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Abstract Chemical stabilization is one of the most suc-
cessful among the techniques devised for reducing the
volumetric changes of expansive soils. Lime and cement,
fly ash and pond ash, calcium chloride and calcium silicate
are some of the additives used for stabilizing expansive
soils. This paper presents the influence of ground granu-
lated blast furnace slag (GGBS) on swell-compressibility
characteristics of a remoulded expansive clay passing
475 mm sieve. FSI, rate and amount of heave, swell
potential (S%), swelling pressure (p;), coefficient of com-
pressibility (a,), compression index (C.) and linear
shrinkage (LS) of GGBS—clay blends were studied varying
the GGBS content such as 0, 4, 8 and 12% by dry weight of
the soil. It was observed that swellability and compress-
ibility of the expansive clay decreased with increasing
GGBS content. At 12% GGBS, the amount of heave was
the lowest. The paper compares the effect of 12% GGBS
on clay lumps passing 4.75 mm sieve and clay powder
passing 425 pym sieve. While swell potential (S%) was
found to be more for clay powder than for clay lumps at
12% GGBS, swelling pressure was higher for clay lumps
than for clay powder. The paper also presents FSI data on
clay-lime blends with varying lime content. As 4% lime
resulted in the highest reduction of FSI, two more series of
swell-consolidation tests and FSI tests were conducted on
GGBS-—clay blends to which 4% lime was added. Inter-
esting phenomena were observed which the paper discusses
in detail.
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Introduction

The problems associated with expansive soils as regards
their swelling and shrinkage corresponding respectively to
absorption of water and loss of water have been recorded
all over the world. Civil engineering infrastructure founded
in expansive soils experience incalculable distress owing to
their susceptibility to undergo swelling and shrinkage,
resulting in a huge financial loss [1-3]. It was estimated
that the annual cost of damage done to civil engineering
structures founded in expansive soils was at $1000 millions
in the USA, £150 millions in the UK, and many billions of
pounds worldwide [4].

To counteract these problems posed by expansive soils
and mitigate the distress done thereby, various innovative
foundation practices were suggested. These include phys-
ical and chemical alteration, sand cushion and CNS layer,
drilled and belled piers, undereamed piles and granular pile
anchors [1, 5-11].

In physical alteration a non-swelling, chemically inert
material such as sand or gravel is mixed with expansive
soils to minimize heave. In cushion techniques, either sand
cushion or CNS layer replaces the top few layers of
expansive soils to minimise volume changes. Drilled piers
or straight-shafted piers are anchored in the inactive zone.
They counteract swelling through friction. In belled piers
there is an enlarged base by virtue of which shearing
resistance is mobilized over an enlarged perimeter.

Under-reamed piles are bored cast in situ piles with
enlarged bases called bulbs, connected at the top by plinth
beams [8]. In this case also, swelling is counteracted by
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frictional resistance mobilized over a larger perimeter
because of the bulbs. In granular pile-anchors, the foun-
dation is anchored at the bottom of the granular pile by
means of an anchor provided in the granular pile. Here the
concept is that resistance to heave is mobilized because of
the shear parameters (¢’ and ¢') of the interface of
expansive clay and the granular material of the pile.

Chemical stabilization is also a successful method of
arresting heave of expansive soils. In this technique,
chemical reagents are added to expansive clays for ame-
liorating their properties [1]. Some of these chemical
reagents include lime, calcium chloride, cement, fly ash,
pond ash et cetera. Lime, which is available in two forms,
namely, quick lime and hydrated lime, is an effective
pozzolanic material. Flocculation and cementation are two
important reactions that take place upon adding lime to
expansive clays. While flocculation reduces plasticity and
swelling, cementation causes increase in strength through
development of cementitious products [I, 12-15].
Phanikumar et al. [16] developed an innovative technique
called fly ash columns (FACs) for expansive clay beds.
Calcium chloride is a deliquescent salt which is hygro-
scopic in nature that absorbs water from the atmosphere
and prevents shrinkage cracks [17, 18].

Cement is an excellent additive to clays as regards
strength. Cement is preferred to lime if increase in strength
vis-a-vis reduction in volume change is the criterion [1].
Fly ash and pond ash are industrial by-products which are
produced in huge quantities, the disposal of which is a
major concern. Both are silt-sized materials, which are
chiefly siliceous and pozzolanic in nature. Both these ashes
reduce plasticity and swelling [12, 19-21]. Ground gran-
ulated blast furnace slag (GGBS) is also an industrial by-
product resulting from the fusion of limestone flux with
coal ash and siliceous and aluminous residue remaining
after the reduction and separation of iron from the ore.
GGBS basically consists of silicates and alumino-silicates
of lime [22, 23]. Research showed that GGBS can also
effectively reduce plasticity, and increase strength of clays
[22-25].

This paper not only explores the efficacy of GGBS in
reducing free swell index (FSI), swelling and compress-
ibility of highly expansive clays, but also compares the
influence of higher GGBS content on the behaviour of
expansive clay lumps and clay powders. The paper also
studies the effect of 4% lime on swell-consolidation
behaviour of GGBS—clay blends. As lime-activated GGBS
was found to be an effective stabiliser for clays [26], and
lime is an effective pozzolanic agent causing flocculation
[27], it was contemplated to study the effect of lime—GGBS
combination on swelling properties of expansive clays. 4%
lime was chosen in the blend as it resulted in the highest
reduction of free swell index (FSI). Further, it was also
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reported that addition of GGBS to clay-lime mixes resulted
in a dramatic reduction in expansion resulting from the
relative balance between competing hydration reactions
[27].

Experimental Investigation
Test Materials

A highly swelling expansive clay collected at a depth of
1 m from the ground level from the town of Bhimavaram,
Andhra Pradesh, India, was used in the experimental
investigation. It had a free swell index (FSI) of 145%.
Based on its LL of 78% and PI of 49%, the soil can be
classified CH as per ASTM D2487. GGBS was collected
from Venspra Labs Limited, Andhra Pradesh, India. It was
a non-plastic, silt-sized material. Lime used in the inves-
tigation was Ca(OH), powder. Tables 1 and 2 show
respectively the index properties and chemical composition
of the soil and GGBS. The chemical properties of the
expansive soil were obtained through a chemical analysis
while those of the GGBS were supplied by Venspra Labs
Limited, Andhra Pradesh, India.

Table 1 Index properties of expansive clay

Property Standard designation ~ Value/remarks

ASTM D854-02 2.69
ASTM D4318-00 78
ASTM D4318-00 29
ASTM D4318-00 49
ASTM 98 D422-63 0
ASTM 98 D422-63 01
ASTM 98 D422-63 39
ASTM 98 D422-63 60
ASTM D5890-02 145
ASTM D2487-00 CH

Specific gravity

Liquid limit (%)

Plastic limit (%)

Plasticity index (%)
Gravel (%) (> 4.75 mm)
Sand (%) (4.75-0.75 mm)
Silt (%) (0.075-0.002 mm)
Clay (%) (< 0.002 mm)
Free swell index, FSI (%)
USCS classification

Table 2 Chemical composition of expansive soil and GGBS

Component Quantity (%)

Soil GGBS
Silica (SiO,) 56-63 40.0
Alumina (Al,O3) 19 13.5
Ferric oxide (Fe,O3) 7.8 1.8
Calcium (CaO) 3.28 39.2
Magnesium (MgO) 2.63 3.6
Sulfur trioxide (SOs) - 0.2
Sodium (Na,O) 52 -
Loss on ignition 0.23 0.0
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Quantities Determined and Variables Studied

Free swell index (FSI), rate and amount of heave, swell
potential (S%), swelling pressure (p;), coefficient of com-
pressibility (a,), compression index (C.) and linear
shrinkage (LS) of the GGBS—clay blends were determined.
GGBS content was varied as 0, 4, 8, and 12% by dry
weight of the soil. In swell-consolidation tests, the initial
water content (w;) of the specimens was kept constant at
0% and the dry unit weight (y,) was kept constant at
12 kN/m”. Initially, a series of FSI tests was performed on
lime—clay blends with varying lime content in order to
assess the optimum lime content.

Tests and Procedures
FSI Tests

Free swell index tests were conducted according to ASTM
D5890. For the FSI tests, oven-dried expansive soil fraction
passing 425 um sieve was used. 10 grams of oven-dried
soil was poured each into a 100 ml cylindrical jar con-
taining kerosene and another 100 ml cylindrical jar con-
taining de-ionized water. The jars were made to stand for
24 h and the volumes of the soil in the jars containing
kerosene (Vi) and de-ionized water (Vy,) were noted. FSI,
according to [28], is determined as

FSI tests on lime—clay blends and GGBS—clay blends were
also performed in a similar fashion, replacing the expansive
clay by the required amounts of lime and GGBS, as the
case may be, by dry weight.

Swell-Consolidation Tests

The oven-dry expansive clay passing 4.75 mm sieve was
weighed corresponding to the y, chosen and the volume of
the consolidation ring (diameter = 60 mm, height = 20
mm) for conducting one-dimensional swell-consolidation
tests. However, in the tests on GGBS—clay blends, the clay
was replaced by the required amount of GGBS based on its
dosage. The GGBS—clay blends were thoroughly mixed
and statically compacted in the consolidometer ring in four
layers each of 5 mm thickness so as to ensure a uniform y,,.
A filter paper and porous stone were placed above and
below the sample, and this unit was placed in the con-
solidometer after positioning the loading pad. This
assembly was mounted on the loading frame, and the
samples were allowed to undergo free swell by inundation
for 72 h under a nominal surcharge of 5 kPa. After the
equilibrium heave, the samples were subjected to consoli-
dation under increased vertical stresses.

As 12% GGBS resulted in the least value of heave, its
effect on swell-consolidation behaviour of expansive clay
powder passing 425 pum sieve was also investigated. Fur-
ther, in additional tests on FSI and swell-consolidation
data, 4% lime was added to the GGBS—clay blends, and
tests were performed following the procedures detailed
above. As 4% lime resulted in the least value of FSI, its
effect on the swell-compressibility behaviour of GGBS—
clay blends was also studied. In the swell-consolidation
tests on GGBS—clay blends to which 4% lime was added,
the oven-dry expansive clay was replaced by lime and
GGBS based on their dosages.

Swell potential (S%) was determined as the ratio of
increase in thickness (A4H) to the initial thickness (H),
expressed as S%. And swelling pressure (p,) was deter-
mined from the e-log p curves as the pressure corre-
sponding to the initial void ratio.

Discussion of Test Results

Figure 1 shows the variation of free swell index (FSI) with
lime content. FSI decreased significantly with increase in
lime content. When lime content increased from O to 4%,
FSI decreased from 145 to 61.5%, showing a reduction of
57.6%. The reduction of FSI with increase in lime content
can be attributed to (i) the replacement of expansive clay
particles by non-expansive lime particles, and (ii) floccu-
lation which is an important effect that lime produces upon
being added to clays in presence of water. As the swelling
expansive clay particles are replaced by non-swelling lime
particles, FSI decreases. Moreover, lime is a most effective
pozzolanic agent causing quick ‘flocculation’. This also
effectively reduces FSI.

Figure 2 shows, by comparison, the variation of FSI
with additive content in the case of GGBS—clay blends and
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Fig. 2 Variation of FSI with additive content

of GGBS—clay blends to which 4% lime was added. FSI
decreased significantly with increasing GGBS content.
When GGBS content increased from 0 to 12%, FSI
decreased from 145 to 54% showing a reduction of
62.75%. As mentioned above, the reduction of FSI can be
attributed to (i) the replacement of expansive clay particles
by non expansive GGBS particles, and (ii) flocculation
occurring through pozzolanic reaction. FSI of montmoril-
lonite clays depends upon the particle size. As montmo-
rillonite clay particles are fine particles, their FSI values are
high. As the non-plastic, silt-sized GGBS particles replaced
the clay particles, the average particle size of the blends
increased. Hence, FSI of the blends decreased with
increase in GGBS content. Further, flocculation caused by
highly siliceous GGBS particles [22, 29, 30] also increased
the particle size, which also led to reduction in FSI.
Phanikumar and Sharma [13] and Phanikumar [15] also
reported a similar observation pertaining to FSI of swelling
clays blended with silt-sized fly ash. Further, when 4%
lime is added to the GGBS—clay blends, more effective
flocculation would occur in the blends, reducing the free
swell index (FSI) further. When 4% lime was added to the
GGBS-clay blends, FSI decreased from 145 to 43% as
GGBS content increased from 0 to 12%, indicating a
reduction of 70.3%.

Figure 3 shows the rate of heave profiles of clay-GGBS
blends in the form of heave (mm) and log time (minutes)
plots. The data pertain to different GGBS contents (0, 4, 8
and 12%). The equilibrium heave was attained by the
specimens in 3 days (4320 min). The unblended specimen
(0% GGBS) resulted in a heave of 1.41 mm. However,
when GGBS was added to the clay in increasing amounts,
heave decreased significantly. The measured heave (mm)
was 1.41, 1.12, 1.0 and 0.88 mm respectively for GGBS
contents of 0, 4, 8 and 12%. When expansive clay particles
are replaced by non-expansive GGBS particles, interaction
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Fig. 3 Rate of heave (GGBS)

between the clay particles decreases, resulting in reduced
amount of heave. Further, flocculation taking place upon
adding GGBS to the expansive clay would also effectively
reduce heave. Therefore, swell potential (S%) of the blend
samples was 7.0, 5.6, 5 and 3.9% respectively for the
GGBS contents of 0, 4, 8 and 12%.

Figure 4 shows the rate of heave profiles of unblended
expansive clay (0% additive) and clay—-GGBS blends (0, 4,
8 and 12%) to which 4% lime was added. The unblended
specimen (0% additive) resulted in an equilibrium heave of
1.41 mm as mentioned above. However, when GGBS was
added to the clay in increasing amounts in the presence of
4% lime, heave decreased significantly. The measured
heave (mm) of GGBS—clay blends to which 4% lime was
added was 1.21, 1.35, 0.93 and 0.73 mm respectively for
the GGBS contents of 0, 4, 8 and 12%. When expansive
clay is replaced by non-expansive GGBS and lime, heave
decreases. Moreover, flocculation taking place upon adding
GGBS and 4% lime to the expansive clay would also
effectively reduce heave [15, 27]. Hence, swell potential
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(8%) of the above GGBS—clay—4% lime blends was 6.05,
6.75, 4.65 and 3.65% respectively for the GGBS contents
of 0, 4, 8 and 12%. The addition of lime modifies the
electric double layer, reducing the thickness of the adsor-
bed water layer and thus reducing the swelling capacity;
further, flocculation also occurs [27]. It was also reported
that addition of GGBS to clay-lime mixes resulted in a
dramatic reduction in expansion resulting from the relative
balance between competing hydration reactions [27].
Another curious point which may be highlighted in respect
of 4% lime specimens is the attainment of equilibrium
heave in a short time duration of 10 min or so, which
indicates that lime-induced reactions such as hydration and
flocculation are quite fast at higher lime contents. This is
also an observation in agreement with recent research [31].
Obuzor et al. [26] also reported that lime-activated GGBS
was an effective binder for clays.

Figure 5 shows, by comparison, the variation of swell
potential (§%) with additive content in the case of GGBS-
clay blends and of GGBS—clay blends to which 4% lime
was added. S% decreased continuously with increasing
GGBS content. However, when 4% lime was added to the
GGBS—clay blends, an increase in S% was found at 4%
GGBS compared to 0% GGBS. This could be attributed to
the possibility that the heat release caused by 4% lime was
more influential in heave spike than 4% GGBS (see Fig. 4).
At higher GGBS contents, however, S% decreased.

Swelling pressure (p;) of GGBS-clay blends was
determined from e-log p curves as the pressure corre-
sponding to the initial void ratio e,, which was 1.24. Fig-
ure 6 shows the e-log p curves of GGBS—clay blends for
different GGBS contents. The swelling pressure (p,) was
88, 80, 65 and 60 kPa respectively for the GGBS contents
of 0, 4, 8 and 12%. As GGBS content in the blends
increased, heave decreased and so, swelling pressure also
decreased.
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Fig. 5 Variation of swell potential with additive content
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Figure 7 shows the e-log p curves of unblended
expansive clay (0% additive) and of clay—-GGBS blends (0,
4, 8 and 12%) to which 4% lime was added. The e-log p
data show that swelling pressure (p,) could not be deter-
mined for GGBS—clay blends when 4% lime was added. At
4% lime, strong cementitious products develop in the blend
samples rendering them very hard. Hence, they could not
be compressed back to the initial void ratio; so, swelling
pressure could not be determined. Figure 8 shows the
variation of swelling pressure (p;) with GGBS content.
When GGBS content increased from 0 to 12%, p;
decreased from 88 to 60 kPa, indicating a reduction of
32%.

Figure 9 shows, by comparison, the variation of coeffi-
cient of compressibility (a,) of GGBS—clay blends and of
GGBS-clay blends to which 4% lime was added. a,
decreased significantly with increase in GGBS content.
This is evident in samples having higher GGBS contents
producing strong cementitious bonds. a, decreased from
0.0022 to 0.0009 m*kN when GGBS content increased
from O to 12%, indicating a reduction of 59%. In the case
of 4% lime samples, the reduction in a, was even steeper.
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When 4% lime was added to the GGBS—clay blends, a,
sharply decreased from 0.0022 to 0.00014 m*kN (indi-
cating a reduction of 93%) when GGBS content increased
from O to 8% and thereafter it remained constant. This is
evident in GGBS—clay samples having 4% lime also pro-
ducing strong cementitious bonds.

Figure 10 shows by comparison, the variation of com-
pression index (C.) of GGBS—clay blends and of GGBS-
clay blends to which 4% lime was added. C. decreased
from 0.585 to 0.239 when GGBS content increased from 0
to 12%, reflecting a reduction of 59%. When 4% lime was
added to the GGBS-clay blends, C. evinced a sharp fall
from 0.585 to 0.0372 (indicating a reduction of 93%) when
GGBS increased from 0 to 8% and thereafter it remained
constant.

Figure 11 shows, by comparison, the variation of
rebound (mm) of GGBS—clay blends and of GGBS—clay
blends to which 4% lime was added. When GGBS content
increased from 0 to 12%, rebound decreased from 0.7 to
0.19 mm, indicating a reduction of 73%. As compress-
ibility decreased with increased GGBS content, rebound
also decreased. When 4% lime was added to the clay
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sample alone (0% GGBS), rebound showed a significant
reduction from 0.70 to 0.16 mm indicating a reduction of
77%. And when 4% lime was added to GGBS—clay blends,
rebound decreased from 0.16 to 0.06 mm (indicating a
reduction of 62.5%) as GGBS increased from 0 to 12%.

Figure 12 shows, by comparison, the variation of linear
shrinkage (%) of GGBS—clay blends and of GGBS—clay
blends to which 4% lime was added. When GGBS content
increased from O to 12%, linear shrinkage (LS) decreased
from 11 to 2%, indicating a reduction of 82%. When 4%
lime was added to the clay sample alone (0% GGBS), LS
showed a striking fall from 11 to 5% indicating a reduction
of 55%. And when 4% lime was added to GGBS—clay
blends, LS decreased from 5 to 1% (indicating a reduction
of 80%) as GGBS increased from 0 to 12%. As swelling
decreased with increasing GGBS content, shrinkage also
decreased accordingly.

Table 3 shows the entire test data.

As 12% GGBS yielded the lowest amount of heave in
the case of oven-dry clay lumps passing 4.75 mm sieve, its
effect was studied on oven-dry powder too, of the same
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clay passing 425 um sieve, for the sake of comparison. A
one-dimensional swell-consolidation test was conducted on
the blend of GGBS—clay powder having a GGBS content of
12%. Heave, swell potential (S%), swelling pressure (py),
compressibility (a,), compression index (C.), rebound and
linear shrinkage (LS) were determined as in the case of
lumps. Figure 3 shows the rate of heave plot of 12%
GGBS-clay powder also vis-a-vis that of clay lumps. There
was a discrepancy found between the values of heave et
cetera of lumps and those of powder. While the initial
density, the initial water content and the initial surcharge
pressure on the samples remained the same in both the
cases, the factor causing this notable difference could be
the texture of the soil. While one sample was of lumps, the
other was a thorough powder.

Table 3 shows that heave and swell potential values at
12% GGBS were more for the clay powder than for the
lumps. Heave at 12% GGBS was respectively 0.88 and
0.79 mm for the powder and the lumps. The lower value of
the heave in the case of lumps can be attributed to the
difficulty in water reaching all the unsaturated pockets
within the clay lumps in the process of developing

Table 3 Summary of test data

equilibrium heave; and the higher value of heave in the
case of clay powder can be attributed to the relative ease
water would have in saturating the uniform, dry clay
powder. Thus the clay powder resulted in higher amounts
of heave and swell potential than the clay lumps.

Swelling pressure (p,) at 12% GGBS was determined as
60 and 52 kPa respectively for clay lumps and clay pow-
ders. Figure 6 shows the e-log p curve of 12% GGBS-clay
powder also vis-a-vis the e-log p curves of clay lumps.
Effective penetration of GGBS into the lumps would be
difficult, but whatever amount of GGBS that penetrated
would develop flocculation and cementation and the
remaining amount of GGBS would form a matrix
enveloping the lumps. The combined effect of lumps,
flocculation and the GGBS matrix was to offer more
resistance to the applied pressure. Hence, p; was higher in
the case of lumps. However, in the case of clay powder,
GGBS would cause flocculation, and the saturated sample
would undergo more compression under the applied loads
than would the lumps, so that the resulting swelling pres-
sure (p,) in the case of clay powder was lower. Hence, as
the compressibility of powders would be higher than that of
lumps, a, and C, were higher for clay powder than for clay
lumps (see Table 3). For the same reason, rebound was also
higher for clay powder than for lumps.

Conclusions

The following conclusions can be drawn from the forego-
ing experimental study:

1. Free swell index (FSI) decreased significantly with
increasing GGBS content, reflecting a reduction of
63% when GGBS content increased from 0 to 12%.
When 4% lime was added to GGBS—clay blends, FSI
further decreased indicating a reduction of 70.3% as
GGBS content increased from 0 to 12%.

Property determined GGBS content (%)

12% GGBS—clay powder 4% lime + GGBS content (%)

0 4 8
FSI (%) 145 84 69
Heave (mm) 1.41 1.12 1.0
Swell potential (%) 7.05 5.6 5
Swelling pressure, p, (kPa) 88 80 65
Coefficient of compressibility, a, (mzlkN) 0.0022 0.0020 0.0011
Compression index, C, 0.585 0.532  0.292
Rebound (mm) 0.7 0.56 0.43
Linear shrinkage (%) 11 7 5

12 - 0 4 8 12

54 - 62 92 65 43
0.79 0.88 1.21 1.35 0.93 0.73
3.95 4.4 6.05 6.75 4.65 3.65
60 52 - - - -
0.0009 0.0014 0.0005 0.0003 0.0001 0.0001
0.239  0.387 0.133  0.077 0.037  0.037
0.19 0.28 0.16 0.12 0.10 0.06

3 5 5 3 1
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Upon addition of GGBS to the expansive clay, both the
amount of heave and rate of heave decreased. When
GGBS content increased from 0 to 12%, heave
decreased from 1.41 to 0.88 mm, showing a reduction
of 38%. The amount of heave and rate of heave
decreased further when 4% lime was added to GGBS-
clay blends. As GGBS content increased from 0 to
12%, heave decreased from 1.21 to 0.73 mm when 4%
lime was added to GGBS—clay blends.

Swelling pressure (p,) also decreased with increasing
GGBS content in the blends. Swelling pressure
decreased from 88 to 60 kPa when GGBS content
increased from 0 to 12%, indicating a reduction of
32%. However, swelling pressure (p,) could not be
determined when 4% lime was added to GGBS—clay
blends as 4% lime caused development of strong
cementitious bonds.

Coefficient of compressibility (a,) and compression
index (C.) of the GGBS—clay blends (both determined
for the pressure range of 80-160 kPa) decreased
significantly with increasing GGBS content. a, and
C, decreased by 59% when GGBS content increased
from O to 12%. And when 4% lime was added to
GGBS-—clay blends, a, and C. decreased by 93% as
GGBS content increased from 0 to 12%.

Rebound and linear shrinkage of the GGBS-clay
blends respectively decreased by 73 and 82% when
GGBS content increased from 0 to 12%. And when 4%
lime was added to GGBS—clay blends, rebound and
linear shrinkage respectively decreased by 62.5 and
80% as GGBS increased from 0 to 12%.

A one-dimensional swell-consolidation test performed
on the blend of GGBS—clay powder having a GGBS
content of 12% indicated that heave and swell
potential were higher for clay powder than for clay
lumps, all the placement conditions for both being the
same. This is attributable to the difficulty in water
reaching the unsaturated pockets within the clay
lumps. However, swelling pressure (p;) was found to
be slightly more in the case of clay lumps than in the
case of clay powder. This is attributable to the lumps
resisting the applied compressive loads more effec-
tively than the clay powder. Hence, a, and C. were
also found to be higher for clay powder than for clay
lumps.
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