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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
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Introduction

This document is part of a series aimed at the international harmonization of the methodology for
assessing the energy performance of buildings. Throughout, this series is referred to as a “set of EPB
standards”.

All EPB standards follow specific rules to ensure overall consistency, unambiguity and transparency.

All EPB standards provide a certain flexibility with regard to the methods, the required input data and
references to other EPB standards, by the introduction of a normative template in Annex A and Annex B
with informative defanlt choices

For the correct use of this document, a normative template is given in Annex A to specify these chlices.
Informative|default choices are provided in Annex B.

The main tajrget groups for this document are architects, engineers and regulators.

Use by or fpr regulators: In case the document is used in the context of national or regional [legal
requirements, mandatory choices may be given at national or regional level for such spegcific
applicationg. These choices (either the informative default choices from Annéx-B or choices adapted to
national/regional needs, but in any case following the template of Annex A)can be made availaljle as
national annex or as separate (e.g. legal) document (national data sheet)s

NOTE 1 Sq in this case:

— the regula£ors will specify the choices;

— the individlual user will apply the document to assess the energy performance of a building, and thereby use
the choices made by the regulators.

Topics addrgssed in this document can be subject te public regulation. Public regulation on the same
topics can gverride the default values in Annex B."Public regulation on the same topics can even, for
certain applications, override the use of this document. Legal requirements and choices are in geperal
not publish¢d in standards but in legal dociGments. In order to avoid double publications and difficult
updating of|double documents, a national annex may refer to the legal texts where national chpices
have been made by public authorities.-Different national annexes or national data sheets are poskible,
for different applications.

It is expectqd, if the default values, choices and references to other EPB standards in Annex B arg not
followed dug to national regulations, policy or traditions, that:

— nationa] or regional@uthorities prepare data sheets containing the choices and national or regjional
values, pccording tothe model in Annex A. In this case a national annex (e.g. NA) is recommeided,
contain|ng a reference to these data sheets;

— or, by defadlt,'the national standards body will consider the possibility to add or include a natjional
annex ip dgreement with the template of Annex A, in accordance to the legal documents that give
national or regional values and choices.

Further target groups are parties wanting to motivate their assumptions by classifying the building
energy performance for a dedicated building stock.

More information is provided in the Technical Report (ISO/TR 52019-2) accompanying this document.
The subset of EPB standards prepared under the responsibility of ISO/TC 163/SC 2 cover inter alia:
— calculation procedures on the overall energy use and energy performance of buildings;

— calculation procedures on the internal temperature in buildings (e.g. in case of no space heating or
cooling);

— indicators for partial EPB requirements related to thermal energy balance and fabric features;

vi © ISO 2017 - All rights reserved
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— calculation methods covering the performance and thermal, hygrothermal, solar and visual
characteristics of specific parts of the building and specific building elements and components, such
as opaque envelope elements, ground floor, windows and facades.

ISO/TC 163/SC 2 cooperates with other technical committees for the details on appliances, technical
building systems, indoor environment, etc.

This document provides the means (in part) to assess the contribution that building products and
services make to energy conservation and to the overall energy performance of buildings.

In contrast with ISO 6946, Wthh gives the method of calculation of the thermal transmittance of
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hct with the ground. The division between these two International Standards is atthg
e floor surface for slab-on-ground floors, suspended floors and unheated basementg,
of the external ground surface for heated basements. In general, a term to_allew fd
re associated with the wall/floor junction is included when assessing the/tetal heat
ing using methods such as ISO 13789.

 analysis of thermal bridges, including wall/floor junctions, for assgSsment of minim
ce temperatures.

s document, methods are provided which take account of the(three-dimensional natur
in the ground below buildings.

mal transmittances of floors give useful comparative values of the insulation p
Fent floor constructions and are used in building regulations in some countries for the
losses through floors.

mal transmittance, although defined for steady-state conditions, also relates average
ge temperature difference. In the case-of'walls and roofs exposed to the external a
periodic variations in heat flow intq aid out of storage related to daily temperatur
his averages out, and the daily average heat loss can be found from the thermal tr
Haily average inside-to-outside temperature difference. For floors and basement wal
the ground, however, the large thermal inertia of the ground results in periodic heat f
e annual cycle of internal and external temperatures. The steady-state heat flow is
bximation to the average heat flow over the heating season.

Idition to the steady-state part, a detailed assessment of floor losses is obtained f
dic heat transfer‘coefficients related to the thermal capacity of the soil, as well as
uctivity, together-with the amplitude of annual variations in monthly mean temperatu

x F provides-a method for incorporating heat transfers to and from the ground into
rtaken atshort time intervals (e.g. 1 h).

[R52019-2 provides information on

falculation of heat transfer through the ground can be done by numerjcal calculationg,
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thermal properties of the ground,
the influence of flowing ground water,
ground floors with an embedded heating or cooling system, and

ground floors of cold stores

along with worked examples illustrating the use of the procedures in this document.

Table 1 shows the relative position of this document within the set of EPB standards in the context of
the modular structure as set out in ISO 52000-1.

NOTE 2

EPB standards and accompanying technical reports that are published or in preparation.

© ISO
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NOTE 3 The modules represent EPB standards, although one EPB standard could cover more than one module
and one module could be covered by more than one EPB standard, for instance, a simplified and a detailed method

respectively. See also Tables A.1 and B.1.

Table 1 — Position of this document (in casu M2-5) within the modular structure of the set of

EPB standards
Overarching Building Technical building systems
(as such)
Buil
Hu lge Do dir:g
. u | mes auto
Sub Ddgscrip Descrip Descrip | Hea | Coo V_en M mi | tic Ligh| ma F.'V'
mo . . . . tila | difi i . - wind,
tions tions tions ting | ling | .. difi | hot | ting | tion
dule tion | ca
. ca | wat and
tion | .
tion | er cont
rol
sub1l M1 M2 M3 | M4 | M5 | M6 | M7 | M8.| M9 | M10 | M11
1 Gdgneral General General
Common
dter. "s _and Building
efipitions;
2 energy Needs a
symbols, needs
unjts and
subjscripts
(Free)
Adolica- Indoor Maximum
3 Hp conditions load and
tions :
without power
systems
Whys to Ways to Ways.to
express express
exjpress
4 energy energy
energy per-
fortnance perfor- perfor-
mance mance
Spane || e
5 transferby)| ISO | Emission
5 hnd ’
0 transniis- (13370 |and control
bufilding G
boupdaries
Bulilding Heat trans-
occpipancy fer Distribu-
6 hnd by infiltra- tion
opgrating tion and and control
confdjtions ventilation
Aggre-
gation of
~ energy Internal Storage
services heat gains and control
and energy
carriers
Building Solar Generation
8 . :
zoning heat gains and control
a  The shaded modules are not applicable.

viii
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. Building . e
Overarching (as such) Technical building systems
Buil
Hu De | Do ding
Sub Ven | mi hu | mes auto PV,
Descrip Descrip Descrip | Hea | Coo | .. .. | mi | tic |Ligh| ma .
mo . . . . . tila | difi i . . wind,
tions tions tions ting | ling | .. difi | hot | ting | tion
dule tion | ca
. ca | wat and
tion | .
tion | er cont
rol
sub1 M1 M2 M3 | M4 | M5 | M6 | M7 | M8 | M9 | M10 | M11
A
Load b
Calculated Building dispatch- ’
9 energy dynamics ing 0’_
perfor- (thermal and oper- (b_
mance mass) ating N
conditions
Measured Measured Measured
energy energy energy
10
perfor- perfor- perfor-
mance mance mance
11 Inspection Inspection Inspection
Ways to ‘\‘b’\
express (%)
12 indoor BMS \,Q
comfort
External A\‘O
environ- (@)
13 ment \E\
conditions \‘}C
Economic @)
14 . L
calculation N .
a  The shaded modules are not applicable.
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Thermal performance of buildings — Heat transfer via the
ground — Calculation methods

1 Scope

This document provides methods of calculation of heat transfer coefficients and heat flow rates for

buildi
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NOTH
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ISO
trans

ISO 7}

ISO 1]
calcy

ISO

3t the level of the external ground surface, for heated basementss

Normative references

and basements. It applies to building elements, or parts of them, below a horizontal
ding walls of the building situated

asements;

1 Insome cases, external dimension systems define the boundary at the'lower surface of t

document includes calculation of the steady-state part of theieat transfer (the annual
at flow) and the part due to annual periodic variations imtemperature (the seasonal

except for the application to dynamic simulation prégrammes in Annex D, this docum
 to shorter periods of time.

2 Table 1 in the Introduction shows the relative position of this document within th
ards in the context of the modular structure as.s€t out in ISO 52000-1.

following documents are referred to in text in such a way that some or all of tl
fitutes requirements of this'document. For dated references, only the edition cited
ted references, the latest €dition of the referenced document (including any amendme

6946, Building compenents and building elements — Thermal resistance a

mittance — Calcul@tion method
345, Thermalinsulation — Physical quantities and definitions

0211, Thermal bridges in building construction — Heat flows and surface temperatured
lations.

14683, Thermal bridges in building construction — Linear thermal transmittance -

suspended
plane in the

t the level of the inside floor surface, for slab-on-ground floors, suspended*floors aind unheated

he floor slab.

hverage rate
rariations of
onthly basis
ent does not

e set of EPB

heir content
applies. For
hts) applies.

nd thermal

— Detailed

— Simplified

meth

ds.and ripfmllf values

[SO 52000-1:2017, Energy performance of buildings — Overarching EPB assessment — Part 1: General
framework and procedures

NOTE 1

Default references to EPB standards other than ISO 52000-1 are identified by the EPB

module code

number and given in Annex A (normative template in Table A.1) and Annex B (informative default choice in
Table B.1).

EXAMPLE

EPB module code number: M5-5, or M5-5,1 (if module M5-5 is subdivided), o

reference to a specific clause of the standard covering M5-5).

NOTE 2

above is kept to maintain uniformity between all EPB standards.
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3 Terms

:2017(E)

and definitions

For the purposes of this document, the terms and definitions given in ISO 7345 and ISO 52000-1 and the
following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

3.1

IEC Electropedia: available at http://www.electropedia.org/

ISO Online browsing platform: available at http://www.iso.org/obp

slab on gro
floor constr

3.2

suspended
floor constr
floor and th

Note 1 to ent

nnd
ction directly on the ground over its whole area

floor
uction in which the lowest floor is held off the ground, resulting in an ait’void betwee
e ground

does not forny part of the habitable space.

3.3
basement
usable part

Note 1 to ent

3.4

equivalent
<thermal re
has the sam

3.5
steady-stat]
steady-statg

3.6

internal pe
amplitude (
annual cycld

3.7
external pe
amplitude o

pf a building that is situated partly or entirely below,greund level

ry: This space may be heated or unheated.

thickness
sistance>thickness of ground (having the thermal conductivity of the actual ground) v
e thermal resistance as the element undéer consideration

e heat transfer coefficient
heat flow divided by température difference between internal and external environmn

riodic heat transfer\coefficient
f periodic heatA{low divided by amplitude of internal temperature variation ovg

h

riodic heat transfer coefficient
f periodic heat flow divided by amplitude of external temperature over an annual cyclg

n the

Fy: This air void, also called underfloor space or crawl space, may be vehtilated or unventilated, and

rhich

ents

r an

3.8

characteristic dimension of floor
area of floor divided by half the perimeter of floor

39

phase difference
period of time between the maximum or minimum of a cyclic temperature and the consequential
maximum or minimum heat flow rate

© ISO 2017 - All rights reserved
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3.10

EPB standard

standard that complies with the requirements given in ISO 52000-1, CEN/TS 16628[6] and
CEN/TS 16629[7]

Note 1 to entry: These three basic EPB documents were developed under a mandate given to CEN by the
European Commission and the European Free Trade Association and support essential requirements of EU
Directive 2010/31/EU on the energy performance of buildings. Several EPB standards and related documents
are developed or revised under the same mandate.

[SOURCE: ISO 52000-1:2017, 3.5.14]

4 $ymbols and subscripts
4.1 | Symbols
Symbol Quantity Unit
A area of floor mj2
B characteristic dimension of floor n
d total equivalent thickness l’!'l
z depth nf
H steady-state heat transfer coefficient W{K
h height of floor surface above outside groundlevel m
m month number (m = 1 for January to m#=12 for December) —+
P exposed perimeter nm
R thermal resistance m2-H/W
U thermal transmittance betweén internal and external environments W/(m2-K)
z depth of basement floordelow ground level m
o heat flow rate w
A thermal conductivity W/(m-K)
6 periodic penétration depth m
0 temperature °C
y linearfhermal transmittance W/(m-K)
4.2 | Subscripts
For the purpgses of this document, the subscripts given in ISO 52000-1 and the following apply.
adj adjusted
b basement, below ground level; width
bg basement, including the effect of
the ground
bsf below suspended floor
C cooling
e external
ed edge
off effective (including effect of ground
and/or basement)
f floor

© IS0 2017 - All rights reserved 3
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fg ground floor, including the effect of
the ground
g ground
H heating
ins insulation
int internal
m month; middle (of building)
p constant pressure
pe external-periodie
pi internal periodic
sog slab on ground
si internal surface
se external surface
sus suspended
ub unheated basement, including the
effect of the ground
ve ventilation
vi virtual
w wall
wf wall/floor junction
wg wall, including the effect of the ground
combined (thrgugh walls of under-
X floor space and by ventilation of the
underfloor.space)

5 Description of the method

5.1 Output

The output |of this document js'the thermal resistance and thermal transmittance of floors next to
the ground|and basements,toegether with coefficients that enable heat flows to be calculated|on a
monthly bagis.

5.2 General desgeription

Heat transfdr via the ground is characterized by

—_— heat flo avralatad tathao avan nftha flany donandin
v—Tciroct T TCa o+t 1o0o5 TOr T

ToO—TItor

— heat flow related to the perimeter of the floor, depending on thermal bridging at the edge of the
floor, and

— annual periodic heat flow, also related to the perimeter of the floor, resulting from the thermal
inertia of the ground.

The steady-state, or annual average, part of the heat transfer shall be evaluated using one of the
methods described below.

a) A full three-dimensional numerical calculation, giving the result directly for the floor concerned:
calculations shall be done in accordance with ISO 10211. The result is applicable only for the actual
floor dimensions modelled.

4 © IS0 2017 - All rights reserved
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b) A two-dimensional numerical calculation, using a floor that is infinitely long and has a width
equal to the characteristic dimension of the floor (floor area divided by half perimeter, see 6.7.1);
calculations shall be done in accordance with ISO 10211. The result is applicable to floors having
the characteristic dimension that was modelled.

NOTE 1

The largest heat flows usually occur near the edges of the floor, and in most cases only small

errors result from converting the three-dimensional problem to a two-dimensional problem in which the
width of the building is taken as the characteristic dimension of the floor.

c) The area-related heat transfer calculated by the formulae given in this document (see Clause 7),
together with the edge-related heat transfer obtained from linear thermal transmittances that are

NOTE 2 Linear thermal transmittance is calculated according to ISO 10211 or obtained
IS0 1B789:2017, Annex A has template for identifying sources of tabulated values of linearthermal ty
providing data for existing buildings, and identifying thermal bridges that can be neglected, with a
defaylt choice provided in Annex B.

For d), the steady-state part of the heat transfer is given by Formula (1);

wherte

MetHod c) is applicable to a floor of any size or shape. U depends on floor size, but ¥y is
of the floor dimensions. Formula (1) is modified in the case of a heated basement (see 7.3.4

case

A terpplate for defining' whether method c) is allowed is given in Table A.2, with an inform
choige provided 4n-Table B.2. A template for tabulated U-values is also given in Table /
inforjmative default list in Table B.2.

5.3

The d

of te

Hy=A-U+P-¥

Mg is the steady-state heat transfer coefficient via the ground, in W/K;
A isthe area of floor, in mZ;

U is the thermal transmittance between.internal and external environments (Ufg;sog

P isthe exposed perimeter, in m;

0 Qrdance nanvo he methodsin ISQ 14683 (mume almethod hermal bridg

manual calculation or default values).

Ubg;eff or Uyp, depending on floor type; see Table 4), in W/(mZ2-K);

W ris the linear thermal transmittance of the wall/floor junction, in W/(m-K).

of application of Annex D (see D.1).

Periodic coefficients

> catalogues,

from tables.
ansmittance,
h informative

e8]

Ufg;sus

ndependent
) and in the

htive default
\.2, with an

+£all £, d3FE, £ S A | £ 211 3 £ L A3 EE, Lot +l
ULUITITCTITU dITUVVOS 1TUIL UITITCI CIIUITITLIIUUS Ul AalITUVvV llls 1U1 }Juaoc UITICTICTIICLTS DULVWTUETUIL LIIT

mperature variation and heat flow (see C.1).

nnual cycle

A template for defining which method is to be used is given in Table A.3, with an informative default
choice provided in Table B.3.

6 Calculation of heat transfer via the ground

6.1
The

Output data

output data are listed in Table 2.

© IS0 2017 - All rights reserved
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Table 2 — OQutput data

Destination mod- Validit
Description Symbol Unit ule interva}i Varying
(Table 1)
Thermal transmittance of slab on ground 2
floor, including the effect of the ground Utgsog | W/(m2K]) M2-5 >0 No
Thermal transmittance of suspended 2
floor, including the effect of the ground Utg;sus W/(m2K) M2-5 >0 No
Thermal transmittance of wall of
heated basement, including the effect Uwob W/(m2-K) M2-5 >0 No
of the groun(d
Thermal trajpnsmittance of floor of
heated basement, including the effect Utg;b W/(m?2-K) M2-5 >0 Np
of the groun(d
Effective thgrmal transmittance of
whole heatedl basement, including the Ubg;eft W/(m2:-K) M2-5 >0 Np
effect of the ground
Thermal trahsmittance of unheated
basement, including the effect of the Uub W/(m2-K) M2-5 >0 Np
ground
Thermal res|stance of slab on ground Reeco m2-K/W 225 0 Nb
floor 1508
Thermal resjstance of suspended floor Rf;sus m2-K/W M2-5 >0 Np
Thermal resjstance of basement wall Rw:b m2-K/W M2-5 >0 Np
Thermal resjstance of basement floor Rep m2-K/W M2-5 >0 Np
Effective thermal resistance of floor
construction (including the effect of Rf.eff m2K/W M2-5 >0 Np
the ground)
Ground heat{transfer coefficient for
each month Hg;anmim W/K M2-5 >0 Yds
Ground heatltransfer coefficient for the
heating seaspn Hy;Hsadj WK M2-5 >0 Np
Groqnd heat|transfer coefficient for the Hg;Ciac W/K M2-5 >0 Nb
cooling seaspn e
Thermal resjstance of 0,5 m of graund
(for dynamig calculations according to Rg m2-K/W M2-5 >0 Np
Annex F)
Thermal capacity of 0,5 mof ground
(for dynamig calculation's according to Kg J/(m2-K) M2-5 >0 Np
Annex F)
Thermal resjstance of virtual layer
(for dynami calculations nf‘r‘nrr‘]ing to R mZ.I(I/\I\/ M2-5 Q N
Annex F)
Virtual temperature in ground for each
month (for dynamic calculations accord- Ovi °C M2-5 — Yes
ing to Annex F)

6.2 Calculation time intervals

The calculation of periodic coefficients and heat flows apply to a time interval of one month. For other
quantities the input, the method and the output data are for steady-state conditions and assumed to
be independent of actual conditions, such as indoor temperature or effect of wind or solar radiation, so
there is no need to consider a specific time interval length.
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Tables 3, 4, 5 and 6 list identifiers for input data required for the calculation.

Table 3 — Identifiers for building geometric characteristics

Name Symbol Unit Value Range Origin | Varying
Area of floor A m?2 — =0 — No
Exposed perimeter P m — 20 — No
Length of linear thermal bridge k Ik m — =0 — No
Thickness of the walls of the dwelling dw;e m — 20 — No
Height of the upper surface of the floor h m . >0 ~ No
above external ground level
Depth of basement floor below ground 2 m . >0 . No
levell

Table 4 — Identifiers for building boundary conditions

Name Symbol Unit Value Range Origin | | Varying
Inc_ioo_r environment temperature in the Oint oC & 0 to 50 . Yes
building under consideration
Extefnal air temperature Oe °C — -50to 50 — Yes
Virtgial temperature of the ground Ovim °C — 0...c0 — Yes

Table 5 — Identifiers for thermal\characteristics of building fabric

Name Symbol Unit Value Range Origin| | Varying
Therjmal transmittance of element i Us W/(m2-K) — 0to 10 ISO 6944 No

. . . ISO 14683
Lnehr hermal rmitancessociat (| wymiy |~ | oot | o T
[SO 1021ft
Tablg 8 lists identifiers for conistants.
Table 6 — Identifiers for constants

Name Symbol Unit Value Range Origin | | Varying
Spedific heat capagtity of air at constant c J/(kg'K) 1008 . . No
prespure p Wh/(kg:K) | 0,28
Dendity ofiair 3 . .
(at 1p °Cand 100 kPa pressure) P kg/m 1,23 No
6.4 Thermal properties
6.4.1 Thermal properties of the ground
Default values are given in Table 7. If the ground type is unknown, category 2 should be used.
NOTE ISO/TR 52019-2 gives information about the range of values of ground properties.
© IS0 2017 - All rights reserved 7
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Table 7 — Thermal properties of the ground

Thermal conductivity Heat capacity
- per volume
Category Description Ag e
W/(m-K
/(mK) J/(m3-K)
clay or silt 1,5 3,0 x 106
sand or gravel 2,0 2,0 x 106
homogeneous rock 3,5 2,0 x 106

A template for providing properties of the ground is given in Table A.4, with an informative default
choice provided in Table B.4.

6.4.2 Thermal properties of building materials

Thermal registance values shall conform with ISO 6946. The thermal resistance gfymaterials jused
below ground level should reflect the moisture and temperature conditions of the application.

NOTE The heat capacity of building materials used in floor constructions is small’compared with that pf the
ground and i$ neglected.

6.4.3 Surface resistances
Values of sufface resistance shall conform to ISO 6946.

The value of Rgj is used both at the top and at the bottom of an @nderfloor space.
6.5 Interpal temperature and climatic data

6.5.1 Internal temperature

If there are|different temperatures in different rooms or spaces immediately above the floor, fise a
spatial averpge. Obtain this average by weighting the temperature of each space by the area off that
space in corftact with the ground.

To calculate|heat flow rates, this do€ument requires
a) annual mean internal temperature, and

b) if variations in interhal”temperature are to be included, amplitude of variation of intgernal
tempergture from_the-annual mean; this amplitude is defined as half the difference betweeh the
maximym and minimum values of the average temperatures for each month.

6.5.2 Climatic data

To calculate reat fiow Tates, this doCument TEqUITES
a) annual mean external air temperature,

b) if variations in external temperature are to be included, amplitude of variation of external air
temperature from the annual mean; this amplitude is defined as half the difference between the
maximum and minimum values of the average temperatures for each month, and

c) for suspended floors that are naturally ventilated, the average wind speed measured at a height of
10 m above external ground level.

If the ground surface temperature is known, this can be used in place of the external air temperature, in
order to allow for effects of snow cover, solar gain on the ground surface and/or long wave radiation to
clear skies. In such cases, Rse should be excluded from all formulae.
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A template for providing ground surface temperatures is given in Table A.5, with an informative default
choice provided in Table B.5.

6.6 Thermal transmittance and heat flow rate

6.6.1 Thermal transmittance

Thermal transmittances for floors and basements are related to the steady-state component of the heat
transfer. Methods of calculation are given in Clause 7 for the various types of floor and basement. The
formulae use the characteristic dimension of the floor and the equivalent thickness of floor insulation
(see 4~

If thg transmission heat loss coefficient for the ground is required, take this as equal te.the steady-state
ground heat transfer coefficient, Hg, calculated using Formula (1).

6.6.2 Thermal bridges at edge of floor

The [formulae in this document are based on an isolated floor considered independgntly of any
interjaction between floor and wall. They also assume uniform thermal‘ppoperties of the so]l (except for
effedfts solely due to edge insulation).

In priactice, wall/floor junctions for slab-on-ground floors do ngtcorrespond with this idea|, giving rise
to thermal bridge effects. These shall be allowed for in calculdtions of the total heat loss from a building,
by uging a linear thermal transmittance, Wyr.

NOTH The linear thermal transmittance depends on thésSystem being used for defining buildinjg dimensions
(see ISO 13789).

The total heat loss from a building is then calculatéd on the basis of a separating plane

— 3t the level of the inside floor surface*or slab-on-ground floors, suspended floors afnd unheated
basements, or

— 3t the level of the outside ground'surface for heated basements.
NOTH In some cases, externaldimension systems define the boundary at the lower surface of the floor slab.

The thermal transmittanee, 0f elements above the separating plane should be assessed inf accordance
with|appropriate standards, such as ISO 6946.

6.6.3 Calculation of heat flow rate

Heat|transfer(via the ground can be calculated on an annual basis using only the steady-dtate ground
heat |trangsfer® coefficient, or on a seasonal or monthly basis using additional periodic|coefficients
that ftakeé dccount of the thermal inertia of the ground (see 5.2). The relevant formulae |for periodic
coeffli¢ients are given in Annex C.

6.6.4 Effect of ground water

Ground water has a negligible effect on the heat transfer, unless it is at a shallow depth and has a high
flow rate. Such conditions are rarely encountered and in most cases no allowance should be made for
the effect of ground water.

A template for providing ground surface temperatures is given in Table A.5, with an informative default
choice provided in Table B.5.

When the depth of the water table below ground level and the rate of ground water flow are known, the
steady-state ground heat transfer coefficient, Hg, may be multiplied by a factor, Gw.

NOTE ISO/TR 52019-2 contains illustrative values of Gy,
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A template for defining when the effect of flowing ground water is to be included is given in Table A.6,

with an info

rmative default choice provided in Table B.6.

6.6.5 Special cases

The methods in this document are also applicable to the following situations, with the modifications
described in the relevant annex:

— heat flow rates for edge and central regions of a floor (see Annex E);

— application to dynamic simulation programs (see Annex F).

NOTE Fqr the floors of cold stores and slab-on-ground floors with an embedded heating systeny, see
ISO/TR 52019-2.
6.7 Parameters used in the calculations
6.7.1 Chajracteristic dimension of floor
To allow for|the three-dimensional nature of heat flow within the ground, the fermulae in this document
are expressed in terms of the “characteristic dimension” of the floor, B, defined as the area of the [floor
divided by Half the perimeter:
|
p=_141 (2)
0,5x P

where

B is the characteristic dimension of floor, in m;

A isarea of floor, in mZ;

P isthe exposed perimeter, in m.
NOTE Far an infinitely long floor, B is the width of the floor; for a square floor, B is half the length of ond side.
Special four|dation details, e.g. edge\insulation of the floor, are treated as modifying the heat flow 4t the
perimeter.
In the case ¢f basements, B-jscalculated from the area and perimeter of the floor of the basement], and
the heat floy from the basement includes an additional term related to the perimeter and the degth of
the basement floor belgwground level.

prnal
rea,

10

to calculate the heatloss from part of a building (e.g. for each individual dwelling in a row of terraced
houses), P includes the lengths of external walls separating the heated space from the external
environment and excludes the lengths of walls separating the part under consideration from other
heated parts of the building, while A is the ground-floor area under consideration, and

unheated spaces outside the insulated fabric of the building (such as porches, attached garages or
storage areas) are excluded when determining P and A (but the length of the wall between the
heated building and the unheated space is included in the perimeter; the ground heat losses are
assessed as if the unheated spaces were not present).
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Equivalent thickness

The concept of “equivalent thickness” is introduced to simplify the expression of the thermal
transmittances.

A thermal resistance is represented by its equivalent thickness, which is the thickness of ground that
has the same thermal resistance. In this document,

— dris the equivalent thickness for floors, and

— dw;b is the equivalent thickness for walls of basements below ground level.

The
char
equiy

7

7.1

Slab+
area
the €

— ininsulated, or

— ¢

If thd
using

Steady-state ground heat transter coetficients are related to the ratio of equivalent
hcteristic floor dimension, and the periodic heat transfer coefficients are related\to
ralent thickness to periodic penetration depth.

Calculation of thermal transmittances

Slab-on-ground floor

on-ground floors include any floor consisting of a slab in contact with the ground oy
whether or not supported by the ground over its whole aréa, and situated at or neaj
xternal ground surface (see Figure 1). This floor slab can’be

bvenly insulated (above, below or within the slab).over its whole area.

floor has horizontal and/or vertical edge inSulation, the thermal transmittance shall |
y the procedure in Annex D.

Fhickness to
the ratio of

er its whole
the level of

be corrected

Key
1
2

dw;e

© ISO

 J
A
QU

floor slab
ground
thickness of external walls

Figure 1 — Schematic diagram of slab-on-ground floor
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The thermal transmittance depends on the characteristic dimension of the floor, B [see 6.7.1 and
Formula (2)], and the total equivalent thickness, df (see 6.7.2), defined by Formula (3):

+ Rse) (3)

df = dw;e + ;Lg '(Rsi + Rf;sog

where

df is the total equivalent thickness, in m;

dw;e 1is the full thickness of the walls, including all layers, in m;

Ag id the thermal conductivity of the ground, in W/(m-K);

Rf;sog 19 the thermal resistance of the floor slab, including that of any all-over insulation)layery
above, below or within the floor slab, and that of any floor covering, in m2-K/W;

Rsi  idthe thermal resistance of internal surface, in m2-K/W;
Rse idthe thermal resistance of external surface, in m2-K/W.

The therma] resistance of dense concrete slabs and thin floor coverings may be neglected. Hard|core
below the glab is assumed to have the same thermal conductivity aS/the ground, and its thgrmal
resistance should not be included.

Calculate thp thermal transmittance using either Formula (4) or£ormula (5), depending on the thgrmal
insulation of the floor.

If df < B (uninsulated and moderately insulated floors),

) ,
U g 111[’t B+1} 4)

fg;sog T '
n-B+d; dg
If df 2 B (well-insulated floors),
/lg
Ugooo't F————— 5
8508 | 0,457 x B +d, ©)

For well-insplated floors, it cari-be written alternatively as:

1

U + (6)
fg;sog
(RSi +Rp ¥R +d /)“g)Jng;eff
where
Rg.eff is the ¢ffective thermal resistance of the ground, in m2-K/W, given by:
0,457 x B
geff — T (7)
g

The thermal transmittance shall be rounded to two significant figures if presented as the final result.
Intermediate calculations shall be undertaken with at least three significant figures.

NOTE The thermal transmittance can be small for large floors, so that more decimal places are needed.

The steady-state ground heat transfer coefficient between internal and external environments is

obtained using Formula (1).
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7.2 Suspended floor

A suspended floor is any type of floor held off the ground, e.g. timber or beam-and-block (see Figure 2).
This clause deals with the conventional design of suspended floor in which the underfloor space is
naturally ventilated with external air. For mechanical ventilation of the underfloor space, or if the
ventilation rate is specified, see Annex G.

The thermal transmittance is given by Formula (8):

1 1 1

- ——+ (8)
fg;sus Uf-cnc Ug + UY
whefe
i _ 1 isthe thermal transmittance of suspended part of floor (between the infernal envi-
fisus R, Tonment and the underfloor space), in W/(m2-K);
Re.sus is the total thermal resistance of the suspended partofthe floor, in m2-K/W, cal-
culated in accordance with ISO 6946 allowing forany bridged layers in the floor
construction and using surface resistances in acéordance with 6.4.3;
1
]g = R is the thermal transmittance for heat flow through the ground, in W/(m#-K);
g;eff
Uy is an equivalent thermal transmittance between the underfloor space and the

outside accounting for heat flosv:through the walls of the underfloor space and by
ventilation of the underfloor\space, in W/(m2-K).
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Rf;sus

g;eff

1
Key
1 Ground
h height of floor surface above outside ground level

Rf.sus  thermlal resistance of floor construction
Rgeff effective thermal resistance of ground

Figure 2 — Schematic diagram of suspended floor

The calculafion of Ufsys shall include’ the effect of any thermal bridging. It may be calculat¢d in
accordance Wwith ISO 6946 or by anumerical method. In the case of a low-emissivity surface on the lpwer
side of the floor, the surface resistance may be modified using the procedure given in ISO 6946. Sufface
resistances for downwards heatflow apply in the case of a heated building, and surface resistancgs for
upwards heft flow apply if the case of a cooled building.

Calculate Ud by means.of Formulae (2), (9) and (10):

dg = dm;e X )l“g '(Rsi +Rf;ins + Rse) €)
2-A )
U, = g ™8 (10)
7t-B+dg dg
where

Rtins is the thermal resistance of any insulation on the base of the underfloor space, in m2-K/W;
dg is the equivalent thickness for the ground below the suspended floor, in m2-K/W.

If the underfloor space extends to an average depth of more than 0,5 m below ground level, calculate Ug

according to Formula (G.2).
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If edge insulation is applied around the base of the underfloor space, modify Ug according to

Formula (D.3).
Obtain Uy from Formula (11):

h-U E-V-
=2X W+1450><—fW
B B

(11)

where

h is the height of the upper surface of the floor above external ground level, in m;

Uy is the thermal transmittance of walls of underfloor space above ground level, in\Wf(m2-K),
calculated in accordance with ISO 6946;

g isthe area of ventilation openings per perimeter length of underfloor space, in m2/m;
¥ is the average wind speed at 10 m height, in m/s;

fiwv is the wind shielding factor.

If h vlaries around the perimeter of the floor, its average value is used’in Formula (11).
Anngx G gives the formulae for the calculation of the averaged4eniperature in the underfloor space.

The Wind shielding factor relates the wind speed at 10 mheight (assumed unobstructed) [to that near
groupd level, allowing for the shielding by adjacent buildings, etc. Representative values pre given in
Table 8.

Table 8 — Values of the wind shielding factor

Category Location Example Wind shielding factor
fw
Sheltered City centre 0,02
Average Suburban 0,05
Exposed Rural 0,10

The |steady-state ground.heat transfer coefficient between internal and external environments is

obtalned using Formula {1).

A template for defining wind shielding factors is given in Table A.7, with an informative d¢fault choice
provided in Table-B.7.

7.3 | Heated basement

7.3. General

The procedures given for basements apply to buildings in which part of the habitable space is below
ground level (see Figure 3). The formulae given in 7.3.2 to 7.3.4 apply to heat transfer between the
internal environment of a heated basement and the external environment. The basis is similar to that
for the slab-on-ground, but allowing for

— the depth, z, of the floor of the basement below ground level, and

— the possibility of different insulation levels being applied to the walls of the basement and to the
floor of the basement.

If z varies round the perimeter of the building, its mean value is used in the calculations.

NOTE1 Ifz=0,the formulae reduce to those given in 7.1 for the slab-on-ground.
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This document does not directly cover the case of a building having partly a floor on the ground and
partly a basement. However, an approximation to the total heat loss via the ground from such a building
can be obtained by treating the building as if it had a basement over its whole area with depth equal to
half the actual depth of the basement part.

A template for defining whether this approximation is allowed is given in Table A.8, with an informative
default choice provided in Table B.8.

NOTE 2  Basements that are partly heated are treated in 7.5.

The procedures described give the total heat flow from the basement through the ground, i.e. through
the floor of

NOTE 3 Tle parts of the walls above ground level are assessed by their thermal transmittance calculated in

accordance with ISO 6946.

Key

Rep
Rwb

dw,e

16

< dw;e 1

 J

grounid
thermal resistance of floor construction
thermlal résistance of walls of the basement, including all layers

thickness-of external walls

depth of basement floor below ground level

Figure 3 — Schematic diagram of building with heated basement
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7.3.2 Basement floor

To determine Uryp calculate the characteristic dimension for the basement floor using Formula (2),
and include any insulation of the basement floor in the total equivalent thickness, dy.e, given by

Formula (12):

=d,,.. + 2 (R + Ry + Ry, ) (12)

f w;e

d

where

i

- =l Py S | - 1 N R | -
IS LT LULAT TUUIVAITIIU LITICRIITS S, 11T 11,

—]

w,e is the full thickness of the walls of the building at ground level, including altlayers, in m;

b  is the thermal resistance of the floor slab, including that of any all-over insulation layers
above, below or within the floor slab, and that of any floor covering, itym2-K/W;

Rsi  is the thermal resistance of internal surface, in m2-K/W;
Rse is the thermal resistance of external surface, in m2-K/W;
Ag is the thermal conductivity of the ground, in W/(m-K})-

The thermal resistance of dense concrete slabs and thin, floor coverings may be neglected. Hard
core |below the slab is assumed to have the same thermal conductivity as the ground and its thermal
resistance should be neglected.

Use ¢ither Formula (13) or Formula (14), depending'on the thermal insulation of the basemgnt floor.

If (di[+ 0,5 x z) < B (uninsulated and moderatelyinsulated basement floors),

2-A .
Ue, = g | —TB g (13)
& m-B+d; +0,5xz d +0,5x z

If (di[+ 0,5 x z) 2 B (well-insulated-basement floors),

A
U, , = & 14
B 0,457 xB+d} +0,5x 2 (14)

7.3.3 Basementwalls

Uwg;p depends.on total equivalent thickness for the basement walls, dw;p, given by Formula|(15):

-~

{w;b = )’g '(Rsi + Rw;b + Rse) (15)

where Ry:p is the thermal resistance of the walls of the basement, including all layers, and the other
symbols are defined in Clause 4.

Obtain Uyg;h from Formula (16):

U 2 A 2 22 2y (16)
web .z de +z d

w;b

The formula for Uwg;p involves both dy;, and df. It is valid for dw;p 2 df, which is usually the case. If,
however, dy:, < dfthen df should be replaced by dy:p in Formula (16).
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7.3.4 Heat transfer from whole basement

The effective thermal transmittance characterizing the whole of the basement in contact with the

ground is

U

bgeff ~

A-Upp+2z-P-U
A+z-P

(17)

Formula (1) for steady-state ground heat transfer coefficient between internal and external
environments is modified to include the basement and Hg is given by Formula (18).

H

g =4

NOTE Eq
walls of the 1
through the f

7.4 Unhe

The formuld
external eny

Ufg;b +Z'P'Uwg;b +P-'{’W;f

loor and walls respectively, are approximations.

ated basement

e given in this subclause apply to heat transfer between the internal environment an
rironment via an unheated basement ventilated from the outside.

The therma] transmittance between internal and external environments, Uyp, is given by Formula
1 1 A
= +
Up  Upeus (A~Ufg;b)+(z-P~Uwg;b)+(h-P-UW)+(cp~p~n-V)
where
Uf.sus 19 the thermal transmittance of the floor'{between the internal environment and the ba
njent), in W/(mZ2-K);
Uy  idthe thermal transmittance of the walls of the basement above ground level
il W/(m2-K);
h id the height of the basement walls above ground level, in m;
Cp igthe specific heat eapacity of air at constant pressure, in Wh/(kg-K);
p igthe density of air, in kg/m3;
n ig the ventilation rate of the basement, in air changes per hour;
V id thetair volume of the basement, in m3.

rmula (18) gives the heat flow from the whole basement. The heat transfers throughthe floo
asement are interlinked, and for this reason, the first two terms in Formula (18)/for’the heatf

(18)

r and
flow

d the

(19)

(19)

se-

In the abser

Calculate Uy

£ il s C o 1 £ Fa¥ils NN 1 1 1 ]
LT UL SPTLITIU HOITUTTIAtIUIn, 4 vdiuT Ul 7l = U, o dIl LIIdITETS PTT TIUUTL IIIdy DT USTU.

sus and Uy, in accordance with ISO 6946.

Calculate Ufg; and Uwg;p in accordance with 7.3.

NOTE

The average temperature in the basement can be calculated by the method in Annex G.

The steady-state ground heat transfer coefficient between internal and external environments is
obtained using Formula (1).

18
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7.5 Partly heated basement

The heat flow rates for partly heated basements are calculated by the following procedure:
a) calculate the heat flow rate for a fully heated basement;

b) calculate the heat flow rate for an unheated basement;

c) combine the heat flow rates in a) and b) in proportion to the areas of heated and unheated parts of
the basement in contact with the ground in order to obtain the heat flow rate for a partly heated
basement.

7.6 | Effective thermal resistance of floor construction

In trgansient methods for the calculation of heat flows or temperatures in buildings using a time interval
of onfe hour or less, the effective thermal resistance of the floor construction (ineluding the|effect of the
groupd) is calculated as follows:

1
Reer = U R (20)

wherte

Rr.eff is the effective thermal resistance of the floor construction (including the effect pf the
ground), in m2-K/W;

v is the thermal transmittance of the floor as‘calculated in 7.1, 7.2, 7.3 or 7.4, in W/[mZ2-K).

NOTH U includes the annual average effect of grouind.
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Annex A
(normative)

Input and method selection data sheet — Template

A.1 General

The templalte in Annex A of this document shall be used to specify the choices between method

required inf

NOTE1 Fd
NOTE 2
by national/]
national/reg

ng
choices, in lin
document, in
their legal do

NOTE 3
certification
for different
values and cHi

by

by
b, c, ... For ex

by
annex to the

NOTE4 In
about the apy
NOTE5  Fd

could contair
national asse

ut data and references to other documents.

llowing this template is not enough to guarantee consistency of data.

egional regulations. If the default values and choices of Annex B are not adopted because
onal regulations, policies or national traditions, it is expected that:

tional or regional authorities prepare data sheets containing the national or regional value
e with the template in Annex A; or

default, the national standards body will add or include a“national annex (Annex NA) t
line with the template in Annex A, giving national or regional values and choices in accordancg
cuments.

The template in Annex A is applicable to different applications (e.g., the design of a new bui

pf a new building, renovation of an existing building and certification of an existing building
Lypes of buildings (e.g., small or simple buildihgs and large or complex buildings). A distinct
oices for different applications or building types could be made:

adding columns or rows (one for each@pplication), if the template allows;

including more than one version-of a table (one for each application), numbered consecutively
hmple: Table NA.3a, Table NA.3b;

developing different national/regional data sheets for the same standard. In case of a naf
standard these will beconsecutively numbered (Annex NA, Annex NB, Annex NC, ...).

the section “Intréduction” of a national/regional data sheet information can be added, for ex4
licable national/regional regulations.

r certaindnput values to be acquired by the user, a data sheet following the template of Anf
areference to national procedures for assessing the needed input data. For instance, refereng
ssmefitPprotocol comprising decision trees, tables and pre-calculations.

5, the

Informative default choices are provided in Annex B. Alternative values and cHejces can be imposed

f the

5 and

this
with

ding,
) and
on in
r as a,
ional

mple

ex A,
e toa

The shaded

ficlds in the tables are part of the template and consequently not open for input.

A.2 References

The references, identified by the module code number, are given in Table A.1.
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Table A.1 — References

Reference Reference documenta
Number Title

Mx-yb

a  Ifareference comprises more than one document, the references may be differentiated.

b In this document, there are no choices in references to other EPB standards. The table is kept to maintain uniformity
between all EPB standards.

A.3 | Selection of methods

Table A.2 — Choice of calculation methods (see 5.2)

Item Choice k(b:)
Method c) in 5.2 allowed? Yes/No
If yes, method for thermal bridging Numerical calculation

Thermal bridge catalogue
Manual calculation
Default values

If yes, tabulated U-values (as input for For- |If yes, provide a list with construction types
mula (1) allowed for existing buildings? and corresponding U-values, for instance as
function'of year of construction.

Table A.3 — Allowing for phase difference (see 5.3 and C.1)

Item AQ\ Choice
Method of calculation of heat flow {ﬁ&.\v)ia One of:
the ground ‘\\C) a) calculation of the ground heat flow rate

C) separately for each month
@ : b) calculation of the average ground heat flow
O rate during the heating season
Q c) calculation of the annual average ground
C\O heat flow.

A.4 | Input dataand choices

Table A.4 — Thermal properties of the ground (see 6.4.1)

N Item Choice

Differentiatiom imground category Yes/No

If yes, specify the procedure to classify the soil
category (free text).

If no, give soil category (1, 2 or 3; see Table 9).

Thermal properties of the ground Either:

a) specific values, which can be given for
different locations, or

b) reference to Table 9.

© IS0 2017 - All rights reserved 21


https://standardsiso.com/api/?name=af31d4e7ab36716c94702181001d16d8

ISO 13370:2017(E)

Table A.5 — Ground surface temperatures (see 6.5.2)

Item Choice

Ground surface temperature Either:

a) specific values, which can be given for
different locations, or

b) use external air temperature.

Table A.6 — Flowing ground water (see 6.6.4)

Item .noice

Flgwing ground water Either:
a) no allowance for flowing ground water, on

b) details of locations where flowing ground
water is to be taken into account together with
the water table depth, mean drift velocity of the
ground water and a reference to1SO/TR 52019-
2 or to an alternative calculatioh/method.

Table A.7 — Wind shielding factors (see Z:2)

Item \\%hvoice

Diffferentiation in location category Yes/No

([ vt dEE EEoE) If yes, specify-the procedure to classify the

location category (free text).

If no; give the location category (1, 2 or 3; see
Table 10).

Wihd shielding factors N Either:
S

N7 (@) specific values, which can be given for
. C) different locations, or

A@ b) reference to Table 10.

Table A.8 — Partial basements (see 7.3.1)

1&1? Choice
Approximation fi Ftial basements Yes/No
in }.3.1 allowed?«

Table A.9 — Month number (see C.2)

%\ Item Choice
Month number with minimum external Value (whole month of fraction of a month).
temperature Can be given for different locations.

Table A.10 — Edge insulation (see D.1)

Item Choice
Procedures in Annex D allowed for edge Yes/No

insulation of floor slab?
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Annex B
(informative)

Input and method selection data sheet — Default choices

General

The
requ

NOTH

NOTH
by n3
natio

choic

docu
their

NOTH
certif
for d
valud

anne

NOTH
abou

NOTH
could
natio

.|. For example: Table NA.3a, Table-NA.3b;

template in Annex A of this document shall be used to specify the choices between'n
red input data and references to other standards.

1  Following this template is not enough to guarantee consistency of data.
2 Informative default choices are provided in Annex B. Alternative values.and choices ca
tional/regional regulations. If the default values and choices of Annex B are not adopted b

hal/regional regulations, policies or national traditions, it is expected that;

national or regional authorities prepare data sheets containing the national or region
es, in line with the template in Annex A; or

by default, the national standards body will add or.include a national annex (Anne;
ment, in line with the template in Annex A, giving national o regional values and choices in acc
legal documents.

3
ication of a new building, renovation of an existing building and certification of an existing
fferent types of buildings (e.g., small or simple*buildings and large or complex buildings). A
s and choices for different applications or btiilding types could be made:

by adding columns or rows (one.for each application), if the template allows;

by including more than oneversion of a table (one for each application), numbered conse

by developing different national/regional data sheets for the same standard. In case
k to the standard these(will be consecutively numbered (Annex NA, Annex NB, Annex NC, ...).

4 In the sectidnyIntroduction” of a national/regional data sheet information can be added
the applicable national/regional regulations.

5 Forscertain input values to be acquired by the user, a data sheet following the templat
contain a'reference to national procedures for assessing the needed input data. For instance,
hal assessment protocol comprising decision trees, tables and pre-calculations.

hethods, the

h be imposed

bcause of the

h]l values and

k NA) to this
ordance with

The template in Annex A is applicable to different applications (e.g., the design of a ew building,

building) and

listinction in

cutively as a,

of a national

, for example

b of Annex A,
eference to a

The {

haded fields in the tables are part of the template and consequently not open for inpuf.

B.2

References

The references, identified by the module code number, are given in Table B.1.
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Table B.1 — References

Reference Reference documenta
Number Title

Mx-yb

a  Ifareference comprises more than one document, the references may be differentiated.

b In this document, there are no choices in references to other EPB standards. The table is kept to maintain uniformity
between all EPB standards.

B.3 Selec¢tion of methods

Table B.2 — Choice of calculation methods (see 5.2)

Item Choice k(bg
Mejthod c) in 5.2 allowed? Yes
If yles, method for thermal bridging? Default values (ISO 14683)
If yles, tabulated U-values (as input for For- |A list with construction typés and correspond-
mula (1) allowed for existing buildings? ing U-values, for instance as function of year

of construction, depends on the national/
regional building tradition and thermal or
energy performahce requirements at the year
of construction:

Table B.3 — Allowing for phase difference (see 5.3 and C.1)

Item AQ\' Choice
Metthod of calculation of heat flow rate €alculation of the annual average ground
thnough the ground ‘x('\)& heat flow

B.4 Input data and choices

Table B.4 —Thermal properties of the ground (see 6.4.1)

I;e}@ Choice

Diffferentiation i@ﬂ{ld category No
_ Use category 2 in Table 9
Thermal rties of the ground Use Table 9
Table B.5 — Ground surface temperatures (see 6.5.2)

Item Choice
Ground surface temperature Use external air temperature

Table B.6 — Flowing ground water (see 6.6.4)

Item Choice
Flowing ground water No allowance for flowing ground water
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Table B.7 — Wind shielding factors (see 7.2)

Item Choice

Differentiation in location category No

(for wind shielding factors) Use category 2 in Table 10

Wind shielding factors Use Table 10

Table B.8 — Partial basements (see 7.3.1)

Item Choice
Approximation for partial basements Yes
in 7.3.1 allowed?
Table B.9 — Month number (see C.2)
Item Choice ,\O_)J
Month number with minimum external T =1 in the northern heniisphere and
temperature T =7 in the southern hemisphere.

NOTE 7 =1 assumes the minimum temperature occurs in the middlelef January and the maximn
temperature in the middle of July, and 7 = 7 assumes the converses This is a good approximation
many climates.

um
for

Table B.10 — Edge insulation (see D.1)

Item .}(\Q) Choice
Procedures in Annex D allowed for edge | Yes
insulation of floor slab? X%

© IS0 2017 - All rights reserved
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Annex C
(normative)

Calculation of ground heat flow rate

C.1 Methods of calculation

Three meth
a) calculat
b) calculat

(see C.4));
c) calculaf
A template

choice prov

NOTE T
necessary or

C.2 Mont

To allow for
a steady-st4
component
average ext
the internal

The interna
values in thg

int,m

[wn¥l

e,m

where

lded in Table B.3.

bds of calculating the heat flow rate, @, are provided:
ion of the ground heat flow rate separately for each month (see C.2 and C.3);

ion of the average ground heat flow rate during the heating season andjcooling s¢

’

ion of the annual average ground heat flow rate (see C.5).

for defining which method is to be used is given in Table A.3, with an informative d¢g

e appropriate method can depend on the purpose of the calculation and the accuracy to whic
appropriate to evaluate the heat flow rate.

hly heat flow rate using sinusoidal temperature variations

the effect of the large thermal inertia of-the ground, the heat transfer is representg

te, or average component, together with’ an annual periodic component. The steady-
is related to the difference between annual average internal temperature and ar
ernal temperature. The periodic-cemponent is related to the amplitude of the variati
and external temperatures abouttheir respective average values.

| and external temperatures-are assumed to vary sinusoidally about their annual av{
 following form:

nt ~cos{2n~{m_r

12
o —Qe 'COS|:27'C'(

J}

~

0.

1

eint -

m-rvT
12

ason

fault

h it is

d by
state
inual
pn of

brage

€1

(C.2)

int,m

D

int

int

26

is the monthly mean internal temperature for month m, in °C;

is the annual average internal temperature, in °C;

is the amplitude of variations in monthly mean internal temperature, in K
(as defined in 6.5.1);

is the monthly mean external temperature for month m, in °C;

is the annual average external temperature, in °C;
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0 is the amplitude of variations in monthly mean external temperature, in K
e (as defined in 6.5.2);
m is the month number (m = 1 for January to m = 12 for December);
T is the month number in which the minimum external temperature occurs (if appropriate, T

may be expressed as a decimal number).

T should be assessed from consideration of the average external temperature for each month; shorter
term fluctuations should not be included. It can be based on climatological information for the country
or location concerned, expressed in whole months or a fraction of a month depending on the information
availpble.

A template for defining wind shielding factors is given in Table A.7, with the default provided in Table B.7

NOTE1  Only the annual average temperature and the annual amplitude are required*for calculptions. These
quantities can be derived from monthly values.

Figure C.1 illustrates the definitions of 6, and 6, . The same applies to th€'internal temperpture.

YA
Ocim

5

\

Yy
Key

month numbeym+{m = 1 for January to m = 12 for December)

=~ X

temperature) g

annual average external temperature

|

e

0 amplifude of variations in monthly mean external temperature
e

Oe:m Lmenthly mean external temperature for month m

Figure C.1 — Illustration of the variation of external temperature over a year (in northern
hemisphere)
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The average rate of heat flow in month m is then given by

— — - m-t+ao - m-t-—
@, =Hy (0, —6,)—Hpy; -0y, - cos [Zn : TJJF Ho, -6, COS(ZTE : T] (C:3)
where
@, isthe average rate of heat flow in month m, in W;
Hg  isthe steady-state ground heat transfer coefficient, in W/K;
Hp;  idthe internal periodic heat transfer coefficient, in W/K;
Hpe igthe external periodic heat transfer coefficient, in W/K;
0. . i the annual average internal temperature, in °C;
m
é_ . i the amplitude of variations in monthly mean internal temperature, ifK;
n
0 i the annual average external temperature, in °C;
e
0 igthe amplitude of variations in monthly mean external temperature, in K;
e
a id the time lead of the heat flow cycle compared with that of the internal temperature, in
njonths;
B ig the time lag of the heat flow cycle compared.with that of the external temperature, in
nmjonths;
T i the month number in which the minimum external temperature occurs.

Hpi and Hpelinclude the effect of thermal bridging at the floor edge. If they are calculated withoyt the
effect of edge-related heat transfer, a term P¥; shall be added to each of them (see 5.2).

NOTE 2 Tlhe periodic heat flow cycle)leads the internal temperature variation and lags the extlernal
temperature [variation. In this document,Ja and 8 are both positive numbers; the lead/lag is taken into accofint in

the way Fornpula (C.3) is written.
For detailed| calculation of Hpg; 'see ISO 10211.

Annex H giyes practicalformulae to calculate the coefficients Hp; and Hpe and the phase differgnces
a and .

Formula (C.B) asSwines that the annual variation of internal temperature is such that 6j, is lower in
winter than|imsummer. If the reverse applies, fint should be taken as negative.

NOTE3  For calculations based on an assumption of constant internal temperature, iyt = 0 and Hpj need not be
considered.

C.3 Monthly heat flow rate using monthly average temperatures

The monthly heat flow rate is calculated by

¢,=U-4 (e_int - G_e ) +P W (eint,m - 6e,m ) - Hpi ' (eint - eint,m ) + Hpe ’ (ee - ee,m) (C4)

where it is assumed that the phase differences a and f (see C.2) are zero and where U and A refer to the
constructions in contact with the ground.
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C.4 Average heat flow rate over heating season or cooling season

For seasonal heat transfer calculations, the effect of the phase difference between the heat flow and
the temperature variations can usually be ignored. The average rate of ground heat flow over a heating
season is then determined from the average of the cosine terms in Formula (C.3) over the heating season:

D =Hy (0 —0,)—7 Hy O +7-H -6, (C.5)

where the value of y, which depends on the length of the heating season, is given by Formula (C.6):
+2——F
= - sin (C.6)
n-m 12

whete n is the number of months in the heating season.
Formula (C.5) assumes that the annual variation of internal temperature is)such that 6/ is lower in
winter than in summer. If the reverse applies, 6, , should be taken as negative.
NOTH For calculations based on an assumption of constant internal tempeérature, éi = 0 and Hj; need not be
considered.
The lise of Formula (C.5) is appropriate for heat loss calculations made on a seasonal, rather than a

mont

Forny
varis
losse
unde

The 4

NaY

with

C.5

If 6,

hly, basis.

ula (C.5) can also be used for heat loss calculatietis made on a monthly basis, in casq
tion in ground losses between months is not required. This has the effect of treating
s as a constant term, thus overestimating these losses at the ends of the heating
restimating the losses at the middle of the-heating season.

wverage rate of heat flow over the coeling season is calculated similarly:

~

D:Hg '(eint _ee)+y'Hpi'eint_y'Hpe'9

~

e

y from Formula (C.6) usingthe number of months in the cooling season for n.

Annual average’heat flow rate

¢+ 0, or thelerigth of the heating season is not known, or if the ground losses are r¢

appr

comlo

bximately,the ground heat flow rate can be taken as a constant term equal to the
nent:

s where the
the ground
season and

(C.7)

quired only
steady-state

:Hg '(einf _99)

(C.8)

This is often an adequate approximation, especially if the heating season is long or if éi and ée have

oppo

C.6

site effects on the heat flow.

Maximum monthly heat flow rate

The maximum monthly heat flow rate is given by

D
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the external temperature variation.

This expression corresponds to a constant internal temperature and the maximum contribution from

C.7 Monthly ground heat transfer coefficient as input for monthly calculations of
the thermal balance in a building

NOTE 1

Annex F for input quantities for the hourly calculation method in ISO 52016-1.

The ground

heat transfer coefficient, Hg;an;m, in month m is given by:

g;an;m

NOTE 2
the monthly
between the

Seasonal va

Formula (C.

H g iy

where mH
(Southern h

Seasonal va

Formula (C.

The annual average temperature difference is used in Formula (C.10) because the differénce bet

@m

eint - ee

nternal and external temperatures can be zero. Hg;an,m is intended to be used-with the diffe
nternal temperature in month m and the annual average external temperature.

Jues adjusted to the average temperature difference over the heating season are givg

| 1):
2 (eint;m;H - ee;m;H )

-0

int;an

6 (9 e;an )
lenotes the sum over October to March (Northern hemisphere), or April to Septe

emisphere).

Jues adjusted to the average temperature difference over the cooling season are givq

[2):

2 Hg;an;m z (eint;m;C \ ee;m;C)
_ mC

The quantities in this sub-clause are for use in the monthly calculation method of ISO 52016-1. See

£.10)

ween
Fence

en by

C.11)

mber

n by

mC ~
S e (6.0 o (+12)
( intan e;an)
where mC dlenotes the sum dver April to September (Northern hemisphere) or October to March
(Southern hpmisphere).
NOTE3  H{;H;adj and HgCiadj are intended for calculation of the time constant of the building or conditioned|zone.
C.8 Total heattransfer during heating season or cooling season
The total helattransfer vig the grnnnr‘l isthe infpgr‘:\] of the heat flow rate which can be represent hd by
a sum of monthly values:
)
0= Q, (€.13)
m:m1
Q, =86400xN _ @ (C.14)

where

30
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Qm
Nm
D
my

my

is the total heat transfer, in J;

is the heat transfer in month m, in J;

is the number of days in month m;

is the rate of heat transfer in month m, in W;

is the first month of the heating or cooling season;

is the last month of the heating or cooling season;

IS0 13370:2017(E)

In thE case of an average heat flow rate from Formula (C.4) or Formula (C.7):

86400

is the number of seconds in one day.

Q=86 400 x N-®

whete N is the total number of days in the heating season.

(C.15)
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Annex D
(normative)

Slab-on-ground with edge insulation

D.1 General

A slab-on-g
perimeter o
edge insulaf

Numerical 1
transmittan
shall not be

A template {
an informat

The effect (

Found floor can have edge insulation, placed either horizontally or vertically aloh
f the floor. The formulae given in this annex are applicable when the width or depth
ion, D, is small compared to the width of the building.

nethods may be used as an alternative. Where numerical calculationsiof’linear the

included in addition.

or defining any restrictions on use of the method in this annex-is given in Table A.10,
ve default choice provided in Table B.10.

f edge insulation is treated as a linear thermal transmittance, ¥geqd, which is obtg

in accordanjce with D.2 for horizontal edge insulation, or in accérdance with D.3 for vertical

insulation. I
vertical edg

If the found{
or externall
giving the g

NOTE 1
uninsulated
floor but can

Formulae (I

Low-density foundations, of thermal conductivity less than that of the soil, are treat
e insulation. ¥g eq has a negative value.

ition detail has more than one piece of edge ifisulation (vertically or horizontally, inter
y), calculate Wy o4 by the procedures below\for each edge insulation separately, and usgq
Featest reduction in heat loss.

The formulae given in this annex provide good estimates of the effect of adding edge insulati

loors. They underestimate the effect of adding additional edge insulation to an already insy
nevertheless be used the effect,of the edge insulation will be at least that predicted.

d’, defined a
d=R2A

where R’is {
difference b

R'=R

n

.5) and (D.6) include the.additional equivalent thickness resulting from the edge insulg
:

he additional thermal resistance introduced by the edge insulation (or foundation), i.¢
etween the thermal resistance of the edge insulation and that of the soil (or slab) it repl

d

n

b the
f the

rmal

ce incorporate the effect of any edge insulation, calculations in accordance with this annex

with

lined
edge
bd as

nally
that

on to
lated

tion,

(D.1)

. the
aces:

(D.2)

A

where

Ry is the thermal resistance of the horizontal or vertical edge insulation (or foundation),
in m2-K/W;

dn

32

is the thickness of the edge insulation (or foundation), in m.
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When g eq is included in the calculation, Formula (1) is modified to:

Hy=(A-U)+P- (¥, +¥ (D.3)

g ged )

For steady-state calculations, the effect of the edge insulation may be incorporated into the thermal
transmittance of the floor using Formula (D.4).

Z'Tg;ed

Ufg;sog = Ufg;sog;O + B

(D.4)

whette Ugg;sog;0 is the thermal transmittance of the floor without edge insulation; in [which case,
Formula (1) applies for calculation of the steady-state ground heat transfer coefficient.

NOTE 2  Any all-over insulation of the floor slab is included in the calculation of U.

NOTE 3  Both ¥gand ¥g;eq are included in Hpj and Hpe (see Annex C).

D.2 | Horizontal edge insulation
Formula (D.5) applies to insulation placed horizontally along the petimeter of the floor (see Figure D.1):
b d d:_i In £+1 —In D -+ 1 (D.5)
&e T d; de +d
where

D isthe width of horizontal edge insulatiotfyin m;

d’ isas defined in Formula (D.1).
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\—/\J
,-f“‘” a d/ ‘  4>
‘ (Y
\/\/\/U\/\/U\/\/U\/U
2
,Eﬁ
D -
%\3
%

Key

floor slalp

horizontpl edge insulation

foundatipn wall
dn thickness of the edge insulation (or foundation)
D  width offhorizontal edge insulation

Figure D.1 — Schematic diagram of horizontal edge insulation

Figure D.1 shows edge insulation below theslab. Formula (D.5) also applies to horizontal edge insul

above the sl
D.3

Formula (D
(see Figure
(see Figure

Ver

bd

w;f

hb or external to the building:

lical edge insulation

6) applies to insulation placed vertically below ground along the perimeter of the
D.2) and to.4oundations of material of lower thermal conductivity than the gr

| A
T

2-D

2D, 2-D

’

htion

floor
pund

(D.6)

e

f

where

D
dl

is the depth of vertical edge insulation (or foundation) below ground level, in m;

is as defined in Formula (D.1).

Figure D.2 shows edge insulation inside the foundation wall. Formula (D.6) also applies to vertical edge
insulation outside or within the foundation wall.

34
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% Y
A
QU
=1

D
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5
N

Key
1 foundation wall

floor slab

Yertical edge insulation

dn thickness of the edge insulation (or foundation)

D  depth of vertical edge insulation (or foundation) below ground level

Figure D.2 — Vertical edge insulation (insulation layer)
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A
 J

Z

Key
1 low dendity foundation wall with A, <A
2 floorslal
dn thickness of the edge insulation (or foundation)

D  depth offvertical edge insulation (or foundation) below ground level

Figure D.3 — Vertical edge insulation (low density foundation)
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Annex E
(informative)

Heat flow rates for edge and central regions of a building

The formulae in this document give the total heat flow rate through the whole floor. When the heat
flow rate is required for individual rooms of a building, in which some rooms have external walls and
someg do not, the heat flow through the floor may be divided into two parts, applicable regpectively to
roon}s having external walls (the edge region) and rooms having no external walls (the"eentral region).
To obtain the total heat flow for each region, add the contribution due to the walls and-ether elements.

The $teady-state heat flow rate is first calculated for the whole floor, ®;. This is then divided into heat
flow|rate for the edge region, @, and for the central region, @y, as follows:

A

(De = @t . € (E'l)
b+df-tot
Am _ +Ae
0,5><B+df;t0t
cDm :d)t —(De (E.2)
D
q. =—=2 (E.3)
e
Ae
(0]
q_=-—=2 (E.4)
m
Am
where

de isthe density of heat{flow rate for rooms at the edge of the building;

is the density of(heat flow rate for rooms in the middle of the building;
4le isthe total floor area of rooms at the edge of the building;

Am is the total floor area of rooms in the middle of the building;

1 issthe’average width of rooms at the edge of the building, equal to Ae divided by tHe total
eéxposed perimeter;

ratl ool H 1 rlas ol =i 1 laotad q e al v Laoditail fl f
I;Tot IS HITTUTAT TUUIVATCTIITTIIIURITTS S, U, talt Uldttu dLLUT U5 TU UCIdaust 7, dpPpprintututr ooro

the whole building;
B is the characteristic dimension of the whole floor as defined in 6.7.1.

Periodic heat transfer due to annual variation in external temperature should be applied only to rooms
at the edge of the building.
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NOTE 1
C.7 for input

This annex
transient m
of one hour

The floor canstruction together with the ground is modelled as a single component,consisting of

layer in the

Table 9 pro
choices is gi

In this anne

The virtual
Ryi and has

R

Vi

where

is
ca
co

is
is
Rg is

For the pur
its thermal
values (1 kg

The bounda

1
U

Annex F
(normative)

Application to dynamic calculation programmes

quantities for the monthly calculation method in ISO 52016-1.

The quantities in this sub-clause are also for use in the hourly calculation method of ISO 52016-1. See

provides a method for treating heat transfers through the ground in connection

pr less.
Floor construction plus 0,5 m depth of ground plus a virtual layer.

ven in Table A.4, with an informative default choice provided in Table B.4.

X, U is Ufg;sog, Ufg;sus, Ubg;eff O Uyp, depending on floor type-

hegligible thermal capacity. Ry; is calculated from Formiula (F.1):

~R;—R; —R,

'he steady-state thermal transmittance of the floor including the effect of the ground,
hditions and assumptions applicable to calculation of U by this document;

he internal surface resistance of the floor;

he total thermal résistance of all layers in the floor construction;

he thermal re§istance of 0,5 m of ground; Rg = 0,5 / Ag (see Table 9).

m3 and 1]/(kgK), respectively).

y-condition at the bottom of the virtual layer is a virtual temperature, Oy;

bthods for the calculation of heat flows or temperatures in buildings, using a time int

vides different choices for the properties for the 0,5 m ground.layer. A template fo

ayer is included so that the annual average heat flow is.correct. It has a thermal resist

culated by the methods in this decument or by a numerical method using the boundar

boses of thethermal model, the virtual layer can be assigned a thickness of 0,1 m sg
conductivity is 0,1/Ry;. Its density and specific heat capacity should be zero or very 9§

with
brval

each

r the

ance

(F.1)

y

that
mall

6yi can be assigned for each month of the year according to

0

vi,m

=0

cDm _P'lef '(e_int _Qe)
A-U

int,m

(F.2)

where @, is calculated in accordance with Formula (C.4) and the other inputs to the formula are
explained under Formula (1) and/or Formula (C.3).

NOTE

As the formula for the virtual temperature shows, any edge-related heat transfer is explicitly

subtracted from the monthly heat flow rate. In dynamic calculations, the edge-related heat transfer is a linear
heat flow element without inertia, like all other linear thermal bridge elements.
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