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Foreword

The text of EN ISO 13370:1998 has been prepared by Technical Committee CEN/TC 89 "Thermal
performance of buildings and building components”, the secretariat of which is held by SIS, in
collaboration with Technical Committee ISO/TC 163 "Thermal insulation®.

This European Standard shall be given the status of a national standard, either by publication of an
identical text or by endorsement, at the latest by April 1999, and conflicting national standards shall be
withdrawn at the latest by April 1999.

This standard_is one of a series of standards on calculation methods for the design and evaluation of the

thermal perfgrmance of buildings and building components.

According to|the CEN/CENELEC Internal Regulations, the national standards organizations of the
following countries are bound to implement this European Standard: Austria, Belgium, Czech Republic,
Denmark, Fimland, France, Germany, Greece, Iceland, Ireland, Italy, Luxembourg, Netherlands, Norway,
Portugal, Splin, Sweden, Switzerland and the United Kingdom.

Introductio

=]

EN ISO 694§ gives the method of calculation of the thermal transmittance-of\building elements in contact
with the extefnal air; this standard deals with elements in thermal contact with the ground. The division
between thege two standards is at the level of the inside floor surface:for slab-on-ground floors,
suspended flpors and unheated basements, and at the level of the @xternal ground surface for heated
basements. In general, a term to allow for a thermal bridge associated with the wall/floor junction is
included whgn assessing the total heat loss from a building using methods such as prEN ISO 13789.

The calculatipn of heat transfer through the ground can be done by numerical calculations, which also
allow analysik of thermal bridges, including wall/floor junctions, for assessment of minimum internal
surface temgeratures.

In this standard, simplified procedures are provided which take account of the 3-dimensional nature of the
heat flow and which are suitable for the evaluation of heat transfer coefficients and heat flow rates in mos
cases.

Thermal transmittances of floors give’useful comparative values of the insulation properties of different
floor construgtions, and are used,in building regulations in some countries for the limitation of heat losses
through floor

UJ

Thermal trangmittance, although defined for steady-state conditions, also relates average heat flow to
average temperature difference. In the case of walls and roofs exposed to the external air there are daily
periodic varigtions in heat flow into and out of storage related to daily temperature variations, but this

averages ouf and the daily average heat loss can be found from the thermal transmittance and daily

average inside-to-outside temperature difference. For floors and basement walls in contact with the
ground, however, the large thermal inertia of the ground results in periodic heat flows related to the
annual cycle of internal and external temperatures. The steady-state heat flow is often a good
approximation to the average heat flow over the heating season.

A detailed assessment of floor losses is obtained from, in addition to the steady-state part, annual
periodic heat transfer coefficients related to the thermal capacity of the soil as well as its thermal
conductivity, together with the amplitude of annual variations in monthly mean temperature. Methods of
obtaining these periodic coefficients are also given in this standard, and their application to the calculation
of heat flow rates is described in annex B.

Worked examples illustrating the use of the methods in this standard are given in annex L.

©1SO
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1 Scope

This standard gives 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, suspended floors and
basements. It applies to building elements, or parts of them, below a horizontal plane in the bounding
walls of the building situated

- for slab-on-ground floors and suspended floors, at the level of the inside floor surface;
- for basements, at the level of the external ground surface.

It includesmmmwwﬁwwwwwwmmj
and the pgrt due to annual periodic variations in temperature (the seasonal variations of the heat flow/rgte

about the annual average). These seasonal variations are obtained on a monthly basis; this standard
does not gpply to shorter periods of time.

2 Nofrmative references

This standard incorporates by dated or undated reference, provisions from other publications. These
normative references are cited at the appropriate places in the text and the publications are listed

hereafter. For dated references, subsequent amendments to or revisions{ofiany of these publications
apply to this standard only when incorporated in it by amendment or revision. For undated references the
latest editipn of the publication referred to applies.

EN I1SO 6946 Building components and building elements - Thermal resistance and thermal
transmittance - Calculation method (1SO 6946:1996)

EN ISO 7345 Thermal insulation - Physical gquantities and definitions (ISO 7345:1987)

EN ISO 10211-1 Thermal bridges - Calculation of heat flows and surface temperatures - Part 1:
General calculation methods (ISO 10211-1:1995)

prEN ISO10211-2  Thermal bridges.-’Calculation of heat flows and surface temperatures - Part 2:
Linear thermal-bridges (ISO/DIS 10211-2:1995)

ISO 10454 Buildibg materials and products - Procedures for determining declared and
design thermal values
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itions, symbols and units

3.1 Definitions

For the purposes of this standard the definitions in EN ISO 7345 apply, together with the following.

3.1.1slab on

3.1.2 suspen
between the

ground: Floor construction directly on the ground over its whole area.

ded floor:
floor and the ground.

Floor construction in which the floor is held off the ground, resulting in an air void

NO
unve

3.1.3 basem
NOT]

3.1.4 equival
conductivity

3.1.5 steady-
difference be

3.1.6 interna
amplitude of

3.1.7 externd
amplitude of

3.1.8 characferistic dimension of floor:

3.1.9 phase dglifference:

the consequ

= This air void, afsSo calfed uUnderffoor Space or crawi space, may be ventifated or
ntilated, and does not form part of the habitable space.

bnt: Usable part of a building that is situated partly or entirely below ground level.
E - This space may be heated or unheated.

ent thickness (of a thermal resistance): Thickness of ground (havingthe thermal
pf the actual ground) which has the same thermal resistance.

state thermal coupling coefficient: Steady-state heat flow-flivided by temperature
tween internal and external environments.

periodic thermal coupling coefficient: Amplitude @f periodic heat flow divided by
nternal temperature variation over an annual cycle.

| periodic thermal coupling coefficient:
external temperature over an annual cycle,

Amplitude of periodic heat flow divided by

Arearof\floor divided by half the perimeter of floor.

bntial maximum or minimum+heat flow rate.

Period of time between the maximum or minimum of a cyclic temperature and

3.2  Symbpls and units
The following is a list of the grincipal symbols used. Other symbols are defined where they are used within
the text.

Symbd| Quantity Unit

A area of floor m?2

B’ characterisiic dimension of floor m

D width or depth of edge insulation m

Lg steady-state thermal coupling coefficient W/K

Lpi internal periodic thermal coupling coefficient W/K

Lpe external periodic thermal coupling coefficient W/K

©1SO
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Symbol Quantity Unit
P exposed perimeter of floor m
Q guantity of heat J
R thermal resistance mz2-K/W
R thermal resistance of floor construction m2-K/W
Rins thermal resistance of insulation m2-K/W
R internal surface resistance m2-K/W
Rse external surface resistance m2-K/W
T ermperature KN Or "C
U thermal transmittance between internal and external environments W/(m2;K)
Uo basic thermal transmittance of slab-on-ground floor W/(m?K)
Ubpt thermal transmittance of basement floor Wi(mz2-K)
Upw thermal transmittance of basement walls W/(mz2-K)
U effective thermal tranmittance for whole basement W/(m2-K)
a; total equivalent thickness - floor m
dy, total equivalent thickness - basement wall m
c specific heat capacity of unfrozen ground JI(kg-K)
d additional equivalent thickness due to edge insulation m
h height of floor surface above outside ground level m
w thickness of external walls m
z depth of basement floor below ground-level m
o periodic penetration depth m
A thermal conductivity of unfrozen:ground W/(m-K)
An thermal conductivity of insulation W/(m-K)
p density of unfrozen ground kg/m3
® heat flow rate W
Yy linear thermaltransmittance associated with wall/floor junction W/(m-K)
AV correction-term for edge insulation of floor slab W/(m-K)
4  Thermal properties
4.1  Therptal properties of the ground

The thermal properties of the ground may De Specified in national regulations or other documents, and

such values may be used where appropriate. In other cases:

a) if known, use values for the actual location, averaged over a depth equal to the width of the building

and allowing for the normal moisture content;
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b) otherwise, if the soil type is known or specified, use the values in table 1;
c) otherwise use A = 2,0 W/(m-K) and pc = 2,0 x 106 J/(m3-K).

Table 1 - Thermal properties of the ground

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

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

4.2  Thermal properties of building materials

For the thermal resistance of any building product use the appropriate designvalue as defined in
ISO 10456. The thermal resistance of products used below ground levelshould reflect the moisture
conditions offthe application.

If thermal copductivity is quoted, obtain the thermal resistance as'the thickness divided by thermal
conductivity.

NOTEE - The heat capacity of building materials.used in floor constructions is small compared with
that pf the ground, and is neglected.

4.3  Surfade resistances

Use the folloying values:

— interngl, downwards heat flow: Rsi =0,17 m2.K/W
— internd|l, horizontal heat floyv: Rsi =0,13 m2-K/W
— interngl, upwards heatflow: Rsi =0,10 m2-K/W
— externdl, all cases! Rse =0,04 m2-K/W

NOTIE - These values are taken from ISO 6946.

R<; for down\ ards heat flow annlies hath at tha tan and the hottom-of an tnderfloorsnace R .. for
SI TATOO T TO T IOy Yoo ~ oot T oot o P GO T T o otoT T T o G oo TITOOT | 5 O ST Tor

upwards heat flow applies to floors with an embedded heating system and to cold stores.

©1SO
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5 Internal temperature and climatic data

5.1 Internal temperature.

If there are different temperatures in different rooms or spaces immediately above the floor, a spatial
average should be used. Obtain this average by weighting the temperature of each space by the area of
that space in contact with the ground.

To calculate heat flow rates this standard requires:

a) annual mean internal temperature;

b) if valiations in internal temperature are included, amplitude of variation of internal temperature\frgm
the annual mean: this amplitude is defined as half the difference between the maximum and
minimum values of the average temperatures for each month.

5.2 Clilatic data

To calculate heat flow rates this standard requires:

a) annpal mean external air temperature;
b) if variations in external temperature are included, amplitude of‘variation of external air temperatufe

from the annual mean: this amplitude is defined as half the difference between the maximum anc
minimum values of the average temperatures for each nmionth;

—h

c) for quspended floors that are naturally ventilated, the’average wind speed measured at a height ¢
10 m.

If the grouhd surface temperature is known or-cah’ be estimated, this can be used in place of the external
air temperpture, in order to allow for effects.of-snow cover, solar gain on the ground surface, and/or
longwave radiation to clear skies. In that.case Rse should be excluded from all formulae.

6 Theérmal transmittance-and heat flow rate

6.1 Thgrmal transmittance

Thermal transmittanees for floors and basements are related to the steady-state component of the hea
transfer. Methods.of calculation are given in clauses 8 to 12 for the various types of floor and basement: a
summary ¢f the r€levant equations is provided in table 2.

If the transmission heat Ioss coefficient for the ground is required, take this as equal to the steady-state
thermal coupling coefficient, Lg.
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Table 2 - Selection of equations

Floor t ype: For all floor types obtain B'using equation (1)
Slab-on-ground Calculate ¢ using (2), No edge insulation: U = Uy
and U, using (3) or (4)
Edge insulation: U = U, + 2 AWY/B’
Horizontal edge insulation: d'from (8)
and AW from (10)
Vertical edge insulation: d'from (8) and
AY from (11)
Suspended Calculate dg using (14), Ug using (15), U using (16) and finally U using (13)
Basement Basement floor: Heated basement: Calculate U'using (23)
Calculate ¢d; using (18)
Calculate Uyt using (19)
or (20)
Basement walls: Unheated basement : Calculate U using (25)
Calculate d,, using (21)
and Uy Using (22)
6.2 Thermal bridges at edge of floor

The formulas
between floo
due to edge

In practice, W
thermal bridd
using a linea

Typical valug
national basi
these values

in this standard are based on an isolated floor considered independently of any interaction
I and wall. They also assume uniform thermal properties of the soil (except for effects solely
nsulation).

all/floor junctions for_slab-on-ground floors do not correspond with this ideal, giving rise to
e effects. These shall-be allowed for in calculations of the total heat loss from a building, by
[ thermal transmittance (V).

s of W forslab-on-ground floors are given in table 3. This table may be extended on a
5 to include specific wall/floor details, and for a particular dimension system, provided that
have been obtained in accordance with annex A. The linear thermal transmittance term

associated w

ith“basements is small and may be neglected.

NOT

E: The linear thermal transmittance depends on the system being used for defining building

dimensions: see prEN ISO 13789 Thermal performance of buildings - Transmission heat loss
coefficient - Calculation Method (ISO/DIS 13789:1997)

©1SO
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Table 3 - Values of linear thermal transmittance for wall/floor junctions
for slab-on-ground and suspended floors

Insulation Linear thermal
arrangement transmittance
W
W/(m-K)
Uninsulated floor, or floor in which floor
insulation connects directly to wall 0,0
insulation

Walll insulation not directly connected to
floor insulation, but overlapped with it by 0,1
at least 200 mm

Wall insulation not connected to floor
insulation 0,2

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

- atthe level of the inside floor surface for slab-on-ground floorsysuspended floors and unheated
bas¢ments, or

- attHe level of the outside ground surface for heated basements.

The thermil transmittance of elements above the separating plane should be assessed according to EN
ISO 6946.

6.3 Calgulation of heat flow rate

Heat trangfer via the ground can be cateulated on an annual basis using thermal transmittances only, oy
on a seasnal or monthly basis using additional periodic coefficients that take account of the thermal
inertia of the ground. The relevant equations are given in annex B, and formulae for the periodic
coefficients in annex C.

6.4  Effdct of groundiwater

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

When the depth of the water table below ground level and the rate of ground water flow are known, the
steady-state thermal coupling coefficient Lg may be multiplied by a factor G,.

NOTE - lllustrative values of G, are given in annex H.
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6.5 Special cases

The methods in this standard are also applicable to the following situations, with the modifications

described in

— Heatfl

the relevant annex:

ow rates for individual rooms : annex D

— Application to dynamic simulation programs: annex E

NOTE: This standard can also be used for slab-on-ground floors with an embedded heating
system (see annex J) and for cold stores (see annex K).

7 Paraineters used in the calculations

7.1 Chara

Cteristic dimension of floor

To allow for the 3-dimensional nature of heat flow within the ground, the formulae in this standard are

expressed in
divided by h3

NOT]

terms of the "characteristic dimension" of the floor, B’, defined as the area. of the floor
If the perimeter:

A
%P

@

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

length of one side.

Special founglation details, for example edge insulation of thefloor, are treated as modifying the heat flow

at the perime

In the case o
including the
related to thg

In this standd
heated buildi
Thus:

— forac

— to calc
terrace

ter.

f basements, B’ is calculated from the\area and perimeter of the floor of the basement, not
walls of the basement; and the heatflow from the basement includes an additional term
perimeter and the depth of thethasement floor below ground level.

ird, P is the exposed perimeéter of the floor: the total length of external wall dividing the

hg from the external environment or from an unheated space outside the insulated fabric.

bmplete building P is the total perimeter of the building and A is its total ground-floor area;

Lilate the heat loss from part of a building (for example for each individual dwelling in a row of
d houses), P includes the lengths of external walls separating the heated space from the

externgl 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;

— 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).

©1SO
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7.2 Equivalent thickness
The concept of "equivalent thickness" is introduced to simplify the expression of the thermal coupling
coefficients.

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

— @ is the equivalent thickness for floors;
— d,, is the equivalent thickness for walls of basements below ground level.

The stead}-state thermal coupling coefficients are related to the ratio of equivalent thickness to
characterisgtic floor dimension, and the periodic thermal coupling coefficients are related to the ratig.of
equivalent]thickness to periodic penetration depth.

8 Slab-on-ground floor: uninsulated or with all-over insulation
Slab-on-gifound floors include any floor consisting of a slab in contact with the ground over its whole arga,
whether of not supported by the ground over its whole area, and situated at-or'near the level of the
external gfound surface (see figure 1). This floor slab may be:

— uninsulated, or

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

NOTE - Both uninsulated and evenly insulated slabs may have horizontal and/or vertical edge
ingulation: these are treated in clause 9.

/\

Floor slab w

/

Ground

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 7.1 and equation
(1)), and the total equivalent thickness d; (see 7.2) defined as follows:

g = w+ A (Rsj+ Ri + Rge) 2
where the symbols are defined in 3.2.

w is the full thickness of the walls, including all layers. Rsincludes the thermal resistance of any all-over
insulation layers above, below or within the floor slab, and that of any floor covering. The thermal
resistance of dense concrete slabs and thin floor coverings may be neglected. Hardcore below the slab is

assumed to have-the same thermal r‘nnr‘lllr“fl\llf\][ as the grmlnd and-its-thermal resistance should not be.

included.

To calculate the basic thermal transmittance, U,, use either (3) or (4), depending on the thermal
insulation of the floor.

If di < B' (un|nsulated and moderately insulated floors):

2\ B [0
U, = In0—+10 3
° mB+d, Ody O (

If di > B" (well-insulated floors):

°~ 0,457)\B'+ dy “
For floors without edge insulation
U= U, 5
and with edgp insulation
U= U, +2AW/B’ (6
The steady-gtate thermal coupling-coefficient is:
Ls=A Uy + RAY @

9 Slab-on-=ground with edge insulation

9.1 General

A slab-on-ground floor can have edge insulation, placed either horizontally or vertically along the
perimeter of the floor. The formulae given in this clause are applicable when the width or depth of the
edge insulation, D, is small compared to the width of the building. Numerical methods may be used as an
alternative (see annex A).

10

©1SO
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First obtain the basic thermal transmittance U, according to clause 8 ignoring the edge insulation (but
including any all-over insulation). Then obtain the correction term AY according to 9.2 for horizontal edge
insulation, or according to 9.3 for vertical edge insulation. The thermal transmittance of the floor is given

by equatio

n (6) and the steady-state thermal coupling coefficient by equation (7).

Low-density foundations, of thermal conductivity less than that of the soil, are treated as vertical edge

insulation.

If the foundation detail has more than one piece of edge insulation (vertically or horizontally, internally or
externally), calculate AW by the procedures below for each edge insulation separately, and use that giving

st reduction-inheatloss

the greate

N
to
al
le

The equat
d':

where R’
difference

DTE - The formulae given below provide good estimates of the effect of adding edge inSulatic
uninsulated floors. They underestimate the effect of adding additional edge insulation to an
eady insulated floor, but can nevertheless be used: the effect of the edge insulation-will be a
hst that predicted.

ons (10) and (11) include the additional equivalent thickness resulting from.the edge insulati

d=R'A

s the additional thermal resistance introduced by the edge.insulation (or foundation), ie the

R'= Ry - dy/A

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

is the thickness of the edge insulation (or foundation), in m.

between the thermal resistance of the edge insulation and that of the soil (or slab) it replaceg:

n

n'l

(8)

(9)

11
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9.2  Horizontal edge insulation

Floor slab

Horizontal edge
insulation

Foundation wall
Figure 2 - Schematic diagram of horizontal edge insulation

Equation (10) applies to insulation placed horizontally along the perimeter of the floor (see figure 2).

ADOp D 0 D [
AW = —— [In0— + 10— InG—— + 1]
ngdy O 0Od+d _[H

where D is the width of horizontal edge insulation (in m) and ¢ is as defined in 9.1.

Figure 2 shoys edge insulation below, the slab. Equation (10) also applies to horizontal edge insulation
above the slab or external to the building.

(10

12

©1SO
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9.3 Vertical edge insulation

Foundation wall Floor slab

B

)
\V2VAVAVAVAVAVAVAVAVAVAVAVAVAVAV

7/KVertical edge

insulation

Figure 3 - Vertical edge insulation (insulation layer)

—ip-

Low density. Floor slab
foundation.wal

with Ap <A ~

<—dn—>

O
SOOI

/

A

Figure 4 - Vertical edge insulation (low density foundation)

Equation (11) applies to insulation placed vertically below ground along the perimeter of the floor (see
figure 3), and to foundations of material of lower thermal conductivity than the ground (see figure 4):

13
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UOep O 0O 2D [l
+ ng—+ 11
%nDdt 1% Eb't +d' 1% (1)

where D is the depth of vertical edge insulation (or foundation) below ground level (in metres) and ¢; is as
defined in clause 8.

:|I>*

Figure 3 shows edge insulation inside the foundation wall. Equation (11) also applies to vertical edge
insulation outside or within the foundation wall.

10 Suspended floor

A suspended floor is any type of floor held off the ground, for example timber or beam-and-block (see
figure 5). Thig clause deals with the conventional design of suspended floor in which the underfleor space
is naturally ventilated with external air. For mechanical ventilation of the underfloor space, or'ifthe
ventilation rafe is specified, see annex F.

/\\

R

/
— / L

Ground

Figure 5 - Schematic diagram of suspended floor

The steady-state thermal coupling coefficient between internal and external environments is

Ls=AU (12)

14
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and the thermal transmittance is given by

1 1 1
U U Ug+Uy

(13)

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

Uy is the thermal transmittance for heat flow through the ground, in W/(m2-K);

Uy is an equivalent thermal transmittance between the underfloor space and the outside
accounting for heat flow through the walls of the underfloor space and by ventilation ef-the
underfloor space, in W/(m2-K).

Calculate U according to EN ISO 6946 using the surface resistance values given in 4.3,
Calculate Uy by means of equations (1), (14) and (15):

dg=w+ A (Rsi + Ry + Rse) (L4)

2\ Unp O
+

Ug = B, In%@ 1@ (S)

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

If the undgrfloor space extends to an average depth ofymore than 0,5 m below ground level, Uy should pe
calculated|according to equation (F.2) in annex F:

Obtain Uy [from:
Uy = 2hU,, /B’ + 1450¢vi, /B’ (IL6)

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 W/(m2-K),
calculated according to EN 1SO 6946;

€ is the'area of ventilation openings per perimeter length of underfloor space, in m2/m;

v is the average wind speed at 10 m height, in m/s;

fy is the wind shielding factor.

15
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If hvaries round the perimeter of the floor, its average value should be used in equation (16).

Annex F gives equations for the calculation of the average temperature in the underfloor space.

The wind shielding factor relates the wind speed at 10 m height (assumed unobstructed) to that near
ground level, allowing for the shielding by adjacent buildings, etc. Representative values are given in table

4.

Table 4 - Values of the wind shielding factor  f,

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

11 Heateéd basement

The procedufes given for basements apply to buildings in whichpart of the habitable space is below
ground level [see figure 6). The basis is similar to that for the stab-on-ground, but allowing for:

- the depth|z of the floor of the basement below groundjlevel;

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

If z varies rodind the perimeter of the building, its mean value should be used in the calculations.

NOTE 1 - If z= 0 the formulae reduce to those of clause 8 for the slab-on-ground.

This standardl does not directly cover the case of a building having a floor on the ground for part of it and
a basement for part of it.-:However, an approximation to the total heat loss via the ground from such a
building can pe 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.

The procedute
of the basement and through the walls of the basement below ground level. The parts of the walls above
ground level should be assessed by their thermal transmittance calculated according to

EN ISO 6946.

16
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A/

/

Ground

Figure 6 - Schematic diagram of building with heated basement

The steady-state thermal coupling coefficient Lg is given by:
Ls = A Uyt + 2 P Uy, (L7)

NOTE 2 - Equation (17) gives the heat:flow from the whole basement. The heat transfers through
the floor and walls of the basement are interlinked, and for this reason the two terms in (17), fo
the heat flow through the floor and walls respectively, are approximations.

To determjne Uys, calculate the chafagteristic dimension for the basement floor using equation (1), and
include any insulation of the basément floor in the total equivalent thickness:

0y = W+ A (Rei-Rs + Rse) (1L8)
w is the full thickness.af the walls of the building at ground level, including all layers. Ry is the thermal

resistance|of the floor slab including that of any all-over insulation layers above, below or within the floof
slab, and fhat.of\any floor covering.

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

Use either (19) or (20), depending on the thermal insulation of the basement floor.

17
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If (g + Y22) <

B’ (uninsulated and moderately insulated basement floors):

2\ U mnB

0
Ups = Ind +1 19
bf TB'+d; +Yz [di+%z 0O (19)

If (¢ + Y22) = B’ (well-insulated basement floors):

A
Ups = 20
bt = 04578+ dy + Yz (20)
Upw dependgq on total equivalent thickness for the basement walls:

Oy = A (Rsi + Ry + Rse) (21

where R, is the thermal resistance of the walls of the basement all layers, and the other symbols are
defined in 3.2.

Obtain Uy, f

The formula for Uy, involves both d,, and d. It is valid for d, = diwhich is usually the case. If, however,

dy < d; then

The effective
is:

12 Unhe

12.1 Unhed

The formulas

The steady-S

om:

260, 050, Oz

U —1{In + 22
bw = dt+zD H{E ]H (

[ should be replaced by dy, in (22).
thermal transmittance characterising the:whole of the basement in contact with the ground

U= Alpt + 2P Upy

A+ zP (23

ated or partly heated basement

ted basement

given inghis subclause apply to unheated basements ventilated from the outside.

tate‘thermal coupling coefficient between the internal and external environments is given by:

LS =AU (24)
The thermal transmittance U is given by
A
i = i =+ (25)
U U AUy +2zPUp, +hPU, +033nV

18
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Us is the thermal transmittance of the floor (between the internal environment and the
basement);

U,, isthe thermal transmittance of the walls of the basement above ground level,
n is the ventilation rate of the basement, in air changes per hour;

14 is the air volume of the basement.

In the absence of specific information a value of n= 0,3 air changes per hour may be used.

Calculate s and U,, according to ISO 6946 using the surface resistance values given in 4.3.

Calculate Uy and U, according to clause 11.

NOTE - The average temperature in the basement may be calculated by the method in annex

12.2 Paryly heated basement

The heat flow rates for partly heated basements may be calculated as follows:
1) Calqulate the heat flow rate for a fully heated basement;

2) Calgulate the heat flow rate for an unheated basement;

3) Conpbine the heat flow rates in 1) and 2) in proportioh to the areas of heated and unheated parts |of

the basement respectively in contact with the greund to obtain the heat flow rate for a partly heatg¢d
bas¢ment.

19
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Annex A (normative)

Numerical calculations

Numerical methods which conform with A.1 and EN ISO 10211-1 or prEN ISO 10211-2 may be used as
an alternative to, or in conjunction with, the methods given in this standard for the calculation of the heat
transfer from a building via the ground, via:

a) athree-dimensional numerical calculation, giving the result directly for the floor concerned;

b) a two-dimensional numerical calculation, using the characteristic dimension as the floor width, also

giving the|total heat flow for that floor;

c) atwo-dimensional calculation giving the linear thermal transmittance Wy associated with the floor
junction ahd/or the factor AW for edge insulation, and using these in conjunction with the formulae in

the standard for any size of floor.

NOTIE - Usually the largest heat flows occur near the edges of the floor, and_ in_most cases only
small errors result from converting the three-dimensional problem to a two-dimiensional problem
in which the width of the building is taken as the characteristic dimension-of the floor (area divided
by half perimeter).

A.1 Condifions for numerical calculations

A.1.1 Subdivision of the geometrical model

The geometrjcal model of the ground is sub-divided in such a-way that the sub-divisions are smallest nea
to the edge df the floor, and gradually increasing in size to much larger sub-divisions near the truncation
planes. EN I1$0 10211-1 gives criteria for judging whether sufficient sub-divisions have been used.

A.1.2 Dimgnsions of the ground

The following minimum dimensions of the ground define the truncation planes in the geomerical model:

— inthe morizontal direction inside the building: 0,5 B,
— in the horizontal direction outside the building: 2,5 B’,
— in the yertical direction below ground level: 2,5 B’

where B'is the characteristic'dimension of the floor for two-dimensional calculations, or the smaller
dimension of|the floor for‘three-dimensional calculations.

A.1.3 Boundary conditions

For two-dimensional calculations there is a vertical symmetry plane in the middle of the floor, which is
taken as an adiabatic boundary (so that one half of the building is modelled). For three-dimensional
calculations on a rectangular building, vertical adiabatic boundaries are taken in the ground mid-way
across the floor in each direction (so that one quarter of the building is modelled). For non-rectangular
buildings, it is necessary either to model the complete building (together with the ground on all sides), or
to convert the problem to a two-dimensional one using a building of width equal to the characteristic
dimension of the floor.

Outside the building, the vertical truncation plane is taken as an adiabatic boundary.

20
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The horizontal truncation plane in the ground is taken as an adiabatic boundary.

Surface resistances as specified in 4.3 apply at the inside floor surface and at the outside ground surface.

A.2 Determination of the linear thermal transmittance W for wall/floor junctions

Numerical calculations using a two-dimensional ~)—
geometrical model can be used to determine
values of linear thermal transmittance for wall adiabatic ------}-----
floor junctions. boundary
for L1

First moddl the full detall, including a section of w
the wall to|height h,,, and calculate L%D as the
heat flow fjate per temperature difference and
per perimater length. h, should be the minimum E
distance frlom the junction to a cut-off plane T
according [to the criteria in prEN 1SO 10211-2.
Then replgce all material below ground with soil
(but retain|ng any all-over or edge insulation) IR
and remoye the wall down to outside ground }
level (see figure A.2). Use adiabatic boundaries
where the |wall was previously in contact with the
floor slab ¢r the ground. Obtain L%D by a second ‘
numerical [calculation on the revised detail. gdiabatic |

boundary !

for L ‘
Then 2 | T AN E

" s X g
W :(Ll - WUW)—L2
Figure A.1: Schematic diagram for calculation of Lf)

where Uwlis the thermal transmittance ofithe
wall abovg ground, as modelled in thefirst
calculatior]. Figure A.2: Schematic diagram for calculation of L%)
A.3 Determination of the-Correction term AW for edge insulation
Numericallcalculatigns‘using a two-dimensional geometrical model can be used to determine correction
terms AW.
First undeftake the second calculation described in A.2, giving L3P

Then replace the edge insulation with soil and obtain L%D by a further numerical calculation.

Then

— 12D 2D
AW =120 -2
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A.4 Periodic heat flows

Similar criteria to the foregoing apply to time-dependent numerical calculations for the determination of
periodic thermal coupling coefficients, except that adiabatic truncation planes may be taken at positions
equal to twice the periodic penetration depth measured from the edge of the floor in any direction (if these
dimensions are less than those specified in A.1).
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(normative)

Calculation of ground heat flow rate

Three methods of calculating the heat flow rate are provided, to be chosen by the user having regard to
the purpose of the calculation and accuracy to which it is necessary or appropriate to evaluate the heat

flow rate:

a) calculation of the ground heat flow rate separately for each month (see B.1);

b) calculation of the average ground heat flow rate during the heating season (see B.2);

c) calcplation of the annual average ground heat flow rate (see B.3).

B.1 Monthly heat flow rate

To allow fq

steady-stajte, or average, component, together with an annual periodic component. The steady-state
component is related to the difference between annual average internal temperature and annual averag
external tgmperature. The periodic component is related to the amplitude of thelvariation of the internal
and exterrjal temperatures about their respective average values.

For the purposes of calculations according to this standard, the internahand external temperatures are
assumed fo vary sinusoidally about their annual average values in the-following form:

where:

=~ == A
3

il o

(IT')

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

r the effect of the large thermal inertia of the ground, the heat transfer is represented by a

~

= m-t1
,,m:Ti—Ticos@Tr 2 Q (8

= ~ m-t
Te’m = Te - Te COS@T[ TQ (E

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

is the annual average internal temperature, in °C;

is the amplitude ofvariations in monthly mean internal temperature, in K, as defined in 5.1

is the annual average external temperature, in °C;

is the' amplitude of variations in monthly mean external temperature, in K, as defined in 5.2

£
1

i +la +la =N {iy — 1 £ | + a9 [ KL A
1S T THUTTUT TTUTIoCT (777 ="1L TUI yalrtualy tU 71717 = L2 TUI JTUCTITTTIUCT ).

is the month number in which the minimum external temperature occurs.

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
available. In the absence of specific information use T = 1 in the Northern Hemisphere and T = 7 in the
Southern Hemisphere.

NOTE 1: 1 =1 assumes the minimum temperature occurs in the middle of January and the
maximum temperature in the middle of July, and T = 7 assumes the converse: this is a good
approximation for many climates.

1)

2)
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NOTE 2: Only the annual average temperature and the annual amplitude are required for
calculations: these quantities may be derived from monthly values.

Figure B.1 illustrates the definitions of fe and fe . The same applies to the internal temperature.

Figure

The average

where:

pi
pe

a,p

Jul  Aug Sep Oct\ Nov Dec

B.1 - lllustration of the variation of external temperature overa year (in Northern
hemisphere)

rate of heat flow in month m s then given by:

= = A m-1+a A m-t1-
Dy = LS(Ti - Te) = Ly ECOS@HT§+ LoeTe COS@T[TBE (B.3

is the steady-state thermal coupling coefficient, in W/K;

is the internal periodic thermal*coupling coefficient, in W/K;
is the external periodic-thermal coupling coefficient, in W/K;
are phase differences/ in months.

is the time lead of the heat flow cycle compared with that of the internal temperature, in
months;
is the time“lag of the heat flow cycle compared with that of the external temperature, in
months;

NOTI

3 The periadic heat flow cycle leads the internal temperature variation and lags the

external temperature variation. In this standard a and (3 are both positive numbers: the lead/lag is
taken into account in the way equation (B.3) is written.

Methods of calculation of the coefficients Ls, Lpj and Lpe, and appropriate values of the phase differences

a and 3, are

given in annex C for the different types of floor.

Equation (B.3) assumes that the annual variation of internal temperature is such that T;is lower in winter
than in summer. If the reverse applies, the sign of 7; should be taken as negative.

24
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NOTE 4: For calculations based on an assumption of constant internal temperature ﬁ =0and Lp;
need not be considered.

B.2 Average heat flow rate over heating season

For seasonal heat loss 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 equation (B.3) over the heating
season:

6=Ls(7-i_7_-e)_pri7A-i"'prefe (B.4)

where the|value of y, which depends on the length of the heating season, is given by equation (B.5):

y =;—isin%§ (4.5)

where nis|the number of months in the heating season.

=

Equation (B.4) assumes that the annual variation of internal temperature is suehrthat T; is lower in wintg
than in sufnmer. If the reverse applies, the sign of 'f, should be taken as négative.

NOTE - For calculations based on an assumption of constantinternal temperature 7A'I =0and 4
nged not be considered.

The use of equation (B.4) is appropriate for heat loss calculations made on a seasonal, rather than a
monthly, basis.

Equation (B.4) can also be used for heat loss calculations made on a monthly basis, in cases where th¢g
variation i ground losses between months is not-tequired. This has the effect of treating the ground
losses as f constant term, thus overestimating these losses at the ends of the heating season and
underestimating the losses at the middle of-thé heating season.

B.3 Annual average heat flow rate

If f, fe of the length of the heating season is not known, or if the ground losses are required only

approximgtely, the ground heat flow rate can be taken as a constant term equal to the steady-state
componert:

Day :Ls(7_—i_7Te) (B.6)

This is oft¢n‘an*adequate approximation, especially if the heating season is long or if 'f, and fe have
opposite effects on the heatf flow.
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B.4 Maximum monthly heat flow rate

The maximum monthly heat flow rate is given by
Prax :Ls(7_-i_7_-e)+Lpe Te (B.7)

NOTE - This expression corresponds to a constant internal temperature and the maximum
contribution from the external temperature variation.

B.5 Total heat transfer during heating 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:

my
Q= Z Om (B8
=Ty
Qm =86 400 Ny, P (B.9
where:
Q is the total heat transfer, in J;

Om [is the heat transfer in month m, in J;

Nmy  |is the number of days in month m;

@, [is the rate of heat transfer in month m, in W;
mq |is the first month of heating season;

my,  |is the last month of heating season;

86 400 is the number of seconds in one day.

In the case of an average heat flow rate from equation (B.4) or equation (B.6):
Q=86 400 N @, (B.10

where N is the total number ofidays in the heating season.
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Annex C (normative)

Periodic thermal coupling coefficients

C.1 Periodic penetration depth

The periodic thermal coupling coefficients are related to the periodic penetration depth 9, the depth in the
ground at which (for 1-dimensional heat flow) the temperature amplitude is reduced to 1/e of that at the

surface, where e (= 2,718) is the base of natural logarithms. For an annual temperature cycle & is given

by:

—
5= 315x10" A
mpc

NOTE: 3,15 x 10" is the number of seconds in a year.

Table C.1

gives approximate values of & which may be used for calculations by this standard.

Table C.1 - Periodic penetration depth

Category Descri ption d(m)
1 clay or silt 2,2
2 sand or gravel 3,2
3 homogeneous rock 4,2

C.2 Phdse differences

The followjng equations give approximate values-of the phase differences for slab-on-ground floors:

Edge insu

12 U dy U
a =15-—arctan———:=4
. 21 d; +00

B—15—o42m%i%
' Ay +10

ation of a slab-on-ground floor can significantly increase the time lag compared with the

external tgmperaturevariation, especially if placed vertically or external to the building.

(@

(@

(@

1)

2)

3)
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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 8, equations (C.2) and (C.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 C.2, which 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 C.2 - Phase differences (in months)

>

Type of floor a

$lab-on-ground, no edge insulation
$lab-on-ground with internal horizontal edge insulation
$lab-on-ground with vertical or external edge insulation

$uspended

o o o o o
Rro N kR

Basement (heated or unheated)

C.3 Slab-gn-ground floor: uninsulated or with all-over insulation
C.3.1 Internal temperature variation

The thermal foupling coefficient related to internal temperature variations over an annual cycle is:

A 2
l=A— [—MM
PG ar o d +1 (C4

C.3.2 Externfal temperature variation

The thermal foupling coefficient related to external temperature variations over an annual cycle is:

0§ O
Loe = 037P A In{Fr+ 1] (C.5
be 4, O

28


https://standardsiso.com/api/?name=107529c85085478e1e1e1569b4233c29

©1SO

ISO 13370:1998(E)

C.4  Slab-on-ground with edge insulation

C.4.1 Internal temperature variation

Ignore the

edge insulation and calculate Lp; according to C.3.1.

C.4.2 External temperature variation

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

floor.

For floors incorporating horizontal edge insulation:

where D ig

For floors

where D ig
in clause §

If the foun

externally),

value.

C.5 Sud

In the calc

C51 In

C52 E

- e} 0s [
Loe =037PA[{1-e D/B)InD—+1D+e DIB =0 4 a
be @ o, + o, % (
the width of horizontal edge insulation (in m) and d'is as defined in clause 9.
ncorporating vertical edge insulation:
Lpe =0,37PA él— (9‘2’3’5)|nmL +1D+e 2D/5In[£+% (e
Ly + [y

the depth of vertical edge insulation (or foundation) below.ground level (in m), ¢ is as defing
and d' is as defined in clause 9.

ation detail has more than one piece of edge insulation (vertically or horizontally, internally o
calculate Lpe by the procedures above for eactiedge insulation separately, and use the low

pended floor

Llation of the periodic coefficients use U, Uy and dg as defined in clause 10.

ernal temperature variation

01 1 O
L =A +— d
P XU H (

ternal temiperature variation

6)

7)

pSt

8)

0.37P AIn(3/dg +1)+ UyA
Lpe = Ut T (g

9)

O+ U T

—)
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C.6 Heated basement
C.6.1 Internal temperature variation

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

Lpi = Al ;2 +ZPL ;2 (ClO)
de\ (1+8/dy )" +1 dw | (1+8/dy )" +1

C.6.2 External temperature variation

The thermal foupling coefficient due to external temperature variations over an annual cycle consists of
two terms, ome related to the walls of the basement and the other related to the floor of the basement:

0 - gs O - 0s
Lpe :0,37P)\§(1—e 2/6)|I’IBE+1H+6 Z/‘Sln%d:ﬂ% (C.11

C.7 Unhg¢ated basement

C.7.1 Interpal temperature variation

=1
L :E 1, 1 E (C.12
FAUs  (A+zP)\I3 +hPU,, +033nV

C.7.2 Extefnal temperature variation

037PA(2- & 2®)in(8/dy +1)+ hPUy+ 0330V

Lpe = AU
(A+zP)A I3 + hP Uy, +033aV + AU

(C.13
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Annex D (normative)

Heat flow rates for individual rooms

The formulae in the 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 total heat flow may be divided into two parts, applicable respectively to rooms having external walls
(the edge region) and rooms having no external walls (the central region).

The steady-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, @, as follows:

A
Bp = O —p=2 (d.1)
m Lo+ Ae
05B"+d,
By, = Dy - D (d.2)
Ge = DA, (d.3)
Gy = DAL (d.4)

where:
9e is the density of heat flow rate for rooms at the edgé’of the building;
gy | isthe density of heat flow rate for rooms in theyniddle of the building;
Ag is the total floor area of rooms at the edge-of-the building;
A, | is the total floor area of rooms in the middle of the building;
b is the average width of rooms at-the edge of the building;

B’ is the characteristic dimension of the whole floor as defined in 7.1.

Periodic heat transfer due to annualvariation in external temperature should be applied only to rooms 3
the edge df the building.

—
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Annex E (n

Application

ormative)

to dynamic simulation programs

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 ground heat flow rate is treated as consisting of two components. The first component represents the

average heat

flow rate through the ground, over the period of the calculation: this term is obtained using

the methods in this standard. The second component represents the variations in the ground heat flow
rate about the average value: this is a dynamic term obtained by solution of the heat diffusion equation

with the bou
where:
Py
s
oy
@5 is pre-cald
insulation of
the middle of
NOT]
temp
temp
relat

@5 is the total
but an avera

@, is obtaine

Dy = Bp + D,

dary conditions given betow. Thus.

(E.1

is the time-dependent heat flow rate at floor surface, in W;
is the fixed component of ground heat flow rate, in W;

is the varying component of ground heat flow rate, in W.

ulated and treated as a constant term. It is obtained from eguation (B.4), including any
he floor in the determination of the thermal coupling coefficients, for the month number in
the period under consideration (eg m = 7 for July).

E - Values of the annual mean internal temperature and the amplitude of the internal
erature variation can be obtained from an initialzestimate of the monthly mean internal
erature in summer, and an estimate of the monthly mean internal temperature in winter
bd to the use of the building.

heat flow over the whole floor area: FThe heat flux density varies over the area of the floor,
he value gr can be used in equations written in terms of the density of heat flow rate:
G = P /A (E.2

d using the followingr-assumptions and boundary conditions:

— the dympamic heat flowfin)the ground is assumed to be one-dimensional;

— theflo

r construction together with the ground is modelled as a single component consisting of

each layer in.the floor construction plus 1 m depth of ground;

— an adiabatic boundary is taken in the ground at a depth of 1 m
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Annex F (normative)

Ventilation below suspended floors

F.1  General expressions for average temperature and thermal transmittance

Heat is transferred through the suspended floor to the underfloor space, and then from the underfloor
space to the external environment by three mechanisms:

a) through the ground,

b) through the wall (above ground level) of the underfloor space,

c) by ventilation of the underfloor space.

A steady-gtate heat balance of the above mechanisms gives the following as the average temperature pf
the underfloor space:

_ AUT +Veyp Ty +(AUg + hPUy ) Te
Y AU +Vepp + AUg +hP U,

where:
7_'us is the annual average temperature in underfloor space, in K or °C.
Ti is the annual average internal temperature, in K or °C;
Te is the annual average external temperature, in K or °C;
Ty is the annual average temperature of ventilating air, in K or °C;
U is the thermal transmittance of the suspended part of floor, in W/(mz2-K);
Uy | isthe thermal transmittance of the'ground, in W/(m2-K);
Uy | is the thermal transmittance‘ef walls of underfloor space (above ground level), in W/(m2-K
is the volumetric air change rate, in m3/s;
h is the height of suspended floor above ground level, in m;

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

p is the density-of air, in kg/m3.

Uy should|be ohtained by the method in clause 10 if the depth of the base of the underfloor space beloy
ground leVel,z, does not exceed 0,5 m. If z> 0,5 m methods analagous to those in clause 11 can be
used, so that.

Ug =Upi+ZP Upy /A (F.2)

with Ups obtained using equation (19) and Uy, obtained using equation (22).
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The thermal transmittance of the floor (between internal and external environments) is given by:

AUg +hP Uy, +Veop(Ti-T,) /(T - Te)
AUs + AUg + hPU,, +Vcyp

U =Us (F.3)

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

F.2 Ventilation rate

V' (m3/s) is specified for mechanically ventilated floors.

For natually Yentilated floors:

V =0,59¢vf, P (F.4

€ is the area of ventilation opening per perimeter length, in m2/m;
v is the design wind speed at 10 m height, in m/s;

fw is the wind shielding factor defined in clause 10.

For calculatigns by this standard:

%

Y

£ 1000 J/(kg-K) (at 10°C)
- 1,23 kg/m?3 (at 10°C and 100 kPa pressure)

F.3 Naturgl ventilation

In this case [v = 7_'e and re-arrangement of (F:3) together with (F.4) gives equations (13) and (16) of
clause 10.

F.4 Mechdgnical ventilation from-inside

In this case F\, = 7_'I and from~(F.3):

1 Vepp | AU
Uq +2hU,, | B

1_14 (F.5
U U

F.5 Mechanical ventilation from outside

In this case?v = Te and from (F.3):

1
Ug +2hUy, | B+Veyp ! A

1_1
N F.6
T (F.6)

F.6  Unventilated underfloor space

In this case V =0 and from (F.3):
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1_1 1

+ F.7
U U Ug+2hU, B (F.7)

F.7 Unheated basements

Equation (F.6) applies with Vc,p =0,33nV .
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Annex G (informative)

Thermal properties of the ground

The thermal properties of the ground depend on several factors, including density, degree of water
saturation, particle size, type of mineral constituting the particles, 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 vary with time due to changes in moisture content or due to freezing and thawing.

Values of the properties of the ground used for heat transfer calculations, including measured values,
should be representative of the ground in the vicinity of the building and over the period of time to which
the calculatignrefers(eg the heatng season).

Table G.1 indlicates the range of thermal conductivity for various types of unfrozen ground, and shews the
representatiVie values specified in 4.1.

Table G.1 - Thermal conductivity of ground

Dry density Moisture Degree of Thermal Representative

Ground t ype P content saturation conductivity A value of A

kg/m3 u W/(m-K) W/(m-K)

kg/kg %

silt 1400 to 1800 0,10to0 0,30 70 to 100 1,040 2,0 } 15
clay 1200 to 1600 0,20 to 0,40 80 to 100 0,9t0 1,4 ’
peat 400 to 1100 0,05 to 2,00 0to 100 0,2t0 0,5 -
dry sand 1700 to 2000 0,04 t0 0,12 20 to 60 1,1t02,2 2.0
wet sand 1700 to 2100 0,10t0 0,18 85t0 100 15t02,7
rock 2000 to 3000 * A 2,5t04,5 3,5
* usually vefy small (moisture content < 0,03 mass), except for porous rocks

The heat cagacity per volume, pc, can be obtained from the following equation:

where:

c is the specific heat capacityof the ground , in J/(kg-K);

pc = p(cs +CWU)

p is the dry densityfin 'kg/m3;

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

Ccy |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.

(G.1

For most minerals ¢ = 1000 J/(kg-K), and ¢, = 4180 J/(kg-K) at 10°C.

The representative values of pc specified in 4.1 were obtained from equation (G.1) as follows (rounding to

one significant figure):

clay/silt: pc = 1600 x (1000 + 4180 x 0,20)= 2,94 x 106 - 3x106
sand: pc = 1800 x (1000 + 4180 x 0,05)= 2,18 x 106 - 2x 106
rock: pc = 2500 x 800 2,00x 106 - 2x106
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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 thermal
coupling coefficient, Ls. For suspended floors G,y multiplies the ground thermal transmittance Uy. The
factor should not be applied to the periodic thermal coupling coefficients Ly and Lpe.

Values of G, are given in tables H.1, H.2 and H.3 as a function of the dimensionless ratios z, /B’, I/B'and
d; /B', whefe:

Zy 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
ground water, in m.

The length | is given by:

=N H.1)
PwCw Gw

where:
gw | is the mean drift velocity of the ground water, inmf/s;
pw | isthe density of water, in kg/ms;

cw | s the specific heat capacity of water, inJ/(kg-K).

NQTE 1 - p,,Cy = 4,18 x 106 J/(m3-K).at 10°C.

NOTE 2 - If | >> B' the conductignheat flow predominates and if | << B' the ground water heat
flgw predominates.
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