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Foundation Design in the U.S.S.R.

L’étude des fondations d’ouvrages en U.R.S.S.

by MIKHEIEV, V. V., Senior Scientific Worker ; PoLsHIN, D. E., Senior Scientific Worker ; TOKAR, R.A., Senior
Scientific Worker; UsvkaALov, V. P., Senior Scientific Worker. Scientific-Research Institute of Foundations and

Underground Structures, Moscow, U.S.S.R.

Summary

The authors review the basic principles of foundation design
on the basis of estimating the probable deflexion of a foundation
under load.

A description is given of approved soil classifications in the
U.S.S.R. with values of physical and mechanical properties.
The figures given in tables can be used for designing foundations
and information is also given about permissible deflexions
for typical soil conditions, methods of estimation soil thawing
in foundations and probable settlement during soil moistening.

The authors compare the methods of foundation design
described in their paper with the method embodying “allowable
pressures’”, traditional since the beginning of this century.
Information is given about the latest Soviet Standards and about
experience in the design of foundations for structures and
buildings.

The basic principles of foundation bed design in the U.S.S.R.
were described in a paper presented to the Fourth Interna-
tional Congress on Soil Mechanics and Foundation Engine-
ering in 1957 in London [1].

There is a close link between foundation design and the
efficient use of materials. There is probably no country in
Europe with such widely different geological and climatic
conditions as the Soviet Union. This variety is illustrated by
the range of strata underlying foundations. Soviet designers,
striving to attain economy with adequate strength, have been
severely handicapped by traditional methods which are not
very efficient. With modern methods of construction, higher
loads can be borne by the foundations with greater distances
between supports than were formerly employed.

The three main factors governing soil deformation are load,
temperature and moisture content, with the result that three
categories of foundations are found in the Soviet Union :

1. Permafrost soils, covering 47 per cent of the area of

the U.S.S.R.

2. Macroporous loess settling soils — 10 per cent.

3. Soils commonly found in Western Europe without

any special properties — 43 per cent (Fig. 1).

The deformation of permafrost soils is mainly due to the
action of heat. Under the action of thawing, these soils are
deflected by the dead weight and other loads of structures.

In the case of loess soils, deformations are mainly due to
the influence of moisture which, by loosening the interparticle
attraction in the soils, causes a foundation to be deformed
significantly both under dead weight and by the various loads
transmitted through the foundations.

Where foundations rest on common soils, the role of heat
and moisture is secondary in relation to the action on the soil
of the forces transmitted to the foundation bed by the founda-
tions.

Sommaire

On trouvera dans ce rapport un exposé sur les principes de
I’étude des fondations des batiments et ouvrages basés sur les
déformations acceptables des fondations.

Les auteurs rappellent la relation entre la nomenclature des
sols adoptée dans le biatiment en U.R.S.S. et les valeurs de leurs
caractéristiques physico-mécaniques utilisées dans [I’étude des
fondations. Sont également exposées des indications sur les
déformations des fondations admises et leur vitesse de propa-
gation dans les sols généralement rencontrés en U.R.S.S., sur
les méthodes d’appréciation du dégel dans les fondations ainsi
que sur les méthodes d’appréciation du tassement des fondations
lors de Il'imbibition des sols.

Les méthodes d’étude des fondations exposées dans le rapport
sont opposées aux procédés d’étude traditionnels du début du
XXc¢ siécle basés sur la « pression admissible ».

Le rapport est illustré par des données tirées des Normes
soviétiques les plus récentes et de l’expérience acquise au cours
des études sur les fondations des batiments et d’ouvrages.

Design of foundations on frozen soils with permissible
thawing [2,3] is based on the following expression :

A, < £ ceee (D

In the left part of the inequality, 4,, — deformation of
foundation bed during time ¢, is determined by calculation.
In the right part of inequality [1], f,; — the limiting value of
foundation bed deformation, is based on the strength of the
structures and on the conditions of the exploitation.

The design of foundations must take into account the size
and thermal regime of the structure, loads on the foundation,
mechanical and thermal-physical soil characteristics, rate of
thawing of frozen soils and the rate of settlement of the foun-
dation.

The rate of settlement of a foundation is of great structural
importance, and it depends on how the loads are distributed
in the structural members and in the foundation respectively.

When designing a structure resting on a thawing soil, settl-
ement can be arranged within the permissible limits, using
a certain amount of thermal regulation by heat insulation
and by the installation of air ventilation ducts below the
structures. Experience has proved that it is thereby possible
to keep the frozen soils thawed to any depth, determined by
the limiting factors in any particular case.

Average thawing rate V is taken equal to :

h

V= @

where i — thawed depth during time ¢ determined by formula :

P ATt
B g — Cu(1:9 T, - 05 Tyy) - 0-5CrT,

+32+8]

(3)
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Fig 1 Map showing the distribution of the two main soil

types in U.S.S.R.

Carte donnant ’extension des différentes catégories de sols de fondation en U.R.S.S.

Informula (3) :

A. Cr, Cy — coefficient of heat conductivity and volume
thermal capacity of thawed, frozen soil ;

T,, Tar, Ty — air temperature of premises, frozen soil, and
soil at zero amplitude level ;

K — corrective coefficient for changing from one-
dimensional to two — and three — dimen-
sional problem ;

t — duration of soil thawing;

g — latent heat for thawing frozen soil ;

8 — reduced thickness of thermal insulation.

The total settlement of a foundation supported by thawing
ground is given by :

n n
4 =Y A4h + Y aheo,, €]
1 1
where
A; — thawing coefficient (relative settlement during
thawing) of layer;
h; — thickness of same layer;
a; — compressibility coefficient of soil thawed under
pressure of same layer;
c,., — average compressive pressure for soil layer.
For construction on permafrost soils, use of the table of

allowable unequal settlement of foundations employed for
thawed soils (1) is inadequate. It is necessary to take
into account the possibility of soil thawing in the founda-
tion beds during time ¢ at some depth 4.

Therefore, Table 1 of permissible average settlement and
unequal settlements of foundation beds of structures in per-
mafrost soils differs from the contents of similar tables for
thawing soils.

Table 1, is based on many years of measurements of foun-
dation settlement and on investigation of deformations of
a large number and variety of structures built in difficult
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Table 1

Limiting values of deformation of thawing soils in foundations
of buildings and structures

Item
No.

Construction group
of buildings
and structures

Structures with

Buildings and structures

with reinforced con-
crete frame (precast
monolithic)

Buildings and structures

with non-reinforced
masonry and precast
reinforced concrete
non - continuous cons-
tructions

Buildings and structures

with steel frame and
reinforced masonry

Buildings and structures

with  non-continuous
steel bearing construc-
tion

Buildings and structures

of timber construction
limited
horizontal dimensions,
isolated, or separated
into independent
blocks, on strip or
solid slab foundations
of reinforced concrete,
masonry, or reinforced
masonry

Limiting values On condi-
of deformation tion that
rate of
settling
y Obli- | Rela- cm
Sertle- quity tive | per year
ment | “and |deflect-| does not
m | pitch. | ion exceed
15 | 0-002 [0-0015 4
20 | 0-003 |0-0020 6
25 | 0004 |0-0025 3
30 | 0005 |0-0035 10
40 | 0-007 |0-0050 12
50 | 0009, — 15

When the rales of settlement are exceeded, they should be not less than the
values assumed for thawed soils.




conditions of heat exchange between the foundation of the
structure and the underlying soil.

The principle of estimating probable structural deformation
is used as the basis for designing foundations in regions with
macroporous settling soils. Practical construction and use
of buildings erected on these soils have shown that settiement
is inevitable when water penetrates into the soil.

The maximum permissible settlement of structure built on
macroporous soil is determined from the following formula :

pIg
b

1

4, = h; &)

np npi

where :

3., — relative settlement of each layer of macroporous
soil under excessive pressure.

h, — thickness of the same soil layer.

For low values A4,, the foundation is protected against
settlement only by grading of the ground, eliminating the risk
of moisture accumulation near the structures. For high
values of 4, due allowance is made for the settlement pro-
perties of soils.

The buildings and structures erected on macroporous soils
in which settlement cannot be completely eliminated, must
be adapted to such settlement. Such adaptation must ensure
that the structure concerned can be rapidly restored to its
proper function without stopping production.

For the common soils of Western Europe which are unfro-
zen and do not settle much, it has been found possible to allow
unequal settlement of the foundations of brick buildings and
to supplement the values of unequal settlement given in the
Table 1. Table 2 has been compiled for new structures being
built in Soviet Union.

These values of permissible unequal settlements are based
on measurements of actual strucutures (4,5).

The correct design of structural foundations not only
depends on suitable classification of soils, but also upon

Table 2

Foundation bed soils
I;m Standardized values Sand and Clay in
0. . h
clay in hard| plastic
condition condition
Relative deflexion [or bearing
walls of multi-storey civil and
industrial buildings
1. |Brick and large-block non-rein-
forced concrete 0-0007 0-0010
2. Brick and large - block, rein -
forced with reinforced con-
crete belts 0-0010 0-0013
3. |Large-panel. load-carrying wallsl 0-0005 0-0007

knowledge of their mechanical properties, which must be
calculated.

These properties include the angle of internal friction (o),
specific cohesion (¢) and the modulae of deformation (E).
On the basis of these characteristics, according the usual formu-
lae of soil mechanics, it is possible to estimate the bearing
capacity of foundations in relation to permissible pressures.
For convenience of design, several attempts have been made to
generalize the data on compressibility and strength of various
soils, and for certain kinds of soils and soil conditions there
are typical mechanical properties (6, 7).

Such tables (Tables 3 and 4), for the soils of some of the
regions in the European part of the U.S.S.R. are given below.
They include values of modulae of deformation of soil E
and parameters ¢ and c.

The columns headed “stand”, contain the most typical
standard values, based on tests. Columns noted “cal.” contain
the values of ¢ and ¢ multiplied by the coefficient of unifor-
mity, which indicates the variability of soil properties.

Table 3
Voids ratio e
R 0-41-0-50 0-51-0-60 0-61-0-70 0-71-0-80 0-81-0-95 T 0-96-1-10
Moisture content o e F . i A =
of plastic l’_””’ 50’/_ Natural Moisture Content W per cent
of clay soils characteristics - o | | & = 1
P, per cent 14-8-18-0 18-4-21-6 22:0-25-2 25-6-28-8 29-2-34-2 34-6-39-6
stand. | cal. | stand.| cal. | stand. cal. |stand.| cal. |stand. | cal. |stand. | cal.
C kg/cm? I 0-12 ‘ 0-03 0-08 0-01 0-06
9-5-12-4 ¢ 0 25 | 23 24 22 23 21
E kg/cm? 230 | 160 130
‘ C " 042 | 014 | 021 | 007 | 014 | 004 | 007 | 002 | 3
12-5-15-4 [ 24 22 23 21 22 20 21 19
E 350 210 150 120
| c 050 | 019 | 025 | 011 | 019 | 0-08 | 0-11 | 004 | 0-08 | 0-02
15-5-18-4 [ 22 20 21 19 20 18 19 17 18 16
E 300 190 130 100 80
| C . | 068 | 028 | 034 | 019 | 028 | ©10 | 019 | 0:06
18-5-22:4 [ 20 18 19 17 18 16 17 15
E 300 180 130 90
C 084 | 036 | 0-41 | 025 | 036 | 0-12
22-5-26:4 ) 18 16 17 15 16 14
E I | 260 160 110
© ' 094 040 @ 047 | 022
26-5-30-4 [ ' 16 14 15 13
E | 220 140
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Table 4

| Voids ratio e

Soil |-
Soil charac- | 041-0-50 0-51-0-60 0-61-0-70
teristics
stand. | cal. | stand. | cal. | stand. | cal.
| C kg/em?| 0-02 0-01
Coarse sand| ©° 43 | 41 40 | 38 | 38 36
E kgjcm?| 460 400 300
Medium-sizm C 0-03 0-02 0-01
sand [ o 40 38 38 36 35 33
E 460 400 330
I c 006 | 0-01  0-04 002
Fine sand | ¢ 38 36 36 34 32 30
E 370 280 240
C 0-08 0'05 006 (001 | 004
Silty sand | ¢ 36 34 34 32 30 20
E

140 120 | 100

According to the general principles of structural design,
the characteristics of soils are introduced into calculations of
foundations according to stability, the standard value of the
characteristics being used when calculating the deformation
of the foundation bed.

Direct application of the mechanical properties of soils
for designing a foundation depends on the permissible settle-
ment of the structure, and thereby eliminates the handicap
of being compelled to use empirical formulae based on soil
pressures, which are not related to structures.

The theory of uniform isotropic linearly deformed bodies
is at present, used, for calculating the deflexion of foundations
and so far computing the dimensions of foundations. When
calculating the deflexion of foundations, the deformation of
separate layers of soil may be determined by the moduli
of deformation applicable to each layer, and by the stresses
calculated on the basis of uniformity of the foundation. This
simplification is possible on the assumption that the depth
of the foundation does not exceed a definite proportion of
the width. This condition will determine the pressure trans-
mitted to the foundation according to its dimensions and the
depth to which it is taken.

The pressure imposed on the underlying soil is determined
by the following formula :

p = [A{la— 2e) -~ Blily + DcH 6)
where :

A, B, D — non-dimensional coefficients depending on the
angle of internal friction of the soil laying
directly below the foundation footing;

cH — specific standard cohesion of soil for clay or
the standard linear parameter for sand (8),
laying directly below the foundation footing;
v — volume weight of soil,
a — smaller side of rectangular foundation footing ;
e — excentricity of vertical force at smaller side
of foundation ;
h — depth of foundation embedment from natural
ground level when grading with filling or from
graded elevation with excavation.

Tables have been worked out so that designers can obtain
coefficients A, B and D.
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As formula (6) is derived from a limitation of the zones
of plastic deformation, it differs substancially from the Ter-
zaghi formula, which determines the ultimate bearing capacity
of the soil below the foundation. This difference is expressed
by the coefficients 4, B and D.

The sequence of calculation is as follows :

1. On the basis of the overall dimensions of the bearing
structure and the depth to which it is taken in the ground,
the dimension of the foundation footing is determined in
accordance with structural requirements.

2. According to the results of soil investigations, in Tables 3
and 4 the mechanical properties of the soil are used.

3. According to formula (6), the “standard pressure on
the foundation bed” is calculated.

4. If the “standard pressure on the foundation bed” is
higher than the pressure transmitted by the foundation to
the bed, the settlement of the foundation is calculated and
compared with the limiting value specified for the particular
structure.

If the “standard pressure on the foundation bed”, calcula-
ted by the formula is lower than the pressure transmitted by
the foundation, it should be re-calculated with increased
dimensions of the foundation, followed by calculation of
settlement.

The construction of large grain elevators, which takes into
account the limiting settlement of foundations during design,
has justified a significant increase of pressure on the under-
lying soil, in comparison with the traditional permissible
pressures. From 1956 onwards, the foundations of medium
and large bridges were designed to be built on soft soil with
suitable allowance for settlement of piers and abutments.

Calculations of soil deformation are very important for
the foundations of electric transmission line towers.

Large industrial structures founded on perma-frost soils
can have the foundation pressure on the soil increased 11/,
times so that the depth can be reduced twofold, when the cost
of constructing the foundations will be halved.

Even though the efficiency of this type of foundation has
been confirmed by the State Standards of the U.S.S.R. for
design, there is still considerable scope for improvement
[9, 10].

Theoretical investigations and tests were necessary when
considering unequal settlement of foundations. In this case,
the rheological properties both of the structural materials
and of the underlying soils, had to be taken into account.
It is essential to define precisely the method of calculating soil
deformation below a foundation, making suitable allowance
for the volume of soil which takes part in the deformations.

Finally, it is necessary to continue the systematic measure-
ment of deformation of structures in-situ, especially of prefa-
bricated large-panel and large-block constructions.

International cooperation is possible and advisable to a
wide degree in this field of science.
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