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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 standard is not applicable to cold stores and ice rinks.

The standard 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 Normative references

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

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 bridges in building construction - Heat flows and surface temperatures -
Part 1: General calculation methods

ISO 10456 Building materials and products - Procedures for determining declared and design
thermal values
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3 Definitions, symbols and units

3.1 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

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

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

3.1.3

vertical edge insulation

insulation placed vertically against the foundation internally and/or externally, or within the foundation
itself

3.1.4
ground insulation
insulation placed horizontally (or nearly so) below ground, external to the building

NOTE See Figure 1.

3.15

freezing index

24 times the sum of the difference between 0°C and daily mean external air temperature, accumulated
on a daily basis over the freezing season (including both positive and negative differences)

3.1.6 freezing season
period during which the mean daily external air temperature remains less than 0°C, together with any
freezing/thawing periods at either end of this period if they result in net freezing

3.1.7
frost depth
depth of penetration of frost into the ground

3.1.8
foundation depth
depth of foundation below the outside ground level

NOTE If the foundations are put on a layer of well-drained material that is non-susceptible to
frost, the thickness of such a layer may be included in the foundation depth.
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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 following is a list of the principal symbols used. Other symbols are defined where they are used
within the text.

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 of floor construction mz-KIW
(average value over the outer 1 m of floor)

Ry thermal resistance of vertical edge insulation mz2-K/W

Rg thermal resistance of ground insulation mz2-K/W

Rgc thermal resistance of ground insulation at corner mz2-K/W

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

A annual average external air temperature °C

G m average internal air temperature in month m °C
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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
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4 Design principles

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

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

standard to 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 insulation required by options 3) and 4) can be determined by:

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

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

It is also permissible to use a combination of a) and b), for example determination of insulation required
at corners by a) and (two-dimensional) numerical calculations to determine the insulation required
elsewhere.

Heat emission 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.
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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 soill;

- thermal properties of the ground, both frozen and unfrozen;

- insulation of the floor;

- internal temperature in the building;

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

NOTE 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 made when assessing the design
criterion.

Some examples are illustrated in Figure 1.

5 Material properties

5.1 Properties of the ground

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

NOTE 1 Information about frost susceptibility is given in annex D.

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

thermal conductivity (unfrozen) A =1,5W/(m-K)
thermal conductivity (frozen) A =2,5W/(m-K)

heat capacity per volume (unfrozen) C =3 x 105 J/(m3-K)
heat capacity per volume (frozen) Ct = 1,9 x 105 J/(m3-K)
latent heat of freezing per cubic metre of sail 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.
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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.

5.2 Properties of building materials

For the thermal resistance of any building product, use the appropriate design value, either calculated
according to 1ISO 10456 or obtained from tabulated values. The thermal resistance of products used
below ground level shall reflect the moisture conditions of the application.

NOTE Moisture conditions may be affected by whether or not the building is heated, and are
often more severe adjacent to unheated buildings.

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

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

If ground insulation is necessary for the protection, measures shall be taken to ensure that it is not
damaged or removed after completion of the building. Inform the user of the building of the presence and
location of the ground insulation and of its purpose.

6 Climatic data

6.1 Design freezing index

The insulation required for frost protection depends on the severity of the design winter, expressed in
terms of the freezing index together with the annual average external air temperature.

The design freezing index Fqy is expressed in terms of F,, the value of the freezing index which
statistically is exceeded once in n years for the locality concerned, based on recorded meteorological
data and calculated according to annex A. F,, has a 1 in n probability of being exceeded in a given winter.

Having selected the value of n, obtain F, from tables or maps covering the locality concerned.

The appropriate 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 Fso.

NOTE For practical purposes F1g0 and F5g can be considered to be equivalent, as the
difference between them is very small, and either may be used (depending on availability).
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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
ground without snow cover, Hg, may be found for some locations in national maps or tables.

If Hg is not known, an approximate value may be calculated from the following equation:
7200F4 4
Ho = |[———47f )
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);

e IS the annual average external air temperature, in °C.

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

7 Foundation depth greater than frost depth in undisturbed ground

The foundations of any building can be designed so that the foundation depth, Hy, is at least the
maximum frost depth in undisturbed snow-free ground, H.

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

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.
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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. 6, =17 °C for all m),

b) buildings in which some parts are heated and some parts are unheated, provided that in the
heated parts 4 ,, > 17 °C for all m, and that the unheated parts are treated as described in 8.5;

¢) buildings in which 5 °C < § , < 17 °C with the modifications described in 8.8.

If & m» <5 °C inany month, the frost protection of the foundations should be designed as for unheated
buildings (see clause 10).

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

8.2 General principles

In all cases, provide vertical edge insulation as specified in 8.6.

Heat from the building raises the ground temperature less at corners than along the sides of the building.
Therefore additional measures may be needed at corners, either by having deeper foundations at the
corners or by having additional insulation there.

This clause provides three options for achieving the necessary frost protection:

1) using vertical edge insulation only, with no ground insulation: excavate the foundations to the
depth given in 8.7.1 (a greater foundation depth is needed at corners than along the rest of the
walls);

2) using ground insulation only 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) using a restricted foundation depth (not less than 0,4 m), with the same foundation depth all round
the building: provide ground insulation all round the building, but increased at the corners, see
8.7.3.

The foundation depth and/or the extent of the ground insulation is determined by the design freezing
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.
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8.3 Restrictions
8.3.1 Building 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 insulation position

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

If h > 0,6 m, either undertake numerical calculations in accordance with annex B or use the procedures
for unheated buildings (clause 10).

8.3.3 Thermal resistance of floor slab

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

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

If the thermal resistance of the floor construction varies over its area, take R¢ as the average value over
the outer 1 m of floor.

The foundation depths and frost insulation specified in this clause apply to slabs with R; not exceeding
5 m2.K/W. If R >5 m2-K/W, either undertake numerical calculations in accordance with annex B or use

the procedures for unheated buildings (clause 10).

8.4 Ground insulation

Ground insulation shall be protected against risk of mechanical damage. The top surface of any ground
insulation should be at least 300 mm below ground level, unless covered by paving in which case the
depth may be reduced to 200 mm.

The data given on the width of ground insulation, bg, by, and by, assume that this width is measured
from the outermost face of the foundation.

NOTE It may be necessary for the total width of the ground insulation to be greater than by, 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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8.5 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 be regarded as limited if their dimensions do not exceed those
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 o
/
< << < %
>2m >4m
2 2
——
: <3m

1 Heated part
2 Unheated part

Figure 2 - Definition of limited unheated part of floor slab

NOTE L, is the maximum length of an unheated part which is surrounded on three sides by
heated 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;

11
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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 Building with more extensive unheated parts

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

indicated in Figure 2, regard the heated and the unheated parts as separate buildings and design the
foundations accordingly, continuing the design for the unheated part for a distance L. where it adjoins the

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

8.6 Vertical edge insulation

In all cases, provide vertical edge insulation, of thermal resistance R, at least that given in Table 2. Use

linear interpolation to obtain intermediate values.

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

Rfin m2-K/W, hinm

3 0,0<Rf <1,0 1,0 <R <26 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 <06

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.

12
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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, H,, is the depth of the lower surface of the ground insulation.

8.7 Alternative foundation designs

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

8.7.1 Foundations with no ground insulation

The foundation depth should be:

- atthe walls, at least Hy;

- near the corners and at limited unheated parts for a distance L. from these places, at least the
greater 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 Hrc 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 < F4 <40 000 0,50 0,80 1,0
40 000 < Fgq <45 000 0,60 1,00 1,5
45 000 < F4 < 50 000 0,75 1,30 1,5
50 000 < Fg <55 000 0,90 1,60 15
55 000 < F4 <60 000 1,10 1,80 2,0
60 000 < Fg <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 Fq, 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.

13
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The thermal resistance of the ground insulation shall be at least 1,0 m2-K/W, and its width shall be by,
values of by being given in Table 4. See also Figure 3.

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

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

30000 < Fg4 <35 000 0,40 0,50 1,0
35000 < F4 <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 2,5

8.7.3 Ground insulation all round the building

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

For greater values of Fg, the foundation depth may be reduced to not less than 0,4 m by placing ground
insulation all round the building.

If Fg > 30 000 K:h, ground insulation is necessary near corners and at limited unheated parts, for a
distance L. from these places as given in Table 5. Select an appropriate combination of thermal
resistance, Rgc, and width, by, of ground insulation near the corners using Figure 4, according to the
value of Fy.

If Fg > 37 500 K:h, ground insulation is also necessary along the walls. Select an appropriate
combination of thermal resistance, Rqyy, and width, by, of ground insulation along the walls using Figure

5, according to the value of Fy. Then use Figure 4 to determine the greater ground insulation needed
near the corners and unheated parts. The corner insulation applies for a distance L. as given in Table 5.

See also Figure 3.
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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
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Figure 5 - Width and thermal resistance of ground insulation along walls,
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Table 5 - Length of corner insulation

Fq Lc
K-h m
Fq <30 000 -

30000 < F4 <£35000 1,0
35000 < Fgq <40 000 1,0
40 000 < Fgq <45 000 1,5
45 000 < F4 <50 000 15
50 000 < Fg4 <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

8.8 Buildings with low internal temperature

For poorly heated buildings with 5° C < 4 , <17 °C, the values in 8.7.3 may be used if H¢ is at least
0,6 m instead of 0,4 m.

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

If & m <5 °Cinany month, the frost protection of the foundations shall be designed as for unheated
buildings (see clause 10).

9 Suspended floors for heated buildings

9.1 Heated underfloor space

This clause applies to foundations for which H; < Hg,.

The same procedures as for slab-on-ground floors, using the values of the parameters in clause 8, can
be used for suspended floors in which the underfloor space is either unventilated and airtight or
ventilated by the internal air, provided that:

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

- Ry, taken 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.
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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.

1

2)

3)

4)

5)

6)

7)

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

The average internal air temperature in each month in all parts of the building is not less than
17 °C.

The thermal resistance of any insulation on the ground surface at the base of the underfloor space
does not exceed 0,5 m2-K/W.

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

The thermal resistance of the foundation wall above the outside ground level is not less than the
appropriate value in Table 6 when the bottom of the floor construction is situated at a height not
more than 0,6 m above the outside ground level.

If the bottom of the floor construction is situated higher than 0,6 m above the outside ground level,
this thermal resistance is to be increased such that the total heat flow rate passing through the
foundation wall above the outside ground level does not exceed that of a 0,6 m high wall having
the thermal resistance specified in Table 6.

Vertical edge insulation of thermal resistance at least that specified in Table 6 is applied to a depth
of at least 0,6 m if there is no ground insulation, or to the lower surface of the ground insulation if
ground insulation is present.

The ventilation rate of the underfloor space does not exceed 2 m3 per square metre of floor slab
per hour.

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

If any of the above conditions are not met, either design the foundations as for unheated buildings in
accordance with clause 10 or undertake numerical calculations in accordance with annex B.

18



Table 6 - Minimum thermal resistance of foundation walls above ground
and of vertical edge insulation below ground for suspended floors

Fq Ry

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

9.2.2 Foundations with no ground insulation : long buildings

A long building is one whose length is more than three times its width.

ISO 13793:2001(E)

Depending on the design freezing index, the maximum ventilation rate of the underfloor space, and the
thermal resistance of the suspended floor, the foundation depth shall be:

- at the walls, at least that in Table 7,

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

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

may be used in Tables 7 and 8 for other values of Ry.
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Table 7 - Foundation depth, in metres, for suspended floors: walls of long buildings

Design freezing index Ventilation rate
Fd m3/m2h
K-h 1 2
Ry Rs
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
10 000 < Fq <15 000 a) 0,55 0,85 0,45 0,70 0,95
15000 < Fq <20 000 a) 0,65 0,95 0,50 0,80 1,15
20 000 < F4 <25 000 0,35 0,75 1,10 0,60 0,90 1,25
25 000 < F4 <30 000 0,50 0,85 1,25 0,70 1,00 1,35
30 000 < F4 <35 000 0,60 1,00 1,40 0,80 1,20 1,60
35000 < F4 <40 000 0,70 1,15 1,60 0,90 1,35 1,80
40 000 < F4 <45 000 0,75 1,25 1,75 1,00 1,50 2,00
45 000 < F4 <50 000 0,85 1,40 1,90 1,10 1,65 2,20
50 000 < F4 <55 000 0,90 1,50 2,05 1,20 1,75 2,35
55 000 < F4 <60 000 0,95 1,60 2,20 1,25 1,90 2,50
60 000 < Fg4 < 65 000 1,05 1,70 2,35 1,35 2,05 2,60
65 000 < F4 <70 000 1,10 1,80 2,50 1,45 2,15 2,70

a) indicates less than 0,35

9.2.3 Foundations with no ground insulation : short buildings

A short building is one whose length is not more than three times its width.

The foundation depth shall be at least that given in Table 8 all round the building.

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 underfloor space, compared with a long building, resulting in a lower temperature in the

underfloor space.




Table 8 - Foundation depth (in metres) for suspended floors:
short buildings and corners of long buildings

ISO 13793:2001(E)

Design freezing index Ventilation rate
Fd m3/(m2-h)
K:h 1 2
R¢ Ry
m2-K/W m2-K/W
2 4 8 2 4 8
Fq <5000 a) 0,40 0,55 a) 0,50 0,65
5000 < F4 <10 000 a) 0,55 0,80 0,45 0,70 0,90
10 000 < Fgq <15 000 0,45 0,70 0,95 0,55 0,85 1,10
15 000 < 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
25000 < Fg <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
35 000 < Fg4 <40 000 0,90 1,35 1,80 1,15 1,60 2,05
40 000 < Fy4 <45 000 1,00 1,50 2,00 1,25 1,75 2,25
45 000 < Fy4 <50 000 1,10 1,65 2,20 1,40 1,90 2,40
50 000 < Fg <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
65 000 < F4 <70 000 1,45 2,15 2,70 1,80 2,50 2,80
a) indicates less than 0,35

9.2.4 Foundations with ground insulation

The foundation depth (all round the building) shall be at least that given in Table 9.

The data apply for Rf <5 m2:K/W. Ground insulation of width by > 1,0 m is applied all round the building,
having thermal resistance Rg, along the walls, and Ry at the corners and for a distance L. from each
corner, where values of L; are given in Table 5.
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Table 9 - Foundation depth, in metres, for suspended floors with ground insulation

Rgw (M2-K/W) 0,0 0,5 1,0 1,5 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 < Fg < 25 000 0,90 0,50 a) a) a) a) a)
25 000 < Fg < 30 000 1,00 0,70 0,35 a) a) a) a)
30 000 < Fy4 < 35 000 1,20 0,90 0,60 0,35 a) a) a)
35000 < Fg < 40 000 1,35 1,15 0,90 0,60 0,35 a) a)
40 000 < Fq < 45 000 1,50 1,35 1,10 0,85 0,55 0,35 a)
45 000 < Fgq < 50 000 1,65 1,45 1,25 1,00 0,75 0,50 0,35
50 000 < Fg < 55 000 1,75 1,55 1,35 1,15 0,90 0,65 0,45
55 000 < Fy < 60 000 1,90 1,65 1,45 1,30 1,05 0,85 0,60
60 000 < Fg < 65 000 2,00 1,80 1,60 1,40 1,20 0,95 0,75
65 000 < Fg < 70 000 2,15 1,90 1,70 1,50 1,30 1,05 0,90

a) indicates less than 0,35

10 Unheated buildings

10.1 General

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

a) buildings which are unheated,;

b) buildings in which the monthly average 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 1 °C. For annual average air temperature in the range 0 to 1°C, frost insulation can be

designed by undertaking numerical calculations in accordance with annex B.

10.2 W.ithout ground insulation

If ground insulation is not used, the foundation depth (including any layer of material that is non-

susceptible to frost beneath the foundation) shall be 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.

Key

Ground insulation
Foundation wall
Foundation base
Slab-on-ground
Foundation wall
Column

o O WN PP

Figure 6 - Width of ground insulation for unheated buildings
The necessary thermal resistance, Ry, and width, by, of the insulation depends on:

- the design freezing index, Fy;

- the annual average external air temperature, T_e ;

- the foundation depth.

Determine the width by from Table 10 according to the design freezing index, Fq. Linear interpolation
may be used for intermediate values of Fg.

Table 10 - Width of ground insulation for unheated building

Fd 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.

24

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

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

NOTE 4 If Fy > 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, Rg (m2-K/W)
for unheated buildings with Hf = 0,4 m

Fq A
K-h °C
1 2 3 4 25
<10 000 - - - 11 1,1
20 000 - 1,8 1,6 1,5 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 (6,7) (5,7) - - )

Table 12 - Minimum thermal resistance of ground insulation, Rg (m2-K/W)
for unheated buildings with Hf=1,0 m

Fad 0,
K-h °C
1 2 3 4 >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 24 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;

- outside the building, at least 300 mm of soil, unless covered by paving in which case the soil
thickness may be reduced to 200 mm;

c) place the insulation above the maximum level of the ground water Table.

10.4 Additional material that is non-susceptible to frost beneath insulation

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

having a layer of material that is non-susceptible to frost beneath the insulation of thickness greater than
100 mm.

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

10.5 Additional soil cover above insulation

The minimum thermal resistance of the ground insulation, Ry, and its minimum width, by, specified in

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

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

NOTE The increase in soil cover can be limited by the requirement to keep the insulation above
the water Table (see 10.2).

25



1ISO 13793:2001(E)

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 calculation of the freezing index, F, for one particular winter. The design data given in
clauses 8 to 10 are based on Fy, the freezing index which statistically is exceeded once in n years, e.g.

F10, F50, F100- These values may be obtained from a set of individual values of F calculated for several
winters using the statistical treatment described in A.3.

A.2 Calculation of freezing index for one winter

The freezing index is the 24 times sum of the difference between freezing point and the daily mean
external air temperature:

F=24 Z,- (6 - 04 ) (A1)

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

fqj is the daily mean external air temperature for day j, in °C;

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

The daily mean external air temperature may be obtained as the average of several readings, or as the
average of the maximum and minimum values, for the day in question.

Both positive and negative differences, within the freezing season, are included in the accumulation of
equation (A.1). 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 purposes 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 Figure A.1, there is
initially some freezing as a result of the area marked A, followed by complete thawing as a result of the
area marked B since this is greater than area A. The accumulation therefore starts after this. 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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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 freezing 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.

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

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

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

described in A.2, of m winters at the location. Whenever possible, the value of m should not be less than
20. The use of data from m consecutive, or nearly consecutive, winters 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 recommended in the absence of specific
information for the locality concerned.

A.4 Use of the Gumbel distribution

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

m (A.2)

(A.3)
where
i=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.

NOTE

Table A.1 - Values of y and sy

m y Sy m y Sy

10 0,50 0,95 50 0,55 1,16

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

For further information about the Gumbel distribution, see [1] and [2] in Bibliography.

29



1ISO 13793:2001(E)

Annex B
(normative)

Numerical calculations
B.1 General

The general case of frost penetration into the ground adjacent to buildings or structures is a three-
dimensional, time-dependent, non-linear heat transfer problem, which can be modelled using suitable
numerical techniques (for example finite differences or finite elements).

The design procedures given in this standard are based on such numerical calculations for buildings on
homogeneous ground consisting of frost-susceptible soil with properties as given in 5.1, and with other
conditions as described in B.2.

The procedures described in clauses 8 to 10 will give adequate frost protection of foundations in most
cases. If, however, the soil properties differ substantially from those given in 5.1 (in particular if the dry
density of the soil is outside the range 1100 kg/m3 to 1600 kg/m3 or if the water saturation is less than

80 %), numerical calculations according to B.2 shall be undertaken.

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

Numerical calculations which conform with B.2 may be used as an alternative to the tables and graphs
given in this standard.

B.2 Conditions for numerical calculations
B.2.1 Subdivision of the geometrical model

The geometrical model of the ground is subdivided in such a way that the subdivisions are smallest near
to the edge of the floor, and gradually increasing in size to much larger subdivisions near the truncation
planes. The criteria given in 1ISO 10211-1 for judging whether sufficient subdivisions have been used
(related to the calculation of heat flows and surface temperatures) are recommended.

B.2.2 Dimensions of the ground

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

- in the horizontal direction inside the building: 0,5 B;
- in the horizontal direction outside the building: 2,5 B;
- in the vertical direction below ground level: 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.
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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 resistances as specified in ISO 6946 apply at the inside floor surface and at the outside ground
surface.

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

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

b) otherwise, use the values specified in 5.1.
When water in the soil freezes or melts, there is a change in the heat capacity per volume and in the
thermal conductivity of the soil, and the latent heat of the water in the 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 soll
over a temperature interval of 1 K below 0 °C. Soil at a 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 Design external temperature

Use a sinusoidal variation of external temperature given by (B.1):

Oc = Oc + D¢ cos(27t /tp) (B.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).

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

Figure B.1.

32



ISO 13793:2001(E)

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-susceptible fill 3 Zone of stress influence
4 0 °Cisotherm 5 Frost-susceptible soil

Figure C.1 - Frost protection based on 0 °C isotherm

C.2 Heated buildings
C.2.1 Foundations with no ground insulation

The design should conform with 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 foundation depth should be:
- atthe walls, at least Hg;

- 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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Table C.1 - Foundation depth for slab-on-ground floor without ground insulation:
fine-grained soils

Fd Hg Hc Lc
K-h m m m
35 000 1,00 1,30 1,5
40 000 1,10 1,40 1,5
45 000 1,20 1,50 1,5
50 000 1,30 1,60 1,5
55 000 1,40 1,70 2,0
60 000 1,50 1,85 2,0
65 000 1,60 2,00 2,5
70 000 1,75 2,15 2,5
75 000 1,90 2,30 2,5

Table C.2 - Foundation depth for slab-on-ground floor without ground insulation:
coarse-grained soils

Fd Hy Hic Le
K-h m m m
35 000 1,20 1,60 1,5
40 000 1,30 1,70 1,5
45 000 1,40 1,80 1,5
50 000 1,50 2,00 1,5
55 000 1,60 2,10 2,0
60 000 1,70 2,25 2,0
65 000 1,80 2,40 2,5
70 000 2,05 2,55 2,5
75 000 2,20 2,70 2,5

C.2.2 Ground insulation all round the building

The design should conform with 8.3.1, 8.3.2, 8.3.3 and 8.6, and instead of 8.7.3 it should conform with
the following. The data apply when the thermal resistance of the floor slab is less than 5 m2-K/W.

The width of the ground insulation b, along the walls and at corners, should be at least 0,8 m.

Determine the minimum thermal resistance of the ground insulation along the walls, Ry, according to the
foundation depth H; and the design freezing index F4 from Figure C.2.

At corners the thermal resistance of the ground insulation should be 40 % greater than along the walls,
for a distance L. (from Table C.1 or C.2) from each corner.

35



1ISO 13793:2001(E)

3,5
m2-K/W
3,0

2,5 |-

2,0

1,5
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o

35000 40000 45000 50000 55000 60000 65000 70000 K h75 000

Key

1 Thermal resistance of ground insulation along walls, Rgw
2 Design freezing index, Fq

Thermal resistance of floor slab Rf < 5,0 m2K/W

Figure C.2 - Thermal resistance of ground insulation along walls

C.3 Buildings with low internal temperature

For poorly heated buildings with 5°C < 4 , <17°C, the values of H; and Hy in Table C.1 should be
increased by 0,3 m.

If 8 m <5 °C inany month, the frost protection of the foundations shall be designed as for unheated
buildings (see clause 10).
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Annex D
(informative)

Frost susceptibility of the ground

To what extent the ground is susceptible to frost depends both on the properties of the soil material and
on local conditions, such as layering and ground water level. Normally a high ground water level, water-
containing layers or a mixture of coarse and fine soil layers increases the risk of frost heave.

Frost heave occurs when ice-layers (ice lenses) are created during freezing of the soil below the
foundation. This implies a sufficient supply of ground water and sufficiently high capilliarity and
permeability of the soil. Thus soils with a high content of silt or clay are those giving the greatest risk of
frost heave. These types are considered frost-susceptible.

Fat clay (clay content > 40 %) is less susceptible to frost heave due to its low hydraulic conductivity.

In general, a geotechnical examination of the ground conditions at the building site to the depth of frost
penetration is necessary.

A rough assessment of the frost susceptibility of a soil can be obtained on the basis of grain size
distribution, as illustrated in Figure D.1, which shows the percentage of grains passing through sieves of
different sizes.

%o A B C D
100 -

90 -
80 > |
70 - S —
' 60
50 -
40
30
20
10

0

0,002 0,005 0,02 0,075 0,25 1 2 4 8 16 32 64 128 mm
0,125 0,5

Key

% through sieve
Size of sieve
Silt

Sand

Gravel

Stones

OO0 @>»DN P

Figure D.1 - Estimation of frost susceptibility of the basis of grain size distribution
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With reference to Figure D.1:

1) if the grain size distribution is such that grains of size less than 0,02 mm comprise less than 3 % of
the soil, the soil is normally non-susceptible to frost;

2) if the grain size curve lies completely within region 1, the soil is always frost-susceptible (except for
the "fat clay" region 1L where the frost susceptibility is low);

3) if the grain size curve falls completely inside regions 2, 3 or 4, the soil is non-susceptible to frost,
provided that in the case of region 2 the capillary rise is also checked and is less than 1 m;

4) if the lower part of the grain size curve permanently passes the boundary of the next region on the
finer side, the soil is frost-susceptible;

5) itis necessary to examine borderline cases using more exact methods.

The grain size distribution can be used in this way to classify the soil as either frost-susceptible or non-
susceptible to frost. Borderline cases which do not fall precisely into either of these two limiting
classifications should either be regarded as frost-susceptible for the purposes of design, or the frost

susceptibility should be determined by laboratory tests or by representative frost-heave observations
in-situ.

Further information about frost susceptibility and testing methods may be found in [3] to [6] in
Bibliography.
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Annex E
(informative)

Worked examples

The procedures given in the standard are illustrated for a building 12 m long and 8 m wide in the
following climate:

- design freezing index Fsg = 47 000 K:h,

- annual mean external temperature 6, = 1,5 °C.

E.1 No frost insulation

The foundation depth is to be at least the maximum frost depth, according to clause 7. Using
equation (1),

=2,34m

_ [7200x 47 000 % 25
0~ 1 (150 + 3% 15) x 10°

The foundation depth is therefore 2,34 m (all round the building). This depth applies irrespective of any
insulation of the floor. It is valid for both heated and unheated buildings, and for both slab-on-ground
floors and suspended floors (although, in the case of a slab-on-ground floor below an unheated building,
the slab itself would not be protected against frost heave damage).

E.2 Slab-on-ground floor using frost insulation

The floor will be insulated with all-over insulation of thermal resistance Rs = 3,0 m2-K/W.

a) Using vertical edge insulation only

Using Table 2, the thermal resistance of the vertical edge insulation will be at least 1,9 m2-K/W
(interpolating between 1,7 m2-K/W and 2,0 m2-K/W), extending to at least 0,6 m below ground level.
The minimum foundation depth is then found using Table 3:

- along the walls, 0,75 m;

- for adistance of 1,5 m from each corner, 1,30 m.

b) Ground insulation at corners

Vertical edge insulation, of resistance at least 1,9 m2-K/W, is applied all round the building, extending to
at least 0,6 m below ground level, as in a). From Table 4, the foundation depth is 0,75 m all round the
building, and ground insulation 0,6 m wide of thermal resistance 1,0 m2-K/\W is applied over a distance of
1,5 m from each corner.
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¢) Ground insulation all round the building

Using 8.6.3, the foundation depth can be 0,4 m all round the building, provided that:

- vertical edge insulation of thermal resistance not less that 1,9 m2-K/W is applied all round the
building, as in a) and b), but in this case extending to the lower surface of the ground insulation
(typically 0,3 m to 0,4 m);

- along the walls, ground insulation is applied: to use Figure 5, either the thermal resistance of the
ground insulation or its width is chosen (within the limits indicated on Figure 5), and the other
parameter is determined from the Figure; suppose that ground insulation of thermal resistance
1,4 m2-K/W will be used: in that case using Figure 5 its width is to be at least 650 mm;

- near the corners additional ground insulation is needed: again, either its thermal resistance or its
width can be chosen; suppose that ground insulation of thermal resistance 2,0 m2-K/W will be used
near the corners: then using Figure 4 its width is to be at least 800 mm, and from Table 5 the
corner insulation is to be continued for 1,5 m from each corner.

Figure E.1 illustrates the design for this case.

Rgo = 2,0 m2K/W
Agw = 1,4 MKW /

650 mm / / ke
I /

- -
J‘1,5m

800 mm; l— 650 mm

1,5m

Figure E.1 - lllustration of the foundation insulation for example E.2 c¢)

E.3 Suspended floor
a) Using vertical edge insulation only

From Table 6, the thermal resistance of the foundation walls above ground, and of vertical edge
insulation below ground, is to be at least 1,2 m2-K/W, extending to at least 0,6 m below ground. The
length of the building is less than three times its width, so it is regarded as short. From Table 8 the
foundation depth is:

- 1,10 m for R =2 m2.K/W

- 1,65 mfor Ry =4 m2.K/W
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and interpolation between these values for Ry = 3 m2-K/W gives a minimum foundation depth of 1,40 m
all round the building.

b) Using ground insulation

Vertical edge insulation, of thermal resistance at least 1,2 m2-K/W, is applied all round the building, as in
a), but in this case extending to the lower surface of the ground insulation. Different possibilities can then
be deduced from Table 9:

- for a foundation depth of 1,25 m (all round the building), the ground insulation is 1,0 m wide and its
thermal resistance is at least 1,0 m2-K/W along the walls and 1,4 m2-K/W within 1,5 m from each
corner;

- for a foundation depth of 0,50 m (all round the building), the ground insulation is 1,0 m wide and its
thermal resistance is at least 2,5 m2-K/W along the walls and 3,5 m2-K/W within 1,5 m from each
corner.

E.4 Unheated building using frost insulation
If the building may be unheated during the winter, the design of the foundation is in accordance with the
data in clause 10.

From Table 10, the width of the ground insulation needs to be at least 2,28 m (interpolating between
2,00 m and 2,40 m).

The annual mean external air temperature is 1,5°C: the column for 1°C in Tables 11 and 12 will be used
to provide a safety margin.

For a foundation depth of H¢ = 0,4 m, Rq = 5,3 m2-K/W by interpolation between freezing indexes of
40 000 and 50 000 in Table 11.

For a foundation depth of H¢ = 1,0 m, Rq = 2,9 m2-K/W by interpolation between freezing indexes of
40 000 and 50 000 in Table 12.

The necessary thermal resistance of ground insulation for intermediate foundation depths can be

obtained by linear interpolation between the values of 5,3 m2K/W and 2,9 m2-K/W. Thus, for a foundation
depth of 0,6 m, Rq will be at least 4,5 m2-K/W.

For unheated buildings, the same ground insulation (in terms of both width and thermal resistance) is
placed all round the building.
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Mpunoxenune O.A
(cnpaBo4HoOE)

MepeBoa mexayHapogHoro craHaapTa ISO 13793:2001 Ha pyccKkum A3bIK

1 O6nacTb NnpuMeHeHus

B paHHOM cTaHpapTe paccmaTpuBaloTCs MNpPOCTble MeTodbl TEnyoBOro pacyeta
dyHOAMEHTOB 34aHUI C Lenblo NpeaoTBpaLLEHNs NyYeHUs Npu NPoOMep3aHuu.

HaHHbln cTaHpapT gencteuteneH And OyHOAMEHTOB, PAacCrONOXEHHbIX Ha Jlerko
npomMep3arolleM rpyHTe, U KacaeTca 30aHui C rnonamu u3 «nivT no rPyHTy» U 34aHUN C
nogsecHbiMn nonamun. CtangapT pacnpocTpaHsaeTca Ha oborpeBaemMble N HeoborpeBaemMble
34aHnd, Uckndas apyrme cutyaumm, Tpebyluwume 3awmtbl OT NpomMeps3aHunsa (Hanpumep,
aoporu, BogonpoBoabl B 3emre). CTaHaapT He KacaeTCsa XONoAHbIX CKaZAoB U KaTKOB.

[aHHbIn cTaHgapT OerCTBUTENEH ANS KNMMMaTUYeCKUX YCrOBUN, B KOTOPbIX CPpeaHsAs
rogoBasi Temnepatypa Bo3gyxa npesbiwaeT 0°C, HO OH He pacnpoCTPaHSETCA Ha 30HbI

BEYHOI Mep3rioThbl, B KOTOPbIX CPEAHSAA rogoBas TeMnepaTtypa Bo3ayxa Huxke 0°C.

2 HopmaTuBHbIe CCbINKK

C nomouibl0 AaTUpPOBaHHbIX W HeOAaTUPOBAHHbLIX CCbINOK AaHHbIM EBponenckun
CTaHOapT COOEPXUT onpefeneHHble MNONoXeHus u3 gpyrux nybnukaumi. [daHHblie
HOpPMaTMBHbIE CCbINKN NPUBOAATCHA B COOTBETCTBYIOLLUNUX MECTax B TEKCTe C nocnenyroLlmm
ykaszaHnem nybnukaumn. Yto kacaetcs JaTUPOBaHHbIX CCbINIOK, NocneayoLwme nonpaskn nnm
pefakumMn gaHHbIX nybnukaumi npuMeHaTca ans Hactosiwero EBponenckoro crtaHgapTta
TONbKO B TOM Crly4ae, €Clfiv OHM BKIIKOMEHbl B HEro B BUAE MONpaBoK wunv pegakunn. Ons
He4aTUPOBAaHHbIX CChbINTOK MPUMEHSIETCS MNOCnefHAs pedakuus nybnukauumn, Ha KOTOpYyro
NPUBOOUTCA CCbifika (BKIHOYas NonpasBku).

ISO 6946 CocTaBHble 4YacTW 30aHUS U KOHCTPYKTUBHbIE 3NeMeHTbl — Tennosoe
ConpoTUBNEHME 1 KO3 UUNeHT TennoBoro nponyckaHus — Metog pacyeta

ISO 7345  Tennosas nsonsauuns — dusmyeckne BENNYUHLI U onpeaeneHnsa

ISO 10211-1 TennoBble MOCTbl B KOHCTPYKUUM 34aHMSA — TennoBble MNOTOKU W
NOBEPXHOCTHbIE TemnepaTypbl —HacTb 1: obwmne metoabl pacyeTa

ISO 10456 CrpouTtenbHble MaTtepuanbl U u3genusa — MeTtoabl onpeneneHvs

3adABJ1€HHbIX N paCYETHbIX TEMJOBbIX 3Ha4YeHun
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3 OnpepeneHus, ycnoBHble 0603HA4YEHUA U eAUHULbI U3MepPeHns

3.1 TepMmuHbl 1 onpeaeneHus

B pamkax gaHHoro ctaHgapTta Ucnosib3yTca TepMUHbl 1 onpeaerneHna nid ISO 7345 n

crnenywoulee.

3.1.1
NAuTa No rpyHTy

KOHCTPYKUKMA noJia HenocpeacrtBeHHO Ha rpyHTe

3.1.2
noaBecHOW non

KOHCTPYKUMA nona Hag TrpyHTom, B pe3ynbTaTte 4ero mexay noJyioMm 1 rpyHTOM

obpa3syeTcs Bo3ayLLUHOE NPOCTPaHCTBO

NMPUMEYAHME. [aHHoe BO3gylHOE NPOCTPAHCTBO, KOTOPOE Ha3blBaeTCA
Takke noAanofbHbIM  MPOCTPAHCTBOM UMM TEXHUYECKUM  (MONYyNpPOXOOHbIM)
NPOCTPAHCTBOM, MOXET OblTb BEHTUIMPYEMbIM WU HEBEHTUNMPYEMbBIM; OHO He

ABNAETCA HYaCTblO XUIOro npocTpaHCTBa.

3.1.3
BepPXHAA usonsauus no Kparo

BEpTUKallbHaaA WU3onAumna WU3HYTPU n/vnu CHapyXxwu d)yH,u,ameHTa, mnn B CaMOM

dyHOameHTe

3.1.4
M3ONSAUUA rpyHTa

ropn3oHTanbHasa (VIJ'IVI no4Tn FOpVISOHTaJ'IbHaﬂ) n3onAaumna HUXxXe YpoBHA 3eMiin C

BHELLUHEWN CTOPOHbI 34aHuns

NMPUMEYAHUE. Cm. puc.1.
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3.15
nokasaresnb NpoMep3aHus
BenuumMHa, B 24 pasa npeBbiwawwasi cymmy pasHoctu mexagy 0°C u gHeBHOW
cpedHen TemnepaTypon BO34yXa, HAKOMMEHHYK Ha MNOBCEOHEBHOW OCHOBE B Te4veHue

MOPO3HOro ce3oHa (BKIoYas U NONOXUTENbHYIO, U OTpULUATENbHY Pa3HOCTb)

3.1.6

MOPO3HbIA CEe30H

Ce30H, B TeyeHue KOTOpPOro cpefHad OHEBHaAA TemrnepaTypa HapyXHOro Bo3gyxa
octaetca Hmke 0°C BmecTe € nepuojamun 3amep3aHusi/oTTamBaHus C NoOOM CTOPOHDI

OaHHOIro ce30Ha, eClii OHU NpuBOAAT K YHNCTOMY 3aMepP3aHnio

3.1.7
rnyéuHa npomep3aHus

rnybuHa, Ha KOTOpYyLo NpoMep3aeT rPYHT

3.1.8
rny6uHa 3anoxeHus pyHaameHTa

rnybunHa dpyHaamMmeHTa HKe YPOBHSI HApY>KHOW 3eMin

MPUMEYHAHWE. Ecnu doyHOaMeHT HaxoaUTCH Ha Crioe XOpOLUO NPOCYLUEHHOro
mMaTtepuana, KOTOpblIl HEBOCNPUMMHYMB K MOpPO3Yy, TOMWMHA OAHHOro Cros MOXeT

BKItoYaTbCA B rNybuHy doyHOAaMeHTa.

3.1.9
Nerko Nnpomep3aroLmm rpyHT
TUN TPYHTA, KOTOPbIA MOXET Bbl3BaTb 0Opas3oBaHMe Cui Ny4yeHust nNpyu nNpomeps3aHum

KaK 4acCTu No4BbI

3.1.10
nonoxeHuwe n3onduuvmn nona
BbICOTa HMXKHEWN NOBEPXHOCTU UIOJIALMNOHHOIO CnoA noJjia Hag NMoOBEPXHOCTbHO 3EMITN

CHapy»xwu
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MPUMEYAHME. Ecnu wm3onauus nona OTCYTCTBYeT, AaHHas Benun4vmnHa

n3mMepdaeTca oT NOBEPXHOCTN nona.

3.2 YcnoBHble 0603Ha4YeHUA U eAUHULbI NU3MEepPeHUus
Hwxe npuBedeH CNUCOK OCHOBHbIX UCMOMNb3yeMbIX YCIOBHbIX 0603Ha4eHunn. [pyrue

YCInoBHbIE 0003HaY4YeHNs NOSACHAIOTCS MO Mepe X NCNoJib30BaHNA B TEKCTe.

CumBon|3HavyeHue Ea.nsm.

B LWnpuHa (MeHbLNI pa3mMep) 3a4aHus M

bg LWMPUHA U30NALNKN FPYHTA, U3MEPEHHAs OT HapPY>XHOro Kpasi M
OCHOBaHuA (pyHOaMeHTa

bgc LWMPUHA U3ONALNKN TPYHTa B Yrny M

bgw LWMPUHA U30ONHALUKN FPYHTa BAOSb CTEHDI M

Fa pacyeTHbIN nokasaTerb NpoMep3aHus K4

Fn nokasaresib NpoOMepasHUs, KOTOPbIN CTaTUCTUYECKM NpeBbliwaeTcs  |KMY
OAVH pa3 B Nepuog 13 nN-oro KonuyecTsa net

Ho MakcumanbHas rnybvHa npoMep3aHnsa HeEHapPYLLEHHOro rpyHTa 6e3 |m

Hs rnybvHa oyHaameHTa aons creH M

Hic rnybvHa doyHaameHTa ons yrrnos M

Hy rnybvHa BepTUKanbHON M30MALmMmM No Kpato M

h NosiIoXXeHne nsonsaunm nona M

Lc ASIMHa YrrnoBoun usonauumn (M3aMepeHHasa BOOSb HapPYXHOW
NOBEPXHOCTW CTEHbI) M

Ry TENnoBoe CONpPOTUBNEHNE KOHCTPYKLUMM nona (cpeaHee 3HadveHne M2 K/BT
Ans 1 m KpanHero yyactka nona)

Ry TErnnoBoOe CONpPOTUBIIEHNE BEPTUKANBbHON U30MSLUMN MO Kpato M’K/BT

Rg TennoBoOe CONpOTUBIEHNE NU30NALUNN TPYHTa M2 K/BT

Ryc TEnmnoBOe CONPOTUBIEHNE NU30NALUMN TPYHTA Ha yrny M2 K/BT

Rgw TENNoBOE CONPOTUBIIEHNE U3ONALNN TPYHTA BAOSIb CTEHDI M2E/BT

. rogoBasi CpegHsasa Temnepartypa Hapy>KHOro Bo3ayxa T

,m cpegHsasa Temnepartypa BHYTPEHHEro Bo3gyxa 3a Mecsu M T
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a) dyHOamMeHTHasd CcTeHa n3 b) [nuta nepekpbiTa nona c
NerkoBecHoro 6eToHa ¢ n3onaumen rpyHTa KpaeBon 6ankon

avAVAVAS

AVAVAVAWA
T
i‘?

c) betoHHas dyHOameHTHas cTeHa C d) BeToHHasa byHOaMeHTHasA cTeHa C

naonsaunen rpyHTa n BHYTPEHHEN HapPYXXHOMW BepTUKaNbHOW U30oNAUMEN MO
BepTUKanbHOM N30NSLUMEN NO Kpatro Kpato

e) CnnowHas KOHCTPYKUNS C f) CnnowHaa  KOHCTPyKUMS  Ha
nsonsumen rpyHTa " BEpPTMKaNbHOM noJyLwke 13 WwebHa (B aTom criyyae h <0 wm

n3onsumen no Kpawo NO3TOMY OHa He YyYMTbIBAETCS)
YcnoBHble 0603HaYeHUS:

1 - N'sonauusa rpyHTa 2 - BeptukanbHaa wusonaums no
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3 - [pyHT, HeYyBCTBUTESNbHbIA K Kpato
MOpPO3y 4 - Tlogywka wu3 webeHkn cC

BEHTUNAUMEN N3HYTPU

NMPUMEYAHME. Ha pgaHHbIX pucyHKax MnokasaHbl TEMSIOBble PEXUMbl, KOTOpble He

OOJDKHbI pacCcMaTpnBaTbCA KakK KOHCTPYKTUBHbIE aHHbIE.

Puc.1 — NMpumepbl BepTUKANbLHON U3ONSLIMA U U3ONSLMK FPYHTA PyHAAMEHTHbIX

KOHCTPYKLMW

4 MpUHLMNbI NPOEKTUPOBaHUS

PYHT cuMTaeTcs NOSHOCTLIO 3aMep3LlUMM, ecnu 3ameparna BCcA BoAa, coaepxallasica
B HeM. [Mpeanonaraetcs, 4TO 3TO NPOMCXOAUT B TOT MOMEHT, KOraa Temnepartypa rpyHta
pocturaet -1°C (cm. Mpunoxenne D). MHdopmauusa n3 pasgenos 8-10 ncnonbadyetca Toraa,
KOraa HYXXHO CnpoekTMpoBaTb (PYHAAMEHT TaK, YTOObl UCKMYUTL MNOSMHOE 3amep3aHue
rpyHTa nog doyHaaMeHTOM B TeyeHue pacyeTHou 3umbl. B lMpunoxennn C npuBoasTtca
anbTepHaTMBHblE [OaHHble, ucxogs u3 kputepmss 0°C. OgmH M3 4YeTbipex CrneayLnx
crnocoboB MOXeT UCNoNb30BaTbLCA A8 JOCTMXKEHUS AaHHOIo Pacy4eTHOro pexuma:

1) paccuutaTb mMybuHy pyHaameHTa Tak, YTobbl OHa Okasanacb 6onbLue rnyouHbl
MOSIHOrO NPOMEpP3aHuUsA rPYHTa;

2) CHATb CNOW Nerko NPoOMep3atoLLero rpyHTa ¢ MecTa nnaHnMpyemMoro 3anoXeHus
yHOaMeHTa Ha Takyk Xe rnybuHy, kak n B 1), a BMECTO Hero MUCrnonb3oBaTb XOPOLUO
NPOCYLUEHHbIN MaTepuar, He4yBCTBUTESbHbIA K MOPO3Y;

3) n3onupoBaTb PyHAAMEHT AN COKpalLleHMs TEMNSoBbIX NOTEPb M3 rpyHTa noAa
dyHAaMeHTOM, 4YTO ByaeT NpensTCTBOBATb 3aMepP3aHuUI0 IPYHTa;

4) vcnonb3oBaTb TEMMoOBble NOTepu 34aHus unuv NpuberHyTb K cneunanbHOMY
HarpeBaHUIO AOna  noadepXaHusa rpyHTa noa  yHOAaMEHTOM B He3amep3arollem
COCTOSHUMW.

B pamkax pgaHHOro crtaHgapTa nNyHKTbl 1) 1M 2) CYATAKOTCHA SKBUMBANEHTHbIMU U
paccmatpmBaloTcs B pasgene 7. bonee TOro, npMHMMaembiM pelleHueM MOXeT ObiTb
KOMOMHauua nyHktoB 2), 3) 1M 4). T.e. TonwmHa nwboro cnos nog yHO4aMeHTOM,
HEeYyBCTBUTESIbLHOIO K MOpPO3Yy, MOXeT BKwYaTbca B rMybuHy dyHaameHta Hi ang
onpefeneHns, B paMkax OAaHHOro CTaHgapTa, HyXHa nv 3awmTa OT NpoMep3aHnsa u, ecrniu

HYXHa, Kakad Tennon3ondaund aoJrKHa NCnoJib30BaTbCA.
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NMPUMEYAHWE 1. Ecnun BbiOMpaeTca onuus 4), Ans orpaHMYeHus TennoBbIX NOTEpPb,
06bI4HO TpebyeTca KomBuHauus ¢ 3).

M3onaumio, npegyCcMOTpeHHyo onumamm 3) u 4), MOXHO onpeaenuTb:

a) C nomoLlbto Tabnuy n rpacdmyecknx NpeactaBneHnin AaHHOro ctaHgaprta (Cm.
pasgen 8, 9 unn 10 B 3aBMCUMOCTM OT TMNa 34aHuUs), Nnu

b) ¢ nNOMOWB YMCMEHHBLIX pacyeToB B COOTBETCTBUM C  MOSNOXEHUAMMU
Mpunoxexns B.

[onyckaeTcsa Takke uWcCnonb3oBaHWe KomMbuHauum a) u b), Hanpumep, ans
onpeaenieHns HYXXHOW M30NAuMM Ha yrnax, ¢ a) u (aByxpasmepHbIMW) YUCIEHHBIMU
pacdeTamu ns onpegeneHns Hy>KHOM M3onaLMn B pYrMx MecTax.

lMpoekTupoBaHne hyHOAMEHTOB cornacHo pasgenam 8-10 He npegycmaTpmuBaeT yyeT
Tenna ot cuctem oborpesa nomna, oborpeBaTenbHbIX kKabenen B 3emne 1 T.4. Ecnn gaHHble
TEennoBble NOTOKN OOMKHbI YYUTBIBATbLCS, UCNOMb3YNTE METOAbI YACIIEHHbIX pacyeToB.

MPUMEYHAHVE 2. Ecnm B Takmx cuTyaumax  UCNOMb3YTCA  MPUHUUNGI
NPOEKTUPOBaHMUS cornacHo pasgenam 8-10, B OTHOWEHWW MNyYeHUs MpU  3amep3aHnmn
NosIBUTCA OOMONHUTENbHbIN NOpor ©e30nNacHOCTU, a MOXET U OOMNOSHUTENbHbLIE MOTEPU
Tenna.

lMpoekTupoBaHne  yHOAMEHTOB  AO/MKHO  OblTb  HamMpaBfneHO Takke  Ha
npeaoTBpaLleHne CMep3aHns rpyHTa, YTO NOMOXKET UCKIOYUTE NyYeHne npu npomep3aHnm
nocpeacTBOM nepefadun cun casura, Korga, Hanpumep, Cron HeYyBCTBUTENBHOMO K MOPO3y

MaTtepumana npnmMbikaeT K CTEHaM (byH,D,aMeHTa nnn noasana.

Ecnn obonoyka 3maHua He 3aBeplleHa w/vnu 3gaHne He oborpeBaeTcs nepen
CEe30HOM MOpPO30B, HEOBXoOMMO NpeanpuUHATL OOMNOSMHUTENbHLIE MEpbl NO U30MAUUN U
3awmTe oyHOaMEHTOB.

MPUMEYAHWME 3. ns obecneyeHnsa Takon OONONHUTENBHOW 3aWwunTbl, (OyHAAMEHTbI
MOXHO CMpOEeKTMpoBaTb Kak [Ans HeoborpeBaemblX 34aHWA, WUCNOMb3ys pacyeTHbIN
nokasaTtesib NPoMep3aHnNa OS5 BPEMEHHbIX KOHCTPYKUuKM (cm. 6.1).

Hwxe nepeuncneHbl napameTpbl, UMELLNE OTHOLLEHME K 3aluTe OT NPOMep3aHust:

— KnuMaT, B YACTHOCTW, MNokas3aTenb NpoOMep3aHusi, a TaKKe rogoBasi CpeaHsis
TemnepaTypa;

— YyBCTBMUTENbHOCTb FPYHTa K MOPO3Y;

— TennoBble CBONCTBA 3aMep3LUero n HesaMep3LUero rpyHTa,;

— Tennounsonauusi nona;

— BHYTPEeHHAA TeMmnepartypa B 34aHUin;
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- reomeTpusi, ocobeHHo, rabapuTbl 34aHnNs U TUN PyHOAMEHTA.

MPUMEHAHVE 4. CHeXHbln NOKPOB CMOCOOCTBYET YMEHbLUEHUIO NYyOUHbI
NpoMep3aHnsl, HO TaK KakK CHEXHbI MOKPOB He MOXeT ObiTb obecnedyeH aAnsa uenew
NPOEKTUPOBaAHMS, OH HEe TMpUMHMMaeTCa B pacdeT npu onpeaeneHnun Kputepus
NPOEKTUPOBAHUS.

HekoTopble npuMepbl NpuBeAeHbl Ha puc.l.

5 XapakTepucTtuku matepuanosn

5.1 XapaKTepuCTUKMN rPyHTa
Ecnn reotexHuyeckne uccrnegoBaHUs He ONpeaenunu KMHoe, TPYHT cuMTaeTcs
YYBCTBUTENbHbBIM K MOPO3Y.

MPUMEYAHWE 1. laHHble 0 Y4yBCTBUTENBHOCTU K MOPO3Y npuBeaeHbl B [MpunoxeHunn

[aHHbIA cTaHOapT OCHOBaH Ha OAHOPOAHOM TPYHTE, COCTOSILLEM W3  Nerko

npomepsafou.leﬁ Mo4Bbl CO crneayrLwmnMnU XapakTepnucTtnukamm:

TennonpoBoAHOCTb (HE3amMep3Lero A =1,5 Bt/(MmIK)
TennonpoBOAHOCTL (3amMep3Luero rpyHTa) At =2,5 BT/(MIK)
O6beMHas TennoeMKkocTb (He3amep3Luero C = 3 x 10° Dx/(M3IK)
O6beMHas TennoeMKocTb (3amMep3Luero Ct = 1,9 x 10° Ox/(M3(K)
CKpbITOe Tenmno 3aMmep3aHns Ha ky6.meTp L = 150 x 10° Ox/m®
[MNoTHOCTL Cyxoro rpyHTa 0= 1350 kr/m®
CopnepxaHue Bofbl (CTeneHb w= 450 kr/m®

[na 6onblUMHCTBA TUNOB FPYHTOB, YyBCTBUTENbHbLIX K MOPO3Y, rnybrnHa npomep3aHns
pSOOM CO 34aHMEM HEMHOro OTnn4YaeTcs OT rNyOuHbl, OonpeferieHHONn C MNOMOLLBIO
yKa3aHHbIX Bbllle 3HayYeHnn. OgHako, ecnu AencTBUTENbHbIE XapaKTEPUCTUKK rpyHTa ByayT
3HAYUTENBbHO OTNNYATLCS OT XapaKTEPUCTUK, YKa3aHHbIX Bbille, HEOOX0AMMO MCMNOMnb30BaTh
MeTOAbl YACIIEHHOrO pacyeTa B COOTBETCTBUM C [1punoxeHuem B.

NMPUMEYAHWE 2. B obLiem, pacyeTHble AaHHble pa3genoB 8-10 MOryT NpMMeEHATbLCA
K rpyHTam C MJOTHOCTbKO B CYXOM cCOCTOsiHMM oT 1100 kr/mMm3 pgo 1600 kr/m3 w

BoAoHachbILeHnem bornee 80%.

MPMMEYAHME 3. Ecnu wucnonb3yeTca uM30ngUMA  FpyHTa, pPeSieBaHTHbIMU
Xapaktepuctukamu obnagaet TOT T[PYHT, KOTOPbIN HaxoguTca B HENOCpeACTBEHHOM

6nunsocTtn ot 3gaHusa. Ecnn nsonauma rPYHTa HE MUCNOoJib3yeTCA, BaXXHbIMN MOTIyT OKa3aTbCA
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XapakTepUCTMKN 3acbIiNHOrO MaTepuana, B YaCTHOCTW, ecnv 30Ha 3acbiNku uMeeT
OTHOCMTENBbHO 6OonblUyd WKUPUHY. 3acbiNHOM MaTtepuan (XOpOoWO MPOCYLWEHHbIN AN
npeaoTBpaLleHns CcMep3aHus) MOXeT CrnocobCcTBOBaTb MECTHOMY YBENUYEHUIO TMyOUHbI

npomMmep3aHnd BBUAY OTCYTCTBUA BOOblI B TPYHTE M COOTBETCTBYHOLLETO CKprTOVI TEennoThl.

5.2 XapaKkTepuCTUKN CTPOUTESNbHbLIX MaTepuanos

B oOTHOweHWn TEnnoBoro conpoTmBreHuss nboro CTPOUTENbHOIO Martepuana,
NCcrnonb3ynTe COOTBETCTBYIOLLME pacyeTHble 3Ha4YeHUd, NosiyYeHHble METOAOM BblYMCIEHUSA
cornacHo ISO 10456 wnu B3ATble M3 Tabnuubl. TennoBoe COMpPOTUBIIEHWE MaTepuarnos,
MCNONb3yeMbIX HWXKE YPOBHS 3€MMN, AOSMKHO OTpaXaTb M BNaXXHOCTHbIE YCnoBust obnactu
NPUMEHEHNS.

MPUMEYAHWE. BnaxHOCTHble YCnoBusi MOryT 3aBUCETb OT TOro, byaet 3gaHue
oborpeBaTbCs UMM HET, HO Yalle BCEro OHN MMEIKT BaXXHOE 3HaveHue AN HeoborpeBaeMbIxX
30aHNN.

Ecnn ykasbiBaeTca TennonpoBOAHOCTb, TEMNSOBOE COMpPOTUBNEHNE Heobxoammo
BbIBECTW KaK TOMLWMHY, pasgernieHHylo Ha TennonpoBOAHOCTb. Mcnonb3yemasa TonwmHa
no3sonuT Nboe ynnoTHeHWe maTtepuana, ecrnv NPUMeHMUMO.

Ybeantecb, 4TO NOOGON M30NSAUMOHHBLIN MaTepuan, NoABepratwolnica BO3OENCTBYHO
CKMMaKLWNX Harpy3ok, obrnagaeTt agekBaTHOM MPOYHOCTBLIO Ha CKaTUe U COOTBETCTBYHOLLMMM
Xapakrepuctukamun gedopmaLmu.

Ecnn Tpebyetca 3awmtHas u3onauusa rpyHTa, ybeautecb, YTO OHa HaxoauTcs Ha
MEecTe W He noBpexaeHa nocrne 3aBepleHna cTpouTenbctBa 3gaHus. Coobwwnte

nonb3oBaTersito 34aHnA 0 MeCTONOJNIOXKEeHUN N3onAUunun rpyHta n o €€ HasHayeHun.

6 Knumatu4yeckue ycnosus

6.1 Pac4yeTHbIN nokKa3saTernb NpoMep3aHus

N3onaumsa, Tpebywowasca ana 3awuTbl OT NPOMeEpP3aHusi, 3aBUCUT OT CYpPOBOCTU
pacyeTHOM 3MMbl, KOTOpasi BbIpa)KaeTCA 4epes3 nokasaTenb NPOMEpP3aHns U CPenHIo
rogoBylO TeMrnepaTtypy Hapy>XHOro Bosayxa.

PacueTHbI NokasaTenb npomep3aHnd Fq BolpaxaeTcs Yepes BenuunHy F,, 3HavyeHne
nokasarensi NpoMep3aHunsi, KOTOPOe CTaTUCTUYECKM NPEBLILLAETCS 3a N-0e KONUYEeCTBO NeT B
AAHHOM pervoHe, UCXOAsl U3 3apermcTpMpPoOBaHHbLIX METEOPOSIOrMYECKMX AAHHbBIX C pacyeToM
cornacHo lNpunoxexnto A. BennyunHa Fp nmeeT 1 B N BEPOATHOCTb NPEBbILLIEHUS AN AaHHON
31MbI.
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BbibpaB n, F, MOXHO BbIBECTU M3 Tabnuuy unm KapT, COCTABMNEHHbIX ONA AAHHOro
pervoHa.

CooTBeTCTBYIOLLIEE 3HAYEHME N KAacaeTCcs npeanonaraemMoro cpoka crnyxbbl 3gaHus u
€ro YyBCTBUTENBHOCTM K MyYEHMIO NPU 3aMep3aHnn.

[ns kanuTanbHbIX KOHCTPYKUMA Ucnonb3ynte Figo nnm Fso.

NMPUMEYAHUME. B npaktnyeckux uenax Figo N Fso MOTyT cCUMTaTbCA 9KBUBAIIEHTHBLIMN,
TaKk Kak pasHuua Mexgy HMMKM O4YeHb Manas M UCMonb3oBaTb MOXHO NOGOro m3 Hux (B
3aBMCUMOCTW OT HaNM4us).

Mpn NpoekTpoBaHUN 34aHUIN, KOTOPbIE MOMYT BblAEPXMBATb HEKOTOPbLIE ABWKEHUS,
UM Mpu pacyeTe BPEMEHHbIX 30aHWMWA, MOXHO WCMONb30oBaTb OOnee HU3KUIN MnokasaTesb

npomep3anHuna (Hanpumep, Foo, Fio, Fs).

6.2 NnybuHa npomMep3aHUs B HEHapPYyLLeHHOM FPyHTe

Camas Gonblwas rnybuHa npomep3aHns B HEHaPYLIEHHOM rpyHTe (T.e. B TPyHTe,
He3alWMWLWEeHHOM 30aHUSIMKU, CHEXHbIM TMOKPOBOM WMNW  PacCTUTENbHOCTbIO) 3aBUCUT OT
KnuMaTn4ecknx ycrnoBuin (nokasatensa npoMep3aHus M cpedHen rofoBOM TemnepaTtypbl
BO34yxa), a TakKe OT TensoBbIX XapakTEPUCTUKN FPYHTA.

MPUMEYAHNE. PacyeTHble 3HayYeHWs MakCcumarbHOW [nybuHbl MpoMep3aHusi B
HeHapyLeHHOM, OAHOPOAHOM, MOPO30-4yBCTBUTESTbHOM rpyHTe 6e3 CHeXHOro nokposa, Hp,
MOXHO HaWTW ON15 HEKOTOPbIX PErMOHOB B HAUMOHAarbHbIX KapTax unu tabnuuax.

Ecnn 3HauyeHne Hy Hen3BeCcTHO, NPUBNU3UTENBHOE 3HAYEHWE MOXHO paccynTaTtb C
NMOMOLLbIO CeayloLwero ypaBHEHUS:

[7200 Fy A

Hp = =
Py L+co,

(1)
roe:

Fq — pacyeTHbIN NokasaTenb npomMeps3aHnsd, B K4,

At — TEeNNonpoBoAHOCTb 3amep3aLero rpyHTta, B1/(MK);

L — ckpbITasi TennoTa 3amMep3alolLeil BoAbl B FPYHTE Ha 06beM rpyHTa, B [k/m>;

C — o6beMHas TennoemMKocTb Hesamepaluero rpyHTa, B Ix/(MAK);

6. — ropoBas cpefHsis TemrnepaTypa HapyXxHoro so3ayxa, B °C.

Ecnu gaHHble 0 COOTBETCTBYHOLLEM IPYHTE OTCYTCTBYIOT, UCMONb3YMTE AaHHble B 5.1.
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7 TInybuHa c¢yHpamMeHTOB, npeBbllWawoWwasa rnNyouHy npomep3aHus
HeHapyLWeHHOro rpyHTa

dyHaameHTbl No6Oro 3aaHMs MOryT paccymMTbiBaTbCA TakuM obBpas3oMm, YTo rnybuHa
npomep3aHns, Hi, cocTaBuT, NO KpPanMHEW Mepe, MakCMMasbHyl rnyobuHy npomep3aHnsa B
HeHapyLleHHOM rpyHTe 6e3 cHera, Ho.

Ecnn H: = Hp, pyHOAMEHTbI CUMTAOTCA afeKBaTHO 3alUULLEHHBIMU OT NyYeHUs npu
npomep3aHnn 1 He TPEBYIOT HU U30NALMM TPYHTA, HU M30MALMK Kpas.

Ecnn yHOameHTbl pacnonoXeHbl Ha Crioe XOpOLWO MPOCYLIeHHOro martepuana,
HEeYyBCTBUTEMbHOIO K MOPO3Y, TOSLUUHA TAKOro CNosi MOXeT BKNIYaTbCA B 3Ha4YeHne Hk.

NMPUMEYAHUME. Ona knumatudecknx ycnosum ¢ Hy < 2000 KM, gaHHoe ycnosue
npumeHsieTca gns rnyouHel oyHgamenTa 0,45 m unm 6onbLue.

Ecnn H; < Hy, obpatutecb k pasgenam 8-10 unvm nNpoBeauTE YMUCIIEHHbLIE pacyeTbl

cornacHo lNpunoxeHuto B.

8 Monbl U3 NNUT No rPYHTY ANA o6orpeBaeMbIX 34aHUN

8.1 O6nacTtb NpUMeHeHus
[aHHbIn pasgen kacaetcs oyHOAAMEHTOB, ANs KOTopbIX Hr < Hp, a Takxke:

a) 34aHNn, B KOTOPbIX CpedHAs BHYTPEHHAS TemnepaTypa Bo3gyxa no BCeMy
30aHNI0 KaXKabl Mecsil, cocTaBnseT, no kpanHen mepe, 17°C (1.e. 8,m = 17°C ansa Bcex
3HayYeHun m);

b) 3gaHun, HekoTopble 4acTu KOTOporo oborpeBaldTCsl, @ HEKOTOPbIE HET npwu
yCnoBumn, YTO TemnepaTtypa B oborpeBaembix YacTax 8,,m = 17°C ansa Bcex 3Ha4YeHUn M, a
HeoborpeBaemMble YacTu NOAAEPKMBAKOTCA COrnacHo 8.5;

C) 3paHu4, B KoTopblx 5°C < 4,, < 17°C ¢ mogudumkaumsimm cornacHo 8.8.

Ecrm 4,m < 5°C B kakon-nmbo mecsy, Tennoumsonaums yHAaMEHTOB [OSHKHA
paccuynTbiBaTbCA Kak Ans HeoborpeBaembix 3gaHun (cM. pasgen 10).
[aHHble Ha 6Gase pacdeTHoro kputepusi 0°C Hwxe yHOAMEHTOB MpuBEAEHbl B

MpunoxeHun C.
8.2 Obwme NnpUHUMNbI

Bo Bcex cny4daax HeobxogmMmo obecneunTb BEPTUKAIIbHYHO M30NAUUIO NO Kpato

cornacHo 8.6.
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Tenno 13 3gaHusA NogHMMaeT TemnepaTtypy rpyHTa Mo yrinam MeHblle, YeM BAOMb
GOKOBbIX CTOPOH 3gaHusA. [lodsTomMy pgns  3awuTbl  YrMOB  MOryT  NOHagobuTbeA
AONONHUTENbHbIE Mepbl: NMBOo yrnybneHne yHaameHToB No yrnam, nnbo mMcnonb3oBaHue
AOMOMTHUTENBHOWN N30MALUN.

Anga 3awmntbl pyHAaMeHTOB OT NpOMep3aHusi, B AaHHOM pasaene npeanaralTca Tpu
onuuu:

1) ncnonb3oBaHMe TOMbKO BepTUKanbHOM wu3onauun, 6e3 wmsonaumm rpyHTa:
dyHOaMeHTbl 3aknagbiBaloTCcs Ha rnybuHe cornacHo 8.7.1 (cbyHAaMeHTbl MO yrnam
AOJDKHbI UMEeTb 6onbLUyo rNyOuHY, YeM BAOSb CTEH);

2) ucnonb3oBaHWe W30NAUMW TPyHTA TOMbKO MO Yyrnam, 4YTO MO3BOMUT He
yrnyonate oyHaameHTbl nog HUMmK: T.e. rmybuHa dyHaameHTa ansa yrnos OyaeT Takon
Xe, Kak 1 onsi CTeH), cm. 8.7.2;

3) MCNofb3oBaHWE OrpaHMYeHHon rnyouHbl ¢yHaameHTa (He MeHee 0,4 M),
OAMHaKOBOW ANSA BCEro 3gaHus: obecnedntb U30NAuuio rpyHTa BOKPYr BCEro 3gaHus C

ornpeaeneHHbIM yBernmyeHmem no yrrnam, cm. 8.7.3.

MmybuHa cdyHoameHTa n/unm macwTtabbl N30NAUUMKM FPYHTa 3aBUCAT OT pacyeTHOro
nokasarens npomepsaHus, Fqy.

M3onaums nona pgomkHa  ObiTb  paccuMTaHa TakK, YToObl  obGecneunTtb
yAOBNETBOPUTENBHYIO TemnepaTypy nona npu HOpManbHbIX 3Hepro3atpatax (T.e.
He3aBMCMMO OT NPOONEMbI NyYEHUS NPU 3amMep3aHnn).

NMPUMEYAHUE. KWcnonb3oBaHue BepTUKanbHOWM WM30NAUMM MO Kpakw U M30NaumMn
rPyHTa  CcnocobCTBYET MNOBbLILEHNIO MOBEPXHOCTHOW TemnepaTypbl nosia M Ccokpawiaet

TennoBbl€ NOTEPK NO Kpako nosna.

8.3 OrpaHu4yeHun

8.3.1 lnpuHa 3paHus

mybuHa dyHOameHTa M Tennousonaumsa OT NPOMEpP3aHus paccMaTpuBaloTCA B
JaHHOM pa3sgene Ans 3gaHun, wupuHa B KOTopbix cocTaBnseT He MmeHee 4 M. Ecnu B < 4 wm,
yHAaMEHTbl [OSMKHbI paccyuTbiBaTbcs nMBO no rnybuHe, nubo C MCNONb30BaHWEM

n3onAunn rpyHTa CorfmiacHo pacyeTam Ard yrnos, HO BOKpPYr BCEro 3gaHus.

8.3.2 NonoxeHue nsonauumn nona

MybuHa dyHAaMEHTOB WM Tensomsonaums OT MpOMep3aHusi, paccMaTpuBaemble B
AaHHOM pasfgene, KacaeTcd Takke MOJioB, AN KOTOPbIX MOMNOXeHue usonsaumm h He
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npesblwaeT 0,6 m. Ecnn h > 0,6 M, npoBeauTe YNCNEHHbIE pacyeTbl cornacHo NMpunoxeHuto

B unu ncnone3ynte metoabl pacyeTa ons Heoborpesaembix 3gaHun (pasgen 10).

8.3.3 TennoBoe conpoTuBrieHUe NAUT nona

TennoBoe conpoTMBREHME KOHCTpyKuum nona, R; 310 obwee Tennosoe
COMpOTUBIEHME MeXy NOBEPXHOCTLIO Nnorna u rpyHToM. OHO BKITOYaET BCe Cron U3onauuu,
HaxoasaLmMecs CBepxy, CHU3Y UNn B €€ npegenax, BMecTe C HarnosbHbIM NokpbiTueM. Ecnn
nosl MMeeT pasHOoe TenrnoBoe COMNPOTMBMEHME Ha pasHbIX Yy4acTkax CBOeu nnowaau,
BENUYNHY R MOXHO B35Tb KaK cpefHee 3HavyeHue KpanHero y4acTtka nona gnvHom 1 m.

MybuHa dyHAaMEHTOB M Tennomsonaums OT MpOMep3aHusi, paccMaTpuBaemble B
OaHHOM pasferne, Kacaetcs NnuUT MepekpbiTUs, BenndnHa R; KOTOpbIX He npeBblliaeT
5M’[K/BT. Ecrim R; > 5M*[E/BT, npoBeauTe YMCreHHble pacyeTbl cornacHo Mpunoxenuo B

UM UCNONb3ynTe MeToAbl pacyeTa Ansa HeoborpeBaeMblx 3gaHun (pasgen 10).

8.4 U3onsauuns rpyHTa

M3onsaums rpyHTa AormkHa ObIThb 3alyuLLeHa OT MeXaHNYeCKnX noBpexaeHnn. BepxHas
NOBEPXHOCTb NOOOMN M30NSAUNN TPYHTA OOSMKHA HAXOAUTbCH, NO KpanHen mepe, Ha 300 Mm
HWKE YPOBHSA 3€MIIM; eCnn 3eMnsi MMeeT [AOPOXHOE MOKpbITUE, [NyOuHy 3anoXeHus
N30NAUUMU MOXHO YMEHbLUUTL A0 200 MM.

[laHHble O WnpWHEe n3onaAunK rpyHTa, by, bgw 1 bge, NpeanonaratoT, YTO 3Ta WMPUHA
n3mMepseTcsa OT KpanHen TOpLOBOM NOBEPXHOCTU (PpyHOAMEHTA.

MPUMEYHAHVE. Bo3MOXHO, OOLLy0 LWWPUHY MU30NALMM TPyHTA HYXHO OyaeT
M3MEHUTb TaKk, 4YToBbl OHa npeBbiwana by, ecnu ocHoBaHWe BbICTYNaeT 3a npeaensl

dyHOaMEHTHOW CTeHbI, Kak Ha puc.la.

Ecnu nsonauma rpyHTa ncnonb3yetca BMecTe C U3onsaumen no BHYTPEHHEMY Kpato,
nocTapanTecb nsbexartb obpasoBaHMa TENMOBOrO MOCTA, ANS YEro N30NsAUMI0 rPyHTa HYXXHO
NpogoIMKUTL Nog PyHAAaMEHTOM 0 BepTUKanbHOM nsonsumm (CMm. puc.1c).

Ybeantecb, YTO U30NAUUA TPyHTA HE MMEET npepbiBaHUN, YTO OHa afeKBaTHO
3aluuleHa oT BO3AEWCTBUS MOBbLILLEHHOW BRarn C BbICTYNOB KpbiWW U cTekoB. [Mpy aTOM

n3onAauua rpyHta goJrkHa HaxoguTbCA Ha CJlioe XOpOoLwWo NpocCcyweHHOro Mmartepuarna.
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8.5 HeobGorpeBaemsble YacTu 3gaHuA

8.5.1 O6wue nonoxeHus

Ecnn HekoTopble YacTu 3gaHua He oborpeBaloTcd, K oborpeBaemMbiM 4YacTaM MOryT
NPUMEHSTbCA npoueaypbl U3 pasgenos 8.6 u 8.7 npu ycrnoBun, 4To HeoborpeBaemble YacTu

34aHna MMeroT Tennounsonsumto cornacHo 8.5.2 unu 8.5.3 (B 3aBUCUMMOCTM YTO NOOXOANT).

8.5.2 3paHue ¢ orpaHMYeHHbIMU HeoborpeBaeMbIMU y4acTKamMun
BennunHa HeoborpeBaemMblx YacTen 34aHUsi MOXET CUMTaTbCA OrpPaHUYEeHHOW, ecnu
X pasMepbl He NpeBbILAT pasMepsbl, yKka3aHHble Ha puc.2, rae napameTp L, npeacraeneH

Kak OYHKLMS pacyeTHOro nokasaTensi npoMep3aHus B Tabnuue 1.

Tabnuua 1 — MakcumanbHasa HeoborpeBaemas gnuvHa L, Ansa orpaHU4YeHHOMN

HeoborpeBaemMomn 4yacTu

Fq (KM) | 30000 ot > 30 000 oo 40 000 oT > 40000 po 50 | >50000
000

Ly (M) 3,0 2,5 2,0 1,5

YcnoBHble 0603Ha4YeHUs:

1 — O6orpeBaemas 4acTb

2 — HeoborpeBaemas 4acTtb

Puc.2 — OnpepgeneHue orpaHu4eHHOM HeoborpeBaemMomn YacTu NNUT NepeKpPbITUA

nona

MPUMEYAHWE. L, — aTO MakcumarnbHasa grnvHa HeoborpeBaemMomn 4YacTn, OKPYXEHHOWM
C Tpex CTOpoH oborpeBaemMbIMn y4acTkaMn 3gaHus. B gpyrnx cnyyasx makcmmanbHasi anvHa
cocTaBnsieT MeHee L, Kak Moka3aHo Ha puc.2.

[nsi orpaHnYeHHbIX HeoborpeBaeMblX Y4aCTKOB:
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— un3onupynte non HeoborpeBaemMon 4YacTu Tak, YToObl TENNOBOE CONPOTUBIIEHNE
norna paBHAMOChb, NO KpanHen mepe, MUHMMarbHOMY COMPOTUBMEHWUIO TPyHTa, Ry, AnA
HeoborpesaeMbIx 3gaHun cornacHo 10.2 (tabnuua 11 nnu 12);

— MO BHELLHEMY NepumMeTpy HeoborpeBaemon 4YacTu UCMOMb3ynTe BEPTUKASbHYIO
M30M1ALMI0 NO Kpato corniacHo 8.6;

- ecnn HeoborpeBaemMasi 4YacTb OKpPY)XeHa C Tpex CTOpOH oborpeBaemMbiMu
yacTsaMK 34aHusa (puc.2a): UCnonb3ynTe TEMNNOBYH M30MALUMIO OT NPOMEP3aHnsa Kak ans
YrroB COrnacHo 8.7 No BHELHEMY nepumeTpy HeoborpeBaeMon YacTn Ha paccTosHUN L
00 KaXOon €€ CTOpPOHbl, rae 3HavyeHus L. npeacTtaBneHbl Kak gyHKUMS nokasaTens

npomep3aHns n3 Tabnuubl 5;

— ecnn HeoborpeBaemMasi YacTb OKpY)XeHa TOSNbKO C OAHOW WM OBYX CTOPOH
oborpeBaembiMM  4YacTamu 3gaHua  (puc.2b ©n  2C): nNo BHEWHeMy nepumeTpy
HeoborpeBaeMon 4acTM Ha pacCcTosHUM L. OO KaKOOW €€ CTOPOHbl WUCNONb3ynTe
nsonaumio rpyHta wupuHon 0,5by ¢ by cormacHo 10.2 (tabnuua 10) u TennosbiM
conpoTusreHnemMm Ry Kak Ans Heoborpesaembix 3aaHuin cornacHo 10.2 (tabnuua 11 nnm
12), roe 3HaveHnsa L. npeacTaBneHbl Kak (OyHKLNA pacvYeTHOro nokasaTensi npomMep3aHus
n3 Tabnuupl 5;

— WUCKIKYUTE TENSoBble MOCTbl Ha BHYTPEHHEM MepumeTpe HeoborpeBaemoro

yyacTka.

8.5.3 3paHue c 6onee o6GWMPHBLIMK HeOGOrpeBaeMbIMM y4acTKamMun

Ecnn kakon-nnbo y4acTok 34aHuMsi He MOXET paccMaTpuBaTbCA Kak OrpaHUYEeHHbIN,
TaKk Kak ero pasmepbl MpeBblWalOT pasMmepbl, YKasaHHble Ha puc.2, paccmaTtpusaunTte
oborpeBaemble M HeoborpeBaeMble 4YaCTU Kak OTAeNbHble 30aHWA C COOTBETCTBYHOLUUM
npoekTupoBaHnem dyHaameHToB. [lpn aTtom obpaTute BHMMaHWe Ha TO, YTO pacyeT Ans
HeoborpeBaeMom 4YacTu JOImKeH BbITb NPOLOIMKEH Ha pacCcTosiHue L 40 CONPUKOCHOBEHUS C
oborpeBaemMon 4acTblo, rae 3HadeHus L. npeactaBrnieHbl Kak YHKUMA pacYeTHOro

nokasartensi npoMep3anHns 13 Tabnuubl 5.

8.6 BepTukanbHasa nsonsauusa no Kparo

Bo Bcex cnyyasax gomkHa 6biTb obecneveHa BepTuKanbHas M30MSUMS MO Kpak C
TennoBbIM COMpPOTMBNEHNneM R,, BeNnM4MHa KOTOPOro A0SDKHA, MO KpanHen Mepe, paBHATLCA
3Ha4yeHusIM, yKas3aHHbIM B Tabnuue 2. [IpOMEXYTOYHble 3HAYEHUS MOXHO MOSyYUTb C

NOMOLLbIO FIMHEMHOW MHTEPNONALUMN.
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Tabnuua 2 — MMHMManbHoOe TensioBoe CONPOTUBIIEHME BepTUKanbHOU
W30MALMM ANSA NONOB U3 NNUT «NO FPYHTY», R, (B M*[K/BT)

Rt B M’[K/BT, hB M

Fd 00<Rf <10 10<Ri<2,6 2,6 <R{<5,0
KIS h<0,3 03<h<06 h<0,3 03<h<06 h<0,3 03<h<06
5000 - - 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 15 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 1,4 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

MPUMEYHAHVE 1. [onyckaeTca wucnonb3oBaHWe 3HavYeHun R,, npeBblLaWmX
3HayeHus!, ykasaHHble B Tabnuue 2 no npuYnHaMm MUHUMAanbHbLIX TEMMepaTyp NOBEPXHOCTU
nosfia unm orpaHN4YeHnn TENOBbIX NOTEPb.

Heobxooumyto  BepTuKanbHyl  M30MNALUMIO  MOXHO  MOMNYyYUTb  NOCPEenCTBOM
MCNonb30BaHWUs Matepmana yHaameHTa ¢ HU3KOW TennoBOW MPOBOAMMOCTLIO (Hanpumep,
NErkoBeCHbIN BETOH) UM NOCPEACTBOM MUCMNOSIb30BaHUSA CNOS U30MALMOHHOIO Matepmana ¢

BHELLHEN CTOPOHbI, BHYTPU UK C BHYTPEHHEN CTOPOHbI Ganku unm cteHbl pyHaameHTa.

NMPUMEYAHUE 2. HecmoTpsa Ha TO, YTO C TOYKM 3PEHUS CUCTEMBI 3aLMTblI OT MOpPO3a
npeanoyTeHne oToaeTcsl BHELIHEW M30nsauuu, NpeacTaBrfieHHble OaHHble OXBaTbiBalOT BCE
yKasaHHble Bbllle anbTepHaTuBbI.

BepTukanbHasa usonsauma OofHKHaA HayMHaTbCs C BEPXHEW YacTu u3onauuu namT m
npoxoauTb Ha rnybuHy H, Hwke ypoBHA 3emnu. [lpyM 9TOM AOMKHbI OblTb MCKMOYEHbI
TensioBble MOCTbl MeXAy M3onsauuen nNiuT, U30Msaumnen CTeHbl U BepTUKanbHOW n3onauuen,
roe:

- 6e3 uzonauum rpyHta: H, = 0,6 M unu nonHon rmybuHbl oyHaameHTa, ecnm
MEHbLLE;

— Cum3onsaumen rpyHta; Hy — ato rnybuHa HXKHEN NOBEPXHOCTU U30MSILUN FPYHTA.

8.7 AnbTepHaTUBHbIE pacyeTbl PyHAAMEHTOB
PacyeT doyHoameHTOB AO0MMKEeH Npom3BOAUTBCA B COOTBETCTBMM C 8.6 U OOHOM U3

cneaywowmnx anbTepHaTuB.
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8.7.1 ®PyHAaMeHTbl 6e3 n3onauum rpyHTa
my6uHa dpyHaaMeHTa AoMmKHa COCTaBNSATb:

— Yy CTeH: no KkpanHeun mepe, Hy,

— psSAOM C yrmamMuM W OrpaHuyYeHHbiMM HeoborpeBaeMbiMM  yy4acTKaMu Ha
paccTosiHUM L. OT HUX: NO KpanHen mepe, Bonbllee 3HavyeHue rmybuHbl Hy (ecnu Hy >
30 000 KmM);

roe 3HadveHus Hi, Hic n Lo npeactaBneHbl B Tabnuue 3 B Buae yHKUUN pacyeTHOro

nokKasartenda npomep3aHna.

Ta6bnuua 3 — NnybuHa dbyHaameHTa AnNA nona us nNiauT «no rpyHTy» 6e3

N30NALUUN TPYHTA

Fd Hf ch I—C
KM M M M
Fq <30 000 0,35 0,35 -

30 000 <F4g<35000 0,40 0,60 1,0
35 000 < F4 <40 000 0,50 0,80 1,0
40 000 < F4 <45 000 0,60 1,00 1,5
45 000 < F4 <50 000 0,75 1,30 15
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 < F4 <70 000 1,50 2,20 2,5

8.7.2 Nsonaumsa rpyHTa TONbKO NO yrnam

Ecnmn F4 < 30 000 KM, nsonauua rpyHta He TpebyeTcs.

[na Gonee BbICOKMX 3Ha4YeHWn Fq, rmybuHa dyHOamMeHTa OOorbkHa COCTaBnsATb, MO
KpanHen wMepe, H; Bokpyr Bcero 3ganusa. [lpy 3TOM wum30NAUMA  TPpyHTa [OOJSIDKHA
MCNONb30BaTbCA PSAOM C yrflaMyM U OrpaHWYeHHbIMM HeoborpeBaemMbiMM yyacTkamu Ha

pacCcTosiHUK L. OT HUX, rae 3HadeHunsa Hy n L. npeacraenexbl B Tabnuue 4.
TennoBoe CONPOTMBIIEHME M30MAUNKN 3a3EMITEHUS QOSMKHO COCTaBMnATb, MO KpamHeun
mMepe, 1,0 M’E/BT, a €& WwupMHA AOKHA ObiTb BEMUYMHOIA bgc, 3Ha4YeHuUs KoTopown

npuBeaeHbl B Tabnuue 4. CM. Takke puc.3.

Ta6bnuua 4 — MnybunHa doyHaameHTa 1 M3onAUUA yrnoB ANA nosa us nNiuT «no

FPYHTY>»
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I:d Hf bgc |—c

KM M M M

Fq <30 000 0,35 - -
30 000 < F4 <35 000 0,40 0,50 1,0
35000 <F4<40000 0,50 0,50 1,0
40 000 < F4 <45 000 0,60 0,50 1,5
45 000 < Fq <50 000 0,75 0,60 15
50 000 < F4 <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 2,5

8.7.3 Usonaumsa rpyHTa BOKpYr 3gaHusi

Ecnmn F4 < 30 000 KM, nsonauua rpyHta He TpebyeTcs.

Ona ©6onee BbICOKMX 3HayYeHun Fy, rmMyobuHy dyHOAMEHTa MOXHO YMEHbLUUTb
mMakcumym o 0,4M 3a cHeT U30MsauUMU rpyHTa BOKPYT 30aHUSA.

Ecrnn Fy > 30 000 KM, nsonauua rpyHTa TpebyeTtcs no yrnam u Ha orpaHvYeHHbIX
HeoborpeBaeMbIX yvacTkax Ha pacCTosHWM L. OT HMX cornacHo Tabnuue 5. Bam HyxHO
BbibpaTb COOTBETCTBYIOLLYIO KOMOMHALMIO TEMNMOBOrO COMPOTUBIEHUS Rge M LWMPUHBI bgc
N30NAUNN TPYHTA PSAOM C Yrnamu € MOMOLLIbIO pUC.4 COrnacHoO 3HaveHuio Fgy.

Ecnn Fy > 37 500 KM, nsonaumsa rpyHTa Tpebyetca Takke u BAONb CTEH. Bam HyXHO
BbIbpaTb COOTBETCTBYIOLLYIO KOMOMHALMIO TENfoBOro COMpOTUBAEHUSA Rgw W WNPUHBLI bgy
N30NALMN TPYHTa BOOMb CTEH C NMOMOLLLIO PUC.5 cornacHo 3HayveHuto Fq. 3aTemM C NOMOLLIbIO
puc.4 HyXHO onpegenutb 6onblee 3HaYeHWe U3oNAUMM  TPyHTa Ans  YrNoB U
HeoborpeBaeMbIX y4acTKOB. PaccTtosiHue mM3onaums yrioB OOSMKHO COCTaBnSATb L. cormacHo
Tabnuue 5.

Cwm. Takxe puc.3.
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bgw

L— bgw

YcnoBHble 0003HaYeHus:

1 — OrpaHu4yeHHbI HeoborpeBaembIn y4acToK (CKknagckoe nomelleHwe, BepaHga wm

T.4.)
Puc. 3 — lLinpuHa usonaumm rpyHTa
MEKW
4
3
YcnoBHble 0603HaYeHuUS:
1 -  MwvHunmanbHoe 3 — WvpuHa nsonauum rpyHTa no yrnam, bge
3Ha4YeHne by 4 — Tennosoe conMpoTuBrIEHNE W30MALUU
2 —  MwvHumanbHOe rpyHTa no yrnam, Rgc

3HaveHne Ryc
Puc.4 — lLinpuHa 1 TennoBoe conpoTUBMeHne U3onsaunm rpyHTa no yrnam u
orpaHu4eHHbIM HeoborpeBaeMbIM y4YacTKaM AN nona ¢ NAUTaMm «no rpyHTy» npu Hy

<0,4m

61



CTb ISO 13793-2009

28 , —
5 ! ; 2
m2KNV2’6 _________ S A ;770000774
pep e/ gy
220 om AN -
6‘0000 |
9, Qe = womeme =« LA 5 ------ -
5 1
1‘8 ________ |-777_,_74‘—007Q 77777 IS < g -
: . ‘
4 18-S 000~~~ -
145 /~--=S ]—45‘%"% ffffff ome o e .
12 T gy s gl oo .
94, | :
1,0F----- 3 e 4 e
. J 2
0,8 w3‘7‘5_0_0~ N o T ‘
067/ —~— - L'“""“E """"" cm e —
250 500 750 1000 1250
mm
3
YcnoBHble 0003Ha4YeHuUs:
1 - MwuHumanbHoe 3 — lUnpunHa n3onsaumm rpyHTa BAOMb CTEH, Dgw
3Ha4veHune by 4 — TennoBoe CONPOTUBIEHME U3ONSALNN FPYHTA
2 — MwuHumanbHoe BAOOIMb CTEH, Rgw

3HaveHne Rgy

Puc.5 — LLinpuHa n TennoBoe conpoTUBIieHUe U30NALUUN FPYHTa BOOMb CTEH

ArnA nona c NAMTamMm «no rpyHTy» npu H; < 0,4m

Ta6bnuua 5 — inuHa yrnoBon Msonsauum

l:d I—c

KM M

Fq4 <30 000 -
30000 <F4<35000 1,0
35 000 < F4 <40 000 1,0
40 000 < F4 <45 000 1,5
45 000 < F4 <50 000 1,5
50 000 < F4 <55 000 15
55 000 < F4 <60 000 2,0
60 000 < F4 <65 000 2,0
65 000 < F4 <70 000 2,5

8.8 3paHusa ¢ HU3KOW BHYTPEeHHen TemnepaTtypoun
[Ons nnoxo oborpeeaembix 3gaHun ¢ 5°C < g, < 17°C MOryT MCnonb3oBaTbCs
3HadeHna u3 8.7.3, ecnu 3Ha4vyeHue H; coctaBnseT, nNo kpamHen mepe, 0,6m BmecTto 0,4Mm.

Moo4vepenHo yBennuntb 3HavyeHus H; B Tabnuue 3 nnu tabnuue 4 Ha 0,2Mm.
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Ecrm 8, < 5°C 3a nobon mecsu, 3awmta pyHgameHTa OT NpoMep3aHus AOSKHa

paccunTbiBaTbCS Kak Ang Heoborpesaemblx 3gaHui (cMm. pasgen 10).

9 NoaBecHbIe Nonbl ANA 06orpeBaeMbIX 34aHUN

9.1 OborpeBaemoe nNognosibHoe NPOCTPaHCTBO

[aHHbIn pa3gen pacnpocTpaHseTcsa Ha pbyHOAaMeHTbI, AN KoTopbIX Hr < Ho.

Takue xe npoueaypbl, Kak U ANA NOfoB Ha NAUTax «Mno rPyHTY» C UCMNOSIb30BaHUEM
3Ha4YeHUN napamMeTpoB COrnacHo pasgeny 8 mMoryt Ucrnosfib3oBaTbCA N9 NOLBECHbIX MOJIOB,
B KOTOPbIX MOAMOMbHOE MPOCTPaHCTBO NnMBO He BEHTUNUPYETCA W sBRsieTCA
BO34yXOHENPOHMLUAeMbIM, MO0 BEHTUNNPYETCA C MCNOMb30BaHMEM BHYTPEHHEro BO3gyxa
npw ycnosuwu, 4To:

— CTeHbl B NOANOSIbHOM MPOCTPaAHCTBE N30SIMPOBaHbl U TEMSOBOE CONPOTUBIIEHNE
COCTaBnsieT, No KpanHen mepe, R, cornacHo Ttabnuue 2, a pacnpocTpaHeHne OaHHON
N30NAuuM COOTBETCTBYET yCroBusam 8.6;

— 3HadeHue Ry, BbiBelEHHOE KakK CyMMa TEMNSI0OBbIX CONPOTUBIIEHUI NOLBELLIEHHON
yacTu nona m M3onsuMM Ha OCHOBe MNOoABarfbHOro NPOCTPaHCTBa, He npesbiwaeT 5,0
M2 [K/BT.

Y6eouTtecb, 4YTO CTeHbl yHOAaMeHTa MMEKT XOpOLWYyH [epMeTUYHOCTb U  He

AOnycKalT yTeyek Bo3ayxa.

9.2 TllognonbHOe MNPOCTPAaHCTBO, BEHTUNMPyeMOe C WUCMONb3OBaHUEM
Hapy>XHoro Bosgyxa
9.2.1 O6wue nonoxeHus
PacueT coyHOamMeHTOB MOXeT Npou3BOAUTbCS NMOo 6e3 nsonaumm rpyHta cornacHo
9.2.2 unun 9.2.3 (B 3aBUCMMOCTHU, YTO NOAXOAMNT), MMbBO C n3onaumen rpyHTa cornacHo 9.2.4 ¢
y4yeToM crnegyowmx orpaHuyeHnin.
1) WwpuHa 3gaHuna B cocTaBnseT He MeHee 4 M.
2) CpepnHsis BHYTpPeHHAS TemnepaTypa Bo3gyxa 3a KaXAbli MecsL, BO BCEX YacTsX
30aHuAa coctaBnseT He meHee 17°C.
3) TennoBoe conpoTMBneHne nboON UnIoNALUM Ha MNOBEPXHOCTU [PyHTA Yy

OCHOBaHUS MOAMNONbHOMO MPOCTPAHCTBA He npesbilaeT 0,5 M2 [E/BT.
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4) TennoBoe COMNPOTUBIIEHWNE NOABELLEHHON YacTu nona He npesbiwaeT SMAEK/BT
(6e3 usonsumm rpyHTa) unu 5mMAE/BT (c nsonsiumen rpyHTa).

5) Tennosoe conpoTuBreHne yHOAAMEHTHOW CTEHbl Bbille YPOBHHA HapYXXHOMo
rPyHTa COCTaBnseT He MeHee COOTBETCTBYIOLLEro 3Ha4YeHUst B Tabnuvue 6, ecrnim HUKHANA
YyacTb Nofa HaxoauTcsa Ha BbicoTe He 6onee 0,6 M Hag YPOBHEM HaPY>KHOIO rPyHTa.

Ecnun HMXHASA YacTb nona HaxoauTcs Bolwe 0,6M Hag YPOBHEM HApPY>XHOIO rpyHTa,
AaHHOe TennoBoe COMPOTUBIIEHME HYXXHO YBENUYNUTL Tak, YTOObl OOLLMI TENMOBOW NOTOK,
npoxogsawmn 4epes @yHOAMEHTHYIO CTEeHy Ha[ YPOBHEM HapPYXHOro rpyHTa, He
npeBblan noToK CTeHbl BbicOTOM 0,6M C TennoBbIM COMPOTUBIEHMEM, YKa3aHHbIM B
Tabnwuue 6.

6) BepTukanbHas msonaumMs No Kpaw C TENSIoBbIM COMPOTUBIIEHNEM HE HUXe
3HayeHun, ykasaHHbiXx B Tabnuue 6, obecneumBaeTcs Ha rnyobuHy, NO KpanvHen Mepe,
0,6m, ecnn m3onNAUMS rpyHTa OTCYTCTBYET, UMW A0 HWXKHEW MNOBEPXHOCTU WU3onsumm
rPyHTa, ecrnv TakoBasi UMeeTCS.

7) VIHTEHCVMBHOCTb BEHTUMALMM NOANOMBLHOMO MPOCTPAHCTBA He npeBbillaeT 2m°

Ha KBaapaTHbI MeTp nona B yac.

NMPUMEYAHME. OnucaHne MeToga pacyeTa  MHTEHCUMBHOCTM  BEHTUNALMK

npuoautca B EN 1SO 13370, Tensnosbie xapakmepucmuku 30aHuli — lNepedaya menna

yepe3 epyHmM — MemoOs! pacyema.

Ecnn kakoe-nnbo 13 JaHHbIX YCNOBUIA He BbINOMHAETCH, PyHAAMEHTbI HEO6X0AMMO

paccunTaTtb Kak Ans HeoborpeBaemblx 34aHUi cornacHo pasgeny 10 wnv ucnonb3oBaTb

YMCrEeHHble pacyeTbl B COOTBETCTBUM C [MpunoxeHnem B.
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Ta6bnuua 6 — MMHMManbHOe TennoBoe conpoTuBneHne pyHAaMEHTHbIX CTeH
Bblle YPOBHSA 3eMJIN U BEPTUKaNbHOWN U30SISILLMN HUXKE YPOBHSA 3eMnu ons

noaBeLlWeHHbIX NoJyioB

I:d Rv

KM M2R/BT
Fq <5000 0,5
5000 < F4 <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 < F4 <50 000 1,2
50 000 < F4 <60 000 1,4
60 000 < F4 < 70 000 1,6
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9.2.2 ®yHAaMeHTbl 6e3 U30NSALUN rPYHTA: ANIMHHbIE 34aHUA
[nvHHOe 30aHue — 3TO 34aHne, ArnHA KOTOPOro B TPU pa3a npesbillaeT ero LWUpUHY.
B 3aBucmmocT OT pacyeTHOro nokasatend npomMep3aHns, MaKkcumarbHas
WHTEHCMBHOCTb BEHTUNAUUM MOAMONLHOIO MNPOCTPAHCTBA, TENroBOEe CONpOTUBIIEHWE
noABECHOro nomna v rnybuHa 3anoxeHus yHgaMmeHTa AOMKHbI COCTaBNATh:
— [N8 CTEH: HE HWXe 3Ha4YeHWI, yka3aHHbIX B Tabnuue 7,
— [ONs YrAoB Ha pacCTOsiHUM Lc OT HUX: NO KpanHen Mmepe, 6onbliee 3Ha4YeHue
rnybuHbl, ykaszaHHoM B Tabnuue 8;
roe 3HadeHus L. npeacrtaBneHbl B Tabnuue 5 kak yHKLMA pacyeTHOro nokasatens
npomep3aHns. JInHenHasa uHTepnonAuma MOXeT Mcnonb3oBaTbCs B Tabnuuax 7 u 8 ang

OpYyrux 3HayeHun Ry.

Tabnuua 7 — FnybuHa cbyHaamMmeHTa, B MeTpax, ANns NOABECHbIX NOSIOB. CTEHbI

ONWHHbIX 34aHUNA

WHTEHCMBHOCTb BEHTUNALMUU
PacueTHbIi1 nokasartenb M3/M2y
1 2
npomep3aHus Fqy
Rf Rf
K-y
m? -K/BT m? -K/BT
2 4 8 2 4 8
Fq<5 000 a) a) 0,50 a) 0,40 0,55
5000 < F4<10 000 a) 0,45 0,70 a) 0,55 0,80
10 000 < F4 <15 000 a) 0,55 0,85 0,45 0,70 0,95
15 000 < F4 <20 000 a) 0,65 0,95 0,50 0,80 1,15
20 000 < F4 <25 000 0,35 0,75 1,10 0,60 0,90 1,25
25 000 < F4 <30 000 0,50 0,85 1,25 0,70 1,00 1,35
30 000 < F4<35000 0,60 1,00 1,40 0,80 1,20 1,60
35 000 < F4 <40 000 0,70 1,15 1,60 0,90 1,35 1,80
40 000 < F4 <45 000 0,75 1,25 1,75 1,00 1,50 2,00
45 000 < F4 <50 000 0,85 1,40 1,90 1,10 1,65 2,20
50 000 < F4 <55 000 0,90 1,50 2,05 1,20 1,75 2,35
55 000 < F4 <60 000 0,95 1,60 2,20 1,25 1,90 2,50
60 000 < F4 <65 000 1,05 1,70 2,35 1,35 2,05 2,60
65 000 < F4 <70 000 1,10 1,80 2,50 1,45 2,15 2,70
¥ o3HayaeT MeHee 0,35

9.2.3 dPyHAaMeHTbl 63 N30NAUUKN FPYHTA. KOPOTKUE 30aHUA.
KopoTkvne 3gaHua — 3TO 34aHus, ANIMHa KOTOpbIX He MpeBbillaeT B TpU pasa UX

LUMPUHY.
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MybuHa dyHaameHTa JoMmkKHaA paBHATLCS, MO KparHen Mepe, 3Ha4YEeHUSM, YKa3aHHbIM
B Tabnuue 8, BOKpYr 3gaHus.

NMPUMEYAHUME. Bokpyr kOpoTkux 3gaHuin TpebyeTca 6onblias rnybuHa, Tak Kak ans
OAHHOM LMPUHbI 30eCb, B CPaBHEHUMM C ONIMHHBIMKW 30aHusiMK, HabnwgatTcs 6Gonee
BbICOKME noTepu (Ha KBagpaTHbIA METp nnowagu nona) 4vepes rpyHT M 4Yepes3 CTeHbl
NOAMNONBbHOrO MPOCTPAHCTBA, YTO NPUBOAUT K CHMXKEHUIO Temnepatypbl B MNOANOSbHOM

NpoCTpaHCTBe.

Ta6bnuua 8 — NnybunHa dpyHaameHTa, B meTpax, Ans NOABECHbLIX NOJOB:

KOPOTKHUe 34aHnA U yrnbl ANTIMHHbIX 34aHUNA

MHTEHCUBHOCTb BEHTUNALUN
PacuyeTHbIV Nnoka3aTenb M>/(M2[4)
npomep3aHus Fqy 1 2
R Rs¢
K-y ) ,
m* -K/BT m* -K/B1
2 4 8 2 4 8

Fq<5 000 a) 0,40 0,55 a) 0,50 0,65
5000 < F4<10 000 a) 0,55 0,80 0,45 0,70 0,90
10 000 < F4 <15 000 0,45 0,70 0,95 0,55 0,85 1,10
15 000 < F4 <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<35 000 0,80 1,20 1,60 1,00 1,40 1,80
35000 < F4 <40 000 0,90 1,35 1,80 1,15 1,60 2,05
40 000 < F4 <45 000 1,00 1,50 2,00 1,25 1,75 2,25
45 000 < 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
65 000 < F4 <70 000 1,45 2,15 2,70 1,80 2,50 2,80

3 o3HauaeT meHee 0,35

9.2.4 dyHaamMeHTbl 6€3 n3onauum rpyHTa

mybuHa ¢yHaoameHTa (BOKpPYr 34aHMs) OOMKHA PaBHATBCHA, MO KparvHeEn Mepe,
3Ha4YeHnsIM, yKaszaHHbIM B Tabnuue 9.

[aHHble genctBuTenbHbl ANa R < 5m? -K/BT. U3onsums rpyHTa wmpuHon by = 1,0 m
NMPUMeEHsieTCA BOKPYr 3[1aHNS C TeNnnoBbIM CONpoTuBneHnemM Rgyy BOOMNb CTEH U Ry No yrnam

Ha paccTosiHUK L. OT Kaxgoro yrna, rae 3HadeHuns L. npuseaeHsl B Tabnuue 5.

Tabnuua 9 — NmybuHa cbyHaameHTa, B MeTpax, Ans noABeLIeHHOoro nona
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C N3onsiuMen rpyHTa
Rgw (M”-K/BT)| 0,0 0,5 1,0 1,5 2,0 2,5 3,0

Rgc (M”-K/BT)| 0,0 0,7 1,4 2,1 2,8 3,5 4,2

Fq
K-y
Fq <20 000 0,80 0,35 a) a) a) a) a)
20 000 < F4< 25000 0,90 0,50 a) a) a) a) a)
25000 < F4 <30 000 1,00 0,70 0,35 a) a) a) a)
30 000 < F4 <35 000 1,20 0,90 0,60 0,35 a) a) a)
35000 < F4 <40 000 1,35 1,15 0,90 0,60 0,35 a) a)

40 000 < F4 <45 000 1,50 1,35 1,10 0,85 0,55 0,35 a)

45 000 < F4 <50 000 1,65 1,45 1,25 1,00 0,75 0,50 0,35

50 000 < F4 <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 < F4 <65 000 2,00 1,80 1,60 1,40 1,20 0,95 0,75

65 000 < F4 <70 000 2,15 1,90 1,70 1,50 1,30 1,05 0,90
3 03HauyaeT MeHbLue 0,35

10 HeoborpeBaemble 3gaHus

10.1 O6wme nonoxeHus
[aHHbIn pa3gen pacnpocTpaHaeTca Ha pyHOAaMeHTbI, Ansa KoTopblx H < Ho, a Takxe:
— Ha HeoborpeBaemMble 34aHUS;
— Ha 30aHus, B KOTOPbIX CPeaHSAss MecsvyHasa BHYTPEHHAS TemnepaTtypa 3a nobon
MecsU roga MoXeT ynacTtb Huxe 5°C.

NMPUMEYAHUE. T[lpeacrtaBneHHble OaHHble OeUCTBUTENbHbI AN KNUMaTUYeCKUX
yCrioBuM1, ANSA KOTOPbIX CpedHss roqosas Temneparypa Bo3gyxa coctaBnseT He meHee 1°C.
[Ons cpegHen rogoBon TemnepaTypbl Bo3gyxa B AmanasoHe oT O go 1°C, sawmta ot
npomMep3aHna MOXeT ObiTb onpefeneHa C MNOMOLLBbK YMCIIEHHbIX pPacyeToB COrfacHo

MNpunoxeHuio B.

10.2 be3 nsonsiunMm rpyHTa

Ecnn mn3onsumsa rpyHTa He wucnonb3yeTcs, rmybuHa dyHOoameHTa (BKMYasi Cron
mMaTepuarna, HeJYyBCTBUTENbHOMO K MOPO3y Hwxe ¢yHAaMeHTa) AOSMKHA PaBHATLCS, MO
KparvHen mepe, MakCumaribHOW rnybuHe nNpomMep3aHus B HEHaPYLUEHHOM FPyHTE COrfacHo

ycnosuam pasgena /.

10.3 C nsonsumnen rpyHTa
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My6buHy pyHaameHTa MOXHO YMEHbLUUTb (HMXe 3HayeHuKr, ykasaHHbix B 10.2) 3a
CYeT MCMNONb30BaHUA CNIIOLWHOMO Crnosi nsonaumm nog yHaaMeHTOM C BbIXOAOM K KaXKoon
ero crtopoHe. Ecnu cywecTtByeT puck MOBpexXaeHMs mnona oOT BCMyyYuMBaHWUS Npu

npomMep3aHnun, Crion n3onsaumnm Heobxoammo npedycMoTpeTb nod Bcem nonomM. Cm. puc.6.

MPUMEYAHNE 1. WM3onauua npoporkaeTcsa nog yHoameHTamm C Tem, 4YTobbl

npeaoTBpaTnuTb NX beHKLI,l/IOHI/IpOBaHI/Ie B Ka4ecCTBe TernnoBbIX MOCTOB.

YcnoBHble 0603HaYeHUS:
1 - N3onauusa rpyHTa

2 - dyHaameHTHada cTeHa
3 - Nopowsa yHoameHTa
4 - TInnuTa «no rpyHTy»

5 - dyHaameHTHaqa cTeHa
6 - KonoHHa

Puc.6 — lUnpuHa nsonsauum rpyHTa ansi Heo6orpeBaeMbix 34aHUN

Heobxoammoe Tennosoe conpoTueneHne Ry v WwnpuHa by n3onaumum 3aBucAT OT:
— pacyeTHOro nokasaTtens npomep3aHusi, Fg;
— cpefgHeun rogoBon TemnepaTtypbl Hapy>KHOro Bo3ayxa, Te;
— mMy6uvHbl 3anoxeHns yHOaMeHTa.
Onpepenutb WMpuHYy by no Tabnuue 10 cornacHO pacyeTHOMY rokKasaTento
npomep3aHna Fy. [ONa npoMexyTouHbliX 3HayYeHurn Fyq MOXeT uMcnonb3oBaTbCA NMHENHas

MHTEPpNonAunA.
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Ta6nuua 10 — lWnpuHa naonsumm rpyHTa ona HeoborpeBaemMbixX 34aHUN

Fq 10000 | 20000 | 30000 | 40000 | 50000 | 60000 | 70000
K-y

by 0,75 1,20 1,60 2,00 2,40 2,75 3,10
M

[na Hebonbwnx pyHAAMEHTOB M pSAOM C yrnamm 60nblumx yHOaMEHTOB N30NaUns
AOMMKHa BbICTYNaTtb, MO KpanHen mepe, Ha by n3 dpyHaameHTta. [ina nonHbIx 3gaHvun unu ons
NEHTOYHbIX (PpyHOAMEHTOB, ANMHA KOTOPbIX COCTaBNseT He MeHee 3 M, LUMPUHY U30Maumn
MOXHO yMeHbLNTb A0 0,75 by npy paccTofHMAX cBbile by OT yrna unu Topua dyHaAaMeHTa;
CM. puc.6.

Onpegennte MUHMManbHOE TEMMOBOE COMPOTUBMEHME Wu3onaAuMnM rpyHta Ry no
Tabnvue 11 pgna dyHaameHToB rnybuHom He MeHee 0,4 M wunu no Tabnuue gns
dyHOamMeHToB rnybuHon He meHee 1,0 M. [Ina BbIBOAA NPOMEXYTOYHbIX 3HAYEHUIN, B paMKax
MOXeT  MCMnonb3oBaTbCA  NMHENHas INnHenHas

Tabnuy NHTEPNONAUmS.

[JaHHbIX

NHTEPNONSUNA MOXET MCMNOoNb3oBaTbCA Takke Mexay tabnvuen 11 v Ttabnuuen 12 ans

dyHAaMeHTOoB, rnybrHa KOTopbIX HaxoauTcs B AvanasoHe mexay 0,1m n 1,0m.

NMPUMEYAHUME 2. OgHo u TO Xe 3HayeHune Ry npuMeHsAeTca u BOOMb CTEH, U Ha

yrnax.

MPUMEYAHWE 3. 3HayeHVs TENNOBOrO COMPOTWBIIEHWS, MpeBbiwawwme 5,0 m?

‘KBt B Tabnuue 11, ykasaHbl B CKOOKax; 3TO O3HayaeT TO, YTO 3TO MpaKTUYeCKu

OCYLLECTBMMbIN BapuaHT yBeNuUYeHus rnybuHsl pyHaameHTa.
NMPUMEYAHWE 4. Ecrnim Fy = 60 000 K, rnybuHa dyHaoameHTa BenunymHon 0,4m

OKaXeTCsl HeJOCTaTOYHOM U €€ HyXHO ByaeT yBenuunTb.

Tabnuua 11 — MMHUMmanbHoe TennoBoe CONPOTUBIEHME U3OMNALMMN FPYHTa Ry

(m2 -K/BT) ansa HeoborpeBaembix 3aaHun ¢ H; = 0,4m

Fq 6.
KM °C
1 2 3 4 >5
<10 000 - - - 1,1 1,1
20 000 - 1,8 1,6 1,5 1,3
30 000 3,5 2,9 2,5 2,1 1,9
40 000 45 3,8 3,3 2,8 -
50 000 (5,6) 4.7 4.1 - -
60 000 (6,7) (5,7) - - -
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Ta6nuua 12 — MMHUManbHoe TennoBoe CONPoTUBNEHUe M3oNALUK FPYHTa Ry

(m2 -K/BT) ana HeoborpeBaembix 3gaHum ¢ Hi = 1,0 m

Fq )
K °C

1 2 3 4 >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 1,5 1,2 -

50 000 3,1 2,4 2,0 - -

60 000 3,9 3,0 - - -

70 000 4,8 - - - -

Ob6ecneunTb 3almUTy U30NALNOHHOIO Crosi cneayowmnm obpasom:
a) YNOXWUTb CIIOM XOPOLLUO MPOCYLWEHHOr0 MaTepuana, HeYyBCTBUTENBbHOIO K
MOpPO3y, TonwmHon He MeHee 100 MM nog Cron n3onauuu;

b) Hag nsonaumen pasmecTuTb criegyroliee 3alnTHOE NOKpbITUE:

- noa chyHaameHTamMu 1 B npegenax 3gaHus: He meHee 50 mm 6eToHa nnm
aHanorn4yHoro martepuana

— CHapyxu 3paHunda: no kpavHen mepe 300 MM rpyHTa, ecnv Tam
OTCYTCTBYET [JOPOXHOE MOKpbITUE (eCcnn UMeeTCcs AOPOXKHOE MOKPbITUE, TOMLWKUHA
rPyHTa MOXeET ObITb CHMXeHa o 200 mm)
C) M3ONSAUMOHHBLIN CIOW LOSMKEH HaXOAWUTbCSA Bblle MaKCMMaribHOMo YpPOBHS

FPYHTOBbLIX BOA.

10.4 [OononHuTenbHbIX MaTepuan, HeYyBCTBUTENbHbIA K MOpPO3y nopj
nsonsuuven

MuHumMarnbHoe TernnoBoe CONPOTMBIIEHWE u3onsaumu rpyHta Ry, ykasaHHoe B 10.3,
MOXHO YMEHbLUMTb 3a CYeT YKNnagku cnos MOpPO30CTOMKOro maTtepwana noj usonsumen;
TOMLWWMHA cnos Matepuana gosmkHa bbiTb 6onee 100 mm.

3HayeHne Ry MOXHO yMeHbWwUTb Ha 0,2 m? -K/BT Ha kaxable 100MMm yBenuyeHne

TONWMHbI AaHHoro cnos cebie 100 mm.
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10.5 lononHuTenbHOE rPYHTOBOE NOKPbITUE HaA nsonsumen

MuHMManbHoe TennoBoe COMpOTUBIIEHME U30NAUMM TPYHTA Ry 1 €€ MUHMMarnbHYyo
LUMPUHY by, ykas3aHHyto B 10.3, MOXHO yMEHbLUMTb 3a CYET pas3MeLLEeHUs Cnos rpyHTa Haj
n3onaumen, TonwmHon cebiie 300 Mm.

3HaueHne Ry, MOXHO yMeHblMTb Ha 0,1 m? -K/BT Ha kaxable 100MM ysenuueHue
TOMLLUMHBI TPYHTOBOIO MOKPbITUS cBbiwe 100 MMm.

3HayeHve by MOXHO yMeHbLNTbL Ha 0,1m Ha kaxable 100MM yBernuyeHne TOrLMHbI
rPYHTOBOIO NOKPbITUA cBbiwe 100 Mm.

NMPUMEYAHWE. YBenuyeHne rpyHTOBOrO MOKPbITUSS MOXET OblTb OrpaHMyeHo

YCNOBMEM YKNaAKK Crost U30NSLMUN BbllLe YPOBHS IPYHTOBbIX Bog, (cM. 10.2).
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MpunoxeHne A
(obsa3aTenbHoe)

Onpep.eneHMe M pacyeT nokKasaTterns npomMmep3aHns

A.1 OGLwue nonoxeHusn

B oaHHOM nNpunoXXeHun NpuBOANTCA OnucaHMe MeToda BblYMCIIEHNA pacyYeTHOro
nokasatens npomMmepsaHMs Fyg Ha OCHOBaHWM METEOPOSIOrMYEeCKUn perncrpaumm
OHEBHbIX CpefHUX TemMnepaTyp Hapy>XHOro Bo3Zyxa B onpegeneHHoM pernoHe.

B A.2 npuBoantca onucaHue npouenypbl pacyeTta nokasatens npomepsaHus F
AnNs O4HOro onpeaerieHHoro 3auMHero nepuoga. PacyeTHble gaHHble B pasgenax 8-10
BblBeJeHbl Ha OCHoBaHuMWM F,, nokasaTensa npomep3aHusi, KOTOPbIN CTaTUCTUYECKU
npeBbILLaeTCsa OAWH pa3 3a N-oe KONM4ecTBO neT, Hanpumep, Fio, Fso, Fi0o. JaHHblE
3Ha4YeHUs1 MOXXHO BbIBECTM M3 Habopa oTaenbHbIX 3HAa4YeHMM F, paccyMTaHHbIX AN
HECKONMbKMX 3UMHUX CE30HOB C WCMONb30BaAHMEM CTaTUCTUYecKoM 06paboTkuy,

onucaHue KoTopou npusoauTtcs B A.3.

A.2 PacyeT noka3saTens npomMep3aHusi A5 OQHOro 3aMMHero ce3oHa
lMokasaTtenb nNpomeps3aHuss — 3TO BeNiMuuHA, B 24 pasa npesbllarlwaa cymmy
Pa3HOCTU MeXay TOYKOM 3aMep3aHus U OHEBHOW cpedHen TemrnepaTypon HapyXHOro

BO3A4yXa:
F-24 Z; (607 - 04) (A1)

roe:
F — nokasaTtenb npomep3aHus ans OgHOro aMMHEro cesoHa, B K4
& —paBHseTca 0°C

6y —OHEeBHasA cpeHasa TeMnepaTypa HapyXHOro Bo3ayxa 3a aeHs j, B°C

a CyMMma BKITHOMaeT BCEe OHU B MOPO3HbIN nepuog (CM. HUxe).

[HeBHYIO cpefHIoOl TemnepaTypy HapyXHOro BO3JyXa MOXHO BbIBECTU Kak
CPEefHIO  BESIMYMHY HECKONbKUX MOKa3aHUW UM KaKk CPEdHIo  BESTUYUHY
MaKCUMarnbHbIX 1 MUHUMaIbHbIX 3HaYeHU ANa onpeaeneHHoro aHs.

CymmapHas BenuuuHa ypaBHeHna (A.1l) BkNOYaeT U MONOXUTENbHY, U
oTpuuaTesibHY pa3HOCTb B npefenax B MOpo3Hblv nepuon. OTpuuarensHaa pasHoCTb
(oHeBHas cpegHaa Temnepatypa Bbiwe 0°C) npegnonaraet onpeneneHHoe

OoTTanBaHMe rno4sbl, YTO CI'IOCO6CTByeT CHMWXXEHWNIO NpoOMeEpP3aHnA rpyHTa.
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B uensax cymmunpoBaHunsa B ypaBHeHUn (A.1l), MOPO3HbIN Nepuon HaudnmHaeTcs B
TOYKe, M3 KOTOPOM CyMMapHOE HaKonsfeHue Bcerga OCTaeTCA MNOMOXUTeNbHbIM B
TeyeHne 3umbl. Kak BMaHO u3 puc.A.l, nepBoHayvanbHO HabnaaeTca HeKoTopoe
npomep3aHne Ha nnowagu A, 3a KOTopbIM criegyeT nosiHoe oTTauBaHue nnowiagun B,
Tak kak oHa OGornblwe nnowagn A. o3ToMy CymMMapHOe HakonsfieHune HaynmHaeTcs C
atoro. U3 puc.A.2 BugHo, 4TO nNnowanab A npesblwaeTr nnowaas B u noatomy
NPOUCXOOUT HErNofHoe oTTauMBaHWe, a CyMMapHOe HaKOMfeHne HadnHaeTCs paHblue,
KaK Nokas3aHO Ha TOM PUCYHKE.

Mopo3HbIN Nepuoa 3akaH4MBaeTCa B TOYKe, KoTopasd paeT camoe 6ornblioe
CyMMapHO€e HakonsieHue 3a 3UMHUMA Ce30H. Ecnu 3a KopoTKMM OTTavBaHueM criegyet
GonbLO MOPO3HbIE Nepuod, B pacyeT BkoyatoTes oba. OgHako ecnu 3a nepruoom
OoTTauBaHus cnefyeT MeHbLUUMN MOPO3HbIN Nepuos, B pacdeT He BKMIYaeTCsa HU OOUH

N3 HWUX, KaK nokasaHo Ha puc. A.1 n A.2.

Tgj
3 4 5

YcnoBHble 0603HaYeHUS:

1 - Havano

2 - KoHel,

3 - OceHb

4 - 3uma

5 — BecHa

NMPUMEYAHWE. Mnowaab B > nnowaan A, a nnowagb C > nnowaaun D

Puc. A.1 - UnniocTtpaumnsa npeaenbHbIX 3HA4€HUN MOPO3HOro ce3oHa

(nepBbIK NpumMep)

oc—

YcnoBHble 0003HaYeHus:
1 - Havano
2 - KoHel,
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3 - OceHb
4 - 3nma
5 — BecHa

NMPUMEYAHWE. Mnowaab B < nnowaan A, a nnowagb C < nnowaaun D
Puc. A.2 — Unnoctpauusa npeaenbHbIX 3HA4Y€HUA MOPO3HOro Ce30Ha
(BTOPOM NpUMep)

NMPMUMEYAHME 1. B npownomMm pacyeT nokasaTenem npomMep3aHus
NpOn3BOAMICSA C BKIOYEHNEM TONBbKO MOMOXUTENBHOW pa3HOCTU B ypaBHeHun (A.l),
T.e. BfMsiHME nepuoda OTTavBaHUS UrHOpUpoBanocb. B pamkax AaHHoOro craHgapTta
MOryT  uMCMonb3oBaTbCsA  Tabnuubl WMAM  KapTbl  NOKa3aTenenm npomep3aHus,
paccyMTaHHble Ha LaHHOW OCHOBE, KOTOpble AaltoT Gornee BbICOKME 3HAYeHus F, yem
3HayeHus, paccyYnTaHHble Bbille, YTO BeOEeT K yBenMyeHuto 3anacy npoyHoctun. C
APYron CTOPOHbl CyMMapHOe HakonfneHwe Ha 6ase cpedHMX MeCAYHbIX TemnepaTyp
MOXeT 3HauyuMTenbHO 3aHWXaTb OLEHKY OeNCTBUTENbHOro rnokasatensd rnpomep3aHus,;
Takune AaHHble He OOSMKHbI MCNONb30BaTbCA.

NMPUMEYAHUE 2. AnbTepHaTMBHbLIA U 3KBMBArNEHTHbIN METO4 pacyeTa
nokasaTens NpoMep3aHus 3akni4aeTca B TOM, YTOObl NOCTPOUTL rpadmk CyMMapHOM
pasHOCTU Mexady [OHEBHOW cpedHen TemnepaTtypod W TOYKOM  3aMep3aHus
OTHOCUTENbHO BPEMEHU ANns nosiHoro 12-meca4Horo nepuoga (0T cepenuHbl neta oo
cepenuHbl neta). B atom cnyyae nokasatenem npomep3aHus dyget camas 6onblias
pPa3HOCTb MexXxay MakCuMalsibHbIMU U MUHUMAarbHbIMW TOYKaMM MOBOPOTA Ha AaHHOW
KpUBOW.

NMPUMEYAHWE 3. Npomeps3aHue rpyHTa 3aBUCUT OT TeMnepaTypbl MOBEPXHOCTU
rpyHTa. OgHaKo Tak Kak AaHHble Mo TemnepaType Bo3gyxa AOCTYMHEW [aHHbIX Mo
TemnepaTtype MOBEPXHOCTU TPyHTa, B AAaHHOM CTaHAapTe WUCMorb3yeTcs MnokasaTtesb
npomMep3aHnda Bo3ayxa, T.e. nokasaTesib NpoMep3aHus,

pacCYUTaHHbIA, UCXOAA M3 MOKa3aHWW TemnepaTypbl HapYyXHOro BO34yxa, Kak
NPOEKTHbIN napameTp. B OonblUMHCTBE CnyyYyaeB WCNOMb30OBaHME MOKa3aHWUi
TemnepaTypbl BO3dyxa BedeT K CO3[aHuI0 3anaca MpOYHOCTWU, MOTOMY YTO Takue
drakTopbl, Kak Hanu4yne pacTUTENbHOrO M CHEXHOro MOKPOBa, COMTHEYHOro WU3ry4yeHus
CNOCOOCTBYHOT MNOBBLILWEHNIO MOBEPXHOCTHOM TemnepaTypbl FpPyHTa OTHOCUTESNBbHO
TemnepaTtypbl Bo3gyxa. OgHako, ecrnv MOBEpPXHOCTb 3eMSM He MOKpbiTa CHErom u
HaxXoAUTbCA B 30HE MOCTOSIHHOIO 3aTEeHEeHUs, eé NOBEepPXHOCTHasa TemnepaTypa MOXeT
OKa3aTbCs HUXe.

74



CTb 1SO 13793-2009

A.3 Ctatuctnyeckoe onpepgesnieHne pac4yeTHOro nokasaresns npomep3aHus

PacueTHbIM nokasaTtenb npomMmeps3aHusa F, — 3TO nokasaTenb NpomMep3aHus,
KOTOpbIM CTaTUCTUYECKM MpEeBbILIAETCs OAMH pa3 3a n-oe KonuvectBo net. T.e.
BEPOATHOCTb TOro, 4YTO MoOKasaTenb NpoOMep3aHUa B KakOW-NMMOO 3MMHWUA CE30H
npesbIcUT F,, coctaBnsaeT 1/n.

NMPUMEYAHWE 1. lMNMogxoasiiee 3HayYeHWe n OO0SMKHO BblGupaTbCA C y4eTOM
3anaca HagexHoCTW, HeobGXOAMMOro Anisi COOTBETCTBYHLWEro 3gaHus. [pu aTtom BO
BHUMaHWE OOMKHbI OblTb NPUHATLI Takne akTopbl, Kak npeanonaraeMbli CPOK CIyX0bl
KOHCTPYKUMWN, YYBCTBUTESIbHOCTb TUMNA KOHCTPYKLUMW B MYYEHWIO NpU NpomMep3aHun n
T.40. Na KanuTanbHbIX 30aHUA 3Ha4YeHne N 0bbl4HO BblbupaeTcsa ana 50 net unm 100
ner.

NMPUMEYAHUME 2. 3HayeHne n — 3TO nepuod MOBTOPSIEMOCTU, T.e. cpegHee
KOSIMYECTBO NeT MeXay nocriefoBaTenbHbIMU CrydYasMn NpeBblleHNA nokasaTensaMmm
npomMmepsaHusa 3HadeHuns k.

Pac4yeTHbIM nokasaTesnib npoMep3aHns ona AaHHOW MECTHOCTM BbIBOOAUTCS U3
Habopa nokasaTtenen npomeps3aHus Fj, paccumTaHHbIX cornacHo A.2, ANA 3UMHUX
CE30HOB M AAHHOro pernoxa. 1o BO3MOXHOCTH, 3HAaYeHME M OOSMKHO ObITb HE MEHbLLE
20. PekomeHaoyeTcs UCMoONb3OBaHME [aHHbIX MocrefoBaTeSibHbIX UMW - MOYTU
nocregoBaTenbHbIX 3MMHUX CE30HOB M.

Mcnonb3ynte crtatuctudeckoe  pacrnpefeneHve, Kotopoe  peanvcTUyHO
OoTpaxkaeT aKcTpemarbHble coObITMSA. YCTaHOBMEHO, YTO pacnpegeneHne N'ymbens (cwm.
A.4) nogxoouT AN MHOMMX KNMMaTUYEeCKUX YCMOBUW; [OaHHOe pacnpeferneHve
pekoMeHayeTcHa Npu OTCYTCTBUU MHGOPMaLMK, cneumduyeckon Ans AaHHOro permoHa.

A.4 Ucnonb3oBaHue pacnpepeneHunsa Nymbens

PaccunTtante cpegHuii nokasatenb npomepsaHns F ¢ nomouwpio (A.2) u

CTaHOapTHOE OTKINOHEeHNe Sk ¢ nomoLbto (A.3):

=
m (A.2)
o 2P
B 1& m-—1 (A.3)
roe:
i=1,2,.....m

Mocne 3TOro pac4yeTHbIi MoKasaTenb NPOMEP3aHUs MOXHO BbipasuTb 4Yepes
(A.4):

= 5 —
Fn=F +S_F(YH —YJ
¥ (A4)
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rae y npeactaensieT NpuBeaeHHyo nepemMeHHyto B pacnpegenernum N'ymbens.

BblBecTu cooTBETCTBYIOLWME 3HAYeHUs Y1 SY u3 Tabnuubl A.1 cornacHo ymcny m
OoTAenNbHbIX 3Ha4YeHu Fj, ncnonb3yemMbix Npu pacyeTe.

BbiBecTn 3HayeHue y, 13 Tabnuupbl A.2 cornacHo 3HayYeHuo n, BbiIGpaHHOMY Anis
pacueTa.

Ta6nuua A.1 — 3HaueHus Yn S

m ¥ Sy m ¥ Sy
10 0,50 0,95 50 0,55 1,16
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
Ta6bnuua A.2 — 3HavyeHus y,
n 5 10 20 50 100
Yn 1,50 2,25 2,97 3,90 4,60

MPUMEYAHWE. [ononHuTenbHyl MHGoOpMauuio O pacnpegeneHun 'ymbens

MOXHO HanTu B bubnuorpacum [1] n [2].
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MpunoxeHne B
(obsa3aTenbHoe)

YucneHHble pacyeTbl

B.1 O6wme nonoxeHus

OOGbIYHbIV crydan NpoMep3aHUsa rpyHTa psaoM € 3gaHUAMN UK KOHCTPYKLUMSMUA
npeactasnsaetr cobown npobnemy TpexpasmMepHOW, HENUHENHOW nepefayn Tenna,
3aBUCMMOM  OT BpPEMEHM, KOTOpass MOXEeT MOoAenuvpoBaTbCd C  MOMOLLbHO
COOTBETCTBYIOLLMX YMUCIIEHHBIX MEeTOAOB (Hanpumep, MeTofa KOHEYHOW pasHOCTM Unu
MeToda KOHe4HblX anemeHToB). [lpouenypbl pacyeta B paMKax AaHHOro craHgapTta
OCHOBaHbl Ha TaKMX YUCMNEHHbIX pacyeTax ANs 34aHUW Ha OAHOPOAHLIX MOoYBax,
COCTOSALLUMX U3 NIErko NpomMep3aroLmnx rpyHToB, UMEKOLMX XapaKTepPUCTUKN, YKa3aHHbIe
B pa3gene 5.1, a Takke apyrne cBoucTea cornacHo B.2.

B pasgenax 8-10 npuBogutCa oOnucaHuve rnpouenyp pacyeTa afekBaTHOW
3awnTbl (pyHaameHToB OT Mopo3a pAns OGonbwmHcTBa cnydaeB. OpHako, ecnu
XapaKTepPUCTUKM rpyHTa OyaoyT 3HAUMTENbHO OTNMYATLCA OT  XapaKTepPUCTUK,
npuBegeHHbIX B pasgene 5.1 (B 4acTHOCTM, e€Ccnv  MAOTHOCTb FPyHTa B CYyXOM
COCTOSIHUM BbIXOOUT 3a npefenbl guanasoHa 1100 kr/m® — 1600 kr/M® unu ecrnu
BOAOHAacbIWeHMe cocTaBnaet MeHee 80%), HeobxooumMoO uMCMNonNb3oBaTb MeETOAb!
YMCIIEHHbIX pacyeToB cornacHo B.2.

NMPUMEYAHME. PaccuutaHHas Temnepartypa TrpyHTa psgoMm € 30aHUEM
nposBnsAeT YyBCTBUTESIbHOCTb K TOYHbIM 3HAYEHUAM XapakTEPUCTUK TPYyHTa,
MOBbILLAOLWYIOCA MO Mepe YyBeNUYeHUs nokasaTens npomep3aHusi, YMeHbLUEeHUS
BHYTPEHHEN TeMnepaTypbl U YBENTMYEHNA U30NALMN nona.

UncneHHble pacyeTbl, KOTOpble COOTBETCTBYIT B.2, MOrytT ucnosib3oBatbCs B
KayecTBe anbTepHaTuBbl Tabnvuam u rpadukam, nNpeacTtaBNeHHbIM B OaHHOM

cTaHgaprTe.

B.2 YcnoBusi YnCrneHHbIX pac4yeToB

B.2.1 Noppa3sneneHne reomeTpuyeckom moaenum

feomeTpuyeckas Mofenb rpyHTa nogpasgensetca TakMm obpas3om, 4to eé
MEHbLUME YaCTU HaxXoOATCA OKOMO Kpasi nosia, NoCTeNneHHO yBENMYMBasach B pa3mMepax
B HanpasfeHuu MrOCKOCTU YycedeHus. YTobbl onpegenutb, AocTaTtovyHoe

KONMYeCTBO 4acTel Uucronb3yeTcs npu pacdeTe (B OTHOLIEHWM pacyeTa TennoBbIX

77



CTB I1SO 13793-2009
MOTOKOB UM MOBEPXHOCTHbIX TemnepaTyp), PeKoMeHOyeTCcs pPYyKOBOACTBOBATLCS

Kputepmem, onucaHue kotoporo npusegeHo B 1ISO 10211-1.

B.2.2 Pa3mepbl rpyHTa
Cneaywouwme MUHUManbHbIE pasMmepbl FPyHTa onpeaensitoT NIOCKOCTU yCcevyeHns
B reoMeTpMyeCcKon MOaENMN:
— B rOpU3OHTaNlbHOM HanpasrieHun BHyTpu 3gaHus: 0,5 B;
— B FOpPU3OHTaNbLHOM HanpasfeHUn CHapyxu 3ganuna: 2,5 B;
— B BepTUKarbHOM HanpaBneHUn HUXe ypoBHS 3emnu: 2,5 B,

roe B — aTo wupmrHa (MeHbLLMI pa3mep) nona.

B.2.3 Tpex- unun agByxmepHble pacyeTbl

Ecnu meHbwnin pasamep nona He npesbllwaeT 4 M, OOMKHbI UCMONb30BaTbCSA
TpexMepHble pacyeTbl. B gpyrux crnyyaax ycnoBusa npomMep3aHus BOOMb CTEH MOryT
onpeaenaTbCs C NOMOLLBK ABYXMEPHbIX PacyeToB; NPy 3TOM LUMPUHA 30aHUS OOSMKHA
OblTb pPaBHOW MeEHbLUEMY pa3Mepy Mosfis. YCnoBus NpoMep3aHus No yrnam AOSMKHbI
onpeaenaTbCsa  NOCPeaCcTBOM  TPEXMEPHbIX  pacyeToB UM € NOMOLLbIO

COOTBETCTBYHOLLMX TAabnuL 1 rpadmkoB cTaHdapTa.

B.2.4 'paHu4HbIE ycrnoBusi

[nsa OByMepHbIX pacyeToB UMeEETCA BepTuKanbHasd CUMMETPUYHAsA MIOCKOCTb
nocpeguHe nonsi, Kotopas nNpuMHMMaeTca 3a agmabatuyeckyto rpaHuuy (6narogaps
YyeMy BO3MOXHO MOennpoBaHWe MOMNOBUHbLI 3aaHus). [Ana TpexpasMmepHbIX pac4yeToB
NPAMOYroNbHOro 34aHuUs MMEKTCA [BE BepTUKanbHble CUMMETPUYHbIE MNIOCKOCTH
nocpeguHe nomna B KaXaoM HarnpasSieHUW, KOTopble NPUHMMAalOTCA 3a agnabaTndeckme
rpaHvubl (brnarogaps Yemy BO3MOXHO MOAENNMPOBAHME OAHOM YETBEPTU 34aHUS).

3a npegenamu 3gaHus BepTUKarbHas NIIOCKOCTb YCEYEeHUA MNpUHUMaeTcs 3a
agvabatuyeckyto rpaHuuy. opusoHTanbHas MNNOCKOCTb YCEYEHUS B TPYHTE Takxke
npyHUMaeTcs 3a agnabaTnyeckyro rpaHuLy.

[MoBepxHOCTHbIE conpoTuBneHus corrnacHo ISO 6946 NpuMeHUMbI K BHYTPEHHEN

MOBEPXHOCTM NOMa 1 K Hapy>kKHON NOBEPXHOCTU rPyHTa.

B.2.5 TennoBble xapakTepuCcTUKu

[nst TennoBbIX XapakTePUCTUK rpyHTa:
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a)ecnM W3BECTHO, WCMOMb3yWTe 3HA4YeHuUst ANs KOHKPETHOW MECTHOCTW,
npegycMaTpuBasi HOpManbHOE CofepkaHue Bnaru;

b) B npoTMBHOM Cry4ae ucrnonb3ynTe 3Ha4YeHus, ykasaHHble B pa3gene 5.1.

3amep3aHve wnu TasiHMe BOAbl B TPYyHTE BeOeT K W3MEHEHU0 O06beMHOM
TENnoeMKoCTU W TenronpoBOAHOCTM rpyHTa. [lpu 39TOM, BO Bpems 3amep3aHus
NpoUCXoauT BblOENeHne CKPbITOW TensnoTbl BOAbl B rpyHTe. YucneHHble meTtoabl
OOIMKHbI YYUTbIBATb U AaHHbIE ABNEHUA.

CkpbITag TennoTta BoAbl B rPyHTE MOXET pacCMaTpMBaTbCS Kak CyLLECTBEHHOEe
yBenu4eHne TennoemMKOCTU rpyHTa B TemnepaTtypHoM uHTepsane 1K Huxe 0°C. pyHT
npun Temnepartype -1°C unm HuxKe cHMTaeTCs NOSTHOCTBLIO 3aMep3LUMM.

Ans ocTanbHbiX MaTepuanoB (T.e.KPOMe TrpyHTa) WCMOMNb3yhTe 3HAYeHUs

cornacHo 5.2.

B.2.6 PacyeTHasa HapyXHaa Temnepartypa
Mcnonb3ynte  cuHycomfanbHyld  Bapuauuio  HapyXHoOM  TemnepaTtypbl,

npeacraBneHHyto B ypaBHeHuu (B.1):
O = Og + D cos(2rt Hp)
roe:
- TemnepaTypa HapyXHOro Bosayxa Bo Bpemsi t, B °C;
- CpefHsia rogoBasi TemnepaTypa HapyXHoro Bo3ayxa, B °C;

- aMmnnutyaa CVIHyCOVID,aJ'IbHOIZ Bapuvauuu, B K;

- OJVH rof, BblpaXeHHbIN B cekyHaax (3,15 x 10°c).

Oe Bblbupaetca Takmm obpasom, 4yto mHTerpan ot (B.1) Hmxke 0°C

yepes rog AaeT NpaBUIibHbIN pacyeTHbIV Noka3aTtenb npomep3aHus Fy (cMm. 6.1).

Ons Toro 4TtoBbl NPUCTYNUTL K BbIYUCIIEHWIO pacyeTHOro roga c
COOTBETCTBYHOLLMM TEMMNEPATYPHbIM pacrnpeaeneHnemM B rpyHTe:
— WCXOAHbIMM YCNOBUSIMW [OfKHa OblTb rogoBasi cpefHsisi Temnepatypa
Hapy>KHOro BO3ayxa Yepes rpyHT;
— pacyeTHbld nepuos [OOMKeH oxBaTblBaTb [JBa MocregoBaTeNbHbIX

pac4eTHbIX roga, a pe3ynbTaTbl AOJTKHbI OT6VIpaTbCFI M3 BTOPOro roga.
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B.2.7 Pac4yeTHbIW Kputepumn

KoHCTpyKkuus  dyHOameHTa cuyuMTaeTcs  3alueHHOM OT  NyyYeHus npu
3amMep3aHuu, ecnu MNoSIHOCTbI0 MPOMEP3LUNK FPYHT OTCYTCTBYET HWxXe pyHOaMeHTa B
TeyeHue pacyeTHOro 3MMHero nepuwoga, T.e. Temnepartypa ocraetcsa Bbiwe -1°C noA
BCEM OCHOBaHMeM dyHaameHTa. [ns nposepku, HEOO6XOAMMO MU3Yy4UTb MakcuMmaribHoe
npoxoxgeHune wm3otepmbl -1°C Kk ocHoOBaHuO dQyHOameHTa. [lpumep Takoro

N30TEPMMUYECKOro rpadmka npmeeaeH Ha puc.B.1.

Puc.B.1 — UnnrocTtpaumsa nsotepm B rpyHTe pssgom ¢ pyHaaMeHTOM
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MpunoxeHune C
(obsa3aTenbHoe)
PacyeTHble fgaHHbIe Ansi NOMIOB U3 NIIUT NO FPYHTY Ha 6a3e kputepus 0°C
C.1 BBepeHue
B pmaHHOM npunoxeHne nNpuBOAATCA [OaHHble [ONsi  NPOEKTUPOBaHMS
PYHOAMEHTOB MENKOro 3arnoXeHus Mo nonbl M3 MNAUT «MNO0 TPYHTY»; MpuU 3TOM
pacyeTHble YCNOBUS 3aKmoyalTcs B TOM, 4YTO mM3oTepma 0°C He [ormkHa npoHuMKaTb

HWxe 2:1 nnowagun pacnpeneneHnsa Harpysku nog pyHgameHTom (cm. puc.C.1).

YcnoBHble 0003HaYeHus:

1 - N3onauusa 2 — Mopo3soycTonumeas 3 — 3oHa Bo3aencTBus
rpyHTa 3acblinka HanNpPs>KEHW

4 - N3otepma 5 — UYyscTBUTENBLHBIN K
0°C MOpPO3Y rPYHT

Puc.C.1 — Cucrtema 3awmTbl OT NPOMeEpP3aHMA Ha OCHOBe n3oTepmbl 0°C

C.2 O6orpeBaemble 34aHusA
C.2.1 dyHaameHTbI 6€3 U3onauum rpyHTa
KoHcTpyKkums gomkHa otBevyatb TpeboBaHmnsam pasgenos 8.3.1, 8.3.2, 8.3.3 u 8.6,
a BMecTo 8.7.1 OHa gormKkHa COOTBETCTBOBATHL CNneayoLmM YCIoBUAM.
myGuHa 3anoxeHns pyHOaMeHTa:
— nopg cTeHamu: He meHee H;
- noAa yrnamm n  OorpaHuyYyeHHbIMM HeoborpeBaemMbiMU  ydacTkaMy Ha
paccTosiHuK L¢ OT HMX: NO KpanHen mepe, 6onblias rnybunHa Hy,
roe 3HaveHnsa Hi, Hi n L npuBOoOATCs Kak OyHKUMS pacyeTHOro nokasaTens

npomep3aHns B Tabnuue C.1 ana mMenko3epHUCTOro rpyHTa (un v rmuHa) n B Tabnuue
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C.2 gns KpynHO3epHUCTOro rpyHTa (Mpomep3aemMblii Necok U MopeHa). [na BbiBoga

MPOMEXYTOYHbIX 3Ha4yeHnn B paMKax gaHHbIX Tabnuu, MOXXHO MCNONb30BaTb J'II/IHel7IHyI-O

MHTEPNONALUNIO.

Ta6nuua C.1 — NnybuHa 3anoxeHnsa pyHAaMeHTa noa Nosfbl U3 NIIUT «NO

rPyHTY» 6€3 U30MALUN FTPYHTA: MENKO3ePHUCTbIE FPYHTHI

Fq Hs Hyc Lc
KM M M M
35 000 1,00 1,30 1,5
40 000 1,10 1,40 1,5
45 000 1,20 1,50 1,5
50 000 1,30 1,60 1,5
55 000 1,40 1,70 2,0
60 000 1,50 1,85 2,0
65 000 1,60 2,00 2,5
70 000 1,75 2,15 2,5

Ta6nuua C.2 — NnybuHa 3anoxeHnsa pyHaamMeHTa NnoA NOJSibl U3 NIIUT «MO FPYHTY»

6e3 N30NALMN FPYHTA: KPYNHO3€PHUCTbIE FPYHTbI

Fq Hs Hyc Lc
KM M M M
35 000 1,20 1,60 1,5
40 000 1,30 1,70 1,5
45 000 1,40 1,80 1,5
50 000 1,50 2,00 1,5
55 000 1,60 2,10 2,0
60 000 1,70 2,25 2,0
65 000 1,80 2,40 2,5
70 000 2,05 2,55 2,5
75 000 2,20 2,70 2,5

C.2.2 N3onsaumna rpyHTa BOKpYr 34aHus
KoHCTpyKLmMa fomkHa oTBeyaTb TpeboBaHuam pasgenos 8.3.1, 8.3.2, 8.3.3 n 8.6,
a BMecTO 8.7.3 OHa [oI/KHa COOTBETCTBOBATb CrieAyoWwmMM YCroBusAM. ITU AaHHble

NPUMEHAKTCA B TOM Cllydae, Koraa TenjioBoe ConpoTuBIiieHNE MNMIAT NnoJjia CoCTaBlAeT

meHee 5 M2[K/BT.

LUI/IpI/IHa n3onaunmn rpyHta b. BOOMb CTEH 1 BO3ne yrnoB AOOJNKHa COCTaBlATb HE

meHee 0,8 m.

OnpenenuTtb MUHUMaNbHOE TEMNsoBOE COMPOTUBIIEHME U3ONSAUNUM TPyHTa BOOSb
CTeH Rgy B COOTBETCTBMM C rnMybuHOM byHAamMeHTa Hi M pacyeTHbIM nokasaTtenem

npomep3aHnsa F4 cornacHo puc.C.2.
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Mo yrmam TennoBoe COMPOTUBIEHME U3ONALMU FTPYHTA AOSMKHO ObiTb Ha 40%

6onblle, Yem BOOMb CTEH Ha pacctosiHun L. (cm. Tabnumuyy C.1 unm C.2) oT Kaxgoro

yrna.

3,5
m2-K/W
3,0

2,5 -

2,0

1,5

1,0 [ =

0
35000 40000 45000 50000 55000 60000 65000 70000 K-h75 000

YcnoBHble 0603Ha4YeHUs:

1 — Tennosoe conpoTUBEHNe N3oNALUN rPpyHTa BAOMb CTEH, Rgw
2 — Pac4yeTHbIN NokasaTenb npomep3aHns, Fqy

TennoBoe conpoTuBreHne Nt nona R; < 5,0 M2K/BT

Puc.C.2 — TennoBoe conpoTUBrieHMe U30NSILUN FTPYHTA BAONb CTEH

C.3 3paHusa ¢ HU3KOW BHYTPEHHEN TeMnepaTypomn

[ns nnoxo oborpeaemblx 3gaHun npu 5°C < 8, < 17°C, 3HaveHnsa Hi n He B
Tabnuue C.1 Heob6xogumo yBennuuTb Ha 0,3 M.

Ecnn B TeueHue kakoro-nmbo mecsaua n< 5°C, cuctema 3awmtbl PyHOaAMEHTa

OT NPOMEp3aHMsi OO0JPKHA paccuynTbiBaTbCA Kak Ansi HeoborpeBaeMbix 3gaHumn (CMm.
pasgen 10).
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MpunoxeHune D
(cnpaBo4HoE)
YyBCTBUTENBLHOCTb FPYHTa K NPOMEpP3aHUIo

YyBCTBUTENBLHOCTb FPYHTA K NPOMEP3aHUI0 3aBUCUT OT XapakTepUCTUK OAHHOro
FPYHTa M OT MECTHbIX YCNOBUN, TaKUX KakK cTpaTUmKaumsa n ypoBeHb FPYHTOBbLIX BOA.
O6bI4HO BbLICOKMI YPOBEHb FPYHTOBLIX BOA, BOAOCOAEPKALLUME CMOU UMM CMECHb CIoEeB
MENKO3EPHUCTbIX- U KPYMHO3EPHUCTbLIX TPYHTOB CMNOCOOGCTBYET MOBLILWEHWIO pPUCKa
NyYeHnsa Npu NPoMep3aHuu.

[My4yeHne npu Npomep3aHMm NPoMCXoamT Npyn obpasoBaHUKN NeasHOM MPOCIIONKN
(NnegsHbIX NWH3) BO BpeMs NPOMep3aHus rpyHTa Hwke dQyHaameHTa. 370
npegnonaraeT Hanuune 3HaAYUTESNbHOIO KOMMYecTBa rPYHTOBbLIX BOA W A0OCTaTOYHO
BbICOKYHO KanunsipHOCTb M MNPOHMUAEMOCTb rpyHTa. Takum o6pasom, TpyHTbl C
BbICOKUM COLEepXXaHNeM una unn rivHbl NPeacTaBnsoT HAMBONbLUNIN PUCK NyHEHNSA Npn
npomMep3aHnn.

KvpHaga rnnHa (cogepxaHune rmuHbl > 40%) MeHee YyBCTBUTENbHA K MyYEHUIo
npw npomep3aHum, bnarogapsa CBOEN HU3KOW rmapaBnMyYeCcKon NpoBOANMOCTH.

B obwem, pgns onpegeneHus  rmybuHbl  Npomep3aHus,  TpebyeTcs
reoTexHM4YecKoe n3ydeHne COCTOSHUS rPyHTa Ha CTPOUTENBHOW Mo azkKe.

Mpybylo OUEHKY YYBCTBUTENbHOCTU FPYHTA K MPOMEpP3aHMI0 MOXHO MPOU3BECTU
Ha OCHOBE TrpaHyrIOMETPUYECKOrO0 COoCTaBa, Kak MokasaHo Ha puc. D.1, koTopbin
NnokasblBaeT NPOLEHTHOE CoAepXXaHNe TeX UMW MHbIX 3epeH, NPOXOAsLLMX Yepes cuTa C

siYenKamMu pasHbIX pa3MepoB.

% A B c D
100 -

90 L - e — |
80 - —
70 ,

T 60 A
50 [
40
30
20
10

0 o st 634908
0,002 0,005 0,02 0,075 0,25 1 2 4 8 16 32 64 128 mm
0,125 0,5

YcnoBHble 0003HaYeHus:

1 — lNpoLeHTHOoe coaep)KaHne NPOXoXAeHUA Yepes CUTo
84



CTB 1SO 13793-2009
2 — Paamep cuta
A Wn
B lNecok
C NpaBun
D KameHHasa nopoga
Puc. D.1 — OueHKa 4yBCTBUTENIbHOCTU K MPOMEpP3aHMIO Ha OCHOBE

rpaHynoMeTpu4ecKoro cocrasa

B pamkax puc.D.1:

1) €cnu B TpaHyriOMETPUYECKOM COCTaBe Codep)XaHue 3epeH
pasmepom meHble 0,02mMMm cocTtaBnseT MeHee 3% rpyHTa, Takom rpyHT ABNSeTCS,
Kak npaBumno, He4YyBCTBUTENbHbIM K MPOMEP3aHUIO;

2) ecnn  KpuBas  rpaHyfrioMeTpu4eckoro coctaBa  MNOJSIHOCTbIO
HaxoguTcs B npegenax obnactm 1, rpyHT OygeT Bcerga nNposiBNATb
YyBCTBUTESNBHOCTb K NPOMEP3aHnNio (3a MUCKNoYEeHMEM 0BnacTu <«KUPHOW TNHbI»
1L, roe HabnogaeTcs HU3Kas YyBCTBUTENBHOCTb K NPOMEP3aHNIo);

3) ecnn  KpuBasd  rpaHyfnoMeTpu4ecKoro cocTaBa  HaxoauTcs
NMonHOCTbl0 B npegenax obnacten 2, 3 wnm 4, T[PyHT cuuTaeTcs
HEeYyBCTBUTENbHbIM K MPOMEP3aHMI0 NpKU yCroBMK, YTO B 06ractn 2 npoBepsieTcs
N KanunnapHbIA NogbeM, KOTOPbIA AOSMKEH COCTaBnATb MeHee 1 wm;

4) €CrnN  HWXKHSAS 4YacTb KPUMBOW rpaHyfioMeTpuUyeckoro cocrtasa
MOCTOAHHO MepecekaeT rpaHuly creayluwen obnactm Ha MenKO3epPHUCTON
CTOPOHE, FPYHT CYUTAETCS YyBCTBUTENbHbLIM K MPOMEP3aHUIo;

5) rPaHNYHbIE COCTOSHUSA LOMKHbI NMPOBEPATLCA C Nomolbo Bonee
TOYHbIX METOO0B.

paHynomMeTpu4yecknii coctaB, TakuM obBpasom, MOXET MCMosfb3oBaTbCs ANS

KJ'IaCCI/Id)I/IKaLI,VII/I FPYHTOB KaK YyBCTBUTEJIbHbIX UMM HEYYBCTBUTEJ1bHbLIX K MPOMEP3aHUIo.

paHU4YHbIE cny4Yaun, KOTOpble He noanagalT B MOMHOM obObemMe HM nog OAHY U3

OaHHbIX AOBYX KﬂaCCMCt)MKaLlMVI, OOJIDKHbI paccMmaTpuBaTbCA KaK YYBCTBUTEJIbHbIE K

npomMep3aHnio B LUEeNAX NPOEKTUpoBaHUA UK Xe YyBCTBUTEJIbHOCTb K NMpoMep3aHuto

AOMKHa onpeaensaTbCs ¢ MOMOLLbI0 NabopaTopHbIX UCTIbITAHUI UM peNpPe3eHTaTUBHbIX

HabnoaeHU 3a NyYeHneM nNpy NPOMeP3aHUN NPSIMO Ha CTPOUTENBHOW NNOLLaAKe.

HononHuTenbHas nHdopmMauus 0 YyBCTBUTENbHOCTU K MPOMepP3aHuIo U MeToaax

ncnbiTaHns npueoanTca B Gubnuorpadum, nctounukn [3] — [6].
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MpunoxeHue E
(cnpaBo4HoE)

Mpumepbl ¢ peweHnem

MeToabl M TEXHOMOrMM, paccMaTpuvBaeMble B pamKax [OaHHOrO cTaHaapTa,
kacalTcsl 34aHus ANMHOM 12 M U WWPUHOM 8 M B Credyrowmx KiumaTU4ecKmx
YCrOBUSIX:

- pacyeTHbIN NokasaTtenb npomep3aHns Fso = 47 000 K4

- cpeaHAasa rogoBas HapyXXHaa Temnepartypa 0o=1,5°C

E.1 U3onsauunsa rpyHTa oTCyTCTBYET
MybuHa pyHaameHTa OOMKHa COCTaBMATb, MO KpanHen mepe, MakCUmarbHY

rnybuHy npoMep3aHnst cornacHo pasgeny 7. icnonb3ys ypaBHeHue (1),

I|'T(’20C} x 47 000x25

| 2 =234m
\ (150 + 3x15)x 10

0=

nony4yaem rnyobuHy dyHaameHTa, Kotopas paBHsAeTca 2,34 M (BOKPYr 34aHus).
HanHas rmybuHa He 3aBucuT OT Tennousonauum nona. OHa gencTBuTenbHa u Ons
oborpeBaembIX, U AnNa HeoborpeBaemMblX 30aHUKW, a Takke ANS NOMOB U3 MAUT «Mo
FPYHTY» W NOABELUEHHbIX MOSIOB (MpY 3TOM MAUTBLI NoNa U3 NAUT «NO TPYHTY» Nog
HeoborpeBaeMoM 3[aHMeM He OyayT 3awuwieHbl OT MOBPEeXAeHUMW B pesynbrarte

ny4YyeHnss NP1 NpoMep3aHnm).

E.2 Mon 1“3 nnUT «no rpyHTy» ¢ UCNONb30BaHMEM TENNIOBOW U30NALUN
[Non ocHawaeTcs CnioWHON TeNNOM30NALMEN C TENNOBLIM COMPOTUBNEHNEM Ry
= 3,0M°[K/BT.

a) Ucnonb3oBaHMe TONbKO BEPTUKANTbHOW U30NSALMM NO Kparo
CornacHo Tabnuue 2, TennoBoe COMPOTMBIIEHME BepTUKaNbHOM U30NALUU
[IOMMKHO BbITb He meHee 1,9 M2K/BT (nHTEpnONAUMA mexay 1,7M%K/BT u 2,0M2[K/BT),
onyckascb, No KpanHen mepe, Ha 0,6 M HUXe YPOBHSA rpyHTa.
Tenepb MUHMManbHy rMyouHy yHOaMeHTa MOXHO OnpefenvTb C NOMOLLbIO
Tabnuubl 3:
— BOoOJb cTeH: 0,75 m;
— Ha pacctoaHun 1,5 m ot kaxgoro yrna: 1,30 m.
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b) U3onaumna rpyHTa no yrnam

BepTukanbHaa wu3onAumsa no Kpaw, WMeroLlasi COMpPOTUBIEHUE HE HUXe
1,9M?[K/BT, yknaabiBaeTca BOKPYF 3[aHusi, BbIXOAS, NO KpaiiHei mepe, Ha 0,6 M Hike
YPOBHS rpyHTa, Kak B a). CornacHo tabnuue 4, rmybvHa dyHgameHTta coctasnset 0,75
M BOKpYr 30aHusi, a U3onaums rpyHTa wupuHon 0,6 M C TennoBbiM COMPOTUBMEHMEM

1,0M%[K/BT NPOM3BOAUTCA Ha paccTosHMM 1,5 M OT Kaxgoro yrna.

c) U3onsuusa rpyHTa BOKpyr 3aaHus
CornacHo 8.6.3, rnybuHa cpyHaameHTa MoxXeT cocTtaBnsaTb 0,4 M BOKPYr 3a4aHuNS
NpW YCroBUK, YTO:

— BepTuKanbHas M30NAUMs C TENNOBbIM COMPOTUBMEHMEM He Huxke 1,9
M’[E/BT yknaablBaeTcs BOKPYr 34aHus, kak B a) W b), HO B JaHHOM cryyae [0
HVXKHEN NOBEPXHOCTU n3onaumm rpyHta (o6b14Ho ot 0,3 m go 0,4 m);

— BOONb CTEH UMEETCH M30MAuMa rpyHTa: YTobbl BOCMNONbL30BATLCS PUC.5,
HeobxoaMMo BblbpaTh TEMNNOBOE COMPOTUBIIEHNE N30NSAUMN TPYHTA UMK €€ LUNMPUHY
(B Npegenax gaHHbIX, YKa3aHHbIX Ha puc.5), a ocTarnbHble napaMmeTpbl onpeaenuTb
MO PUCYHKY; ecnu TenroBoe COMpOTMBIIEHME W30NAUMKM rpyHTa coctasnseTr 1,4
M2[E/BT: B 3TOM cnyyae eé wvpuHa AofmkHa OblTb He MeHee 650 MM cornacHo
puc.5;

— psgom c yrmamu Tpebyetca AononHUTENbHas N3oNAuna rpyHTa: u B 9TOM
cnyyae BblIOMpaeTcsa WM €€ TennoBoe COMpoOTUBIIEHME, WM €€  LUMPUHA,
NpeanonoXum, 4YTo psaomM C yrnamm GyaeT MCnonb3oBaTbCA U30NAUMA rpyHTa C
TennoBbIM conpoTuerieHnem 2,0 M2[E/BT: B 3TOM cnyyae, cornacHo puc.4, eé
lWUMPpUHA OOSMPKHAa COoCTaBnATb, MO KpanHen mepe, 800 MM, a corfacHo pwuc.5,
N30JISLUMIO YIIIOB HYXKHO YITOXUTb Ha paccTodaHnn 1,5 M OoT Kaxzgoro yrna.

Ha puc.E.1 nokasaHO NpoeKTHOe peLueHne ans AaHHOro criyyas.
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Rge = 2,0 MKW
Rgw = 1,4 m2KMW /

@I mm / / !

/

800 mm}... . t—f 650 mm

i i
] I
L,Sm 16m

Puc.E.1 — U3obpaxeHne Tennousonauum dyHaameHTa B paMKax npumepa
E.1lc)

E.3 NMNoaBecHon non
a) Ucnonb3oBaHMe TONbKO BEPTUKANTbHOW U30NSALMM NO Kparo
CornacHo Tabnuue 6, TennoBoe COMPOTUBIIEHNE (PYHOAMEHTHbLIX CTEH BbilLE
YPOBHS 3eMNN U BePTUKanbHOW U30MNAUMN HUXe YpoBHA 3emnu (He meHee 0,6 ™M)
OOMKHO ObITb, NO KpanHen mepe, 1,2 M2[K/BT. Tak Kak OnMHa 30aHua cocTaBnder
MeHee Tpex 3Ha4YeHWN e€ LUMPWHbI, JaHHOE 3[aHMe paccMaTpuBaETCs KaK KOPOTKOeE.
CornacHo Tabnuue 8, rmybuHa coyHOaMeHTa paBHSAETCS:
- 1,10 m ans Ry = 2 M2K/BT
- 1,65m ans Ry = 4 M’ K/BT
a VHTeprnonsuus Mexay [JaHHbIMM 3HaveHusmn ans  R=3M’E/BT paet

MUHUManbHYI rMyOGuHY oyHaAaMeHTa BOKPYT 34aHusi, paBHyto 1,40 m.

b) Acnonb3oBaHWe N3onsuvMmu rpyHTa
BepTvkanbHas M30NsLUMSi C TEMSoBbIM COMPOTUBREHME He MeHee 1,2 MK/BT
yKnaabiBaeTCa BOKPYr 34aHWs, Kak B @), HO, B AAHHOM cCriyyae, AOXOAUT OO0 HWKHEN
MOBEPXHOCTU N30NALMN FpyHTa. Tenepb U3 Tabnumubl 9 MOXHO BbIBECTU CreayioLLee:
- Ans rmybuHsbl dyHgameHTta 1,25 M (BOKpyr 34aHusl), WMpUMHa M30nsumm
rpyHTa coctaBnget 1,0 M, a eé TennoBoe CONpOTMBIIEHNE paBHSAeTCa He MeHee 1,0
M*[E/BT Boonb cteH u 1,4 M*[E/BT Ha paccTosiHUM 1,5 M OT Kaxoro yrna;
— ansa rmybuHbl pyHgameHTa 0,50 m (BOKpyr 34aHus), LWUMPUHA M30NALUK
rpyHTa coctasnset 1,0 M, a eé TennoBoe ConpoTUBIEHNE paBHAETCA HE MeHee 2,5

M*[E/BT Boonb cteH u 3,5 M*[E/BT Ha paccTosiHuM 1,5 M OT Kaxgoro yrna.
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E.4 HeoborpeBaemoe 3gaHMe C UCNONMb30BaHUEM TENNOBOW U3ONALUU OT
npomep3aHus

Ecnn 3gaHne moxeTt He oborpeBaTbCs B 3MMHUIA NEpPUOA, pacyeT hyHOaMeHTa
O0JDKEH NPON3BOANTBLCS B COOTBETCTBUM C ycnosusMn pasgena 10.

CornacHo Tabnuue 10, wupuHa n3onsaunm rpyHTa AofmkHa ObiTb, NO KpanHewn
mMepe, 2,28 M (c nHTepnonsauuen mexay 2,00 m u 2,40 m).

CpepHsa rogosasa TemnepaTypa HapyXHoro Bo3gyxa coctasnseT 1,5°C: rpada
ana 1°C B T1abnmuax 11 mn 12 6ymet wmcnonb3oBaTbCca And obecneyeHus 3anaca
NPOYHOCTM.

Ana  rybuHbl  dyHaamenta Hi = 0,4, Rg= 5,3mM°[E/BT nocpeacTeom
MHTepnonsaumMn nokasarenen npomep3aanus 40 000 n 50 000 B Tabnmue 11.

Ansa  mybuHbl  dyHoameHta Hi = 1,0, Rg= 2,9v%[K/BT nocpeacTBoM
MHTepnonsaumMn nokasarenen npomep3sanus 40 000 n 50 000 B Tabnmue 12.

Heobxoaumoe Tennosoe conpoTUBNEHNE N30NALNN FPYHTA OS5 NPOMEXYTOYHbIX
3HayeHun rMybuHbl QyHOAaMeHTa MOXHO BbIBECTM NOCPEACTBOM  JIMHENHOM
MHTEPNoOnsauMn Mexay 3HadeHusamu 5,3 M2 E/BT n 2,9 M2K/BT. Takum obpasom, ans
rnybuHbl pyHaameHTa 0,6 M, 3HayeHne Ry AOMKHO COCTaBNATh, MO KpanHen mepe, 4,5
M*[E/BT.

[na HeoGorpeBaembIx 34aHMi NpeaycMaTpuMBaeTCsa Takas e U3onauusa rpyHTa

(KacaTeano LLNPUHBLI 1 TENNOBOIO COI'IpOTVIBJ'IeHI/IF!) BOKPYT 34aHu4.
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