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(&) METHOD OF TESTING LOOSE GROUND.

@ The method provides for introducing, by means
of screwing-in, into the ground (2) a barrel (3) with a
screw-shaped blade (4) on its end. At a depth (Ls) of
the ground (2, 9) which is smaller than the depth (L1)
of location of the layer (1) of the ground (2) fo be
tested and which exceeds the pitch (i1) of the blade
by a value (Ls) the pressure (P3) of the ground (2)
on the lower surface (7) of the blade (4) is measured
and in the event that it is not equal to the pressure
{P1) of the column of the ground (2) above the blade
(4) in a non-deformated condition an axial force (Pa)
is applied to the blade (4) through the barrel (3) so
as to ensure the equality of these pressures (P,
P3). When the blade (4) reaches the depth (L1) of
location of the layer (1) of the ground (2) to be
tested the process of screwing-in is discontinued
and the barrel (3) is subjected to the influence of

static forces directed downwards, the value of each
subsequent force exceeding the value of the pre-
vious one by an equal value and the displacement of
the barrel (3) is measured.

Xerox Copy Centre



1 EP 0 416 104 A1 2

SOIL-TESTING METHOD

Industrial Field

The invention relates to engineering geology
surveys carried out in coping with construction
projects and has specific reference to a soil-testing
method.

Prior Art

In civil and industrial engineering there is al-
ways a need to test the soil founded whereupon
will be important structures such as high-rise build-
ings, nuclear units of atomic power stations, hydro-
electric plants, large industrial buildings, etc. Not
excluded is the possibility that the bearing soil is
one containing over 50% of uncemented fragmen-
tal rock with a particle size over 2 mm (eg.,
detritial, ligneus). Gravel, coarse and fine sand,
sandy loam, cleayey soil, clay are also a frequent
ocurence.

The tests are needed for ascertaining the con-
solidation pressure, the bulk modulus of the soil
and the rate of settlement of the structure. Thy
should meet high accuracy requirements, for any
error may lead to structural failure or unjustified
expenditures on the project.

There is known a soil-testing method (Soils.
Methods of Determining Stress-Strain Bahaviour at
the Field, USSR Standard GOST 202786-85,p 20)
consisting in preparing a test site by excavating a
pit in the soil layer to be explored, placing a slab
with a surface area of some 5000 cm? on the site,
applying a step-wise increasing static load to the
slab and measuring the settlement of the slab in
response o the loads. The consolidation pressure,
the bulk modulus of the soil and the rate of settle-
ment are calculated from the fest data.

However, the known method is inapplicable in
testing deep layers of a soil with a high moisture
content, for the test site may become flooded by
the water and accessible therefore with difficulty.
The fact that the flooding can increase the moisture
content of the soil and influence its physical and
mechanical properties before the application of
static loads is intolerable. A high moisture content
of the soil may also prevent the slab from contact-
ing the tested soil layer uniformly over its entire
surface area and lead to inaccurate resuits. Difficul-
ties are experienced in installing, statically loading
the slab and taking its settlement measurements
under these conditions.

The prior-art method is practically of no avail in
testing a deep layer of soft soil, for its strength is
impaired by its deformation due to a sideways
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pressure of the soil en mass above the site after
the excavation of the pit.

All in all, another method of soil testing has
been developed (Soils, Methods of Determining
Stress-Strain Behaviour at the Field, USSR Stan-
dard GOST 2027-85, pp 5-6, 20-21) pursuant
whereto a layer of soil overlaying one under the
test is deformed by a helical blade which is
screwed into the soil down to a given depth being
attached to the lower and of a shaft, a series of
static axial loadings of downward direction is ap-
plied to the shaft when the screwing comes to an
end, whereby each succeding loading exceeds the
preceding one by the same amount, and the dis-
placements of the shaft in response to the loadings
are measured.

Needing no site specially prepared in the soil
layer under the test, this method does not involve
flooding or weakening of the tested layer and is
therefore applicable to testing deep layers with a
high moisture content and deep layers of soft soil.

However, the descending blade, wedging out
the soil fayers lying ahead of it, deforms the tested
layer before the application of static loads. This
impairs the accuracy and reliability of the test data.

Moreover, a fraction of the lower surface of the
blade may become disengaged from the tested soil
layer so that no iniform blade-to-soil contact-- in-
dispensable as far as accuracy and reliability of the
test data are concerned -- will exist in those cases
when the blade descendes with each revolution of
the shaft through a distance less than the pitch of
the blade. Such a condition can be brought about
when the sum of the forces which oppose the eniry
of the shaft and blade into the soil is slightlx
greater than the sum of the forcess applied in order
to effect this entry. Coming under the former head-
ing are the resistance which the soil offers to the
descending shaft tip, the frictional forces coming
into play between the soil and the descending shaft
and a vertical upward component of the resistance
which the soil offers to the cutting edge of the
blade. Coming under the laiter heading are the
downward axial force, the weight of the shaft and
biade and the pull of the helical blade.

Summary of the Invention

The principal object of the invention is to pro-
vide a soil-testing method conducive to high accu-
racy and reliability of test data which are achiev-
able by preventing deformation of the tested soil
layer under the condition of a uniform contact be-
tween the lower surface of the blade and the tested
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soil layer.

This object is realized by disclosing a soil-
testing method consisting in screwing a shaft with a
helical blade at the lower end thereof into the soil
so as to deform a layer of soil overlaying one
under the test, discontinuing the screwing on
reaching the tested soil layer, aapplying a series of
static axial loadings of downward direction to the
shaft -- whereby each successive loading exceeds
the preceding one by the same amount --and mea-
suring the displacements of the shaft in response
to the loadings wherein according to the invention
an equalizing axial load is applied to the blade
through the shaft if the pressure exerted by the soil
on the lower surface of the blade, as measured at a
depth which is less than that of the tested soil layer
by an amount exceeding the piich of the blade,
differs from the pressure of an undisturbed soil
column overlaying the blade.

By equalizing the soil pressure coming on the
lower surface of the blade with the pressure of the
undisturbed soil column overlaying the blade we
"transfer” the deformation of the soil due to the
descending blade from the layers lying ahead
thereof to the layers overlaying it. Preventing de-
formation of the tested soil layer before the ap-
plication of static loadings, this "transfer" promotes
accuracy and reliability of the test data.

The pressure sustained by the lower surface of
the blade signifies contact between this surface
and the soil, and the helical shape of the lower
surface of the blade provides for uniformity of the
contact which is a further guarantee of accuracy
and reliability of the test.

Brief Description of the Drawings

A preferred embodiment of the invention will
now be described by way of example with refer-
ence to the accompanying drawings, wherein

Figure 1 illustrates the shaft with the helical
blade preparatory to testing a soil which is clay;

Figure 2 illustrates the shaft with the helical
blade;

Figure 3 illustrates the shaft with the blade at
an instant when the blade is at a depth which is
less then that of the tested soil layer by an amount
exceeding the pitch of the blade;

Figure 4 illustrates the shaft with the blade in a
position when the blade is at the depth of the
tested soil layer;

Figure 5 illustrates the shaft with the helical
blade in a position preparatory to testing a soil
which is fine compacted sand;

Figure 6 illustrates the shaft with the helical
blade;

Figure 7 illustrates the shaft with the helical
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blade at an instant when the blade is at a depth
which is less than that of the tested layer by an
amount exceeding the pitch of the blade;

Figure 8 illusirates the shaft with the helical
blade in a position when the blade is at the depth
of the tested soil layer.

Embodiment

The disclosed soil-testing method consists in
screwing a shaft with a helical blade at its lower
end into the soil so as to deform a layer of soil
overlaying one under the test. On reach a depth
which is less than that of the tested soil layer by an
amount exceeding the pitch of the blade, the pres-
sure of the soil coming on the lower surface of the
blade is measured. Should this pressure differ from
the pressure of an undisturbed soil column overlay-
ing the blade, an axial load equalizing the two
pressures is applied to the blade through the shaft.
The screwing operation is discontinued as soon as
the blade is at the depth of the tested soil layer,
and a series of static axial loadings of downward
direction is applied to the shaft, whereby each
successive loading exceeds the preceding one by
the same amount, before measuring the displace-
ments of the shaft in response to the loadings.

A development of the disclosed invention is
adapted to test soil which is, e.g., clay. Referring to
Fig. 1, when a building is being erected with a
foundation 20 m wide, subjected to testing is as a
rule a layer 1 of a soil 2 occuring at a depth L4
which equals the width of the foundation, i. e,
L1 =20 m. This layer 1 is schematically confined
between dashed lines in Fig. 1.

Employed for testing is a shaft 3 with a length
L= 23 m and a diameter di=11.4 cm (Fig.2)
which is fitted with a helical blade 4 with a diameter
Dy =27.7 cm and a pitch 11 =8 cm.

The pressure P+(Fig. 1)/ of an undisturbed col-
umn of the soil 2 overlaying the blade 4 is 0.4 MPa
at the depth L.

The shaft 3 is placed vertically at the surface 5
of the soil 2, the blade 2 downwards, and is
screwed into a layer 6 overlaying the tested layer 1
by applying a torque M;=05 tm and an axial
downwardly directed force P> =1 {, deforming thus
the layer 8.

At a depth Lz (Fig. 3) of the soil 2 which is less
of the depth Ly occuring whereat is the tested layer
1 by Ls which is greater than the pitch t1 of the
blade 4, the pressure P3 exerted by the soil 2 on
the lower surface 7 of the blade is measured. If this
pressure differs from the pressure Pi1 of the un-
disturbed column of the soil 2 overlaying the blade
4, an axial force P: is applied to the blade 4
through the shaft 3 to equalize the pressures P



5 EP 0416 104 A1 6

and P3;. Taking into account that L1 =20 m and
t1 =8 cm, measurements of the pressure P3 are
taken beginning with, e.g., L3=185 m. Let
P3; =0.48 MPa. In this case the pressure coming on
the lower surface 7 of the blade exceeds the pres-
sure P: of the undisturbed column of the soil 2
overlaying the blade 4. To reduce the pressure P;
to 0.4 MPa, an axial force P. directed upwards is
applied to the blade 4 through the shaft 3. main-
taining the pressures Py and Ps; at the common
lavel, the shaft 3 is lowered integrally with the
blade 4 to the depth Li. The screwing operation is
discontinued and axial static loadings Ps, Ps, Py
and Pg:(Fig.4)/ of downward direction are applied to
the shaft 3, whereby each successive loading ex-
ceeds the preceding one by the same amount,
before displacements Ls, Ls, L7, Ls {(not shown) of
the shaft 3 in response to the loadings are mea-
sured. These displacements are: Ls = 1.8 mm due
to Ps=0.1 MPa, Ls = 2.1 mm due to P¢ = 0.2
MPa, Ly =2.0 mm due o P7=0.3 MPa, Lg = 2.4
mm due to Pg= 0.4 MPa. The bulk modulus and
other characteristics of stress-strain behaviour of
the soil are calculated from these data.

Another development of the disclosed invention
is adapted to test fine compact sand with a density
of 2.1 gicm3. A foundation with a width of 10 m is
required for erecting a building in this case. Con-
sequenily, the depth L (Fig. 5) of the soil layer fo
be tested is approximately 10 m. This layer 8 of
the soil 9 is schematically confined between
dashed lines.

The test is carried out with aid of a shaft 10
with a helical blade 11 of the dimensions as fol-
lows: shaft length, Lio = 13 m; shaft diameter, d2
= 11.4 cm (Fig. 6); blade diameter, D2 = 27.7 cm;
blade pitch, t2= 5 cm.

The pressure Py (Fig. 5) of the undisturbed
column of the soil 9 overlaying the blade 11 is 0.21
MPa at the depth Ls.

The shaft 10 is placed vertically at the surface
12 of the soil 9, the blade 11 downwards, and is
screwed into a layer 13 of the soil 9 overlaying the
tested layer 8 by applying a turque M2=0.3 im
and an axial downwardly directed force P10 =0.75
i, deforming thus the layer 13. At a depth of T m
(not shown) the force P1g is removed.

At a depth L1+ = 8 m (Fig. 7) the pressure P14
of the soil 9 on the lower surface 14 of the blade
11 is measured, being 0.05 MPa. It will be noted
that the depth Li1 is less than the depth Lio by
Li2= 2 m. Since the pressure Piy1 coming on the
lower surface 14 of the blade 11 is less than the
pressure Ps of the undisturbed column of the soil 9
overalying the blade 11, an axial force Pi2 of
downward orientation is applied to the blade 11
through the shaft 10 owing whersto the pressure
P11 increases from 0.05 MPa to 0.21 MPa. Keeping
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the pressures Pg and Pi: at the same level, the
shaft 10 is screwed integrally with the blade 11
down to the depth Ls where the tested layer 9
occurs. At this depth (Fig. 8) the torque M: is
removed, so that the screwing action is discontin-
ued, and four axial static loadings P13, P14, Pis,
P1s of downward direction are applied fo the shaft
10, each successive loading excseding the preced-
ing one by the same amount. The displacements
Lis, L1a, Lis, Lis (not shown) of the shaft 10 in
response to the loadings are measured, being as
follows: L13 =0.9 mm due to P13 = 0.1 MPa, Py, =
0.7 mm due o P12 = 0.2 MPa, L15 =0.9 mm due to
P14=0.3 MPa, Lig=1.0 mm due to P:¢ =0.4 MPa.
The bulk modulus of the soil and other characteris-
tics of its stress-strain behaviour can be calculaied
from these data.

Industrial Applicability

The disclosed invention may be of uiility in
testing the soil founded whersupon will be impor-
tant structures such as nuclear units of atomic
power stations, hydroelectric plants and large in-
dustrial buildings.

Claims

1. A soilitesting method consisting in screwing a
shaft (3, 10) with a helical blade (4, 11) at-
tached to the lower end thereof into the soil (2,
9) so as to deform a layer (6, 13) of the soil (2,
9) overlaying a layer (1, 8) subjected to the
test, discontinuing the screwing operation
when the blade (4, 11) reaches a depth (L;, La)
occuring whereat is the layer (1, 8) subjected
to the test, applying static axial loadings (Ps,
Ps, P7, Ps, P13, P14, P15, P16) of downward
direction to the shaft (3, 10) -- whereby each
succeeding loading exceeds the preceding one
by the same amount -- and measuring dis-
placements (Ls, Ls, L7, Ls, Lis, Lia, Lis, Lig)
of the shaft (3, 10) in response to the loadings
(Ps., Ps, P7 Pg, Pis, P14, P1s, Pig), character-
ized in that an axial load (P«, P12) bringing to a
common level pressures (P:, P3, Pa, P11) is
applied to the blade (4, 11) through the shaft
(3, 10) if the pressure (P3, P11) exerted by the
soil (2, 9) on the lower surface (7, 14) of the
blade (4, 11), as measured at a depth (Ls, Li1)
of the soil (2, 9) which is less than the depth
(L1, Lg) of the layer (1, 8) subjected to the test
by an amount (L4, L12) exceeding the pitch (i1,
t2) of the blade (4, 11), differs from the pres-
sure (P1, Pg) of an undisturbed column of the
soil (2, 9) overlaying the blade (4, 11).
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