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The main object of this paper is to relate the mechanical behaviour of undisturbed
samples of weathered granite soils to the degree of weathering. Four samples of
decomposed granite soils, having different degrees of weathering, are treated in this
paper.

In the former part, results of the drained triaxial compression tests on a less
weathered sample, which is a typical example of decomposed granite being in a
transition state between a rock and a soil, are presented and mechanical
characteristics are discussed. This sample behaves as a typical elastic and strain-
softening plastic material when subjected to the shear stress : The deviator stress
decreses by 809 of the peak value to the residual ; as it softens, volume increases by
as much as 10%.

In the latter part, effects of the weathering on some mechanical parameters are
discussued by evaluating the degree of weathering by the initial void ratio e,., The
results of triaxial tests show that, with higher values of e,, the effective angle of
internal friction ¢’ decreases, shear modulus of elasticity G also decreases and the
compressibility expressed by the compression index C. increases.

Key words : Decomposed granite soils, Drained triaxial compression tests, Effective angle of internal friction,
Shear modulus of elasticity, Compression index, Initial void ratio
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1. Introduction

It is said that 13% of the country area of Japan is covered or consisted
with granite rock mass or decomposed granite soils. Granite has played a
very important role as a foundation rock mass or as a construction
material. The importance will increase more and more as a number of large
scale construction projects are being planned.

On the other hand, it is also the case that we have had many
damages resulted from the failures of natural slopes consisted of decom-
posed granite soils. Decomposed granite soils have certain unknown proper-
ties from engineering view point although studies on their physical and
mechanical characteristics of them have developed recently.

In the field of soil mechanics, decomposed granite soils are
usually treated as one of special soils although the engineering wuse of
them is not rare but very usual. As one of the reasons, we must cite the
difficulty of sampling and testing their undisturbed samples. One of the
special, if we are allowed to say so, characteristics different from other
sedimentary soft rocks or soils may be the susceptibility to the destruc-
tion of their original internal structure or fabrics. Such problems as
structure or fabrics must be concerned with the weathering.

To investigate the mechanism or the cause of the weathering is of
course important, however, for soil engineers who must usually encounter
the weathered state resulted from the process of weathering, it is more
important and indispensable to investigate the mechanical or physical
properties of weathered soils, and also to relate them to the degree of
weathering. If we succeed in relating these two, the practical application
of the studies on the mechanical characteristics will be possible.

A main object of this Paper is to relate the mechanical behaviour
of wundisturbed samples of weathered granite soils to the degree of weathe-
ring. Four kinds of samples are treated in this Paper; relationships of
their mechanical parameters to the degree of the weathering are examined on
the basis of the results from the drained triaxial tests performed on them.

Another object is to show the mechanical behaviour of a less
weathered sample , being in a transition state between a rock and a soil.
It appears to be a soft rock rather than a soil but can be easily pulve-

rized as is the case with common decomposed garanite soils.
2. Samples
Samples of which mechanical behaviour will be discussed in this Paper were

from three sites within the Chugoku district in Japan. In the following a

sample name will be denoted by the site at which the sample was taken out.
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Table 1: Physical properties of samples

Sample Name TOTTORI KAGAWA-B KAGAWA-C OKAYAMA
Specific Gravity Gg 2.65 2.64 2.68 2.67
Ignition Loss (%) 7.35 - - 1.87
Initial Void Ratio eg 0.751 0.515 0.387 0.19
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Fig.l: Grain size distribution curves.

Average values of some measures which can be effective in estima-
ting the degree of weathering of the sample are presented in Table 1. Tpe
grain size distribution curves are shown in Fig.l. As can be seen from the
table and the figure the degree of weathering is different between the
samples: the Tottori sample is an extremely weathered one; and the Kagawa -
B and -C are well weathered but less than the Okayama. Especially, the
Okayama sample has a very low value of only 0.19 of the initial void ratio;
it appears to be a soft rock rather than a soil, but can be easily distur-
bed, as is the case with commonly encountered decomposed granite soils.

for the detail of the method for preparing undisturbed specimens
of the Tottori and Kagawa samples, a previous paper[l] should be referred
to. The method applied to the Okayama sample will be described briefly in
the following.

The Okayama sample was taken from a slope at a borrow-pit in
Wake-Cho, Okayama prefecture. Naturally made cubical blocks of about
30x30x30 (cm) were brought to the laboratory; the blocks were frozen in a
electric freezer. They were further frozen by the liguified nitrogen just
before the coring. The frozen blocks were bored by the use of a boring

machine with a special core bit. The core bit used for this sample has the
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same shape as that of the core bit originated in Ehime University[2].
Cylindrical specimens of 5 cm in diameter and 10 cm in height were made and

served for triaxial tests.

3, Mechanical Behaviour of a Less Weathered Granite Soil with High

Density

3.1 Testing Procedure
Methanical behaviour of only the Okayama sample will be presented here
because those of other samples were already discussed elsewhere[1], [3].
Isotropic cconsolidation drained triaxial compression tests (CID)
were performed. Speciméns were left in the triaxial cell for more than 12
hours to be melted before the consolidation. The isotropic consolidation
pressure were varied ranging from 40 to 300 kPa. After the consolidation
the strain~controlled triaxial compression was performed; the axial defor-

mation rate was 1.5x10~3 cm/min.

3.2 Stress Strain Behaviour

Fig.2 represents the relationships between the deviator stress and the
axial strain. As can be seen in the figure, for any confining stress the
deviator stress, increases to a peak value with a high 1linearity and
drastically decreases after the peak. The brittleness index proposed by
Bishop[4] that expresses the degree of the softening is 90-80% for this
sample.

In Fig.3 the relationships between the volumetric strain and the
axial strain are shown. For any confining stress the volume of a specimen
decreases in the beginning of the deformation and subsequently increses due
to the dilatancy as the deformation develops. The change in the volumetric
strain attenuates when the deformaetion develops to the residual state. It
should be noted here that the degree of the dilation is larger for the less
confining stress.

Fig.4 represents the variation of the void ratio e during the
shearing deformation with the effective mean normal stress p. The wvoid
ratio e does not change in the beginning of the deformation and there is
found strong linearity in the relationship. In the stage where the lineari-
ty is reserved the dilatancy does not yet occur; just before p reaches the
peak value, e begins to increase due to the positive dilatancy; and the
positive dilatant behaviour becomes more extensive after the softenig
occurs.

The slope of the linear portin observed in the beginning part
where no dilatancy yet occurs corresponds to the compression index Cc; the

avarage value of 6.05x10-3 was obtained for this sample.
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3.3 Strength Behaviour
In Fig.5 peak and residual values of the deviator stress are plotted versus
confining stress, respectively. In tﬁis figure the results of the tests in
which the lateral stress was not held constant are ‘also included because
the effective stress parameters at failure will not be affected by stress
paths. There is scatter for the resudual values, since all the specimens
did not reach the complete residual state as 1is shown in Fig.2.
Two straight lines drawn in the figure, one for the peak and one
the residual state, were obtained by the use of the least square method.
According to the relationships expressed by these two lines, strength
parameters in terms of effective stresses can be obtained. The values of
the parameters, ¢' and c', are given in the figure. c' and ¢ ' decreases
by about 150 kPa and 23°, respectively, from the peak to the residual
state. Thus the decrease in values of strength parameters is extraordinary.
We find that the value of ¢' at the residual state is nearly the
same as the peak value of ¢' of the Tottori sample (see Fig.8); this
implies that the decrease in strength due to the weathering is well compa-
rable to its decrease caused by the shear deformation. The weathering is a
long term effect, whereas shear deformation in the laboratory is a short

term effect. The strength decrease due to the weathering will be discussed

later.
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Fig.5: Effective stress states at the peak and residual

3.4 Elastic properties
By defining the elastic state as the state under which the stress-strain

relationship is linear and dilatancy does not occur, two elasticity para-
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meters can be determined, the shear modulus G and the bulk modulus K.
Values of G were determined as the slopé of the initial linear portion of
the stress-strain relationships shown in Fig.2 ; those of K were deter-
mined by the following expression:

K=1n10. I(l+e)/Cc

where Cc is the slope of the linear portion of an e-log p relation shown in

1 < D |

Fig.4.

In Fig.6 G is plotted versus the confining stress; and in Fig.7 K
is plotted versus the mean effective normal stress p. It can be seen from
these figures that G increases linearly with the confining stress and K

also increases linearly with the effective mean normal stress.

3.5 Summary of the stress-strain behaviour

The sample Okayama, which has not heavily been weathered, behaves as a
typical elastic and strain-softening plastic material when subjected to the
shear stress; deviator stress decreases by 80% from its peak to the resi-

dual. As it softens, it dilates and the volume increases by as much as 10%.

R

8 ( CD TRIAXIAL FESTS
< 8_ o 1 SAMPLE: CKAYAMA
o
% o/ [ ﬁ
[} ° = [
o @l =
3 a
2 ° CD TRIAXIAL TESTS Rl
=] ,0/ §
x
Kl SAMPLE: BKAYAMA g
; o
o + t t — e e . S —
i] 100 200 300 400 0 am a0 80 a0 1000
CONFINING STRESS (kPa) EFFECTIVE MERN NBRMAL STRESS p (kPe)
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4. Degree of weathering and the mechanical characteristics

4.1 Measure of the degree of weathering

Effects of the degree of weathering on the mechanical characteristics will
be examined on four samples shown in Table 1. We have some measures that
can express the degree of the weathering of granite: for example, the
Ignition Loss, X-ray diffraction intensity, specific gravity of feldspar,
apparent specific gravity, in-situ porosity and so on. In this article ,

the initial void ratio ,i.e., the void ratio that the sample possessed in
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the field, will be adopted as a measure ; for the practical use this void
ratio may be replaced by the value of the void ratio when the sample is

taken to the laboratory without disturbing.

4.2 Loss of strength due to the weathering

In Fig.8 the peak value of the effective angle of internal friction ¢' 1is
plotted against the initial void ratio. ¢' was determined for the range of
the confining stress less than 1 MPa ; with a different range of the
confining stress the value of ¢' would be different somewhat from that
shown in the figure. It can be seen in the figure that ¢' tends to dec-
rease with the increase in the initial void ratio.

This tendency is similar to the case of sands[5] as to sands the
relationship of ¢' to the initial void ratio depends on the grain size and
the shape of particles[G]. In the case of decomposed granite soils, the

¢'—e0 relation , like that shown in Fig.8, might depend on the type of their

original granite rocks.
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Fig.8: Relationship between effective angle of friction and void ratio

4.3 Effect of the weathering on the shear modulus of elasticity

Shear modulus of elasticity G is plotted agaist the initial void ratio in
Fig.9. In the figure the modulus is normalized by the confining stress; in
general the relationship between G and the confining stress is not a
straight 1line passing the origin, for example, as already observed in
Fig.6; therefore, even for a certain value of the initial void ratio the
normalized shear modulus is not constant but varies within some range. This
range is limitted for a sample. It is seen from Fig.9 that G decreases

exponentially with the initial void ratio eq for a given confining stress.
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4.4 Effects of the weathering on the compressibility

On the basis of the results from a triaxial compression test during which
the confining stress is held constant, the compression index Cc’ which is
defined as the compressibility under the all round stress state, can be
determined in the way described below.

So long as the shear deformation is small, the dilatancy does not
occur and the e-log p relation is to be linear; the slope of the line can
be considered as the compression index Cc’ because the change in e does not
include the change due to the deviatoric component of stress.

Cc determined by such a way is plotted against the initial void
ratio eq in Fig.10. This figure shows, although some scatter is found,
that, as eo increses, Cc increases and tends to reach a limitted value of
about 0.2,

Furthermore, if the 1linear portion of the e-log p relation is
also elastic, as was the case with the sample Okayama, the bulk mudulus of
elasticity K can be determined from Cc using eq.{(1); therefore, the re-
lation as shown in Fig.l10 will be usefull for estimating K.
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5. Conclusions

Four samples of decomposed granite soils, having different degrees of
weathering, from three sites within the Chugoku district in Japan are
treated in this paper.

In the former part of the Paper, results of the drained triaxial
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compression tests on less weathered sample was presented and mechanical
behaviour was discussed. This sample behaves as a typical elastic and
strain-softening plastic material when subjected to the shear stress; the
deviator stress decreases by 80% from the peak to the residual. As it
softens, it dilates and the volume increases by as much as 10%.

In the latter part of this paper, effects of the weathering on
the mechanical behaviour was examined on the basis of the results from
drained triaxial compression tests performed on the four samples. The
degree of weathering was evaluated by the initial void ratio eq-

The effective angle of internal friction ¢' decreases with the
increase in eqy- The obtained relationship between ¢' and eq is similar one
as that obtained for sands. The residual value of ¢' of the sample having
the lowest value of eq 0.19 was comparable to the peak value of ¢' for
the sample having the highest value of e0,0.75.

The shear modulus of elasticity G decreases exponentially with
the initial void ratio for a given confining stress.

The compressibility, evaluated in terms of the compression index
Cc’ increses withe the increase of the initial void ratio. In certain
cases, Cc can be related to the bulk modulus of elasticity K by an expres-
sion (1), therefore the Cc -eq relation obtained here will be useful for

estimating K.

References

[1] shibata,T., Shimizu,M. and Tsuji,T.(1982): Strength and Deformation
Characteristics of Undisturbed Decomposed Granite Soil Based on Triaxial
Tests, Annals of Disaster Prevention Research Institute, Kyoto
Univ.,Vol.25.B-2, pp.113-129. (in Japanese)

[2] Yagi,N. and Yatabe,R.(1985): A Microscopic Consideration on Shearing
Characteristics of Decomposed Granite Soil, Proc. of JSCE, No.364/I1I-4,
pp.133-141. (in Japanese)

[3] Shimizu,M.(1984): Drained Triaxial Behaviour of an Undisturbed De-
composed 'Granite Soil, Proc. of 36th Chugoku Regional Conf. of Civil
Eng.,pp.171-172, (in Japanese)

[4] Bishop,A.W.{1971): The Influence of Progress failure on the Choice of
Method of Stability Analysis, Geotechnique, Vol.21l, pp.168-172

[5] Row,P.W.(1962): The Stress-Dilatancy relation for Static Equilibrium of
an Assembly of Particles in Contact, Proc. Roy. Soc., A269, pp.500-527.

[6] Lambe,T.W. and Whitman,R.V.(1968): Soil Mechanics, Jhon Wiley & Sons.



