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ABSTRACT

The production of cement is highly associated with the emission of carbon dioxide into
the atmosphere which has generally lead to the use of pozzolanic material to partially replace
cement in construction industries with the motive of reducing the emission. The use of high-grade
kaolinite as pozzolanic materials in construction industries has long been established. However,
the high cost and depletion of high-grade material has led to the use of low-grade kaolinite material
in cement production. This research aims to explore the use of a low-grade kaoline — marine clay,
as a potential pozzolanic material through a series of experimental studies. These studies are done
to assess the characteristics of marine clay; examine its pozzolanic reactivity and the effect of
calcination: this study also investigates the properties of mortar containing the calcined marine
clay. The characterisation process was done based on its index properties, which included its
natural moisture content, liquid limit, plastic limit, and plasticity index. The microstructure was
determined via the particle size analysis (PSA), the x-ray fluorescence analysis (XRF), the
thermogravimetric analysis (TGA), the differential thermal analysis (DTA), and the Xx-ray
diffraction (XRD) test. The reactivity of marine clay was studied through its conductivity. The
effect of calcination ranging from 600 - 1000°C on marine clay was done to examine the response
of its embedded chloride and sulphate content and loss on ignition. Finally, the properties of mortar
containing calcined marine clay were investigated via the compressive strength, strength activity
index, and microstructure. The characterization result indicated that the marine clay had fulfilled
the basic properties of a pozzolanic material - where it belongs to the kaoline group with over 40%
kaoline content. The conductivity test has indicated that marine clay that was calcined at 700 °C
for 1-hour yielded the highest pozzolanic reactivity, measured based on the loss in conductivity
due to the formation of C-S-H. A decrease in compressive strength was recorded with the
replacement level increased from 5% to 30%; the control specimen consistently exhibited the
highest compressive strength. This is attributed to the dilution effect and the ease at which marine
clay absorbs water from the mix to yield a more porous blend. Nevertheless, marine clay has
achieved the strength activity index requirement for pozzolanic materials. Lastly, the scanning
electron microscopy, XRD, TGA, and DTA results had conclusively justified the use of marine
clay as a potential pozzolanic material, which was proven through the consumption of portlandite
for C-S-H formation. As such, even though marine clay has a bad reputation due to its instability
and presence of undesirable organic material, it was still thermally activated to produce a good
pozzolana. The results of this study are expected to provide valuable insights into the existing

literature on the application of low-grade kaoline as a potential pozzolanic material.
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ABSTRAK

Pengeluaran simen yang sering dikaitkan dengan pelepasan karbon dioksida ke
persekitaran menyebabkan penggunaan bahan pozzolanik digunakan untuk menggantikan
simen dalam industri pembinaan. Penggunaan kaolinit bermutu tinggi sebagai bahan
pozzolanik telah lama wujud .Walau bagaimanapun, kos yang semakin tinggi dan perosotan
bahan gred tinggi yang semakin serius kini mewajibkan penggunaan bahan kaolinit kelas
rendah. Penyelidikan ini bertujuan untuk meneroka penggunaan kaolin kelas rendah, iaitu
tanah liat laut sebagai bahan pozzolanik melalui kajian-kajian eksperimen untuk menilai ciri-
cirinya, mengkaji kereaktifan pozzolanik dan kesan kalsinasi serta menyiasat sifat mortar yang
mengandungi tanah liat laut yang terkalsinasi. Kajian ke atas ciri-ciri bahan ini telah dilakukan
untuk mengenalpasti sifat indeksnya seperti kandungan kelembapan semula jadi, had cecair,
had plastik, dan indeks keplastikan. Struktur mikro telah ditentukan melalui analisis ukuran
zarah (PSA), analisis pendarfluor sinar-x (XRF), analisis termogravimetrik (TGA), analisis
termal pembezaan (DTA), dan ujian difraksi sinar-x (XRD). Kesan kalsium antara 600 — 1000
°C di tanah liat marin telah dilakukan untuk memeriksa tindak balas klorida terbenam dan
kandungan sulfat dan kehilangan pencucuhan. Akhirnya, sifat-sifat mortar yang mengandungi
tanah liat marin terkalsinasi yang telah disiasat meliputi kekuatan mampatan, indeks aktiviti
kekuatan, dan struktur mikro. Hasil ujian-ujian pencirian menunjukkan bahawa tanah liat laut
telah menepati sifat-sifat asas bahan pozzolanik; ia mengandungi kandungan kaolin lebih
daripada 40%. Ujian kekonduksian menunjukkan bahawa tanah liat laut yang telah dikalsinasi
pada suhu 700 °C selama sejam menghasilkan kereaktifan pozzolanik tertinggi berdasarkan
kehilangan kekonduksiannya akibat pembentukan C-S-H. Malangnya, kekuatan mampatan
telah menurun apabila tahap penggantian meningkat daripada 5% sehingga 30%. Spesimen
kawalan tetap menunjukkan kekuatan mampatan tertinggi. Fenomena ini telah dikaitkan
dengan kesan pencairan dan kesenangan tanah liat laut menyerap air dari campuran untuk
menjadi lebih berpori. Walaupun demikian, tanah liat laut telah mencapai indeks aktiviti ujian-
ujian mikroskopi elektron imbasan, XRD, TGA, dan hasil DTA secara konklusifnya
menunjukkan potensi tanah liat laut sebagai bahan pozzolanik, terbukti melalui penggunaan
portlandit untuk pembentukan C-S-H. Oleh itu, walaupun tanah liat laut mempunyai reputasi
buruk kerana ketidakstabilan dan kehadiran bahan organik yang tidak diingini, ia masih dapat
diaktifkan secara termal untuk menghasilkan pozzolana yang baik. Hasil kajian ini diharapkan
dapat menyumbang kepada literatur yang sedia ada mengenai penerapan kaolin kelas rendah

sebagai bahan pozzolanik yang berpotensi
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CHAPTER 1

INTRODUCTION

1.1  Background of Study

After water, cement is said to be the most widely used construction material in
the world. The superiority of cement in the construction industry is its exceptional
ability to bind other construction materials like sand, water, and aggregate to form a
composite material called concrete which undoubtedly has higher durability and
strength as compared to other construction materials like timber and steel. However,
the production of cement notably Portland cement is a major contributor to carbon

dioxide (COz2) emission in the construction industry.

Carbon dioxide emitted into the atmosphere during the production of cement
leads to global warming. The CO: is released mainly from the combustion of raw
materials (CaCOs —CaO+CO>) and from electric and fuel consumption in generating
high temperatures for the calcination in the kiln. For every one ton of cement produced,
an estimated 0.8 to 1 ton of CO: is emitted into the atmosphere which is an estimated
5 to 8% of the total anthropogenic CO and it is coming from the production of cement
alone (Pina, Ferrdo, Fournier, et al., 2017). In fact, Armstrong (2013) estimated an
increase in CO2 emission from 3737 Metric tons (Mt) in 2012 to a projected 4368 Mt
emission for 2016 due to the high demand for cement. These estimates are in line with
the predictions by Gémez-Pozuelo, Sanz-Pérez, Arencibia, et al. (2019) which suggest
an estimated 1.5 °C increase in global temperature within the 21 century. However,
the partial replacement of cement with pozzolanic materials in concrete has been
recognized to curb the excessive production of cement thereby reducing the emission

of COz into the atmosphere.



Volcano ash found near the modern town of Pozzuoli in Italy was originally
refer to as pozzolana. Pozzolans have been used since the reign of the Roman Empire
to produce cementitious products. Due to the fineness and high constituent of
amorphous silica, pozzolana would often react with lime in the presence of water to
form a relatively soluble compound. This compound gives concrete high mechanical
strength because of its exceptional ability to bind lime and aggregate allowing concrete
to set hydraulically (harden underwater). Generally, pozzolana became an ideal name
for any material exhibiting the aforementioned characteristics, that is to say, that any
siliceous and aluminous material that reacts with calcium hydroxide (lime) to produce
a cementitious compound that enhances strength and durability is referred to as
pozzolana (Gillot, 2014; Grist, Paine, Heath, et al., 2013).

There are two types of pozzolanic materials, the naturally occurring pozzolans
e.g volcanic ashes, pumices, and Diatomaceous earth, we also have industrially made
pozzolans such as metakaolin (MK), palm oil fuel ash (POFA), slag, fly ash, silica
fumes, etc. In addition to the reduction of CO2 emission and increasing the strength of
concrete, the use of pozzolans also reduces the cost of construction since they are
mostly industrial wastes. Furthermore, it serves as a solution to environmental

pollution coming from the dumping of those industrial waste materials.

In places like Malaysia, Singapore, Indonesia, China, and many other countries
around the world, there has been a growing need for infrastructural development in
coastal areas due to insufficient land spaces, among others. However, structures built
in coastal areas were observed to have issues due to the presence of a certain poor clay

material underneath the ground, later termed “marine clay”.

Marine clay largely found in coastal areas around the world in countries like
Singapore, Malaysia, China, Indonesia, etc. is often excavated before the
commencement of construction due to the poor properties it exhibits (Du and Pang,
2018). These poor properties of marine clay are functions of the presence of the organic
materials in marine clay which includes the likes of chloride and sulphate. Hence it is
often regarded as a profitless material (Thomas, 1996). In fact, the dredging of marine

clay has become prohibited in some countries like Singapore due to dumping issues



and poor characteristics of marine clay (Du and Pang, 2018). However, as highlighted
by Shahri and Chan (2015), a large volume of marine clay is dredged every year in
Malaysian water bodies. These dredged marine deposits also referred to as dredged
marine soil (DMS) or soft clay are not significantly dissimilar with ideal soil but the
presence of biological and chemical contaminants gives marine clay poor
characteristics (Emmanuel, Lau, Anggraini, et al., 2019; Hosein, Shekarchi, and
Tadayon, 2016; Song, Zeng, and Hong, 2017). As reported by Pakir, Marto, Yunus, et
al. (2015), one of these poor properties is the swelling and shrinking of marine clay as
a function of the moisture content which makes the use of marine clay challenging,
this report is in line with Lee, Tan, Lim, et al. (2016) investigation of marine clay
found at a construction site in Kedah (Malaysia) where the authors also concluded that

marine clay has an undrained shear strength of less than 25 KPa.

Yunus, Marto, Pakir, et al. (2015) reported that marine clay when saturated
exhibits significantly different engineering properties when compared to other moist
soil. The exceptional ability of marine clay to change in property with varying moisture
content makes it unpredictable and dangerous to be used in foundations and subgrade
for the pavement of roads. Marine clay was further described by Rao (2011) as a type
of soil with a liquid limit below its natural moisture content and so even though marine

clay is very strong when dry, it cracks easily when it comes in contact with moisture.

Although there have been numerous reports about the poor characteristics of
marine clay because it is considered too soft to be used even as backfill materials
(Bergado, Youwali, Teerawattanasuk, et al., 2003; Bo, Arulrajah, Sukmak, et al., 2015),
Some researchers have however taken bold steps to re-energize and transform these
marine clay into a more suitable material since soil can generally be stabilized either
chemically using chemical additives (Pakir et al., 2015), mechanically by compaction
(Burroughs, 2007; Ekinci, 2019; Kaproth, Kacewicz, Muhuri, et al., 2016; Mahvash,
Lopez-querol, and Bahadori-jahromi, 2017), biologically by bacteria (Attramadal,
Tendel, Salvesen, et al., 2012; Burroughs, 2007; Kheirfam, and Asadzadeh, 2020),
hydrologically by controlling the temperature (Khalil, Charef, Khiari, et al., 2018;
Lim, and Cachier, 1996; Wu, Deng, Zheng, et al., 2019; Yanguatin, Ramirez, Tironi,
et al., 2019) or cement treated (Kang, Tsuchida, and Kim, 2017; Kang, Tsuchida, and



Athapaththu, 2016). The much research interest on the stabilization of marine clay is
because of the increasing demand in infrastructural development in coastal areas
leading to many encounters with marine clay deposits during dredging or excavation
works around the world like in Asia, Australia, Europe, and North America (Gingele,
Deckker and Hillenbrand, 2001; Kalscheuer, Bastani, Donohue, et al., 2013; Ohtsubo,
Egashira, and Kashima, 1995; Poulos, 1996)

Pakir et al. (2015) looked at the effect of sodium silicate as a liquid based
stabilizer on the shear strength of marine clay. This was an attempt to improve the
strength and reliability of marine clay using sodium silicate acting as a liquid
stabilizing agent. It worked out well since the result showed a reduction in plasticity
and an increase in the unconfined compressive strength of the soil. furthermore,
Rahman, Yaacob, Rahim, et al. (2013) looked into the geotechnical characteristics of
marine clay to be used as a filler material. The permeability test on several samples
revealed that the hydraulic conductivity ranges between 1.10 x 10 and 2.44 x 10
m/s. The low permeability is evidence of the dominance of finer fractions of silt and
clay (78 - 88%) and just (12 - 22%) sand constituent of marine clay. A study has been
proposed by Khalid, Ye, Kumar, et al. (2019) on the easy way to reconstruct structured
clay from a troubled natural state to aid fast and easy quantitative analysis on marine
clay. This is because the quantitative laboratory studies on the structural behaviour of
natural unharmed marine clay require many similar natural samples due to the
difference in mechanical behaviour with the difference in the location which makes it
a tedious and expensive task. The study proposed mixing marine clay with a low
cement content of about 1- 6% to help generate inter-particle bonds and hence modify

clay structure to be similar to natural intact clay for easy quantitative analysis

Although there are recent reports on the possible reutilization of marine clay,
there are, however, limited studies on the use of marine clay as a potential pozzolanic
material. A study by Du and Pang (2018) has shown that marine clay belongs to the
kaolinite group and hence can be used as supplementary cementitious material after
undergoing treatment to eliminate the aforementioned contaminant. Another very
recent study by Dang, Du, and Pang (2020) also agreed with the possible re-utilization

of marine clay in mortar but failed to properly assess its pozzolanic behaviour as it



dwells on just the thermal activation. It is very prudent to note that a deep
understanding of the nature of marine clay, its properties, and the transformation
mechanism to a pure pozzolana is imminent since a poor treatment would not yield a
suitable material and the bid to avoid the aforementioned problems associated with

marine clay would not be achieved.

Itis inthat regard that this research seeks to explore the best possible conditions
of re-energizing naturally super flow marine clay deposits to a potential pozzolanic
material as a function of its reactivity through not just thermal activation but its
physical and mechanical properties, conductivity measures, chloride, and sulphite

content, and its consequent influence in blended mortar.

1.2 Problem Statement

There has been numerous research on the use of kaolinite clay as a pozzolana
(Kanimozhi, Rajkumar, Kumar, et al., 2021; Mgbemene, Akinlabi, and Ikumapayi,
2019; Sternik, Galaburda, Bogatyrov, et al., 2020). Kaolin clay exhibits pozzolanic
behaviour after being transformed into metakaolin via the calcination process.
Metakaolin is considered unique because it is neither entirely artificial nor it is entirely
natural since it is formed as a result of proper thermal treatment of natural kaolin clay
(Tli¢, Mitrovié, and Mili¢i¢, 2010). The thermal treatment dissipates water from
mineral kaolinite (Al203.2Si02.2H20), which is the major constituent of kaolin clay.
This water dissipation leads to the destruction of the material structure thereby forming
an amorphous aluminosilicate (Al203.2Si0z), otherwise known as metakaolin. The
water dissipation process is referred to as dehydroxylation represented by the equation
Al>03.2Si02.2H20 — Al203.2Si0; + 2H20.

In the early days, high-grade kaolinite clay was used as supplementary
cementitious material but in recent years, the high cost and limited availability of high-
grade kaolinite clay deposits have necessitated the use of low-grade kaolinite clay to
partially replace Portland cement. Among the various low kaolinite clay, a very limited

study has shown that marine clay also has pozzolanic properties (Du and Pang, 2018).



However, the unstable nature of marine clay and the presence of impurities like
sulphate and chloride has rendered the transformation of marine clay rather tricky
compared to high-grade kaolinite clay because improper calcination treatment will not
lead to the ideal transformation of marine clay to good pozzolanic material. While a
recent study by Dang, Du, and Pang (2020) had just agreed with the potential value-
added utilization of marine clay as a cement replacement through thermal activation,
the study has, however, failed to produce a proper insight on the reactivity of marine
clay at different temperature ranges through conductivity which is quite critical when
dealing with an unstable material like marine clay. The previous study has also failed
to determine how the thermal treatment affects the embedded contaminants like
chloride and sulphate. It is in light of all these lapses that this research seeks to look
into the reactivity behaviour of thermally treated marine clay at different temperature
ranges through very vital experimental procedures like conductivity. Since marine clay
from different location have different mechanical properties and may hence require
different thermal treatment, it has, therefore, became very eminent to provide more
insight on the proper treatment measures and wider understanding of the reactive
nature of marine clay considering that improper calcination process of marine clay

would not lead to its best possible transformation to a highly pozzolanic material.

On the other hand, urban development and or lack of land spaces have also
necessitated mega construction projects in coastal areas around the world. However,
marine clay found largely in those areas would have to be dredged out by contractors
before the commencement of construction because it is reported that marine clay has
poor properties like poor bearing capacity which affects the foundations of structures.
After dredging, the marine clay being invaluable material is often disposed of in an
open field which has become a great concern in many countries like Singapore where
dumping of marine clay has now become prohibited. Prohibiting the dumping of
marine clay is an indirect way of restricting construction in coastal areas since
construction cannot be done without dredging and replacing the marine clay with a
more suitable material. The dumping of marine clay has become a major issue that
requires determining the re-utilization of this profitless marine clay for construction to
go on smoothly in coastal areas of countries around the world. Hence the quest to

determine various ways of value-added utilization of marine clay.



1.3  Research Aim and Objectives

This research aim is to assess the use of marine clay as a potential pozzolana

material through the following objectives.

Q) To characterize marine clay through index properties and microstructure

examination.
(i)  To evaluate the pozzolanic reactivity of calcined marine clay.
(ili)  To investigate the effect of calcination on the impurities in marine clay.

(iv)  To investigate the properties of mortar containing calcined marine clay.

1.4 Scope of Study

This study involves numerous experimental tests in other to answer the
aforementioned objectives i.e. to characterize the marine clay, to evaluate its
pozzolanic reactivity after calcination, to investigate the effect of calcination on the
impurities, and lastly to investigate the properties of mortar containing calcined marine

clay.

The characterization was done in two stages, the first stage was through the
soil properties (Atterberg limit examination) where the natural water content, liquid
limit, plastic limit, and plasticity index was examined to have an idea on the
engineering property of marine clay which is a function of its critical water content.
The second stage looked at the characterization of marine clay through microstructure
examination which was limited to the particle size analysis (PSA), x-ray fluorescence
(XRF), thermogravimetric and differential thermal analysis TGA/DTA, and x-ray
diffraction (XRD) to study the microstructural features of the marine clay under

magnification in an attempt to examine its potential use as a pozzolanic material.



The pozzolanic reactivity of marine clay previously calcined at 450 °C for 1
hour, 700 °C for 1 hour, 700 °C for 2 hours, and 1000 °C for 1 hour were examined
through conductivity to study C-A-S-H formation which would consequently result in
loss of conductivity. Calcination at 450 °C was chosen for the examination because
the consumption of portlandite is said to occur at the temperature range of 400 — 500
°C, 700 °C was chosen because calcite is formed at the range of 600 -800 °C however
more emphasis was laid on 700 °C because it appeared promising which lead to its
examination at 1 and 2 hours of calcination, finally, 1000 °C was also chosen to be

examined because mullite is formed with calcination beyond 950 °C.

The effect of calcination on marine clay was examined after the calcination
process at different temperatures. This is in line with the temperature ranges associated
with dehydroxylation which would eventually indicate the characteristics of kaolinite
and its transformation mechanism. What ensued was a conductivity test on the
different calcined clay in a bid to determine the calcium hydroxide consumption, loss

in conductivity which is ultimately a measure of its reactivity.

The strength and reactivity of mortar containing calcined marine clay were
examined by first looking into its workability at 0.5, 0.55, and 0.6 w/c ratios. Next, the
compressive strength at a replacement level of 5%, 10%, 15%, 20%, 25%, and 30% at
3,7,14, and 28 days of curing age was examined followed by water absorption and
strength activity index was determined. Finally, the mortar reactivity was checked
using microstructure examination through scanning electron microscopic (SEM), x-
ray diffraction (XRD), and thermogravimetric (TGA/DTA).

1.5  Significance of the Study

As this research was aimed at assessing the engineering properties of marine
clay as a potential pozzolanic material through systematic investigation, it can then
provide a platform for the development of a standard specification for a blended
system involving marine clay which would be essential for practical applications. This

research would also provide more insight on the use of low-grade kaolinite material as



an alternative to the high-priced, unavailable high-grade kaolinite material which
would be highly beneficial to construction industries. This will also contribute to the
development of eco-friendly material that has a wide range of applications while also
solving the problem of dumping issues associated with the excavation of marine clay
during construction. Finally, it is envisioned that this study would add more substance
to the pool of knowledge as regards the use of low-grade kaolinite material as potential

pozzolanic materials.

1.6 Thesis Organisation

Chapter 1 provides the general appraisal for conducting the research, backed
by the problem background, problem statement, research aim, research objectives,

scope, and significance of the study.

Chapter 2 provides the review of literature on binders like Portland cement,
pozzolana, and metakaolin, it also gives insight on literature regarding the effect of
calcination, index properties, and pozzolanic reactivity of kaolinite clay through

microstructure examination.

Chapter 3 describes in detail the methods of the experiments carried out during
the research including some pictorial representations of the steps to provide more
insight. It covers the methodology for raw material preparation, experiments on the
characterization of marine clay, pozzolanic reactivity, the effect of calcination on the
impurities embedded in marine clay, alongside the strength and reactivity of calcined

marine clay in mortar.

Chapter 4 describes the results obtained from the experimental procedure
experiments on the characterization of marine clay, pozzolanic reactivity, the effect of
calcination of marine clay, alongside the properties of mortar containing calcined

marine cay.



Chapter 5 gives an overall conclusion and overview on the result obtained in
line with the objectives which include the characterization of marine clay, the
pozzolanic reactivity of marine clay, the effect of calcination on the impurities, and

finally the strength of marine clay mortar alongside its pozzolanic reactivity.

10



REFERENCES

AASHTO Method T-91. (2015). Standard Method of Test for Sampling of Aggregates.
West Conshohocken, Pennsylvania.

Abdalkader, A. H. M., Lynsdale, C. J., and Cripps, J. C. (2015). The effect of chloride
on cement mortar subjected to sulfate exposure at low temperature. Construction
and Building Materials, 78, 102-111.
https://doi.org/10.1016/j.conbuildmat.2014.12.006

Akande, J. M., Arum, C., and Omosogbe, F. M. (2011). Determination of the
Pozzolanic Properties of Olotu Marine Clay and Its Potentials for Cement
Production, 2011(January), 53-58. https://doi.org/10.4236/msa.2011.21008

Al-saleh, S. A. (2015). Case Studies in Construction Materials Analysis of total
chloride content in concrete. Case Studies in Construction Materials, 3, 78-82.
https://doi.org/10.1016/j.cscm.2015.06.001

Ali, M., Al-bared, M., and Marto, A. (2017). A review on the geotechnical and
engineering characteristics of marine clay and the modern methods of
improvements. Malaysian Journal of Fundamental and Applied Sciences, 13(4),
825-831.

Almenares, R. S., Vizcaino, L. M., Damas, S., Mathieu, A., Alujas, A., and Martirena,
F. (2017). Industrial calcination of kaolinitic clays to make reactive pozzolans.
Case  Studies in  Construction  Materials,  6(April), 225-232.
https://doi.org/10.1016/j.cscm.2017.03.005

Alujas, A., Fernandez, R., Quintana, R., Scrivener, K. L., and Martirena, F. (2015).
Pozzolanic reactivity of low grade kaolinitic clays : In fl uence of calcination
temperature and impact of calcination products on OPC hydration. Applied Clay
Science, 108, 94-101. https://doi.org/10.1016/j.clay.2015.01.028

Andrews, E., Pogge von Strandmann, P. A. E., and Fantle, M. S. (2020). Exploring the
importance of authigenic clay formation in the global Li cycle. Geochimica et
Cosmochimica Acta, 289, 47-68. https://doi.org/10.1016/j.gca.2020.08.018

Armstrong, T. (2013). International Cement Industry Trend. The Global Cement
Report 10th Edition.

Arulrajah, A., and Bo, M. W. (2008). Characteristics of Singapore marine clay at

141



changi. Geotechnical and Geological Engineering, 26(4), 431-441.
https://doi.org/10.1007/s10706-008-9179-2

ASTM C109. (2010). Standard Test Method for Compressive Strength of Hydraulic
Cement Mortars. West Conshohocken, Pennsylvania,.

ASTM C114 - 18. (2018). Standard Test Methods for Chemical Analysis of Hydraulic
Cement. West Conshohocken, Pennsylvania.

ASTM C1157. (2003). Standard Specification for Nonloadbearing Concrete Masonry
Units 1. ASTM International (Vol. 04). West Conshohocken, Pennsylvania.
https://doi.org/10.1520/C0129-11.2

ASTM C117-17. (2017). Standard Test Method for Materials Finer than 75-um (No.
200) Sieve in Mineral Aggregates by Washing. West Conshohocken,
Pennsylvania.

ASTM C150 - 07. (2007). Standard Specification for Portland Cement. ASTM
International. West Conshohocken, Pennsylvania. https://doi.org/10.1520/C0010

ASTM C158-04. (2004). Standard Test Method for Measurement of Rate of
Absorption of Water by Hydraulic-Cement concretes. Annual Book of ASTM
Standards, (147), 1-6. https://doi.org/10.1520/C1585-04E01.2

ASTM C305. (2010). Standard Practice for Mechanical Mixing of Hydraulic Cement
Pastes and Mortars of Plastic Consistency. West Conshohocken, Pennsylvania.

ASTM C311. (2013). Standard Test Methods for Sampling and Testing Fly Ash or
Natural Pozzolans for Use in Portland-Cement Concrete. West Conshohocken.

ASTM C33/C33-18. (2018). Standard Specification for Concrete Aggregates. West
Conshohocken, Pennsylvania.

ASTM C618-01. (2001). Standard Specification for Coal Fly Ash and Raw or
Calcined Natural Pozzolan for Use as Mineral Admixture in Concrete. Annual
Book of ASTM Standards. West Conshohocken, Pennsylvania.
https://doi.org/10.1520/C0618

ASTM D4318 - 00. (2003). Standard Test Methods for Liquid Limit, Plastic Limit, and
Plasticity Index of Soils. West Conshohocken, Pennsylvania.

ASTM D4959. (2003). Standard Test Method for Determination of Water Content of
Soil By Direct Heating. West Conshohocken, Pennsylvania.

ASTM D512-89. (1999). Standard Test Methods for Chloride lon In Water 1, National
Convention, U S Pharmaceutical (Vol. 22). West Conshohocken, Pennsylvania.

Attramadal, K. J. K., Tgndel, B., Salvesen, I., @ie, G., Vadstein, O., and Olsen, Y.

142



(2012). Ceramic clay reduces the load of organic matter and bacteria in marine
fish  larval culture tanks. Aquacultural Engineering, 49, 23-34.
https://doi.org/10.1016/j.aquaeng.2012.02.003

Avet, F., and Scrivener, K. (2018). Investigation of the calcined kaolinite content on
the hydration of Limestone Calcined Clay Cement ( LC 3). Cement and Concrete
Research, 107(January), 124-135.
https://doi.org/10.1016/j.cemconres.2018.02.016

Badogiannis, E., and Tsivilis, S. (2009). Exploitation of poor Greek kaolins: Durability
of metakaolin concrete. Cement and Concrete Composites, 31(2), 128-133.
https://doi.org/10.1016/j.cemconcomp.2008.11.001

Bergado, D. T., Youwai, S., Teerawattanasuk, C., and Visudmedanukul, P. (2003).
The interaction mechanism and behavior of hexagonal wire mesh reinforced
embankment with silty sand backfill on soft clay. Computers and Geotechnics,
30(6), 517-534. https://doi.org/10.1016/S0266-352X(03)00054-5

Bo, M. W., Arulrajah, A., Sukmak, P., and Horpibulsuk, S. (2015). Mineralogy and
geotechnical properties of Singapore marine clay at Changi. Soils and
Foundations, 55(3), 600—613. https://doi.org/10.1016/j.sandf.2015.04.011

BS-EN197-1: (2011). Cement Part 1: Composition, Specifications and Conformity
Criteria for Common Cements. British Standard. West Conshohocken,
Pennsylvania.

BS 1377-3. (2018). Methods of test for soils for civil engineering purposes. Chemical
and electro-chemical testing. london.

BS 2000-49. (1993). Methods of test for petroleum and its products. Determination of
needle penetration of bituminous material.

BS EN 12390-4. (2019). Testing hardened concrete. Compressive strength.
Specification for testing machines. London.

BS EN 196-5. (2011). Methods of testing cement. Pozzolanicity test for pozzolanic
cement. london.

Burroughs, S. (2007). Recommendation for the Selection, and Compaction of Soil for
Rammed Earth Wall Construction. Meridian Allenpress, 5(1), 101-114.

Cardinaud, G., Roziére, E., Martinage, O., Loukili, A., Barnes-Davin, L., Paris, M.,
and Deneele, D. (2021). Calcined clay — Limestone cements: Hydration processes
with high and low-grade kaolinite clays. Construction and Building Materials,
277, 122271. https://doi.org/10.1016/j.conbuildmat.2021.122271

143



Carneiro, L. R. S., Garcia, D. C. S., Costa, M. C. F., Houmard, M., and Figueiredo, R.
B. (2018). Evaluation of the pozzolanicity of nanostructured sol-gel silica and
silica fume by electrical conductivity measurement. Construction and Building
Materials, 160, 252-257. https://doi.org/10.1016/j.conbuildmat.2017.11.042

Chew, S. H., Kamruzzaman, A. H. M., & Lee, F. H. (2004). Physicochemical and
engineering behavior of cement treated clays. Journal of Geotechnical and
Geoenvironmental Engineering, 130(7), 696-706.

Cikmit, A. A., Tsuchida, T., Kang, G., Hashimoto, R., and Honda, H. (2019). Particle-
size effect of basic oxygen furnace steel slag in stabilization of dredged marine
clay. Soils and Foundations, 59(5), 1385-1398.
https://doi.org/10.1016/j.sandf.2019.06.013

Dabrio, C. J., Santisteban, J. I., Mediavilla, R., Lo, E., Garci, G., Castan, S., ... Marti,
P. E. (2004). Loss on ignition : a qualitative or quantitative method for organic
matter and carbonate mineral content in sediments ? Journal of Paleolimnology,
32, 287-299.

Dang, J., Du, H., and Pang, S. D. (2020). Hydration, strength and microstructure
evaluation of eco-friendly mortar containing waste marine clay. Journal of
Cleaner Production, 272, 122-784.
https://doi.org/10.1016/j.jclepro.2020.122784

Das, B. M. (2013). Fundamentals of Geotechnical Engineering (4th ed.). European
Environment Agency (EEA), 53(9), 1689-1699.
https://doi.org/10.1017/CB09781107415324.004

de Azevedo Basto, P., Savastano Junior, H., and de Melo Neto, A. A. (2019).
Characterization and pozzolanic properties of sewage sludge ashes (SSA) by
electrical conductivity. Cement and Concrete Composites, 104(July), 103-410.
https://doi.org/10.1016/j.cemconcomp.2019.103410

Dhandapani, Y., Sakthivel, T., Santhanam, M., Gettu, R., and Pillai, R. G. (2018).
Mechanical properties and durability performance of concretes with Limestone
Calcined Clay Cement (LC3). Cement and Concrete Research, 107(July 2017),
136-151. https://doi.org/10.1016/j.cemconres.2018.02.005

Dika Manga, J., Kenne Diffo, B. B., Elimbi, A., Cyr, M., and Tchakoute Kouamo, H.
(2014). Effect of the rate of calcination of kaolin on the properties of metakaolin-
based geopolymers. Journal of Asian Ceramic Societies, 3(1), 130-138.
https://doi.org/10.1016/j.jascer.2014.12.003

144



Dixit, A., Du, H., and Pang, S. D. (2020). Performance of mortar incorporating
calcined marine clays with varying kaolinite content. Journal of Cleaner
Production, (xxxx), 124513. https://doi.org/10.1016/j.jclepro.2020.124513

Dixit, A., Gupta, S., Pang, S. D., and Kua, H. W. (2019). Waste Valorisation using
biochar for cement replacement and internal curing in ultra-high performance
concrete. Journal of Cleaner Production, 238, 117-876.
https://doi.org/10.1016/j.jclepro.2019.117876

Du, H., and Pang, S. D. (2018). Value-added utilization of marine clay as cement
replacement for sustainable concrete production. Journal of Cleaner Production,
198, 867-873. https://doi.org/10.1016/j.jclepro.2018.07.068

Ekinci, A. (2019). Effect of preparation methods on strength and microstructural
properties of cemented marine clay. Construction and Building Materials, 227,
116690. https://doi.org/10.1016/j.conbuildmat.2019.116690

El-Gamal, S. M. A., Amin, M. S., and Ramadan, M. (2017). Hydration characteristics
and compressive strength of hardened cement pastes containing nano-metakaolin.
HBRC Journal, 13(1), 114-121. https://doi.org/10.1016/j.hbrcj.2014.11.008

Emmanuel, E., Lau, C. C., Anggraini, V., and Pasbakhsh, P. (2019). Stabilization of a
soft marine clay using halloysite nanotubes: A multi-scale approach. Applied
Clay Science, 173(March), 65-78. https://doi.org/10.1016/j.clay.2019.03.014

Faiz ur Rehman, M., Khan, H. U., Man, Z., Irfan Khan, M., Muhammad, N., Sufian,
S., ... Azizli, K. (2017). The pyrolysis kinetics of the conversion of Malaysian
kaolin to metakaolin. Applied Clay Science, 146(September 2015), 152-161.
https://doi.org/10.1016/j.clay.2017.05.017

Fernandez, R. L. (2009). Calcined Clayey Soils as a Potential Replacement for Cement
in Developing Countries. Journal of Cleaner Production, 4302, 820-890.
Retrieved from https://infoscience.epfl.ch/record/130369

Fernandez, R., Martirena, F., and Scrivener, K. L. (2011). The origin of the pozzolanic
activity of calcined clay minerals: A comparison between kaolinite, illite and
montmorillonite. Cement and Concrete Research, 41(1), 113-122.
https://doi.org/10.1016/j.cemconres.2010.09.013

Ferreiro, S., Herfort, D., and Damtoft, J. S. (2017). Effect of raw clay type, fineness,
water-to-cement ratio and fly ash addition on workability and strength
performance of calcined clay — Limestone Portland cements. Cement and
Concrete Research, 101(March), 1-12.

145



https://doi.org/10.1016/j.cemconres.2017.08.003

Frias, M., Rodriguez, O., Vegas, 1., and Vigil, R. (2008). Properties of calcined clay
waste and its influence on blended cement behavior. Journal of the American
Ceramic  Society, 91(4), 1226-1230. https://doi.org/10.1111/j.1551-
2916.2008.02289.x

Ghabbour, E. A., Davies, G., Cuozzo, N. P., and Miller, R. O. (2014). Optimized
conditions for determination of total soil organic matter in diverse samples by
mass loss on ignition. J. Plant Nutr. Soil Sci, (177), 914-919.

Gillot, C. (2014). The use of pozzolanic materials in Maya mortars: New evidence
from Rio Bec (Campeche, Mexico). Journal of Archaeological Science, 47(1), 1
9. https://doi.org/10.1016/j.jas.2014.03.037

Gingele, F. X., Deckker, P. De, and Hillenbrand, C. (2001). Clay mineral distribution
in surface sediments between Indonesia and NW Australia B source and transport
by ocean currents, 179, 135-146.

Gomez-Pozuelo, G., Sanz-Pérez, E. S., Arencibia, A., Pizarro, P., Sanz, R., and
Serrano, D. P. (2019). CO2 adsorption on amine-functionalized clays.
Microporous and Mesoporous Materials, 282, 38-47.
https://doi.org/10.1016/j.micromes0.2019.03.012

Grist, E. R., Paine, K. A., Heath, A., Norman, J., and Pinder, H. (2013). Compressive
strength development of binary and ternary lime-pozzolan mortars. Materials and
Design, 52, 514-523. https://doi.org/10.1016/j.matdes.2013.05.006

Haigh, S. K., Vardanega, P. J., & Bolton, M. D. (2013). Explore Bristol Research The
plastic limit of clays. Géotechnique, 63, 435-440.
https://doi.org/https://doi.org/10.1680/geot.11.P.123

He, C., Makovicky, E., and Osback, B. (1994). Thermal stability and pozzolanic
activity of calcined kaolin. Applied Clay Science, 17(3-4), 165-187.
https://doi.org/10.1016/S0169-1317(00)00011-9

He, C., Makovicky, E., and Osback, B. (2000). Thermal stability and pozzolanic
activity of raw and calcined mixed-layer mica/smectite. Applied Clay Science,
17(3-4), 141-161. https://doi.org/10.1016/S0169-1317(00)00011-9

He, C., Makovicky, E., and @sback, B. (1995). Thermal stability and pozzolanic
activity of calcined illite. Applied Clay Science, 9(5), 337-354.
https://doi.org/10.1016/0169-1317(94)00033-M

He, C., Osbaeck, B., and Makovicky, E. (1995). Pozzolanic reactions of six principal

146



clay minerals: Activation, reactivity assessments and technological effects.
Cement and Concrete Research, 25(8), 1691-1702.
https://doi.org/10.1016/0008-8846(95)00165-4

Horpibulsuk, S., Disfani, M. M., Darmawan, S., Yaghoubi, M., Arulrajah, A., and
Wang, J. (2018). Impact of field conditions on the strength development of a
geopolymer stabilized marine clay. Applied Clay Science, 167(June 2018), 33—
42. https://doi.org/10.1016/j.clay.2018.10.005

Hosein, M., Shekarchi, M., and Tadayon, M. (2016). Long-term field study of chloride
ingress in concretes containing pozzolans exposed to severe marine tidal zone.
Construction and Building Materials, 123, 611-616.
https://doi.org/10.1016/j.conbuildmat.2016.07.074

How, H. K., and Wan Yaacob, W. Z. (2015). Synthesis and characterization of marine
clay-supported nano zero valent iron. American Journal of Environmental
Sciences, 11(2), 115-124. https://doi.org/10.3844/ajessp.2015.115.124

Ibafez, R., Andrés, A., Viguri, J. R., Ortiz, I, and Irabien, J. A. (2000).
Characterisation and management of incinerator wastes. Journal of Hazardous
Materials, 79, 215-227.

Ili¢, B. R., Mitrovi¢, A. A., and Mili¢i¢, L. R. (2010). Thermal treatment of kaolin clay
to obtain  metakaolin.  Hemijska  Industrija, 64(4), 351-356.
https://doi.org/10.2298/HEMIND1003220141

Ismail, and Cagatay, H. (2005). Experimental evaluation of buildings damaged in
recent earthquakes in Turkey. Engineering Failure Analysis, 12, 440-452.
https://doi.org/10.1016/j.engfailanal.2004.02.007

Jack, P., and Outer, R. (2005). EFFECT OF WATER CEMENT RATIO
ONCOMPRESSIVE STRENGTH, POROSITYAND CHLORIDE MIGRATION
OF DIFFERENT MORTAR SAMPLE.

Jafary, T., Ramli, W., Daud, W., Aljlil, S. A., and Fauzi, A. (2018). Simultaneous
organics , sulphate and salt removal in a microbial desalination cell with an
insight into microbial communities. Desalination, 445(July), 204-212.
https://doi.org/10.1016/j.desal.2018.08.010

Kalscheuer, T., Bastani, M., Donohue, S., Persson, L., Pfaffhuber, A. A., Reiser, F.,
and Ren, Z. (2013). Delineation of a quick clay zone at Smgrgrav, Norway, with
electromagnetic methods under geotechnical constraints. Journal of Applied
Geophysics, 92, 121-136. https://doi.org/10.1016/j.jappgeo.2013.02.006

147



Kang, Gyeong o., Tsuchida, T., and Kim, Y. sang. (2017). Strength and stiffness of
cement-treated marine dredged clay at various curing stages. Construction and
Building Materials, 132, 71-84.
https://doi.org/10.1016/j.conbuildmat.2016.11.124

Kang, Gyeongo, Tsuchida, T., and Athapaththu, A. M. R. G. (2016). Engineering
behavior of cement-treated marine dredged clay during early and later stages of
curing. Engineering Geology, 209, 163-174.
https://doi.org/10.1016/j.engge0.2016.05.008

Kanimozhi, B., Rajkumar, P., Kumar, R. S., Mahalingam, S., Thamizhmani, V.,
Selvakumar, A., ... Pranesh, V. (2021). Geothermics Kaolinite fines colloidal-
suspension transport in high temperature porous subsurface aqueous
environment : Implications to the geothermal sandstone and hot sedimentary
aquifer reservoirs permeability. Geothermics, 89(September 2020), 101-975.
https://doi.org/10.1016/j.geothermics.2020.101975

Kaproth, B. M., Kacewicz, M., Muhuri, S., and Marone, C. (2016). Permeability and
frictional properties of halite-clay-quartz faults in marine-sediment : The role of
compaction and shear. Marine and Petroleum Geology, 78, 222-235.
https://doi.org/10.1016/j.marpetge0.2016.09.011

Khalid, U., Ye, G., Kumar, S., and Yin, Z. (2019). A simple experimental method to
regain the mechanical behavior of naturally structured marine clays. Applied
Ocean Research, 88, 275-287. https://doi.org/10.1016/j.apor.2019.04.012

Khalil, N., Charef, A., Khiari, N., Gomez, C. P., and Andolsi, M. (2018). Influence of
thermal and marine water and time of interaction processes on the Cu, Zn, Mn,
Pb, Cd and Ni adsorption and mobility of silty-clay peloid. Applied Clay Science,
162, 403-408. https://doi.org/10.1016/j.clay.2018.06.026

Khatib, J. M., and Clay, R. M. (2004). Absorption characteristics of metakaolin
concrete. Cement  and Concrete Research, 34(1), 19-29.
https://doi.org/10.1016/S0008-8846(03)00188-1

Kheirfam, H., and Asadzadeh, F. (2020). Stabilizing sand from dried-up lakebeds
against wind erosion by accelerating biological soil crust development. European
Journal of Soil Biology, 98, 103-189.
https://doi.org/10.1016/j.ejsobi.2020.103189

Kim, M., Jang, J., Lee, S., Hwang, B., and Lee, J. (2010). Correlation between the ash

composition and melting temperature of waste incineration residue. Korean J.

148



Chem. Eng, 27(3), 1028-1034. https://doi.org/10.1007/s11814-010-0156-0

Krishnan, S., Emmanuel, A. C., and Bishnoi, S. (2019). Hydration and phase
assemblage of ternary cements with calcined clay and limestone. Construction
and Building Materials, 222, 64-72.
https://doi.org/10.1016/j.conbuildmat.2019.06.123

Lanfranchi, R., and Giachi, L. M. (1966). Etiopatogenesi e terapia delle lesioni osteo-
articolari nei giocatori di Rugby. Ospedali d’Italia Chirurgia, 14(2), 187-196.

Lee, P. T., Tan, Y. C., Lim, B. L., and Nazir, R. (2016). Some geotechnical properties
of Tokai clay. Proceedings of the 19th Southeast Asian Geotechnical Conference,
19, 1-5.

Li, P., Zhang, J., Rezaee, R., Dang, W., Tang, X., and Nie, H. (2020). Effect of
adsorbed moisture on the pore size distribution of marine-continental transitional
shales : Insights from lithofacies differences and clay swelling. Applied Clay
Science, (October), 105926. https://doi.org/10.1016/j.clay.2020.105926

Liew, Y. M., Kamarudin, H., Al, A. M. M., Lugman, M., Nizar, I. K., Ruzaidi, C. M.,
and Heah, C. Y. (2012). Processing and characterization of calcined kaolin
cement powder. Construction and Building Materials, 30, 794-802.
https://doi.org/10.1016/j.conbuildmat.2011.12.079

Liew, Y. M., Kamarudin, H., Mustafa Al Bakri, A. M., Lugman, M., Khairul Nizar, I.,
Ruzaidi, C. M., and Heah, C. Y. (2012). Processing and characterization of
calcined kaolin cement powder. Construction and Building Materials, 30, 794—
802. https://doi.org/10.1016/j.conbuildmat.2011.12.079

Lim, B., and Cachier, H. (1996). Determination of black carbon by chemical oxidation
and thermal treatment in recent marine and lake sediments and Cretaceous-
Tertiary clays. Chemical Geology, 2541(96), 143-154.

Limit, L., and Leader, T. T. (2008). Standard Operating Procedure No . 54 Atterberg
Limits. Questa Rock Pile Stability Study SOP 54v7 Atterberg Limit, (54), 1-20.

Liu, W., Huang, R., Fu, J., Tang, W., Dong, Z., and Cui, H. (2018). Discussion and
experiments on the limits of chloride, sulphate and shell content in marine fine
aggregates for concrete. Construction and Building Materials, 159, 725-733.
https://doi.org/10.1016/j.conbuildmat.2017.10.078

Lothenbach, B., Durdzinski, P., & De Weerdt, K. (2016). A practical guide to
microstructural analysis of cementitious materials. In Thermogravimetric

analysis (pp. 1-36). Retrieved from

149



https://books.google.com.my/books?hl=en&Ir=&id=yJ2mCwAAQBAJ&oi=fnd
&py=PA177&0ots=nQKDfmYsqs&sig=wKx-
B8pLdM6Jy4Y G538cqlrBuNE&redir_esc=y#v=onepage&q&f=false

Ma, S., Li, W., and Shen, X. (2019). Study on the physical and chemical properties of
Portland cement with THEED. Construction and Building Materials, 213, 617—
626. https://doi.org/10.1016/j.conbuildmat.2019.03.109

Mahvash, S., Lépez-querol, S., and Bahadori-jahromi, A. (2017). Effect of class F fly
ash on fine sand compaction through soil stabilization. Heliyon, 3, 100-274.
https://doi.org/10.1016/j.heliyon.2017.e00274

Mgbemene, C. A., Akinlabi, E. T., and Ikumapayi, O. M. (2019). Dataset showing
thermal conductivity of South-Eastern Nigerian kaolinite clay admixtures with
sawdust and iron fi lings for fi red-bricks production. Data in Brief, 27, 104-708.
https://doi.org/10.1016/j.dib.2019.104708

Mohammed Al-Bared, M. A., and Marto, A. (2017). A review on the geotechnical and
engineering characteristics of marine clay and the modern methods of
improvements. Malaysian Journal of Fundamental and Applied Sciences, 13(4),
825-831. https://doi.org/10.11113/mjfas.v13n4.921

Monteagudo, S. M., Moragues, A., Gélvez, J. C., Casati, M. J., and Reyes, E. (2014).
The degree of hydration assessment of blended cement pastes by differential
thermal and thermogravimetric analysis. Morphological evolution of the solid
phases. Thermochimica Acta, 592, 37-51.
https://doi.org/10.1016/j.tca.2014.08.008

Mu, Y., Saffarzadeh, A., and Shimaoka, T. (2017). Influence of ignition process on
mineral phase transformation in municipal solid waste incineration ( MSWI ) fly
ash : Implications for estimating loss-on-ignition ( LOI ). Waste Management, 59,
222-228. https://doi.org/10.1016/j.wasman.2016.09.028

Muduli, R., and Mukharjee, B. B. (2020). Performance assessment of concrete
incorporating recycled coarse aggregates and metakaolin: A systematic approach.
Construction and Building Materials, 233, 117223.
https://doi.org/10.1016/j.conbuildmat.2019.117223

Muniswamappa, B. N., and Mohammad, F. (2020). Water Absorption Capacity of
Concrete Cubes With Sorptivity Water Absorption Capacity of Concrete Cubes
With, (May).

Nmiri, A., Hamdi, N., Duc, M., and Srasra, E. (2017). Synthesis and characterization

150



of kaolinite-based geopolymer : Alkaline activation effect on calcined kaolinitic
clay at different temperatures, 8(2), 276—290.

Ofosu, B. (2014). Potential Chemical attack on Concrete Foundations due to
Groundwater Chemistry, (July).

Ohtsubo, M., Egashira, K., Kashima, K. (1995). Depositional and post-depositional
geochemistry, and its correlation with the geotechnical properties of marine clays
in  Ariake Bay. Geotechnique, 45, 509-523. Retrieved from
https://doi.org/10.1680/ geot.1995.45.3.509

Pakir, F., Marto, A., Yunus, N. Z. M., Tajudin, S. A. A,, and Tan, C. S. (2015). Effect
of Sodium Silicate as Liquid Based Stabilizer on Shear Strength of Marine Clay.
Jurnal Teknologi, 2, 45-50.

Pan, L., Ge, B., and Zhang, F. (2017). Indetermination of particle sizing by laser
diffraction in the anomalous size ranges. Journal of Quantitative Spectroscopy
and Radiative Transfer, 199, 20-25. https://doi.org/10.1016/j.jgsrt.2017.05.022

Paya, J., Borrachero, M. V, Monzo, J., and Amahjour, F. (2001). Enhanced
conductivity measurement techniques for evaluation of fly ash pozzolanic
activity, 31.

Pina, A., Ferrdo, P., Fournier, J., Lacarriére, B., and Corre, O. Le. (2017). Natural
pozzolana addition effect on compressive strength and capillary water absorption
of mortar. Energy Procedia, 139, 689-695.
https://doi.org/10.1016/j.egypro.2017.11.273

Poulos, S. E. (1996). Deltaic Sedimentation, Including Clay Mineral Deposition
Patterns, Associated with Small Mountainous Rivers and Shallow Marine
Embayments of Greece (SE Alpine Europe). Journal of Coastal Research, 12(4),
640-952.

Rahman Z.A. , Yaacob W.ZW., Rahim S.A,, Lihan T, . W.M.R. & M. S. W. N. F.
(2013). Geotechnical Characterisation of Marine Clay As Potential Liner
Material. Sains Malaysiana., 42(8), 1081-1089.

Ramamoorthy Suriawati. (2007). Correlation of Engineering Characteristics of
Marine Clay from Central West coast of Malaysia. University Technology
Malaysia.

Rao, D. K. (2011). Laboratory Studies on the Properties of Stabilized Marine Clay
from Kakinada Sea Coast, India. International Journal of Engineering Science
and Technology, 3(1), 421-428.

151



Rashad, A. M. (2013). Metakaolin as cementitious material : History , scours ,
production and composition — A comprehensive overview. Construction and
Building Materials, 41, 303-318.
https://doi.org/10.1016/j.conbuildmat.2012.12.001

Razak, H. A., Chai, H. K., and Wong, H. S. (2004). Near surface characteristics of
concrete containing supplementary cementing materials. Cement and Concrete
Composites, 26(7), 883-889. https://doi.org/10.1016/j.cemconcomp.2003.10.001

Sabir, B., Wild, S., and Bali, J. (2001). Metakaolin and calcined clays as pozzolans for
concrete: A review. Cement and Concrete Composites, 23(6), 441-454.
https://doi.org/10.1016/S0958-9465(00)00092-5

Saikia, N. J., Bharali, D. J., Sengupta, P., Bordoloi, D., Goswamee, R. L., Saikia, P.
C., and Borthakur, P. C. (2003). Characterization, beneficiation and utilization of
a kaolinite clay from Assam, India. Applied Clay Science, 24(1-2), 93-103.
https://doi.org/10.1016/S0169-1317(03)00151-0

Salim, W. S. W., Sadikon, S. F., Salleh, S. M., Noor, N. A. M., Arshad, M. F., and
Wahid, N. (2012). Assessment of physical properties and chemical composition
of Kuala Perlis dredged marine sediment as a potential brick material. ISBEIA
2012 - IEEE Symposium on Business, Engineering and Industrial Applications,
509-512. https://doi.org/10.1109/ISBEIA.2012.6422937

Samadi, M., Huseien, G. F., Lim, N. H. A. S., Mohammadhosseini, H., Alyousef, R.,
Mirza, J., and Rahman, A. B. A. (2020). Enhanced performance of nano-palm oil
ash-based green mortar against sulphate environment. Journal of Building
Engineering, 32(July), 101640. https://doi.org/10.1016/j.jobe.2020.101640

Sanchez, M. A., Molina, W. M., Luis, H., Garcia, C., Mercedes, E., and Guzman, A.
(2018). Properties of Portland Cement Mortar with Substitutions of Natural and
Expanded Perlite.

Scrivener, K. (2014). Options for the future of cement. In Journal of Cleaner
Production (pp. 11-21).

Scrivener, K., Martirena, F., Bishnoi, S., and Maity, S. (2018). Cement and Concrete
Research Calcined clay limestone cements ( LC 3 ). Cement and Concrete
Research, 114(August 2017), 49-56.
https://doi.org/10.1016/j.cemconres.2017.08.017

Shahri, Z., and Chan, C. (2015). On the Characterization of Dredged Marine Soils from
Malaysian Waters : Physical Properties. Environment and Pollution, 4(3), 909-

152



1927. https://doi.org/10.5539/ep.v4n3pl

Shen, J., and Xu, Q. (2019). Effect of moisture content and porosity on compressive
strength of concrete during drying at 105°C. Construction and Building
Materials, 195, 19-27. https://doi.org/10.1016/j.conbuildmat.2018.11.046

Shvarzman, A., Kovler, K., Grader, G. S., and Shter, G. E. (2003). The effect of
dehydroxylation/amorphization degree on pozzolanic activity of kaolinite.
Cement and Concrete Research, 33(3), 405-416. https://doi.org/10.1016/S0008-
8846(02)00975-4

Siddique, R., and Klaus, J. (2009). Influence of metakaolin on the properties of mortar
and concrete: A review. Applied Clay Science, 43(3-4), 392-400.
https://doi.org/10.1016/j.clay.2008.11.007

Singh, M., and Garg, M. (2006). Reactive pozzolana from Indian clays — their use in
cement mortars, 36(December 2004), 1903-1907.
https://doi.org/10.1016/j.cemconres.2004.12.002

Sinthaworn, S., and Nimityongskul, P. (2011). Effects of temperature and alkaline
solution on electrical conductivity measurements of pozzolanic activity. Cement
and Concrete Composites, 33(5), 622-627.
https://doi.org/10.1016/j.cemconcomp.2011.02.012

Song, M., Zeng, L., and Hong, Z. (2017). Pore fluid salinity effects on
physicochemical-compressive behaviour of reconstituted marine clays. Applied
Clay Science, 146, 270-277. https://doi.org/10.1016/j.clay.2017.06.015

Sternik, D., Galaburda, M. V, Bogatyrov, V. M., Oranska, O. I., Charmas, B., and Gun,
V. M. (2020). Applied Surface Science Novel porous carbon / clay
nanocomposites derived from kaolinite / resorcinol-formaldehyde polymer
blends : synthesis , structure and sorption properties. Applied Surface Science,
525(May), 146361. https://doi.org/10.1016/j.apsusc.2020.146361

Sulthana, B. S., and Gandhimathi, B. R. (2013). Utilization of textile effluent
wastewater treatment plant sludge as brick material. J Mater Cycles Waste
Manag, (15), 564-570. https://doi.org/10.1007/s10163-013-0139-4

Thomas, M. (1996). Chloride thresholds in marine concrete. Cement and Concrete
Research, 26(4), 513-519. https://doi.org/10.1016/0008-8846(96)00035-X

Tironi, A., Cravero, F., Scian, A. N., and Irassar, E. F. (2017). Pozzolanic activity of
calcined halloysite-rich kaolinitic clays. Applied Clay Science, 147(March), 11—
18. https://doi.org/10.1016/j.clay.2017.07.018

153



Tironi, A., Trezza, M. A., Scian, A. N., and Irassar, E. F. (2013). Assessment of
pozzolanic activity of different calcined clays. Cement and Concrete Composites,
37(1), 319-327. https://doi.org/10.1016/j.cemconcomp.2013.01.002

todor dan. (1976). thermala analysis of minerals. Abacus Press, 256.

Urhan, S. (1987). ( Communicated by M . Regourd ). Concrete, 17(c), 141-152.

Wan, X. M., Wittmann, F. H., Zhao, T. J., and Fan, H. (2013). Chloride content and
pH value in the pore solution of concrete under carbonation. Journal of Zhejiang
University: Science A, 14(1), 71-78. https://doi.org/10.1631/jzus.A1200187

Wang, J., Ma, J., Liu, F., Mi, W., Cai, Y., Fu, H., and Wang, P. (2016). Geotextiles
and Geomembranes Experimental study on the improvement of marine clay
slurry by electroosmosis-vacuum preloading. Geotextiles and Geomembranes,
44(4), 615-622. https://doi.org/10.1016/j.geotexmem.2016.03.004

White, W. A. (1949). Atterberg plastic limits of clay minerals. American Mineralogist,
34, 508-512.

Winfield, L. E., and Lee, C. R. (1999). Dredged Material Characterization Tests for
Beneficial Use Suitability. Engineering.

Wu, J., Deng, Y., Zheng, X., Cui, Y., Zhao, Z., and Chen, Y. (2019). Hydraulic
conductivity and strength of foamed cement-stabilized marine clay. Construction
and Building Materials, 222, 688-698.
https://doi.org/10.1016/j.conbuildmat.2019.06.164

Yang, S., Saffarzadeh, A., Shimaoka, T., and Kawano, T. (2014). Existence of Cl in
municipal solid waste incineration bottom ash and dechlorination effect of
thermal treatment. Journal of Hazardous Materials, 267, 214-220.
https://doi.org/10.1016/j.jhazmat.2013.12.045

Yanguatin, H., Ramirez, J. H., Tironi, A., and Tobon, J. I. (2019). Effect of thermal
treatment on pozzolanic activity of excavated waste clays. Construction and
Building Materials, 211, 814-823.
https://doi.org/10.1016/j.conbuildmat.2019.03.300

Ye, X., Wu, J., and Li, G. (2020). Time-dependent Field Performance of PHC Pile-
cap-beam-supported Embankment over Soft Marine Clay. Transportation
Geotechnics, 26, 100—435. https://doi.org/10.1016/j.trge0.2020.100435

Yoon, G. L., Kim, B. T., and Jeon, S. S. (2011). Empirical correlations of compression
index for marine clay from regression analysis. Canadian Geotechnical Journal,
41, 1213-1221. https://doi.org/10.1139/t04-057

154



Yu, X., and Ye, S. (2020). Evaluation of clayed silt properties on the behavior of
hydrate production in South China Sea. China Geology, 3(2), 292-298.
https://doi.org/10.31035/cg2020050

Yunus, N. Z. M., Marto, A., Pakir, F., Kasran, K., Jamal, M. A. A., Jusoh, S. N., and
Abdullah, N. (2015). Performance of lime-treated marine clay on strength and
compressibility chracteristics. International Journal of GEOMATE, 8(2), 1232—
1238. https://doi.org/10.21660/2015.16.4132

Zainuddin, N., Mohd Yunus, N. Z., Al-Bared, M. A. M., Marto, A., Harahap, I. S. H.,
and Rashid, A. S. A. (2019). Measuring the engineering properties of marine clay
treated with disposed granite waste. Measurement: Journal of the International
Measurement Confederation, 131, 50-60.
https://doi.org/10.1016/j.measurement.2018.08.053

Zhu, H., Liang, G., Zhang, Z., Wu, Q., and Du, J. (2019). Partial replacement of
metakaolin with thermally treated rice husk ash in metakaolin-based geopolymer.
Construction and Building Materials, 221, 527-538.
https://doi.org/10.1016/j.conbuildmat.2019.06.112

155



LIST OF PUBLICATIONS

Published
v Abdulmalik, A., Sani, N. A. M., Mohamed, A., Rahman, A., Sam, M., Usman,
J., and Khalid, N. H. A. (2019). Characterization of Marine Clay Under
Microstructure Examination as a Potential Pozzolana. Journal of
Computational and Theoretical Nanoscience, 16, 1-6.
https://doi.org/10.1166/jctn.2019.8761

156


https://doi.org/10.1166/jctn.2019.8761



