

mailto:Samuel.abbey@southwales.ac.uk
mailto:apx290@coventry.ac.uk
mailto:aa7878@coventry.ac.uk
mailto:francis.tetteh@aspingroup.com







International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 10 (2018) pp. 8684-8694
© Research India Publications. http://www.ripublication.com

(a) Cement - 7days (b) Cement+ Bentonite - 7days
1.100 1.100
X K—XK
1.000 1.000 X%
@ 0.900 x X—X 0.900
s L o
5 5
© 0.800 o 2 0.800 o
S < o <
o o
S 0.700 o 2 0700 o
< > &
0.600 o 0.600 o
0.500 0.500
1 10 100 1000 1 19 }00 1000
log p (kPa) og p(kPa
& Unstabilized 6C 8c 19€ —%— 160 <& Unstabilized 3C+3B 4C+4B
nstabiiize 6C+6B % 8C+8B
(c) Cement +PFA - 7days (d)  Cement+PFA+GGBS - 7days
1100 1.100
1.000 1.000 o X—XK—x
x X—x X
x 0.900
@ 0:900 B o
o )
2 .2 0.800 o
© 0.800 o 5 o
2 © T 0.700 s
S o0.700 o
> oy S O
s 0.600 o
0.600 >
0.500
0.500 1 10 100 1000
1 10 100 1000 log p (kPa)
log p (kPa) & Unstabilized
2C+2PFA+2GGBS
<& Unstabilized 3C+3PFA AC+4PFA 2.667C+2.67PFA+2.67GGBS
4C+4PFA+4GGBS
6C+69FA *— 8C+8PFA % 5.33C+5.33PFA+5.33GGBS

Figure 1.0(a-d): Variation of void ratio of stabilised soils with effective stress
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Figure 2.0(e-h): Variation of void ratio of stabilised soils with effective stress after 28-days

The results show reduction in void ratio with increase in
effective stress as expected, due to increase in overburden.
Irrespective of binder types, void ratio decreases with an
increase in % of binder due to bonding effect of additives with
solid soil particles. The inclusion of by-product cementitious
materials increases the volume of solid particles and bonding
area. The void ratio of the improved soils decrease as the % of
binder combinations increases. However, 8% cement-bentonite
mix shows almost linear and lower variation in void ratio with
increasing overburden after 7 and 28days as shown in Figure
1.0(b) and Figure 1.0 (h). This is due to the expansive behaviour
of bentonite when in contact with water.
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Effect of porosity and density on UCS

In a study on use of fly ash and GGBS as partial replacement
of cement and lime by (Chao, Songyu and Yongfeng 2015), it
was observed from a microstructural analysis that fly ash
mainly alters the distribution of pore volume of the soil, and
produces more hydration compounds as a result of secondary
hydration and pozzolanic reactions. The present study has
investigated other properties of soil improved using
combination of this additives with reduced amount of cement.
The effect of porosity and density on unconfined compressive
strength (UCS) has been investigated. The results show that an
increase in % of additives causes decrease in porosity and
increase in density of cement and cement/PFA stabilised soil
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and hence, increase in UCS. Except at higher % of additive
(12% and 16% of additives) in C+PFA combinations as shown
in Figure 4.0, where the density of the improved soil decreases
at fairly constant porosity resulting to increase in UCS. This
implies that the % of additive and type of additive controls the
UCS of improved soils more than the influence of porosity and
density on UCS. This means that UCS depends more on the %
of additive and the type of additive than on porosity and density

of the improved soil. The porosity of samples improved using
C+PFA+GGBS and C+B also decreases with increase in % of
additives, resulting to increase in UCS as shown in Figure 3.0,
however, the reduction in density and increase in UCS shown
in Figure 4.0 again, is due to predominance of % and type of
additive on strength over porosity and density.
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Figure 4.0: Variation of unconfined compressive strength and density with % of binder
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Hydraulic conductivity changes with binder inclusion

The coefficient of permeability k values obtained from one-
dimensional consolidation test showed a bit of scatter as
expected however, some important trends were observed. The
results plotted in Figure 5.0 and 6.0 show the variation
hydraulic conductivity with degree of saturation of the
improved soil materials at different binder percentages after 7
and 28 days. Figure 5.0 shows that the addition of 6% - 16%

ttp://www.ripublication.com

drops the degree of saturation of the improved samples below
degree of saturation line of the unimproved soil due to
hydration reaction of cement and water, resulting to reduction
in hydraulic conductivity. A reduction in % of cement to 3%,
2% and 5.33% and inclusion of equal amount of PFA and
PFA+GGBS also reduces the degree of saturation and
hydraulic conductivity of the improved soil at the early stage of
hydration process.
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Figure 6.0: Variation of hydraulic conductivity and degree of saturation with % of binder
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The permeability and compressibility of stabilized soil is also
expected to vary with curing time due to the continuous binder-
soil reaction that occurs because of cement hydration (Ahnberg
2003). Figure 7.0 also shows that hydraulic conductivity
decreases with reduction in cement content and inclusion of
PFA and GGBS contents in the different combinations of

additives after 28days due to reduction in porosity of the
improved soils as % of additive increases as shown in Figure
7.0. Soil matrix consists of pores of numerous different sizes,
and the pores-fill performance of these additives differs and this
causes the variation in porosity of the improved soil across the
different additives and combinations as shown in Figure 7.0.
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Figure 7.0: Variation of hydraulic conductivity and porosity with % of binder after 7 and 28 days.

The ease by which water flows through soil is highly dependent
on porosity and it is evident that reduction in porosity
accompanied by reduction in hydraulic conductivity of the
improved soil is because of decrease in distances between
individual soils particles due to bonding. The dependency of
coefficient of hydraulic conductivity of soils on porosity has
been explained using existing empirical relations as shown in
Equations 1.0, (Slichter, (1899), Kozeny (1927)). Equations 1.0
empirically shows the direct proportionality of coefficient of
permeability (hydraulic conductivity) on porosity (n) and pore
radius (r).

Eg. 1.0

k = —-— = —
8 aA?

From Figure 7.0, it is evident that the inclusion of GGBS and
Bentonite causes a smooth reduction in porosity, hence,
decrease in permeability due to consistent fineness and particle
shape of the GGBS powder, and hence, increase in surface area.
Equation 1.0 shows that permeability coefficient is directly
dependent on porosity and inversely dependent on surface area
of the particles per unit volume of porous matrix (Ay), where
the parameter (a) is an empirical term and depends on porosity.
This study has shown that hydraulic conductivity of the
improved soil depends on porosity, % of additives, type and
combination of additives as shown in Figure 8.0 and Figure 9.0.
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Figure 8.0: Variation of hydraulic conductivity with porosity
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Figure 9.0: Variation of hydraulic conductivity with % of binder

The porosity in turn depends on the type and % of additive. determination defines how the functions explain the variability
Therefore, this study has defined the functional relationships of the response data around its mean.

between hydraulic conductivity and additive type based on the

% of additives and combinations considered in this study as

presented in Table 4.0. The values of the coefficients of
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Table 4.0 Functional relationship between hydraulic conductivity and percentage of additive

Mixed soil type

Soil-Cem/PFA/GGBS

Soil-Cem/Bentonite

Coefficient of Determination, R?

Function - -
Soil-Cem Soil-Cem/PFA
Linear 0.8285 0.8417
Exponential 0.8792 0.8942
Polynomial 0.9487 0.982
CONCLUSION

This study has considered the effect of Cement and
combinations of cement with materials such as PFA, GGBS
and Bentonite on the strength and hydraulic conductivity of a
fine-grained soil, and the following conclusions have been

drawn.

The strength increase and reduction in hydraulic
conductivity (permeability) of an improved fine-
grained soil depend on the type and amount of additives
and not solely on changes in the physical properties of
the investigated soil.

The combination of Bentonite and Cement, mixed with
fine-grained soil produces an improved soil with
enhanced permeability compared to other additive
combinations due to the hydrophilic property of
bentonite.

Small percentages of the investigated additives and
combinations (<6%) have no significant effect on the
permeability of the improved soil at early age (k after
7 days of curing).

The least permeability was achieved with 8C+8B
combination but additive content and combinations of
16%C and 5.33C+5.33PFA+5.33GGBS also reduced
the permeability of the fine-grained soil.

List of abbreviations symbols

BS

- British Standard

- Bentonite

- Cement
- Calcium Aluminate Silicate Hydrate
- Calcium Silicate Hydrate

- Ground Granulated Blast Slag

- Pulverised Fly Ash

- Unconfined Compressive Strength

- Hydraulic conductivity
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0.9470
0.8577

0.9297
0.9398

0.9476 0.9454
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