm, hy,: = 238 mm, hpor = 12 mm
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(m 1 [ 10 11 13 Table B.2 — Vertically perforated clay masonry

[ 11 11 11 11 ] units — Geometry 5/2

Ol ] [ 11 11 13

I 11 11 11 11 ] A10,0ry,mat A10,dry,unit R[mZ'K/W] per 100 mm

Ol ] [ 11 110 1 3 thickness/

;:I - = :; [Wi(m-K)] of | IWAMK)] f | A16a,mas O the masonry

I > - - - . the units the units [W/(m-K)]

| e ) — 1 1 10 with a mortar with a

| 11 11 11 11 1 P

=T - T - = conductivity of [W/m-K]

I 11 10 ][ 10 | 0,16 0,32 0,80

Ol ] [ 11 11 13

I 11 10 1 1 1 0,34 0,161 0,62/ 0,59/ 0,53/

O340 016 |07 |09
0,42 0,182 0,58/ 0,53/ 0,48/

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

clay masonry ”5'7;5 — Geometry 0,51 0203 | 050/ |o048 |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, hy,: = 238 mm, hpor = 12 mm

Ol 1 1 l 1 1 3 Table B.3 — Vertically perforated clay masonry units

[ 11 11 11 ] — Geometry 5/1,6

(i ] [ ] [ 1 3

[ 1 [ 11 11 1 A10,dry,mat A10,dry,unit R[m*K/W] per 100 mm

[ 1 1 1 I 1 3 thickness/

|: : 11 — 1 [ — ] [ : :l W/(m-K)] of | W/m-K)] of | Ar0ary.masOf the masonry

| - - T | the units the units [W/(m-K)]

[ ] [ ] [ 1 3 with a mortar with a

i:l | 11 — 1 — 1 | :i conductivity of [W/m-K]

| 11 11 11 | Oa16 Oa32 0,80

(e 1 1 1 1 1 3 0,34 0,150 0,65/ 0,62/ 0,55/

[ 11 ] [ ] [ ] 0,15 0,16 0,18

e e R — 0,42 0,171 058/ | 056/ | 0,50/
0,17 0,18 0,20

Figure B.3 — Vertically perforated 0.51 0,192 O’?3/ 0’21/ 0"212/

clay masonry units — Geometry 0.19 0,20 0,

5/1,6 0,60 0,203 0,49/ 0,47/ 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, h,; = 238 mm, h,,., = 12 mm
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!:' —_— — — '=! Table B.4 — Vertically perforated clay masonry units —
=] - T T Geometry 5,7/1,6
I: [ - 1L - 11 - | :I ﬂ10,dry,mat 210,dry,unit R [mZK/W] per 100 mm
[ 1L 1L 11 ] thickness/
11— WimK) of | WAmM-K)] of | A1o.dymas Of the masonry
=] T T Tom| the units the units [W/(m-K)]
_—— —— ——— with a mortar with a
|: 11 11 10 :I conductivity of [W/m-K]
[ 10 ] [ 11 0,16 0,32 0,80
ol 11 11 1] 0,34 0,140 0,70/ 0,66/ 0,59/
1: 11 11 11 :' 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
571,6 0,60 0,192 053 | 051/ | 046/
0,19 0,20 0,22

(transverse web portion: 20,8 %; percentage of voids: 39,3 %)
basic dimensions: / = 250 mm, w = 300 mm, h,,; = 238 mm, hpor = 12 mm
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Table B.5 — Vertically perforated clay masonry
units — Geometry 5,7/1,2

A10,dry,mat A10,dry,unit R [m*K/W] per 100 mm
thickness/
W/m-K)] | W/(m-K)] | A10,dry,mas OF the masonry
of the of the [W/(m-K)]
units units with a mortar with a
conductivity of [W/(m-K)]
0,16 0,32 0,80
0,34 0,129 0,75/ 0,71/ 0,63/
0,13 0,14 0,16
0,42 0,140 0,69/ 0,65/ 0,58/
0,14 0,15 0,17
0,51 0,157 0,64/ 0,61/ 0,54/
0,16 0,16 0,19
0,60 0,171 0,59/ 0,57/ 0,51/
0,17 0,18 0,20

(transverse web portion: 15,6 %; percentage of voids: 50,9 %)
basic dimensions: / = 250 mm, w = 300 mm, h,,; = 238 mm, h,o, = 12 mm

oUolUoUoUoUo

Figure B.6 — Vertically perforated
clay masonry — Geometry 1,6/3,7

Table B.6 — Vertically perforated clay masonry
— Geometry 1,6/3,7

Mogymat | Moayun | R [M*KW] per 100 mm
thickness/
[W/(m-K)] [W/(m-K)] A10,dry,mas OF the masonry
of the units | of the units | [W/(m-K)]
with a mortar with a
conductivity of [W/(m-K)]
0,32 0,80
0,34 0,296 0,33 0,31
0,30 0,32
0,42 0,342 0,29 0,27
0,34 0,37
0,51 0,392 0,26 0,24
0,39 0,41
0,60 0,441 0,23 0,22
0,44 0,46

(transverse web portion : 48,0 %; percentage of voids: 38,4 %)
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basic dimensions: /= 300 mm, w = 250 mm, h,,; = 238 mm, h,o, = 12 mm

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.

Table B.7 — Vertically perforated clay masonry units —
Geometry 2,8/4,1

Moaymat | Arodgant | R [M%KMW] per 100 mm thickness/
W/(m-K)] | WIm-K)] | A10iymasOf the masonry [W/(m-K)]
of the of the
units units
with a mortar with a conductivity of
[W/(m-K)]
0,16 0,32 0,80 2
0,25 0,221 0,48/ 0,42/ 0.32/ (0,30)/
021 |024 |031  (0,33)
0,34 0,265 0,40/ 0,36/ 0,29/ (0,28)/
0,25 0,28 0,34 (0,36)/
goooooooa 0,42 0324 |033 |031 |025  (0,24)
goooooooad 030 |033 |039  (041)
goooooooa 0,51 0387 |028/ |o026/ |0227  (0,21)
035 |038 |045  (047)
Figure B.7 — Vertically perforated
clay masonry units — Geometry 0,60 0,446 0,25/ | 0,23/ | 0,20/ 0,19y
2,8/4,1 040 | 043 |050  (052)
@ 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, h,; = 65 mm, h,,,, = 12 mm
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Table B.8 — Vertically perforated clay masonry
units — Geometry 2,17/4,51

1
i0od

(N | — | —
(I | |
N | — | —
(I | |

(| | —
| — —
(| | —
(| — —

Figure B.8 — Vertically perforated
clay masonry units — Geometry
2,17/4,51

Aiodymat | Aodryunit R [m*K/W] per 100 mm
thickness/
W/(m-K)] | W/(m-K)] | A10.dy.mas Of the masonry
of the of the [W/(m-K)]
units units
with a mortar with a
conductivity of [W/(m-K)]
0,16 0,32 0,80
0,25 0,20 0,53 0,50 0,42
0,19 0,20 0,24
0,34 0,21 0,50 0,48 0,40
0,20 0,21 0,25
0,42 0,21 0,43 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
0,60 0,29 0,34 0,33 0,29
0,29 0,30 0,34
2 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, hor = 12 mm
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Table B.9 — Vertically perforated clay masonry
units — Geometry 3,62/3,82

O OTIURIOoR
NG 000
NSNS

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

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

Aodymat | A10dry,unit R [mZ-K/\N] per 100 mm
thickness/
W/(m-K)] | W/m-K)] | A10.dry.mes Of the masonry
of the of the [W/(m-K)]
units units
with a mortar with a conductivity
of W/(m-K)]®
0,16 0,32 0,80
0,25 0,20 0,50 0,48 0,42
0,20 0,21 0,24
0,34 0,22 0,45 0,43 0,38
0,22 0,23 0,26
0,42 0,27 0,37 0,36 0,32
0,27 0,28 0,31
0,51 0,30 0,34 0,33 0,29
0,29 0,30 0,34
0,60 0,37 0,28 0,27 0,24
0,36 0,37 0,41

® All values are with vertical mortar joints.

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

A10,dry,mat A10,dry,unit R [mZ-KNV] per 100 mm thickness/
W/(mK)] | WIm-K)] | A1odrymas O the masonry [W/(m-K)]
of the of the
units units
with a mortar with a conductivity of
[W/(m-K)]
016 032 |os0 |°
0,25 0,199 0,50/ 0,44/ 0.35/  (0,32)/
0,20 0,23 0,29 (0,31)
0,34 0,280 0,38/ 0,34/ 0,27/  (0,26)/
0,26 0,29 0,37 (0,39)
0,42 0,341 0,32/ 0,29/ 0,24/  (0,23)/
0,31 0,34 0,42 (0,44)
0,51 0,414 0,27/ 0,25/ 0,21/ (0,20)/
0,37 0,40 0,48 (0,50)
0,60 0,479 0,24/ 0,22/ 0,18/  (0,18)/
0,42 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, h,; = 55 mm, h,,o, = 12 mm

_————
A
14
Y
- I -
2
3
Key
1  height
2 width

3 vertical cross section

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

(transverse  web  portion: 16 %;

percentage of voids: 63,9 %)

Table B.11 — Horizontally perforated clay masonry —
Geometry units 2/1,5

Atodymat | Atoayene | R IM*KMW] per 100 mm
thickness/
W/(m-K)] of | W/(m-K)] | A10.dry.mes Of the masonry
the units of the [W/(m-K)]
units with a mortar with a conductivity
of [W/(m-K)]
016 | 032 o080 |°®
0,34 0,222 0,45/ | 0,44/ | 0,39/ (0,37)/
0,22 (023 [025 (0,27)
0,42 0,243 0,42/ | 0,40/ | 0,37/ (0,35)/
024 | 025 |[027 (0,28)
0,51 0,257 0,40/ | 0,38/ | 0,34  (0,33)/
0,25 0,26 |[029 (0,30)
0,60 0,282 0,36/ | 0,36/ | 0,32/ (0,31)/
0,28 | 0,28 |0,31 (0,32)/
@ The values in brackets are for the case where there is a
vertical mortar joint.

basic dimensions: / = 500 mm, w =

200 mm, hpor = 12 mm

200 mm, hy,e =
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Figure B.12 — Horizontally
perforated clay masonry units —
Geometry 1,85/1,5

Table B.12 — Horizontally perforated clay masonry
units — Geometry 1,85/1,5

A10,dry,mat A10,dry,unit R [mZ'K/W] per 100 mm
thickness/
A10,dry,masOf the masonry [W/m-K]
W/(m-K)] | W/(m-K)] | with a mortar with a conductivity
of the of the of [W/m-K]
units units
0,16 | 032 o080 |®
0,34 0,160 0,44/ | 0,43/ | 0.40/ (0,38)/
0,22 |0,23 | 025 (0,26)
0,42 0,169 0,42/ | 0,40/ | 0,37/ (0,36)/
024 | 025 |0,27 (0,28)
0,51 0,183 0,38/ | 0,37/ | 0,34/ (0,33)/
0,26 | 0,27 | 0,29 (0,30)
0,60 0,201 0,36/ | 0,34/ | 0,33/ (0,31)/
)

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, h,,; = 200 mm, hpor = 12 mm
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Table B.13 — Horizontally perforated clay masonry
units — Geometry 3,7/1,5

I:II:IIIIIIZI

!
Q

ﬁ
!

ﬁ
!

ﬁ
!

I | I

Figure B.13 — Horizontally

perforated clay masonry units —
Geometry 3,7/1,5

A10,dry,mat A10,dry,unit R [mZ'K/W] per 100 mm
thickness/
A10,dry,mas Of the masonry
[W/(m-K)]
[W/(m-K)] of | [W/(m-K)] of | With @ mortar with a conductivity
the units the units of [W/(m-K)]
016 | 032 |o080 |°®
0,34 0,169 0,59/ | 0,55/ | 0.50/ (0,48)/
0,17 |08 | 020 (0,21)
0,42 0,183 0,55/ | 0,51/ | 0,46/ (0,43)/
0,18 | 0,19 | 0,22 (0,23)
0,51 0,201 0,50/ | 0,48/ | 0,43/ (0,40)/
0,20 | 0,21 | 023 (0,25)
0,60 0,222 0,46/ | 0,43/ | 0,40/ (0,38)/
022 | 023 | 025 (0,26)

@ The values in brackets are for the case where there is a
vertical mortar joint.

(transverse web portion: 18,5 %; percentage of voids: 61,8 %)
basic dimensions: /= 500 mm, w = 300 mm, h,,; = 200 mm, h,o, = 12 mm

Table B.14 — Horizontally perforated clay masonry
units — Geometry 4,3/1

Figure B.14 — Horizontally

perforated clay masonry units —
Geometry 4,3/1

A10,dry,mat A10,dry,unit R [m*K/W] per 100 mm
thickness/
W/(m-K)] of | [W/m-K)] of | A10.rymasOf the masonry
the units the units [W/(m-K)]
0,16 [ 0,32 | 0,80°
0,34 0,151 0,64/ | 0,61/ | 0.53/ (0,50)/
0,15 | 0,46 | 0,19  (0,20)
0,42 0,169 0,59/ | 0,56/ | 0,50/ (0,48)/
0,17 | 0,18 | 020 (0,21)
0,51 0,186 0,53/ | 0,53/ | 0,46/ (0,43)/
0,19 0,19 | 0,22 (0,23)
0,60 0,201 0,50/ | 0,48/ | 0,43/ (0,41)/
0,20 [ 021 |023 (0,24)

@ The values in brackets are for the case where there is a
vertical mortar joint.

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

| |

Key
1 horizontal cross section

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

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

A10,dry,mat A10,dry,unit R [mZ'K/W] per 100 mm
thickness/
Aoaymas Of the  masonry
[Wi(m-K)]
W/(m-K)] [W/(m-K)] of | with @ mortar with a thin
of the the units conductivity of layer
units [W/(m-K)] mortar
0,16 | 0,32 | 0,80
0,32 0,192 0,52/ | 0,50/ | 0,46/ | 0,52/
0,19 | 0,20 | 0,22 | 0,19
0,64 0,276 0,37/ | 0,36/ | 0,33/ | 0,36/
0,27 |1 0,28 | 0,30 | 0,28

(transverse web portion: 20 %; percentage of voids: 46 %)
basic dimensions: / = 240 mm, w = 365 mm, h,,; = 238 mm, h,o, = 12 mm

Figure B.16 — Calcium silicate
masonry units — Geometry 3,7/0,8

(transverse web portion: 16 %; percentage of voids: 30 %)

Table B.16 — Calcium silicate masonry units —
Geometry 3,7/0,8

Aodymat | Moyt | RIM*KMW] per 100 mm
thickness/
A10,dry,mas Of the masonry
[W/m-K]

W/(m-K)] [W/(m-K)] | with a mortar with a Thin

of the of the conductivity of layer

units units W/m-K] mortar
0,16 | 0,32 | 0,80

0,32 0,178 0,57/ | 0,54/ | 0,49/ | 0,57/
0,18 | 0,19 | 0,20 | 0,18

0,64 0,259 0,40/ | 0,38/ | 0,35/ | 0,39/
0,25 | 0,26 | 0,29 | 0,26

basic dimensions: | = 247 mm, w = 365 mm, h,,; = 238 mm, Ao, = 12 mm
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' 1 1 1L ' Table B.17 — Calcium silicate masonry units —
::" - it - it - ”:'I Geometry 3,7/1,1
|=' T = o L = '=| A10,dry,mat A10,dry,unit RI[mZ'KNV] per 100 mm
= T - Tom| thickness/
[ i 10 1L ] A10,dry,mas OF the masonry
] 1L [ 1 [W/m-K]
L 10 11l 11 | . . .
— = F — [W/(m-K)] of | [W/(m-K)] of | with a m_ortar with a thin
. T 10 1L ] the units the units conductivity of layer
[W/m-K] mortar
0,16 | 0,32 | 0,80
Figure B.17 — Calcium silicate 0,32 0,171 0,60/ | 0,57/ | 0,51/ | 0,60/
masonry units — Geometry 3,7/1,1 0,17 | 0,18 | 0,20 | 0,17
0,64 0,259 0,41/ | 0,40/ | 0,37/ | 0,41/
024 | 025 |027 |0,24

(transverse web portion: 19 %; percentage of voids: 34 %)
basic dimensions: /= 373 mm, w = 300 mm, h,,; = 238 mm, hpor = 12 mm

Table B.18 — Calcium silicate masonry units —
O O O O '} Geometry 1,3/1,3
Atodymat | A10.dy,unit R [m?K/W] per 100 mm

) O O O ( thickness/
A10,dry,masOf the masonry
[W/m-K]
O O O O W/(m-K)] | [W/(m-K)] of | With a mortar with a
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, hy,: = 238 mm, hpor = 12 mm
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Figure B.19 — Calcium silicate
masonry units — Geometry 1,7/1,3

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

A10,dry,mat A10,dry,unit R [mZ'KNV] per 100 mm
thickness/
A10,dry,masOf the masonry
[W/(m-K)]
W/(m-K)] W/(m-K)] with a mortar with a
of the units | of the units | conductivity of [W/(m-K)]
0,80 thin  layer
mortar
0,64 0,430 0,20/ 0,20/
0,50 0,50
1,05 0,666 0,13/ 0,13/
0,77 0,77

(transverse web portion: 59 %; percentage of voids: 17 %)
basic dimensions: / = 300 mm, w = 175 mm, hy,; = 238 mm, h,,,, = 12 mm

QOO0
OO00O

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

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

A10,dry,mat A10,dry,unit R [mZ'K/W] per 100 mm
thickness/
A10,dry,masOf the masonry
[W/(m-K)]
W/(m-K)] of | [W/(m-K)] of | With a mlo'rtar with a
the units the units conductivity of
[W/(m-K)]
0,80
0,64 0,411 0,23/
0,43
1,05 0,621 0,16/
0,63

(transverse web portion: 33 %; percentage of voids: 36 %)
basic dimensions: / = 240 mm, w = 115 mm, h,; = 238 mm, h,,,, = 12 mm
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Figure B.21 — Calcium silicate
masonry units — Geometry 2,1/1,3
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Table B.21 — Calcium silicate masonry units —
Geometry 2,1/1,3

A10,dry,mat A10,dry,unit R [m*K/W] per 100 mm
thickness/
A10,dry,mas Of the masonry
[W/m-K]
W/(m-K)] W/(m-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, hy,: = 238 mm, hpor = 12 mm
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Figure B.22 — Calcium silicate
masonry units — Geometry 2,1/1,7

Table B.22 — Calcium silicate masonry units —
Geometry 2,1/1,7

A10,dry,mat A10,dry,unit R [m*K/W] per 100 mm
thickness/
A10,dry,mas Of the masonry
[Wi(m-K)]
W/(m-K)] W/(m-K)] with a mortar with a
of the units | of the units | conductivity of [W/(m-K)]
0,80 thin layer
mortar
0,64 0,430 0,22/ 0,23/
0,45 0,43
1,05 0,666 0,15/ 0,15/
0,67 0,67

(transverse web portion: 50 %; percentage of voids: 25 %)

basic dimensions: / = 300 mm, w = 240 mm, hy,: = 238 mm, hpor = 12 mm
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Figure B.23 — Calcium silicate

masonry units — Geometry 2,6/1,7

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

A10,0ry,mat A10,dryunit R [mZ'K/W] per
100 mm thickness/
/110,dry,mas of the
masonry [W/m-K]
W/(m-K)] W/(m-K)] with a mortar with a
of the units | of the units | conductivity of
[W/m-K]
0,80
0,64 0,391 0,23/
0,43
1,05 0,612 0,16/
0,63

(transverse web portion: 50 %; percentage of voids: 31 %)
basic dimensions: / = 240 mm, w = 115 mm, h,,: = 113 mm, Ao, = 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

A10,dry,mat A10,dry,unit R [mZ'K/W] per
100 mm thickness/
/110,dry,maSOf the
masonry [W/m-K]
W/(m-K)] W/(m-K)] with a mortar with a
of the units | of the units | conductivity of
[W/m-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, h,,; = 113 mm, hpor = 12 mm

NOTE Tables B.23 to B.28 inclusive were calculated without vertical 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

Figure B.25 — Lightweight
concrete masonry units —
Geometry 1/1,2

A10,dry,mat A10,dry,unit R [m*K/W] per 100 mm
thickness/
A10,dry,mas Of the masonry
[W/(m-K)]
[W/(m-K)] of W/(m-K)] with a mortar with a
the units of the units | conductivity of [W/(m-K)]
0,16 0,32 0,80°
0,35 0,315 0,32/ 0,31/ 0,29/
0,31 0,32 0,34
0,50 0,378 0,27/ 0,27/ 0,25/
0,37 0,37 0,40
0,67 0,431 0,24/ 0,24/ 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
1,25 0,579 - - 0,17/
- - 0,59
1,50 0,663 - - 0,15/
- - 0,67
@ 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: 16 % to 21 %; percentage of voids: 58,9 %)

basic dimensions: / = 380 mm, w = 300 mm, h,; = 221 mm, h,,o, = 12 mm
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Table B.26 — Lightweight concrete masonry units
— Geometry 1,7/1,2

A10,dry,mat A10,dry,unit R [mZ'KNV] per 100 mm
thickness/
A10,dry,mas Of the masonry
[W/(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/
I | || | - - 0,42
1,25 0,431 - - 0,22/
| | || | | i i 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
Figure B.26 — Lightweight the vertical joint).

concrete masonry units —
Geometry 1,7/1,2

(transverse web portion: 13 % to 19 %; percentage of voids: 54,4 %)
basic dimensions: / = 380 mm, w = 300 mm, hy,: = 221 mm, Apor = 12 mm
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Table B.27 — Lightweight concrete masonry units
— Geometry 1,7/0,8

Figure B.27 — Lightweight
concrete masonry units —
Geometry 1,7/0,8

A10,dry,mat A10,dry,unit R [m*KW] per 100 mm
thickness/
A10,dry,mas Of the masonry
[Wi(m-K)]
[W/(m-K)] [W/(m-K)] of | With @ mortar with a
of the units | the units conductivity of [W/(m-K)]
0,32 0,80°
0,35 0,231 0,41/ 0,38/
0,24 0,26
0,50 0,273 0,35/ 0,33/
0,29 0,30
0,67 0,315 0,31/ 0,29/
0,32 0,34
0,83 0,347 0,29/ 0,27/
0,34 0,37
1,00 0,378 - 0,25/
- 0,40/
1,25 0,431 - 0,22/
- 0,45
1,50 0,463 - 0,21/
- 0,48
@ 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: 11 % to 16 %, percentage of voids: 51,8 %)
basic dimensions: / = 380 mm, w = 300 mm, h,,: = 221 mm, Ao, = 12 mm
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Table B.28 — Lightweight concrete masonry units —
Geometry 3/1,2

Figure B.28 — Lightweight
concrete masonry units —
Geometry 3/1,2

A10,dry,mat A10,dry,unit R [mZ'K/W] per 100 mm
thickness/
A10,dry,masOf the masonry
[W/(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°
0,17 0,125 0,77/ 0,73/ 0,64/
0,13 0,14 0,16
0,35 0,178 0,55/ 0,53/ 0,48/
0,18 0,19 0,21
0,50 0,210 0,47/ 0,45/ 0,41/
0,21 0,22 0,24
0,67 0,241 - 0,40/ 0,37/
- 0,25 0,27
@ 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: 11 % to 18 %; percentage of voids: 40,9 %)
basic dimensions: / = 380 mm, w = 300 mm, h,; = 221 mm, h,,o, = 12 mm

54

Figure B.29 — Lightweight
concrete masonry unit —
Geometry 3/0,8

Table B.29 — Lightweight concrete masonry unit

— Geometry 3/0,8
A10,dry,mat A10,dry,unit R [mZ'K/W] per 100 mm
thickness/
A10,dry,mas Of the masonry
[W/(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°
0,17 0,125 0,78/ 0,73/ 0,64/
0,13 0,14 0,16
0,35 0,167 0,57/ 0,54/ 0,49/
0,18 0,19 0,20
0,50 0,199 0,49/ 0,47/ 0,43/
0,20 0,21 0,23
@ 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: 7 % - 14 %; percentage of voids: 42,7 %)

basic dimensions: /=380 mm, w = 300 mm, h,; = 221 mm, hyr = 12 mm

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

BS EN 1745:2012
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Table B.30 — Lightweight concrete masonry units

— Geometry 3,7/0,8

Mogymat | Aroayem | RIM*KMW]per 100 mm
thickness/
A10,dry,mas Of the masonry
[W/(m-K)]
[W/(m-K)] [W/(m-K)] of | Witha mlo.r‘[ar with a
of the units | the units conductivity of [W/(m-K)]
0,16 0,32 0,80°
0,17 0,125 0,79/ 0,74/ 0,64/
0,13 0,14 0,16
0,35 0,167 0,57/ 0,55/ 0,49/
0,18 0,18 0,20
0,50 0,199 0,49/ 0,47/ 0,43/
0,20 0,21 0,23
@ 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: 7 % to 14 %; percentage of voids: 35,9 %)
basic dimensions: / = 380 mm, w = 300 mm, hy,: = 221 mm, Apor = 12 mm
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Table B.31 — Lightweight concrete masonry units
— Geometry 0,6/x

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

A10,dry,mat A10,dry,unit R [m*KW] per 100 mm
thickness/
A10,dry,mas Of the masonry
[Wi(m-K)]
[W/(m-K)] W/(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
0,17 0,231 0,51/ 0,49/ 0,45/
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/ 0,21/
0,43 0,45 0,48
0,75 0,631 - - 0,17/
- - 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: / =495 mm, w = 175 mm, h,,: = 238 mm, Ao, = 12 mm
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Table B.32 — Lightweight concrete masonry
units — Geometry 0,8/x

A10,dry,mat A10,dry,unit R [m*K/W] per 100 mm
thickness/
| | | | A10,dry,mas OF the masonry
[Wi(m-K)]
| | | | [W/(m-K)] [W/(m-K)] | witha m_ortar with a
of the units | of the conductivity of [W/(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
— 0,17 0,314 0,52/ 0,48/ 0,42/
A 019 |021 |024
I R 0,25 0,410 0,40/ 0,38/ 0,34/
 — 0,25 0,26 0,29
0,40 0,562 0,29/ 0,28/ 0,25/
R 034 |036 |040
- 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 - - 0,13/
Figure B.32 — Lightweight - - 0,77
°°"°rgt:o';:if;‘g‘,’87;"ts 125 1252 |- : 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, hy,: = 238 mm, hpor = 12 mm
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Table B.33 — Lightweight concrete masonry
units — Geometry 1,0/x

Figure B.33 — Lightweight
concrete masonry units —

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

Geometry 1,0/x

A10,dry,mat A10,dry,unit R [m*K/W] per 100 mm
thickness/
A10,dry,mas Of the masonry
Wi(m-K)]
W/(m-K)] | W/m-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 0,77/ 0,72/ 0,63/
0,13 0,14 0,16
0,17 0,117 0,54/ 0,51/ 0,46/
0,19 0,20 0,22
0,25 0,153 0,42/ 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 0,43
0,75 0,305 - - 0,19/
- - 0,53
1,00 0,364 - - 0,16/
- - 0,63
1,25 0,418 - - 0,14/
- - 0,71
1,50 0,479 - - 0,12/
- - 0,83

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

Figure B.34 — Lightweight
concrete masonry units —
Geometry 1,3/x

A10,dry,mat A10,dry,unit R [m*KW] per 100 mm
thickness/
A10,dry,mas Of the masonry
[W/(m-K)]
W/(m-K)] | W/(m: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 0,086 0,83/ 0,77/ 0,67/
0,12 0,13 0,15
0,17 0,122 0,59/ 0,56/ 0,49/
0,17 0,18 0,20
0,25 0,155 0,47/ 0,44/ 0,40/
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
1,25 0,397 - - 0,16/
- - 0,63
1,50 0,445 - - 0,14/
- - 0,71

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

Figure B.35 — Lightweight
concrete masonry units —
Geometry 1,7/x

Aogymat | Atogyune | R [M*KW] per 100 mm
thickness/
A10,dry,mas Of the masonry
Wi(m-K)]
W/(mK)] | W/(m-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 0,062 1,01/ 0,92/ 0,78/
0,10 0,11 0,13
0,17 0,092 0,69/ 0,64/ 0,55/
0,14 0,16 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: / = 495 mm, w = 300 mm, h,,; = 238 mm, Ao, = 12 mm
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Figure B.36 — Lightweight concrete
masonry units — Geometry 3,0/x
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Table B.36 — Lightweight concrete masonry
units — Geometry 3,0/x

A10,dry,mat A10,dry,unit R [mZ'K/W] per 100 mm
thickness/
A10,dry,mas Of the masonry
[W/(m-K)]
W/(m-K)] | W/(m: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 0,091 1,06/ 0,96/ 0,79/
0,09 0,10 0,13
0,17 0,133 0,75/ 0,70/ 0,60/
0,13 0,14 0,17
0,25 0,171 0,59/ 0,56/ 0,49/
0,17 0,18 0,20
0,40 0,234 0,44/ 0,42/ 0,38/
0,23 0,24 0,26

(transverse web portion: 24,2 %; percentage of
voids: 23,1 %)
basic dimensions: / =495 mm, w = 300 mm, hy,;

=238 mm, hpor =12 mm
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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 hy; = 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 A1¢,gry,mat Of 0,16 W/m-K. The net dry density of the brick is approximately 1 500 kg/ms, which can
be derived from the mass and the net volume of the unit (the net volume needs to be determined according to
EN 772-3).

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 ¢ 4r,mar-value for
a clay unit material with a density of 1 500 kg/m3 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
(A10,0ry,mor = 0,16 W/m-K) a resistance per 100 mm thickness of 0,58 m?K/W and a A10,0ry,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 mZK/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).
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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 m*K/W; a practical
moisture content of 1,5 % by volume leads to a design resistance of 2,204 x 0,91 = 2,006 m%K/W. The design
U-value would then be in the first case 0,45 W/(m?K) in the second case 0,46 W/(m?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);
— voids;
— 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 reference cases according to EN 10211.

D.4 Reference cases

D.4.1 Case 1: Calculation of thermal resistance R and thermal conductivity A/ ay,uie Of @ masonry unit
(vertically perforated unit).

Given:
Geometry of masonry unit: see Figure D.1
Material: At0.drymat = 0,35 W/(m-K)
Boundary conditions: R =0,13 m*KW

Rse = 0,04 m*K/W

Preparation of input data:
Thermal resistance of voids in the unit:

d=0,0142m; b;=0,047 5m : Aigary,unit = 0,082 W/(m-K)

b,=0,017 7 m : A1gan,unit = 0,074 W/(m-K)

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*?=0,0707 W/(m-K)
DERIVATION OF THERMAL VALUES R, A10,ry,unit:

0,070 7
W=—""
0,125

U= =0,5656 W/m’K

R :l1J:1 , 7680 m*K/W

mas

Rt = Rmas - Rsi - Rse = 1,598 m2 K/W

Ay =0,188 W/mK

:i:
R, 1,598

NOTE Definitions and symbols are given in EN ISO 10211.
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Dimensions in millimetres
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Figure D.1 — Geometry of a masonry unit, vertically perforated
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D.4.2 Case 2: Calculation of thermal resistance Rgy mas 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=0,35 W/(m-K);
masonry mortar: A=0,20 W/(m-K);

plaster - external: A=0,45 W/(m-K);

- internal: A=0,10 W/(m-K);
boundary conditions: Rs = 0,13 m*K/MW.

Rse = 0,04 m*K/W
Preparation of input data:
Thermal resistance of voids in the masonry unit:
d=0,0142m; b;=0,0475m: A10,dry,unit = 0,082 W/(m-K);
b,=0,0177m: A10,dry,unit = 0,074 W/(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:

0,0159

=L 00189 _ 4 5088 wimk
A~ 0,125x0,25

U

1

R = 1,965 4 m°K/W

mas=U

mas

di_

Rt.mas=Rmas'Rsi - Rse - I 1,5399m2K/W

!
where

R mas is the true thermal resistance of the masonry.

NOTE The term di relates to the two plaster layers.
Ai
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Symbols and definitions given in EN ISO 10211.

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 R; 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:
mortar (joints, pockets):
plaster - external:
- internal:
adhesive mortars:
insulation material:

boundary conditions:

Preparation of input data:

Thermal resistance of voids in the masonry unit:

BS EN 1745:2012
EN 1745:2012 (E)

A= 0,65 W/(m-K);
2= 1,00 W/(m-K);
A= 0,50 W/(m-K);
A= 0,40 W/(m-K);
2= 0,30 W/(m-K);
A= 0,041 W/(m-K);
R = 0,13 m*K\W;

Rse = 0,04 m%K/W.

d=0,036 mm; b = 0,095 mm: A9 dr,unit = 0,174 W/(m-K)

Cut off planes:

— Vertically- 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:
L3D 1
U =—y mas =
mas A R Umas
and
Rt,mas =Rmas " Rsi~ Rse = i
Ai
where

R:mas is 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] | W/Am*K)] | [m*KW]

1 250 0,420 5 0,668 2

2 500 0,420 5 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 ISO 10211.
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Dimensions in millimetres

238
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e

VA

VA

VAVAVAVA

\

125

vy

Key
A view B
1 layer of masonry units 2 mortar

vertical section

C horizontal section

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
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Evaluation of conformity

Information about in what way the parameters used in the determination of the Aggyunie Or equivalent
Aro.daruni—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)
S1 Net dry density Net dry density
S2 Net dry density Net dry density
A10,dry, mat /net dry density relationship °

S3 Net dry density Net dry density
Thermal transmittance of masonry

P1 Net dry density Net dry density
Configuration Configuration
Thermal conductivity of the masonry unit material

P2 Net dry density Net dry density
Configuration Configuration

P3 Net 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

/110,d,y,un,-, / gross dry density relationship b

Configuration

@ If the net dry density of the unit under consideration deviate less than 2 times the declared tolerance from the net dry
density forming the basis for the established relationship, then the A10,.dr,mat /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 tolerance from the gross dry density forming the basis for the established relationship, then the A10,gry,unit / 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 444y, mar—Vvalue 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 A¢ gy, uni—value 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.
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Annex F
(informative)

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:

Ueorrecied = Uasign X (1-/100) or alternatively V correctea = ¥V design * (1 -¥/100)
R
Adesign = Aodry X Fm or alternatively Rision = ;l’dry
with
F — ef ux U corrected . F — ef l//>< l//c'orrec'ted
m or alternatively m =
with
v
Po.dry [ Prdry =| 1=
8> ’y/ n,dry 100
NOTE It is possible to use the term (gross dry density / net dry density) instead of (1- v/100) in the corrected equation
above.
where
f,  is the moisture coefficient by volume m3/m3;
f,  is the moisture coefficient by mass kg/kg;
Pg.ary 18 the gross dry density kg/m3;

Waesign 1S the design moisture content volume by volume m3/m?3,

Hdesign iS the design moisture content mass by mass kg/kg;
Pnary 1S the net dry density kg/m3;
v is the voids ratio %.
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(1]
(2]

(3]
(4]
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