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Structural A s p e c t s  of Shearing Resistance of Clays

A s p e c t s  St r u c t u r a u x  d e  la Ré s i s t a n c e  au  C i s a i l l e m e n t  d es  A r g i l e s

E.M.SERGEYEV and

V.I.OSIPOV Dept, o f Soil Eng. and Eng. Geology, Faculty of Geology, Moscow State Univ., U.S.S.R.

SYNOPSIS Dependence of shearing resistance of clays on the type of structural bonds and 
the degree of orientation of clay particles in the shear plane has been studied. Investiga
tions were carried out with two types of tests being performed; the unconsolidated and the 
consolidated test. Microfabrics were characterized by the data of X-ray analysis and scan
ning electron microscopy. Based on the data obtained, the interrelation between the shape 
of S=/(<5) shear curve and the type of structural bonds is demonstrated, the effect of mi- 
crostructure on the shearing parameters established, and the nature of anisotropic behavior 
of clays at shear revealed.

Among numerous factors which control the 
most general features of strength and defo
liation behaviour of clays, the main role 
is played by structural bonds (Sergeyev et 
al.,1971; Osipov,1975)• Structural bonds 
are not being formed over the whole inter- 
phase of particles, but only at their cont
acts - the points where they most closely 
approach one another. It is customary to 
single out three main types of contacts in 
clays (Rebinder,1966) (Fig.1). Experimental

Fig«1 Types of contacts in clays: a-coagu- 
lation, b-transition (point), c-phase 
contacts.

studies performed by us on clays of differ
ent age, genesis and degree of lithificati- 
on made it possible to establish a substan
tial dependence of their shearing characte
ristics on the predominant type of contacts.

As it is seen from Fig.2-a, in clay depo
sits with distant coagulation contacts, as 
a result of the unconsolidated test, the 
structural net is destroyed, and the pore 
pressure increases causing S to decrease 
with the growth of normal load. By contrast, 
in the conditions of consolidated test, af
ter the structure is destroyed, the value 
of S increases due to the growth of the de
nsity of the system. Clay soils with close 
coagulation contacts can have a curved 
(convex) and a straight-line S=/(6) charac

Fig.2 Dependence of general shape of curves 
on the predominant type of contact in 
clays: a-distant coagulation, b-close 
coagulation, c-mixed (coagulation and 
phase), d-phase contacts.

teristic (Fig.2~b). Clays with mixed cont
acts, at normal loads less than the struc
tural strength (0<PC), have values some
what smaller than those in soils with phase 
contacts. At6>Pc their angle of internal 
friction, as a rule, decreases, especially 
in the conditions of undrained shear (Fig.
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2-c)♦ In clay eoile with strong phaae cont - 
acts, S=/(6) characteristic, up to conside
rable normal loads, is a straight line inc
lined to the absciss axis at a fairly high 
angle which does not depend on test condi
tions (Fig.2-d).

Contact interactions in clays are closely 
connected with the characteristic features 
of their microfabric. To study this effect, 
shearing resistance was determined in plane 
shear tests of two series of samples, pre
pared by compacting kaolinite paste with 
moisture content at liquid limit in a tri- 
axial apparatus and an oedometer v/ith step- 
-wise loading up to 10 kg/crn2. The final 
values of unit weight and moisture content 
were the same in both series of samples and 
amounted to 1.90 g/cm3 and 31%f respective
ly. As it was shown by the X-ray data and 
microphotographs obtained on a scanning el
ectron microscope, compaction in an oedome
ter causes the kaolinite particles to acqu
ire a well defined orientation in the plane 
perpendicular to the direction of the ap
plied load, and with stabilization In a tri- 
axial apparatus no such orientation is tak
ing place. Unconsolidated tests of the sam
ples obtained, sheared in the plane of par
ticle orientation, showed the shearing re
sistance of samples with orientated micro- 
fabric to be much smaller than that of sam
ples with non-orientated microfabric (Pig.
3), Shearing resistance Is being decreased

0 1 2 3 4 5 6
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Pig.3 Shearing resistance of kaolinite with 
orientated (1) and non-orientated (2) 
microfabric.

due to the decreasing structural cohesion 
(the value of Cu is 2 kg/cm2 in a triaxial 
apparatus and 0.4 kg/cm^ in an oedometer)» 
whereas 0U increases from 6° to 13° with 
the increase of clay particle orientation 
in the shear plane.

The microfabric effects described above un
derlie the phenomenon of the anisotropy of 
strength properties in clay soils. This is 
corroborated by the results of determining 
the degree of clay particle orientation in 
the bedding plane (Cp) and the coefficient 
of anisotropy of resistance to plane shear 
when the tests are conducted perpendicular 
and parallel to the bedding (S /S11 ). The 
correlation graph obtained (Fig,4) shows
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Fig.4 Coefficient of anisotropy of resist
ance to plane shear vs. the degree of 
clay particle orientation in bedding 
plane.

that, as one passes from soils in which pa
rticle orientation in the bedding plane is 
absent (Cp=;0.5) to those with a high degree 
of orientation (Cp~1), the coefficient of 
anisotropy of resistance to plane shear 
changes from 1 to 2.5*

CONCLUSIONS

General laws governing the variation of 
shearing resistance of clay soils with the 
type of structural bonds have been estab
lished. It is shown that, with the variati
on of structural bonds, the S=f(0) curve in 
the practical range of normal loads can 
have a straight-line, a convex or, on the 
contrary, a concave shape. With the growth 
of degree of clay particle orientation in 
the shear plane the structural cohesion is 
found to decrease and the shearing resist
ance of claya to become lower. At the same 
time, a noticeable growth is observed in 
the coefficient of anisotropy of resistance 
to shearing.
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