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ABSTRACT

The recent need driven by global population growth to build more
infrastructures is forcing authorities to build on any soil type available within their
vicinity, including weak soils like marine clay (MC). However, due to its poor
engineering properties, MC is not suitable for construction purposes. Given this fact,
many ground improvement techniques are being employed to improve the properties
of MC and to reduce the potential damages caused by it. Although researchers have
done a lot to improve the properties of MC using different materials and methods,
attention has not been given to the application of polyurethane (PU) to stabilise MC.
Therefore, this research focusing on the application of PU for the stabilisation of MC.
The MC was characterised by testing its index and engineering properties as well as
the geochemistry and microstructure. Correspondingly, PU was characterised by
testing its rheological and mechanical properties alongside the microstructural
analyses. The effectiveness of PU as a stabiliser was evaluated using unconfined
compression tests, consolidated undrained (CU) triaxial tests and one-dimensional
consolidation tests to determine the strength and stiffness. Furthermore, x-ray
diffraction (XRD) analysis, field emission scanning electron microscopy (FESEM)
and energy dispersive spectroscopy (EDX) were used to discern the roots of
improvement in the strength of the MC that was stabilised with PU. PU properties
were also improved using reinforcing fillers. Additionally, the bearing capacity of the
MC before and after treatment with PU piles was evaluated using physical and
numerical models. Finally, the potential for ground contamination resulting from the
application of PU to stabilise MC was investigated using toxicity characteristic
leaching procedures (TCLP). The results obtained show that PU improved the shear
strength and the stiffness parameters of the MC. Neutralising the acidity of MC with
NaOH nearly doubled the strength and stiffness of the PU-stabilised MC. The UCS of
MC that was treated with PU and NaOH improved significantly. Likewise, the secant
stiffness for the CU triaxial test and tangent stiffness for the primary oedometer
loading, show improvement compared to the untreated MC sample. Results of the
microstructure analyses revealed that no new compounds were formed during the
stabilisation of the MC with PU. The improvement in MC strength was due to the
densification and coating of MC particles with PU foam. PU improved with SiO2 have
superior strength, stiffness and crystallinity compared to the normal PU due to the
cross-linking properties of the of SiO> particles in the chain of PU. The results from
the numerical model showed that the bearing capacity of MC that was stabilised with
PU piles increases with increase in an improvement area ratio and with a length over
height ratio compared to the untreated MC. The TCLP results revealed that the quantity
of heavy metals present in PU is far below the regulatory limits. The results further
confirmed that PU is odourless, non-corrosive and both non-cyanide and non-sulphide
bearing. However, PU is capable of igniting. Overall, the potential application of PU
for ground improvement is promising due to its environmental friendliness and high
strength.



ABSTRAK

Ekoran dari pertumbuhan penduduk mendorong pihak berkuasa untuk
membangunkan lebih banyak keperluan infrastruktur pada setiap jenis permukaan
tanah di persekitarannya termasuklah perancangan pembangunan di atas tanah yang
lemah seperti tanah liat marin(marine clay — MC). Namun begitu, sebarang pembinaan
atas permukaan tanah liat marin (MC) adalah tidak sesuai disebabkan oleh sifat
kejuruteraannyanya yang kurang baik. Oleh itu, banyak teknik penambahbaikkan
tanah telah dilaksanakan untuk memperbaiki sifat kejuruteraan tanah liat marin.
Walaupun penyelidik telah melakukan pelbagai cara untuk meningkatkan sifat tanah
liat marin dengan menggunakan bahan dan kaedah yang berbeza, perhatian masih
belum tertumpu kepada penggunaan poliuretana (PU) untuk menstabilkan tanah liat
marin. Oleh itu, fokus kajian ini adalah bertujuan untuk mengstabilkan sifat tanah liat
marin dengan menggunakan PU. Tanah liat dicirikan dengan menguji sifat indeks dan
kejuruteraan berserta sifat geokimia dan struktur mikro tanah tersebut. Sejajar dengan
itu, PU dicirikan dengan menguji sifat reologi dan mekanikalnya bersama dengan
analisis mikrostruktur. Keberkesanan PU sebagai bahan penstabil telah dinilai melalui
ujian mampatan tidak terkurung, ujian triaksi gabungan (CU), dan ujian pengukuhan
satu dimensi. Selanjutnya, analisis penyerakkan sinar-X, ujian pengimbasan
mikroskop electron dan penyebaran tenaga spesktroskopi telah diaplikasikan ke atas
tanah yang telah dirawat oleh PU untuk mengetahui dengan lebih mendalam punca
peningkatan kekuatan tanah liat marin selepas dirawat oleh PU. Selain itu, daya galas
tanah marin sebelum dan selepas dirawat oleh PU turut dianalisa dan dinilai
menggunakan model fizikal dan numerik. Akhir sekali, potensi pencemaran tanah
akibat penggunaan PU dalam kajian ini disiasat melalui Prosedur Ujian Ketoksikan
Larut Resap (toxicity characteristic leaching procedures - TCLP). Keputusan ujian
menunjukkan PU membantu meningkatkan kekuatan ricih dan batasan kekakuan tanah
liat marin. Manakala, dengan meneutralkan keasidan tanah laut marin menggunakan
sodium klorida (NaOH) hampir menggandakan kekuatan dan kekakuan tanah liat
marin yang telah dirawat oleh PU. Ujian kekuatan mampatan tidak terkurung (UCS)
terhadap tanah marin yang dirawat dengan PU dan NaOH menunjukkan kekuatan
dalam tempoh pengawetan yang berbeza iaitu selama sehari, tujuh hari dan sebulan.
Kejelikitan efektif, (¢’) dan sudut geseran (¢') tanah liat marin juga bertambah baik
untuk tanah liat marin yang tidak dirawat dan tanah liat marin yang distabilkan oleh
PU dan NaOH. Hasil analisis mikrostruktur meunjukkan bahawa tidak ada sebatian
baru yang terbentuk semasa penstabilan tanah liat marin dengan PU. Peningkatan
kekuatan tanah liat marin disebabkan oleh pemadatan dan pelapisan zarah antara tanah
liat marin dengan busa PU. PU yang diperbaiki dengan SiO> mempunyai kekuatan,
kekakuan dan kekristalan yang tinggi berbanding dengan PU biasa kerana sifat silang-
silang zarah SiO> dalam rantai PU. Hasil dari model berangka menunjukkan bahawa
daya dukung MC yang distabilkan dengan cerucuk PU menggunakan nisbah luas
kepada terawatt, meningkat, dengan nisbah panjang kepada tinggi dibandingkan
dengan MC yang tidak dirawat. Hasil ujian TCLP pula menunjukkan bahawa kuantiti
elemen logam berat yang terdapat dalam PU masih jauh dibawah had peraturan yang
ditetapkan oleh pihak berkuasa. Ujian tersebut juga mengesahkan bahwa PU tidak
berbau, tidak menghakis dan kedua-duanya boleh menggalas elemen bukan sianida
dan elemen bukan sulfida. Walaubagaimanapun, PU bersifat mampu menyalakan
bahan bakar. Keseluruhannya, potensi applikasi PU dalam menambah baik tanah
terbukti dengan sifat yang mesra alam sekitar dan kekuatan tanah yang tinggi.

Vi
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CHAPTER 1

INTRODUCTION

1.1  Background

In recent times, there has been increased demand for more infrastructures like
high-rise buildings, roads and bridges in coastal areas due to increase in population,
urbanisation, technological advancement and many other reasons. These coastal areas
have a large amount of marine clay (MC) deposit. One of the crucial requirements of
constructing the said infrastructures is a good soil foundation due to the high amount
of load they impose on the soil. However, MC undergoes significant swelling and
shrinkage when exposed to moisture content fluctuations. It also has a low bearing
capacity and low permeability. The natural moisture content of MC is higher than its
liquid limit. The lateral swelling pressure of MC is typically 2-10 times greater than
its vertical swelling pressure (Wang et al., 2013) while the unconfined compressive
strength (UCS) of MC is between 25 and 50 kPa (Mohammed Al-Bared and Marto,
2017).

It is evident from these properties that MC is unsuitable for engineering
purposes. Therefore, geotechnical engineers are to provide solutions to this problem.
Various types of ground improvement approaches are used to accomplish this purpose.
Examples of the methods include biotechnology, drainage, grouting, geosynthetics,
heating, freezing, lime admixtures, fly ash, cement, mechanical stabilisation,

micropiles, soil nails, stone columns and many others.

Ground improvement has received ample attention for providing the means of
improving the properties of weak soils like MC. Previous researchers reported the use
of lime (Rajasekaran and Rao, 2001; Mohd Yunus et al., 2015) and cement (Sasanian
and Newson, 2014; Xiao et al., 2014; Kang et al., 2017) as the stabiliser of MC with

successful results. However, the cost of cement and the prolonged curing period make
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it prohibitively expensive. Meanwhile, other researchers attempted using waste
materials for the stabilisation of MC due to economical, sustainable and environmental
reasons. Among the waste materials reported include rice husk ash, carbide slag
(Phetchuay et al., 2016), sawdust (Rao et al., 2012), locust bean waste ash (Sani et al.,
2014), banana fibre (Sunny and Joy, 2016), crumble rubber (Ravichandran et al.,
2016), ceramic waste (Upadhyay and Kaur, 2016), ground granulated blast furnace
slag (Yi et al., 2015), demolished tile (Zainuddin et al., 2019), demolished concrete
(Ayub et al., 2018) and coal ash (Jamaludin et al., 2019). Nevertheless, the low
effectiveness or small strength improvement, lack of availability of some of these
waste materials in large quantities and problems with the curing period were some of
the issues associated with these options. There have also been reports regarding the
use of new approaches such the use of biomass (Marto et al., 2015, 2016),
bioencapsulation (lvanov et al., 2015), geotextile materials (Prasad et al., 2015),
chloride compounds (Otoko and Simon, 2015) and inorganic materials such as sodium
silicate (Pakir et al., 2015; Phetchuay et al., 2016; Yang et al., 2017). Yet, each of the
mentioned methods has its limitation, for e.g., curing time for biomass material.
Bioencapsulation may not be efficient for application in MC because the tiny size of
the soil particle may not favour the growth of some species of microorganisms. At the
same time, geotextile materials are more suitable for new construction; otherwise, it

may require a lot of extra work.

Additionally, organic chemical stabilisers such as n-methylolacrylamide,
polyurethane (PU), epoxy resin, aminoplast, phenoplast and lignosulfonate (Vik et al.,
2000; Kazemian et al., 2010) were used for the stabilisation of MC. However, their
rheological properties, the environmental impacts due to their toxicity and local
regulations governing their usage is limiting the use of this option. Nonetheless, PU
has many promising features such as low density, low viscosity, short gel time, high
strength, and chemically inactivity once hardened. Despite these promising properties,
however, detailed information about the mechanism of stabilisation using PU is still

limited. Thus, PU is the proposed stabilising material for this research.



1.2 Problem Statement

As mentioned previously, the properties of MC are challenging in geotechnical
engineering. MC has low strength and high compressibility because it contains
swelling clay minerals such as montmorillonite, vermiculite and chlorite. Significant
damage can occur to structures that are constructed on MC during variations of
moisture content when under a light or non-load condition, as a result of erratic

movements and large settlement.

Another concern when stabilising MC are the soil’s pH levels as it can lead to
chemical failure in the stabilised soil especially when cementitious materials like
cement or lime are used as the stabilising agents. Moreover, soil’s pH is significant as
different chemicals perform differently under different pH conditions. For example,
PU is most effective within non-acidic pH level, while aminoplasts (e.g., urea-
formaldehyde) require acidic pH. The preliminary results of this study have shown that
MC has a pH of 3.25. Therefore, due to acidic pH of the MC, it is important to improve
the PU to reinforce the PU in order to minimise the risk of acid attacks. Thus, a
reinforcing filler was integrated into the PU matrix so that there are both crystalline
and amorphous parts in the morphology of the PU as suggested by Yang et al. (2017)
during reinforcement of PU with water glass.

Furthermore, the toxicity of the stabilising material may cause groundwater
contamination. Local regulations of some countries have banned the use of some
chemicals due to their environmental effects. So, due to the environmental concerns
regarding the application of PU for ground improvement, a toxicity characteristic
leaching procedure analysis (TCLP) is important to investigate the potential for ground

contamination that can result from the use of PU for the stabilisation of MC.



1.3  Aim and Objectives of the Research

The aim of this research is to determine the performance of MC that has been
stabilised with PU and reinforced PU also known as improved PU (I-PU). In order to

achieve this aim, the following objectives are identified:

=

To characterise the MC and PU used for the study.

2. To determine the effects of pH on the properties of MC that has been stabilised
with PU.

3. To determine the effects of reinforcing fillers on the properties of I-PU.

4. To determine the bearing capacity of MC that has been stabilised with PU and
I-PU piles by physical and numerical modelling.

5. To assess the toxicity of PU during MC stabilisation.

1.4 Scope of the Research

The MC that was used in this research was collected from the campus of
Universiti Tun Hussein Onn Malaysia (UTHM) Johor, Malaysia. The stabiliser used
in this research was PU that consists of two components: polyol and isocyanate.
Reinforcing fillers that were used to improve the PU were nano-silica (SiO.) and
cellulose nanofabrils (CNF). Sodium hydroxide (NaOH) was used to neutralize the pH
of the MC.

Laboratory tests of the engineering properties and microstructure of the
untreated and treated MC, the PU and the I-PU were conducted in accordance with the
British Standard (BS), American Society of Testing Material (ASTM), American

Public Health Association (APHA) standards and previous researchers’ methods.



Physical and numerical modelling were employed to determine the bearing
capacity of the MC that was stabilised with PU and I-PU piles. Moreover, safety
analysis based on the method of ¢/c reduction was used to determine the safety factor
of the numerical models. Numerical studies were carried out using the Hardening Soil
model in Plaxis 3D software. A TCLP analysis was conducted to assess the toxicity of
the PU and the MC that was stabilised with PU.

15 Limitation of Research

Due to short hardening time of the polyurethane, compaction test of MC treated
with PU was not carried out. Toxicity of the reinforcing fillers SiO2 and CNF as well
as that of I-PU was not investigated.

1.6 Significance of the Research

Researchers in the past have discovered and created several solutions for the
stabilisation of MC, each with its own pros and cons. None of the methods are
exclusively acceptable or inaccurate. The literature review shows that PU has been
used for civil engineering projects in many countries such as the USA, China, Italy,
Korea, Malaysia and Iran, amongst others. However, the use of PU to stabilise MC has
received no attention. Moreover, there is no information regarding the mechanism of
the stabilisation of MC by PU. In addition, it is not known whether the use of PU to
stabilise MC poses any threat to the public health or the ecosystem. This research
attempts to cover this gap by providing significant knowledge regarding the
application of PU for MC stabilisation. The mechanism of the stabilisation of MC with
PU from the results of strength tests and microstructural analyses is described
comprehensively. Furthermore, the properties of PU were improved by using
reinforcing filler. The performance of the MC treated with PU and 1-PU piles were
assessed using physical and numerical models. Finally, this study explored the toxicity
of the PU during stabilisation of MC.



1.7 Thesis organization

This thesis consists of five chapters. Chapter 1 presents the background,
problem statements, objectives, scope and significance of the research. The literature
review of previous research related to the current study is covered in Chapter 2. The
topics discussed are MC and its properties, PU, its components, its applications for
ground improvement and the improvement of PU to I-PU. Other themes are the
stabilisation of MC and the methods and material of grouting and grouting. Reviews
of previous studies on bearing and safety analysis as well as toxicity analysis are also
reviewed. Chapter 3 describes the research methodology, including the details of the
experiment schedules, sample preparation, apparatus, testing procedures and model
designs. Chapter 4 conveys the results and discussions. The results of MC and PU
characterisations, strength test and microstructural analyses of the untreated and
treated MC, PU and I-PU, physical and numerical modelling and toxicity analyses are
presented. Chapter 5 presents the conclusions and recommendations for upcoming

studies.



REFERENCES

A. Rashid, A. S., Black, J. A., Kueh, A. B. H., and Md Noor, N. (2015). Behaviour of
weak soils reinforced with soil cement columns formed by the deep mixing
method: Rigid and flexible footings. Measurement, 68, 262-279.

Abbas, B. J., Aziz, H. Y., Maula, B. H., and Alkateeb, R. T. (2019). Finite Element
Analysis of Spread Footing Near Slops. I0P Conference Series: Materials
Science and Engineering, 518(2).

Abdel-Azim, O. A., Abdel-Rahman, K., and EI-Mossallamy, Y. M. (2020). Numerical
investigation of optimized piled raft foundation for high-rise building in
Germany. Innovative Infrastructure Solutions, 5(1), 1-11.

Abdelbasir, S. M., Hassan, S. S. M., Kamel, A. H., and EI-Nasr, R. S. (2018). Status
of electronic waste recycling techniques: a review. Environmental Science and
Pollution Research, 25(17), 16533-16547.

Abdelhalim, R. A., ElI Sawwaf, M., Nasr, A. M., and Farouk, A. (2020). Experimental
and numerical studies of laterally loaded piles located near oil-contaminated sand
slope. Engineering Science and Technology, an International Journal, In press.

Abu El-Soud, S., and Belal, A. M. (2019). Numerical modeling of rigid strip shallow
foundations overlaying geosythetics-reinforced loose fine sand deposits. Arabian
Journal of Geosciences, 12(7), 254.

Acharyya, R., and Dey, A. (2018). Assessment of bearing capacity of interfering strip
footings located near sloping surface considering artificial neural network
technique. Journal of Mountain Science, 15(12), 2766-2780.

Achmad, R. T., and Auerkari, E. I. (2017). Effects of Chromium on Human Body
Effects of Chromium on Human Body. Annual Research and Review in Biology,
13(2), 1-9.

Ahmad, F., Yahaya, A. S., Denan, F., and Peng, S. T. (2016). Modeling of tyre-mat
(8R-MAT) reinforced riverbank using PLAXIS. Japanese Geotechnical Society
Special Publication, 2(31), 1117-1122.

Ahmari, S., and Zhang, L. (2013). Utilization of cement kiln dust (CKD) to enhance
mine tailings-based geopolymer bricks. Construction and Building Materials, 40,
1002-1011.

175



Akindoyo, J. O., Beg, M. D. H., Ghazali, S., Islam, M. R., Jeyaratnam, N., and Yuvaraj,
A. R. (2016a). Polyurethane types, synthesis and applications-a review. RSC
Advances, 6(115), 114453-114482.

Akindoyo, J. O., Beg, M. D. H., Ghazali, S., Islam, M. R., Jeyaratnam, N., and Yuvaraj,
A. R. (2016b). Polyurethane types, synthesis and applications — a review. RSC
Adv., 6(115), 114453-114482.

Al-Mukhtar, M., Lasledj, A., and Alcover, J. F. (2014). Lime consumption of different
clayey soils. Applied Clay Science, 95, 133-145.

Al-Obaidi, A., and Mahmood, P. (2018). Ultimate capacity of piles penetrating in weak
soil layers. MATEC Web of Conferences, 162, 01025.

Alam, M., Akram, D., Sharmin, E., Zafar, F., and Ahmad, S. (2014). Vegetable oil
based eco-friendly coating materials: A review article. Arabian Journal of
Chemistry, 7(4), 469-479.

Alam, M. G. M., Allinson, G., Stagnitti, F., Tanaka, A., and Westbrooke, M. (2002).
Arsenic contamination in Bangladesh groundwater: A major environmental and
social disaster. International Journal of Environmental Health Research, 12(3),
235-253.

Ali, F., and Al-Samaraee, E. A. S. (2013). Field behavior and numerical simulation of
coastal bund on soft marine clay loaded to failure. Electronic Journal of
Geotechnical Engineering, 18 S(January), 4027-4042.

APHA:2320-B. (2005). Standard Methods for the Examination of Water and
Wastewater Alkalinity. American Public Health Association.

APHA:3112b. (2005). Standard Methods for the Examination of Water and
Wastewater (Metals by cold vapour atomic absorption spectroscopy). American
Public Health Association.

APHA:3114c. (2005). Standard Methods for the Examination of Water and
Wastewater(Metals by hydride generation/Atomic absorption spectrometry).
American Public Health Association.

APHA:3120b. (2005). Standard Methods for the Examination of Water and
Wastewater (Metals by Plasma Emission Spectroscopy). American Public Health
Association.

APHA:4500-B. (2005). Standard Test Method for Nitrogen (Nitrate). American Public
Health Association.

APHA:4500-E. (2005). Standard Mesthod for Sulfate. American Public Health

176



Association.

Aria, S., Shukla, S. K., and Mohyeddin, A. (2017). Optimum burial depth of
geosynthetic reinforcement within sand bed based on numerical investigation.
International Journal of Geotechnical Engineering, 14(1), 71-79.

Arshad, A. K., Shaffie, E., Ismail, F., Hashim, W., Rahman, Z. A., and Ismail, Y.
(2018). Cement stabilised soil subgrade: design and construction. International
Journal of Civil Engineering and Technology, 9(7), 1192-1200.

Artidteang, S., Bergado, D. T. T., and Chaiyaput, S. (2015). Properties of Life
Geosynthetics (LLGs) for slope stability analysis on soft ground. 15th Asian
Regional Conference on Soil Mechanics and Geotechnical Engineering, ARC
2015: New Innovations and Sustainability, 2(65), 2200-2203.

ASTM:D1084-97. (1998). Standard Test Methods for Viscosity of Adhesives.
American Society for Testing and Materials, 1-5.

ASTM:D1632-17. (2017). Standard Practice for Making and Curing Soil-Cement
Compression and Flexure Test Specimens in the Laboratory. In American Society
for Testing and Materials.

ASTM:D3039/3039M. (2002). Standard Test Method for Tensile Properties of
Polymer Matrix Composite Materials. American Society for Testing and
Materials, 1-13.

ASTM:D3410/D3410M. (2003). Standard Test Method for Compressive Properties of
Polymer Matrix Composite Materials with Unsupported Gage Section by Shear
Loading. American Society for Testing and Materials, 1-16.

ASTM:D3999-91. (2003). Standard Test Methods for the Determination of the
Modulus and Damping Properties of Soils Using the Cyclic Triaxial Apparatus.
American Society for Testing and Materials, 91, 1-15.

ASTM:D512. (1981). Standard Test Method for Chloride ion in Water. American
Society for Testing and Materials.

ASTM:D5311-92. (2004). Standard Test Method for Load Controlled Cyclic Triaxial
Strength of Soil. American Society for Testing and Materials, 92, 1-9.

ATSDR. (1990). Public Health Statement Silver. Agency for Toxic Substances and
Disease Registry.

Ayub, A., Mohd Yunus, N., Hezmi, M., Ali, N., Abdullah, R., and Jamaluddin, N.
(2018). Strength Development of Marine Clay Treated by Demolished Concrete

Materials with Morphological Identifications. Journal of Physics: Conference

177



Series, 1049(1), 012032.

Azzam, W. R., and Nasr, A. M. (2015). Bearing capacity of shell strip footing on
reinforced sand. Journal of Advanced Research, 6(5), 727-737.

Baah-Frempong, E., and Shukla, S. K. (2018). Stability analysis and design charts for
a sandy soil slope supporting an embedded strip footing. International Journal of
Geo-Engineering, 9(1), 1-23.

Babcock, B. N. (2018). Cement Grout vs . Chemical Grout : Which One to Use , When
, and Why. A White Paper Providing Guidance to the Geotechnical Community,
1-4.

Badamshina, E., Estrin, Y., and Gafurova, M. (2013). Nanocomposites based on
polyurethanes and carbon nanoparticles: preparation, properties and application.
Journal of Materials Chemistry A, 1(22), 6509.

Bagriacik, B., Epsilell, S. E., Pinarci, E., and Belen, M. (2018). Comparison of Bearing
Capacity of Piled Raft Foundations Consisting of Different Number of Piles
under Static and Repetitive Loads. International Journal of Computational and
Experimental Science and Engineering, 4(3), 39-42.

Bahaadin, D., and Zangana, N. (2012). The Effect Of Sodium Hydroxide On The
Strength Of Kirkuk Soil Cement Mixtures. Anbar Journal for Engineering
Sciences, 5(2), 258-270.

Bailosky, L. C., Bender, L. M., Bode, D., Choudhery, R. A., Craun, G. P., Gardner, K.
J., Michalski, C. R., Rademacher, J. T., Stella, G. J., and Telford, D. J. (2013).
Synthesis of polyether polyols with epoxidized soy bean oil. Progress in Organic
Coatings, 76(12), 1712-1719.

Banerjee, R., Bandyopadhyay, S., Sengupta, A., and Reddy, G. R. (2020). Settlement
behaviour of a pile raft subjected to vertical loadings in multilayered soil.
Geomechanics and Geoengineering, 00(00), 1-15.

Baruthio, F. (1992). Toxic Effects of Chromium and Its Compounds. Biological Trace
Element Research, 32(1816), 145-153.

Basack, S., and Purkayastha, R. D. (2009). Engineering properties of marine clays
from the eastern coast of India. Journal of Engineering and Technology Research,
1(6), 109-114.

Bayati, M., and Khademi Hamidi, J. (2017). A case study on TBM tunnelling in fault
zones and lessons learned from ground improvement. Tunnelling and

Underground Space Technology, 63, 162-170.
178



Bensaifi, E., Bouteldja, F., Nouaouria, M. S., and Breul, P. (2019). Influence of
crushed granulated blast furnace slag and calcined eggshell waste on mechanical
properties of a compacted marl. Transportation Geotechnics, 20, 100244.

Bi, Y., Li, Z.,, Wang, N., and Zhang, L. (2016). Preparation and characterization of
UV/thermal dual-curable polyurethane acrylate adhesive for inertial confinement
fusion experiment. International Journal of Adhesion and Adhesives, 66, 9-14.

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.

Breitholtz, M., and Rude, C. (2010). Chemical risks and consumer products: The
toxicity of shoe soles. Ecotoxicology and Environmental Safety, 73, 1633-1640.

Briaud, Jean-Louis, Jeanjean, P. (1994). Load settlement curve method for spread
footings on sand. Proceedings of the Conference on Vertical and Horizontal
Deformations of Foundations and Embankments, 1774-1804.

Brinkgreve, R. (Ed.). (1999). Beyond 2000 in Computational Geotechnics. Routledge.

Brocas, A. L., Mantzaridis, C., Tunc, D., and Carlotti, S. (2013). Polyether synthesis:
From activated or metal-free anionic ring-opening polymerization of epoxides to
functionalization. Progress in Polymer Science, 38(6), 845-873.

BS-EN-1S0:17892-12. (2018). Geotechnical investigation and testing. Laboratory
testing of soil. Determination of liquid and plastic limits.

BS-EN-1S0:17892-3. (2015). Geotechnical investigation and testing. Laboratory
testing of soil. Determination of particle density.

BS-EN-1S0:17892-4. (2016). Geotechnical investigation and testing. Laboratory
testing of soil. Determination of particle size distribution.

BS-EN-1S0:17892-5. (2017). Geotechnical investigation and testing. Laboratory
testing of soil. Incremental loading oedometer test.

BS-EN-1S0:17892-7. (2018). Geotechnical investigation and testing. Laboratory
testing of soil. Unconfined compression test.

BS-EN-1S0:17892-9. (2018). Geotechnical investigation and testing. Laboratory
testing of soil. Consolidated triaxial compression tests on water saturated soils.

BS:1377-3. (2018). Chemical and electrochemical tests. British Standard Institution,
1-33.

BS:1377-4. (1990). Compaction-related tests. British Standard Institution, 1-5.

BS:1377-9. (1990). In-situ tests. British Standard Institution, 1-35.

179



BS8004. (2015). Code of practice for foundations. British Standard Institution, 166—
170.

Cai, G., and Liu, S. (2017). Compaction and mechanical characteristics and
stabilization mechanism of carbonated reactive MgO-stabilized silt. KSCE
Journal of Civil Engineering, 21(7), 2641-2654.

Cai, Y., Gu, C., Wang, J., Juang, C. H., Xu, C., and Hu, X. (2013). One-Way Cyclic
Triaxial Behavior of Saturated Clay: Comparison between Constant and Variable
Confining Pressure. Journal of Geotechnical and Geoenvironmental
Engineering, 139(5), 797-809.

Caillol, S., Desroches, M., Boutevin, G., Loubat, C., Auvergne, R., and Boutevin, B.
(2012). Synthesis of new polyester polyols from epoxidized vegetable oils and
biobased acids. European Journal of Lipid Science and Technology, 114(12),
1447-1459.

Caki¢, S. M., Risti¢, 1. S., Marinovi¢-Cincovi¢, M., and Spirkové, M. (2013). The
effects of the structure and molecular weight of the macrodiol on the properties
polyurethane anionic adhesives. International Journal of Adhesion and
Adhesives, 41, 132-139.

Cao, X., Xu, C.,Wang, Y., Liu, Y., Liu, Y.,and Chen, Y. (2013a). New nanocomposite
materials reinforced with cellulose nanocrystals in nitrile rubber. Polymer
Testing, 32(5), 819-826.

Cao, X., Xu,C.,Wang, Y., Liu, Y., Liu, Y., and Chen, Y. (2013b). New nanocomposite
materials reinforced with cellulose nanocrystals in nitrile rubber. Polymer
Testing, 32(5), 819-826.

Capatti, M. C., Dezi, F., and Morici, M. (2016). Field Tests on Micropiles Under
Dynamic Lateral Loading. Procedia Engineering, 158(10), 236-241.

Carr, A. E. D. (1996). Method for the Synthesis of Amphoteric Surfactant. In United
States Patent: Vol. 5,491,245 (Issue 19).

Carrigo, C. S., Fraga, T., Carvalho, V. E., and Pasa, V. M. D. (2017). Polyurethane
foams for thermal insulation uses produced from castor oil and crude glycerol
biopolyols. Molecules, 22(7), 1-14.

CFR. (2018). Identification and Listing of Hazardous Waste. Code of Federal
Regulation Title 40, Part 261.

Chai, J.-C., and Miura, N. (2002). Traffic-Load-Induced Permanent Deformation of

Road on Soft Subsoil. Journal of Geotechnical and Geoenvironmental

180



Engineering, 128(11), 907-916.

Chattopadhyay, D. K., and Raju, K. V. S. N. (2007). Structural Engineering of
Polyurethane Coatings for High-Performance Applications. Progress in Polymer
Science, 32(3), 352-418.

Chattopadhyay, D. K., and Webster, D. C. (2009). Thermal stability and flame
retardancy of polyurethanes. Progress in Polymer Science, 34(10), 1068-1133.

Cheng, Q., Yao, K., and Liu, Y. (2018). Stress-dependent behavior of marine clay
admixed with fly-ash-blended cement. International Journal of Pavement
Research and Technology, 11(6), 611-616.

Chew, S. H., Kamruzzaman, A. H. M., and Lee, F. H. (2004). Physicochemical and
Engineering Behavior of Cement Treated Clays. Journal of Geotechnical and
Geoenvironmental Engineering, 130(7), 696-706.

Chong, S. Y., and Kassim, K. A. (2015). Effect of Lime on Compaction , Strength and
Consolidation Characteristics of Pontian Marine Clay. Jurnal Teknologi, 3(72),
41-47.

Chun, B., Ryu, D. S,, Shin, C., Im, G., Choi, J., and Lim, H. (1997). The Performance
of Polyurethane Injection Method with Soil Nailing System for Ground
Reinforcement. Ground Improvement Geosystems, 445-451.

Cong, M., Longzhu, C., and Bing, C. (2014). Analysis of strength development in soft
clay stabilized with cement-based stabilizer. Construction and Building
Materials, 71, 354-362.

Cuisinier, O., Le Borgne, T., Deneele, D., and Masrouri, F. (2011). Quantification of
the effects of nitrates, phosphates and chlorides on soil stabilization with lime and
cement. Engineering Geology, 117(3-4), 229-235.

Das, M., and Dey, A. K. (2018). Prediction of Bearing Capacity of Stone Columns
Placed in Soft Clay Using ANN Model. Geotechnical and Geological
Engineering, 36(3), 1845-1861.

Dash, S. K., and Hussain, M. (2012). Lime Stabilization of Soils: Reappraisal. Journal
of Materials in Civil Engineering, 24, 707-714.

de Brito Galvao, T. C., Elsharief, A., and Simdes, G. F. (2004). Effects of Lime on
Permeability and Compressibility of Two Tropical Residual Soils. Journal of
Environmental Engineering, 130(8), 881-885.

Dehghanbanadaki, A. (2014). Bearing Capacity of Peat Treated with Deep Mixing

Cement Columns. Universiti Teknologi Malaysia.

181



Demir, A., Yildiz, A., Laman, M., and Ornek, M. (2014). Experimental and numerical
analyses of circular footing on geogrid-reinforced granular fill underlain by soft
clay. Acta Geotechnica, 9(4), 711-723.

Dewaikar, D. M., and Mohapatro, B. G. (2003). Computation of Bearing Capacity
Factor Ny—Terzaghi’s Mechanism. International Journal of Geomechanics,
3(1), 123-128.

Dewaikar, D. M., Mohapatro, B. G., Sawant, V. A., and Chore, H. S. (2013). A new
approach for the computation of bearing capacity factor N c¢: Terzaghi and
Prandtl mechanisms. International Journal of Geotechnical Engineering, 7(3),
304-309.

Drake, P. I., and Hazelwood, K. J. (2005). Exposure-Related Health Effects of Silver
and Silver Compounds: A Review. The Annals of Occupational Hygiene, 49(7),
575-585.

Duncan, J. M., and Chang, C. Y. (1970). Nonlinear analysis of stress and strain in soils.
Journal of the Soil Mechanics and Foundations Division, 96(SM5), 1629-1653.

Eichhorn, S. J., Dufresne, A., Aranguren, M., Marcovich, N. E., Capadona, J. R.,
Rowan, S. J., Weder, C., Thielemans, W., Roman, M., Renneckar, S., Gindl, W.,
Veigel, S., Keckes, J., Yano, H., Abe, K., Nogi, M., Nakagaito, A. N., Mangalam,
A., Simonsen, J., ... Peijs, T. (2010). Review: current international research into
cellulose nanofibres and nanocomposites. Journal of Materials Science, 45(1), 1
33.

El Mohtar, C. S. C. S,, Yoon, J., and El-Khattab, M. (2015). Experimental study on
penetration of bentonite grout through granular soils. Canadian Geotechnical
Journal, 52(11), 1850-1860.

Esmaeili, M., Naderi, B., Neyestanaki, H. K., and Khodaverdian, A. (2018).
Investigating the effect of geogrid on stabilization of high railway embankments.
Soils and Foundations, 58(2), 319-332.

Estabragh, A. R., Afsari, E., Javadi, A. A., and Babalar, M. (2020). Effect of Two
Organic Chemical Fluids on the Mechanical Properties of an Expansive Clay Soil.
Journal of Testing and Evaluation, 48(5), 20170623.

Fakhar, A. M. M. M., and Asmaniza, A. (2016). Road Maintenance Experience Using
Polyurethane (PU) Foam Injection System and Geocrete Soil Stabilization as
Ground Rehabilitation. 10P Conference Series: Materials Science and
Engineering, 136(1), 012004.

182



Fathi, E., and Mohtasham, R. (2016). Numerical analysis of the reinforced stone
column by geosynthetic on stability of embankment. World Congress on Civil,
Structural, and Environmental Engineering, 1970, 1-8.

Fattah, M. Y., Al-Saidi, A. A., and Jaber, M. M. (2015). Improvement of bearing
capacity of footing on soft clay grouted with lime-silica fume mix. Geomechanics
and Engineering, 8(1), 113-132.

Fu, F., and Wang, Q. (2011). Removal of heavy metal ions from wastewaters : A
review. Journal of Environmental Management, 92(3), 407-418.

Funehag, J., and Gustafson, G. (2008). Design of grouting with silica sol in hard rock
- New design criteria tested in the field, Part Il. Tunnelling and Underground
Space Technology, 23(1), 9-17.

Gao, R., Zhang, M., Wang, S.-W., Moore, R. B., Colby, R. H., and Long, T. E. (2013).
Polyurethanes Containing an Imidazolium Diol-Based lonic-Liquid Chain
Extender for Incorporation of lonic-Liquid Electrolytes. Macromolecular
Chemistry and Physics, 214(9), 1027-1036.

Gao, Y., Xiao, W., Xu, G., and Gui, Y. (2018). Strain behaviour of sapric peat under
long-term cyclic loading. Proceedings of the Institution of Civil Engineers -
Geotechnical Engineering, 171(5), 405-421.

Gao, Z., Peng, J., Zhong, T., Sun, J., Wang, X., and Yue, C. (2012). Biocompatible
elastomer of waterborne polyurethane based on castor oil and polyethylene glycol
with cellulose nanocrystals. Carbohydrate Polymers, 87(3), 2068-2075.

Ghobadi, M. H., Abdilor, Y., and Babazadeh, R. (2014). Stabilization of clay soils
using lime and effect of pH variations on shear strength parameters. Bulletin of
Engineering Geology and the Environment, 73(2), 611-619.

Girgis, B. S., Temerk, Y. M., Gadelrab, M. M., and Abdullah, 1. D. (2007). X-ray
Diffraction Patterns of Activated Carbons Prepared under Various Conditions.
Carbon Letters, 8(2), 95-100.

Gu, C., Wang, J., Cai, Y., Sun, L., Wang, P., and Dong, Q. (2016). Deformation
characteristics of overconsolidated clay sheared under constant and variable
confining pressure. Soils and Foundations, 56(3), 427—439.

Gu, C., Wang, J., Cai, Y., Yang, Z., and Gao, Y. (2012). Undrained cyclic triaxial
behavior of saturated clays under variable confining pressure. Soil Dynamics and
Earthquake Engineering, 40, 118-128.

Guo, L., Chen, J.,, Wang, J., Cai, Y., and Deng, P. (2016). Influences of stress

183



magnitude and loading frequency on cyclic behavior of KO-consolidated marine
clay involving principal stress rotation. Soil Dynamics and Earthquake
Engineering, 84, 94-107.

Gupta, S., and Mital, A. (2019). Numerical analysis of bearing capacity of rectangular
footing. Journal of Physics: Conference Series, 1240(1).

Ha, E., Basu, N., Reilly, S. B., Dorea, J. G., Mcsorley, E., Sakamoto, M., and Man, H.
(2017). Current progress on understanding the impact of mercury on human
health. Environmental Research, 152, 419-433.

Halder, P., and Manna, B. (2020). Performance evaluation of piled rafts in sand based
on load-sharing mechanism using finite element model. International Journal of
Geotechnical Engineering, 00(00), 1-18.

Hamed, M., Emirler, B., Canakci, H., and Yildiz, A. (2020). 3D Numerical Modeling
of a Single Pipe Pile Under Axial Compression Embedded in Organic Soil.
Geotechnical and Geological Engineering, In press.

Hamidi, A., and Abbeche, K. (2020). Numerical Analysis of Bearing Capacity of Strip
Footing Built on Geogrid-Reinforced Sand Slope Over Soft Clay Layer (revised
version 3). Arabian Journal for Science and Engineering, In press.

Harada, M. (1982). Minamata disease. In Adverse Effects of Foods (pp. 135-136).

He, M., Liu, E., Chen, Y., and Tang, Y. (2017). Investigation on mechanical properties
of structured soils subjected to axially loading-unloading under undrained
conditions. Yanshilixue Yu Gongcheng Xuebao/Chinese Journal of Rock
Mechanics and Engineering, 36(2), 466-474.

He, Z., Li, Q., Wang, J., Yin, N,, Jiang, S., and Kang, M. (2016). Effect of silane
treatment on the mechanical properties of polyurethane/water glass grouting
materials. Construction and Building Materials, 116, 110-120.

Hemalatha, M. S., and Santhanam, M. (2018). Characterizing supplementary
cementing materials in blended mortars. Construction and Building Materials,
191, 440-459.

Hirsch, C., Striegl, B., Mathes, S., Adlhart, C., Edelmann, M., Bono, E., Gaan, S.,
Salmeia, K. A., Hoelting, L., Krebs, A., Nyffeler, J., Pape, R., Birkle, A., Leist,
M., Wick, P., and Schildknecht, S. (2017). Multiparameter toxicity assessment of
novel DOPO - derived organophosphorus flame retardants. Archives of
Toxicology, 91(1), 407-425.

Hoet, P. H. M., Bruske-hohlfeld, 1., and Salata, O. V. (2004). Nanoparticles — known

184



and unknown health risks: Review. Journal of Nanobiotechnology, 15, 1-15.

Hosono, T., Su, C., Delinom, R., Umezawa, Y., Toyota, T., and Kaneko, S. (2011).
Estuarine, Coastal and Shelf Science Decline in heavy metal contamination in
marine sediments in Jakarta Bay, Indonesia due to increasing environmental
regulations. Estuarine, Coastal and Shelf Science, 92(2), 297-306.

Hossain, D., Tschopp, M. A., Ward, D. K., Bouvard, J. L., Wang, P., and Horstemeyer,
M. F. (2010). Molecular dynamics simulations of deformation mechanisms of
amorphous polyethylene. Polymer, 51(25), 6071-6083.

Howard, G. T. (2012). Polyurethane Biodegradation. In Applied and Environmental
Microbiology (pp. 371-394). Springer-Verlag Berlin Heidelberg.

Huang, F., Gao, L. Y., Deng, J. H., Chen, S. H., and Cai, K. Z. (2018). Quantitative
contribution of Cd2+ adsorption mechanisms by chicken-manure-derived
biochars. Environmental Science and Pollution Research, 25(28), 28322—-28334.

Huang, J., Jiang, P., Wen, Y., Deng, J., and He, J. (2016). Soy-castor oil based
polyurethanes with octaphenylsilsesquioxanetetraol double-decker
silsesquioxane in the main chains. RSC Advances, 6(73), 69521-69529.

Idinger, G., and Wu, W. (2019). Recent Advances in Geotechnical Research. In W.
Wu (Ed.), Recent Advances in Geotechnical Research, Springer Series in
Geomechanics and Geoengineering. Springer International Publishing.

lonescu, M. (2005). Polyester Polyols for rigid polyurethane foams. In Chemistry and
Technology of Polyols for Polyurethanes (Vol. 2, Issue 2, pp. 107-122).

Islam, M. R., Beg, M. D. H., and Jamari, S. S. (2014). Development of Vegetable-Oil-
Based Polymers. Journal of Applied Polymer Science, 131(18), 1-13.

Ismail Ibrahim, K. M. H. (2015). Effect of percentage of low plastic fines on the
unsaturated shear strength of compacted gravel soil. Ain Shams Engineering
Journal, 6(2), 413-4109.

1SO:13320. (2009). Particle size analysis — Laser diffraction method. In International
Standard.

Ivanov, V., Chu, J., Stabnikov, V., and Li, B. (2015). Strengthening of Soft Marine
Clay Using Bioencapsulation. Marine Georesources and Geotechnology, 33(4),
320-324.

Jadid, R., Shahriar, A. R., Rahman, M. R., and Imtiaz, T. (2019). Evaluation of
Theoretical Models to Predict the Pullout Capacity of a Vertical Anchor

Embedded in Cohesionless Soil. Geotechnical and Geological Engineering,

185



37(5), 3567-3586.

Jafer, H. M. (2013). Stabilization of Soft Soils Using Salts of Chloride. Journal of
Babylon University/Engineering Sciences, 21(5), 1067-1078.

Jakka, R. S., and Shukla, R. P. (2019). Determination and prediction of the ultimate
bearing capacity of a strip footing on undrained clayey slopes. Acta Geotechnica
Slovenica, 16(2), 50-65.

Jamaludin, N., Mohd Yunus, N. Z., Jusoh, S. N., Pakir, F., Ayub, A., Zainuddin, N.
E., Hezmi, M. A., and Mashros, N. (2019). Potential and future: utilization of
waste material on strength characteristics of marine clay. IOP Conference Series:
Materials Science and Engineering, 527, 012003.

Janik, H., and Marzec, M. (2015). A review: Fabrication of porous polyurethane
scaffolds. Materials Science and Engineering C, 48, 586-591.

JCPDS. (1995). Standard X-ray Diffraction Powder Patterns.

Jia-Hu, G., Yu-Cun, L., Tao, C., Su-Ming, J., Hui, M., Ning, Q., Hua, Z., Tao, Y., and
Wei-Ming, H. (2015). Synthesis and properties of a nano-silica modified
environmentally friendly polyurethane adhesive. RSC Advances, 5(56), 44990
44997.

Jianhui, S., Zheng, J., and Xi, C. (2009). Application of Strength Reduction FEM in
Anti-sliding Stability at Dam Foundation. 2009 WRI World Congress on
Computer Science and Information Engineering, 1, 751-754.

Johri, N., Jacquillet, G., and Unwin, R. (2010). Heavy metal poisoning : the effects of
cadmium on the kidney. Biometals, 23, 783-792.

Joo, H., Choi, J. H., Burm, E., Park, H., Hong, Y. C., Kim, Y., Ha, E. H., Kim, Y.,
Kim, B. N., and Ha, M. (2018). Gender difference in the effects of lead exposure
at different time windows on neurobehavioral development in 5-year-old
children. Science of the Total Environment, 615, 1086-1092.

Kamruzzaman, A. H. M., Chew, S. H., and Lee, F. H. (2009). Structuration and
Destructuration Behavior of Cement-Treated Singapore Marine Clay. Journal of
Geotechnical and Geoenvironmental Engineering, 135(4), 573-589.

Kamruzzaman, H. M. (2002). Physico-Chemical and Engineering Behavior of Cement
Treated Singapore Marine Clay.

Kang, Gyeong-o0 0., 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.

186



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.

Kapaj, S., Peterson, H., Liber, K., and Bhattacharya, P. (2006). Human Health Effects
From Chronic Arsenic Poisoning—A Review. Toxic/Hazardous Substances and
Environmental Engineering, 41(10), 2399-2428.

Kardgar, H. (2018). Investigation of the bearing capacity of foundations on encased
stone columns using finite element method. In International Journal of Integrated
Engineering (Vol. 10, Issue 1, pp. 103-108).

Kazemian, S., Huat, B. B. K. K., Prasad, A., and Barghchi, M. (2010). A review of
stabilization of soft soils by injection of chemical grouting. Australian Journal of
Basic and Applied Sciences, 4(12), 5862-5868.

Kim, A., Bruinsma, P., Chen, Y., Wang, L., and Liu, J. (1997). Amphoteric surfactant
templating route for mesoporous zirconia. Chem. Commun. Royal Society of
Chemistry, 161-162.

Kim, K., Pal, K., Sridhar, V., Mittal, V., Kim, J. K., Pal, K., Kim, K., Pal, K., and
Sridhar, V. (2011). Recent Advances in Elastomeric Nanocomposites. In
Springer. Springer.

Knoblauch, A. M., Farnham, A., Ouoba, J., Zanetti, J., Miller, S., Jean-Richard, V.,
Utzinger, J., Wehrli, B., Brugger, F., Diagbouga, S., and Winkler, M. S. (2020).
Potential health effects of cyanide use in artisanal and small-scale gold mining in
Burkina Faso. Journal of Cleaner Production, 252, 119689.

Kodikara, J., Islam, T., and Sounthararajah, A. (2018). Review of soil compaction:
History and recent developments. Transportation Geotechnics, 17(September),
24-34.

Komurlu, E., and Kesimal, A. (2015). Experimental study of polyurethane foam
reinforced soil used as a rock-like material. Journal of Rock Mechanics and
Geotechnical Engineering, 7(5), 566-572.

Kong, X., Zhao, L., and Curtis, J. M. (2016). Polyurethane nanocomposites
incorporating biobased polyols and reinforced with a low fraction of cellulose
nanocrystals. Carbohydrate Polymers, 152, 487—-495.

Korani, M., Ghazizadeh, E., Korani, S., Hami, Z., Mohammadi-, A., Bardbori, A. M.,
Korani, M., Korani, S., and Hami, Z. (2015). Effects of silver nanoparticles on

human health. European Journal of Nanomedicine, 7(1), 51-62.

187



Kravchenko, J., Darrah, T. H., Miller, R. K., Lyerly, H. K., and Vengosh, A. (2014).
A review of the health impacts of barium from natural and anthropogenic
exposure. Environ Geochem Health.

Kumar, G. P., and Rajeshwarrao, P. (2011). Nonionic surfactant vesicular systems for
effective drug delivery — an overview. Acta Pharmaceutica Sinica B, 1(4), 208—
219.

Kundu, S. P., Chakraborty, S., and Chakraborty, S. (2018). Effectiveness of the surface
modified jute fibre as fibre reinforcement in controlling the physical and
mechanical properties of concrete paver blocks. Construction and Building
Materials, 191, 554-563.

Laguros, J. G. (1962). Effect of chemicals on soil-cement stabilization. lowa State
University of Science and Technology.

Latifi, N., Marto, A., and Eisazadeh, A. (2015). Analysis of strength development in
non-traditional liquid additive-stabilized laterite soil from macro- and micro-
structural considerations. Environmental Earth Sciences, 73(3), 1133-1141.

Latifi, N., Marto, A., and Eisazadeh, A. (2016a). Physicochemical behavior of tropical
laterite soil stabilized with non-traditional additive. Acta Geotechnica, 11(2),
433-443.

Latifi, N., Marto, A., and Eisazadeh, A. (2016b). Experimental Investigations on
Behaviour of Strip Footing Placed on Chemically Stabilised Backfills and
Flexible Retaining Walls. Arabian Journal for Science and Engineering, 41(10),
4115-4126.

Lei, H., Feng, S., and Jiang, Y. (2018). Geotechnical characteristics and consolidation
properties of Tianjin marine clay. Geomechanics and Engineering, 16(2), 125—
140.

Lei, L., Zhong, L., Lin, X., Li, Y., and Xia, Z. (2014). Synthesis and characterization
of waterborne polyurethane dispersions with different chain extenders for
potential application in waterborne ink. Chemical Engineering Journal, 253,
518-525.

Lenntech. (2019). Selenium - Se Chemical properties of selenium - Health effects of
selenium - Environmental effects of selenium. Lenntech.

Li, J. Y. T., Shi, K. Bin, and Yan, X. J. (2012). Basic Analysis of Homogenous Slope
Stability by Finite Element Method Based on Plaxis. Advanced Materials
Research, 446-449, 1838-1841.

188



Li, L., Dan, H., and Wang, L. (2011). Undrained behavior of natural marine clay under
cyclic loading. Ocean Engineering, 38(16), 1792—1805.

Li, S., Liu, R., Zhang, Q., and Zhang, X. (2016). Protection against water or mud inrush
in tunnels by grouting: A review. Journal of Rock Mechanics and Geotechnical
Engineering, 8(5), 753-766.

Li, S., Sha, F., Liu, R., Zhang, Q., and Li, Z. (2017). Investigation on fundamental
properties of microfine cement and cement-slag grouts. Construction and
Building Materials, 153, 965-974.

Lindgvist, O. (2000). Environmental impact of mercury and other heavy metals.
Journal of Power Sources, 57(1995), 3-7.

Ling, F. N. L., Kassim, K. A., Karim, A. T. A, and Ho, S. C. (2014). Evaluation of
Contributing Factors on Strength Development of Lime Stabilized Artificial
Organic Soils Using Statistical Design of Experiment Approach. Advanced
Materials Research, 905, 362—368.

Liu, L., Lan, L., Li, M., and Ye, G. (2020). Depositional environment and over-
consolidation of the 8th layer clay in shanghai. Shanghai Jiaotong Daxue
Xuebao/Journal of Shanghai Jiaotong University, 54(3), 221-226.

Liu, W., Tan, H., Ni, C., Chen, Z., Luo, T., and Yu, L. (2017). Effect of silica fume
and fly ash on compressive strength and weight loss of high strength concrete
material in sulfuric and acetic acid attack. Key Engineering Materials, 748 KEM,
301-310.

Liu, Y., Clavier, K. A., Spreadbury, C., and Townsend, T. G. (2019). Limitations of
the TCLP fluid determination step for hazardous waste characterization of US
municipal waste incineration ash. Waste Management, 87, 590-596.

Lutenegger, A. J., and Adams, M. T. (1998). Bearing Capacity of Footings on
Compacted Sand. Fourth International Conference on Case Histories in
Getechnical Engineering, Paper No. 1.21, 1216-1224.

Mackevicius, R. (2013). Possibility for Stabilization of Grounds and Foundations of
Two Valuable Ancient Cathedrals on Weak Soils in Baltic Sea Region with
Grouting. 11th International Conference on Modern Building Materials,
Structures and Techniques, 57, 730-738.

Madbouly, S. A., and Otaigbe, J. U. (2009). Recent advances in synthesis,
characterization and rheological properties of polyurethanes and

POSS/polyurethane nanocomposites dispersions and films. Progress in Polymer

189



Science (Oxford), 34(12), 1283-1332.

Madun, A., Meghzili, S. A., Tajudin, S., Yusof, M. F., Zainalabidin, M. H., Al-
Gheethi, A. A., Dan, M. F. M. M., and Ismail, M. A. M. M. (2018). Mathematical
solution of the stone column effect on the load bearing capacity and settlement
using numerical analysis. Journal of Physics: Conference Series, 995(1), 012036.

Majeed, A., and Haider, O. (2018). Simulation of bearing capacity of bored piles.
MATEC Web of Conferences, 162, 1-12.

Manosroi, A., Manosroi, J., Wongtrakul, P., Manosroi, J., Sakai, H., Sugawara, F.,
Yuasa, M., and Abe, M. (2003). Characterization of vesicles prepared with
various non-ionic surfactants mixed with cholesterol. Colloids and Surfaces B:
Biointerfaces, 30(1-2), 129-138.

Marto, A., Jahidin, M. R., Aziz, N. A., Kasim, F., and Yunus, N. Z. M. (2016).
Stabilization of Marine Clay Using Biomass Silica-Rubber Chips Mixture. IOP
Conference Series: Materials Science and Engineering, 160(012084), 1-8.

Marto, A., Mohd Yunus, N. Z., Pakir, F., Latifi, N., Mat Nor, A. H., and Tan, C. S.
(2015). Stabilization of Marine Clay by Biomass Silica (Non-Traditional)
Stabilizers. Applied Mechanics and Materials, 695, 93-97.

MEEI. (2014). Energy Dispersive X-ray Spectroscopy. In Handbook of Analytical
Methods for Materials (pp. 17-18).

Mekewi, M. A., Ramadan, A. M., Eldarse, F. M., Abdel, M. H., Mosa, N. A., and
Ibrahim, M. A. (2017). Preparation and characterization of polyurethane
plasticizer for flexible packaging applications: Natural oils affirmed access.
Egyptian Journal of Petroleum, 26, 9-15.

Menges, G., and Knipschild, F. (1975). Estimation of mechanical properties for rigid
polyurethane foams. Polymer Engineering and Science, 15(8), 623-627.

Mesri, G., and Ajlouni, M. (2007). Engineering Properties of Fibrous Peats. Journal
of Geotechnical and Geoenvironmental Engineering, 133(7), 850-866.

MFAFR. (2014). Laws of Malaysia P.U.(A) 437 of 1985 Food Act 1983 Food
Regulations 1985 Arrangement of Regulations updated 2014.

Mirza, J., Saleh, K., Langevin, M.-A., Mirza, S., Bhutta, M. A. R., and Tahir, M. M.
(2013). Properties of microfine cement grouts at 4°C, 10°C and 20°C.
Construction and Building Materials, 47, 1145-1153.

Mishra, G. (2017). Sulphate Attack on Concrete — Process and Control of Sulphate

Attack. The Constructor - Civil Engineering Home for Civil Engineers.

190



Mohamed Jais, 1. B. (2017). Rapid remediation using polyurethane foam/resin grout
in Malaysia. Geotechnical Research, 4(2), 107-117.

Mohammadi, A., Lakouraj, M. M., and Barikani, M. (2016). Waterborne
polyurethanes based on macrocyclic thiacalix[4]arenes as novel emulsifiers:
Synthesis, characterization and anti-corrosion properties. RSC Advances, 6(90),
87539-87554.

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.

Mohammed, M. M., AL-Jarrah, M. M., and Lateef, A. A. A. (2008). Effect of
NCO/OH on the mechanical properties of polyurethane elastomeren. The 1st The
Regional Conference of Eng . Sci. NUCEJ Spatia, 11(3), 485-493.

MohdYunus, N. Z., 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 characteristics. International Journal of Geomate, 8(2),
1232-1238.

Monismith, C. L., Ogawa, N., and Freeme, C. R. (1975). Permanent deformation
characteristics of subgrade soils due to repeated loading. 54th Annual Meeting of
the Transportation Research Board, 1-17.

Murmu, A. L., Jain, A., and Patel, A. (2019). Mechanical Properties of Alkali
Activated Fly Ash Geopolymer Stabilized Expansive Clay. KSCE Journal of
Civil Engineering, 23(9), 3875-3888.

Musa, S., Zakaria, N. A., Liang, L. T., and Tjahjanto, D. (2012). Subsurface
Conditions with Geo-hydraulic Properties : Empirical Evidence from Parit Raja ,
Johor. The International Conference on Civil and Environmental Engineering
Sustainability (IConCEES 2011).

Naderi, E., Asakereh, A., and Dehghani, M. (2018). Bearing Capacity of Strip Footing
on Clay Slope Reinforced with Stone Columns. Arabian Journal for Science and
Engineering, 43(10), 5559-5572.

Naseer, S., Sarfraz Faiz, M., Igbal, S., and Jamil, S. M. (2019). Laboratory and
numerical based analysis of floating sand columns in clayey soil. International
Journal of Geo-Engineering, 10(1), 1-16.

Naser, H. A. (2013). Assessment and management of heavy metal pollution in the

191



marine environment of the Arabian Gulf: A review. Marine Pollution Bulletin,
72(1), 6-13.

Nayak, S., Balaji, M., and Preetham, H. K. (2020). A Study on the Behaviour of Stone
Columns in a Layered Soil System. Transportation Infrastructure
Geotechnology, 7(1), 85-102.

Nian, T., Jiao, H., Fan, N., and Guo, X. (2020). Microstructure analysis on the dynamic
behavior of marine clay in the South China Sea. Marine Georesources and
Geotechnology, 38(3), 349-362.

Obrzud, R. F., and Truty, A. (2018). The Hardening Soil Model - A Practical
Guidebook.

Ofosu, B., Anane, M., Owusu, N., Akayuli, C., Opuni, K. O., and Bertarya, S. K.
(2014). Potential Chemical Attack on Concrete Foundations due to Groundwater
Chemistry. Reasearch, Technology and Innovation : The Bedrock for Sustainable
Development, 230-235.

OSHA. (2018). Occupational Safety and Health Administration OSHA 3302-08R. In
U.S. Department of Labor.

Otoko, G. R., and Simon, A. I. (2015). Stabilization of a Deltaic Marine Clay
(Chikoko) with Chloride Compounds. International Research Journal of
Engineering and Technology, 02(03), 2095-2097.

Ouahab, M. Y., Mabrouki, A., Frank, R., Mellas, M., and Benmeddour, D. (2020).
Undrained Bearing Capacity of Strip Footings Under Inclined Load on Non-
homogeneous Clay Underlain by a Rough Rigid Base. Geotechnical and
Geological Engineering, 38(2), 1733-1745.

Ouhadi, V. R., Yong, R. N., Amiri, M., and Ouhadi, M. H. (2014). Pozzolanic
consolidation of stabilized soft clays. Applied Clay Science, 95, 111-118.

Pakir, F. B. (2017). Physicochemical, microstructural and engineering behaviour of
non-traditional stabiliser treated marine clay. Universiti Teknologi Malaysia.

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, 76(2), 45-50.

Pan, S., Lin, L., Zeng, F., Zhang, J., Dong, G., Yang, B., Jing, Y., Chen, S., Zhang, G.,
Yu, Z., Sheng, G., and Ma, H. (2018). Effects of lead, cadmium, arsenic, and
mercury co-exposure on children’s intelligence quotient in an industrialized area

of southern China. Environmental Pollution, 235, 47-54.

192



Panda, A. P., and Narasimha Rao, S. (1998). Undrained strength characteristics of an
artificially cemented marine clay. Marine Georesources and Geotechnology,
16(4), 335-353.

Pantone, V., Laurenza, A. G., Annese, C., Comparelli, R., Fracassi, F., Fini, P., Nacci,
A., Russo, A., Fusco, C., and D’Accolti, L. (2017). Preparation and
characterization of soybean oil-based polyurethanes for digital doming
applications. Materials, 10(8).

Park, S. H., Oh, K. W., and Kim, S. H. (2013). Reinforcement effect of cellulose
nanowhisker on bio-based polyurethane. Composites Science and Technology,
86, 82-88.

Patar, A., Giri, A., Boro, F., Bhuyan, K., Singha, U., and Giri, S. (2016). Cadmium
pollution and amphibians - Studies in tadpoles of Rana limnocharis.
Chemosphere, 144, 1043-1049.

Patra, S., Whaung, S. T., and Kwan, W. L. (2017). Analysis of heavy metals in
Incineration Bottom Ash in Singapore and potential impact of pre-sorting on ash
quality. Energy Procedia, 143, 454-4509.

Patterson, C. W., Hanson, D., Redondo, A., Scott, S. L., and Henson, N. (1999).
Conformational Analysis of the Crystal Structure for MDI/ BDO Hard Segments
of Polyurethane Elastomers. J Polym Sci B: Polym Phys, 37, 2303-2313.

Paul, A., and Hussain, M. (2020). Sustainable Use of GGBS and RHA as a Partial
Replacement of Cement in the Stabilization of Indian Peat. International Journal
of Geosynthetics and Ground Engineering, 6(1), 4.

Pauluhn, J. (2011). Interrelating the acute and chronic mode of action of inhaled
methylenediphenyl diisocyanate (MDI) in rats assisted by computational
toxicology. Regulatory Toxicology and Pharmacology, 61, 351-364.

Pei, A., Malho, J.-M., Ruokolainen, J., Zhou, Q., and Berglund, L. A. (2011). Strong
Nanocomposite Reinforcement Effects in Polyurethane Elastomer with Low
Volume Fraction of Cellulose Nanocrystals. Macromolecules, 44(11), 4422—
44217,

Petrovic, Z. S., and Ferguson, J. (1992). Polyurethane Elastomers. Prog. Polym. Sci.,
16, 695-836.

Phetchuay, C., Horpibulsuk, S., Arulrajah, A., Suksiripattanapong, C., and Udomchai,
A. (2016). Strength development in soft marine clay stabilized by fly ash and
calcium carbide residue based geopolymer. Applied Clay Science, 127-128(128),

193



134-142.

Pillai, R. J., Bushra, 1., and Robinson, R. G. (2013). Undrained Triaxial Behavior of
Cement Treated Marine Clay. Geotechnical and Geological Engineering, 31(2),
801-808.

Piotto, F. A., Carvalho, M. E. A., Souza, L. A., Rabélo, F. H. S., Franco, M. R,,
Batagin-Piotto, K. D., and Azevedo, R. A. (2018). Estimating tomato tolerance to
heavy metal toxicity: cadmium as study case. Environmental Science and
Pollution Research, 25(27), 27535-27544.

PLAXIS-3D. (2017). Plaxis 3D Reference manual.

Ponomarev, A. A., Zerkal, O. V., and Samarin, E. N. (2017). Protection of the
Transport Infrastructure from Influence of Landslides by Suspension Grouting.
Procedia Engineering (Transportation Geotechnics and Geoecology), 189(May),
880-885.

Prandtl, L. (1921). Uber Die Eindringungsfestigkeit Plastischer Baustoffe Und Die
Festigkeit Von Schneiden. Zeitschrift Fur Angewandte Mathematik Und
Mechanik, 1(1), 15-20.

Prasad, S. S. G., Harish, Y., and Satyanarayana, P. V. V. (2015). Stabilization of
Marine Clays with Geotextile Reinforced Stone Columns Using Silica-
Manganese Slag as a Stone Column Material. International Journal of
Computational Engineering Research, 5(9), 5-12.

Preetha, V., Gnanasundar, V. M., Arulsurya, M., Ramya, R., and Nayannathara, S.
(2019). Lab scale footing analysis on stabilization of black cotton soil.
International Journal of Recent Technology and Engineering, 8(4), 1921-1926.

Priddy, L. P., Jersey, S. R., and Reese, C. M. (2010). Full-Scale Field Testing for
Injected Foam Stabilization of Portland Cement Concrete Repairs.
Transportation Research Record: Journal of the Transportation Research Board,
2155(1), 24-33.

Prueitt, R. L., Lynch, H. N., Zu, K., Shi, L., and Goodman, J. E. (2017). Dermal
exposure to toluene diisocyanate and respiratory cancer risk. Environment
International, 109, 181-192.

Puppala, A. J. (2016). Advances in ground modification with chemical additives: From
theory to practice. Transportation Geotechnics, 9, 123-138.

PWD-Malaysia. (2013). Design Guide for Alternative Pavement Structures: Low-
Volume Roads (JKR 21300-0025-12).

194



Rafiee, Z., and Keshavarz, V. (2015). Synthesis and characterization of
polyurethane/microcrystalline cellulose bionanocomposites. Progress in Organic
Coatings, 86, 190-193.

Rahman, Z. A., Yaacob, W. Z. W., Rahim, S. A., Lihan, T., Idris, W. M. R., and Mohd
Sani, W. N. F. (2013). Geotechnical characterisation of marine clay as potential
liner material. Sains Malaysiana, 42(8), 1081-1089.

Rajasekaran, G., and Rao, S. N. (2001). Effect of pollutants on the physical and
engineering behavior of lime-treated marine clay. Marine Georesources and
Geotechnology, 19(1), 17-35.

Rajesekaran, G., Murali, G., and Srinivasaraghavan, R. (1997). Effect of Chlorides and
Sulphates on Lime treated marine Clay. Soils and Foundations, 137(2), 105-115.

Ramesh, S., and Punithamurthy, K. (2017). The effect of organoclay on thermal and
mechanical behaviours of thermoplastic polyurethane nanocomposites. Digest
Journal of Nanomaterials and Biostructures, 12(2), 331-338.

Rao, D. K. D., Pranav, P. R. T., and Ganja, V. (2012). A Laboratory Study on the Lime
and Sawdust Treated Marine Clay Sub Grade Flexible Pavement under Cyclic
Pressure. International Journal of Engineering and Innovative Technology, 2(4),
207-210.

Ravichandran, P. T., Prasad, A. S., Krishnan, K. D., and Rajkumar, P. R. K. (2016).
Effect of Addition of Waste Tyre Crumb Rubber on Weak Soil Stabilisation.
Indian Journal of Science and Technology, 9(5).

Rojas, O. J., Montero, G. A., and Habibi, Y. (2009). Electrospun nanocomposites from
polystyrene loaded with cellulose nanowhiskers. Journal of Applied Polymer
Science, 113(2), 927-935.

Roohpour, N., Wasikiewicz, J. M., Moshaverinia, A., Paul, D., Grahn, M. F., Rehman,
I. U., and Vadgama, P. (2010). Polyurethane membranes modified with isopropyl
myristate as a potential candidate for encapsulating electronic implants: A study
of biocompatibility and water permeability. Polymers, 2(3), 102-119.

Rueda, L., Saralegui, A., Fernandez d’Arlas, B., Zhou, Q., Berglund, L. A., Corcuera,
M. A, Mondragon, I, and Eceiza, A. (2013). Cellulose
nanocrystals/polyurethane nanocomposites. Study from the viewpoint of
microphase separated structure. Carbohydrate Polymers, 92(1), 751-757.

Sacui, I. A., Nieuwendaal, R. C., Burnett, D. J., Stranick, S. J., Jorfi, M., Weder, C.,
Foster, E. J., Olsson, R. T., and Gilman, J. W. (2014). Comparison of the

195



Properties of Cellulose Nanocrystals and Cellulose Nano fi brils Isolated from
Bacteria, Tunicate, and Wood Processed Using Acid, Enzymatic, Mechanical,
and Oxidative Methods. ACS Applied Materials and Interfaces, 6, 6127-6138.

Safuan, A., Aliff, A. R., Bunawan, R., Nissa, K., and Said, M. (2017). The Deep
Mixing Method: Bearing Capacity Studies. Geotechnical and Geological
Engineering, 35(4), 1271-1298.

Saha, J. C., Dikshit, A. K., and Saha, K. C. (1999). A Review of Arsenic Poisoning
and its Effects on Human Health. Critical Reviews in Environmental Science and
Technology, 29(3), 281-313.

Sahinkaya, F., Vekli, M., and Cadir, C. C. (2017). Numerical analysis under seismic
loads of soils improvement with floating stone columns. Natural Hazards, 88(2),
891-917.

Salih, A., and Kassim, K. A. (2015). Effective Shear Strength Parameters of
Remoulded Residual Soil. Electronic Journal of Geotechnical Engineering, 17,
243-253.

Samadhiya, N. K. (2017). Numerical Analysis of Anchored Granular Pile ( AGP )
under Tensile Loads. 19th International Conference on Soil Mechanics and
Geotechnical Engineering, Seoul, 3231-3234.

Sanches, A. O., Ricco, L. H. S., Malmonge, L. F., da Silva, M. J., Sakamoto, W. K.,
and Malmonge, J. A. (2014). Influence of cellulose nanofibrils on soft and hard
segments of polyurethane/cellulose nanocomposites and effect of humidity on
their mechanical properties. Polymer Testing, 40, 99-105.

Sani, J. E., Eberemu, A. O., ljimdiya, T. S., and Osinubi, K. J. (2014). Effect of Locust
Bean Waste Ash on the Strength Properties of Black Cotton Soil Using Cement
Kiln Dust as an Activator. Department of Civil Engineering, Ahmadu Bello
University, Zaria, 1, 249-257.

Sanjei, C., and De Silva, L. I. N. (2016). Numerical modelling of the behaviour of
model shallow foundations on geocell reinforced sand. 2016 Moratuwa
Engineering Research Conference (MERCon), 216-221.

Sarva, S. S., Deschanel, S., Boyce, M. C., and Chen, W. (2007). Stress—strain behavior
of a polyurea and a polyurethane from low to high strain rates. Polymer, 48(8),
2208-2213.

Sasanian, S., and Newson, T. A. (2014). Basic parameters governing the behaviour of
cement-treated clays. Soils and Foundations, 54(2), 209-224.

196



Savelyev, Y., Veselov, V., Markovskaya, L., Savelyeva, O., Akhranovich, E.,
Galatenko, N., Robota, L., and Travinskaya, T. (2014). Preparation and
characterization of new biologically active polyurethane foams. Materials
Science and Engineering C, 45, 127-135.

Schanz, T., Vermeer, P. A., and Bonnier, P. G. (1999). The hardening soil model:
formulation and verification. Beyond 2000 in Computational Geotechnics. Ten
Years of PLAXIS International. Proceedings of the International Symposium,
281-296.

Sethy, B. P., Patra, C. R., Das, B. M., and Sobhan, K. (2020). Behavior of circular
foundation on sand layer of limited thickness subjected to eccentrically inclined
load. Soils and Foundations, 60(1), 13-27.

Shaikh, F. U. A., Supit, S. W. M., and Sarker, P. K. (2014). A study on the effect of
nano silica on compressive strength of high volume fly ash mortars and concretes.
Materials and Design, 60, 433—-442.

Sharma, J. K., and Sanadhya, R. R. (2020). Analysis of rigid raft overlying the granular
pile with the effect of stiffness of bearing stratum. Geomechanics and
Geoengineering, In press, 1-22.

Sharma, N. K., Swain, S. K., and Sahoo, U. C. (2012). Stabilization of a Clayey Soil
with Fly Ash and Lime: A Micro Level Investigation. Geotechnical and
Geological Engineering, 30(5), 1197-1205.

Shrivastava, R., Upreti, R. K., Seth, P. K., and Chaturvedi, U. C. (2002). Effects of
chromium on the immune system. FEMS Immunology and Medical
Microbiology, 34, 1-7.

Sidek, N., Mohamed, K., Jais, I. B. M., and Abu Bakar, I. A. (2015). Strength
Characteristics Of Polyurethane (PU) With Modified Sand. Applied Mechanics
and Materials, 773-774, 1508-1512.

Silva, A. H., Locatelli, C., Filippin-monteiro, F. B., Martin, P., Liptrott, N. J., Zanetti-
ramos, B. G., Benetti, L. C., Nazari, E. M., Albuquerque, C. A. C., Pasa, A. A,
Owen, A., and Creczynski-pasa, T. B. (2016). Toxicity and in fl ammatory
response in Swiss albino mice after intraperitoneal and oral administration of
polyurethane nanoparticles. Toxicology Letters, 246, 17-27.

Singh, A. K., Mehra, D. S., Niyogi, U. K., and Singh, G. (2014). Skin irritation study
due to Electron beam cured Polyurethane based Pressure sensitive Adhesive tape

in Oryctolagus cuniculus. Research Journal of Chemical Sciences, 4(3), 54-59.

197



Sirg, 1., and Plackett, D. (2010). Microfibrillated cellulose and new nanocomposite
materials: a review. Cellulose, 17(3), 459-494.

Sivapriya, S. V., and James, J. (2019). Numerical study on static behaviour of a stone
column under uniformly distributed load. AIP Conference Proceedings, 2161,
020058.

Sobczak, M., D¢bek, C., Olgdzka, E., Natgcz-Jawecki, G., Kotodziejski, W. L., and
Rajkiewicz, M. (2012). Segmented polyurethane elastomers derived from
aliphatic polycarbonate and poly(ester-carbonate) soft segments for biomedical
applications. Journal of Polymer Science Part A: Polymer Chemistry, 50(18),
3904-3913.

Sobhanmanesh, A., Nazir, R., and SaadatkhaH, N. (2015). Effect of weathered surface
crust layer on stability of Muar trial embankment. Jurnal Teknologi, 76(2), 31—
38.

Soto-Arredondo, K. J., Robles, J., Diaz-Cervantes, E., Ruiz-Ramirez, C., Garcia-
Revilla, M. A., Wrobel, K., Wrobel, K., Diaz-Mufioz, M., Méndez, 1., Flores, A.,
Acevedo-Aguilar, F. J., and Martinez-Alfaro, M. (2018). Effects of lead and lead—
melatonin exposure on protein and gene expression of metal transporters, proteins
and the copper/zinc ratio in rats. BioMetals, 31(5), 859-871.

Strankowski, M., Wtodarczyk, D., Piszczyk, L., and Strankowska, J. (2016).
Polyurethane Nanocomposites Containing Reduced Graphene Oxide, FTIR,
Raman, and XRD Studies. Journal of Spectroscopy, 2016, 1-6.

Suganya, K., and Sivapullaiah, P. V. (2016). Role of Sodium Silicate Additive in
Cement-Treated Kuttanad Soil. Journal of Materials in Civil Engineering, 28(6),
06016006.

Sunny, T., and Joy, A. (2016). Study on the Effects of Marine Clay Stabilized with
Banana Fibre. International Journal of Scientific Engineering and Research, 4(3),
96-98.

Tang, L., Chen, H., Sang, H., Zhang, S., and Zhang, J. (2015). Determination of traffic-
load-influenced depths in clayey subsoil based on the shakedown concept. Soil
Dynamics and Earthquake Engineering, 77, 182-191.

Tracy, J., and Li, R. (1998). Anionic Surfactants having Multiple Hydrophobic and
Hydrophilic Groups. United States Patent, 5,710,121(19), 1-12.

Tziveleka, L. A., Kontoyianni, C., Sideratou, Z., Tsiourvas, D., and Paleos, C. M.

(2006). Novel functional hyperbranched polyether polyols as prospective drug
198



delivery systems. Macromolecular Bioscience, 6(2), 161-169.

Ueno, K., Kuroda, S., Hori, T., and Tatsuoka, F. (2019). Elastic shear modulus
variations during undrained cyclic loading and subsequent reconsolidation of
saturated sandy soil. Soil Dynamics and Earthquake Engineering, 116(November
2018), 476-489.

Upadhyay, A., and Kaur, S. (2016). Review on Soil Stabilization Using Ceramic
Waste. International Research Journal of Engineering and Technology, 03(07),
1748-1750.

US-EPA-Method:1311. (1992). Toxicity Characteristic Leaching Procedure. United
States Environmental Protection Agency.

USA-EPA. (2015). Assessment, Dfe Alternatives Polyurethane, Flexible Flame, Foam
Classification, Flame Retardant Sources, Data Properties, Chemical Transport,
Environmental Toxicity, Evaluating Environmental. In United State
Environmental Protection Agency: Vol. EPA 744-R- (Issue 002).

Valentino, R., and Stevanoni, D. (2016). Behaviour of reinforced polyurethane resin
micropiles. Proceedings of the Institution of Civil Engineers - Geotechnical
Engineering, 169(2), 187-200.

Vennapusa, P. K. R., Zhang, Y., and White, D. J. (2016). Comparison of Pavement
Slab Stabilization Using Cementitious Grout and Injected Polyurethane Foam.
Journal of Performance of Constructed Facilities, 30(6), 04016056-1-14.

Verstraeten, S. V., Aimo, L., and Oteiza, P. 1. (2008). Aluminium and lead : molecular
mechanisms of brain toxicity. Arch Toxicol, 82, 789-802.

Vik, E. A., Sverdrup, L., Kelley, A., Storhaug, R., Beitnes, A., Boge, K., Grepstad, G.
K., and Tveiten, V. (2000). Experiences from environmental risk management of
chemical grouting agents used during construction of the Romeriksporten Tunnel.
Tunnelling and Underground Space Technology, 15(4), 369-378.

Vipulanandan, C., Kazez, M. B., and Henning, S. (2012). Pressure-Temperature-
Volume Change Relationship for a Hydrophilic Polyurethane Grout. Grouting
and Deep Mixing 2012, 1808-1818.

Virto, I., Anton, R., Apesteguia, M., and Plante, A. (2018). Role of Carbonates in the
Physical Stabilization of Soil Organic Matter in Agricultural Mediterranean Soils.
In Soil Management and Climate Change (pp. 121-136).

Vlad, S., Ciobanu, C., Butnaru, M., Macocinschi, D., Filip, D., Gradinaru, L. M., and

Mandru, M. (2011). Preparation of polyurethane microspheres by electrospray

199



technique. Digest Journal of Nanomaterials and Biostructures, 6(2), 643-652.

Voottipruex, P., Suksawat, T., Bergado, D. T., and Jamsawang, P. (2011). Numerical
simulations and parametric study of SDCM and DCM piles under full scale axial
and lateral loads. Computers and Geotechnics, 38(3), 318-329.

Wang, F., Han, J., Corey, R., Parsons, R. L., and Sun, X. (2017). Numerical Modeling
of Installation of Steel-Reinforced High-Density Polyethylene Pipes in Soil.
Journal of Geotechnical and Geoenvironmental Engineering, 143(11),
04017084.

Wang, J., Guo, L., Cai, Y., Xu, C., and Gu, C. (2013). Strain and pore pressure
development on soft marine clay in triaxial tests with a large number of cycles.
Ocean Engineering, 74, 125-132.

Wang, Y., Gao, Y., Li, B, Fang, H., Wang, F., Guo, L., and Zhang, F. (2017). One-
way cyclic deformation behavior of natural soft clay under continuous principal
stress rotation. Soils and Foundations, 57(6), 1002-1013.

Wang, Zhaozhi, and Galea, E. R. (2012). Assessing levels of hydrogen cyanide in fire
experiments using a generalized correlation. Journal of Fire Protection
Engineering, 22(3), 227-240.

Wang, Zhifeng, Cui, Z., Liu, L., Ma, Q., and Xu, X. (2016). Toxicological and
biochemical responses of the earthworm Eisenia fetida exposed to contaminated
soil: Effects of arsenic species. Chemosphere, 154, 161-170.

Weaver, K., and Bruce, D. (2007a). Basic Procedures for Bedrock Grouting. In Dam
Foundation Grouting (pp. 321-350).

Weaver, K., and Bruce, D. (2007b). Grouting Materials. In Dam Foundation Grouting
(pp. 87-136). American Society of Civil Engineers.

Wei, Y., Wang, F., Gao, X., and Zhong, Y. (2017). Microstructure and Fatigue
Performance of Polyurethane Grout Materials under Compression. Journal of
Materials in Civil Engineering, 29(9), 04017101.

WHO. (2004). Barium in Drinking-water WHO Guidelines for Drinking-water
Quality.

Wichtmann, T., Andersen, K. H., Sjursen, M. A., and Berre, T. (2013). Cyclic tests on
high-quality undisturbed block samples of soft marine Norwegian clay. Canadian
Geotechnical Journal, 50(4), 400-412.

Wilkhu, J. S., Ouyang, D., Kirchmeier, M. J., Anderson, D. E., and Perrie, Y. (2014).

Investigating the role of cholesterol in the formation of non-ionic surfactant based

200



bilayer vesicles: Thermal analysis and molecular dynamics. International
Journal of Pharmaceutics, 461(1-2), 331-341.

Woodward, J., Tomlinson, M., and Woodward, J. (2008). Pile Design and
Construction Practice (Fifth). Taylor and Francis.

Wu, H., Zhu, M., Liu, Z., and Yin, J. (2015). Developing a polymer-based crack
repairing material using interpenetrate polymer network (IPN) technology.
Construction and Building Materials, 84, 192-200.

Xiang, X., Zhai, C., Xu, Y., Yu, X., Xu, J., XuYu, and Xu, J. (2015). A flexible gel
sealing material and a novel active sealing method for coal-bed methane drainage
boreholes. Journal of Natural Gas Science and Engineering, 26, 1187-1199.

Xiao, H., Lee, F. H., and Chin, K. G. (2014). Yielding of cement-treated marine clay.
Soils and Foundations, 54(3), 488-501.

Xiong, Y., Liu, G., Zheng, R., and Bao, X. (2018). Study on dynamic undrained
mechanical behavior of saturated soft clay considering temperature effect. Soil
Dynamics and Earthquake Engineering, 115(June 2017), 673-684.

Xu, C., Zhu, S., Xing, C., Li, D., and Zhu, N. (2014). Isolation and Properties of
Cellulose Nanofibrils from Coconut Palm Petioles by Different Mechanical
Process. Plos One, 1-11.

Xu, W., Li, J., Zhang, W., Wang, Z., Wu, J. J., Ge, X., Wu, J. J,, Cao, Y., Xie, Y.,
Ying, D., Wang, Y., Wang, L., Qiao, Z., and Jia, J. (2018). Emission of sulfur
dioxide from polyurethane foam and respiratory health effects. Environmental
Pollution, 242, 90-97.

Yang, Z., Zhang, X, Liu, X., Guan, X., Zhang, C., and Niu, Y. (2017). Flexible and
stretchable polyurethane/waterglass grouting material. Construction and Building
Materials, 138, 240—-246.

Yi, Y., Gu, L. and Liu, S. (2015). Microstructural and mechanical properties of marine
soft clay stabilized by lime-activated ground granulated blastfurnace slag.
Applied Clay Science, 103, 71-76.

Yin, H., Zhou, J., Xian, X., Jiang, Y., Lu, Z., Tan, J., and Liu, G. (2017). Experimental
study of the effects of sub- and super-critical CO 2 saturation on the mechanical
characteristics of organic-rich shales. Energy, 132, 84-95.

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, 131, 50-60.

201



Zakaria, S., and Hameed, A. M. A. (2012). Development of design guidelines for rural
low volume roads in Malaysia. 25th ARRB Conference — Shaping the Future:
Linking Policy, Research and Outcomes, 1-12.

Zhang, D., Fang, Q., and Lou, H. (2014). Grouting techniques for the unfavorable
geological conditions of Xiang’an subsea tunnel in China. Journal of Rock
Mechanics and Geotechnical Engineering, 6(5), 438—446.

Zhang, M., Guo, H., El-Korchi, T., Zhang, G., and Tao, M. (2013). Experimental
feasibility study of geopolymer as the next-generation soil stabilizer.
Construction and Building Materials, 47, 1468-1478.

Zhang, M., Zhao, M., Zhang, G., Sietins, J. M., Granados-Focil, S., Pepi, M. S., Xu,
Y., and Tao, M. (2018). Reaction kinetics of red mud-fly ash based geopolymers:
Effects of curing temperature on chemical bonding, porosity, and mechanical
strength. Cement and Concrete Composites, 93, 175-185.

Zhang, N., Shen, S.-L., Wu, H.-N., Chai, J.-C., Xu, Y.-S., and Yin, Z.-Y. (2015).
Evaluation of effect of basal geotextile reinforcement under embankment loading
on soft marine deposits. Geotextiles and Geomembranes, 43(6), 506-514.

Zheng, H., Wei, J., Wang, L., Wang, Q., Zhao, J., Chen, S., and Wei, F. (2018). Effects
of Selenium Supplementation on Graves’ Disease: A Systematic Review and
Meta-Analysis. Hindawi Evidence-Based Complementary and Alternative
Medicine, 1-10.

Zhou, J., and Tang, Y. (2018). Practical model of deformation prediction in soft clay
after artificial ground freezing under subway low-level cyclic loading. Tunnelling
and Underground Space Technology, 76, 30—42.

Zhou, X., Li, Y., Fang, C., Li, S., Cheng, Y., Lei, W., and Meng, X. (2015). Recent
Advances in Synthesis of Waterborne Polyurethane and Their Application in
Water-based Ink: A Review. Journal of Materials Science and Technology, 31(7),
708-722.

Zhuang, C., and Chen, Y. (2019). The effect of nano-SiO2 on concrete properties: a
review. Nanotechnology Reveview, 8, 562-572.

Zia, K. M., Anjum, S., Zuber, M., Mujahid, M., and Jamil, T. (2014). Synthesis and
molecular characterization of chitosan based polyurethane elastomers using
aromatic diisocyanate. International Journal of Biological Macromolecules, 66,
26-32.

Zukri, A. (2019). Soft Clay Stabilisation using Lightweight Aggregate for Raft and

202



LIST OF PUBLICATIONS

Saleh, S., Mohd Yunus, N. Z., Ahmad, K., & Mat Said, K. N. (2021). Numerical
simulation with hardening soil model parameters of marine clay obtained from
conventional tests. SN Applied Sciences, 3(2), 156.

Saleh, S., MohdYunus, N. Z., Ahmad, K., & Said, K. N. M. (2021). Effect of confining
pressure and loading frequency on dynamic characteristics of Batu Pahat
marine clay. IOP Conference Series: Earth and Environment, In press.

Saleh, S., Ahmad, K., Mohd Yunus, N. Z., & Hezmi, M. A. (2020). Evaluating the
toxicity of polyurethane during marine clay stabilisation. Environmental
Science and Pollution Research, 27(17), 21252-212509.

Saleh, S., Mohd Yunus, N. Z., Ahmad, K., Ali, N., & Marto, A. (2020). Micro-Level
Analysis of Marine Clay Stabilised with Polyurethane. KSCE Journal of Civil
Engineering, 24(3), 807-815.

Saleh, S., Mohd Yunus, N. Z., Ahmad, K., Ali, N., Yunus, N. Z. M., Ahmad, K., &
Ali, N. (2019). Improving the strength of weak soil using polyurethane grouts:
A review. Construction and Building Materials, 202, 738-752.

Saleh, S., Asmawisham Alel, M. N., Mohd Yunus, N. Z., Ahmad, K., Ali, N., Abang
Hasbollah, D. Z., & Asnida Abdullah, R. (2019). Geochemistry
characterisation of marine clay. IOP Conference Series: Materials Science and
Engineering, 527, 012023.

Saleh, S., Mohd Yunus, N. Z., Ahmad, K., & Ali, N. (2018). Stabilization of Marine
Clay Soil Using Polyurethane. MATEC Web of Conferences, 250, 01004.

205





