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Abstract
Soil behaviour may be hinged on the relative composition and nature of arrangement of the various component
fractions embedded in the soil. Whether the component proportions of the fines (silt/clay) are interwoven within
the voids of coarse (sand) grains, or that the coarse grains are dispersed within the fines mass would determine
sandy or clayey soils characteristics. Density and voids ratio assessments of tropical residual soils were conducted
in this study on compacted reconstituted binary blends of fines and coarse soils which were also subjected to cy-
cles of sustained compression loads. The soil was separated into fines and coarse fractions by sieving through a
75µm sieve. Reconstituted soil samples were prepared from these two fractions in varying percentages ranging
from zero fines content (0:100) to 100 percent fines fraction (100:0) in 10 percent increment. The results indicate
that the moisture contents and changes in density due to moisture movements were insignificant for fines less than
40 percent. Compacted density and voids ratios were optimally maximum and minimum with values of about
2000kg/m3(dry density) and 0.2 respectively at fines contents of 20 percent. An optimal degree of saturation was
also obtained at 20 percent fines. Optimum moisture contents were also obtained at about 30 percent with the cor-
responding optimum dry densities ranging from 2100kg/m3 to 2200kg/m3 from compression tests. The thresholds
fines content therefore would depend on the stress state of the soil and may be about 20 or 30percent for subgrade
assessments or geotechnical considerations respectively and beyond the threshold fines content the fines fraction
makes up the stress-carrying matrix for the soil mass thus controlling the soil behaviour. .
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1. INTRODUCTION
The effects of fines on varied physical and engi-

neering properties of soils have been of increasing
concern to several researchers. Some of these in-
vestigated the effects of plastic fines [1–6]; while
others worked on non-plastic fines ([7–13]. One
notable characteristic highlighted is the threshold
fines content at which various engineering prop-
erties of the soil change as observed by the vari-
ous researchers. Some of the characteristics that
have been related to fines content include lique-
faction potential, soil response to cyclic loading,
shear stress, compression behaviour and soil me-
chanical behaviour. These researches also show
the underlying importance of knowing the thresh-
old fines content of certain soils as these could as-
sist engineers in taking measures to reinforce the
soil against any potential catastrophic failure to
existing or intending structures to be placed on it.
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Threshold fines content recorded for various
soils were done based on varied soil parameters
investigated by various researchers. The param-
eters investigated include critical state parame-
ters, liquefaction potential and susceptibility, soil
mechanical instability (shear stress) and consoli-
dation behaviour. Generally, the fines content ob-
served for all the soils investigated in these works
can be categorized into two broad groups, namely
cohesionless and cohesive fines. For cohesionless
soils, the fines content are in the range of 15 to
40% although most of the threshold content were
between 20 and 35%. The cohesive fines were re-
ported to be between 20 and 30%.
When liquefaction potential of soils were in-

vestigated, the threshold reported for the soils
were generally 20 and 30%, although extremes be-
tween 15 and 35% were also observed in few cases
[3, 6, 11, 13, 14].
Threshold frequency observed by the re-

searchers mentioned above reveals that sand
containing fines have much greater resistance
than clean sand with the same SPT N-Value. It
also shows that the tendency becomes signifi-
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cant as fines content increases and that no soil
containing more than 20% fines liquefied. The
results also show that beyond the threshold fines
content the fines fraction make up the stress-
carrying matrix or skeleton for the soil mass thus
controlling the soil behaviour. Of significance
also is that below the threshold fines content,
liquefaction potential of the soil decreases with
increasing fines but the behaviour is reversed
once the threshold fines content is exceeded.

On the effect of silt content on void ratio, the
threshold content was in the range of 30 to 40% for
both cohesionless soils investigated. The general
trend is that at constant confining pressure, as the
fines content increases, the void ratio decreases
until the threshold fines content was reached. The
reverse however became the case as the fines con-
tent increased beyond the threshold where fur-
ther increase in the fines content resulted in in-
crease in the void ratio [14]. When four mixtures
of non-plastic fines and sand were experimented,
Toyoura sandmixedwith crushed silica fines, Toy-
oura sand mixed with glass beads, Fujian sand
mixed with crushed silica, and Fujian sand mixed
with glass beads. It was reported that all four
mixtures show a trend that the maximum void
ratio first decreases and then increases with in-
creasing fines content. The fines content marking
the transition appears to be around 40%, which
can be roughly regarded as the threshold fines
content of the mixtures [8].

Soil mechanical behaviour and mechanical in-
stability were also investigated to determine the
threshold fines content at which the soil charac-
teristics change from being coarse-grained skele-
ton governed to being fines grained governed. The
threshold content for this behaviour is generally
in the range of 20 to 35% both for plastic and non-
plastic fines. The conclusion reached was that be-
yond the threshold, fines content becomes respon-
sible for the true behaviour of the soil. The lower
threshold values were usually those of plastic soils
while the higher values were those obtained for
cohesionless soils. Contractive phase behaviour
was reported at fines contents below the threshold
content while dilatancy phase behaviour was re-
ported beyond the threshold fines content. For the
case of coarse grained skeleton, the coarse grain
contacts play a primary role, whereas with the
increase of fines content, the fine grain contacts
begin to play an increasingly important role as
the coarse grains become dispersed in a system
wherein they provide a secondary reinforcement
effect. This was also reported for compression be-
haviour of cohesionless soils [1, 2, 5, 7, 9, 10].

Owing to the vital role threshold fines content
play in the evaluation of various engineering char-
acteristics of soils, the density and void ratio char-
acteristics of reconstituted tropical residua red
soil was investigated in this study with a view
to determining the threshold fines content of the
soil.

2. MATERIALS AND METHODS
Soil samples were obtained from sampling

depths of 1.50 to 3.0 metres below natural ground
level (mbgl), within the premises of the Univer-
sity of Benin. The choice of sampling depth is
that majority of foundations installed in this soil
are shallow foundations and the depths of foot-
ings are often within this range. These recov-
ered soil samples were taken to the laboratory and
identification tests performed on representative
samples. The fines were obtained by sieving the
soil through 75micron sieve size with the residue
of silt and clay taken as the fines. The soil re-
tained on the 75 micron was soaked in a solu-
tion containing 4percent sodium hexametaphos-
phate compound for a minimum of 20 hours, and
was thereafter sieved through a 75micron sieve.
Soil fraction retained on the sieve was isolated
and termed the “coarse fraction”. The fines and
coarse fractions were reconstituted and experi-
mentally examined with varying proportions of
fines (clay/silt) to coarse fractions from nil to
100percent fines. Table 1 shows the manner in
which the soil was reconstituted.
Various geotechnical tests were performed on

the reconstituted samples which included mois-
ture content determination, density measure-
ment and Oedometer consolidation tests. The lab-
oratory compaction was carried out using stan-
dard laboratory test method as described in stan-
dard code of soils testing. [15]. The soil was com-
pacted by dropping a steel mass onto thin layers
in a cylindrical mould using an amount of com-
paction energy per unit volume giving by:

Energy= m×h×b×n
V

(1)

where m = mass or weight of hammer, h = height
of drop, b = number of blows per layer, n = number
of layers and V = volume of mould.
The BS light compaction (Proctor method)

which utilises a 2.5kg rammer was used in the ex-
periment. Soil preparation procedures included
curing the reconstituted samples compacted at
the optimum moisture content of the mix for a
minimum of 20 hours. The soil was compacted
in three layers of equal thickness into the com-
paction mould of 1000cm3. Each layer received 25
blows from the rammer falling through a height
of 300mm.
The Oedometer test was carried out as out-

lined in relevant sections of the standard [15].
Some aspects include the use of a rigid confin-
ing ring to prevent lateral strains and produce K0
stress conditions and to prevent lateral drainage
thus ensuring one-dimensional drainage condi-
tions. Porous discs were also placed at the top and
bottom of each soil specimen to act as permeable
boundaries. The specimen height was 20mm, ex-
truded from the compaction mould with the same
treatment as outlined for the compaction sample
as stated above. Loading was applied through
a load hanger and a counter-balanced lever sys-
tem with a load ratio of about 10:1. Each pres-
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Table 1: Reconstituted soil fraction composition.

Reconstituted soil mix ratio Percentage of coarse fraction Percentage of fine fraction
(>75 microns sieve) (<75 microns sieve)

100A + 0B 100 0
90A + 10B 90 10
80A + 20B 80 20
70A + 30B 70 30
60A + 40B 60 40
50A + 50B 50 50
40A + 60B 40 60
30A + 70B 30 70
20A + 80B 20 80
10A + 90B 10 90
0A + 100B 0 100

sure increment was administered to the soil for
about 24 hours. A starting pressure of roughly
0.023N/mm2 was impacted to each soil sample.
Other pressures impacted from theweights are re-
spectively N/mm2, 0.091N/mm2, 0.181N/mm2 and
0.362N/mm2.
The equations used in determining the void ra-

tios of the reconstituted soils include:

e f = e i − 4H
Hi

(1+ e i) (2)

Where e f = equilibrium void ratio at the end of
consolidation, and e i = the initial void ratio, Hi
= the initial thickness for the pressure increment
(mm) and 4H = change in the thickness over the
pressure increment (mm).
Parameters which were used to determine the

threshold fines content of the soil include mois-
ture, density and void ratio characteristics. These
were chosen because of the contrasting behaviour
of these parameters before and after the thresh-
old fines content was attained. Some researchers
have also evaluated the threshold fines content
from similar parameters [2, 8, 14].

3. RESULTS AND DISCUSSION
3.1. Primary Soil Properties
The primary soil was as obtained from the site

before segregation into fines (silt/clay) and coarse
(sand) fractions. The results of identification as-
sessments and index tests are shown in Table 2.
The significant amount of fines in the primary

soil, the high plasticity index implies that the
soil has significant plastic characteristics andmay
likely pose compressibility challenges when sub-
jected to intense loading from structures. The
dominant clay mineral, Kaolinite would signifi-
cantly influence the characteristics of the soil.

3.2. Moisture-Density Characteristics of Re-
constituted Tropical Residual Soil

The optimum moisture content increases with
higher levels of fines content from all coarse to
100percent of fines. But the rise in the opti-
mum moisture content up until 40percent fines is
marginal, just 2.2 percent rise from 12.2 to 14.4

Table 2: Properties of the primary tropical residual
soil.

Test parameter Value
Natural moisture content 18.57 percent
Specific gravity 2.54
Percentage finer than 425microns 73.13 percent
sieve
Percentage finer than 75microns 43.0 Percent
sieve
Silt content 22.0 Percent
Clay content 21.0 Percent
Combined silt/clay content 43.0 Percent
Liquid limit 54.04 Percent
Plastic limit 32.84 Percent
Plasticity index 21.20 Percent
Colour Reddish brown
Activity [21] 1.010
Highway Research Board A-7-5(5)
Classification

percent. But the trend changes rapidly with in-
creased grade beyond 40 percent fines such that it
is more than doubled to 31.8 percent at 80percent
fines and was 37.2 percent at 100 percent fines.
This is illustrated in Fig. 1.
Therefore changes in the soil’s fines content be-

tween zero and 40 percentmay not affect themois-
ture content of the soil and in this assessment it
can be considered to remain approximately con-
stant at 13.3 percent. The fines content of the pri-
mary soil was found to be 43 percent and the as-
sociated optimum moisture content of the recon-
stituted soil is about 16.4 percent. These condi-
tions may be assumed to be sufficiently close in
character to the reconstituted soils. The primary
soil may be existing at optimum moisture condi-
tions, and reconstituting at the optimummoisture
at approximately the same fines content may re-
produce samples with close enough characteris-
tics with the primary soils. It can therefore be
deduced that reconstituting soils are fairly repre-
sentative when certain soil characteristics are de-
sired such as the optimum moisture content.
There is increase in densities as soon as fines

fractions are introduced into the sand sample.
The increase continues until maxima(2300 and
2000kg/m3) are achieved at about 20percent fines
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Figure 1: Optimum moisture content of of reconstituted soils.

for both the bulk and dry densities respectively.
Thereafter, the densities reduce steadily until the
fines contents reach 80percent. Between 80 and
100percent fines in the reconstituted soil, the bulk
density trend reverses and thereafter increases in
the same order of preceding grade approach, but
the dry density appeared to be constant within
this terminal range. This trend is illustrated in
Fig. 2.
The trend shows that at fines content less than

20 percent, the soil matrix characteristics is gov-
erned by coarse fractions hence increase in fines
and water content resulted in the matrix being
well packed until the maximum densities were
recorded at 20 percent fines content.
The relative proportions of the dry density to

the bulk density are illustrated in Fig. 3.
The trend shows that the ratio reduces

marginally within 90 and 87 percent for fines con-
tent less than 40 percent where the ratio is 0.874,
but the absolute grade of reduction increases
rapidly for soils with more than 40percent fines.
The proportion is 0.782 and 0.729 at 80 and

100percent fines contents respectively. The reduc-
tion in density associated with complete loss in
moisture can therefore be assumed to be constant
at an average of 11.5percent for fines contents less
than 40percent, but can be as much as 22 and 28
percent at 80 and 100 percent fines contents.
It could be inferred that the corresponding loss

of mass in surcharging operations could be signif-
icant even at an intermediate level of 15percent
loss of density. The shift in pivotal behaviour at 40
percent fines contrasts with the optimal densities
which occurred at 20percent fines content. This
shows that beyond the threshold fines content the
fines fractionmakes up the stress-carryingmatrix
or skeleton for the soil mass thus controlling the
soil behaviour.
The voids ratio characteristics with increasing

fines content is illustrated in Fig. 4. The charac-
teristics changes at optimum moisture content of

20%. Initial increase in fines content
from zero resulted in a reduction in void ratio

from its initial value of over 0.4 to the minimum
value of about 0.2 at 20 percent fines. Further
increase in fines content resulted in steady in-
crease in voids ratio until the maximum void ratio
was observed at fines content of about 80 percent
which remained fairly constant with further in-
crease in fines content up to 100percent fines con-
tent. This characteristic also highlights 20 per-
cent fines content as the threshold beyond which a
change in the characteristics of the reconstituted
soil with respect to voids ratio was observed [8].
The degree of saturation of the compacted re-

constituted soils show that at maximum density
conditions the soil may rapidly reach saturation
at 10 percent fines content. Figure 5 highlights
the degree of saturation characteristics with in-
creasing fines content.
The degree of saturation of the reconstituted

soils initially increased to the maximum at 20per-
cent fines content and remained fairly constant
thereafter until the fines content reaches about 70
percent where further drop in the saturation was
observed. The saturation was also examined for
the intermediate primary soil which was consid-
ered to be soil reconstituted at 40 percent fines
content. The change in the saturation with in-
creasing fines content is also shown in Fig. 5.
Assuming a constant voids ratio of the inter-

mediate soil level of reconstitution but with the
equivalent moisture conditions at the various
stages of reconstitution, the degree of saturation
was reexamined. The intermediate primary soil
apparently became saturated at about 44percent
fines and 17percent moisture content. These ob-
servations are sufficiently close to the condition of
the primary soil, and the implication could be that
with the appropriate compacting effort saturation
of the primary soil can be achieved at the natural
moisture content. Beyond the intermediate soils
condition, the degree of saturation increased pro-
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Figure 2: Densities of the reconstituted soils.

Figure 3: Proportion of changes between the bulk and dry densities of reconstituted soils.

Figure 4: Voids ratio changes of reconstituted soils.
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Figure 5: Degree of saturation of the reconstituted soils.

gressively until it became maximum at 100per-
cent fines content.
The ease with which saturation and even over-

saturation was achieved should be noted. Satu-
ration implies that all the voids spaces are filled
up with moisture. Oversaturation would suggest
that the moisture may be holding the soil parti-
cles apart, or that the soil particles are floating.
It’s however not clear where the excess moisture
of oversaturation is located, it may be suggested
that the moisture could have been absorbed by the
clayminerals thereby removingmoisture from the
pore spaces or soil matrix, otherwise pore pres-
sures would inadvertently develop.
Most tropical red soils are classified as unsat-

urated soils and unsaturated soils’ principles are
recommended for their assessments. With the ob-
served characteristics of these reconstituted soils,
there is strong evidence that not all tropical red
soils exists in unsaturated state but their degree
of saturation may be a function of their fines con-
tent.
3.3. Reconstituted Soil Properties under Oe-

dometer Uniaxial Compression Condi-
tions

The voids ratios and densities characteristics
of the reconstituted soils with increasing fines
contents are shown in Fig. 6 and 7 respectively.
There is reduction in density and consequent in-
crease in void ratio resulting from relief as the soil
is extracted from the compaction mould. These
changes affect soils with fines content less than 70
percent and confining pressures of 0.180N/mm2.
The reduction in densities is generally less than 5
percent but for 10 and 20percent fines the reduc-
tions are within 10 and 15percent.
The bulk densities increased for higher confin-

ing pressures with consequent reduction in voids

ratios. But with increasing fines content the den-
sity increased until 30 percent fines and there-
after the bulk density reduces steadily until for
every loading cycle initially increased until a fines
content level of 80percent beyond which the den-
sities are constant for cell pressures less than
0.045N/mm2, but for higher cell pressures it is
another phase of density increase until the maxi-
mum fines content of 100 percent.
The observed voids ratio behaviours are in re-

versal of the density trends, the voids ratios re-
duced for increasing densities. There were reduc-
tions in voids ratios until the minimum voids ra-
tio occurred at 30 percent fines and thereafter in-
creased for each load cycle until 80percent fines
content, after which samples subjected to cell
pressures of 0.045N/mm2 and below exhibited no
further significant change in voids ratios, but for
higher confining pressures there were reduction
in voids ratio. This puts the threshold fines con-
tent at 30 percent because after attaining this
content, the behaviour of the soil became govern
by the fines content hence the contrasting charac-
teristics.
The saturation of the samples is nevertheless

expected to increase with reducing voids spaces
and reduce with higher voids content. For the
various load cycles the saturations increased until
maxima were achieved at 30percent fines, which
is also the reconstituted soil condition for themax-
imum density and minimum voids ratios. This
again pegs the threshold fines content at about
30 percent [2]. Figure 8 illustrates the trends
in degree of saturation with increasing fines con-
tent. For samples confined with cell pressures
as high as 0.045N/mm2 the saturation increases
until fines content of about 25 percent when the
soil becomes saturated, the saturation increases
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Figure 6: Soils voids ratio with changes in fines content.

Figure 7: Soil bulk densities at various levels of fines content.

Figure 8: Degree of saturation of reconstituted soils under sustained oedometer uniaxial cell pressures.
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to maximum of just under 115 percent and there-
after reduced and at 35 percent fines the soil
becomes unsaturated again and becomes about
90 percent at 40 percent fines. Saturation in-
creased steadily again from this constitution and
at 65percent the soils become saturated, and at
100percent fines the degree of saturation was
133.5 percent. At the conditioning cell pressure of
0.023N/mm2 the saturations are a little less but
follows the same trend pattern as the reconsti-
tuted soils confined at 0.045N/mm2. For higher
confining pressures the voids contents are lower
and higher saturations were achieved for each re-
constitution.
With increasing fines and under higher confin-

ing pressures, saturations were achieved at fines
contents within 20 and 25 percent. This rose to
maxima of between 117 and 140 percent for con-
fining pressures range of 0.091 – 0.362 N/mm2 for
reconstituted soils with fines content of 30 per-
cent. The saturation thereafter reduced for in-
creasing fines content until fines content of 40 per-
cent when the trend reverses and the saturation
increased again. For the highest confining pres-
sure of 0.362 N/mm2, the reconstituted soils re-
mained saturated from 20 to 100 percent fines
content. But for confining pressures of 0.091 and
182 N/mm2, there were intermediate phases of
unsaturation at 37 – 47 and 39 – 43 percent fines.

4. CONCLUSION

The influence of varying fines content on the
density and void ratio characteristics of reconsti-
tuted tropical red soil was investigated and the
findings are:

1. Increase in fines content initially led to an in-
crease in the density of the reconstituted soil
until the maximum density value is reached
at about 20 percent fines content before fur-
ther increase in fines content resulted in con-
tinuous decrease in the density of the recon-
stituted soils.

2. For fines contents less than 40 percent the op-
timummoisture remained approximately un-
affected at a constant value but increased lin-
early for higher moisture contents.

3. The optimal minimum voids ratio was associ-
ated with the maximum density at 20percent
fines. The degree of saturation initially in-
creased with additions of fines and saturation
at optimummoisture content was achieved at
just less than 10percent fines. But when ex-
amined by oedometer one dimensional com-
pression assessments, the maximum densi-
ties, minimum voids ratio and maximum de-
grees of saturation all occurred at 30percent
fines, but saturations were achieved at within
20 and 25percent fines respectively associ-
ated with the highest and lowest confining
cell pressures.

4. Optimum fines content would therefore de-
pend on the state of stress of the soil, when
compacted irrespective of the state of stress
would be in the range of 20 to 30 percent al-
though effects of moisture movements are not
expected to have significant effects for fines
contents less than 40percent. A change in the
behaviour of reconstituted lateritic soil with
respect to void ratio, optimum moisture con-
tent, degree of saturation, was observed at an
optimum(threshold) fines content.
This shows that beyond the threshold fines
content the fines fraction makes up the
stress-carrying matrix for the soil mass thus
controlling the soil behaviour
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