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Summary

I. The new developments in the engineer-
ing method of predioting foundation settle-
ment, proposed in this paper, making use of
a procedure of reduoing a oomplex three—di-
mensional spaoe problem of the theory of
filtration oomsolidation and soll oreep to
an equivalent one-dimensional problem, en-
ables, not only the dimensions, rigidlty
and pe of the foundation to be taken in-
to aooount, but also the limited condition
for 1aterai 801l expansion, and the deforma-
bility of all oomponents wmaking up the soil,

Determinations of foundation settlement
and their rate in time are oarried out by
means of very simple equations, derived in
the closed form by the equivalent layer
method.

II. Foundation settlements depend upon
four oomponents: the settlement due to bed
soll ocomsolidation; soill settlement and so-
11 swelling as a result of deoreased load
during the period of pit exoavation; settle-
ment due to soll flow to the sides from
under the edges of the foundation; and the
settlement due to the loss of struoture
under the aotion of meteorologioal faotors,
ground water, dynamio effeots and errors
made by the ﬂnilders.

Averaging the oharaoteristios of soil
deformation in the foundation base, acoord-
ing to the equivalent layer method, enables
a simple method to be devised for {aking in-
to aooount the influenoce of the loading of
ad jaoent foundations in investigating the
deformation within the boundaries of a 1i-
mited strata subjeot to oompaotion, 1i.e.
the first component of settlement

Introduotion.

0f great importanoce when structures are
built on:a strata of highly compressible
solls are the prediotion of foundation set-
tlement and oonstruotive measures that oan
be resorted to equalize the irregularity of
the settlement so as to reduce its effeot
on the deformation of the bearing struotures,

These problems are considered in the two
parts of this paper.

The first part (by N.A.Tsytovioh) is de-
voted to the development of the engineering
method of predioting the settlement of struo-
tures on olayey-solls by oaloulating the
oompaotion deformations of an e q u 1 v a-
lent 1ayerof soll, This permits the
oomplioated spaoce problem of the oonsolida-
tion and oreep theory of olayey solls to be
reduoed to an equivalent one-dimensional
problem,

The seoond part (by B.I.Dalmatov) oonsi-
ders the reasoms for irregular foundation
settlement caloulation of the settlement ir-
regularity, taking into aooount the influenoe
of adjacent foundations and the limits, of
the layer of the ocompressed solls, and con-
struotive measures for minimizing irregular
settlement,

I. The development b 4 h e
equilvalentlayer
0f predioting se
nt s

The most important properties of olayey
and s8ilty solls - those that determine the
magnitude and the rate of their settlements
in time - are the overall deformability of
the soils (as quasi-single-phase soils in
the oase of undisturbed rigid struotural
bonds, and as multioomponent oompression-oom-
paoted bodies in the oase when bonds have
been disturbed under load) and, for a water—
saturated state, the flltrating capaoity and
the detornabili%y of all the components mak-
ing up the soils. These ocomponents are: hard
mineral partioles, pore water and gaseous
oomponents (vapours and gases).

The general deformabllity of the soil, as
is kmown, 18 evaluated by oompression tests.
Here lt should be noted that it 1is es~
sential to determine not only the faotor of
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TSYTOVICH and DALMATOV

relative (volumetric) oompressibility
(m_ ==ne (1+e%Actl where e is the voild ra-
t18 of the soil ahd q is the magnitude of

external pressure), but also the so-oalled
structural oompressive strength (p_._),
whioh is used in subsequent oaloulﬂ%fons.
The structural compressive strength can be
determined from the compression curve, if
the s0il 1s first loaded in very small
steps - about 0.02 to 0.10 kg per sq.cm.
Then, as the oorresponding tests show, the
deformation is very small up to a oertain
magnitude of external pressure (Fig.1), oom-
pletely

Fig.1.Determining Fige.2.Determining the
structural strength ocoefficient of initial
by the oompressivm pore pressure Qﬂo)
curve f%t1)

reversible and is due to the deformability
of the rigid struotural bonds. At an ex-
ternal pressure larger than a certain defi-
nite value for a given soil, that shall be
called the struotural oompressive strength
A very important oharacteristic of the
compaotion of fully saturated olayey soils
is the so-calles coefficlent of the initial
pore pressure ( ), indicating what part
of the external’/pressure (q) 1s taken up by
the pore water at the moment of loading.

It is equal to JG = fﬂuv/i , 1)

where f) is the initial pore pressure value.,
wi

Fige3. Determining the initial head
gradient (1.,).

Figure 3 shows the relationship between
filtration velooity and the head gradient
for duotile (stioky) precompacted clayey
and silty soils. As 1s evident from this
ourve, there will be practically no filtra-
tion and, therefore, no filtration comsoli-
dation of the soil, up to a certain value
of the head gradient, whioh we shall oall

theinitial valua (i)

In accordance with numerous experimental
data (Mesohyan,1967; Tsytovioh, Zaretsky,

et al, 1967) the stressed—deformative state
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of the s o011l skeleton 1is well re-
presented by the Boltzmann-Volterra limear
theory of hereditary oreep.

For the relative compressive strain (}.)
we can write: t_
=4 [0t [Kit D)6 @)dT] | (2

where E = instantaneous deformation modulus;
K(t7)= the creep_nuoleus and
t.T)=E K(t,T);
6 = stress.
In the case at t enmuating soil
skeleton ¢ r e e p, the oreep nuoleus be-

) (" p~dt .
oomes /\/(t,L)—cr e : o

where d and cf experimentally determine
creep parameters.

Under natural conditions, the pore water
in olayey and silty soils, ooouring even be-
low the level of the subsoil water, always
contains a ocertain amount of air and vapour
bubbles and always has a ocompressibility,
characterized by the factor of relative
compressibility (m')

It can be shown (Ter-Martirosyan, Tsyto-
vich 1965) that the value m_ is determined
by a very simple formula, namely: W)

4

i 7”“’:(f—‘z;zKEL ’
where /, = atmospheric pressure;
Jw= ooefficient (degree) of water
saturation.

As concerns the deformability of the po-
re air bubbles themselves, the modulus of
their oompressibility can be neglected, e.i.

1/ma=0

As has been previously shown by the au-
thor (Tsytovich, 1961,{9%3), the complex
three-dimensional problem, encountered in
determining the base settlement of struc-
tures, can be reduoed to the caloulation of
the settlement of a certain equivalent soil
layer, whose settlement (in the oase of one-
dimensional compression), will exactly equal
the settlement of a foundation of the given
dimensions.

The total stabilized settlement of a
linearly deformable half-spaoe, upon the
aotion of a localized load, is determined,
acocording to Boussinesq-Schleiocher, by the
following exaot equation (5)

5

3
S=wb(1-m5) 9 /F,
= coefficient of the shape and
the rigidity of the foundation
= width of the reotangular area
of the footing
= modulus of overall defomabilji-
ty and the coeffioient of rela-
tive lateral soll expansion,
analogous to Poisson'!s ratio.

Considering that the modulus of overall
deformability upon compression without la-
teral expansion is equal to

£, =2/m.,. where /3 =[/-2/M,,2/f4—ma)]
and substituting in equation (5) we obtain:
S=lAwb]m. g 6)

where )

6
bo,
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(6)
where A=(f" 0)2/(/‘2/2/0)'

The expression inside the square braokets
on the right-hand side of equation (6) com-
prises a oertain linear value, the so-o0all-
edequivalent s801l1l layer,
whose settlement 1s exaotly equal to the
settlement of a foundation of given dimen-
sions and shape, taking into aocount the
whole stressed zone under the foundation.
Denoting the thiokness of the equivalent
soil layer by hs, that 1s:

hs=Awb ; D
then the oomplete stabilized foundation
settlement 18 equal to:

8
Scozﬁs'ml"z ’ ( )

The larger the area of the foundation
footing and its width, the larger is the
equivalent soil layer and the magnitude of
the active zone of soll oompression affeot-
ing the settlement of a foundation of the
given dimensions,

Detalled auxiliary tables have been work-
ed out (Psytovich, 1963,1968), for determin-~
ing the magnitude of the equivalent soil
layer and, in turn, the active oompression
zone. One of these tables, in an abbreviat-
ed form, is given below for soils, that are
characterized by the coefficlent of relati-
ve lateral expanslion M,= 0.3.

For other values of /i, the given values
(Aw) should be multiplied by a constant
factor: by Q=0.83, when &, =0.1 and by
Q = 1.46 when ,=0.4. /

Table 1
Values of Aw at /Mo= 0.3

Equi- atlo ol the sides ol the Iootlng
valent area

soil

layer 1 1.5 2 3 5 10
faotor

AWm |1.17 |1.40 1.60 (1.89 2.25 [2.77
A W 0.687(0.832 | 0,938|1.092 [1.289{1.558
AWy 0.83 |1.00 1.13 |1.29 1.44 [1.59

Table 1 1lists the equivalent soil layer

faotors for the following cases:

Abhn‘ equivalent soll layer faotor for a
mean mettlement of rigid (massive)
foundations ona homogen e-
ous half-space

Aw. - equivalent soil layer factor for
corner points of a reotangular lo-
ading area, used in determining
the settlement of any point of a
half-gspaoe of the "o o rner
point methodn,

Awy - equivalent soil layer faotor for
rigld foundatlions upon the ooouren-
ce of incompressible rock at a dep-
th equal to the thlokness of the
aotive ocompressive zone (according
to B.I.Dalmatov).

The maximum value of the aotlve oompressi-

ve zome (Tsytovioh, 1951,1963,1968) in

engineering design oan be taken equal to
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twioe the thickmess of the equivalent soil
layer, 1.e.,

maxhg = 2/L5 . (9

Indeed, if the mean pressure over the
whole aotive compressive zone 1s roughly

taken equal to 'i’aver?‘;’,,/"‘ the settlement

of a layer of soil 2hs in thiokness will be

determined by the previous equation (8).

As has been previously shown by the au-
thor (Tsytovioh, 1967,1968) for homogeneous
soils with a structural strength (pstr) and

an initial head gradient (1_), the magnitu-
de of the aotive oompressiv8 zone (on the
basis of simple geometrical ratios, ensur-
ing from the comnstruction on Fig.4) in the
general oase will be (see formule 10).

f

Fig.4. Determining the depth of the aotive
compressive zone (ha) aooording to
the equivalent layer method

Lo qﬂ

=~ -7 7 10

h=2hg(1 w%h%)g (10)
K;: is the unit weight of water and
9 9, Pgtr

In calculating the settlement rate in
time (determining) the degree of consoli-
dation), in all the main cases of action of
a looal load, the outline of the generaliz-
ed (equivalent) diagram of the oompressing
pressures can be taken as a trlangle with
its base at the footing of the foundations
equal to q_ and its height equal to the
depth of “the aotive compressive zone h_.

0f oourse, this diagram will just
approximately represent the pressure variat-
ions with the depth, but is not contradioto-
ry to the essenoce of the matter, and greatly
simplifles foundation settlement calcula-
tlons without introduoing impermissible
errors.

The equivalent (triangular) dlagram of
compressive pressure can also be used for
determining the mean value of the faotor of
relative compressibllity of a lamellar soil
strata (m_.) over the whole depth of the
aotive = '° oompressive zone (ha)’

Aooepting the mnotation in Pig.5,
and taking into aoocount the faot, that it
may be assumed that 6z= g, Z; /A,
without large error for the pressure values
affeoting the factor of relative ocompressi-
bility (772,,) of various soils layers. Here,

where
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Z; is the distance from the middle of the
investigated layer to the depth of the
aotive oompressive zone (Fig.5).

Fig.5. Concerning the determination of the
compressibility faotor of a lamellar
strata of so0il

Equating the sett}ement of the whole
lamellar strata S=hg Mva 9, /2
to the sum of separate layer settlements,
up to the depth of the active compressive
zone, we have

ha
2 11
mV"-=KZ himy 2 “an
The mean filtration faotor for a lamel-

lar soil strata (k) 1s determined by
Dachlers farmula:

K=< (12)
where hi and k1= height and filtration fac-
tor of a separate soil
layer.

Using formulas (11) and (12) we reduce
the lamellar soil strata (up to the depth h
to a quasi-homogeneous
soill strat a, whose settlement
equals:

/ '
Se,= g 7nwa'€n 8
or in a more gemeral oase

2k . , (8')
Seoha e G 5

These formulas oan be used for determin-
ing foundation settlement on lamellar soil
strata.

The equivalent diagram of compaoting
pressures enables the degree of comsolida-
tion 7/ of the whole compressed soil zome
under a foundation of given dimensions to
be readily determined in olosed form. Then
it is used to determine the settlement of
the foundation for any time interval (t
from the beginning of loading (i.e., 54)e

Conoerning compaoting pressures, de-
creasing with the depth according to the
triangular diagram in the oase of upward
one-gided filtration (Tsytovioh, Zaretsky
et al, 1967), we have

-n'Mt
16 2 anyd 5,7 1
U=1- B3z an((i_-ﬁstn Tzl . (13)
Then, expanding the expression after the
summation sign into a series, and taking

a

into account that
where Sa, the full stabilized settlement
etermined from formula 8), we obtain for
the settlement S :

6 - ~9Mt
8= Qf/zam,ga{/f-/Bff -2 % ;‘—(43225)9 ]} (18)

where 5__

VRS i
1+777w77 aAnv ) 465 '

¢ = X% B = 8011 consolidation ocoef-
¥ %;7ZL fioient, in the general
cage oonsidered here
7L = soll porosity.

If in the given equation for the faotor
(B), m_ 1s taken equal to zere, ooourring
only i¥ the pore liquid 1is entirely free of
vapours and gases, then B=1. This leads to
equations that describe a pure filtration
consolidation prooess, agreeing with the so-
oalled "s o 1 1 ma s s" (Terzaghi-Gerseva-
nov), l.e., with a fully water-saturated
soil having an uncompressible pore liquid.
If the structural stremgth of the soil is
equal to zero (p_,.=0), then the initial
pore pressure coffFiolent will equal A=7.
his oomplies with the so-called "s o 1 1
paste®, i.e.y completely "structureless®
soil,

In the general case, if, upon consolida-
tion, aocoount is taken of the s 0 1 1
skeleton deformation
rate in time, accord ilngto the
theory of herediltory
cree p; the compressibllity of gas-—con-
taining pore water and the 1nfluence of the
structural strength of the soil and initial
head gradient on the aotive oompressive
zone, then, as has been shown in the paper

) cited above (Tsytovioh, Zaretsky, et al,
1967), the foundation settlement om olayey
and silty soils for any time (t) is deter-
mined by the equation:

Se=F hamvq, vit) , (15)

4 Mt ot
e (b g ol S o bl gl

1+ &5

as symbols as previously denoted.

In the following, we give comparisons of
oaloulated settlement values (aooording to
the method set forth here) with those ob-
served directlye.

§,=13xg[em
PSS T TR 1 N N AR
- 10 200 00 400 500 600

& o L Ve
- N> | measytea I-—;.Ljs,

0»\’}’\ o —1

ateulated 2 oy

i ) e N Nl 1

Fig.6.Comparison of designed and measured
foundation settlements of a sohool house.
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Table 2 lists, and Pig.6 shows a oompa-
rison between foundation settlements oalou-
lated by the author and those aotually ob-
served for a standard sohool building (foot-
ing size 1.3 x 34.5 m), built on a three-
layer weak soill footing (with a layer of san-
dy loam h = 5,3 m, loam h = 1,9 m and varved
clay h = 2,8 m).

Values of oaloulation faotors were pre-
viously published in the authort's book
%*Soil Meohanios," in 1940,

Pable 2

Foundation settlements of a sohoo

house

Time oal. saotual Wotes

P5 days T.0 om 7.2 om |nut Tully
loaded

106 days 6.7 om 6.0 om | —-®-

305 days 9.5 om 9.7 om |at oaloulat-
ed load
on soll

600 days [11.5 om 11.5 om | -f-

241 years | 12.1 om 12,1 om | -"=-

Pable 3 lists data of other authors
(Prof.B.I.Dalmatov and Assistant - Bng.
Sotnikov) published in the "Materials of
the All-Union Conference on Comstruction on
Weak Clayey Soils®" (Tallin, 1965).

Table 3
Foundation settlements of large
buildings
Settlements Obser—
ObJeot vation
aooording |accord-« ac-—- t ime
to the ing to | tual
elementa- |the
ry suming (equiva-
method lent
@ethod
Admini-
stration
build-
ing, 20.8 om | 42 om |38.8 om| 26 years
Hotel
fRoB-
siya® 15 om| 43 om |45.3 om| 4 years
A 12-
apart-
ment
build-~
ing. 31 om| 51 om [35.0 cm| 1 year

As has been shown, the brlefly presented
engineering method of predioting foundation
settlement by the caloulatlion of an equiva-
lent soll layer, in 1ts up-to-date stage of
development, enables, for most praotical
oases, not only the full stabilized founda-
tion settlement to the determined, in ao-
oordance with its shape quickly, using sim-
Ple formulas, but also enmables 1ts settle-
ment rate in time to be calculated, taking
into aocount: the filtration-oonsolidation
of the oompressed soill zone undermeath the
foundation, as well as its struotural

strength, oompressibility of the pore water,
257

initial head gradient value, initial pore
pressure and the oreep of the soll skeleton.

JI.Causes of the d
lopment of di1iffere
settlement s

When great settlement in the base of a
bullding ooours as the result of soll de-
formation, there may be observed simulta-
neous and great differential settlements
of some foundations. In general the founda-
tion settlement depends upon four main ad-

dends:
S=SC+SS+SI+SU (16)

The oauses of the development of different-
ial ocoumsolidation settlements are shown in

evVve -
ntilial

Fig.7.
9 1 9 9] ik
R T Thoa s
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Fig.7. The causes of the development of

dif%erential oonsolidation settle-~
n
ge_ ghinning out of layers; b - lens-

like bedding; o - different thiockness
of layers; d - presenoe of inoclusion;
e - non-uniformity of aotive zone;

£ - the influence of loading adja-
oent foundatlons; g,h - non-simulta-
neous and inoomplete loading of foun-
dations; i - non-simultaneous base
soil oonsolidation

the settlement as the result of soil
oonsolidation
swelling settlement of the bed in
digging the trenoh depends upon the
dimensions of the tremnoh, soll stra-
tification, presenoe of ground water,
duration of the perlod of unloading
the base and some other factors.
the gettlement of soill flow is oaused
by the faot that high strasses arise
under the foundation edges, and under
their aotion there develop zones of
plastic deformation resulting in re-
distribution of contaot pressure
(Plorin, V.A., 1937).
the de-struoturing settlement 1s
oaused by the degtruction of natural
80il struoture by meteorological fao-
tors, by the aotion of ground water
and gas, by dynsmio aotions and by
blunders on the part of the buillders.
The development of plastio deformation
causes soil oomsolidation on the sides of
the zones, and also the inorease of the re-
sistance to displaocement in horizomntal di-
reotion whioh may rise beocause of aotive
pressure to the value of passive earth

pressure (Dalmatov B.I.,1951). With the

(3

R
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purpose of decreasing the valuse ( Sg) the
mean interngity of pressure on soll is 1li-
mited in acoordance with the development of
plastic deformation zones.

It is oommon practioe to use in work the
building methods whioh bring Sg amd S,
to minimum. In digging a trench, of small
depth when the weight of the underground
part of the building is not less than that
of soil displaced by it, the settlementsSg
develop mainly during the construoction of
foundations and making backward soil filling,
and therefore they almost do not affeot the
deformation of the overground constructions.
Thus in designing foundations the main
consideration to be taken into acoount is
the consolidation settlements - S¢.

Determination of d i £-
ferential settlements
taking into aocount the loading of the adja-
cent areas and limitation of the soil stra-
ta under compression is of great importance.

As early as in 1934 prof.Tsytovich N.A.
(1963) reduced the formula by Boussinesq-
Schleisher (5) to formulae 57) and (8). For
a two-play bed K.E.Yegorov (1958) obtained
the expression which is analogous to that
of (5), in whioh the settlement factor is
additionally the function of the ratio of
the compressed strata to the foundation
width, This made it possible (B.I.Dalmatov,
1968) to express the determination of foun-
datlon settlement with limited compressed
soil strata, using Tsytovich's methods - as:

Sw'—'- /‘/@ ’mva.'g an

18
Hoz Ay 6 (18)
where (WJ) - is the settlement factor depend-
ing upon the ratio of the design-
ed compressed strata to the width
of the foundation base, the form
of the foundation base and foun-
dation rigidity. The meaning of
WL is determined acoording
to Table 1,

The designed oompressed strata may be
determined experimentally or by means of
calculation. And its maximum meaning is
equal to the double value of the equivalent
layer (Tsytovioh, 1963). Since the meaning
of the coefficient of volume compressibility
of soil (Mn), whioh is made average is
inoluded in (17), a simple method of deter-
mining foundation settlement may be propos-—
ed with the loading of the adjaocent areas (
(0of foundations) taken into comsideration.
For this purpose it is quite enough to f£ind
the corresponding meaning of H which must
depend additionally on the form of adjacent
foundations and take into consideration the
intensity of pressure distributed over
their bases.

The foundation settlement A with the
influence of loading the oircular area B
taken into consideration, the centre of
which coincides with the centre of gravity
of the foundation base A (Fig.8). (19)

19

Sew =SF + Sho- Sm‘

258

'here‘SF - 18 the settlement caused by lo-
ading the foundation A;

Sgo - 18 the settlement of the central
point o in loading the circular
area with radius ~p ;Sp: - the
same radins A:.

&) 0
) b

/"/ A [ R AT
| [~ =1 }

Fig.8. The plan of Fige.9.Circular chart
foundation with ring for compressed thick-
loading area.[Sim/la1 mness of 7 m, made in
taA@“qnazk,4?421 superposition with the

glan of the foundation
ase,

If we substitute the meanings of the
addends in (19) taking into oconsideration
the expression in (17), then we obtain

Seo= [#g:+(H€0 'Hea}/(p]mmg /(20)
where AQF - is the conditional equivalent
layer dependent on the dimen-
sions of the foundation 4;

Heo and H, - are the same - from
the radii A: and A, ;

AL - is the ratio of loading, distri-
buted over the circle B, to q.

The values A% and RL may be chosen in
such a way as to obtain
(21)

Hgg" /L/E'L = A/
— is some definite value.

Taking R.4=0 and having the predeter-
mined meaning of s We can easily determi-
ne Aps to content with the expression (21).
Then, taking R,;3= Rps We may find Ap2
with which Hgpg -~ Hpo= A/ » BY way of making
suocessively suoh operations it is possible
to obtain a system of oomoentrio oiroles
the loading of each with the load y 1eee
with A, = 1, will lead to the increase of
the oonditional equivalent layer for the
value of A/ .

Let us divide the ooncentric rings by
radii into 72y of equal parts. The loading
of eaoh part of any ring will lead to the
inorease of the oonditional equivalent
layer for the value

A /‘/e = 775 . (22)
Sinoe the value of the oonditional equi-

where
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valent layer depends on the ratio of the
value of the oompressed strata to the dia-
meter of the loading area, the meaning £,

is to be oomputed in acoordano= with the de-
finite value of the compressed strata. The
computations have been made for the strata
of 5,7,12915,20 and 30 meters. With obtained

meaning 4, it is possible to make circular
charts by analogy with Newmark's charts
(1942).

However in applying suoh charts on trae-
ing paper to the foundation plan drawn on
the same scale the parts of the rings fall-
ing on the contours of foundations would
always be divided into two parts: falling
on the adjacent foundation and being beyond
its contour. With the purpose of facilitating
the task it 1s reasonable to find the cen-
tres of gravity of the parts of rings and
make ciroular charts of the position of
those centres (Fig.9). In such a oase the
value, for whioh the conditional equivalent
layer increases in loading the adjaoent
foundation, will be equal to

- 23
Hon =m0 5 Ho K, )
where 71 - is the number of points of inter-
section of the corresponding oir-
cular chart, falling on the adja-
cent foundation, the influence
of wirich is under consideration.

If there are some adjacent, differently
loaded foundations, the calculation will be
only oounting the points of intersection of
the charts within the boundaries of the
contour of the base of each foundation and
multiplying it by the factor of load ratio

KLi « Then the oonditional equivalent
layer, with the consideration of loading
the adjacent foundations, will be

(24)

4/
HE: /'/PF * /‘(/’ A/-/ez;:fl_./\:L n;

In the expression (24) there was intro-
duced the factor 4; , which is the function

» , because it 1's reasonable to make cir-
cular charts for one meaning of s o I
the thickness of the active zone” Hy does
not coinoide with the meanings of 4/ , for
which the circular charts are made, then?%
is determined by interpolation. By way of
using circular oharts it is easy to de-
termine the foundation settlement, taking
into consideration the loaded adjacent
areas, This is especially important when
designing foundations which transfer un-
equal loads to soil.

Construction measures
taken for decreasing the injurious effect
of differential settlements.

Such measures are - the comnstruction
rise whioh is given to the building or to
some parts of it; the increase of flexi-
bility of the building; the additiomal
strength given the constructions; the use
of foundations which level the differential
settlements; the application of special
constructive measures.

When great settlements are expected to
take plaoe, buildings or their parts are
given some construoction rise, i.e. their
structures are positioned somewhat higher
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in aooordanoe with probable settlements.
If the settlements develop slowly, the va-
lue of the oonstruotion rise is determined
from the expression

~ A1
Se¢=F (Scwo — Spat) | (25)
where Sc, - is the final settlement;

55&1— is the settlement developed
during the construction period.

As flexible structures follow the bed
settlement, additional stresses do not
arise in their constructions. But buildings
usually possess a final rigidity. Walls,
framework etc. give this rigidity. An ef-
fective measure of deoreasing the rigildity
of a building Is outting it into parts by
settlement joints. In the plaoe of the
jolnt the rigidity of a building is equal
to O. The minimum width of the clearance of
the settlement joint 1s determined by the

formula
w=hh(tan by - tan,) . (26)

where /i - 1s the distanoe from the foun-
dation base to the hight for
whioh the olearance width is
determined;
tan€)- is the inclination of the base
of the right part of the build-
ing;
1s the same for the left part;”
K - is the faotor 1,3 - 1,5 taking
into aocount the heterogeneity
of the bed soil. If the inecli-
nation is developed in the
direotion to each other, then
tan § , is taken with minus.

With differential bed settlements there
may appear additional tensile stresses,oom-
pressive stresses and shearing stresses in
walls and other comstructions, whioh are
conneoted with their resistance to bending.
Generally wall masonry has high resistance
to compression and low resistance to tension.
For the purpose of making walls more re-
sistant to tensile stresses, arising from
differential settlement, prof.B.D.Vasiliev
(1952) as early as in 1936 began to apply
the reinforoing of brick walls with rein-
foroed-oonorete chords. Reinforecing chords
are placed in foundations and in eaoch or
in every 2nd floor in walls., The section of
reinforcement in chords is determined with
congideration of the simultaneous work of
bearing structures of the construction and
of bed soil, their differential compressibi-
lity being taken into account, Suoh kind of
approximate calculations were considered
by B.I.Dalmatov (Vasiliev, 1952) and by
some other authors.

When high shearing foroes in walls act
so as to put them askew, there appear askew

cks above the openi and in the parti-
gi%ns? Por increasgng 3%?1 resistancepto
such stresses the chords are placed closer,
the dimensions of openings are deoreased,
the width of partitions 1s inoreased and
partition masonry is reinforced with mesh-

reinforcement, Sometimes in th laces of
pgobable deveiopment og askew gegormagion
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a rigid monolithic reinforoed oonorete
foundation 1s construoted.

In redistributing pressure over the foun-
dation base of bulldings in some places
stresses are conoentrated along the wall
length, and they are not taken into consi-
deration in usual caloulationSs The stress
concentration is sometimes great, if there
is some slightly oompressible soil; there-
fore masonry 1s strengthened in lower
floors.

When differential settlement proves to
be inadmissible, 1t is possible to obtain
the levelling of gettlements at the expense
of increasing the width of the foundation
base. Such a calculation 1s easily made, if
we have the oondition of having ultimate
permissible differential settlement
(Dalmatov, 1968). Sometimes the levelling
of settlements 1s obtained by making the
foundation as a ocontinuous slab, and by
making shells and cross strips.

The weakest point with highly compress-
ible soil is the place of adjoining low
buildings to multi-storied comstructions.
Even with making settlement joints, the
additional buildings get distorted or askew
to wards the heavy part of the building. In
such cases, 1f there is no possibility to
gilve off pressure to denser subsoil either
the base of the additional building is cut
by sheet piling, driven through all the
thickness of soft soil (Fig.10), or the

Fig.10. The ohart of adjoining the addition-
al building to the multi-storied
part of the building. 1 - highly
compressed soll; 2 -~ dense so0il;

3 - sheet piling; 4 - the multi-
storied part of the building.

additional bullding 1s ereoted on the oanti-
levers projeoting from the foundation of

the main part of the building. The oomstruo-
tion of 12-storied briok buildings with
one-storey addltional shop buildings in
Leningrad B3 an example of using sheet piling.
Aooording to the observation data the addi-
tional bullding gave settlement of 30 mm

and the high part of the bullding - of 270
mm, In oonstruoting additional buildings on
cantilevers some air gap 1s left under them
with the hight of expeoted settlement, be-
cause otherwise the reaotive soll pressure
during the prooess of settlement may be
higher than the weight of the additional
building.

Besides, it is neoessary to consider
the probabie settlements of bulldings

and of the surrounding territory with
regard to the deformation of inlets and
underground communications.

In Leningrad and many other oities of
the U.S.S.R. numerous buildings with a
settlement of 40 cm and more have been
ereoted with due consideration of oalcula-
tilons stated above.
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