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

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

by M ik h e je v , V. V ., Senior Scientific Worker ; P o ls h in ,  D . E ., Senior Scientific Worker ; T o k a r ,  R.A., Senior 

Scientific Worker; U s h k a lo v ,  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. 
Inform ation is given about the latest Soviet Standards and about 
experience in the design of foundations for structures and 
buildings.

Sommaire

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

Les auteurs rappellent la relation entre la nomenclature des 
sols adoptée dans le bâtiment en U.R.S.S. et les valeurs de leurs 
caractéristiques physico-mécaniques utilisées dans l’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 l’imbibition des sols.

Les méthodes d’étude des fondations exposées dans le rapport 
sont opposées aux procédés d’étude traditionnels du début du 
X X e siècle 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 bâtiments et d’ouvrages.

T he basic principles o f fo u nda tion  bed design in the U .S.S.R . 

were described in  a paper presented to  the F o u rth  In te rna­

tional C ongress on  Soil M echanics and  F oundation  Engine­

ering in  1957 in  L ondon  [1],

There is a  close link  betw een founda tion  design and  the 

efficient use o f m aterials. T here is p robab ly  n o  coun try  in 

E urope w ith such w idely different geological and  clim atic 

conditions as the Soviet U n ion . This variety  is illustrated  by 

the range o f stra ta  underly ing  foundations. Soviet designers, 

striv ing to  a tta in  econom y w ith adequate  strength , have been 

severely handicapped  by  trad itional m ethods w hich are no t 

very efficient. W ith  m odern  m ethods o f  construction , higher 

loads can be borne  by  the foundations w ith greater distances 

betw een supports th an  were form erly  em ployed.

T he three m ain factors governing soil deform ation  are load, 

tem perature and  m oisture con ten t, w ith the result th a t three 

categories o f foundations are found  in the Soviet U n ion  :

1. Perm afrost soils, covering 47 per cent o f the area o f 

the U .S .S .R .

2. M acroporous loess settling soils —  10 per cent.

3. Soils com m only  found  in W estern E urope w ithout 

any  special p roperties —  43 per cent (Fig. 1).

The deform ation  o f perm afrost soils is m ainly  due to  the 

action  o f heat. U nder the action  o f thaw ing, these soils are 

deflected by  the dead w eight and  o ther loads o f  structures.

In the case o f loess soils, deform ations are  m ainly  due to  

the influence o f m oisture which, by loosening the in terparticle 

a ttrac tion  in the soils, causes a founda tion  to  be deform ed 

significantly both  under dead w eight and  by the various loads 

transm itted  th rough  the foundations.

W here foundations rest on  com m on soils, the ro le o f  heat 

and  m oisture is secondary  in re la tion  to  the action  on  the soil 

o f the forces transm itted  to  the foundation  bed by  the fo unda­

tions.

D esign o f foundations on frozen soils w ith perm issible 

thaw ing [2,3] is based on  the follow ing expression :

4 f < / e l  • • • •  ( 1 )

In  the left p a rt o f the inequality , A ct —  deform ation  o f 

fo u nda tion  bed during tim e t, is determ ined by calculation. 

In  the right p a rt o f inequality  [1], f ci —  the lim iting value o f 

founda tion  bed deform ation , is based on  the strength  o f the 

s truc tu res and on the conditions o f the exploitation .

T he design o f foundations m ust take in to  account the size 

and  therm al regim e o f the structure, loads on the foundation , 

m echanical and  therm al-physical soil characteristics, ra te  o f 

thaw ing o f frozen soils and  the ra te  o f settlem ent o f  the foun ­

dation .

T he ra te  o f settlem ent o f a foundation  is o f great structu ral 

im portance, and  it depends on  how  the loads are d istributed  

in the structural m em bers and  in the founda tion  respectively.

W hen designing a structure  resting on a thaw ing soil, settl­

em ent can be arranged within the perm issible limits, using 

a certain  am oun t o f therm al regulation  by  heat insulation 

and  by the installa tion  o f a ir ventilation  ducts below the 

structures. E xperience has proved th a t it is thereby  possible 

to  keep the frozen soils thaw ed to  any  depth, determ ined by  

the lim iting factors in any  particu lar case.

A verage thaw ing ra te  V  is taken  equal to  :

h
V = -  (2)

w here /; —  thaw ed depth  during tim e t determ ined by  form ula :

-------------------------- ------------------------------------- +  S2 +  S
q -  Cm( 1-9 r 0 +  0-5 r.v,) +  0-5 CtT„  J

(3)
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Fig 1 Map showing the distribution of the two main soil types in U.S.S.R.

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

In  form ula (3) :

Ct , Cm  —  coefficient o f  heat conductiv ity  an d  volum e 

therm al capacity  o f thaw ed, frozen soil ;

Tn, Tm , T0 —  air tem perature  o f prem ises, frozen soil, and 

soil a t zero am plitude level ;

K  —  corrective coefficient fo r changing from  one­

dim ensional to  two —  and  three —  dim en­

sional problem  ; 

t —  dura tion  o f soil thaw ing ; 

q —  la ten t hea t for thaw ing frozen soil ;

8 —  reduced thickness o f  therm al insulation .

T he to ta l settlem ent o f  a  foundation  supported  by  thaw ing 

ground  is given by :

A =  ^  AJh  +  V  athtaCB (4)

l l

w here :

A i —  thaw ing coefficient (relative settlem ent during  

thaw ing) o f layer ;

ht —  thickness o f  sam e layer ;

ai —  com pressibility  coefficient o f soil thaw ed under 

pressure o f sam e layer ;

a c]> —  average com pressive pressure fo r soil layer.

F o r construction  on perm afrost soils, use o f the table  o f 

allow able unequal settlem ent o f foundations em ployed for 

thaw ed soils (1) is inadequate. It is necessary to  take 

in to  account the possibility o f soil thaw ing in  the founda­

tion beds during tim e t a t som e depth  ft.

T herefore, T able 1 o f perm issible average settlem ent and  

unequal settlem ents o f foundation  beds o f structures in per­

m afrost soils differs from  the conten ts o f sim ilar tables for 

thaw ing  soils.

T able 1, is based on  m any  years o f  m easurem ents o f  foun ­

da tion  settlem ent and  on  investigation  o f  deform ations of 

a  large num ber and  variety  o f structures built in difficult

Table 1

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

Item
No.

Construction group 
o f buildings 

and structures

Limiting values 
o f deformation

On condi­
tion that 
rate o f 
settling 

cm 
per year 
does not 
exceed

Settle­
ment
cm

Obli­
quity
and

pitch.

Rela­
tive

deflect­
ion

1. Buildings and structures 
with reinforced con­
crete frame (precast 
monolithic) 15 0002 00015 4

2. Buildings and structures 
with non-reinforced 
masonry and precast 
reinforced concrete 
non - continuous cons­
tructions 20 0003 00020 6

3. Buildings and structures 
with steel frame and 
reinforced masonry 25 0004 00025 8

4. Buildings and structures 
with non-continuous 
steel bearing construc­
tion 30 0005 00035 10

5. Buildings and structures 
of timber construction 40 0-007 0-0050 12

6. Structures with limited 
horizontal dimensions, 
isolated, or separated 
i n t o  i n d e p e n d e n t  
blocks, on strip or 
solid slab foundations 
of reinforced concrete, 
masonry, or reinforced 
masonry 50 0009 15

W hen the rales o f  settlem ent are exceeded, they should  be n o t less than  the 
values assum ed fo r thaw ed soils.
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conditions o f heat exchange betw een the foundation  o f the 

struc tu re  and  the underly ing soil.

T he principle o f estim ating probable structural deform ation  

is used as the basis for designing foundations in regions w ith 

m acroporous settling soils. P ractical construction  and  use 

o f buildings erected on  these soils have show n th a t settlem ent 

is inevitable w hen w ater penetrates in to  the soil.

The m axim um  perm issible settlem ent o f structure built on 

m acroporous soil is determ ined from  the follow ing form ula :

(5)
1

w here :

Snpi — relative settlem ent o f each layer o f m acroporous 

soil under excessive pressure. 

h{ — thickness o f the sam e soil layer.

F o r low values A np the fo u nda tion  is protected  against 

settlem ent on ly  by  grading o f the g round , elim inating the risk 

o f m oisture accum ulation  near the structures. F o r high 

values o f A nv due allow ance is m ade for the settlem ent p ro ­

perties o f soils.

T he buildings and  structures erected on  m acroporous soils 

in w hich settlem ent canno t be com pletely elim inated, m ust 

be adap ted  to  such settlem ent. Such ad ap ta tio n  m ust ensure 

th a t the structure  concerned can be rap id ly  restored  to its 

p roper function  w ithout stopping production .

F o r the com m on soils o f W estern E urope which are un fro ­

zen and  do n o t settle m uch, it has been found  possible to  allow 

unequal settlem ent o f the foundations o f brick buildings and  

to  supplem ent the values o f unequal settlem ent given in the 

T able  1. T able 2 has been com piled for new structures being 

built in  Soviet U nion.

These values o f perm issible unequal settlem ents are  based 

on  m easurem ents o f actua l strucutures (4,5).

T he correct design o f structu ral foundations n o t only 

depends on  suitable classification o f soils, bu t also upon

Table 2

Foundation bed soils

Item
No.

Standardized values Sand and 
clay in hard 

condition

Clay in 
plastic 

condition

1.

R elative deflexion for bearing 

walls o f m ulli-storey  civil and 

industria l buildings 

Brick and large-block non-rein- 

forced concrete 0-0007 0-0010

2. Brick and large - block, rein - 

forced w ith reinforced con­

crete belts 0-0010 0-0013

3. Large-panel, load-carry ing walls 0-0005 0-0007

know ledge o f  their m echanical properties, which m ust be 

calculated.

These properties include the angle o f in ternal friction (cp), 

specific cohesion (c) and  the m odulae o f deform ation  (E). 
O n the basis o f these characteristics, according the usual form u­

lae o f soil m echanics, it is possible to  estim ate the bearing 

capacity  o f foundations in re la tion  to  perm issible pressures. 

F o r convenience o f design, several attem pts have been m ade to  

generalize the da ta  on com pressibility  and  strength  o f various 

soils, and  for certain  kinds o f soils and  soil conditions there 

are  typical m echanical properties (6, 7).

Such tables (Tables 3 and  4), for the soils o f som e o f the 

regions in the E uropean  p a rt o f  the U .S .S .R . are  given below. 

T hey include values o f m odulae o f  deform ation  o f soil E  

and  param eters cp and  c.

T he colum ns headed “ stan d ” , con ta in  the m ost typical 

s tandard  values, based on  tests. C olum ns no ted  “ cal.” con tain  

the values o f <p and  c m ultiplied by the coefficient o f un ifo r­

m ity , w hich indicates the variability  o f soil properties.

Table 3

Moisture content 
o f plastic limit Soil

Voids ratio e

0-41-0-50 0-51-0-60 0-61-0-70 0-71-0-80 0-81-0-95 0-96-1-10

Natural Moisture Content W  per cent

P l  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. cat. stand. cal. stand. cal. stand. cal. stand. cal. stand. cal.

9-5-12-4

C kg/cm 2

9 0

E  kg/cm 2

0-12

25

230

0-03

23

0-08
24

160

0-01

22

0-06

23

130

21

12-5-15-4
C

9
E

0-42

24
350

0-14

22

0-21

23
210

0-07
21

0-14
22

150

0-04
20

0-07
21

120

0-02

19

15-5-18-4

C

9
E

0-50

22

300

0-19
20

0-25

21

190

0-11

19
0-19

20

130

0-08

18

0-11 

19 
100

0-04
17

0-08
18

80

0-02

16

18-5-22-4
C

9
E

0-68

20

300

0-28
18

0-34

19

180

0-19

17
0-28

18

130

0-10

16
0-19

17

90

0-06

15

22-5-26-4
C

9
E

0-84
18

260

0-36

16

0-41

17
160

0-25

15

0-36
16

110

0-12

14

26-5-30-4
C

9
E

0-94
16

220

0-40

14

0-47

15
140

0-22

13
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Table 4

Soil
Soil

charac­
teristics

Voids ratio e

0-41-0-50 0-51-0-60 0-61-0-70

stand. cal. stand. cal. stand. cal.

C kg/cm2 0-02 0-01
Coarse sand cp° 43 41 40 38 38 36

E  kg/cm2 460 400 300

Medium-size C 0-03 0-02 0-01
sand 9 40 38 38 36 35 33

E 460 400 330

C 0-06 0-01 0-04 0-02
Fine sand 9 38 36 36 34 32 30

E 370 280 240

C 0-08 0-02 0-06 0-01 0-04
Silty sand 9 36 34 34 32 30 20

E 140 120 100

A ccording to  the general principles o f struc tu ra l design, 

the characteristics o f soils are in troduced in to  calcu lations o f 

foundations according to  stability , the standard  value o f the 

characteristics being used w hen calculating the deform ation  

o f  the foundation  bed.

D irect app lication  o f  the m echanical properties o f  soils 

fo r designing a foundation  depends on  the perm issible settle­

m en t o f the structure, and  thereby  elim inates the handicap  

o f  being com pelled to  use em pirical form ulae based on  soil 

pressures, w hich are no t related  to  structures.

The theo ry  o f un iform  isotropic linearly  deform ed bodies 

is a t p resent, used, for calculating the deflexion o f foundations 

and  so fa r com puting the dim ensions o f foundations. W hen 

calculating  the deflexion o f foundations, the defo rm ation  o f 

separate  layers o f soil m ay  be determ ined by  the m oduli 

o f  defo rm ation  applicable to  each layer, an d  b y  the stresses 

calculated  on  the basis o f un iform ity  o f the foundation . This 

sim plification is possible on  the assum ption  th a t the depth  

o f the founda tion  does n o t exceed a definite p ro p o rtio n  o f 

the w idth. This cond ition  will determ ine the pressure tran s­

m itted  to  the founda tion  according to its dim ensions and  the 

d ep th  to  w hich it is taken.

T he pressure im posed on  the underly ing  soil is determ ined 

b y  the follow ing form ula :

p = [A(a — 2e) -f  Bli]y  +  DcH (6)

w here :

A, B, D —  non-dim ensional coefficients depending on  the 

angle o f  in ternal friction o f the soil laying 

directly  below the fo u nda tion  footing  ; 

cH —  specific standard  cohesion o f soil fo r clay o r 

the standard  linear param eter fo r sand (8), 

laying directly  below the foundation  footing  ; 

y  —  volum e weight o f soil,

a — sm aller side o f rectangular foundation  footing ; 

e — excentricity  o f vertical force a t sm aller side 

o f foundation  ; 

h —  depth o f foundation  em bedm ent from  n a tu ra l 

g round  level w hen grading w ith filling o r from  

graded elevation  w ith excavation .

Tables have been w orked ou t so th a t designers can  ob tain  

coefficients A, B and  D.

As form ula (6) is derived from  a lim itation  o f the zones 

o f plastic deform ation , it differs substancially  from  the Ter- 

zaghi form ula, which determ ines the u ltim ate  bearing capacity  

o f the soil below the foundation . This difference is expressed 

by the coefficients A, B  and  D.
The sequence o f calculation  is as follows :

1. O n the basis o f the overall dim ensions o f the bearing 

structure and  the depth  to  which it is taken  in the ground, 

the d im ension o f the foundation  foo ting  is determ ined in 

accordance w ith structu ral requirem ents.

2. A ccording to  the results o f soil investigations, in Tables 3 

and  4 the m echanical properties o f  the soil are used.

3. A ccording to  form ula (6), the “ standard  pressure on 

the foundation  bed” is calculated.

4. If  the “ standard  pressure on  the founda tion  bed” is 

higher th an  the pressure transm itted  by the foundation  to  

the bed, the settlem ent o f the founda tion  is calculated  and  

com pared  w ith the lim iting value specified for the particu lar 

structure.

I f  the “ standard  pressure on  the founda tion  bed” , calcula­

ted by the fo rm ula is low er than  the pressure transm itted  by 

the foundation , it should  be re-calculated w ith increased 

dim ensions o f the foundation , follow ed by  calculation of 

settlem ent.

T he construction  o f  large grain  elevators, w hich takes into 

account the lim iting settlem ent o f  foundations during design, 

has justified  a significant increase o f pressure o n  the under­

lying soil, in com parison  w ith the trad itiona l perm issible 

pressures. F rom  1956 onw ards, the foundations o f m edium  

and  large bridges were designed to  be built o n  soft soil w ith 

suitable allow ance fo r settlem ent o f  piers an d  abutm ents.

C alculations o f soil deform ation  are  very im portan t for 

the foundations o f  electric transm ission  line towers.

Large industria l structures founded  on  perm a-frost soils 

can  have  the founda tion  pressure o n  the soil increased 1 1/ 2 

tim es so th a t the dep th  can  be reduced tw ofold, w hen the cost 

o f constructing  the foundations will be halved.

E ven  though  the efficiency o f this type o f founda tion  has 

been confirm ed by the S tate S tandards o f  the U .S .S .R . fo r 

design, there is still considerable scope fo r im provem ent 

[9, 10].

T heoretical investigations and  tests were necessary when 

considering  unequal settlem ent o f  foundations. In  this case, 

the Theological p roperties bo th  o f  the struc tu ra l m aterials 

an d  o f the underly ing  soils, had  to  be taken  in to  account. 

I t  is essential to  define precisely the m ethod  o f  calculating  soil 

deform ation  below a foundation , m aking suitable allow ance 

for the volum e o f soil w hich takes p a rt in the deform ations.

F inally , it is necessary to  continue the system atic m easure­

m ent o f deform ation  o f structures in-situ, especially o f  p refa­

bricated  large-panel and large-block constructions.

In te rna tiona l coopera tion  is possible and  advisable to  a 

w ide degree in this field o f science.
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