INTERNATIONAL ISO
STANDARD 13370

Second edition
2007-12-15

Thermal performance of buildings|— Heat
transfer via the ground — Calculation
methods

Performance thermique des batiments — Transfert de chalgur par le
sol — Meéthodes de calcul

e Reference number
= — 1ISO 13370:2007(E)

© SO 2007


https://standardsiso.com/api/?name=bd511592cf998284cddad2e51a82d595

ISO 13370:2007(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2007

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © IS0 2007 — All rights reserved


https://standardsiso.com/api/?name=bd511592cf998284cddad2e51a82d595

ISO 13370:2007(E)

Contents Page
o] =NV o iv
e Yo 11 T o) P \'
1 T o - PSSP 1
2 Lo B LYo =] =Y =Y 4 Lo Y W S 1
3 Terms, definitions, symbols and UNItS .........ccccciiiiicccciecrnin s ba ks ab e e e e e 2
31 Terms and definitions..........ooo oo b na e e 2
3.2 3201 o e 3= T Lo IU 1o T £ PR P SN PSR 3
4 [ =T 4o ER o o= Lo U1 P 1o o 1S S S 3
5 Thermal PropPerties ... s e e bansh s e s s smmmme e e s essens s aheseesansssnnmnnns 4
5.1 Thermal properties of the ground.............iriiiiiciccire e S b 4
5.2 Thermal properties of building materials...........ccoooriir i BN b 5
5.3 SUrface resiStanCes .......cccoviiiiciieirriiirrccerr e srscsmnreeeee s afesmnn e e e s s s ssmne s e e s se s s smmnnne e shesssssmnne e e e e 5
6 Internal temperature and climatic data...........ccccooeere e QL i s 5
6.1 Internal temPerature ... A s e e e e e mmne e e e e neshan e e e 5
6.2 L0 11 4 F= 1o - | 1 R S 5
7 Thermal transmittance and heat flow rate....... 00 e 6
71 Thermal transSmittancCe ..........oooo i s b e 6
7.2 Thermal bridges at edge of floOor.............. L ssne e e abe e e s e nmenes 6
7.3 Calculation of heat flow rate................. 5 e eh e 6
7.4 Effect of ground water............iee i snne e e b e 6
7.5 Special CaSes .......oocccirrereirecere s e nmee e e 7
8 Parameters used in the calculations ... e 7
8.1 Characteristic dimension of floOr ........... e b 7
8.2 Equivalent thiCkNess ... e smn e s s smmne e s s se s mmmn e e e s e ssshanme e e e e nesnnnn 8
9 Calculation of thermal transmittances ...........ococcoooomiii e e 8
9.1 Sl1ab-0on-ground flOOr ..........ccveiiiiiiir i 8
9.2 ST UL o 7= T L= o I8 i oY 1 2SS ORUPP PSR 9
9.3 Heated basement ...........oo i 12
9.4 Unheated bBasement............iiiiin s 14
9.5 Partly heated basement ............cccooiiiirinrrcrcrrrrrrrrrrr s s s s s s s s s s s s s s s s s s s s s s s s s e s s eeensnsssnnnnns 14
Anngx A (normative) Calculation of ground heat flow rate ..........cccccciiriircccciccrre e e, 15
Anngx B/(hormative) Slab-on-ground with edge insulation ..........ccccciiiiiiincicncic b, 20
Anngx-C (normative) Heat flow rates for individual rooms..........cccciiiiiiiiiniccncic b 24
Annex D (normative) Application to dynamic simulation programmes .........cccccciiiiccccierrnenenscccccsnceeenee, 25
Annex E (normative) Ventilation below suspended floors ... e 26
Annex F (informative) Periodic heat transfer coefficients ..........ccccociiiiiiiiccicc e 29
Annex G (informative) Thermal properties of the ground. ... 33
Annex H (informative) The influence of flowing ground water..........ccccei i 35
Annex | (informative) Slab-on-ground floor with an embedded heating or cooling system .................... 37
Annex J (informative) Cold StOres ...t 38
Annex K (informative) Worked eXamples.........cccceiiiiiiiinniii s s s s s 39
=1 0 [T'e o - o] 172 48

© IS0 2007 — All rights reserved iii


https://standardsiso.com/api/?name=bd511592cf998284cddad2e51a82d595

ISO 13370:2007(E)

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
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Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft Intermational Stan

the technical committees are circulated to the member bodies for voting. Publication
Standard requires approval by at least 75 % of the member bodies casting-a vote.

P

[«

rawn to the possibility that some of the elements of this document may be the subject of
pall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 163, Thermal pefformance and energy use
nent, Subcommittee SC 2, Calculation methods.

edition cancels and replaces the first edition (ISO@3370:1998), which has been techn

principal changes have been made to the firstiedition:

contains a revised text to clarify the intention of the initial part of the former Annex A; the r
er Annex A is now contained in ISO.10211;

nger contains a table of linear¢hermal transmittances: it is now recognized, as with other th
that the wall/floor junction often needs to be calculated;

des an alternative formulafor well-insulated floors;
des clarification forlow-emissivity surfaces;
contains formulae for cooling applications;

has in€orporated minor revisions to the text for edge-insulated floors;
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Annex F

(formerly Annex C) has been changed to informative status.
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oduction

This International Standard 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, which gives the method of calculation of the thermal transmittance of building

elem
with

surfa
grour

ISO 1

The
analy
temp

In thi
heat

Ther
cons

floory.

Thermal transmittance, although defined for steady*state conditions, also relates average heat flo

temp
varia

and the daily average heat loss can be:feund from the thermal transmittance and daily avera

outsi

thernal inertia of the ground results_in periodic heat flows related to the annual cycle of internal
bratures. The steady-state heat flow is often a good approximation to the average heat flow over the

temp
heati

In ad
trans
the a

Anne
unde

Work

he ground. The division between these two International Standards is at the level of“th
Ce for slab-on-ground floors, suspended floors and unheated basements, and at the level o

3789.

calculation of heat transfer through the ground can be done by numericakcalculations, whi
sis of thermal bridges, including wall/floor junctions, for assessmeént~of minimum inte
bratures.

5 International Standard, methods are provided which take acceunt of the three-dimensional
flow in the ground below buildings.

al transmittances of floors give useful comparative valiies of the insulation properties of
ructions, and are used in building regulations in somé&’countries for the limitation of heat lo

ions in heat flow into and out of storage‘related to daily temperature variations, but this &

le temperature difference. For flodrs'and basement walls in contact with the ground, howe

ng season.

dition to the steady-state'part, a detailed assessment of floor losses is obtained from annual
fer coefficients related’to the thermal capacity of the soil, as well as its thermal conductivity,
Mmplitude of annual-variations in monthly mean temperature.

x D provides~a method for incorporating heat transfers to and from the ground into
rtaken atshort time steps (e.g. one hour).

ed ‘examples illustrating the use of the methods in this International Standard are given in Ar

rmal contact
inside floor
the external

d surface for heated basements. In general, a term to allow for a thermal bridgef associgted with the
wallffloor junction is included when assessing the total heat loss from a building using meth

ods such as

ch also allow
rnal surface

nature of the

Hifferent floor
5ses through

W to average

erature difference. In the case of walls and roofs exposed to the external air, there are glaily periodic

verages out,
ge inside-to-
er, the large
and external

periodic heat
together with

calculations

nex K.
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INTERNATIONAL STANDARD ISO 13370:2007(E)

Thermal performance of buildings — Heat transfer via
the ground — Calculation methods

1 cope

This |nternational Standard provides methods of calculation of heat transfer coefficients and heat

flow rates for

building elements in thermal contact with the ground, including slab-on-ground floors,\suspende¢d floors and

basements. It applies to building elements, or parts of them, below a horizontal plane.in the bour
the blilding situated

— r slab-on-ground floors, suspended floors and unheated basementSqat the level of the
urface;

OTE In some cases, external dimension systems define the boundary at the lower surface of the
— fopr heated basements, at the level of the external ground surface.

This [International Standard includes calculation of the steady-state part of the heat transfer

ding walls of

inside floor

floor slab.

(the annual

avergge rate of heat flow) and the part due to annual periodic variations in temperature (lhe seasonal

variations of the heat flow rate about the annual average). These seasonal variations are o
monthly basis and, except for the application to dynamic simulation programmes in Annex D, this
Stanglard does not apply to shorter periods of time.

2 Normative references

The following referenced documents are indispensable for the application of this documen
refergnces, only the edition Cited applies. For undated references, the latest edition of th
docupent (including any amendments) applies.

ISO 946, Building components and building elements — Thermal resistance and thermal tran
Calcdlation method

ISO 1345, Thefmal insulation — Physical quantities and definitions

ISO 10211 Thermal bridges in building construction — Heat flows and surface temperatureq
calcydtions

ptained on a
International

t. For dated
b referenced

smittance —

— Detailed

ISO 10456, Building materials and products — Hygrothermal properties — Tabulated design values and

procedures for determining declared and design thermal values

ISO 14683, Thermal bridges in building construction — Linear thermal transmittance — Simplified methods

and default values

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=bd511592cf998284cddad2e51a82d595

ISO 13370:2007(E)

3 Terms

3.1

, definitions, symbols and units

Terms and definitions

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

3.141

slab on ground
floor construction directly on the ground over its whole area

3.1.2

suspended
floor constru
the ground

NOTE TH
form part of th

313
basement
usable part g

NOTE TH
3.1.4
equivalent t

(thermal resi
same thermdg

3.1.5

steady-statd heat transfer coefficient

steady-state

3.1.6

internal periodic heat transfer coefficient

amplitude of

31.7
external per
amplitude of

3.1.8
characterist
area of floor

loor

ction in which the lowest floor is held off the ground, resulting in an air void between the\floo
is air void, also called underfloor space or crawl space, may be ventilated or unventitated, and do
b habitable space.

f a building that is situated partly or entirely below ground level

is space may be heated or unheated.

hickness

stance) thickness of ground (having the thermal canductivity of the actual ground) which ha

| resistance as the element under consideration

heat flow divided by temperature difference between internal and external environments

periodic heat flow divided by amplitude of internal temperature variation over an annual cyclé

odic heat transfer coefficient
periodic heat flow-divided by amplitude of external temperature over an annual cycle

c dimension of floor
Hividedby half the perimeter of floor

3.1.9

phase difference

period of time between the maximum or minimum of a cyclic temperature and the consequential maximum or

minimum heat flow rate

© 1SO 2007 — All rights reserved
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3.2 Symbols and units

The following is a list of the principal symbols used. Other symbols are defined where they are used within the
text.

Symbol Quantity Unit

A area of floor m2

B’ characteristic dimension of floor m

c specific heat capacity of unfrozen ground J/(kg'K)
dg total equivalent thickness — ground below suspended floor

dj total equivalent thickness — slab-on-ground floor

dy, total equivalent thickness — basement wall
Hy steady-state ground heat transfer coefficient WIK

h height of floor surface above outside ground level

P exposed perimeter of floor :[

0 quantity of heat J

R thermal resistance m?2-K/W
R; thermal resistance of floor construction m2-iK/W
Rg; internal surface resistance m2-K/W

se external surface resistance m2-KK/W
U thermal transmittance between, internal and external environments W/(m2-K)
Ups thermal transmittance of basement floor W/(m?2-K)
Upw thermal transmittance of\basement walls W/(m2-K)
U’ effective thermal transmittance for whole basement W/(m?2-K)
w thickness of external walls

z depth of basement floor below ground level :[

(0] heat flow-rate W

A thermal’'conductivity of unfrozen ground W/(m-K)
P density of unfrozen ground kg/m3

0 temperature °C

5 linear thermal transmittance associated with wall/floor junction W/(m-K)
e linear thermal transmittance associated with edge insulation W/(m-K)

4 Methods of calculation

Heat transfer via the ground is characterized by:

— heat flow related to the area of the floor, depending on the construction of the floor;

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

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

© 1SO 2007 — All rights reserved 3
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The steady-state, or annual average, part of the heat transfer shall be evaluated using one of the methods

described be

low.

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.

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 8.1): calculations shall be
done in accordance with ISO 10211. The result is applicable to floors having the characteristic dimension
that was modelled.

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

from convertin
the characteri

c) The are
Clause {
calculati

d) The are
Clause {
accorda

Forc)andd
Hg =4

where 'Pg is

In both case

independent

and in the ca

For annual p

5 Therm

5.1

The thermal
values may |

@l properties

Thermal properties of the ground

g the three-dimensional problem to a two-dimensional problem in which the width of the building-is-tal
tic dimension of the floor.

a-related heat transfer calculated by the formulae given in this International*Standard
), together with the edge-related heat transfer obtained from a two-dimensional num
bn in accordance with ISO 10211.

a-related heat transfer calculated by the formulae given in this ¢<nternational Standard
), together with the edge-related coefficients obtained from, for(example, tables prepar
nce with ISO 14683.

, the steady-state part of the heat transfer is given by Equation (1):

[/ + P?’g
bbtained by numerical calculation in method c),@r from a table of values in method d).

5, the method is applicable to a floor of "any size or shape. U depends on floor size, but
of the floor dimensions. Equation (1)(is* modified in the case of a heated basement (see
se of application of Annex B (see B.1).

briodic heat flow, see 7.3 and“Annex A.

properties, of the ground may be specified in national regulations or other documents, and
e used.where appropriate. In other cases, the following apply:

result
en as

(see
erical

(see
ed in

(1)

Sl’g is
D.3.4)

such

a) if known
allowing
b) if the soi

| Use values for the actual location, averaged over a depth equal to the width of the buildin

j and

for the normal moisture content;

| type is known or specified, use the values in Table 1;

c) otherwise, use 4 =2,0W/(m-K)and pc =2,0x 10° J/(m3:K).

NOTE

Annex G gives information about the range of values of ground properties.

© ISO 2007 — All rights re;
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Table 1 — Thermal properties of the ground

Thermal conductivity Heat capacity per volume
Category Description A pc
W/(m-K) JI(m3-K)
1 clay or silt 1,5 3,0x 108
2 sand or gravel 2,0 2,0 x 108
3 homogeneous rock 3,5 2,0 x 106

5.2

Thermal properties of building materials

For the thermal resistance of any building product, use the appropriate design value as defined i

The
cond

If the

NOTH
and is

5.3
Valug

R

Si

hermal resistance of products used below ground level should reflect the -moisture and
tions of the application.

‘mal conductivity is quoted, obtain the thermal resistance as the thicknéss divided by therma

The heat capacity of building materials used in floor constructions is-small compared with that
neglected.

Surface resistances

s of surface resistance shall conform to ISO 6946.

applies both at the top and the bottom of an underfloor space.

6 Internal temperature and climatic data

6.1

If the
shou
contd

To c3

Internal temperature

re are different temperatures-in different rooms or spaces immediately above the floor, a sp
d be used. Obtain this-average by weighting the temperature of each space by the area of
ct with the ground.

Iculate heat flow rates, this International Standard requires:

6.2

annual mear(internal temperature;

N 1ISO 10456.
temperature

| conductivity.

of the ground,

atial average
that space in

Climatic data

To calculate heat flow rates, this International Standard requires:

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;

©I1SO
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c)

above external ground level.

for suspended floors that are naturally ventilated, the average wind speed measured at a height of 10 m

If the ground surface temperature is known or can be estimated, 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 longwave
radiation to clear skies. In such cases, R, should be excluded from all formulae.

7 Thermal transmittance and heat flow rate

7.1 Thermal transmittance

Thermal trangsmittances for floors and basements are related to the steady-state component ofithe| heat

transfer. Methods of calculation are given in Clause 9 for the various types of floor and basement| The

formulae usg the characteristic dimension of the floor and the equivalent thickness of floor ‘insulation| (see

Clause 8).

If the transmission heat loss coefficient for the ground is required, take this as equal to the steadyjstate

ground heat fransfer coefficient, Hy, calculated using Equation (1).

7.2 Thermal bridges at edge of floor

The formulag in this International Standard are based on an isolated floor considered independently of any

interaction bgtween floor and wall. They also assume uniform thermal-properties of the soil (except for effects

solely due to|edge insulation).

In practice, wall/floor junctions for slab-on-ground floors do.not correspond with this ideal, giving rise to

thermal bridde effects. These shall be allowed for in calculations of the total heat loss from a building, by psing

a linear thermal transmittance, S"g.

NOTE THe linear thermal transmittance depends on.the system being used for defining building dimensiong (see

ISO 13789).

The total hedt loss from a building is then calculated on the basis of a separating plane

— at the level of the inside floorcsurface for slab-on-ground floors, suspended floors and unhgated
basemepts, or

— at the leyel of the outside @round surface for heated basements.

NOTE In|some cases,.exiérnal dimension systems define the boundary at the lower surface of the floor slab.

The thermal|transmittance of elements above the separating plane should be assessed in accordancg with

appropriate gtandards, such as ISO 6946.

7.3 Calcu

ation of heat flow rate

Heat transfer via the ground can be calculated on an annual basis using only the steady-state ground heat
transfer coefficient, or on a seasonal or monthly basis using additional periodic coefficients that take account
of the thermal inertia of the ground. The relevant equations are given in Annex A.

7.4 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.

© 1SO 2007 — All rights reserved
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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, G,

NOTE lllustrative values of Gy, are given in Annex H.

7.5

Special cases

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

— heat flow rates for individual rooms (see Annex C);

— :lpplication to dynamic simulation programmes (see Annex D).

NOTH
Anne

8 1|

8.1

To a

This International Standard can also be used for slab-on-ground floors with an embedded heatir
I) and for cold stores (see Annex J).

Parameters used in the calculations

Characteristic dimension of floor

low for the three-dimensional nature of heat flow within the ground, the formulae in this

Stanglard are expressed in terms of the “characteristic dimensien” of the floor, B’, defined as th

floor

NOTH

Spec
perin

In th

divided by half the perimeter:

For an infinitely long floor, B'is the width-of the floor; for a square floor, B'is half the length of on

eter.

includling the walls of the basement, and the heat flow from the basement includes an additiona

to the

In thi
the h

perimeter and the depth of the basement floor below ground level.

5 International Standard, P is the exposed perimeter of the floor: the total length of external

eated building.from the external environment or from an unheated space outside the ins
pfore,

for a,complete building, P is the total perimeter of the building and 4 is its total ground-floor a

g system (see

International
b area of the

()

b side.

al foundation details, e.g. edge insulation of the floor, are treated as modifying the hedt flow at the

b case of basements, B'.is_calculated from the area and perimeter of the floor of the basement, not

term related

wall dividing
Lilated fabric.

ea;

v of terraced
the external

environment and excludes the lengths of walls separating the part under consideration from other heated
parts of the building, while 4 is the ground-floor area under consideration;

— unheated spaces outside the insulated fabric of the building (such as porches, attached garages or
storage areas) are excluded when determining P and 4 (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

t

©I1SO

he unheated spaces were not present).
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8.2 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 International Standard:

— d, is the equivalent thickness for floors;

— d, isthe

The steady-

equivalent thickness for walls of basements below ground level.

state ground heat transfer coefficients are related to the ratio of equivalent thickne

ss to

characteristig
thickness to

9 Calcul

floor dimension, and the periodic heat transfer coefficients are related to the ratio of equi
periodic penetration depth.

ation of thermal transmittances

9.1 Slab-

n-ground floor

Slab-on-groynd floors include any floor consisting of a slab in contact with the<ground over its whole
whether or npt supported by the ground over its whole area, and situated at’or hear the level of the external
ground surfafe (see Figure 1). This floor slab may be

— uninsul

ed, or

— evenly ifsulated (above, below or within the slab) over its whole  area.

If the floor ha
procedure in

s horizontal and/or vertical edge insulation, the;thermal transmittance can be corrected usin
Annex B.

alent

area,

g the

Key

1 floor slab
2  ground

 J
A

w  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 8.1 and Equation (2)],
and the total equivalent thickness, d; (see 8.2), defined by Equation (3):

dt:w+/1(Rsi+Rf+Rse) (3)
where

w is the full thickness of the walls, including all layers;

R; 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;

and the other symbols are defined in 3.2.
The {hermal resistance of dense concrete slabs and thin floor coverings may be neglected. Hafdcore below
the s|ab is assumed to have the same thermal conductivity as the ground, and its thermal resistance should
not be included.

Calcylate the thermal transmittance using either Equation (4) or (5), dependifig-on the thermal ingulation of the
floor.

If di k B' (uninsulated and moderately insulated floors),

y:—?l In 24‘1 (4)
nB +dt dt

If dy = B’ (well-insulated floors),

| y)
0,457 x B' +d;

NOTH 1 For well-insulated floors, it can be written alternatively as

1
g =
(Rf + R + Rgg + w//1)+Rg

wherg Ry is the effective thermal resistance of the ground given by

_ 0,457 x B-

R
g 2

The fthefmal 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 2  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 Equation (1).

9.2 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 E.

© 1SO 2007 — All rights reserved 9
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The thermal transmittance is given by Equation (6):

Ur  Ug+Uy

1
U
where

U; is the thermal transmittance of suspended part of floor, in W/(m2-K) (between the internal
environment and the underfloor space);

Ug= R_1 is the thermal transmittance for heat flow through the ground, in W/(m4-K);
9
U, is ap equivalent thermal transmittance between the underfloor space and the outside{accounting for
heat flow through the walls of the underfloor space and by ventilation of the underfloor spage, in
W/(n2-K).
R
't A
<
R g
.’/
1
Key
1 floorsla

h  height of floor surface above outside ground level
R; thermal resistance of floor construction
R, effective thermal resistance of ground

Figure 2 — Schematic diagram of suspended floor

The calculation of U; shall include the effect of any thermal bridging. It may be calculated in accordance with
ISO 6946 or by a numerical method. In the case of a low-emissivity surface on the lower side of the floor, the
surface resistance may be modified using the procedure given in ISO 6946. Surface resistances for
downwards heat flow apply in the case of a heated building, and surface resistances for upwards heat flow
apply in the case of a cooled building.

10 © 1SO 2007 — All rights reserved
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Calculate Ug by means of Equations (2), (7) and (8):

dg =w+ A(Rgj + Rs + Rgg )

Ug =2—/1In ﬂ_m
7:B'+dg d

g

(7)

(8)

where Ry is the thermal resistance of any insulation on the base of the underfloor space, in m2-K/W.

If the_underfloor space extends to an average depth of more than 0.5 m below ground level.

calcu

If ed
Equa

Obta

wher

If hv
Anne

The
level

lated according to Equation (E.2).

Jje insulation is applied around the base of the underfloor space, Ug should be madified
tion (B.3).

n U, from Equation (9):

7X22x%+1450x%

’

Y%

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

U, is the thermal transmittance of walls of underfloor&pace above ground level, in W/(m?2-}
in accordance with 1SO 6946;

is the area of ventilation openings per perimeter length of underfloor space, in m2/m;
is the average wind speed at 10 m:hieight, in m/s;

is the wind shielding factor.

bries round the perimeter of-thefloor, its average value should be used in Equation (9).

X E gives equations forthe calculation of the average temperature in the underfloor space.

vind shielding factor‘relates the wind speed at 10 m height (assumed unobstructed) to that
allowing for thé shielding by adjacent buildings, etc. Representative values are given in Tab

Table 2 — Values of the wind shielding factor

9 should be

according to

9)

), calculated

near ground
e 2.

Wind shielding factor
Location Example
i
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 obtained

using Equation (1).

© 1SO 2007 — All rights reserved
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9.3 Heate

9.3.1

d basement

General

The procedures given for basements apply to buildings in which part of the habitable space is below ground
level (see Figure 3). 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,

the basement.

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

If z varies roy
NOTE 1 If

This Internat
and partly a

nd the perimeter of the building, its mean value should be used in the calculations.
=0, the formulae reduce to those given in 9.1 for the slab-on-ground.

onal Standard does not directly cover the case of a building having partly a flogr on the g
basement. However, an approximation to the total heat loss via the ground,from such a bu

can be obtaiped by treating the building as if it had a basement over its whole area with~depth equal to ha

actual depth
NOTE 2 B3

The procedu
the basemen

NOTE3 TH
accordance w

of the basement part.

sements that are partly heated are treated in 9.5.

t and through the walls of the basement below ground level.

e parts of the walls above ground level can be assessed by their thermal transmittance calcula
th ISO 6946.

9.3.2 Basement floor

To determin
include any i

dt =w-H
where
is th

w

is th
or w

Ry

and the othe

The thermal
the slab is as

al

e Uy, calculate the characteristic dimension for the basement floor using Equation (3)
nsulation of the basement floor in the total equivalent thickness, d4;, given by Equation (10):

A(Rg+ R + Rgg)
e full thickness of the walls’of the building at ground level, including all layers;

ithin the floor slab,-and that of any floor covering;

symbols afe-defined in 3.2.

sumed to have the same thermal conductivity as the ground and its thermal resistance shot

neglected.

ound
Iding
If the

res described give the total heat flow from the basement via.the ground, i.e. through the flpor of

fed in

and

(10)

e thermal resistance-of the floor slab, including that of any all-over insulation layers above, tbelow

resistance of dense concrete slabs and thin floor coverings may be neglected. Hardcore elow

Id be

Use either Equation (11) or Equation (12), depending on the thermal insulation of the basement floor.

If (dy+0,52)

Ut

< B’ (uninsulated and moderately insulated basement floors),

24 nB'

If (d; +0,52)

B nB'+d; +0,5z

e

> B’ (well-insulated basement floors),

+
dt +O,5Z

A

U =
bf 0,

12

457B'+d, +0,5z

(11)

(12)
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Y
A
-

1 floor slab

R; thermal resistance of floor construction

R, thermal resistance of walls of the basement, including all layers
thickness of external walls

z  depth of basement floor below ground level

Figure 3 — Schematic diagram of building with heated basement

9.3.3| Basement walls
Uy depends on totakequivalent thickness for the basement walls, d,,, given by Equation (13):
(- :ﬂ(Rsi+Rw+Rse) (13)

wherg R, i$ the thermal resistance of the walls of the basement, including all layers, and the other symbols
are defined in 3.2.

Obtain Uy, from Equation (14):

Ubw=2—/1 150540 [l =y (14)
nz di+z dy

The formula for U, involves both d,, and d4,. It is valid for 4,, > d;, which is usually the case. If, however,
d,, < di then d, should be replaced by d,, in Equation (14).

© 1SO 2007 — All rights reserved 13
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9.3.4 Heat transfer from whole basement

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

!

(AUps)+(2PUpy)

A+(ZP)

(15)

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

Equation (16

NOTE Eq
the basement
walls respecti

9.4 Unh

The formulagd

The thermal

A_1]
U Us
where

U isth

U,

w

is th
n s th
Visth
In the absen
Calculate Uz
Calculate U,
NOTE TH

The steady-

pated basement

) (see also Clause 4):

L] f,*‘;E“ ).L(P’J/g)

uation (16) gives the heat flow from the whole basement. The heat transfers through the floorand wj
are interlinked, and for this reason the first two terms in Equation (16), for the heat flow through)the flo
ely, are approximations.

given in this subclause apply to unheated basements ventilated from.the outside.

ransmittance between internal and external environments, U, is givehn by Equation (17):

A
(AU )+ (2PUpy )+ (hPU ) +(0.33 %1V

e thermal transmittance of the floor (between the internal environment and the basement);
e thermal transmittance of the walls of the.basement above ground level;

e ventilation rate of the basementin-air changes per hour;

e air volume of the basement.

ce of specific information,\avalue of n = 0,3 air changes per hour may be used.

and U, in accordance/with ISO 6946, using surface resistance values as specified in 5.3.
and U,,, in accordance with 9.3.

e average\temperature in the basement can be calculated by the method in Annex E.

staté. ground heat transfer coefficient between internal and external environments is obt

using Equati

(16)

Blls of
br and

hined

pN{(1).

9.5 Partly heated basement

The heat flow rates for partly heated basements may be calculated by the following procedure:

a)
b)

c)

calculate the heat flow rate for a fully heated basement;

calculate the heat flow rate for an unheated basement;

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.

14
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Annex A
(normative)

Calculation of ground heat flow rate

Methods of calculation

Thre«la methods of calculating the heat flow rate, @, are provided, as listed below. The user
priate method with regard to the purpose of the calculation and the accuracy to which it-is hecessary or

apprq
apprq

A.2

To al
state

relatgd to the difference between annual average.internal temperature and annual aver

priate to evaluate the heat flow rate:
alculation of the ground heat flow rate separately for each month (see A.2);
alculation of the average ground heat flow rate during the heating season (see A.4);

alculation of the annual average ground heat flow rate (see A.5).

Monthly heat flow rate using sinusoidal temperature variations

ow for the effect of the large thermal inertia of the greund, the heat transfer is represented
or average component, together with an annual.periodic component. The steady-state ¢

70:2007(E)

chooses the

by a steady-
omponent is
hge external

temperature. The periodic component is related to.the amplitude of the variation of the internal|and external
temppratures about their respective average values.
The internal and external temperatures are-assumed to vary sinusoidally about their annual average values in
the fallowing form:
=~ m-—rt
Oim = ,—9,003(2 5 ] (A1)
De.m = O — 0o cos[Zn _Tj (A.2)
wherg
Vi m , isthe monthly mean internal temperature for month m, in °C;
p. 2 is the annual average internal temperature, in °C;
éi is the amplitude of variations in monthly mean internal temperature, in K (as defined in 6.1);
e ,m is the monthly mean external temperature for month m, in °C;
56 is the annual average external temperature, in °C;
ée is the amplitude of variations in monthly mean external temperature, in K (as defined in 6.2);
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, r may be
expressed as a decimal number).
© 1SO 2007 — All rights reserved 15
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7 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 available. In the
absence of specific information, use = 1 in the northern hemisphere and r = 7 in the southern hemisphere.

NOTE 1

r = 1 assumes the minimum temperature occurs in the middle of January and the maximum temperature in

the middle of July, and r = 7 assumes the converse. This is a good approximation for many climates.

NOTE 2
can be derived from monthly values.

>

Only the annual average temperature and the annual amplitude are required for calculations. These quantities

Figure A.1 illystrates-the-definitions-of é_’e and—d—Fhe-same-applies-to-the-internal-temperature-
Y A
0, : : —

11 12 X

Yy

Key

X month nmber, m (m = 1 for January to m =12 for December)

Y temperatpre, 6

56 annual ayerage external temperature

ée amplitude of variations in monthly'mean external temperature

0, ,, monthly mean external temperature for month m

Figure A.1 +— lllustration of the variation of external temperature over a year (in northern hemispHhere)

The averagelrate of heat flow in month m is then gi\/nn hy

@, =H,g (5, - 56)—Hpi 6; cos[an]—T;a] +Hpe 0e 003[27‘%)

where
Hy is the steady-state ground heat transfer coefficient, in W/K;
H

oi is the internal periodic heat transfer coefficient, in W/K;

Hye is the external periodic heat transfer coefficient, in W/K;

16

(A.3)
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a is the time lead of the heat flow cycle compared with that of the internal temperature, in months;
B is the time lag of the heat flow cycle compared with that of the external temperature, in months.

Hy; and H,, include the effect of thermal bridging at the floor edge. If they are calculated without the effect of
edge-related heat transfer, a term P- 7 shall be added to each of them (see Clause 4).

NOTE 3 The periodic heat flow cycle leads the internal temperature variation and lags the external temperature
variation. In this International Standard, « and # are both positive numbers; the lead/lag is taken into account in the way
Equation (A.3) is written.

3 differences a
apply to cases wrthout edge related heat transfer For detailed

and B. The formulae in Annex F for H

pe

calculation of 4, see ISO 10211.

pe’

Equation (A.3) 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 4 For calculations based on an assumption of constant internal temperature, éi =0 and Hp need not be
consiglered.

A.3 | Monthly heat flow rate using monthly average temperatures

Whefe mean monthly internal and external temperatures are.known, the monthly heat flow ratelis calculated
by

D, = Hg(6;— 0 )~ Hyi (6= 0,,,,) + Hpe (O — O, ) (A.4)

wherg it is assumed that the phase differences ¢ and g (see A.2) are zero.

A.4 | Average heat flow rate over,heating season or cooling season
For geasonal heat transfer calculations, the effect of the phase difference between the heat flow and the
tempgrature variations can usually'be ignored. The average rate of ground heat flow over a heat|ng season is
then fetermined from the average of the cosine terms in Equation (A.3) over the heating season:

5:Hg(§i_ge)_7Hpi9i+7Hpe9e (A5)

wherg the value of. y-Which depends on the length of the heating season, is given by Equation (AJ6):

= —sin (—j (A.6)

where 7 is the number of months in the heating season.

Equation (A.5) assumes that the annual variation of internal temperature is such that ¢; is lower in winter than
in summer. If the reverse applies, 6’ should be taken as negative.

NOTE For calculations based on an assumption of constant internal temperature, éi =0 and Hpi need not be
considered.

The use of Equation (A.5) is appropriate for heat loss calculations made on a seasonal, rather than a monthly,
basis.

© 1SO 2007 — All rights reserved 17


https://standardsiso.com/api/?name=bd511592cf998284cddad2e51a82d595

ISO 13370:2007(E)

Equation (A.5) can also be used for heat loss calculations made on a monthly basis, in cases where the
variation in ground losses between months is not required. This has the effect of treating the ground losses as
a constant term, thus overestimating these losses at the ends of the heating season and underestimating the

losses at the

The average

d_szg(gi_ge)"'?’Hpiéi_?/Hpeee

middle of the heating season.

rate of heat flow over the cooling season is calculated similarly:

with y from Equation (A.6) using the number of months in the cooling season for x.

(A7)

A.5 Annu

If 6;, 6, of
approximate
component:

®=H

g

This is often
opposite effg

A.6 Maximum monthly heat flow rate

The maximum monthly heat flow rate is given by

D

max

NOTE TH
external tempg

A.7 Mont

The ground heat transfer coefficignt; Hy

al average heat flow rate

the length of the heating season is not known, or if the ground losses arg“required
y, the ground heat flow rate can be taken as a constant term equal to+the steady

0;-0%)

an adequate approximation, especially if the heating seasotr is long or if éi and ée
cts on the heat flow.

(006 ) +Hoe O

is expression corresponds to a constantsinternal temperature and the maximum contribution fro
brature variation.

hly ground heat transfer coefficient

o INmonth m is given by

D

m

9i,m_ ee,m

only
state

(A.8)

have

(A.9)

m the

A.10)

18
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A.8 Total heat transfer during heating season or cooling season

The total heat transfer via the ground is the integral of the heat flow rate, which can be represented by a sum
of monthly values:

mo
0= > 0, (A.11)
m=my
0, =86400xN,, @, (A.12)
wherg
()] is the total heat transfer, in J;
On is the heat transfer in month m, in J;
- is the number of days in month m;
D, is the rate of heat transfer in month m, in W;
M1 is the first month of the heating or cooling season;
o is the last month of the heating or cooling season;

86 400 is the number of seconds in one day.
In the case of an average heat flow rate from Equationii(A.4) or Equation (A.7):
D =86400x N @ (A.13)

wherg N is the total number of days in the-heating season.
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B.1 Gene

Annex B
(normative)

Slab-on-ground with edge insulation

ral

A slab-on-ground floor can have edge insulation, placed either horizontally or vertically along the perime
the floor. Thg formulae given in this annex are applicable when the width or depth of the edge insulation,
small compared to the width of the building.

Numerical
transmittanc

not be included in addition.

The effect
accordance

density foundlations, of thermal conductivity less than that of the soil, are dreated as vertical edge insul

¥yehasan

If the founda
externally),
the greatest

ethods may be used as an alternative. Where numerical calculations-‘'of ‘linear th
incorporate the effect of any edge insulation, calculations in accordance lwith this annex

v

A

f edge insulation is treated as a linear thermal transmittance,
ith B.2 for horizontal edge insulation, or in accordance with B.3 forwve

e Which is obtain
cal edge insulation.

gative value.
tion detail has more than one piece of edge insulation-(vertically or horizontally, interng

eduction in heat loss.

ter of
D, is

ermal
shall

ed in
Low-
ation.

lly or

alculate ¥, by the procedures below for each edgécinsulation separately, and use that giving

NOTE 1  THe formulae given in this annex provide good estimates of the effect of adding edge insulation to uninsplated
floors. They lnderestimate the effect of adding additionaledge insulation to an already insulated floor, byt can
nevertheless e used: the effect of the edge insulation will beat least that predicted.
Equations (B}.5) and (B.6) include the additional,equivalent thickness resulting from the edge insulatign, d’,
defined as:
d'=RA (B.1)
where R’ is [the additional thermal resistance introduced by the edge insulation (or foundation), i.g. the
difference bdtween the thermal-resistance of the edge insulation and that of the soil (or slab) it replaces:
d
R =R, +-21 B.2
T (8.2)
where
R |S tr— thaorrmmal etan £ L1 rizaontal PRV~ 1 1 .-Ig oot .—.( e forindaot: n) HREP V4.V V]
n O UICTITIiAdr TCololdalive UT UTS TTUTIZUTTIUAl UT voTuudl TUyUT TTTourauurt (Ur Tuutriuatuurt ), imrinn LAYVAAR]
d, is the thickness of the edge insulation (or foundation), in m.
When e is included in the calculation, Equation (1) in this International Standard is modified to:
Hg=(AU)+P(¥g+¥ge | (B.3)
20 © IS0 2007 — All rights reserved
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For steady-state calculations, the effect of the edge insulation may be incorporated into the thermal
transmittance of the floor using Equation (B.4).

2y

U=Up+—292° B.4
0ot —% (B.4)

where U is the thermal transmittance of the floor without edge insulation, in which case Equation (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 Uj,.

-2 [= T RETY (T : RN I S 2 Iz ya A A\
NOT [ DOl Tg dlld Tg e dic nciuacu i le dlid Hpe (SCT AINICA A ).
f

B.2 | Horizontal edge insulation

Equation (B.5) applies to insulation placed horizontally along the perimeter of the floor/(see Figurg B.1):
Voo =— 2| In| 21 |in[ 241 (B.5)
’ T dt dt +d

D is the width of horizontal edge insulation, in m;

wher

AY%

4’ is as defined in Equation (B.1).

N AN

//

1 4. a4 o/ ‘  4>
\/\/\/\/U\/\/\/\/UU\/

 J

v

7

Key

floor slab

N O~

horizontal edge insulation

3  foundation wall
d, thickness of the edge insulation (or foundation)
D width of horizontal edge insulation

Figure B.1 — Schematic diagram of horizontal edge insulation
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Figure B.1 shows edge insulation below the slab. Equation (B.5) also applies to horizontal edge insulation
above the slab or external to the building.

B.3 Vertical edge insulation

Equation (B.6) applies to insulation placed vertically below ground along the perimeter of the floor (see
Figure B.2), and to foundations of material of lower thermal conductivity than the ground (see Figure B.3):

svge:-iLnfz—D+ﬂ—|n( 2D +1ﬂ (B.6)
3 =i g . J!
ILL \ wt } \Mt L% 2 /J
where
D is the depth of vertical edge insulation (or foundation) below ground level, in m;
d' is a$ defined in Equation (B.1).
Figure B.2 shows edge insulation inside the foundation wall. Equation (B.6) also-applies to vertical ledge
insulation ougside or within the foundation wall.
P dn
\/_\
1
2
S
] /q ‘ ¢ Ya Ca ?
—1 .- <
4 g9
= 7,
=
N
L —1
=
Q B
>§\
=
L —1
> 3
N
Y <
T

Key

foundation wall
2  floor slab
vertical edge insulation

thickness of the edge insulation (or foundation)

=

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

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

I
f

1
q

bw density foundation wall with 4, < 4
oor slab

hickness of the edge insulation (or foundation)
epth of vertical edge insulation (or foundation) below ground level

Figure B.3 —\Vertical edge insulation (low density foundation)
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Annex C
(normative)

Heat flow rates for individual rooms

The formulae in this International Standard 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 some do
not, the heat flow through the floor may be divided into two parts, applicable respectively to rooms having
external wallg (the edge region) and rooms having no external walls (the central region). To obtain thg total
heat flow for jindividual rooms, add the contribution due to the walls and other elements.

The steady-gtate heat flow rate is first calculated for the whole floor, @,. This is then divided intQ heat floy rate
for the edge [egion, @,, and for the central region, @, as follows:

4
D, = Dy e (C.1)

—+
M0,5xB +dy °©

Dy = D) - Dy (C.2)
@
de =—15 (C.3)
€
d)m
dm =—T (C4)
m Aﬁ
where

qe s the density of heat flow rate for rooms at the edge of the building;
qm is the density of heat flow rate-fer'rooms in the middle of the building;
¢ Is the total floor area of rooms at the edge of the building;

m is the total floor area’of rooms in the middle of the building;

b s the average-width of rooms at the edge of the building;

B’ is the characteristic dimension of the whole floor as defined in 8.1.

Periodic hen trancfar Avin tn Aanmial variatian in AviaEn
drtrarroter— ot tOartr oo varauor i —CxXterT

edge of the building.

only-tereoms-at the
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Annex D
(normative)

Application to dynamic simulation programmes

This annex gives a method of treating heat transfers via the ground in connection with transient methods for
the calculation of heat flows or temperatures in buildings, using a time step of one hour or less.

The floor construction together with the ground is modelled as a single component, consisting.of leach layer in
the flpor construction plus 0,5 m depth of ground plus a virtual layer.

The yirtual layer is included so that the annual average heat flow is correct. It has a thetmal resigtance R, and
has rjegligible thermal capacity. R, is calculated from Equation (D.1):

1
RV:E—Rsi—Rf—Rg (D.1)

wher

W

/ is the steady-state thermal transmittance of the floor including the effect of the ground, galculated by
the methods in this International Standard or by a numerical method using the bounddry conditions
and assumptions applicable to calculation of U by this-International Standard;

is the internal surface resistance of the floor;
R; is the total thermal resistance of all layers\in‘the floor construction;

K, is the thermal resistance of 0,5 m aofiground.
For the purposes of the thermal model,Jthe virtual layer can be assigned a thickness of 0,1 m so that its
thernmpal conductivity is 0,1/R,. Its density and specific heat capacity should be zero or very small values (of
1 kg/fn3 and 1 J/(kg-K) respectively);

The Boundary condition at the bottom of the virtual layer is a virtual temperature, 6,.

6, cah be assigned foreach month of the year according to

@D,

9\/ =9i,m—ﬁ (D2)

,m

wherg @7 is calculated in accordance with Annex A.

NOTE This includes any edge related heat transfer.

Equation (D.2) is usually an adequate approximation. Alternatively, &, can be calculated using a numerical
method for different time steps:

(0]
gv,zzeiz .

e (D.3)

where @, is calculated at time ¢, using a numerical method.
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Annex E
(normative)

Ventilation below suspended floors

ral expressions for average temperature and thermal transmittance

g through the suspended floor into the underfloor space is transferred from the underfloor s
bl environment in three ways:

the ground,
the wall (above ground level) of the underfloor space;
ation of the underfloor space.

e heat balance of the above heat flows gives the average temperature of the underfloor spa

Ut 0 +V cp pBy +(AUg+hPU, )0,

AUt +Vepp+AUg+hPU,,

e annual average temperature in underfloor, space, in °C.

e annual average internal temperature;;in °C;

e annual average external temperature, in °C;

e annual average temperature’ of ventilating air, in °C;

e thermal transmittanée)of the suspended part of floor, in W/(m2-K);

e thermal transmittance of the ground, in W/(m?2-K);

e thermal trarismittance of walls of underfloor space (above ground level), in W/(m2-K);
e volumetric air change rate, in m3/s;

elheight of suspended floor above ground level, in m;

pace

Ce as

(E.1)

follows:
_ A
Oys =
where
Bys is th
6; isth
O is th
6, isth
Us s th
Ug is th
U, isth
v isth
h o isth
“p
o)

is the specific heat capacity of air at constant pressure, in J/(kg-K);

is the density of air, in kg/m3.

U, should be obtained by the method in 9.2 if the depth of the base of the underfloor space below ground

level, z, does

where U an

26

not exceed 0,5 m. If z > 0,5 m, methods analogous to those in 9.3 can be used, so that

d Uy, are obtained as specified in 9.3.

(E.2)
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The thermal transmittance of the floor (between internal and external environments) is given by
Equation (E.3):

AUG+hPUy +V e, p(0;-0,)/(8;-0,)
AUt + AUg+hPUy +V e, p

U =Us; (E.3)

Equations (E.2) and (E.3) can also be used for unheated basements.

E.2 Ventilation rate

v (mp/s) is specified for mechanically ventilated floors.
For naturally ventilated floors,

 =0,59xsv f,, P (E.4)
wherg
is the area of ventilation opening per perimeter length, in m2/m;
+ is the design wind speed at 10 m height, in m/s;

A, is the wind shielding factor defined in 9.2.

For calculations using this International Standard,

¢, = 1000 J/(kgK) (at 10 °C);

»=1,23 kg/m3 (at 10 °C and 100 kPa pressure).

E.3 | Natural ventilation

In this case, 6, =6, and re-arrangement of Equation (E.3), together with Equation (E.4), gives the formulae in
9.2.

E.4 | Mechanical'ventilation from inside

In this case, 6y-=@; and from Equation (E.3):

1+Ve AU
l:i+¢ (E.5)
(DU, U,+2hU, /B
E.5 Mechanical ventilation from outside
In this case, 6, =6, and from Equation (E.3):
1.1, L — (E.6)
U Us Ug+2hUy/B +Vc,p/A
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E.6 Unventilated underfloor space
In this case, ¥ =0 and from Equation (E.3):

LI R
Ug Ug+2hUy /B

1
U

E.7 Unheated basements

(E.7)

Equation (E.G)applies with 7 ¢, p=0,34xnV.

28
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Annex F
(informative)

Periodic heat transfer coefficients

General

ISO 13370:2007(E)

This fannex gives formulae for the periodic heat transfer coefficients H,; and H , defined in\Annex A. The
formylae for #,; may be used for floors whose construction is uniform over the whole floor area. The formulae
o are approximations for idealised wall/floor junctions. They are suitable for uninsulated flpors, and for
insulated floors with negligible thermal bridging at the edges of the floor. For other‘cases, values can be
ned by numerical methods (see ISO 10211).

for

obtai

F.2

Periodic penetration depth

The periodic heat transfer coefficients are related to the periodic penétration depth, &, the depth |n the ground
ich (for one-dimensional heat flow) the temperature amplitude )is reduced to 1/e of that af the surface,
b e is the base of natural logarithms (e = 2,718). For an annual temperature cycle, Jis given [by

at wh
wher

NOTE

Tablg

F.3

s 3,15x107 x
mpc

3,15 x 107 is the number of seconds in a year.

(F.1)

F.1 gives approximate values of 6 which-may be used for calculations by this International $tandard.

Table F.1 — Periodic penetration depth

Category Description o
m

1 clay or silt 2,2

2 sand or gravel 3,2

3 homogeneous rock 4,2

Phase differences

Equations (F.2) and (F.3) give approximate values of the phase differences for slab-on-ground floors:

a=15 —Earctan[L]
2 d

T t+5

o
=15-0,42xIn
P ) {dt+1]

(F.2)

(F.3)

Edge insulation of a slab-on-ground floor can significantly increase the time lag compared with the external

temperature variation, especially if placed vertically or external to the building.

©I1SO

2007 — All rights reserved
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For suspended floors, the effects are less because the ventilation heat flow has no time lag.

For basements of depth comparable with or greater than &, Equations (F.2) and (F.3) apply, with d, replaced

by d,,.

The precise value of the time lead or lag between the heat flow and the temperature variations does not
significantly affect the result of energy calculations. Indicative values of the phase difference, to the nearest
month, are given in Table F.2. These are suitable for most calculation purposes and, in practice, only small
errors result if the time lag or lead is omitted (temperatures and heat flow taken to be in phase).

Table F.2 — Phase differences (in months)

F.4 Slab-

F.4.1 Inter

The periodic

H,=4

pi

F.4.2 Exte

The periodic

Hpe =0

F.5 Slab-

F.5.1 Inter

Type of floor a B
Slab-on-ground, no edge insulation 0 1
Slab-on-ground with internal horizontal edge insulation 0 1
Slab-on-ground with vertical or external edge insulation 0 2
Suspended floor 0 0
Basement (heated or unheated) 0 1

pn-ground floor: uninsulated or with all-over insulation
hal temperature variation
heat transfer coefficient related to internal temperature variations over an annual cycle is

A 2

e\ (1+61dy)? +1

'nal temperature variation

heat transfer coefficient related to external temperature variations over an annual cycle is

37><P/1In(i+1]
dy

pn-ground with edge insulation

hal temperature variation

Ignore the edge insulation and calculate Hy; according to Equation (F.4).

F.5.2 External temperature variation

(F.4)

(F.5)

Hyg consists of two terms, one related to the edge of the floor and the other related to the middle of the floor.

30
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For floors incorporating horizontal edge insulation,

Hoe =0,37x P2 (1—e‘D’5)|n SRR AP TE NN B (F.6)
ditd’ d,

where
D is the width of horizontal edge insulation, in m;

dy is as defined in 9.1;

d' is as defined in Annex B.

For flpors incorporating vertical edge insulation,

oo = 0,37 x P4 (1—e*20’5)|n LY P L R (F.7)
di+d’ d,

wherg
b is the depth of vertical edge insulation (or foundation) belowground level, in m.
If thg foundation detail has more than one piece of edge insulation (vertically or horizontally,| internally or

exterpally), calculate Hpg by the procedures above for each .edge insulation separately, and uge the lowest
valug.

F.6 [ Suspended floor

F.6.1 General

In the calculation of the periodic coefficients, use Ur, U, and d,;, as defined in 9.2.

F.6.2 Internal temperature yariation

-1
i = A| e (F.8)
Uf ﬂ/§+UX

F.6.3 External.temperature variation

0,37x PAIn(5/dg+1)+Uy4

‘w8 =
pe = 28 +U, +Us

(F.9)

F.7 Heated basement

F.7.1 Internal temperature variation

The periodic heat transfer coefficient due to internal temperature variations over an annual cycle consists of
two terms, one related to the floor of the basement and the other related to the walls of the basement:

Hpi:Ai 2 pA 2 (F.10)

di\(1+5/d)2+1  dw\(1+5/dy,)" +1
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F.7.2 External temperature variation

The periodic heat transfer coefficient due to external temperature variations over an annual cycle consists of
two terms, one related to the floor of the basement and the other related to the walls of the basement:

Ho, =0,37xPA e 91| L1 |+2(1-677/% in| -2+ 1 (F.11)
Pe d d

t w

F.8 Unheated basement

F.8.1 Internal temperature variation

1
Hy=| 4+ L F.12)
AU; (A+zP)A/6+hPU, +0,33xnV

F.8.2 Extefrnal temperature variation

0,37xPA(2-e7?'9)In(5/d, + 1)+ hPU,, +0,33xnV
t w

F.13
(A+zP)A/5+hPU,, +0,33xnV + AU )

=1‘Uf
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(informative)

Thermal properties of the ground

ISO 13370:2007(E)

The thermal properties of the ground depend on several factors, including density, degree of water saturation,
particle size, type of mineral constituting the particles, and whether frozen or unfrozen. As a result, the thermal
properties vary considerably from one location to another, and at different depths at a given location, and also

may yvary with time due to changes in moisture content or due to freezing and thawing.

Valugs of the properties of the ground used for heat transfer calculations, including measured v
be representative of the ground in the vicinity of the building and over the period of time

calculation refers (e.g. the heating season).

Tablg G.1 indicates the range of thermal conductivity for various types of upfrozen ground, ar
representative values specified in 5.1.

Table G.1 — Thermal conductivity of ground

hlues, should
o which the

d shows the

Dry density Moisture Thermal .
content Degree conductivity Represgntative
Ground type of saturation value|of 4
Yo u A
kg/m3 kg/kg % W/(m-K) W/(n-K)

sit 1400 to 1 800 0,10 to 0,30 70 to 100 1,0t02,0 1,p
clay 1200 to 1 600 0,20 to 0,40 80 to 100 09to 1,4 1,p
peat 400 to 1 100 0,05 to/2,00 0to 100 0,210 0,5 —
diy sand 1700 to 2 000 0,04\to 0,12 20 to 60 1,1t02,2 2p
wet sand 1700to 2100 0,10 t0 0,18 85 to 100 1,5t02,7 2,p
rqck 2000 to 3 000 a a 25t04,5 3.p

[V

Usually very small (moisture content < 0,03 mass), except for porous rocks.

The heat capacity pér yolume, pc, can be obtained from the following equation:

wherg

pc = ,o(cS Hew u)

p s the dry density, in kg/m3;

C IS the SpecITiC heatl Capaclty or the grouna , Iin J/(KJ-K);

is the specific heat capacity of minerals, in J/(kg-K);

is the specific heat capacity of water, in J/(kg-K);

u is the moisture content mass by mass referred to the dry state, in kg/kg.

For most minerals, ¢ = 1 000 J/(kg-K), and ¢,, = 4 180 J/(kg-K) at 10 °C.

© 1SO 2007 — All rights reserved
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The representative values of pc specified in 5.1 are obtained from Equation (G.1), as follows (rounding to one
significant figure):

— clay/silt:  pe =1600 x (1000 + 4 180 x 0,20) 2,94 x 106 — 3x 106

— sand: pc =1800 x (1000 + 4 180 x 0,05) 218 x 108 — 2x106

— rock: pc =2500 x 800 2,00 x 106 — 2x 106
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Annex H
(informative)

The influence of flowing ground water

The effect of flowing ground water can be assessed by multiplying the steady-state heat flow rate by a factor,
G, To determine the factor, knowledge is required of the depth of the water table and the rate of ground
water flow. For slab-on-ground floors and basements, G, multiplies the steady-state ground heat transfer

coeff]
not b

Valug

2

Thell

wher

NOTE

NOTH

cient, H,. For suspended floors, G,, multiplies the ground thermal transmittance, Ug- The
B applieg to the periodic heat transfer coefficients, Hy, and Hpe.

dy

s of G, are given in Table H.1 as a function of the dimensionless ratios %"f % and 3 w

w IS the depth of the water table below ground level, in m;

. is a calculation length which relates the heat flow by conduction to the heat flow due to ¢
inm.

ength /. is given by

_ A

= —————
Pw w 9w

w 1S the mean drift velocity of the ground water, in m/s;
b,y IS the density of water, in kg/mS;
w IS the specific heat capacity.of water, in J/(kg-K).

1 pwew = 4,18 x 10%,.in J(m3K) at 10°C.

2 If i, >> B', theZeonduction heat flow predominates. If /., << B', the ground water heat flow predom

factor should

here

round water,

(H.1)

nates.

©I1SO

2007 — All rights reserved

35


https://standardsiso.com/api/?name=bd511592cf998284cddad2e51a82d595

ISO 13370:2007(E)

Table H.1 — Values of G,,

z,/B' 1B’ G
d/B'=01 | d/B'=05 | d/B'=1,0

0,0 1,0 1,01 1,01 1,00
0,0 0,2 1,16 1,11 1,07
0,0 0,1 1,33 1,20 1,13
0,0 0,0 — 1,74 1,39
0,5 1,0 1,00 1,00 1,00
0,5 0,1 1,06 1,04 1,02
0,5 0,02 1,11 1,07 1,05
0,5 0,0 1,20 1,12 1,08
1,0 0,1 1,05 1,03 1,02
2,0 0,0 1,02 1,01 1,00

36
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Annex |
(informative)

Slab-on-ground floor with an embedded heating or cooling system

The heat flow rate from a floor incorporating an embedded heating or cooling system whose heat output is
uniformly distributed can be calculated in accordance with the methods in this International Standard, with the

following modifications:

— place the internal temperature, T}, by the average temperature in the plane of the heating e

— ipclude in the calculation of d; only any thermal resistance below the heating/cogling elen
thickness and the external surface resistance.

The @verage temperature in the plane of the heating/cooling elements is usually not known, bec

ements, T;

ent, the wall

ause it is the

room| temperature that is controlled and the system may be operated intermittently (night set-back or night

switch-off). In such cases, the average floor surface temperature can, bé” estimated in one
descfribed below.

a) If the average rate of heat input to (or extract from) the floor/heating system, @, is known,
e heat flow rate through the floor using the room temperature as the internal temperature
D,. Then calculate the average temperature in the plane.ebthe heating element, &}, from

Oh :gi_,.RiM

wher

W

B is the average room temperature;in °C;

R is the thermal resistance between the internal environment and the plane of the heatin
2.K/W-
m<-K/W;

A is the area of floor+in m?2.

b) If the average rate-of-heat input to (or extract from) the floor heating system is not known, th
eat balance ind¢he room (not including the ground heat losses), giving a net heat requireme

verage température in the plane of the heating element follows from

Ri®y

h =+

of the ways

irst calculate
and call this

(1.1)

j element, in

en perform a
nt of @,. The

(1.2)
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J.1

It is necessa

Annex J
(informative)

Cold stores

Cold stores are refrigerated buildings in which the internal environment is kept below 0 °C.

ry to protect the ground below the cold store from frost heave. For this reason, the floor of the

cold store is
0°C (5°Ci
analogous si
J.2

at the groun
effect of this

Calculations

sizing of

sizing of

the annd

J.3 There
a) from the
b) from the

J4 The h
International
a) replace

b) include

surface
J.5 The hd

@ = A(

For the purposes of this International Standard, calculations are done assuming a comstant tempe

insulated and heating is provided below the insulation to ensure that the ground is kept 3
5 a common design temperature). The procedure in this annex can also be used\for
uations, such as ice rinks.

 surface. (In summer, the ground temperature may rise above the design,temperature, b
s minimal.)

may be required for

the heating elements for the frost protection;

the refrigeration plant;

al energy used.

evant heat transfers are:

heating elements to the external environment (via the ground);

heating elements to the refrigerated:space.

cat flow rate via the ground.may be calculated in accordance with the procedures ir
Standard, with the following-modifications:

he internal temperature.@ by the design temperature of the ground surface (e.g. 5 °C);

Fesistance.

at flow rate from the heating elements to the refrigerated space is given by:

g 7O/ (Rsi — R))

where

bove
other

ature
t the

this

n d, only any thermal resistance below the heating element, the wall thickness and exjernal

(J.1)

is the heat flow rate, in W;
is the design internal temperature of the cold store, in °C;

is the design temperature of the ground surface, in °C;

floor surface, in m2-K/W.

38

is the thermal resistance of all floor layers between the plane of the heating elements and the internal
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