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EVALUATION OF THE ACTIVE ZONE OF SETTLEMENT

DETERMINATION DE LA ZONE ACTIVE DU TASSEMENT
OMPEAEAEHUE CXUMAEMON 30Hb!

G. STEFANOFF, Prof.,University of Civil Engineering, Sofia
G. KRASTILOY, Assistant, University of Civil Engineering, Sofia (Bulgaria)

SUMMARY. Deep settlement measurements show that the settlement is damped out at a certain
depth under the foundation base and does not spread ad infinitum as is assumed in the theory
of the elastic isotropic semi-stratum. Investigations show that a satisfactory coincidence
between calculated and measured settlement is obtained when it is camputed as a settlement

of a layer of limited depth. It is lmown that during soil loading plastic deformations occur
only after exceeding its structural strength p tr of the soil. This means that stresses in
the soil 6_, lower than the structural streng¥i provoke only a negligible (elastic) settle-
ment, i.e. “the active zone ends where 62 = Pgtr, 1t is proved in the paper that all exist-
ing tables and diagrams for the distribution of the stresses in depth under the loaded area
can be used for calculating Ha' It is sufficient to replace z by Ea and 672 by ) J

THE CAICULATICN of the anticipated settlement Deep settlement measurements show that the

is an indispensable part of desiining build- setblement is damped out et a certain depth
ings and structures. In evaluation of the under the foundation base and does not spread
bagement area according to the limit state of ad infinitum as it is assumed in the theory
deformations should be fulfilled the condi- of the elastic isotropic semi-stratum.
tion
The investigations show that good conformity
s<s (1) is obtained between the settlement calculated
< Plim? and measured when it is computed as settle-
ment of a layer with limited depth. Owing
where § stands for calculated deformations, to this the depth of the active zonme Hy in
S14p - for meximum admissible deformations homogenous layer is determined after the
for a given construction, pointed out, for equation
example, in Tables 2 and 4 of POLSHIN and & o v H (2)
TOKAR. (1957). z=HZ T4

a

It is known that the calculated settlement

in some cases is close to the actual one and where 6%=H is the vertical stress under the

in other cases differs significantly. The foundation in the extreme depth of the active
differences are due mainly to two causes: zone,
1. Imperfect determination of the modulus of
compressibility, érH - is the layer proper load at the same
2. The unknown thickness of the settiing epth ( is the unit weight and H is the

layer, i.e. the depth under the foundation thickmess of the settling layer),
up to which the settlement is menifested

—~ the active zone of settlement. & is the coefficient which in the opimion

of different authors and in different nomms

Both causes are investigated repeatedly. varies in a rather wide scale - from C.1 to

While the first cause is eliminated to a 0.5, for example, according to SNiP II -

large extent by multiplying the modulus of Be.1-62 (1962) is X = C,2.

compressibility, obtained in the laboratory o

or in situ, by & factor which for stiff soils Hence the problem comes to determining the

ig bigger than unity, the determination of depth at which

the active zone of settlement has not yet

attained satisfactory practical solution. z=H=Hy (3)
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It is proved that in soft soils Ha is comsi-
9erably greater than in stiff soils (TSYTO-
VICH, 1968). Acoording to the ssme author
hax Ha= 2he, where heis the equivalent height

in this method. In soils with structural
Btrength the active zone is still smaller.

It is known that at soil loading the plastic
feformations occur only after overcoming the
resistance which the soil structural bonds
exert on the action of the tangential stress-
es which occur in it. The resistance at
which plastic deformations begin is the
structural strength of the soil Pgtr. This

indicates that stresses in the soil €, lower
then the structural strength provoke only
negligible (elastic) settlements, i.e. the
active zone depth in this case is determined
by the condition

6z=Hg = Pstr. (4)

From equations (3) and (4) it follows that
all axgeting tables and diagrems for the dis-
tribution of stresses in depth under loeded
areas may be used for caleulating Hy. It is
gsufficient to substitute z for Hy and 6 , for

for given ratios E%EI; and % the ratio gé is

{»] 3 X

obtained on the ordinate from which Ha may be
calculated. The thus modified diagram of
Steinbrenner has the advantage that it shows
1llustratively and directly the effect of the
structural strength on the depth of the actiw
zone since

Hy

5

[ g, b (5)

For example, for square foundation (I/B = 1)
of particular interes’t are the values shown
in Table 1.

Table 1. Influence of the structural strength
on the depth of the active zome of setilement
8t square foundation.

Patr.

Potr. 152‘ in the place of the ’atig g 1s Analogically, for example, table 9 of TSYTO-
placed g2 and in the place of 5& - §§IIL VICH (1968) for the stresses under circular,
0
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Pig.l. NModified diagram of STEINBRENNER for

As an example, Fig.l shows the well-known
diagram of STEINBRENNER (1934) respectively
modified for this purpose. By doubling in
advence the semi-width 2b=B and quadrupling

the ratio 4-2Z = —:—z-id the diagram for deter-

o
mining the stress ugder the angular point of
a rectangular loaded ares is transformed into
diagram for the stress 6, ) under the middle

point ¥. The use of the diagram is clear:

determining the active zone of settlement.

rectangular and strip foundations, as well as
other similar tables including the influent
chart of NEWMARK (1935) for stresses under
erbitrarily loaded area may be usdd. When
the influent chart is applied the foundation
base, after repeated testing, should be drawn
on such a scale as to meet the condition

n _ Pgtr.
m= g (6)
where n is the numger of meshes covered by
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the foundation base and m Is the number of
all meshos of tire influent chart. By means
of the thup esteblished scale ie dstermined

z = Hg. The method of SALAS (1948) may ana-
1o%ioa11y be applied in an expedient manner.
After this method the foundation base is
drawn only once and the scale is deter-
mined experimentally, in which

i=n A P

z i str.
PRI -l (7)
1=1 o

where I: = ;+1,T is the value of the 1%B

ring at & ration R/ obtained from the SALAS
table,

R+l and R are radluses of circles which en-
circle the ith ring,

A; 1s the percentage part of the area occu
pled by the foundation base in the ith ring.
After determining the ratio z/A for which
condition (7) is fulfilled H, =A/z.

When the ground is stratified the check after
equation (4) should be carried out separately
for each layer.

The method suggested for determining the
depth of the active zone proceeds from the
assumption that the structural strength of
the respective soil is known. The strugtur-
al strength of the soil, as we know, is aeat-
ed by different faccors, the main of which
are; overcansolidatiom. the soil shrinkage
and the physico-chemicel pracesses. Thay all
exert effect on the compression curve of the
soil. This requires the compreealon tests to
be carried out carefully so that the struc-
tural strength of the soll may be determined
each time. It may be detarmined moxye pre-«
cisely when in the range of the anticipated
value (usually at the beglnning of the com-
pression test) the loading is carried out at
small consecurive stages. The value of the
s80l1l structural strengih is determined easily
when the compression curve is plotted in
semi~logarithmic scale. Use may be made of
the empiric method of CASAGRANDE (1936).

Certain soils in Bulgaria have exhiblted
structural strenmgth up to 2 kg/cm? (DINGOSOV,
1969). 1If gotl loaaing is applied, for ex-—
ample, p_ = 3 kg/cm<, then Pggr = 0,7 P, oOT

at square foundation after Table 1, Ha=C.5B.
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The settlement computed with such Hy 1s sig-
nificantly smaller than that usually calcul-
ated. It may be seen from this example of
what great significance is the determination
of the soil structural strength for the cor-
rect calculation of the settlement.

For normally consolidated soils without
structural strength the method suggested for
determining Ha may be applied, if Pstr from

equations (5) and (7) is substituted with

prr =b~T. (8)
where p T stands for the load applied on the

foundation base,
- 1s the average unit weight from the ter-
rain surface to the depth of the foundation.
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