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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in

liaison with ISO, also take part in the work. 1SO collaborates closely with the International Ele

ctrotechnical

Commissipn (IEC) on all matters of electrotechnical standardization.

Internationjal Standards are drafted in accordance with the rules given in the ISO/IEC Directives,|Part 3.

Draft Interpational Standards adopted by the technical committees are circulated to the member bodi
Publication as an International Standard requires approval by at least 75 % of membenbadies casting

Attention is drawn to the possibility that some of the elements of this International-Standard may be {
patent rights. 1ISO shall not be held responsible for identifying any or all such patent rights.

Internationjal Standard ISO 13793 was prepared by the European €ommittee for Standardizati

es for voting.
b vote.

he subject of

pn (CEN) in

collaboratipn with ISO Technical Committee TC 163, Thermal insulation) Subcommittee SC 2, Calculation methods,

in accordgnce with the Agreement on technical cooperation betweenl}SO and CEN (Vienna Agreemen
Throughodit the text of this standard, read "...this European Standard..." to mean "...this International S

Annexes A, B and C form a normative part of this International Standard. Annexes D and E are for informj

).
andard...".

ation only.
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Foreword

The text of EN ISO 13793:2001 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 September 2001, and conflicting national standards
shall be withdrawn at the latest by September 2001.

References to International Standards that have also been published as European Standards are given
in normatiye annex ZA, which is an integral part of this European Standard.

Annexes A, B and C form an integral part of ISO 13793. Annexes D and E are for informatietonly.

According|to the CEN/CENELEC Internal Regulations, the national standards organizations of the

following qountries are bound to implement this European Standard: Austria, Belgium, Czech Republic
Denmark, |Finland, France, Germany, Greece, Iceland, Ireland, Italy, Luxembourg,-Netherlands, Norwdy,
Portugal, $pain, Sweden, Switzerland and the United Kingdom.

© ISO 2001 - All rights reserved


https://standardsiso.com/api/?name=37b83b0fa0f3d716c587f09cdc46684d

1ISO 13793:2001(E)

Introduction

Frost heave i

s the deformation of a building due to ice lenses in the ground below it, which can occur

when soil freezes under the foundations or other structural members in contact with the soil. This is

relevant to th

e design of building foundations in climates where the depth of penetration of frost into the

ground may exceed the minimum foundation depth necessary for structural reasons.

Not all types

of soil are susceptible to frost heave (this is discussed in annex D).

The risk of frost heave can be avoided in various ways. One is to have foundations deep enough so as to

be below the
for buildings
to ensure thsg

Another posg
depth, and rq

A third optior
climates the
standard giv
in the found

In unheated
more perime

The procedu
many years,
on the result
heat capacity
experimenta

The standard

not become {frozen. In permafrost areas (annual average temperature less than 0 °C), the appropriate

design may,
involves quit

frost penetration depth. Thus, special design procedures for frost heave are not necessary
with basements extending more than the frost penetration depth below ground level (ex¢ept
use of suitable backfill material that will not adfreeze to the basement wall).

ibility is to remove the frost-susceptible soil down to a depth below the frost penetration
place it with material that is non-susceptible to frost before constructing the feundations.

is to insulate the foundations so as to avoid frost penetrating below the<foundations. In cold
atter option is frequently the most economic as it allows shallower foundations, and this

s methods for determining the width, depth, thermal resistance-afid placement of insulation
ion region in order to reduce the risk of frost heave to a negligible level.

buildings the heat available from the building itself is less\than with heated buildings, and
er insulation is needed to protect the foundations.

res in this standard are essentially those that have been used in the Nordic countries over
and have been found to be satisfactory in practice in preventing frost heave. They are based
5 of dynamic computer calculations, which'took account of the annual temperature cycle, the
of the ground, the latent heat of freezing of water, etc., and which have been validated by
data from actual constructions.

is concerned with ensuringthat the ground below the foundation (if frost-susceptible) does

by contrast, be based ‘on maintaining the ground fully frozen for the whole year. That
p different solutions‘that are not considered in this standard.

Vi
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1 Scope

This standard gives simplified procedures for the thermal design of building foundations so as to avoid
the occurrence of frost heave.

It applies to foundations on frost-susceptible ground, and includes buildings with both slab-on-ground
floors and suspended floors.

It covers heated and unheated buildings, but other situations requiring frost protection (for example
roads, water pipes in the ground) are not included.

The standgrd is not applicable to cold stores and ice rinks.

The standgrd applies in climates where the annual average air temperature is above 0 °C, but'does not
apply in permafrost areas where the annual average air temperature is below 0 °C.

2 Nofmative references

This European Standard incorporates, by dated or undated references, pravisions 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 of any jof
these publications apply to this European Standard only when incorporated in it by amendment or
revision. Hor undated references, the latest editions of the publication referred to applies (including
amendmepts).

ISO 6946 Building components and building' elements - Thermal resistance and thermal
transmittance - Calculation method

ISO 7345 Thermal insulation - Physical quantities and definitions

ISO 10211

1
=

Thermal bridgesin building construction - Heat flows and surface temperatures
Part 1: Genetal calculation methods

ISO 10456 Building materials and products - Procedures for determining declared and design
thermal values

© 1SO 2001 - All rights reserved 1
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3 Defin

3.1

itions, symbols and units

Terms and definitions

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

3.1.1

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

3.1.2

suspended
floor constru
the ground

NOT]
unve

3.1.3

vertical edg
insulation plg
itself

3.14

loor
ttion in which the floor is held off the ground, resulting in an air void between the floor.and

E This air void, also called underfloor space or crawl space, may be ventilated,or
ntilated, and does not form part of the habitable space.

b insulation
ced vertically against the foundation internally and/or externally;\or within the foundation

ground insuflation

insulation plg

NOT]

3.15

freezing ind
24 times the
on a daily ba|

3.1.6 freezin
period during
freezing/thaw

3.1.7
frost depth
depth of pen

ced horizontally (or nearly so) below ground, extérnal to the building
E See Figure 1.
X

sum of the difference between'0°C and daily mean external air temperature, accumulated
5is over the freezing season (including both positive and negative differences)

jg season

which the mean daily external air temperature remains less than 0°C, together with any
ing periods at €ither end of this period if they result in net freezing

ptration of frost into the ground

3.1.8

foundation depth
depth of foundation below the outside ground level

NOT

frost,

E If the foundations are put on a layer of well-drained material that is non-susceptible to
the thickness of such a layer may be included in the foundation depth.

© 1SO 2001 — All rights reserved
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3.1.9
frost-susceptible soil
soil of a type which may cause frost heave forces when frozen as part of the ground

3.1.10
floor insulation position
height of lower surface of the floor insulation layer above external ground surface

NOTE If there is no insulation in the floor this quantity is measured from the floor surface.

3.2 Symbols and units

The followjng is a list of the principal symbols used. Other symbols are defined where they are‘used
within the fext.

Symbol || Quantity Unit

B width (smaller dimension) of building m

b width of ground insulation, measured from outer limit of footing m

bgc width of ground insulation at corner m

bgw width of ground insulation along wall m

Fa design freezing index K-h

Fn freezing index which statistically is exceeded once-in a period of n years K-h

Ho maximum frost depth in undisturbed, snow-free ground m

Hs foundation depth for walls m

Htc foundation depth for corners m

Hy depth of vertical edge insulation m

h floor insulation position m

Le length of corner insulation-(measured along external surface of wall) m

Ry thermal resistance_df floor construction mz-KM/
(average value over'the outer 1 m of floor)

Ry thermal resjstance of vertical edge insulation m2-KW

Rg thermal resistance of ground insulation m2-KW

Rgc thermabhresistance of ground insulation at corner m2-KW

Rgw thermal resistance of ground insulation along wall mz2-K/W

Ee anmuat average exteralair temperature c

G m average internal air temperature in month m °C

© ISO 2001 - All rights reserved 3
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E) Raft-construction with ground insulation f) Raft construction over a bed of crushed stopes
and vertical edge insulation (h < 0in this case, so is not considered)
Key
1 Ground insulation 2 Vertical edge insulation
3 Non frost-susceptible soil 4  Bed of crush stones ventilated from inside

NOTE These are illustrations to show thermal principles and should not be considered as constructional
details.

Figure 1 - Examples of vertical edge insulation and ground insulation in foundation structures

4 © IS0 2001 - All rights reserved


https://standardsiso.com/api/?name=37b83b0fa0f3d716c587f09cdc46684d

ISO 13793:2001(E)

4 Design principles

Soil is fully frozen when all the water in it is frozen. This is assumed to have occurred when the
temperature of the soil reaches -1 °C (see annex D). The data given in clauses 8 to 10 apply when the
foundations are to be designed so that no fully frozen soil occurs below the foundation during the design
winter. Alternative data based on a criterion of 0°C are given in annex C.

This design condition may be achieved in one of four ways:

1) arranging for the foundation depth to be greater than the depth at which fully frozen soil occurs;

2) rempoving frost-susceptible soil from below where the foundations will be built, to the same depth
as rhentioned in 1), and replacing this with well-drained material that is non-susceptible to)frost;

3) insylating the foundations to reduce heat loss from the soil below the foundations,so,as to keep
this|soil unfrozen;

4) using heat loss from the building, or special heating measures, to keep the.soil below the
foundations unfrozen.

For the purposes of this standard, 1) and 2) are equivalent and are covered in clause 7. Furthermore, the

solution aglopted can be a combination of 2), 3) and 4). Thus, the thickness of any layer below the
foundatiors that is non-susceptible to frost may be included in the foundation depth Hf when using this

standard tp decide whether frost protection measures are necessary and, if so, what insulation is
needed.

NOTE 1 If option 4) is chosen, a combination with 3) is usually necessary to restrict heat loss.
The insuldtion required by options 3) and 4) can®e determined by:

a) using the tables and graphical presentations in this standard (see clause 8, 9 or 10, depending gn
the type of building), or

b) undertaking numerical calculations conforming with the principles given in annex B.

It is also permissible to usera-Combination of a) and b), for example determination of insulation required
at corners|by a) and (twe-dimensional) numerical calculations to determine the insulation required
elsewhere

Heat emisgion from floor heating systems, heating cables in the ground, or similar, is not allowed for in
the design procedures of clauses 8 to 10. Numerical calculations shall be undertaken when such heat
emission is to be considered.

NOTE 2 If the design procedures of clauses 8 to 10 are applied to such situations, there will be
an additional margin of safety as regards frost heave, but perhaps additional heat loss.

The foundations shall be designed to avoid adfreezing of the soil, thus preventing frost heave by transfer

of shear forces, for example by having a layer of material that is hon-susceptible to frost adjacent to the
walls of the foundation or basement.

© ISO 2001 - All rights reserved 5
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If the building envelope is not completed and/or the building is not heated before the frost season,
additional insulation measures shall be undertaken to protect the foundations.

NOTE 3 One way of achieving such additional protection is to design the foundations as for
unheated buildings using a design freezing index for non-permanent structures (see 6.1).

The parameters relevant to frost protection are:

- climate, especially freezing index and annual average temperature;

- frost susceptibility of the sail;

- thermgl properties of the ground, both frozen and unfrozen;
- insulatjon of the floor;
- interngl temperature in the building;

- the gepmetry, and especially the overall dimensions, of the building, and the type of\foundation
used.

NOTI|E 4 Snow cover has the effect of reducing the frost penetration depth, but since snow cover
cannot be assured for design purposes, no allowance for it is madeWwhen assessing the design
critefion.

Some examples are illustrated in Figure 1.

5 Matefial properties

5.1 Propefties of the ground

The ground ghall be considered to be frost-susceptible unless otherwise established by geotechnical
examination.

NOT[E 1 Information about frost;susceptibility is given in annex D.

This standard is based on homaogeneous ground consisting of frost-susceptible soil with the following
properties:

thefmal condugtivity (unfrozen) A =1,5W/(m-K)
thefmal capdurctivity (frozen) A =2,5W/(m-K)

heat capacity per volume (unfrozen) C =3 x 105 J/(m3-K)
heatcapacity per volume (frozen) Cy=1,9 %106 J/(ms3.K)
latent heat of freezing per cubic metre of soil L =150 x 106 J/m3
dry density p =1350 kg/m3

water content (saturation degree = 90 %) w =450 kg/m3

For most types of frost-susceptible soils, the frost penetration depth adjacent to a building differs little
from that determined using the above values. If, however, the actual soil properties are considerably
different from those listed above, numerical calculations in accordance with annex B should be
undertaken.

6 © I1SO 2001 — Al rights reserved


https://standardsiso.com/api/?name=37b83b0fa0f3d716c587f09cdc46684d

ISO 13793:2001(E)

NOTE 2 As a general rule, the design data in clauses 8 to 10 can be applied for soils with dry
density in the range 1100 kg/m3 to 1600 kg/m? and with water saturation exceeding 80 %.

NOTE 3 When ground insulation is used, the relevant properties are those of the soil in the
vicinity of the building. If ground insulation is not used, the properties of the backfill may be
significant, especially if the backfill zone is relatively wide. Backfill (which is well-drained to avoid
adfreezing) can increase the frost penetration depth locally due to absence of water in the soill
and its associated latent heat.

52 Pro

according

perties of building materials

0 1SO 10456 or obtained from tabulated values. The thermal resistance of products used

For the th}rmal resistance or any bullding product, use the appropriate design value, either calculated

below gro

N
of

If thermal
conductivi

Ensure that any insulation material subject to compressive load has adequate compressive strength and

nd level shall reflect the moisture conditions of the application.

DTE Moisture conditions may be affected by whether or not the building is heated/and are
en more severe adjacent to unheated buildings.

conductivity is quoted, obtain the thermal resistance as the thickness divided by thermal
y. The thickness used shall allow for any compression of the producti.if applicable.

deformatiqn characteristics.

If ground i
damaged

hsulation is necessary for the protection, measures shall be taken to ensure that it is not
br removed after completion of the building. Inform the user of the building of the presence a

location of| the ground insulation and of its purpose.

6 Cli

6.1 Deqg

matic data

ign freezing index

The insuldtion required for frost protection depends on the severity of the design winter, expressed in

terms of th
The desig

statistically
data and ¢

Having se

e freezing index togetherwith the annual average external air temperature.

h freezing index Fg\is-expressed in terms of F, the value of the freezing index which
is exceeded once’in n years for the locality concerned, based on recorded meteorological

ected thevalue of n, obtain F, from tables or maps covering the locality concerned.

alculated accerding to annex A. F,, has a 1 in n probability of being exceeded in a given winter.

The appro

riate value of n is related to the expected lifetime of the building and the sensitivity of the

building to

frost heave.

For permanent structures use F1gg or Fsp.

NOTE For practical purposes F1gp and F5g can be considered to be equivalent, as the
difference between them is very small, and either may be used (depending on availability).

© ISO 2001 - All rights reserved
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For the design of buildings that can tolerate some movement, or for non-permanent buildings, a lower
freezing index (e.g. F2o, F10, F5) may be used.

6.2 Frost depth in undisturbed ground

The greatest depth of frost penetration in undisturbed ground (i.e. ground unprotected by buildings, snow
cover or vegetation) depends on the climate (freezing index and annual average air temperature) and on
the thermal properties of the ground.

NOTE_Design values of maximum frost depth in undisturbed homogeneous frost-susceptible
groupd without snow cover, Hg, may be found for some locations in national maps or tables.

If Hg is not kmown, an approximate value may be calculated from the following equation:
Ho - 7200Fd_/1f 1
L+C 6,

Fq is the design freezing index, in K-h;

where

At is the thermal conductivity of frozen soil, in W/(m-K);
L is the latent heat of freezing of water in the soil per volume of soil, in J/m3;
C is the heat capacity of unfrozen soil per volume, in J{m3-K);

is the annual average external air temperatureyin °C.

If appropriatg soil data are not given, use the data.in)5.1.

7 Foundation depth greater than frost depth in undisturbed ground

The foundatipns of any building cambe designed so that the foundation depth, Hy, is at least the
maximum frgst depth in undisturbed snow-free ground, Hg.

If Hf > Hg, thie foundations’are adequately protected against frost heave and neither edge insulation nor
ground insulation is requifed.

If the foundations are on a layer of well-drained material that is non-susceptible to frost, the thickness of
such a layer may be included in H;.

NOTE For climates with Fg < 2000 K-h this condition applies for depth of foundation of 0,45 m or
greater.

If Hf < Hg, consult clauses 8 to 10 or undertake numerical calculations according to annex B.

8 © I1SO 2001 — Al rights reserved
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8 Slab-on-ground floors for heated buildings

8.1 Applicability

This clause applies to foundations for which H; < Hy and to:

a) buildings in which the average internal air temperature throughout the building in each month is at
least 17 °C (i.e. 6y =17 °C for all m),

b) buildings in which some parts are heated and some parts are unheated, provided that in the

hea

ed parts 4 17 °C for all m_and that the unheated parts are treated as described in 8 5:

¢) buil

Ifém <5
buildings

lings in which 5 °C < 4 , <17 °C with the modifications described in 8.8.

°C in any month, the frost protection of the foundations should be designed as foruinheated
see clause 10).

For data bpsed on a design criterion of 0 °C below the foundations, see annex C,

8.2 Gerneral principles

In all case
Heat from
Therefore

corners or

This claus

5, provide vertical edge insulation as specified in 8.6.

additional measures may be needed at corners, either by having deeper foundations at the
by having additional insulation there.

b provides three options for achieving the hecessary frost protection:

1) usirg vertical edge insulation only, with.no ground insulation: excavate the foundations to the

dep
wal

2) usin

th given in 8.7.1 (a greater foundation depth is needed at corners than along the rest of the
S);

g ground insulation pnly’at the corners, to avoid increasing the foundation depth at the

corners: the foundation‘depth is as for the walls in 1), see 8.7.2;

3) usir
the
8.7.

The found

g a restrictedfoundation depth (not less than 0,4 m), with the same foundation depth all rou
pbuilding: provide ground insulation all round the building, but increased at the corners, see
3.

ation depth and/or the extent of the ground insulation is determined by the design freezing

the building raises the ground temperature less at carfiers than along the sides of the buildir|g.

nd

index, Fg.

Design the floor insulation to give satisfactory floor temperatures and energy economy (i.e. independently
of the frost heave problem).

NOTE The use of vertical edge insulation and ground insulation increases floor surface
temperatures and decreases heat loss at the edge of the floor.

© ISO 2001 - All rights reserved
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8.3 Restri

8.3.1 Buildi

2001(E)

ctions

ng width

The foundation depths and frost insulation specified in this clause apply to buildings with a width B of at

least 4 m.

If B <4 m the foundations should be designed, either in depth or in provision of ground insulation,

according to

the procedures given for corners, but applied all round the building.

8.3.2 Floor

The foundati
insulation po

Ifh>0,6m,
for unheated

8.3.3 Thern]

The thermal
surface and

If the therma|
the outer 1 m

The foundati
5 m2-K/W. If

the procedur

8.4 Groun

Ground insul
insulation sh
depth may b

The data giv
from the outg

nsulation position
bn depths and frost insulation specified in this clause apply to floors for which the floor
Sition h does not exceed 0,6 m.

bither undertake numerical calculations in accordance with annex B or use thé’procedures
buildings (clause 10).

al resistance of floor slab

esistance of the floor construction, Ry, is the total thermal resistance between the floor

he soil. It includes any insulation layers above, below or within it, together with that of any
floor covering.

resistance of the floor construction varies over its area, take R; as the average value over
of floor.

bn depths and frost insulation specified in“this clause apply to slabs with R; not exceeding
R¢ > 5 m2.K/\W, either undertake numerical calculations in accordance with annex B or use
es for unheated buildings (clause 10).

d insulation

ation shall be protected-against risk of mechanical damage. The top surface of any ground
buld be at least 300,mm below ground level, unless covered by paving in which case the
e reduced to 200 mm.

en on thewidth of ground insulation, by, bg, and bgc, assume that this width is measured
rmostface of the foundation.

NOTI

It may be necessary for the total width of the ground insulation to be greater than b, if

the footing projects beyond the foundation wall, as in Figure 1a.

If ground insulation is used together with internal edge insulation, take care to avoid a thermal bridge by
continuing the ground insulation beneath the foundation to meet the vertical edge insulation (see

Figure 1c).

Ensure that ground insulation is continuous with no gaps, that it is adequately protected from excessive
moisture by roof overhangs, sound guttering arrangements, etc. and that it is placed on a drainage layer.

10
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Unheated parts of a building

8.5.1 General

If some parts of a building are unheated, the procedures of 8.6 and 8.7 may be applied to the heated

parts, provided that the protection described in 8.5.2 or 8.5.3 (as appropriate) is applied to the unheated

parts of the building.

8.5.2 Building with limited unheated parts

The unheated parts of a building may he reqgarded as limited if their dimensions do nat exceed thase
indicated in Figure 2, where the parameter L, is given as a function of the design freezing index in
Table 1.
Table 1 - Maximum unheated length L for limited unheated parts
Fa (K-h) <30 000 > 30 000 to 40 000 > 40 000 to 50 000 > 50 000
Ly (M) 3,0 2,5 2,0 1,5
1 1 1
b
~ ™~ ™~ /]
>2m >4m
2 2
——
: <3m
—— s —
>pPm <ly >2m >4m <0,75L >4m <050,
Key
1 Heatef part
2 Unheated part
Figure 2 - Definition of limited unheated part of floor slab
NOTE Lg+#sthe maximum length of an unheated part which is surrounded on three sides by
hdgated areas of the building. The maximum length is less than L in other cases, as shown in
Figure 2.

For limited unheated parts:

insulate the floor of the unheated part so that the thermal resistance of the floor is at least to the
minimum ground resistance, Ry, for unheated buildings according to 10.2 (Table 11 or Table 12);

at the external perimeter of the unheated part, use vertical edge insulation according to 8.6;

© ISO 2001 - All rights reserved
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- if the unheated part is surrounded on three sides by heated areas of the building (Figure 2a): use
frost protection as for corners according to 8.7 at the external perimeter of the unheated part and
for a distance L. to each side of it, where values of L are given as a function of the design

freezing index in Table 5;

- if the unheated part is surrounded on only one or two sides by heated areas of the building
(Figures 2b and 2c): at the external perimeter of the unheated part and for a distance L. to each

side of it, use ground insulation of width 0,5bg, with by according to 10.2 (Table 10), of thermal
resistance Ry as for unheated buildings according to 10.2 (Table 11 or Table 12), where values of
L. are given as a function of the design freezing index in Table 5;

- avoid thermal bridges at the internal perimeter of the unheated part.

8.5.3 Buildipg with more extensive unheated parts

If any unheafted part of a building cannot be regarded as limited because its dimensions.exceed those

indicated in Kigure 2, regard the heated and the unheated parts as separate buildings-and design the
foundations g@ccordingly, continuing the design for the unheated part for a distance Lt where it adjoins the

heated part, vhere values of L are given as a function of the design freezing,index in Table 5.

8.6 Verticpl edge insulation

In all cases, provide vertical edge insulation, of thermal resistance R, ‘at least that given in Table 2. Use
linear interpdlation to obtain intermediate values.

Table 2 - Minimum thermal resistance\of vertical edge insulation
for slab-on-ground floars, Ry (in m2-K/W)

R¢in m2-K/W, hin rh

3 0,0<Rf <1,0 1,0 <R 2,6 2,6 <Rf <5,0
Keh h<0,3 0,3<h <06 h<0,3 0,3<h <06 h<0,3 0,3<h k0,6

5 000 - - 0,5 0,8 0,8 1,0
10 000 0,5 0,8 1,0 1,0 1,5 2,0
20 000 0,8 1,0 1,0 1,2 1,5 2,3
30 000 1,0 1,0 1,0 1,3 1,5 2,5
40 000 1,0 1,0 1,2 1,5 1,7 2,7
50 000 1,0 1,2 14 1,7 2,0 3,0
60 000 1,2 1,4 1,8 2,1 2.4 3,4
70 000 1,4 1,6 2,1 2,4 2,8 3,6

NOTE 1 Greater values of R, than those shown in Table 2 may be appropriate for reasons of
minimum floor surface temperatures or restriction of heat loss.

The necessary vertical edge insulation can be obtained by using a foundation material with low thermal

conductivity (e.g. lightweight concrete), or by using a layer of insulation material external to, within or
internal to the foundation wall or beam.
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NOTE 2 Although external insulation is preferable from the point of view of frost protection, the
data given cover all the above alternatives.

Vertical edge insulation should extend from the top of the slab insulation to a depth H,, below ground
level, taking care to avoid a thermal bridge between the slab insulation, the wall insulation and the

vertical edge insulation, where:

- with no ground insulation, H, > 0,6 m or the full foundation depth if less;

- with ground insulation, Hy, is the depth of the lower surface of the ground insulation.

8.7 Altgrnative foundation designs

The foundption design should comply with 8.6 and with one of the following alternatives.

8.7.1 Foundations with no ground insulation

The foundption depth should be:

- atthe walls, at least Hy;

- near the corners and at limited unheated parts for a distance Ly from these places, at least the
gredqter depth Hy (if Fq > 30 000 K:h);

where the|values of H¢, Hic and L are given in Table 3 as a function of the design freezing index.

Table 3 - Foundation depth for slab-on-ground floor without ground insulation

Fd Hy Hic Lc
K-h m m m
Fq <30 000 0,35 0,35 -

30 000 < Fg <35000 0,40 0,60 1,0
35 000 < Fg4 <£.40)000 0,50 0,80 1,0
40 000 < Fg'<45 000 0,60 1,00 1,5
45 000 < Fg < 50 000 0,75 1,30 1,5
50 000:< F4 <55 000 0,90 1,60 1,5
55.000 < F4 <60 000 1,10 1,80 2,0
60 000 < F4 <65 000 1,30 2,00 2,0
65 000 < Fg <70 000 1,50 2,20 2,5

8.7.2 Ground insulation only at corners

If Fg <30 000 K-h, ground insulation is not required.

For greater values of Fy, the foundation depth shall be at least H; all round the building, and ground
insulation shall be used near corners and at limited unheated parts for a distance L. from these places,
where the values of Hf and L are given in Table 4.

© ISO 2001 - All rights reserved
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The thermal resistance of the ground insulation shall be at least 1,0 m?-K/W, and its width shall be by,

values of bgc

being given in Table 4. See also Figure 3.

Table 4 - Foundation depth and corner insulation for slab-on-ground floor

8.7.3 Groun
If Fg <3000

For greater
insulation all

If Fg > 30 0d
distance L f
resistance, R
value of Fy.

If Fg > 37 50
combination
5, according
near the corr

See also Fig

Fq Hs bgc Lc
K-h m m m
Fq <30 000 0,35 - -

30000 < F4 <£35000 0,40 0,50 1,0
35000 < Fg4 <40 000 0,50 0,50 1,0
40 000 < Fgq <45 000 0,60 0,50 1,5
45 000 < F4 <50 000 0,75 0,60 1,5
50 000 < Fg4 <55 000 0,90 0,80 1,5
55 000 < F4 <60 000 1,10 0,80 2,0
60 000 < F4 <65 000 1,30 0,80 2,0
65 000 < F4 <70 000 1,50 1,00 25

d insulation all round the building

0 K-h, ground insulation is not required.

alues of Fq, the foundation depth may be reduced to'not less than 0,4 m by placing ground
round the building.

0 K-h, ground insulation is necessary near(corners and at limited unheated parts, for a
om these places as given in Table 5. Select an appropriate combination of thermal
gc» and width, by, of ground insulatiennear the corners using Figure 4, according to the

0 K-h, ground insulation is.also necessary along the walls. Select an appropriate

pf thermal resistance, Rgw;and width, bg,, of ground insulation along the walls using Figure
to the value of Fy. Thenuse Figure 4 to determine the greater ground insulation needed

ers and unheated_parts. The corner insulation applies for a distance L as given in Table 5.

ire 3.

14

© 1SO 2001 — All rights reserved


https://standardsiso.com/api/?name=37b83b0fa0f3d716c587f09cdc46684d

bgw

ISO 13793:2001(E)

o

Key

1 Limited ynheated part (store room, porch etc)

Figure 3 - Width of ground insulation

o
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3,2
m2K/W
3,0+

2,81-
2,6

2,4

2,0

500 750 1 000 1250 1500
mm
3
Key

1 Minimum bgc 3 Width of ground insulation at corners, bgc
2 Minimum R{c 4 Thermal resistance of ground insulation af corners, Rqc

Figure 4 {Width and thermal resistance of ground insulation at'corners and limited unheated
parts, for slab-on-ground floor with Hf 0,4 m

2.8
m2K/W | \ 70
2,6f-------- b N e ~20- -
_________ L TN -
2’4 " A | 5000
2,2f-------- e i S
‘ 2%
2,0f--- wasv FA< T s
I 50 :
18| at - (A =S Oa __.__ Y _
‘ 50 ,
4 B/ P Q04 ------> N A
1Al N, TS fre .
12 T A SRR -
26 ‘. :
1,0F------> 20 ----- A Feeeee- —
| 2
OB 50 ‘ |
0,6/ " S -
0,5
250 500 750 1000 1250
mm
3
Key
1 Minimum bgw 3 Width of ground insulation along walls, bgw
2 Minimum Rgw 4 Thermal resistance of ground insulation along walls, Rgw

Figure 5 - Width and thermal resistance of ground insulation along walls,
for slab-on-ground floor with Hf <0,4 m

16 © I1SO 2001 — Al rights reserved


https://standardsiso.com/api/?name=37b83b0fa0f3d716c587f09cdc46684d

ISO 13793:2001(E)

Table 5 - Length of corner insulation

8.8 Bui
For poorly|

0,6 m inst¢ad of 0,4 m.

Alternative

IfOm <5
buildings

9 Su

9.1 Hedg

This claus

The same
be used fd
ventilated

- the
Tab

Fq Lc
K-h m
Fq <30 000 -

30000 < Fgq <35 000 1,0
35000 < Fgq <40 000 1,0
40 000 < Fgq <45 000 1,5
45 000 < Fg4 <50 000 15
50 000 < F4 <55 000 1,5
55 000 < F4 <60 000 2,0
60 000 < F4 <65 000 2,0
65 000 < F4 <70 000 2,5

dings with low internal temperature

heated buildings with 5° C < 6 ,, <17 °C, the values in 8.7.3 may be used if Hy is at least

ly increase the values of H¢ in Table 3 or Table 4 by 0,2.m;

°C in any month, the frost protection of the foundations shall be designed as for unheated
see clause 10).

spended floors for heated buildings

ted underfloor space

e applies to foundations forwhich H; < H,,.

procedures as for slalh-on-ground floors, using the values of the parameters in clause 8, car
r suspended floorstin-which the underfloor space is either unventilated and airtight or
py the internal air,provided that:

walls of the underfloor space are insulated, with thermal resistance at least Ry as given in
le 2, and-this insulation is continued below ground as specified in 8.6;

- Rf,

aken as the sum of the thermal resistance of the suspended part of the floor and that of the

insulation on the base of the underfloor space, does not exceed 5,0 m2-K/W.

Ensure that the foundation walls are properly sealed to restrict air leakage.

© ISO 2001 - All rights reserved
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9.2

Underfloor space ventilated with outside air

9.2.1 General

The foundations may be designed either without ground insulation according to 9.2.2 or 9.2.3 (as
appropriate), or with ground insulation according to 9.2.4, subject to the following restrictions.

If any of the above conditions are not met, either design the foundations as for unheated buildings in

1) The width of the building, B, is at least 4 m.

2) The average internal air temperature in each month in all parts of the building is not less than

3)

4)

5)

6)

7

17 °C.

The t

does rjot exceed 0,5 m2-K/W.

The t
groun

The th
appro
more

If the K
this th
foundd
the thd

Vertical edge insulation of thermal resistance at least that specified in Table 6 is applied to a depth

of at |6

groundl insulation is present.

The ve
per ho

NOT
perfq

accordance

18

rmal resistance of any insulation on the ground surface at the base of the underfloor space

rmal resistance of the suspended part of the floor does not exceed 8 m2-K/W-(without
insulation) or 5 m2-K/W (with ground insulation).

ermal resistance of the foundation wall above the outside ground levehis-hot less than the
riate value in Table 6 when the bottom of the floor construction is situated at a height not
han 0,6 m above the outside ground level.

ottom of the floor construction is situated higher than 0,6 mrabove the outside ground level,
brmal resistance is to be increased such that the total heat’flow rate passing through the

ition wall above the outside ground level does not exceed that of a 0,6 m high wall having
rmal resistance specified in Table 6.

ast 0,6 m if there is no ground insulation, or to the lower surface of the ground insulation if

ntilation rate of the underfloor space does not exceed 2 m3 per square metre of floor slab

ur.

E A method of estimating the ventilation rate is given in EN ISO 13370, Thermal
rmance of buildings<Heat transfer via the ground - Calculation methods.

vith clause- X0 or undertake numerical calculations in accordance with annex B.
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Table 6 - Minimum thermal resistance of foundation walls above ground
and of vertical edge insulation below ground for suspended floors

9.2.2 Fol
A long bui

Depending
thermal re

- atthe walls, at least that in Table 7;

- neg

where valyes of L; are given in Table 5 as a function of the design freezing index. Linear interpolation

may be us

Fq Ry

K-h mz2-K/W
Fq <5000 0,5
5000 < Fg4 <10 000 0,8
10 000 < F4 <20 000 1,0
20 000 < F4 <30 000 1,0
30 000 < F4 <40 000 1,0
40 000 < Fq <50 000 1,2
50 000 < F4 <60 000 1,4
60 000 < F4 <70 000 1,6

ndations with no ground insulation : long buildings

ding is one whose length is more than three times its width.

on the design freezing index, the maximum ventilation rate“ef the underfloor space, and the
sistance of the suspended floor, the foundation depth shalkbe:

I the corners for a distance L. from the corners,“at least the greater depth given in Table 8;

ed in Tables 7 and 8 for other valugs:ofR.
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Table 7 - Foundation depth, in metres, for suspended floors: walls of long buildings

Design freezing index

Ventilation rate

Fq m3/mzh
K-h 1 2
Ry R
mz2-K/W mz2-K/W
2 4 8 2 4 8

Fq <5000 a) a) 0,50 a) 0,40 0,55
5000 < F4 <10 000 a) 0,45 0,70 a) 0,55 0,80
10 0PO < Fy4 < 15 000 a) 0,55 0,85 0,45 0,70 0,95
15 0P0 < Fyq <20 000 a) 0,65 0,95 0,50 0,80 1,15
20 0p0 < F4g <25 000 0,35 0,75 1,10 0,60 0,90 1,25
25 0pP0 < Fg <30 000 0,50 0,85 1,25 0,70 1,00 1,35
30 0PO < Fg4 < 35 000 0,60 1,00 1,40 0,80 420 1,60
35 0P0 < Fg <40 000 0,70 1,15 1,60 0,90 1,35 1,80
40 0p0 < F4 <45 000 0,75 1,25 1,75 1,00 1,50 2,00
45 0p0 < F4 <50 000 0,85 1,40 1,90 1/10 1,65 2,20
50 0P0 < Fg <55 000 0,90 1,50 2,05 1,20 1,75 2,35
55 0P0 < F4 <60 000 0,95 1,60 2,20 1,25 1,90 2,50
60 0P0 < Fg <65 000 1,05 1,70 2;35 1,35 2,05 2,60
65 0PO < F4 < 70 000 1,10 1,80 2,50 1,45 2,15 2,70

a) indicatds less than 0,35

9.2.3 Foung
A short build

The foundati

20

NOTE The greater depth-is needed all round short buildings because, for a given width, these
have greater loss (per.square metre of floor area) through the ground and through the walls of
the ynderfloor spaCe,"compared with a long building, resulting in a lower temperature in the

unddrfloor space;

ations with no ground insulatioyr 2xshort buildings

ng is one whose length is not more than three times its width.

bn depth shall be at least'that given in Table 8 all round the building.
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short buildings and corners of long buildings
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Design freezing index Ventilation rate
Fd m3/(m2-h)
K:h 1 2
R¢ Ry
m2-K/W m2-K/W
2 4 o 2 4 1]
Fq <5000 a) 0,40 0,55 a) 0,50 0,65
5/000 < F4 <10 000 a) 0,55 0,80 0,45 0,70 0,90
10 000 < Fq <15 000 0,45 0,70 0,95 0,55 0,85 1,10
1% 000 < Fg4 <20 000 0,50 0,80 1,15 0,65 0,95 1,30
20 000 < F4 <25 000 0,60 0,90 1,25 0,75 1,10 1,45
25% 000 < F4 <30 000 0,70 1,00 1,35 0,85 1,25 1,60
30 000 < F4 < 35000 0,80 1,20 1,60 1,00 1,40 1,80
3% 000 < Fg4 <40 000 0,90 1,35 1,80 155 1,60 2,05
4( 000 < Fy4 <45 000 1,00 1,50 2,00 1,25 1,75 2,25
4% 000 < F4 <50 000 1,10 1,65 2,20 1,40 1,90 2,40
50 000 < F4 <55 000 1,20 1,75 2,35 1,50 2,05 2,50
55 000 < F4 < 60 000 1,25 1,90 2,50 1,60 2,20 2,60
60 000 < F4 < 65 000 1,35 2,05 2,60 1,70 2,35 2,70
6% 000 < F4 <70 000 1,45 2,15 2,70 1,80 2,50 2,80
a) indicptes less than 0,35

9.2.4 Fou
The found
The data g

having the
corner, wh

ndations with ground insulation

ation depth (all round the budilding) shall be at least that given in Table 9.

ere values of Lgare given in Table 5.

pply for Rt <5 m2-KM. Ground insulation of width by > 1,0 m is applied all round the building,
rmal resistance Rqy.along the walls, and Ry at the corners and for a distance L from each
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Table 9 - Foundation depth, in metres, for suspended floors with ground insulation

Rgw (M*KW) | 0,0 0,5 1,0 15 2,0 2,5 3,0
Rgc (M2-K/W) 0,0 0,7 1,4 2,1 2,8 3,5 4,2
Fd
K-h
Fq < 20 000 0,80 0,35 a) a) a) a) a)
20 000 <F4=-25-009 8-96 8,560 2) 2) 2) ) )
25 000 4 F4 < 30 000 1,00 0,70 0,35 a) a) a) a)
30 000 4 Fq4 < 35 000 1,20 0,90 0,60 0,35 a) a) a)
35 000 < Fg4 < 40 000 1,35 1,15 0,90 0,60 0,35 a) d)
40 000 g F4 < 45 000 1,50 1,35 1,10 0,85 0,55 0,35 a)
45 000 4 F4 < 50 000 1,65 1,45 1,25 1,00 0,75 0,50 0,35
50 000 4 Fq4 < 55 000 1,75 1,55 1,35 1,15 0,90 0,65 0,45
55 000 < F4 < 60 000 1,90 1,65 1,45 1,30 1,05 0,85 0,60
60 000 4 Fg4 < 65 000 2,00 1,80 1,60 1,40 1,20 0,95 0,75
65 000 4 F4 < 70 000 2,15 1,90 1,70 1,50 1,30 1,05 0,90
a) indicates [less than 0,35

10 Unhagated buildings

10.1 General

This clause gpplies to foundations for which Hf < Hg and to:

a) buildings which are unheated,;

b) buildings in which the monthly avérage internal air temperature in any month of the year may fall
below(5 °C.

NOTE The data given-apply to climates for which the average annual air temperature is not less
than|l °C. For annuahaverage air temperature in the range 0 to 1°C, frost insulation can be
designed by undeftaking numerical calculations in accordance with annex B.

10.2 Without grownd“insulation

If ground instilation'is not used, the foundation depth (including any layer of material that is non-
susceptible tofrast heneath the foundation) shall he at least the maximum frost depth in undisturbed

ground, in accordance with clause 7.

10.3 W.ith ground insulation

The foundation depth may be reduced to less than that required in 10.2 by having a continuous insulation
layer beneath the foundations and extending to each side of the foundation. If frost heave will damage
the floor, the insulation layer should continue under the whole floor. See Figure 6.
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NOTE 1 The insulation is continued beneath the foundations to prevent them acting as a
thermal bridge.

d insulation

ation wall
ation base
n-ground
ation wall
n

Figure 6 - Width of ground-insulation for unheated buildings

sary thermal resistance, Rg, and width, by, of the insulation depends on:

- the design freezing index, Eg4;

- the pnnual average external air temperature, T_e ;

Key
1 Groun
2 Found
3 Foung
4 Slab-g
5 Foung
6 Colum
The neceq
- the
Determine
may be us

foundation depth:

the width.bg from Table 10 according to the design freezing index, Fgy. Linear interpolation
ed fordntermediate values of Fg.

Table 10 - Width of ground insulation for unheated building

Fad 10 000 20 000 30 000 40 000 50 000 60 000 70 000
K:h

bg 0,75 1,20 1,60 2,00 2,40 2,75 3,10
m
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For small foundations and near corners of larger foundations, the insulation shall extend at least bg from

the foundation. For whole buildings, or for strip foundations of length at least 3 m, the insulation width
may be reduced to 0,75 by at distances greater than by from the corner or end of the foundation: see

Figure 6.

Determine the minimum thermal resistance of the ground insulation, Rg, from Table 11 for foundations at
least 0,4 m deep, or from Table 12 for foundations at least 1,0 m deep. Linear interpolation may be used
in these tables for intermediate values, and linear interpolation may also be used between Tables 11 and
12 for foundation depths intermediate between 0,4 m and 1,0 m.

NO

NOT]
brac

NOT]
incre

ased.

2 The same value of Rq applies along walls and at corners.

for unheated buildings with Hf = 0,4 m

E 3 Values of thermal resistance greater than 5,0 m2-K/W in Table 11 have been putin
ets to indicate that it will usually be a more viable option to increase the foundation-depth.

E 4 If Fqy > 60 000 K-h, a foundation depth of 0,4 m is not sufficient and should)be

Table 11 - Minimum thermal resistance of ground insulation; Ry’ (m2-K/W)

Fq O,
K-h °C
1 2 3 4 =25
<10 000 - - - 1,1 1,1
20 000 - 1,8 1,6 15 1,3
30 000 3,5 2,9 25 2,1 1,9
40 000 4,5 3,8 3,3 2,8 -
50 000 (5,6) 4,7 4,1 - -
60 000 (6,79 (5,7) - - )

for unheated buildings with Hf=1,0 m

Table 12 - Minimium thermal resistance of ground insulation, Rg (m2-K/W)

24

Fd 0,
K-h °C
T 2 3 74 >5
<10 000 - - - 0,0 0,0
20 000 - 0,7 0,5 0,4 0,4
30 000 1,8 1,3 1,1 0,8 0,6
40 000 2,3 1,8 15 1,2 -
50 000 3,1 2,4 2,0 - -
60 000 3,9 3,0 - - -
70 000 4,8 - - - -
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Protect the insulation layer as follows:

a) place a layer of well-drained material that is non-susceptible to frost at least 100 mm thick beneath
the insulation;

b) above the insulation, arrange a protective cover consisting of:

- under the foundations and within the building, at least 50 mm of concrete or similar;

- outs

ide the building, at least 300 mm of soil, unless covered by paving in which case the soll

thic

c) place

10.4 Addg

The minim

having a layer of material that is non-susceptible to frost beneath the insulation+of thickness greater tha

100 mm.

Rg may bg

10.5 Addg

The minim

10.3 may both be reduced by having a layer of soil above the insulation of thickness greater than

300 mm.
Rg may bg
bg may bej

N
th

ness may be reduced to 200 mm,;

the insulation above the maximum level of the ground water Table.

itional material that is non-susceptible to frost beneath insulation

um thermal resistance of the ground insulation, Ry, specified in 10.3 may,be reduced by

reduced by 0,2 m2-K/W per 100 mm increase in the thickness of this layer above 100 mm.

itional soil cover above insulation

um thermal resistance of the ground insulation(Rg, and its minimum width, bg, specified in

reduced by 0,1 m2-K/W per 100 mm increase in thickness of soil cover above 300 mm.
reduced by 0,1 m per 100 minincrease in thickness of soil cover above 300 mm.

DTE The increase in Sojl'cover can be limited by the requirement to keep the insulation abg
b water Table (see 10.2).
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Annex A
(normative)
Definition and calculation of freezing index
A.1 General
This annex gives the method of calculation of the design freezing index Fq from meteorological records of
daily mean external air temperatures for the locality concerned.
A.2 defines the-ealeulationofthefreezingindex—foroneparticularwinter—hedesigrdatagivernin
clauses 8 to [LO are based on Fy, the freezing index which statistically is exceeded once in n years, e.g.
F10, F50, F10p- These values may be obtained from a set of individual values of F calculated for several

winters using

A.2 Calcu

The freezing
external air t

and the sum

The daily mg
average of th

Both positive
equation (A.]

the statistical treatment described in A.3.

ation of freezing index for one winter

index is the 24 times sum of the difference between freezing point and@he daily mean
bmperature:

F=24 Z,- (6 - 04 )

(Al

is the freezing index for one winter, in K-h;
is equal to 0°C;

is the daily mean external air temperaturé-for day j, in °C;

includes all days in the freezing season (as defined below).

an external air temperature\may be obtained as the average of several readings, or as the
e maximum and minimum-values, for the day in question.

and negative differences, within the freezing season, are included in the accumulation of
). A negative difference (daily mean temperature above 0 °C) implies some thawing of the

ground, which serves to reduce the frost penetration in the ground.

For the purpgses of.the summation in equation (A.1) the freezing season starts at the point from which
the accumulation‘remains always positive throughout the winter. With reference to Flgure A.1, there is
initially some
area marked B since this is greater than area A. The accumulation therefore starts after thls In Figure
A.2, area A is greater than area B, so the thawing is not complete and the accumulation starts earlier as
indicated on that Figure.

The freezing season ends at the point which results in the largest total accumulation for the winter. If a
short thawing period is followed by a larger freezing period both are included, while if a thawing period is
followed by a lesser freezing period neither is included, as illustrated in Figures A.1 and A.2.
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Figure A.1 - lllustration of the limits of the freezing season (first example)
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NOTE Area’B < area A, and area C < area D

Figure A.2 - lllustration of the limits of the freezing season (second example)

NOTE 1 In the past, freezing indexes have sometimes been calculated including only positive
differences in equation (A.1), i.e. ignoring the effect of thawing periods. Tables or maps of

freezing indexes calculated on that basis, which give higher values of F than as defined above
and so a greater margin of safety, may be used for the purposes of this standard. On the other

hand an accumulation on the basis of average monthly temperatures can significantly
underestimate the true freezing index and such data should not be used.

NOTE 2 An alternative, and equivalent, method of obtaining the freezing index is to plot the
cumulative difference between daily mean temperature and freezing point against time for a
complete 12-month period (from midsummer to midsummer). The freezing index is then the

largest difference between maximum and minimum turning points on this curve.
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NOTE 3 Freezing in the ground depends on the ground surface temperature. However, because
air temperatures are more readily available than ground surface temperatures, this standard
uses the air freezing index, i.e. the freezing index calculated from external air temperatures, as
the design parameter. In most cases the use of air temperatures provides a safety margin
because factors such as the presence of vegetation and snow cover, and solar radiation, result
in ground surface temperatures being higher than air temperatures. However the opposite may
apply for snow-free surfaces in permanent sun shadow, for which ground surface temperatures
can be lower as a result of radiation to clear skies.

A.3 Statistical determination of design freezing index

The design fieezing index, Fp, is the freezing index that statistically is exceeded once in n years. This
implies that the probability that the freezing index in any one winter exceeds F, is 1/n.

NOTIE 1 The appropriate value of n should be decided upon with regard to the level ofisafety
that s required for the building in question. Parameters to consider are the expected lifetime of
the gtructure, the sensitivity of the type of structure to frost heave, etc. For permanent buildings n
is normally chosen as 50 years or 100 years.

NOTIE 2 nis referred to as the return period, i.e. the average number of years between
succkssive occurrences of freezing indexes greater than Fy,.

The design flfeezing index for a given location is obtained from a set of freeézing indexes F;, calculated as

described in A.2, of m winters at the location. Whenever possible, thévalue of m should not be less than
20. The use pf data from m consecutive, or nearly consecutive, wirters is recommended.

Use a statistical distribution that realistically reflects extreme events. The Gumbel distribution (see A.4)

has been found to be suitable for many climates, and is reecommended in the absence of specific
information for the locality concerned.

A.4 Use of the Gumbel distribution

Calculate thd average freezing index, F ising (A.2) and the standard deviation, sg, using (A.3):

m (A2

(A.3
where
— 12 ——m
The design freezing index is then given by (A.4):
— S _
Fn=F +S_F<yn _y)
y (A.4)

where y denotes the reduced variable in the Gumbel distribution.
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Obtain the appropriate values of y and sy from Table A.1 corresponding to the number m of individual
values of Fj used in the calculation.

Obtain the value of y, from Table A.2 corresponding to the value of n chosen for the design.

Table A.1 - Values of y and sy

m y Sy m y Sy

10 n,r.n n’QR 50 n’l-'.l-'. 1’1R

15 0,51 1,02 60 0,55 1,17

20 0,52 1,06 70 0,55 1,19

25 0,53 1,09 80 0,56 1,19

30 0,54 1,11 90 0,56 1,20

40 0,54 1,14 100 0,56 1,21

Table A.2 - Values of y,

n 5 10 20 50 100
Yn 1,50 2,25 2,97 3,90 4,60

NOTE For further information about the Gumbel distribution, see [1] and [2] in Bibliography.
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Annex B
(normative)

Numerical calculations
al

case of frost penetration into the ground adjacent to buildings or structures is a three-
time-dependent, non-linear heat transfer problem, which can be modelled using suitable

numerical techniques (for example finite differences or finite elements).

The design p
homogeneol
conditions as

The procedu
cases. If, hov
density of the
80 %), nume

NOT]
prec
decr
Numerical cg
given in this
B.2 Condi
B.2.1 Sub

The geometr
to the edge ¢

planes. The
(related to th

B.2.2 Dim

The following

|

in the vertical direction below ground level: 2,5 B;

in the

in the

rocedures given in this standard are based on such numerical calculations for buildings @en
s ground consisting of frost-susceptible soil with properties as given in 5.1, and with gther
described in B.2.

Fes described in clauses 8 to 10 will give adequate frost protection of foundations in most
vever, the soil properties differ substantially from those given in 5.1 (in particular if the dry
soil is outside the range 1100 kg/m3 to 1600 kg/m3 or if the water satutation is less than

rical calculations according to B.2 shall be undertaken.

E The calculated soil temperatures adjacent to the building are increasingly sensitive to the
se values of the soil properties as the freezing index increases, as the internal temperature
pases, and as the floor insulation increases.

Iculations which conform with B.2 may be used as ‘an alternative to the tables and graphs
Standard.

tions for numerical calculations
livision of the geometrical model

cal model of the ground is subdivided in such a way that the subdivisions are smallest near
f the floor, and gradually incrgasing in size to much larger subdivisions near the truncation
Criteria given in ISO 10212-1-for judging whether sufficient subdivisions have been used

b calculation of heat flows-and surface temperatures) are recommended.

ensions of theqgnound

minimum.dimensions of the ground define the truncation planes in the geometrical model:

orizontal direction inside the building: 0,5 B;

ofizontal direction outside the building: 2,5 B;

where B is the width (smaller dimension) of the floor.

B.2.3 Three- or two-dimensional calculations

If the smaller dimension of the floor does not exceed 4 m, three-dimensional calculations shall be used.
For other cases, the frost conditions along the walls can be judged from two-dimensional calculations
with the building width set equal to the smaller dimension of the floor. The frost conditions at corners
should then be judged from three-dimensional calculations or by using the appropriate tables and graphs
in the standard.

30

© 1SO 2001 — All rights reserved


https://standardsiso.com/api/?name=37b83b0fa0f3d716c587f09cdc46684d

ISO 13793:2001(E)

B.2.4 Boundary conditions

For two-dimensional calculations, there is a vertical symmetry plane mid-way across 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, there are two vertical symmetry planes mid-way across the floor in
each direction, which are taken as adiabatic boundaries (so that one quarter of the building is modelled).

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

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

Surface rgsistances as specified in ISO 6946 apply at the inside floor surface and at the outside groung
surface.

B.2.5 Thermal properties
For the thermal properties of the ground:

a) if krjown, use values for the actual location, allowing for the normal moisture content;

b) otherwise, use the values specified in 5.1.
When watgr in the soil freezes or melts, there is a change in the heat,capacity per volume and in the
thermal cqnductivity of the soil, and the latent heat of the water ippthe soil is released during freezing.
Numerical|calculations should allow for these effects.
The latent|heat of water in the soil may be treated as an\apparent increase in the heat capacity of the doil
over a temperature interval of 1 K below 0 °C. Soil at@ temperature of -1 °C or below is considered as
fully frozen.
For materials other than the ground, use values according to 5.2.

B.2.6 Degsign external temperatlre

Use a sinysoidal variation of external temperature given by (B.1):
Oc = Oc +Da-00s (27t /1) (8.1)

where

Ge is\the external air temperature at time t, in °C;

56 is the annual average external air temperature, in °C;
f. is the amplitude of the sinusoidal variation, in K;

tp is one year expressed in seconds (3,15 x 107 s).

96 is chosen such that the integral of (B.1) below 0 °C over a year gives the correct design freezing
index Fq (see 6,1).
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In order to start the calculation of the design year with an appropriate temperature distribution in the
ground:

- the initial conditions should be the annual average external air temperature throughout the ground;

- the calculation period should extend over two consecutive design years, with the results being taken
from the second year.

B.2.7 Design criterion

The foundatipn design Is considered to be protected against frost heave when no fully frozen soil occurs
below the foyndation during the design winter, i.e. the temperature remains above -1 °C under the whole
of the base df the foundation. This can be done by examining the maximum penetration of the -1 *C
isotherm towprds the base of the foundation. An example of such an isothermal plot is shown in

Figure B.1.
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Figure B.1 - lllustration of isotherms in the ground near a foundation
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Annex C
(normative)

Design data for slab-on-ground floors based on 0 °C criterion
C.1 Introduction

This annex provides data for the design of shallow foundations for slab-on-ground floors, when the
design condition is that the 0 °C isotherm does not penetrate below a 2:1 load spread area beneath the
foundation (see Figure C.1).

| UAVAYAVAW

Key
1| Ground insulation 2 Non frost-suseeptible fill 3 Zone of stress influence
4] 0 °C isotherm 5 Frost-susceptible soil

Figure C.1 - Frostprotection based on 0 °C isotherm

C.2 Heatefl buildings
C.2.1 Foundations with no greund insulation
The design should conformswith 8.3.1, 8.3.2, 8.3.3 and 8.6, and instead of 8.7.1 it should conform with

the following

The foundatipn depth should be:

- atthe walls, af least He;

- near the corners and at limited unheated parts for a distance L. from these places, at least the
greater depth Hg;

where the values of H¢, Hs; and L are given as a function of the design freezing index in Table C.1 for

fine-grained soils (silt and clay) and in Table C.2 for coarse-grained soils (frost-susceptible sand and
moraine). Linear interpolation may be used in these tables for intermediate values of Fy.
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