
CORRESPONDENCE 

MICROSCOPIC STRUCTURES IN KAOLIN SUBJECTED TO DIRECT SHEAR 

(MORGENSTERN, N. R. & TCHALENKO, J. S., Gbotechnique 17, No. 4, 309-328) 

This Paper and a closely related publication on methodology by the same Authors (1967a) 
may raise some doubts on the course the Authors have chosen to study relationships between 
soil fabric and soil mechanical behaviour. 

The Authors seem to be unaware of the fact that the idea of using and adapting principles 
and techniques developed in rock fabric analysis to soil fabric studies in relation to soil 
mechanical behaviour, has already been discussed by Sander (1939). It has been restated 
again, simultaneously by Altemtiller (1962) and Lafeber (1962), and has been used syste- 
matically since then (Fookes, 1965; Fookes and Wilson, 1966; Lafeber, 1965, 1966; Lafeber 
and Willoughby, 1967; Willoughby, 1967). It is regrettable, therefore, that the Authors 
have failed to recognize the full consequences of the concept when they categorically state 
that ‘An original fabric will be either random or will display a planar preferred orientation’. 
There has been ample evidence available for a number of years (e.g. Sander, 1930, 1948; 
Kubiena, 1948; Pettijohn, 1957; Turner and Weiss, 1963; Brewer, 1964; Lafeber, 1965, 1966) 
to show that this is an unacceptable simplification for both rocks and soils. 

Unfortunately, their assumption has led the Authors to advocate the use of a photo- 
metric method for measuring the degree of orientation of clay minerals in thin sections. They 
seem to be unaware of the fact that this method has been proposed (and used) simultaneously 
by Wu (1958) for clays and by Martinez (1958) for quartzites. Both Wu and Martinez 
stressed that the method is only applicable to monomineralic materials with the very simplest 
orientation patterns. The Authors have restricted themselves in both papers to pure kaolin- 
ite, but the title of their first paper ‘The optical determination of preferred orientation in 
clays and its application to the microstructure in consolidated kaolin’ implies a much wider 
applicability of the photometric method, namely to clays in general. It needs hardly be 
said that strictly monomineralic natural soils or clays with the very simplest possible (i.e. 
planar) orientation pattern are rare. 

In addition, it may be emphasized that the photometric method on its own cannot meas- 
ure apparent birefringence, a scalar quantity dependent on crystal orientation. It only 
measures the intensity of the interference colour, that for a standard thickness (O-03 mm) 
section of kaolinite happens to be white (to the. eye). For a similar 0.03 mm section of illite 
or montmorillonite, however, the interference colour will be yellow, brown or even reddish 
or bluish. The measured intensities, therefore, also depend among other factors on the 
colour sensitivity of the measuring device. As the photometric method only integrates 
light intensity over a certain area, it tends 

(a) to produce, when the light intensity is plotted against the direction in the thin 
section, generally rather complex graphs. These may be difficult to interpret 
as a thin section is only a two dimensional sample of a usually complex three 
dimensional fabric arrangement pattern (see also Martinez, 1965) 

(b) to obscure the presence of minor quantities of the mineral studied with a preferred 
orientation significantly different from that of the bulk of the material. These 
may well influence or even control certain initial phases of the deformation. 
There is evidence of the occurrence of such ‘orientation minorities’ in several 
of the photographs presented by the Authors. 
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Apparent birefringence (actually the retardation) of individual aggregates, however, can 
be measured by means of a Berek compensator (Schmidt, 1957; Lafeber, 1967). 

Unfamiliarity with certain optical phenomena and techniques on the part of the Authors 
is again suggested by their preoccupation with form birefringence and their attempts to 
prove that this phenomenon is absent in their material. Form birefringence occurs in two- 
component systems only under the following conditions: 

(a) one of the components consists of non-equidimensionally developed particles (e.g. 
platelets or rod-like shapes) that are small compared with the wavelength of the 
light. The second component (or matrix) is frequently a liquid or similar sub- 
stance 

(b) the particles, embedded in the matrix, show a strictly preferred orientation pattern, 
generally of a very simple type 

(c) either of the two components can be optically isotropic or anisotropic 
(d) the refractive index (or indices) of the one component is (are) significantly different 

from that (or those) of the other component. 

It has been shown experimentally (e.g. Ambronn and Frey, 1926) as well as theoretically 
(Wiener, 1913; Ambronn and Frey, 1926; Wachtler, 1927; Schmidt, 1957) that such a com- 
pound system will display birefringence (termed form birefringence) even when the two 
components themselves are optically isotropic. The refractive indices, and therefore the 
form birefringence of the system depend on 

(a) the difference(s) between the intrinsic refractive indices of the two components 
(b) the volumetric proportions of the two components in the system. 

Consequently, in the present circumstances, form birefringence should be accepted as addi- 
tional evidence of preferred orientation. 

Apart from its irrelevance, the Authors’ ‘proof’ of the absence of form birefringence in 
their material is meaningless because there is no guarantee that the quoted comparative 
birefringence figure of 0.007 for kaolinite does not include in itself a contribution (although 
not very likely) due to form birefringence. Form birefringence can indeed be troublesome 
(Grim, 1953) during the determination of the absolute values of the refractive indices of 
clay minerals by means of the immersion method (Milner, 1962). This is irrelevant, how- 
ever, in the present context. It is finally rather obscure how the Authors justify the elimina- 
tion of an absorption factor in their ‘normalized intensity’ measurements (Morgenstern and 
Tchalenko, 1967). 

It is certainly unfortunate that the Authors have put so much effort into attempts to 
develop the Wu-Martinez photometric method with its built-in, fundamental deficiencies, 
instead of concentrating on a further development of other proven, more powerful optical 
techniques (see e.g. Freund, 1957). 

The kinematical observations (apart from the use of a modified, sometimes confusing 
Sander terminology) of the Authors have been preceded, forty years ago, by the classical 
experiments and observations of Cloos (1928) and Riedel (1929) (see also Skempton, 1966). 
The similarity between several photographs published by Cloos and by Riedel and those by 
the Authors is particularly striking. As a result of their experimental arrangement Cloos 
and Riedel were able to make a clear distinction between tension and shear discontinuities 
and to follow their development and behaviour continuously while the deformation was in 
progress. Both Cloos and Riedel mention, for instance, the initiation of tension discontinui- 
ties well before the development of shear discontinuities. There is in addition ample geo- 
logical field evidence for the occurrence of both phenomena (e.g. Balk, 1937). The ‘post- 
mortem’ technique used by the Authors ignores this significant distinction. 

Furthermore, Cloos and Riedel experimented with very much larger clay samples and 
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were able therefore to ignore the edge effects for all practical purposes. In the Authors’ 
experiments, however, the edge effects are so pronounced even before peak strength, that 
it is extremely difficult to imagine how any influence of the original fabric on peak and resi- 
dual strength could ever demonstrate itself. In effect it would seem that the samples, 
even at an early stage of the experiments, have to be considered as ‘remoulded’ material 
and that most of the failure phenomena as well as the strength are a priori controlled by the 
particular set of experimental conditions. Well founded, contradictory evidence emphasiz- 
ing the influence of natural and artificial soil fabric on soil strength has been presented by 
several others (e.g. Hvorslev, 1937, 1960; Bishop, 1966; Duncan and Seed, 1966). 

It is again unfortunate that the Authors have spent so much effort on a material, certainly 
with a rather simple fabric pattern, on which a complex, partly unknown stress configuration 
obviously obscures the influence of the fabric pattern on the deformation and the strength. 
Clearly, real progress in the study of the influence of soil fabric on soil mechanical behaviour 
can only be expected if the total fabric patterns of a variety of natural soils are studied and 
described in detail Appreciable direct and indirect support can be expected in many in- 
stances from the principles and techniques developed and the vast amounts of evidence 
collected in the fields of structural geology and rock fabric analysis. At some future stage 
this knowledge may allow artificial soil models, more closely resembling actual materials 
than that made by the Authors, to be prepared, tested, and observed under precisely known 
stress and strain conditions. Until such time, unfortunately, there seem to be few worth- 
while, if any, methodological short cuts. 
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* * * 

The Authors have described experiments to study the effect of shear induced fabric on 
the resistance of a kaolin clay. Both this Paper and other papers by Morgenstern and 
Tchalenko (1967 a and b) are valuable contributions in the study of the role of orientation 
of particles and discontinuities in the mobilization of shear resistance of soils. They have 
conclusively shown that the birefringence ratio is independent of the thickness of the sec- 
tion and that the carbowax present does not affect this value. 

According to Skempton (1964) the shear resistance of clays is reduced due to the preferred 
orientation of clay particles along the failure plane. The larger the degree of orientation, 
the nearer the value of residual angle of shear resistance 41 to &, the angle of friction for 
the mineral, which may be considered to be the Hvorslev’s angle of friction for the clay in 
the orientated state. The results obtained by the Authors in the present study are very 
significant. It is seen that the highly orientated structure of kaolin did not substantially 
affect the value of & even when the direction of orientation was parallel to the direction of 
shear, whereas a precut plane reduced it to nearly half the value, which incidentally corres- 
ponds to the value of $, for the mineral. This also agrees with the large reduction in 4 
for soils with repeated shearing found by Borowicka (1965). The Authors therefore rightly 
concluded that although the particle orientation is strong on the average, sufficient local 
deviations exist to deter failure taking place at the residual strength and a virtually perfect 
alignment (or discontinuity) is necessary for the same. 

In view of this it seems that in the case of a material like kaolin which exhibits a very 
high order of parallelism of the clay even at low stresses or states (West, 1964), the magnitude 
of the orientation does not signify that the value of & approaches 4,. The discontinuities 
seem to be the cause for this reduction. Studies on clays which do not exhibit such perfect 
orientation at low stresses are necessary to reveal whether the magnitude of preferred orienta- 
tion is a measure of & and whether at perfect orientation & corresponds to 4,. 

I have studied the role of soil structure on Hvorslev’s angle of friction in the case of a 
montmorillonitic clay (Narain and Ayyar, 1967). In the experiments triaxial compression 
tests were conducted on different states of the clay. After failure the soil structure was 
measured from the slices cut out of the failure zone. Three methods, namely shrinkage 
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