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ABSTRACT

Due to the scarcity of well-graded gravel materials, lateritic soils are widely used for road construction in tropic are-
as. However, lateritic soils often do not meet the strict requirement for subgrade and need to be improved to be
used as construction material. Among several approaches used to enhance the engineering properties of lateritic
soils, the use of industrial waste materials, such as fly ash, granulated blast furnace slag, is of particular interest to
the construction industry as a potential replacement material for Portland cement in soil stabilization. Meanwhile,
some effort has been made to study the use of quarry dust in stabilizing lateritic soils. The present work aims at as-
sessing the compaction characteristics of three different types of lateritic soils, treated with quarry dust based geo-
polymer cement. A systematic study by varying the proportion of geopolymer cement was carried out. Test results
show that the soil dry density substantially increased while the corresponding optimal moisture content decreased
with the amount of geopolymer cement under varying compactive effort.

Keywords: Rammer Blows; Lateritic Soils; Quarry Dust; Geopolymer cement; Compaction Characteristics; Com-
paction Effort

INTRODUCTION practice in the developing world. Quarry dust is an amor-
phous waste product of rock quarry operation of highly alu-
minosilicate content (Fedrigo et al., 2017). This inorganic

The di I of D li f
e disposal of quarry dust (QD) as a solid waste from composition gives quarry dust the highly pozzolanic proper-

quarrying operations into the landfills has been a challenging
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ties (Fedrigo et al., 2017; K.C.Onyelowe et al., 2019a, 2019b,
2019c & 2019d). Geopolymers, on the same hand, are pro-
duced from amorphous materials of highly aluminosilicate
content though with activator compounds of sodium or potas-
sium, which enhances the attainment of a steady state with
the stoichiometric release of Si and Al in the geopolymer
synthesis chain, leading to polycondensation (Nikolov et al.,
2017; Salahudeen et al., 2014; K. C. Onyelowe et al., 2020g;
2020b; 2020c). The primary solid waste materials in this pro-
cedure are fly ash, ground granulated blast furnace slag, and
activators like Sodium Hydroxide (NaOH) and Sodium Sili-
cate (Na,SiOs). According to research results on the synthesis
of geopolymer cements, these materials are mixed in the pro-
portion of 44% by weight of fly ash, 44% by weight propor-
tion of ground granulated blast furnace slag and 4.8% or less
by weight proportion of activators (NaOH + NazSiOs) in or-
der to achieve an eco-friendly or user friendly geopolymer
(Abdel-Gawwad & Abo-El-Enein, 2016; Akbari, Mensah-
Biney, & Simms, 2015; Davidovits, 2013; Hamidi, Man, &
Azizli, 2016; Mubayi, Chatterji, Rai, & Watal, 2012; Ni-
kolov, Rostovsky, & Nugteren, 2017; Skvara, Jilek, & Ko-
pecky, 2005; Srinivasan & Sivakumar, 2013; K.C.Onyelowe
et al., 2019a, 2019b, 2019c & 2019d). From the aforemen-
tioned studies, it can be deduced that quarry dust can replace
in full or partially fly ash or ground granulated blast furnace
slag because of its aluminosilicate content, which is the most
important property in the synthesis and application of geo-
polymer cements or binders in geomaterials as hydraulically
bond materials. Yet, because the ground granulated blast fur-
nace plays a very important role in at room temperature set-
ting of the Geopolymer cements, it cannot be replaced with
another material of very different properties. It produces the
sufficient calcium cations (Ca?*) needed for hardening and
strength gain at room temperature (Davidovits, 2013; Osinubi
et al., 2017; Osinubi & Eberemu, 2008; Osinubi & Eberemu,
2019) and for the purpose of this research exercise, quarry
dust was used as a 22% by weight replacement of fly ash. On
the other hand, alkaline silicates are better activators than
alkaline hydroxyls because the former (alkaline silicates)
produces Geopolymer cements of higher compressive
strength at 28 days. The later (alkaline hydroxyls) produces
Geopolymer cements with lower compressive strength with
higher tendency of shrinkage and higher relative volume of
the pores observed in Geopolymer cements based on NaOH.
It is important to note that both NaOH and Na,SiO3 are
adapted in the ratio of 1.6% to 3.2% by weight to ensure a
higher release of silicates, which will improve the physico-
mechanical properties of the metallurgical slag (Akbari, Men-
sah-Biney, & Simms, 2015; Damilola, 2013; Ghosh, Kumar,
& Biswas, 2016; Zain, Abdullah, Hussin, Ariffin, &Bayuaji,
2017). Care must be taken to achieve NaOH molar concentra-
tion of 12 M, from which the 1.6% by weight of NaOH is
obtained and used as an activator material (Akbari, Mensah-
Biney, & Simms, 2015; Srinivasan & Sivakumar, 2013). Ge-
opolymers are products of geopolymerization reaction which
have been proven, unlike Portland cements, to have high re-
sistance to acids, high temperature beyond 600°C, corrosive
action of salts, frost, etc. (Hamidi, Man, & Azizli, 2016;
Eberemu et al., 2014; K. J. Osinubi et al., 2012). Geopolymer

cements, binders and concretes have found wide applications
in the infrastructures development industry and exhibits great
use in solid waste management, construction repair as geo-
polymer injection, toxic metal immobilization and coatings
(Bromley & Hadfield, 2017; Bui Van, Onyelowe, & Van
Nguyen, 2018; Bykkam, Ahmadipour, Narisngam, Kala-
gadda, & Chidurala, 2015; Hamidi, Man, &Azizli, 2016; Ra-
ki, Beaudoin, Alizadeh, Makar, & Sato, 2010; Van Duc &
Kennedy, 2018; Xiao, Cai, Wang, Lai, & Chu, 2005; Eber-
emu et al., 2012; Eberemu, 2013; K.J. Osinubi & A. O. Eber-
emu, 2013). The application of blended quarry dust base geo-
polymer for the treatment of compacted soils was investigat-
ed in the present work. However, the specific objectives
were; (i) to study the effect of Geopolymer cements addition
on weak expansive cemented and uncemented lateritic soils,
and (ii) to also study the effect of varying compaction efforts
on the compaction characteristics of treated soils.

MATERIALS PREPARATION AND
EXPERIMENTAL METHODS

Materials Collection and Preparation

The test soil specimens used in this study were obtained
from three different borrow pit locations, with coordinates of
5°29'16"North and 7°28'58" East (Olokoro area), 5°31'0"
North and 7°26'0" East (Ohia area), and 5°27'0" North and
7°31'60" East (Amaba area), respectively. Soil samples were
collected by using a pick and shovel. The disturbed soil
samples were then tapped to eliminate lumps, sun dried for 3
days. Basic properties, grain size distribution and oxides
composition of the three studied soil specimens are shown in
Tables 1, 2 and Figure 2, respectively.

Quarry dust used in this study was generated throughout
crushed-rock process. After being taken from a quarry site in
Ebonyi State, Nigeria, the collected quarry dust was sundried
before being ultilized. Fly ash and ground granulated blast
furnace slag samples were taken from NigerPet Structures in
Uyo state and Delta Steel Company in Warri city, Nigeria,
respectively. Grain size distribution and oxides composition
of the quarry dust, fly ash, and ground granulated blast fur-
nace slag are shown in the Table 2, Table 3, and Figure 2.
Dangote ordinary Portland cement was also employed to
make dry Geopolymer cement powder with its basic proper-
ties are summarized in the Tables 2, 3.

Based on the previous findings of (Abdel-Gawwad &
Abo-El-Enein, 2016; Akbari, Mensah-Biney, & Simms,
2015; Davidovits, 2013; Hamidi, Man, & Azizli, 2016; Ni-
kolov, Rostovsky, & Nugteren, 2017; Skvéra, Jilek, & Ko-
pecky, 2005; Srinivasan & Sivakumar, 2013), the quarry
dust based Geopolymer cement was synthesized. In this
work, aluminosilicate materials required to materialize the
Geopolymer cement consist of fly ash and ground granulated
blast furnace slag. The geopolymerization process of the
Geopolymer cements takes place under the reactive stimulus
of Sodium Hydroxide (NaOH) and Sodium Silicate
(NaSiOs) which act as activators. According to previous
research, a molarity of NaOH of 12 was chosen for an eco-
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TABLE 1
Basic properties of test soils

Property description of test soils Values ( Descriptions
and units
Soil (A) Soil (B) Soil (C)
% Passing Sieve, No 200 385 40 46
Nuturu! Moisture Content (%) 12:1 13.49 14
LL (%) 40 46 64
PL (%) I8 21 36
PL(%) 2 25 28
G, 26 243 2.12
AASHTO Classification A6 ATT6 AT
MDD (giem’) 1.76 1.85 1.80
OMC (%) 13.1 16.2 13.13
CBR (%) 12 13 8
Color Reddish Brown Reddish Gray Reddish Ash
TABLE 2

Oxides Composition of the materials used in this paper

Oxides Composition (content wi %)

Materials
Si0: AO: CaO Fed); MgO KO

Soil A 7656 1509 230 266 089 2.10
Soil B 7757 1499 311 178 086 145
Soil € 7773 1665 142 322 007 089
QD 6348 17,72 556 .77 465 2.76
FA 6345 414 12211 1,23 078 109
GGBES 3145 1234 4210 008 11.45

DopPC 21,45 445 6381 3.07 242 0.83

“IR 15 Insoluble Residuc, LOI is Loss on Ignition, l:-\"rlzlA_\ Ash

Free
NaO TiO: LOI P:0s SOy IR

Ca0
033 007
023 001
0.02
001 317 088 -
001 178 189 071 011 - 0,03

0.21 - - 040

020 022 081 001 236 016 064

QD: Quarry Dust, GGBFS: Ground Granulated Blast Furnace Slag

DOPC: Dangote Ordinary Portland cement

friendly material and better strength properties of geopoly-
mer might be attained. Synthesis of geopolymer matrixes
was carried out by mixing these above materials in a propor-
tion of 4.8% activator, plus 22% quarry dust, plus 22% fly
ash, plus 44% ground granulated blast furnace slag by
weight.

Experimental Investigation on Lateritic
Soils Treated with Quarry Dust-Based
Geopolymer

All the three different natural lateritic soil specimens were
tested to assess their basic and engineering properties. Gra-
dation test was implemented to examine the particle size
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distribution of three study soils namely soil A, soil B, and
soil C, respectively. The gradation test was executed in con-
formity with (BS 1377 - 2, 1990; NGS, 1997). The compac-
tion tests were executed using the standard proctor test with
2016 ELE Automatic Compactor Machine according to (BS
1377 - 2, 1990; BS 1924 - 2, 1990; NGS, 1997). The Cali-
fornia Bearing Ratio (CBR) tests were implemented with a
load constant rate of 1.27 mm/min (1 mm/min to BS spec.)
by using a 2015 S211 KIT CBR penetration machine accord-
ing to(BS 1377 - 2, 1990; BS 1924 - 2, 1990; NGS, 1997).
Consistency limits of test soil specimens were evaluated
using a 2013 Casagrande apparatus in conformity with to
(BS 1377 - 2, 1990; BS 1924 - 2, 1990; NGS, 1997). Specif-
ic gravity of test soils were computed by using Pycnometer
method which is in accordance with to (BS 1377 - 2, 1990;
BS 1924 - 2, 1990; NGS, 1997). Basic properties, compac-
tion characteristics, and consistency limits of test soils are
presented in the Table 1. According to AASHTO classifica-
tion system (American Association of State & Transporta-
tion (AASHTO), 1993), soil A, soil B and soil C are charac-
terized as A-7-6, A-7-6 and A-7 groups, respectively. Simi-
larly, the three types of test soils were classified as poorly
graded (CP) soils according to USCS. In addition, the ob-
tained results indicate that clay content found in soil A and
soil C is higher than that found in the soil B. Since plasticity
index of the three test soils A, B, C were of 22, 25, and 28%
which are larger than 17%, hence they were described as
highly plastic and expansive soils.

Chemical compositions of the three studied soils and the
test materials such as quarry dust, fly ash, ground granulated
blast furnace slag, and Portland cement were determined in
accordance with (BS 1377 - 2, 1990; BS 1924 - 2, 1990;
NGS, 1997). Oxides compositions of the study materials are
shown in the Table 2. The tested results show that the study
materials exhibit pozzolanic properties and high aluminosili-
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FIGURE 1
Schematic Presentation of the Experimental Proaram

cate content as well.

Both standard and modified proctor compaction tests were
employed to assess the compaction characteristics of treated
lateritic soils. The treated soils were exerted to various num-
ber of blows of 6, 12, 26, 27, and 55, respectively. Mean-
while, two different rammers of 2.5 kg and 4.5 kg were uti-
lized to compact the treated soils with 3 and 5 compaction
layers were applied with the aim at taking various energy of
compaction into account. The compaction tests were execut-
ed for both uncemented and cemented test soils in conformi-
ty with (BS 1377 - 2, 1990; BS 1924 - 2, 1990; BS 5930,
2015; NGS, 1997). Flow chart of the experimental program
is shown in Figure 1.

RESULTS AND DISCUSSIONS

Effect of Varying Proportions of Quarry
Dust based Geopolymer on Cemented and
Uncemented Test Soil A under Varying
Blows

The Geopolymer cement treated test soil A which was
cemented with 5% Portland cement showed a consistent
strength density gain at zero addition of Geopolymer cement
under varying compaction blows and compaction efforts.
The use of the modified proctor mould rammer of 4.5kg pro-
duce a higher compaction energy than the standard proctor
mould rammer of 2.5kg. Again, the blows between 6 and 55
produce different density gain which increased with in-
creased blows. Subsequently, the quarry dust based Geopol-
ymer cement was added in the proportion of 2.5%, 5%, 7.5%
to 20% in that order which equally produced significant
strength gain. It was so remarkable that a control density of
between 1.78 and 1.97g/cm® at zero Geopolymer cement
produced densities in the range of 3.89 to 6.89g/cm? at 20%
by weight addition of quarry dust based Geopolymer cement
under compaction blows of between 6 and 55 as presented in
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FIGURE 2
Particle size distribution of studied materials
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Figure. 3. It is important to note that this behaviour may be
due to the increased compaction effort produced by both
rammer sizes and number of blows per layer, which en-
hanced the interlocking between the microstructure of the
soil and in turn reduced the porosity in the treated matrix,
thereby increasing densification and flocculation, conse-
quently higher strength might be gained(Fwa, 2005; Gidig-
asu & Dogbey, 1980; Meegoda & Ratnaweera, 1994;
Nnochiri & Ogundipe, 2016; K. Onyelowe, 2017a, 2017b;
K. Onyelowe & Okafor, 2015; K. C. Onyelowe, 2017; K. C.
Onyelowe & Duc, 2018; Osinubi, 2000; Osinubi, Bafyau,
&Eberemu, 2009; Srinivasan & Sivakumar, 2013; Amadi &
Eberemu, 2012; K. J. Osinubi et al., 2012; Eberemu et al.,
2013; K.C.Onyelowe et al., 2019a, 2019b, 2019¢c & 2019d).
This point to the fact that higher compaction effort may en-
courage the use of little or no Portland cement reducing cost,
and shrinkage potential.

Secondly, the increased proportions of quarry dust based
Geopolymer cement may have caused a consistent strength
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gain in the treated matrix. This behaviour gained is because
the Geopolymer cement may have filled the voids within the
soil mass during the stabilization proce porosity of the treat-
ed soils. Additionally, because of its pozzolanic properties
which enhanced calcinations reaction, pozzolanic reaction,
and the inclusion of Na;SiO3 in NaOH solution, Geopolymer
cement provides higher silicate concentration and gives rise
to the formation of gel which likely fastened polymerization,
and consequently polycondensation which led to the obvious
gain in strength of the treated soils (Meegoda & Ratnaweera,
1994; Eberemu & Osinubi, 2010; Nnochiri & Ogundipe,
2016; K. Onyelowe & Okafor, 2015; K. C. Onyelowe &
Duc, 2018; Srinivasan & Sivakumar, 2013). The Na,SiOs
acted as a nucleating site then increased with the amount of
silicates released, leading to the formation of more hydration
points. As the concentration of hydration materials in-
creased, the number of contact points between hydration
materials also increased, consequently forming a solid mi-
crostructure within the treated soils matrixes. As presented in
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FIGURE 3
Compaction of Test Soil A at 5% DOPC and Varying Proportions of Quarry Dust based Geopolymer under Varying Blows
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FIGURE 4
Compaction of Test Soil A at 2.5% DOPC and Varying Proportions of Quarry Dust based Geopolymer under Varying Blows

Figures 4 and 5, the proportions of Portland cement were
reduced to 2.5% and 1%, respectively. These percentages
were used to cement the test soils at varying proportions of
quarry dust based Geopolymer cement. The behaviour of the
treated soils showed almost the same results, but with a very
little reduced strength compared to the behaviour with 5%
Portland cement cementation. At 0% Portland cement as
shown in Figure 6, the treated soil A gained significant
strength because it recorded between a range of 1.74 and
1.95g/cm? at zero Geopolymer cement (Figure 6a, c), and of
3.37 and 5.89 g/cm® at 20% by weight Geopolymer cement
under varying compactive efforts, which were almost the
range strength density gain at 5, 2.5 and 1% addition of Port-
land cement. The optimum moisture content (OMC) at
which these densities were recorded was observed to de-
crease consistently too over the increased compaction blows
and increased proportions of quarry dust based Geopolymer
cement (Figure 6b, c). This may be due to the finely ground
quarry dust based Geopolymer cement which acted as a filler
material, leading to decreased porosity and then reduced
moisture at which maximum densification was achieved
(Abdel-Gawwad & Abo-El-Enein, 2016; Davidovits, 2013;
Fwa, 2005; Meegoda & Ratnaweera, 1994; Nikolov, Ros-
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tovsky, & Nugteren, 2017; Onyelowe & Duc, 2018; Osinubi,
Bafyau, & Eberemu, 2009). This behaviour shows that quar-
ry dust based Geopolymer cement possesses the properties
with which to completely replace ordinary Portland cement
in the stabilization protocol, which is a positive turn as it
bothers on environmental effects of cement usage in ge-
otechnical engineering operations and civil engineering
works as a whole. Previous study found that for one tonne of
ordinary Portland cement produced or used, an equivalent
one tonne of CO; emission may be released into the atmos-
phere, which contribute to global warming and this is an
environmental global issue (Davidovits, 2013; Srinivasan &
Sivakumar, 2013).

Effect of Varying Proportions of Quarry
Dust Based Geopolymer on Cemented and
Uncemented Test Soil B under Varying
Blows

The compaction characteristics of soil B at 5% Portland
cement were displayed in the Figure 7a, 7b, and 7c, respec-
tively. The obtained results indicate an analogous behaviour
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of treated soil B to that found in soil A, that is having a
steady strength density achieved at zero addition of Geopol-
ymer cement under varying compaction blows and compac-
tive efforts. In addition, the use of the higher hammer weight
of 4.5 kg along with the longer drop distance involved in the
modified proctor mould brought about a greater compaction
energy compared to that in standard proctor mould rammer
of 2.5kg (Amadi & Eberemu, 2012; K. J. Osinubi et al.,
2012; Eberemu et al., 2013). Analogously, different number
of blows of 6, 12, 26, 27, and 55 resulted in different density
gain, which increased with increased blows. The influences
of various proportions of the quarry dust based Geopolymer
cement on compaction behaviour of treated soil B were also
examined by adding proportions of Geopolymer cement of
2.5, 5, 7.5 to 20% in that order. Generally, the experimental
results show a consistent strength density gained as higher
ratios of Geopolymer cement were added into the study soil
B. Specifically, a control density of between 1.77 and 3.12
g/cm? at zero Geopolymer cement produced densities in the
range of 3.38 to 5.89 g/cm?® at 20% by weight addition of
quarry dust base Geopolymer cement under compaction
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blows of between 6 and 55 as presented in Figures. 7 a, c.
The increase in density of treated soil B may firstly be at-
tributed to the increase in applied compaction energies which
originated by both hammer weight and numbers of blows per
compaction layer. Due to these two weighty factors, the
voids between the treated matrixes could be significantly
diminished, which in turns increase densification and floccu-
lation of treated soil mass, consequently a higher strength
obtain.

Additionally, since the quarry dust based Geopolymer ce-
ment is added into the soil B, the voids within the soil mass
tend to be filled during the stabilization procedure. Due to
pozzolanic properties of the Geopolymer cement which en-
hances cation exchange reaction, pozzolanic reaction, and
polycondensation, the presence of the Geopolymer cement
could contribute to the development of density as well as
strength of treated soil B.

The effects of ordinary Portland cement on the compaction
characteristics of treated soil B were also considered. In Fig-
ures 8 and 9, the proportions of Portland cement were low-
ered to 2.5% and 1%, respectively. The aim of adding these
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percentages of Portland cement was to bind the test soil at
varying proportions of quarry dust based Geopolymer ce-
ment. Similar to that found in the treated soil A, compaction
behaviour of treated soil B was found almost the same, with
a trivial reduced density compared to that was gained at 5%
Portland cement cementation. At 0% Portland cement as
presented in Figure. 10, the treated soil B gained significant
strength because it recorded between 1.74 and 2.95g/cm? at
zero Geopolymer cement and 3.37 and 5.69g/cm? at 20% by
weight Geopolymer cement under varying compactive ef-
forts, which were almost the same range of strength density
gain at 5, 2.5 and 1% addition of Portland cement (Amadi &
Eberemu, 2012; K. J. Osinubi et al., 2012; Eberemu et al.,
2013). This experiment research on compaction characteris-
tics of the test soil B treated with quarry dust based Geopol-
ymer cement proving that the quarry dust based Geopolymer
cement exhibits the properties which able to partly or even
fully take the place of Portland cement in the soil stabiliza-
tion goal. The optimum moisture content at which these den-
sities were recorded was observed to decrease consistently

AN EXPERIMENTAL STUDY ON COMPACTION BEHAVIOR OF LATERITIC SOILS TREATED WITH QUARRY DUST

too over the increased compaction blows and increased pro-
portions of quarry dust based Geopolymer cement.

Effect of Varying Proportions of Quarry
Dust based Geopolymer on Cemented and
Uncemented Test Soil C under Varying
Blows

Similar behaviours as recorded in test soils A and B were
also found in the case of soil C, regardless of their different
fundamental properties, for example characterization and
classification, consistency limits (Atterberg limits) and
strength properties (specific gravity, compaction-MDD and
OMC). The quarry dust based Geopolymer cement treated
soil C demonstrated a consistent strength gain with increased
Geopolymer cement at control, 5%, 2.5%, and 1% cementa-
tion as presented in Figures 11, 12, 13, and 14. The optimum
moisture content at which these densities were recorded was
observed to decrease consistently too over the increased
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compaction blows and increased proportions of quarry dust
based Geopolymer cement. This is due to the increased hy-
dration and carbonation reaction as well as the cation ex-
change that took place at the adsorbed complex under the
influence of the GPC. Due to the additive properties of re-
sisting moisture exposure and sulphate effects, there was a
recorded improvement on consistency and strength proper-
ties. The binding abilities of the geopolymer cement additive
under eco-friendly environments has achieved ecoefficient
and sustainable compacted treated soils. Also the addition of
the variable proportions of the additive induced the floccula-
tion characteristics of the treated specimens.

CONCLUSION

Taking into account the results of the laboratory experi-
ments conducted on the quarry dust based Geopolymer ce-
ment treated soils A, B and C, it can be concluded with the
following remarks:

(a) The alkali-activated (NaOH + NaySiO3z) cement pro-
duced under dry condition provided the possibility to
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(b)

(©)
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adapt inorganic waste materials and the properties of
such cements are found to be consistently better than
those of ordinary Portland cement (OPC) in this study.
The concentration of NaOH was kept lower than the
concentration of Na,SiOs3 to check the excessive release
of OH-, which lead to inefficient geopolymerization re-
action.

Results from the above procedure showed that the quar-
ry dust based Geopolymer cement treated soils demon-
strated significant and consistent strength density im-
provement with increased compaction blows and ram-
mer weight, and increased proportion of quarry dust
based Geopolymer cement.

More important to note is the remarkable strength im-
provement recorded at 0% Portland cement. This shows
that the properties of Geopolymer cement have been ful-
ly utilized in the stabilization protocol to achieve a hy-
draulically bound stabilized material which will possess
high compressive strength, high temperature resistant of
above 600°C, resistance to acid, salts and sulfate attacks,
and resistance to brittle and corrosion effects. This be-
havior may be attributed to the properties of the constit-
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uent elements of the Geopolymer cement where ground
granulated blast furnace slag produces high level of cal-
cium and quarry dust produces high concentration of
aluminosilicates, which contribute to strength gain by
calcinations, cation exchange, hydration reactions and
polycondensation. In addition to the strength density
gain, the moisture content at which the densities were
achieve was recorded and this reduced consistently also
with increased proportion of the Geopolymer cement.

The consistent increase in strength recorded at increased
proportion of the quarry dust based Geopolymer cement
showed that at amount of larger 20% by weight addition
of the Geopolymer cement, the soils will continue to
densify and flocculate thereby building more strength
properties satisfactory for use as stabilization materials.
Generally, solid waste materials such as quarry dust, fly
ash, ground granulated blast furnace, etc. have shown
again to be good combinations as geomaterials for-

mation utilized in the improvement of geomaterials as
foundation materials.
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