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Abstract: This paper presents a laboratory and statistical study on swell and undrained shear strength of cemented organic
clays blended with eco-friendly (by-product) cementitious materials such as ground granulated blast slag (GGBS) and cement
kiln dust (CKD). The presence of organic matter in soils can be very problematic especially during construction of
infrastructures such as roads and foundations. Therefore, experimental and statistical investigations are crucial to further
understand the effect of organic matter on swell and strength performance of soils treated with by-product materials (GGBS
and CKD). Five artificially synthesised organic clays with 0%, 5%, 10%, 15% and 20% organic matters were mixed with 20%
cement during the first phase of mixing. In the second phase, cement content was reduced to 4% and blended with 12% GGBS
and 4% CKD respectively. All mixed samples were cured up to 56days and subjected to undrained triaxial test and one-
dimensional oedometer swell test. The undrained shear strength of the untreated soils decreases from 22.47kPa to 15.6kPa
upon increase in organic matter from 0-20%. While the swell increases from 1.17% to 3.83% for the same range of 0-20%
organic matter. The results also show improvement on strength and swell upon addition of 20% cement for all investigated
samples. For samples treated with 4% cement and inclusion of 12% GGBS and 4% CKD, the treated soils showed better
performance in terms of swell potential due to reduction in plasticity compared to the plasticity of soils treated with 20%
cement. Undrained shear strength increases from 632kPa to 804.9kPa and from 549.8kPa to 724.4kPa with reduction in
organic matter upon addition of 20% CEM and 4% CEM: 12% GGBS: 4% CKD after 56days. The results obtained show that
the inclusion of GGBS and CKD reduced swell and increases undrained shear strength irrespective of the percentage of organic
materials due to cementation effect. However, results of the statistical studies show that the presence of organic matter
influences the extent of performance of the cement, GGBS and CKD treated soils.
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clays are particularly not suitable as bedrock or foundation
for structures such as roads, railways, tunnels, buildings etc.,
because of their potentially low bearing strength, high
plasticity, high compressibility, low hydraulic and high
shrinkage quality [1]. Soil mechanics practitioners and
researchers have considered the study of the influence of the

1. Introduction

Peat is an organic material and soils rich in organic matter
constitute serious challenge to vital geotechnical and
geological land development undertakings especially in areas
where their deposits are abundant and unavoidable. Organic
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organic matter content in clays as very pertinent not only
because of their undesirable mechanical and geotechnical
properties but also because the amount and composition of
organic matter does vary greatly in natural deposits [2, 3].
The variation of the soil properties are thought to be
indirectly proportional to the organic matter content, and a
minimum quantity of about 3-4% of organic matter is
sufficient enough to cause a change in the soil properties [3].
Conversely, the behaviour of the clay has also been reasoned
to be dependent on the nature of the organic matter [4].
Organic matter found in soils could loosely be divided into
three groups: non-humic (vegetal, animal, or micro-organism
remains), humic (alkanes, fatty acids, humic acids, fulvic
acids, and humins) and anthropogenic contaminants (oils and
a variety of compounds) [4, 5].

Chemical stabilization of organic clays has been adopted
over the past few decades to remedy the weak engineering
behaviour of organic clays. Moreover, studies on the
influence of the composition of binders, curing conditions
and methods of testing on major engineering properties such
as the unconfined compression strength and one-dimensional
compression behaviour of the stabilized product are rife [4,
6—15]. Only varying degrees of successes have been achieved
in the utilization of calcium-based hydraulic binders such as
lime and cement in the stabilization process [16]. Some
studies have indicated that indeed the cementation process
does occur with a formation of strong bonds between the
binders and the organic clays leading to better mechanical
behaviour despite the presence of organic contaminants in the
stabilized product [17—19]. Notwithstanding, several studies
have shown that organic matter does negatively affects the
chemically stabilized soil considering that the lime or cement
grains are coated by the organics (mostly humic acids) thus
delaying or preventing the formation of products of hydration
reaction, and therefore reducing the strength of the stabilized
clays [4, 20, 21]. In fact, it has been previously reported that,
even a little over 1% humic acid content present in clay could
render the process of lime stabilisation ineffective [8, 12, 22].
The mechanisms of lime- treated organic clay are believed to
be influenced by the moisture content and the insufficient
dissolution of the clay minerals during pozzolanic reaction.
Organic matters possess high water retention capacity hence
limiting the quantity of water available for the hydration
process [7, 23]. Furthermore, high water content may
produce more spacing between aggregates, thus reducing the
required cementation bonding process.

There are also concerns regarding the possibility of
leaching of calcium-based binders from organic clays after
stabilization [12]. Hydrogeologists have shown that water
soluble organic carbon (WSOC) frequently transports
contaminants through the clay soil profile and into the
groundwater [24]. Therefore, WSOC may leach calcium ions
from the binder used over the course of time and render the
binders ineffective.

In view of the forgoing, it is suggested that some of the
problems that occur in the chemical stabilization of soils of
high organic matter can be avoided either by adopting a

partial or total replacement of the hydraulic binders with
industrial waste or by-product materials. Apart from
potentially aiding the enhancement of the engineering
properties of the organic clays, the introduction of wastes or
by-product material guarantees a reduction in the cost of
construction as well as preservation of the environment. This
recommendation is in line with the current growing trend
towards the use of alternative binders in soil stabilization [13,
14, 25-37].

The inclusion of Cement, PFA, and GGBS in treatment of
clayey soils, reduces the plasticity index of the treated soil
[30]. However, this index property can be influenced by the
presence of organic matter in the clay and can affect strength.
Undoubtedly, the effect of calcium-based stabilizers on
geotechnical properties of soils have been studied extensively
however, there seems to be little or lack of research on the
stabilization of organic clays by partially replacing cement
with ground granulated blast furnace slag (GGBS) and
cement kiln dust (CKD). This paper will explore the possible
organic clay-binder interactions and the influence of the
organic matter on the strength and swelling capacity of the
stabilized products. In order to achieve this, predetermined
quantities of the Irish Moss Peat mixed with the clay shall be
utilized to simulate the organic matter (by mass of dry clay)
present in the clay. The resulting synthesized products will
then be stabilized with predetermined cement quantities and
subsequently replacing some of the cement quantities by
GGBS and CKD in different combinations. The following
objectives are set in order to implement the aim of this study:

i. Investigation of the effect of organic matter on swell
and undrained shear strength.

ii. Study the performance of cement and the inclusion of
GGBS and CKD in enhancing swell and undrained
shear strength of the investigated soils.

iii. Statistical investigation of the significance of curing
time, percentage of organic matter and binder type on
the swell and undrained shear strength of the
investigated soils. It is worth mentioning that
percentage of organic matter as used in this study,
referred to the percentage of Irish moss peat by weight
of dry clay mixed with

2. Materials and Methods

2.1. Materials and Sample Preparation

The materials used in this study consisted of Clay (Soil 1),
Irish Moss Peat, Portland cement, (CEM), GGBS and CKD.
Irish moss peat is a fibrous and opened structured soil with
high water holding capacity and a pH of 5.5-6, mainly used
for reinvigorating garden soils, and GGBS is a cement
substitute and a by-product of the production of iron. CKD is
produced in high volumes during the process of cement
manufacturing and are mostly used in landfills. GGBS and
CKD are both by-product materials, and every year in the
UK 2Mt of GGBS is used in the cement industry. Essentially,
GGBS comprises of silicates and alumina silicates of calcium
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and other bases that are manufactured in a blast furnace
under molten conditions simultaneously with the iron. There
are many advantages of using GGBS and CKD in soil mixing
especially the economic benefits [30]. Therefore, studying
the possibility of using Cement, and inclusion of GGBS and
CKD in soil mixing instead of landfilling is worthwhile
because as long as cement is manufactured it would be
produced. In this study, 0%, 5%, 10%, 15% and 20%

contents of organic matter (Irish Moss Peat) by weight of dry
clay were thoroughly mixed with clay for a period of 10min.
The simulated clay-organic matter mixed soils are referred to
as Soil 1, Soil 2, Soil 3, Soil 4 and Soil 5 as presented in
Table 1. Thereafter, soil-mixing operation was carried out
following the procedure outlined in EurosoilStab [38] for
cementation of soils.

Table 1. Physical properties of the soil samples.

Soil Property Soil 1 Soil 2 Soil 3 Soil 4 Soil 5
% of organic matter 0 5 10 15 20
Moisture content (%) 24.80 25.47 26.35 28.07 31.42
Liquid limit wy. (%) 42.5 41.90 42.75 46.01 48.03
Plastic limit wp (%) 31.23 24.40 24.42 26.14 27.63
Plasticity index 11.27 17.50 18.33 19.87 20.40
Plasticity ratio (R = LL/PI) 3.77 2.39 2.33 2.32 2.35
Dry Density (kg/m’) 1643.21 1562.32 1500.10 1495.02 1436.11

In order to investigate the effect of organic matter on
strength and swell properties of the treated soils, the different
soil types were mixed with CEM and combination of CEM,

GGBS and CKD. Table 2 and 3 show the chemical
compositions of CEM, GGBS and CKD, and the main
constituents of the CEM used.

Table 2. Chemical composition of used Cement, GGBS and CKD.

Percentage of Oxides (%)

Binder Used SiO0, Tio, ALO; Fe,0; MnO MgO Cao Na,O K;O P,0s SO; LOI

CEM (PC) 20.00 - 6.00 3.00 0.09 421 63.0 - - 0.20 2.30 0.88

GGBS 33.28 0.57 13.12 0.32 0.316 7.74 37.16 0.33 0.474 0.009 221 442

CKD 15.30 - 2.10 1.70 - 0.90 43.00 0.72 6.00 3.76 591 8.5
Table 3. The main constituents of PC.

Compound name Oxide composition Abbreviation % weight

Tricalcium aluminate 3Ca0. AlL,O3 C:A 6.48

Tricalcium silicate 3Ca0. SiO, CsS 70.58

Dicalciums silicate 2Ca0. SiO, C,S 6.09

Tetracalcium alumina-ferrite 4Ca0. ALLOs. Fe;SO3 C,AF 6.45

In the first stage of mixing, the five different soil types
were mixed with 20% cement content by weight of dry soil at
optimum moisture content. Samples for strength test were
placed into a 40mm diameter by 76mm height cylindrical
tubes in stages and in each stage; the cylinder was tapped
several times against a hard surface in order to ensure
removal of any air bubble trapped within the samples. To
ensure that equal degree of compaction at saturation was
achieved for all mixed samples, a dead weight of 10kg was
placed on the mixed samples in the cylindrical tubes before
extraction. Samples for the swelling test were prepared by
extracting core samples of 75mm in diameter and 20mm
height from compacted treated soils in a proctor mould.
According to Ganjian et. al and Jalull et. al [39, 40], the
production of cement accounts for approximately 8% of
global CO, emissions, and that cement can be substituted in a
cement mix using GGBS up to 55%. Therefore, in order to
explore the economic and environmental benefits of GGBS
and CKD in soil mixing, the second stage of mixing
considered 80% reduction in cement and substitution of 60%
GGBS and 20% CKD leading to the production of cemented
soils consisting of a blend of 4% Cem, 12% GGBS and 4%
CKD. All treated samples were sealed, wrapped with a thick

plastic and cured under water for 7, 14, 28 and 56 days.
2.2. Laboratory Testing

After proper mixing, Atterberg limit test was conducted on
the treated organic clay soils to obtain the plasticity index of
the soils based on procedures outlined in BS 1377-2: 1990.

Unconfined and 1-D Oedometer Compression Test

In most experimental programs reported in the literature,
unconfined compression and Oedometer tests have been
widely used to study undrained shear strength and expansion
of swells because it is simple and fast and at the same time
reliable and cheap. The indirect methods of evaluation of
swell prediction are based mainly on soil properties of the
soil tested and on the classification systems, meanwhile the
direct methods rely on the physical estimation of the swelling
potentials assessment using mainly the 1-D oedometer
compression tests in the laboratory [41]. Therefore, in order
to investigate the performance of cement and the inclusion of
GGBS and CKD in enhancing swell and undrained shear
strength of the investigated soils, both the treated and
untreated samples were subjected to series of unconfined
compression and swell test following the procedure outlined
in BS1377-7: 1990 and BS1377-6: 1990 respectively.
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Samples were tested for strength after each curing period and
the undrained shear strength was worked out as half of the
average unconfined compressive strength of three samples.
While samples subjected to one-dimensional oedometer
compression test under SkPa load were tested after 7 days.

2.3. Statistical Validation of Investigated Factors

A Two-way analysis of variance (ANOVA) was conducted
as a means of investigating the significance of the effects of
organic matter, curing time and binder combination on swell
and undrained shear strength. An ANOVA two-way factor
without replication was performed on undrained shear
strength and swell assuming that the data are approximately
normal and group may have different means but the same
standard deviation. The variance was estimated and F-
statistics and p-value were adopted for significance tests.
Considering an [ X J analysis of variance in a two-way
design system, defined in terms of two independent factors
(namely curing time and percentage of organic matter),
applied in the prediction of a response variable, undrained
shear strength (1). An 7 X J Matrix of Analysis of Variance
(ANOVA) in a two-way design can be defined, where 7 and J
represent the levels of the curing time and the percentage of
organic matter respectively. In this analysis, it was
considered that every level of the curing time (/) appears in
combination with every level of the percentage of organic
matter (J) resulting to a 5X4 Matrix and enabling the
comparison of 7 X J groups as show in Table 4.

Table 4. Levels of I and J.

Level I

J; i=1 2 3 4
i=1 Wit Hi2 M3 Hi4
2 W21 W22 Ma3 [von
3 W31 W32 M3z [VEn
4 Ha1 Ha2 Ha3 Hag
3 s Ws2 Ls3 Ls4

Where the sample size of level i of the curing time and
level j of the percentage of organic matter is equal to n; and
the total number of observations is given as;

N = ¥n; (1)

Assuming independent simple random samples (SRSs) of
size n;; from each / X J group with different means U; but
equal standard deviation o, where U; and ¢ are unknown
parameters and

let X;j, = the kth observation from the group having
curing time at level i and percentage of organic matter at
level j, then the statistical model can be written as;

Xijk = Uy + & )

Suchthati=1,...,/andj=I1,...,Jandk=1,.. ., n;. The
deviations g&;j are from an N (0, o) distributions. The means
U;; represent the FIT part of the model and the RESIDUAL
part is the deviation &;;; of individual observation from their

group means. To estimate a population mean U;; in a two-
way ANOVA design, sample mean of the observations is
used as shown in equation. The sample variances for each
SRS is calculated using pooled standard error S, as the
estimator of standard deviation as shown in equation.

— 1

X ij = Yk Xijk 3)
T(ngj - s}

2 _ Z(uj—Dsj

52 = 20 DSy 4

p X(nij—1) @)

In investigating the effect of organic matter and time on
undrained shear strength of the investigated soils, a null
hypothesis was developed, stating that the variation in
organic matter has no effect on strength and swell except due
to changes in strength and swell over time. The test of
significance was performed using ANOVA to assess the
strength of the evidence against the null hypothesis. The
significance of the effect of the investigated variables was
tested using a representation of significance of the null
hypothesis (p-value = 0.05) to ascertain the reliability and
validation of the analysis [42].

3. Results and Discussion

The problems associated with swelling soils have
generally occurred in clay soils predominated by expansive
lattice type mineral such as montmorillonite [43]. However,
clay soils can also be classified depending on their range of
plasticity as low, medium or high swelling soils. This means
that any factor capable of influencing the plasticity of clay
can influence its swelling potential. The presence of organic
matter in clay is one of such factors capable of affecting
plasticity due to increase in liquid limit. Clay soils with low
to high swelling capacities swell with increase in moisture
content and this makes construction activities difficult due to
density variation and subsequent strength variation.
Undoubtedly, cement has been widely employed in the
construction field for enhancement of plasticity, soil strength
and compressibility [44-47]. However, with concerns about
the environmental impact of cement-soil mixing becoming
increasingly urgent, the application of by-product (eco-
friendly) materials such as GGBS and CKD in soil mixing
cannot be overemphasised. Therefore, this study has
investigated the strength and swelling capacity of cemented
medium swelling clay blended with GGBS and CKD.

3.1. Undrained Shear Strength

The shear strength is a fundamental property required in
the analysis of construction projects over organic soils and it
generally has limiting low value for such soils. Therefore, in
the present study, the effect of varying organic matter on
undrained shear strength of cemented clay blended with
GGBS and CKD was studied. The results presented in Figure
1 shows a decrease in undrained shear strength for the
different soil types in order of increasing organic matters (0
to 20%) due to high affinity for water for organic materials.
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The undrained shear strength of the untreated soils decreases
from 22.47kPa to 15.6kPa upon increase in organic matter
from 0-20%. The undrained shear strength of the investigated
soils increases with time upon mixing with 20% CEM and
4% CEM: 12% GGBS: 4% CKD due to hydration reaction as
shown in Figure 2 (a-b). The strength increase can also be
attributed to the gradual formation of cementitious
compounds between CKD-GGBS due to higher cementing
power of GGBS and a “pore-blocking” effect of hydraulic
reactions of GGBS and CKD. Soil-GGBS mixtures could be
used in highway embankments and this implies that deep
mixing Soil-GGBS and with reduced amount of Cement can
provide fill materials of comparable strength to most over-
consolidated soils [48]. For clay soils with organic matters,
the fibrous organic materials absorb water during mixing and
loses it after hydration process and this creates barriers
between soil particle-to-particle interactions. The fibrous
barrier increases with increase in organic matter in the soil,
reduces cementation effect and bonding between individual
soils particles, and hence decrease in undrained shear
strength. As a result, the undrained shear strength of the
treated soil (soil 1) with 0% organic matter increase with

52

time irrespective of additive type as shown in Figure 2 (a-b).
Undrained shear strength increases from 632kPa to 804.9kPa
and from 549.8kPa to 724.4kPa with reduction in organic
matter upon addition of 20% CEM and 4% CEM: 12%
GGBS: 4% CKD after 56days. The results obtained show
that the inclusion of GGBS and CKD reduced swell and
increases undrained shear strength irrespective of the
percentage of organic materials due to cementation effect.
However, it is interesting to see that the inclusion of GGBS
and CKD reduce effect of organic matter on undrained shear
strength normalised arbitrary at 28 days compared to cement
only treated soils due to pozzolanic reaction as shown in
Figure 3 (a-b). The results indicate that an increase in organic
matter leads to suppression of pozzolanic reaction of the
treated soils. It has been stated that stabilization effects on
soil-cement admixture increased when fly ash additives were
added to cement even at high organic matter content due to
pozzolanic reaction [49]. The increase in strength upon
addition of GGBS and CKD can be attributed to the presence
of certain amount of SiO,, Al,0; and CaO, which enhanced
the pozzolanic reaction between the soil- cement during
curing time.
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Figure 1. Effect of soil type on undrained shear strength.
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Figure 2. Variation of undrained shear strength of treated soils with time.
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Figure 3. Variation of normalised undrained shear strength of treated soils with time.

It is true that the presence of organic matter in soils, reduces
the effect of pozzolanic reactivity but the addition of GGBS
increases pozzolanic reactivity [50]. The strength of an
improved soil is an indication of the degree of reaction in the
soil-binder-water mixture based on the rate of hardening of the
improved mixture. Therefore, the type of binder used during
deep mixing of soils with medium to high organic matter will
be of great significance in determining the extent of
improvement. For cement content between 5% to 20%, soils of
lower plasticity index exhibits higher strength enhancement
compared to soils with slightly higher plasticity [30]. However,

with the inclusion of GGBS/PFA and blended with less than 5%

Cement, soils of higher plasticity also increases in strength
upon treatment due to Ca** exchange and pozzolanic reaction
[51]. Soils with organic content (peat) possesses very low
shear strength, low specific gravity and high-water content
[52]. However, physical and mechanical properties of organic
soils are enhanced upon stabilisation or treatment with by-
product cementitious materials as observed in the present study.
This is due to reduced void ratio and filling of the space within
organic soil particles by grouting or creatively prepared
cementitious binder [53]. The strength gain can also be
attributed to the neutralisation of humic acid within the soil
with organic matters, which propagates the formation of more

calcium silicate hydrate gel and increases the strength and
densification of the stabilised organic soil [54].

3.2. Swell

The effect of organic matter on swell capacity of the
different soil types was studied using 1-D oedometer
compression test under Skpa load and the displacement was
recorded at different time intervals for 24 hours as shown in
Figure 4 (a-c). The displacement-time curves show that the
maximum displacement increases with increase in organic
matter for both the treated and untreated soils. However, the
soils treated with CEM/GGBS/CKD show higher efficiency
in reducing displacement compared to soils treated with
Cement only. The swell capacity of the treated and untreated
soils defined in terms of percentage swell was derived using
the load displacement-curves at maximum displacement. The
results presented in Figure 5 (a-b) to Figure 6, show that
swell increases from 1.17% to 3.83% for the same range of
0-20% organic matter and for the samples treated with 4%
cement and inclusion of 12% GGBS and 4% CKD, the
treated soils showed better performance in terms of swell
potential due to reduction in plasticity compared to the
plasticity of soils treated with 20% cement.
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Figure 4. Displacement of treated and untreated soils with time.
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Figure 6. Effect of cementation and GGBS/CKD inclusion on plasticity and swell.

The presence of organic matters in the soils increases
liquid and plastic limits and hence, plasticity index. It has
been stated in previous section that swelling capacity
increases with plasticity index and this is evidenced in this
study. The results plotted in Figure 5 (a-b) shows that
increase in organic matter causes a corresponding increase in
plasticity index and hence, swell. This implies that the
presence of organic matters in clay with medium swell
capacity increases swell due to increased moisture content
absorbed by the fibrous materials. The plasticity index of
Cement treated soils was found to be greater than that of the
CEM/GGBS/CKD treated soils at 20% additive content as
shown in Figure 5 (a). This can be attributed to the higher
plasticity index of the untreated soils with varying organic
matters. Figure 6 shows that greater reduction in plasticity
index for soils treated with CEM/GGBS/CKD resulted to
corresponding reduction in swell compared to Cement treated

soils at 20% additive content. This explains the suitability of
cementitious by-product materials such as GGBS and CKD
in treatment of soils with varying organic matters due to
pozzolanic activity of GGBS and water absorptive quality of
CKD.

3.3. Statistical Validation of Investigated Factors

Statistical analysis was performed using ANOVA to
investigate the contributions of the different levels of the
independent factors (organic matter, curing time and additive
type) on undrained shear strength and swell. The significance
of the effect of organic matter on undrained shear strength
and swell capacity of a medium swell clay was analysed. It
was assumed that the independent factors have no effect on
the undrained strength and swell (null hypothesis). In order to
test the significance of the null hypothesis of the F- test in
ANOVA the P-values (representation of significance of the
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null hypothesis) was compared to some alpha level (0.05).
The influence of the independent factors in predicting the
response variable is usually considered significant when F-
statistics is greater than the F-critical value, and the
corresponding p-value is less than 5%.

Effect of Organic Matter

i. Undrained Shear Strength

The effect of the varying organic matters on undrained
shear strength (response variable) was validated via analysis
of variance in a two-way design. The ANOVA was defined in
terms of two independent factors (organic matter and time).
The significance of each factor was examined, and the results
are presented in Table 5 to Table 7. The result presented in
Table 6 shows that F-statistics value is greater than the F-
critical with a p-value less than 0.05. This implies that it can
be claimed with 95% confidence that the effect of organic

matter and curing time contributed to the observed changes
in undrained shear strength as expected. In other words, the
investigated independent factors are significant in the
observed changes in undrained shear strength with F-
statistics greater than F-critical and p-value less than 5% as
shown in Table 6. The results presented in Table 7 and Table
8 also show the significance of the effect of organic matter
and curing and the reasons to reject the null hypothesis. Table
8 shows that the F-statistics is greater than F-critical and p-
value less than 5%. This shows that the percentage of organic
matter and curing time are significant in the observed
changes for undrained shear strength and this is consistent
with previous results presented in section 3.1. This implies
that the presence of organic matters has the tendency of
affecting the performance of soils stabilised with cement and
blend of GGBS and CKD.

Table 5. Variance analysis of undrained shear strength of 20% CEM treated soils.

SUMMARY Sample Count Sum Average Variance
20% CEM-Soil 1 4 2580.4 645.1 19374.7
20% CEM-Soil 2 4 2484.5 621.1 17622.2
20% CEM-Soil 3 4 2306.5 576.6 16272.1
20% CEM-Soil 4 4 2144 536.0 15264.9
20% CEM-Soil 5 4 2038.9 509.7 16671.5
Time (days)
7 days 5 2115.8 4232 2605.8
14 days 5 2616.1 523.2 3739.5
28 days 5 3258.5 651.7 1769.1
56 day 5 3564.0 712.8 5352.1
Table 6. ANOVA-Two factor without replication for 20% CEM treated soils.
Source of Variation Sum of squares Degree of freedom Mean square F P-value Ferit
Organic matter (%) 51159.2 4 12789.8 56.7 1.1E-07 33
Curing time (days) 252910.2 3 84303.4 373.8 4.1E-12 35
Error 2706.4 12 225.5
Total 306775.8 19
Table 7. Variance analysis on undrained shear strength of CEM: GGBS: CKD treated soils.
SUMMARY Sample Count Sum Average Variance
CEM: GGBS: CKD-Soil 1 4 2192.9 548.2 21753.0
CEM: GGBS: CKD-Soil 2 4 2186.9 546.7 17518.6
CEM: GGBS: CKD-Soil 3 4 2000.4 500.1 14808.5
CEM: GGBS: CKD-Soil 4 4 1849.7 462.4 16705.9
CEM: GGBS: CKD-Soil 5 4 1732.7 433.2 13548.3
Time (days)
7 days 5 1722.4 344.5 1810.1
14 days 5 2242.6 448.5 2832.0
28 days 5 2808.7 561.7 1694.4
56 days 5 3188.8 637.8 5260.1
Table 8. ANOVA-Two factor without replication for CEM: GGBS: CKD treated soils.
Source of Variation Sum of squares Degree of freedom Mean square F P-value F crit
Organic matter (%) 41465.8 4 10366.4 253 9.1E-06 33
Curing time (days) 248082.5 3 82694.2 201.7 1.6E-10 3.5
Error 4920.5 12 410.1
Total 294468.8 19
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ii. Swell

In the case of swell, samples were tested only at 7days and
therefore, the analysis of variance in a two-way design was
defined in terms of organic matter and type of additives. The
significance of each factor on the swelling capacity of the
investigated soils was examined and validated, for which the
results are presented in Table 9 and 10 respectively. The

result presented in Table 10 shows that the F-statistics is
greater than the F-critical and a p-value less than 0.05.
Therefore, it can be claimed with 95% confidence that the
effect of organic matter and additive type contributed to the
observed changes in swelling capacity of the investigated
soils. This is consistent with the results presented in section
3.2 and very strong evidence to reject the null hypothesis.

Table 9. Variance analysis on swell of CEM and CEM: GGBS: CKD treated soils.

SUMMARY Count Sum Average Variance
Soil 1 3 3.45 1.15 0.1159
Soil 2 3 5.23 1.7433 0.5449
Soil 3 3 7.005 2.335 0.9795
Soil 4 3 8.19 2.73 1.3962
Soil 5 3 8.39 2.7966 1.3784
Untreated soils 5 14.34 2.868 1.2356
CEM treated soil 5 11.969 2.3938 0.4719
CEM: GGBS: CKD treated soils 5 5.956 1.1912 0.0977

Table 10. ANOVA-Two factor without replication for CEM and CEM: GGBS: CKD treated soils for swell.

Source of Variation Sum of Squares Degree of freedom  Mean Square F P-value F crit
Organic matter (%) 5.862527 4 1.4656 8.6 0.0053 3.8
Type of Additive 7.471284 2 3.7356 21.9 0.0006 4.5
Error 1.358771 8 0.1699

Total 14.69258 14

4. Conclusions

The undrained shear strength and swell potential are
concerns during construction for supporting construction
equipment as well at the end of construction in supporting the
structure. Organic soils present a distinct behaviour than
inorganic soils due to fibrous organic matter. The effect of
this fibrous matters on strength and swell has been
investigated for Cement and CEM/GGBS/CKD treated soils.
Following the analysis and results of this study, the following
conclusions have been drawn:

The presence of organic matters in clay reduces undrained
shear strength and increases swell potential of the untreated
soil due to the presence of fibrous organic matters and high
moisture ingress but the treatment with CEM, GGBS and
CKD reduces swell potential.

The undrained shear strength of soil with 0% organic
matter treated using 20% CEM and 4% CEM with inclusion
of 8% GGBS and 4% CKD is greater in all cases compared
to that of soils with varying organic matter.

Soils treated using 4% CEM and inclusion of 8% GGBS
and 4% CKD produces better performance in terms of
reduction in plasticity index of the treated soils and hence
swell reduction.

The use of CEM and inclusion of GGBS and CKD can
provide engineering benefits to control swelling of organic
soils and enhanced undrained shear strength, when used in
moderate proportions especially in the case of cement.

Results of the statistical studies show that the presence of
organic matter influences the extent of performance of

cement, GGBS and CKD treated soils.
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