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ABSTRACT

In Malaysia, laterite soil is commonly employed as construction materials for 

roads, buildings, slopes and foundations as it is widely available. Besides, their 

nature as high durable soil makes them abundantly used in all geotechnical 

construction. However, some laterite soil is problematic due to its high clay content. 

Moreover, the climate conditions (annual flood and dry season) cause changes in soil 

suction in the unsaturated layer above the groundwater level, affecting the 

geotechnical structure performance. Therefore, quicklime (CaO) is used as a soil 

stabiliser with various percentages to enhance the strength and compressibility of 

natural soil, consequently extending the structure’s life span and functionality. This 

research aims to evaluate the strength and compressibility of lime-treated laterite, 

under saturated and unsaturated conditions. However, the main focus is more on soil 

compressibility behaviour. The optimum lime content and curing period are 

determined by the Unconfined Compressive Test (UCT), following the Malaysian 

Public Work Department (MPWD) for soil strength requirement on the stabilised 

subgrade. The strength of lime-treated soil had achieved the required minimum of 

800 kPa at 5% lime content seven days curing period, denoted as 5%L7D sample. 

Next, based on California Bearing Ratio (CBR) testing, lime helps increase soil 

strength in unsaturated conditions but requires more curing time to build resilience to 

withstand the saturated conditions, which is inconvenient for real-world construction. 

The soil compressibility was tested via a conventional oedometer (saturated) and a 

suction-controlled oedometer under the axis-translation technique (unsaturated). In 

saturated conditions, the compressibility of laterite changes from high to moderate 

compressibility upon lime treatment. In unsaturated conditions, the effect of 

cementation bonding and suction is noticeable. The compressibility of laterite 

changes from high to low compressibility with increasing suction. According to the 

loading-collapse (LC) curve result, the suction effect was depicted by higher yield 

strength with higher matric suction. However, the effect of bonding showed a 

reduction in yield strength with increasing matric suction, which opposed the 

empirical concept proposed by Alonso et al. (1994). It was concluded that the 

effectiveness of lime is low in dry conditions (high matric suction).
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ABSTRAK

Di Malaysia, penggunaan tanah laterit adalah mudah untuk didapati dan 
biasanya digunakan sebagai bahan untuk asas pembinaan jalan raya, bangunan, dan 
cerun. Selain itu, sifat tanah laterit yang sangat tahan lama menjadikan ia kerap 
digunakan dalam semua jenis pembinaan geoteknikal. Namun, sesetengah tanah 
laterit dianggap bermasalah kerana kandungan tanah liat yang tinggi. Tambahan, 
disebabkan oleh keadaan cuaca yang tidak menentu (banjir dan kemarau) yang 
mengakibatkan perubahan dalam sedutan tanah pada lapisan tidak tepu yang terletak 
di atas aras air bawah tanah sekaligus menjejaskan struktur geoteknikal. Oleh hal 
yang demikian, kapur atau kalsium oksida (CaO) digunakan untuk menstabilkan 
struktur tanah pada kadar peratusan yang berbeza-beza untuk meningkatkan kekuatan 
tanah sedia ada dan kebolehupayaan untuk pemampatan dan secara tidak langsung 
memanjangkan jangka hayat, struktur dan fungsinya. Maka, tujuan penyelidikan ini 
dijalankan adalah untuk menilai kekuatan dan kemampatan tanah laterit yang telah 
dirawat oleh kapur untuk kedua-duanya sekali, tanah bersifat tepu dan tidak tepu. 
Tetapi fokus utamanya adalah pada sifat kemampatan tanah. Ujian Kuat Tekan 
Bebas (UCT) menentukan tempoh pengawetan dan kadar kandungan optimum kapur, 
seterusnya diikuti oleh ujian kekuatan tanah pada kestabilan subgred dari Jabatan 
Kerja Raya. Kekuatan tanah yang telah dirawat dengan kapur dianggap telah 
mencapai keperluan minimum pada 800 kPa selari dengan kandungan 5% kapur hasil 
tujuh hari tempoh pengawetan yang diwakili sebagai sampel 5%L7D. Seterusnya, 
berdasarkan ujian Nisbah Galas California (CBR), kapur membantu meningkatkan 
kekuatan tanah dalam kandungan tidak tepu tetapi memerlukan proses pengawetan 
yang kerap untuk membina ketahanan untuk bertahan dalam kandungan tepu, di 
mana ia sangat tidak sesuai diaplikasikan dalam situasi kerja pembinaan yang 
sebenar. Kemampatan tanah telah dianalisis menggunakan odometer konvensional 
(tepu) dan odometer penyedutan terkawal di bawah teknik terjemahan paksi (tidak 
tepu). Dalam keadaan tepu, kemampatan tanah laterit boleh berubah daripada tinggi 
kepada sederhana sejajar dengan rawatan kapur yang diberikan. Manakala dalam 
keadaan tidak tepu, kesan ikatan simen dan sedutan adalah jelas terpapar. 
Kemampatan laterit berubah daripada tinggi ke rendah dengan peningkatan sedutan. 
Mengikut keputusan lengkungan pemuatan-runtuh (LC), kesan sedutan ditakrifkan 
sebagai tinggi hasil kekuatannya selari dengan matrik sedutan yang tinggi. Walau 
bagaimanapun, kesan ikatan telah menunjukkan penurunan dalam hasil kekuatannya 
sekiranya matrik sedutannya meningkat sekaligus menyangkal konsep empirikal 
yang diusulkan oleh Alonso et al. (1994). Sebagai rumusan, keberkesanan kapur 
adalah rendah sekiranya berada dalam keadaan kering (matrik sedutan yang tinggi).
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CHAPTER 1

INTRODUCTION

1.1 Background

Residual soils can be found in most countries, especially in the tropics. In 

Malaysia, laterite soil is a common type of residual soil that is abundant due to the 

hot and humid climate changes. Laterite soils are usually used as backfill materials 

for road constructions, foundations, and slopes since they are abundant in widespread 

areas (Ogundipe and Adekanmi, 2019). However, these soils have distinct properties 

in different areas and even between vertical layers, depending on parent material, 

weather, terrain, vegetation, and age (Fookes, 1990). The strength of laterite soil is 

related to the composition of the soil. Severe chemical weathering causes silicate 

minerals in laterites to decompose into predominant clay minerals, kaolinite, and 

some montmorillonite and illite. These clay particles cause potential swelling 

behaviour and reduce soil strength (Dumbleton, 1963), which induces soil 

collapsibility (Kassim et al., 2005; Latifi et al., 2013; Rashid et al., 2017).

Laterites are naturally strong due to their high cohesion and internal friction 

angle (Fish, 1971), but they are not as strong as rocks. In addition, laterite soils are 

collapsible soils that collapse upon wetting due to their porous and unsaturated 

nature (Silveira and Rodrigues, 2020). According to Uday (2014), dry laterites are 

durable. They can be utilised as bricks for construction, but they showed high 

collapse potential when wet because the soil particles become soft and break up. 

Many cases are reported on soil collapse after heavy rainfall and flooding that causes 

structures such as road foundations, buildings, slopes, pavements, and retaining walls 

to be reconstructed. As a result, the government has to allocate billions of ringgits to 

rebuild the damaged properties every year. Such incidents are a waste of money, and 

the lives of civilians are also at stake.
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Therefore, soil stabilisation method is introduced in the construction. This is 

because, soil stabilisation is one of the methods to improve the engineering 

properties of soil by strengthening the soil using stabilisers such as lime and cement. 

In this research, soil stabilisation by lime is used. Thus, studying the compressibility 

behaviour of saturated and unsaturated laterite soil treated with lime is essential to 

predict the behaviour of untreated laterite and lime-treated laterite soil.

1.2 Problem Statement

Moisture-induced strain is common in so-called collapsible soils, 

characterised by an unstable structure (Dudley, 1970). When soil is saturated, the soil 

suction is lost. However, dry soil exerts high suction between soil particles. The 

collapse behaviour of soil is attributed to the structure of the soil, matric suction, and 

external load (Uday, 2014). For laterite soil, the groundwater surface is generally 

deep, and usually, evapotranspiration exceeds infiltration due to climatic conditions 

and thick vegetation, causing the soils above the groundwater to become unsaturated 

(Rao and Revanasiddappa, 2002; Aziz et al., 2006; Huat et al., 2007b). Because of 

the capillary feature, this state produces apparent cohesiveness. The capillary 

between the soil particles causes surface tension in the water film, resulting in a 

negative pore water pressure known as matric suction. Due to moisture, suction is 

reduced immediately after rain, causing the residual soil strength to deteriorate. 

Several authors reported that the collapse phenomenon is predicted in these 

circumstances (Aziz et al., 2006; Huat et al., 2008a). Soil collapses cause 

settlements, which can result in fissures in walls, floors, and concrete buildings 

(Silveira and Rodrigues, 2020).

Thus, intense weathering in Malaysia is associated with alternate high 

temperatures and heavy rainfalls throughout the year, resulting in an in-depth profile 

of laterite soil that is usually more than 30 m deep (Far et al., 2013; Kholghifard,

2014). This deep soil profile is abundant and beneficial for engineering projects as 

fill materials for slopes, road constructions, and residential development (Huat et al., 

2008a). Laterite soil has highly durable (Fish, 1971), but some have poor engineering
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properties (Kassim et al., 2005; Latifi et al., 2013, Rashid et al., 2017) due to 

swelling clays content such as montmorillonite, kaolinite, and illite that impose 

potential swelling behaviour and reduce soil strength (Dumbleton, 1963).

Then, another problem with laterite soil arises from the high annual rainfall. 

During the rainy season, the soil layer above the groundwater surface is saturated 

with water and loses its capillary stresses, which causes a reduction in soil strength. 

Soils above this surface are unsaturated, and it gains strength through capillary 

stresses and soil particle cementation. Generally, low moisture content exerts high 

suction between soil particles while high moisture content causes low soil suction 

(Uday, 2014). Reduction of soil strength was due to increase of pore water pressure, 

causing reduction of effective stress. However, unsaturated laterite tends to collapse 

(loading-collapse) when wetting occur at higher mean net stress before yielding. 

Therefore, the soil will collapse, leading to infrastructural damage such as road 

damage, building collapse, and slope failure (Huat et al., 2007a; Kholghifard, 2014). 

As a result, the government must spend considerable money to reinstate the damaged 

properties (Ghani et al., 2016). Figure 1.1 shows road failure due to soil collapse 

after heavy rainfall and flooding. Another example of soil collapse is the well-known 

tragedy of the Highland Towers in 1993 due to several days of continuous rain 

(Kazmi et al., 2017). The most common landslide events occur in Cameron Highland 

because the area is prone to excessive precipitation throughout the year (Maturidi et 

a l, 2020).

Figure 1.1 Images of soil collapse after rainfall a) at Kg Bukit Sekencong Road, 
Kedah (Ismail and Ghani, 2017) and b) Jemaluang-Mersing Road, Johor (Astro 
AWANI, 2018).
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Hence, the application of lime in soil stabilisation was implemented in this 

study, because they were introduced thousands of years ago (McDowell, 1959) and is 

more common in several developed countries such as China, Sweden, Japan and the 

United States (Association, 1990). Lime is commercially used as engineering and 

building materials and a chemical substance for raw materials. It originates from 

crushed or pulverised limestone composed of calcium carbonate. In addition, lime 

exists in other forms, such as quicklime and hydrated lime (Afolayan, 2017). 

According to Chan and Lau (1973), Malaysia is rich in limestone, making it easier to 

find and cost-effective. However, cement is the most common stabiliser for soil 

treatment in Malaysia. It is often used in construction projects (Kamaruddin et al.,

2012) since cement production in this country is significant (produced over 20 

million tons per year) (Madlool et al., 2011). Unfortunately, cement manufacture has 

had a negative impact on the environment, as it generates a significant amount of 

carbon dioxide gases (Taha et al., 2013; Gao et al., 2015). Hence, this study focuses 

on lime as a stabiliser to improve soil properties.

1.3 Study Objectives

This study evaluates the compressibility behaviour of lime-treated laterite soil 

subjected to saturated and unsaturated conditions. Several objectives are proposed as 

follows to achieve the aim:

1. To determine the basic properties of laterite soil, untreated and treated with 

lime.

2. To evaluate the strength and compressibility characteristics of untreated and 

lime-treated laterite soil under saturated and unsaturated conditions.

3. To determine the microstructural characteristics of untreated and lime-treated 

laterite soil.

4. To evaluate the empirical theory of the coupling effect of suction and 

cementation bonding of the lime-treated soil in the Loading-Collapse (LC) 

curve.
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1.4 Scope of Research

This study is focused on determining the compressibility characteristics of 

laterite soil treated with lime in saturated and unsaturated conditions under constant 

suction. The soil used in this research was a reddish laterite soil obtained at a depth 

of about 1.0 m below the ground surface within Universiti Teknologi Malaysia 

(UTM), Skudai.

Both undisturbed and compacted soil samples were prepared according to BS 

EN ISO 17892 and BS 1377-4:1990 (BSI, 1990). The disturbed samples treated and 

untreated were utilised to determine soil properties such as physical, chemical and 

engineering characteristics. The initial Consumption Lime (ICL) test is performed to 

study the minimum percentage of lime required for soil performance. The ICL test is 

conducted according to ASTM D6276 -  19 (ASTM, 2006). Based on the ICL test, 

the range of lime used in this study was determined. The maximum dry density 

(MDD) and optimum moisture content (OMC) of untreated and treated samples were 

determined by the Modified Proctor compaction. To determine the optimum-lime 

content and curing period sample throughout this research, the Unconfined 

Compressive Test (UCT) is conducted. The strength of lime-treated soil shall achieve 

a minimum of 800 kPa to be used as optimum lime content and curing period based 

on Malaysian Public Work Department (MPWD) specification (JKRM, 2019). Next, 

the California Bearing (CBR) and consolidation tests shall proceed based on the 

result of the UCT.

CBR test was performed under soaked and unsoaked conditions. The soaked 

CBR samples were subjected to various curing periods (3, 7, 14 and 28 days). Next, a 

consolidation test consisting of a conventional oedometer and a suction-controlled 

oedometer were conducted to measure the compressibility behaviour of soil under 

saturated and unsaturated conditions. This was done via a suction-controlled 

oedometer (fabricated by Kholghifard (2014)) that was modified based on the axis 

translation technique. The suction-controlled oedometer was conducted with 

incremental vertical stress under constant suction (i.e., 20 and 400 kPa).
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Several microstructural analyses such as Field Emission Scanning Electron 

Microscope (FESEM), Energy Dispersive X-ray (EDX), X-ray Diffraction (XRD), 

and X-ray Fluorescence (XRF) were employed to assess the variation in 

microstructural properties.

1.5 Research Significance

Unsaturated analysis has been carried out on natural laterite soil (Vilar and 

Rodrigues, 2011; Benatti et al., 2011; Kholghifard, 2014; Kholghifard and Ahmad, 

2021). Several researchers have also studied the effect of stabilisers on unsaturated 

clayey soils on various engineering parameters. Arroyo et al. (2013) measured the 

compressibility of silty sand under constant water content with varying loads. 

Djelloul et al. (2017) utilised an oedometer under a constant suction test but focused 

more on hydraulic conductivity. Furthermore, Yu et al. (2019) studied the effect of 

cement on the stress and strain of silty sand.

Meanwhile, Soleimani-Fard et al. (2022) used a new testing device called the 

Biaxial device to study the shear strength of the soil. Although researchers studied 

the compressibility of unsaturated lime-treated soil (Mavroulidou et al., 2013; Haeri 

et al., 2019), clayey soils were more concerned. Hence, there is a lack of studies on 

the compressibility of lime-treated laterite in unsaturated condition. Moreover, a 

previous researcher from UTM, Skudai, Kholghifard (2014), has studied the 

compressibility behaviour of untreated natural laterite soil subjected to constant 

suction. Therefore, it is essential to predict the behaviour of unsaturated treated 

laterite soil for comparison purposes and also looking at the bonding effect in 

saturated and unsaturated laterite.
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Hence, this study extends the study for the framework of unsaturated laterite 

soil in UTM, which was pioneered by Kholghifard (2014) by using lime as the 

stabiliser in the researcher's work through evaluation of the following properties:

1. Basic properties behaviour of untreated and treated laterite soil.

2. Strength and compressibility behaviour and characteristics in saturated and 

unsaturated conditions.

3. Microstructural behaviour of lime-treated laterite.

4. Verification of effect of cementation in saturated and unsaturated conditions 

through strength and compressibility via controlled suction conditions.

1.6 Organisation of Thesis

Chapter 1 describes the problems related to laterite soils and the collapse 

behaviour of soil under unsaturated conditions. Furthermore, the objectives, scope, 

and significance of this research and the organisation of thesis outlines are presented 

in this chapter.

The literature review is presented in Chapter 2. The study describes the 

characteristics and problems of laterite soil related to saturated and unsaturated 

conditions. General knowledge on soil stabilisation, lime stabilisation and the 

engineering properties of lime-stabilised laterite soil is also discussed. This chapter 

also presents past studies' consolidation parameters of lime-treated soil in saturated 

and unsaturated conditions. The following sub-chapter discusses various 

experimental methods' mineralogy and microstructural characteristics of both treated 

and untreated laterite soils. The last part of this chapter reviews the empirical concept 

of the Loading-Collapse (LC) curve of unsaturated soil.
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Chapter 3 explains the research methodology thoroughly. Basic properties of 

untreated and treated laterite soil were conducted according to BS EN ISO 17892 and 

BS 1377-4:1990 (BSI, 1990). The percentage of lime used is determined by the ICL 

test proposed by Eades and Grim (1966). The optimum lime content and curing 

period are determined by achieving a minimum of 800 kPa of Unconfined 

Compressive Strength (UCS) values based on Malaysian Public Work Department 

(MPWD) specifications (JKRM, 2019). Then, the obtained UCS results then 

proceeded with the CBR and consolidation tests. The central part of this research is 

the consolidation tests which consisted of a conventional oedometer (saturated 

condition) and suction-controlled oedometer (unsaturated condition). Lastly, 

microstructural analyses were performed as outlined by the American Society of 

Testing Materials (ASTM). The microstructural studies on both untreated and lime- 

treated soil (under optimum lime content and curing days) explains the soil 

behaviour from other testing in this research.

Chapter 4 discusses the result and discussion on the engineering properties of 

both untreated and lime-treated laterite soil. The selection of optimum lime content 

and curing period is determined through the UCS test based on the compressive 

strength values. Besides, the results of soaked and unsoaked CBR is also included. 

The main part of this research is the consolidation parameters of lime-treated laterite 

under saturated and unsaturated conditions. Microstructural analyses were also 

discussed to identify the effect of lime on soil microstructure based on its optimum 

lime content and curing period. Lastly, the obtained LC curve trend on the untreated 

and lime-treated samples is discussed and correlated with the empirical concept 

Alonso et al. (1990) proposed.

Chapter 5 concludes the results of this research and the recommendations for 

future research.

8



REFERENCES

A bdalla , T. A ., and  Salih, N . B. (2020) ‘H y d ra ted  L im e E ffec ts  on G eo techn ical 

P ro p erties  o f  C layey  S o il’, Journal o f Engineering, 26(11), pp. 150-169.

A bdi, M ., and  W ild , S. (1993) ‘Su lphate ex p an sio n  o f  lim e -s tab iliz ed  kao lin ite : I. 

P hysica l ch a rac te ris tic s’, Clay Minerals, 28(4), pp. 555-567.

A bood , M oham m ad . (2021). Re: W h y  does F E S E M  give b e tte r  re so lu tio n  th an  

SEM ?. R e triev ed  from : h ttp s://w w w .research g a te .n e t/p o st/W h y -d o es-

F E S E M -g iv e -b e tte r-reso lu tio n -th an - 

S E M /6 1 5 3 7 b 0 6 9 9 6 b 9 7 7 a9 b 7 9 f8 d b /c ita tio n /d o w n lo ad .

A defem i, B. A ., and  W ole , A. C. (2013) ‘R eg re ss io n  analysis  o f  co m p ac tio n  delay  on 

C B R  and  U C S  o f  lim e stab ilized  y e llo w ish  b ro w n  la te ritic  so il’, Electronic 

Journal o f Geotechnical Engineering (EJGE), 18 pp. 3301-3314 .

A fo layan , O. D . (2017) ‘E v a lu a tio n  o f  th e  E ffec t o f  L im e  and  C em en t on the  

E n g in ee rin g  P ro p erties  o f  S elected  Soil in  a U n iv ers ity  in  S ou thw estern  

N ig e r ia ’, reactions, 6 pp. 12.

A jayi, E . S. (2012) ‘E ffec t o f  L im e  V aria tio n  on  th e  M o istu re  C o n ten t and  D ry  

D en sity  o f  L a te ritic  Soil in  Ilorin , N ig e r ia ’, pp.

A l-B adran , Y ., and  S chanz, T. (2013) ‘E ffec t o f  S uction  on V o lu m etric  Y ie ld in g  

B eh av io r u n d er D iffe ren t In itial C on d itio n s fo r F in e -G ra in ed  S o ils ’, 

Engineering and Technology Journal, 31(20  P a rt (A ) E n g in eerin g ), pp.

A l-B ared , M . M ., and  M arto , A. (2017) ‘A  rev iew  on  th e  geo techn ica l and 

en g in eerin g  ch arac te ris tic s  o f  m arin e  clay  and  th e  m o d ern  m eth o d s o f  

im p ro v em en ts’, Malaysian Journal o f Fundamental and Applied Sciences, 

13(4), pp. 825-831.

A l-T aie , A ., D isfan i, M . M ., E vans, R ., A ru lra jah , A ., and  H o rp ib u lsu k , S. (2016) 

‘S w ell-sh rink  cycles o f  lim e s tab ilized  expansive  su b g rad e’, Procedia 

Engineering, 143 pp. 615-622 .

A l K hzahee , M . (2019) ‘T he O p tim iza tio n  o f  E ffic ien t S am pling  M eth o d  R eg ard in g  

th e  u ses o f  th e  P o rtab le  X R F A n a ly ses  in  th e  F ie ld ’, Optimization, 4(1), pp.

149

https://www.researchgate.net/post/Why-does-


A li, N ., K um ar, A ., and  P athan , A. F. H . (2019) ‘E ffec t o f  Soil S tab ilizers  on 

C o n so lid a tio n  C h arac teris tics  o f  C om p acted  C lay ’, Engineering Science and 

Technology International Research Journal, 3(1), pp.

A lonso , E. E ., G ens, A ., and  Josa, A. (1990) ‘A  co n stitu tiv e  m odel fo r partia lly  

sa tu ra ted  so ils ’, Geotechnique, 40(3), pp. 405-430.

A lonso , E. E ., &  G ens, A. (1994). K ey n o te  lecture: O n  th e  m echan ical b eh av io u r o f  

a rid  soils. In  Engineering characteristics o f arid soils (pp. 173-205). C R C  

P ress.

A m adi, A ., and  O keiy i, A. (2017) ‘U se  o f  q u ick  and  h y d ra ted  lim e in  s tab iliza tio n  o f  

la te ritic  soil: co m p ara tiv e  ana lysis  o f  lab o ra to ry  d a ta ’, International Journal 

o f Geo-Engineering, 8(1), pp. 1-13.

A m u, O ., A dew um i, I., A yodele , A ., M ustapha , R ., and  O la, O. (2005) ‘A n a ly sis  o f  

C a lifo rn ia  b ea rin g  ra tio  v a lu es  o f  lim e and  w o o d  ash  s tab ilized  la te ritic  so il’, 

Journal o f Applied Sciences, 5(8), pp. 1479-1483.

A m u, O. O ., B am isaye, O. F ., and  K om o lafe , I. A. (2011) ‘T he su itab ility  and  lim e 

s tab iliza tio n  req u irem en t o f  som e la te ritic  soil sam ples as p av e m e n t’, Int. J. 

Pure Appl. Sci. Technol, 2(1), pp. 29-46.

A nggra in i, V ., A sad i, A ., Syam sir, A ., and  H uat, B. B. (2017) ‘T hree  p o in t b end ing  

flexu ral streng th  o f  cem en t trea ted  tro p ica l m arin e  soil re in fo rced  b y  lim e 

trea ted  natu ra l f ib e r’, Measurement, 111 pp. 158-166.

A rch ibong , G ., Sunday, E ., A kud ike, J., O keke, O., and  A m adi, C. (2020) ‘A  

R E V IE W  O F T H E  P R IN C IP L E S  A N D  M E T H O D S  O F SO IL  

S T A B IL IZ A T IO N ’, pp.

A rroyo , M ., A m aral, M . F ., R om ero , E ., &  V ian a  da  F onseca , A. (2013). Iso trop ic  

y ie ld in g  o f  u n sa tu ra ted  cem en ted  silty  sand. Canadian Geotechnical 

Journal, 50(8), 807-819.

A ru lra jah , A ., K ua , T .-A ., H o rp ib u lsu k , S., P hetchuay , C ., S uksiripa ttanapong , C., 

and  D u, Y .-J. (2016) ‘S trength  and  m icro stru c tu re  ev a lu a tio n  o f  recy cled  

g lass-fly  ash  g eo p o ly m er as lo w -carb o n  m aso n ry  u n its ’, Construction and 

Building Materials, 114 pp. 400-406.

A ssocia tion , B. L. (1990). Lime stabilisation manual: L ondon: IC I C h em icals  & 

P o ly m ers  L im ited .

150



A S T M . (2006). A S T M  D 62 7 6 -1 9 , "S tandard  te s t m eth o d  fo r u s in g  p H  to  estim ate  

th e  so il-lim e p ro p o rtio n  req u irem en t fo r soil s tab iliza tion". Annual book o f  

ASTM Standards.

A S T M . (2008). A S T M  D 68 3 6 -0 2 , "S tandard  te s t m eth o d  fo r soil w a te r charac te ristic  

cu rve fo r deso rp tio n  u s in g  p ressu re  ex tracto r"  Annual book o f ASTM  

Standards.

A S T M . (2013). A S T M  E 1 621-13 , "S tandard  G u ide fo r E lem en ta l A n a ly sis  by  

W av elen g th  D isp ersiv e  X -R ay  F lu o rescen ce  S p ectro m etry "A n n u a l book o f 

ASTM Standards.

A S T M . (2014). A S T M  E 7 6 6 -1 4 , “ S tandard  P rac tice  fo r C a lib ra tin g  the  

M ag n ifica tio n  o f  a S cann ing  E lec tro n  M ic ro sco p e ,” Annual book o f ASTM  

Standards.

A S T M . (2016). A S T M  F 20 2 4 -1 0 , "S tandard  P rac tice  fo r X -ray  D iffrac tio n  

D ete rm in a tio n  o f  P h ase  C o n ten t o f  P la sm a-S p ray ed  H y d ro x y ap a tite  

C oatings". Annual book o f ASTM Standards.

A stro  A W A N I (2018, Jan u a ry  15) ‘K e re ta  ja tu h  g au n g  ak ib a t ja la n  runtuh , w arg a  

em as ce d e ra .’ A stro  A W A N I, W eb. 3 N o v em b er 2021.

A ziz , A ., A li, F ., H eng , C ., M o h am m ed , T., and  H uat, B. (2006) ‘C o llap sib ility  and 

v o lu m e change b eh av io r o f  u n sa tu ra ted  residua l so il’, American journal o f 

environmental sciences, 2(4), pp. 161-166.

A zzam , W . R. (2014) ‘U tiliz a tio n  o f  p o ly m er stab iliza tio n  fo r im p ro v em en t o f  clay  

m ic ro s tru c tu res’, Applied Clay Science, 93 pp. 94-101.

B akh tyar, B ., K acem i, T., and  N aw az, M . A . (2017) ‘A  rev iew  on  ca rbon  em issions 

in  M alay sian  cem en t in d u s try ’, International Journal o f Energy Economics 

and Policy, 7(3), pp. 282-286 .

B ayew u , O ., O loun to la , M ., M osuro , G., and  A den iy i, S. (2012) ‘P e tro g rap h ic  and 

geo techn ica l p ro p erties  o f  L a te ritic  Soils d ev e lo p ed  o v er d iffe ren t p aren t 

ro ck s in  A go -Iw o y e area, S ou thw estern  N ig e r ia ’, International Journal o f 

Applied Sciences and Engineering Research, 1(4), pp. 584-594.

B ehera , B ., and  M ish ra , M . K . (2011) ‘Som e aspects o f  lim e trea ted  fly  ash  and  m ine 

o verb u rd en  com posite  sam p les’ , pp.

B ell, F .G . (1993) 'E n g in ee rin g  geo logy .' B lack w ell S cien tific  P u b lica tio n s, O xfo rd  

:84-86. IS B N -1 3 :9 7 8 -0 -7 5 0 6 -8 0 7 7 -6 .

151



B ell, F. G. (1996) ‘L im e s tab iliza tio n  o f  clay  m in era ls  and  so ils ’, Engineering 

Geology, 42(4), pp. 223-237.

B enatti, J., M iguel, M ., R odrigues, R ., and  V ilar, O. (2011). Collapsibility study for  

tropical soil profile using oedometric tests with controlled suction. P ap er 

p resen ted  at th e  P ro ceed in g s o f  th e  5 th  in tern a tio n al co n feren ce  on 

un sa tu ra ted  soils, T ay lo r &  F ran c is  G roup, L ondon .

B enatti, J. C. B ., R odrigues, R. A ., and  M iguel, M . G. (2013) ‘A spec ts  o f  m ech an ica l 

b eh av io r and  m o d elin g  o f  a tro p ica l u n sa tu ra ted  so il’, Geotechnical and /- 

7/Geological Engineering, 31(5), pp. 1569-1585.

B ishop , A. W ., &  B ligh t, G. E. (1963). Som e aspects  o f  effec tive  stress in  satu ra ted  

and  partly  sa tu ra ted  soils. G eo techn ique , 13(3), 177-197.

B SI. (1990). B S  1377-4: 1990: M eth o d s o f  te s t fo r  so ils fo r civ il eng ineering  

pu rp o ses  (co m p ac tio n -re la ted  tests).

B SI. (2014a). B S  E N  ISO  17892-1. G eo techn ica l In v estig a tio n  and  T esting.

L ab o ra to ry  T esting  o f  Soil. D e te rm in a tio n  o f  w a te r content.

B SI. (2014b). B S  E N  ISO  17892-2. G eo techn ica l In v estig a tio n  and  T esting.

L ab o ra to ry  T esting  o f  Soil. D e te rm in a tio n  o f  b u lk  density .

B SI. (2015a). B S  E N  ISO  17892-3. G eo techn ica l In v estig a tio n  and  T esting.

L ab o ra to ry  T esting  o f  Soil. D e te rm in a tio n  o f  p a rtic le  density .

B SI. (2015b). B S  E N  ISO  17892-5. G eo techn ica l In v estig a tio n  and  T esting.

L ab o ra to ry  T esting  o f  Soil. In c rem en tal lo ad in g  o ed o m ete r test.

B SI. (2016). B S  E N  IS O  17892-4. G eo techn ica l In v estig a tio n  and  T esting.

L ab o ra to ry  T esting  o f  Soil. D e te rm in a tio n  o f  p a rtic le  size d istribu tion .

B SI. (2018a). B S  E N  ISO  17892-7. G eo techn ica l In v estig a tio n  and  T esting.

L ab o ra to ry  te s tin g  o f  soil. U n co n fin ed  co m p ressio n  test.

B SI. (2018b). B S  E N  IS O  17892-12. G eo techn ica l In v estig a tio n  and  T esting .

L ab o ra to ry  T esting  o f  Soil. D e te rm in a tio n  o f  liq u id  and  p lastic  lim its.

B urland , J. B. (1990). O n th e  co m p ressib ility  and  shear streng th  o f  natu ra l clays.

G eo techn ique, 40(3), 329-378.

C arvalho , L. C ., L lo ret, A ., &  Josa, A . (2002). Iso trop ic  co m p ressio n  tes ts  on an 

artific ia lly  cem en ted  u n sa tu ra ted  soil. U n sa tu ra ted  soils. E d ited  by  Ju ca  de 

C am pos and  M arinho . Sw ets and  Z eitlinger, 529-534 .

152



C han, C. M . (2012) ‘S treng th  and  stiffness o f  a cem en t-s tab ilised  la te ritic  soil w ith  

g ran u la ted  ru b b e r ad d itio n ’, Proceedings o f the Institution o f Civil Engineers- 

Ground Improvement, 165(1), pp. 41-52.

C han, S., and  L au, W . (1973). The Construction o f The Kuala Trengganu Airfield, 

Malaysia. P ap e r p resen ted  at th e  P ro ceed in g s o f  C o n feren ce  on R o ad  

E n g in ee rin g  in  A sia  and  A ustra lasia .

C harles, L. (2016) ‘X -R ay  D iffrac tio n  and  M in era lo g ica l A n a ly sis  o f  E x p an siv e  

Soils InK ibaha, T an zan ia ’, International Journal o f Engineering Inventions, 

5(8), pp. 48-55.

C herian , C ., and  A rnepalli, D . N . (2015) ‘A  critica l appraisal o f  th e  ro le  o f  clay  

m in era lo g y  in  lim e s tab iliz a tio n ’, International Journal o f Geosynthetics and 

Ground Engineering, 1(1), pp. 1-20.

C hiet, K . T. P. (2016). M icro b ia l Ind u ced  C alc ite  P rec ip ita tio n  T rea tm en t on 

T rop ica l R esid u al Soil. U n iv ers iti T ekno log i M alaysia ,

C hong, S. Y ., and  K assim , K . A. (2015) ‘E ffec t o f  lim e on com paction , streng th  and 

co n so lid a tio n  ch a rac te ris tic s  o f  P o n tian  m arin e  c lay ’, Jurnal teknologi, 

72(3), pp.

C izer, O ., V an  B alen , K ., V an  G em ert, D ., and  E lsen , J. (2006). Carbonation 

reaction o f lime hydrate and hydraulic binders at 20 C. P ap er p resen ted  at the 

P roc. F irs t In te rna tional C o n feren ce  on A cce le ra ted  C arb o n a tio n  fo r 

E n v iro n m en ta l and  M ate ria ls  E ng ineering .

C onso li, N . C ., P rie tto , P. D . M ., da  S ilva L o p es Jr, L ., and  W in ter, D . (2014) 

‘C ontro l facto rs fo r th e  lo n g  te rm  co m p ressiv e  streng th  o f  lim e trea ted  sandy 

clay  so il’, Transportation Geotechnics, 1(3), pp. 129-136.

C onso li, N . C ., R osa , A. D ., and  Saldanha, R. B. (2011) ‘V ariab les  g o vern ing  

streng th  o f  co m p ac ted  so il- f ly  a sh - lim e  m ix tu re s ’, Journal o f materials in 

Civil Engineering, 23(4), pp. 432-440.

Cui, Y. J. &  D elage, P. (1996). Y ie ld in g  and  p las tic  b eh av io u r o f  an  u n sa tu ra ted  

com p ac ted  silt. G e o te c h n iq u e  46, N o. 3, 4 0 5 -4 3 0 .

D a  S ilva, C. (1967). Some applications o f laterites in airfields. P ap er p resen ted  at the 

P roc. R eg. C onf. A fr. Soil M ech. F ound . E ng ., 4th , C ape T ow n.

D aim ary , N ., B h a ttach arjee , A ., and  G osw am i, R . (2016). Effect o f rice husk ash on 

shear and consolidation o f lateritic soil. P ap e r p resen ted  at th e  P ro ceed in g s 

o f  th e  Ind ian  G eo techn ical C o n feren ce  IG C , IIT  M adras, C hennai, India.

153



D ash , S. K ., and  H ussain , M . (2012) ‘L im e s tab iliza tio n  o f  soils: re ap p ra isa l’, 

Journal o f materials in Civil Engineering, 24(6), pp. 707-714.

D ash ti, A ., A ziz, H ., A dlan , M ., and  Ib rah im , A. (2019) ‘C alc ined  lim esto n e  

h o rizon ta l ro u g h in g  filte r fo r trea tm en t o f  palm  oil m ill e fflu en t po lish in g  

p o n d ’, International Journal o f Environmental Science and Technology, 

16(10), pp. 6419-6430.

D elage, P ., V ico l, T., and  Suraj de S ilva, G. (1992). Suction controlled testing o f  

non-saturated soils with an osmotic consolidometer. P ap er p resen ted  at the 

In terna tional con ference  on ex p an siv e  soils.

D i Sante, M ., F ra ta lo cch i, E ., M azzieri, F ., and  B rianzon i, V. (2015) ‘In flu en ce  o f  

d elayed  co m p ac tio n  on th e  co m p ressib ility  and  h y d rau lic  co n d u c tiv ity  o f  

so il- lim e  m ix tu re s ’, Engineering Geology, 185 pp. 131-138.

D jellou l, R ., M raben t, S. A. B ., H ach ich i, A ., &  F leu reau , J. M . (2018). E ffec t o f  

cem en t on th e  d ry in g -w e ttin g  pa ths and  on som e en g in ee rin g  p ro p erties  o f  a 

com p ac ted  natu ra l c lay  from  O ran, A lgeria . G eo techn ical and  G eo log ica l 

E ng in eerin g , 36(2), 995-1010 .

D riss , A. A .-E ., H arich an e , K ., G hric i, M ., and  G adouri, H . (2021) ‘A ssessin g  the  

e ffec t o f  m o u ld in g  w a te r co n ten t on  th e  b eh av io u r o f  lim e-stab ilised  an 

ex p an siv e  so il’, Geomechanics and Geoengineering, pp. 1-13.

D u, Y ., Z hang , Y ., and  L iu, S. (2011). In v estig a tio n  o f  streng th  and  C alifo rn ia  

b ea rin g  ra tio  p ro p erties  o f  natu ral so ils trea ted  b y  ca lc ium  carb ide  residue. In 

Geo-Frontiers 2011: Advances in GeotechnicalEngineering (pp. 1237-1244).

D ud ley , J. H . (1970) ‘R ev iew  o f  co llapsing  so ils ’, Journal o f the Soil Mechanics and 

Foundations Division, 96(3), pp. 925-947.

D u m b le to n , M . (1963). Clay mineralogy o f Borneo soils in relation to their origin 

and their properties as road making materials. P ap er p resen ted  at th e  P roc. 

A sian  R eg. C onf. Soil M ech . F ound. E ng ., 2nd, Tokyo, 2: 63.

E ades, J. L ., and  G rim , R . E. (1966) ‘A  q u ick  te s t to  d e term in e  lim e req u irem en ts  fo r 

lim e s tab iliz a tio n ’, Highway Research Record, (139), pp  61-72.

E berem u , A. O. (2011) ‘C o n so lid a tio n  p ro p erties  o f  com p ac ted  la te ritic  soil trea ted  

w ith  rice  h u sk  a sh ’, G eom ateria ls , 1(3), pp. 70.

E isazad eh , A ., K assim , K . A ., and  N ur, H . (2011) ‘C h arac teriza tio n  o f  ph o sp h o ric  

ac id -an d  lim e-stab ilized  trop ica l la te ritic  c lay ’, Environmental Earth 

Sciences, 63(5), pp. 1057-1066.

154



E isazad eh , A ., K assim , K . A ., and  N ur, H . (2012) ‘S o lid -sta te  N M R  and  F T IR  

stud ies o f  lim e stab ilized  m o n tm o rillo n itic  and  la te ritic  c la y s ’, Applied Clay 

Science, 67 pp. 5-10.

Far, S. Y. Z. (2015). P e rfo rm an ce  o f  U n p av ed  L a te rite  R o ad  T reated  w ith  C hem ical 

A d d itiv es  and  W aste  Tire. U n iv ersiti T ekno log i M alaysia ,

Far, S. Z ., K assim , K ., E isazad eh , A ., and  K hari, M . (2013) ‘A n  ev a lu a tio n  o f  the  

tro p ica l soils sub jected  p h y sico ch em ica l s tab iliza tio n  fo r rem ote  ru ral ro a d s ’, 

Procedia Engineering, 54 pp. 817-826.

F ish , R. O. (1971). S hear streng th  and  re la ted  en g in eerin g  p ro p e rtie s  o f  se lec ted  

P u e rto  R ican  o x iso ls  and  u ltiso ls . Io w a S tate U n iversity ,

F isher, P ., A um ann , C ., C hia, K ., O 'H allo ran , N ., and  C handra , S. (2017) ‘A dequacy  

o f  la se r d iffrac tio n  fo r soil partic le  size an a ly s is ’, PloS one, 12(5), pp. 

e0176510.

F logeac, K ., G uillon , E ., A p lincourt, M ., M arceau , E ., S tievano , L., B eaun ie r, P ., and 

F rapart, Y .-M . (2005) ‘C h arac te riza tio n  o f  soil partic les  b y  X -ray  d iffrac tion  

(X R D ), X -ray  p h o to e lec tro n  spec tro sco p y  (X PS), e lec tron  p aram ag n etic  

reso n an ce  (E P R ) and  tran sm issio n  e lec tron  m icro sco p y  (T E M )’, Agronomy 

for sustainable development, 25(3), pp. 345-353.

F ookes, P. (1990) ‘R ep o rt on  trop ica l residual so ils ’, QJEng Geol, 23 pp. 103-108.

F r a n c i s ,  B ., and  L alou i, L. (2010) ‘A n  o ed o m ete r fo r  s tudy ing  co m b in ed  effec ts o f  

tem p era tu re  and  suction  on  so ils ’, Geotechnical Testing Journal, 33(2), pp. 

112-122.

F red lund , D . G., &  M org en ste rn , N . R. (1977). S tress state  v a riab les  fo r u n sa tu ra ted  

soils. Journa l o f  the  geo techn ica l en g in eerin g  d iv ision , 103(5), 447-466 .

F red lund , D . G ., and  R ah ard jo , H . (1993). Soil mechanics for unsaturated soils : John  

W iley  &  Sons.

G allipo li, D ., G ens, A ., Sharm a, R ., &  V aunat, J. (2003). A n  e lasto -p la s tic  m odel fo r 

u n sa tu ra ted  soil in co rp o ra tin g  th e  effec ts o f  suction  and  d eg ree  o f  sa tu ra tion  

on m echan ical behav iou r. G eo techn ique , 53(1), 123-135.

G ao, T., Shen, L ., Shen, M ., C hen, F ., L iu , L ., and  G ao, L. (2015) ‘A n a ly sis  on 

d iffe rences o f  ca rbon  d io x id e  em issio n  from  cem en t p ro d u c tio n  and  th e ir 

m a jo r d e te rm in an ts’, Journal o f Cleaner Production, 103 pp. 160-170.

G eim an , C. M . (2005). S tab iliza tion  o f  so ft c lay  subgrades in  V irg in ia  p hase  I 

lab o ra to ry  study. V irg in ia  Tech,

155



G hani, A. N . A ., R oslan , N . I., and  H am id , A. H . A. (2016) ‘R o ad  subm ergence  

d u rin g  flo o d in g  and  its e ffec t on  subgrade  s tren g th ’, Int. J. o f GEOMATE, 

10(21), pp. 1848-1853.

G lend inn ing , S., and  B oardm an , D . (1996). Lime treatment o f metal contaminated 

clay soils. P ap e r p resen ted  at the  A nnual C o n feren ce  o f  th e  G eo log ica l 

Society.

G ofar, N . (2006). D e te rm in a tio n  o f  C o effic ien t o f  R ate  o f  H o rizo n ta l C o n so lid a tio n  

o f  P ea t Soil. R e triev ed  from

G oldstein , J. I., N ew b u ry , D . E ., M ichael, J. R ., R itch ie , N . W ., Scott, J. H . J., and 

Joy, D . C. (2017). Scanning electron microscopy and X-ray microanalysis: 

Springer.

G oodhew , P. J., H um phreys, J., and  B ean land , R. (2000). Electron microscopy and 

analysis: C R C  P ress.

G ordan , B ., A dnan , A ., and  G ordan , M . (2015) ‘D is trib u tio n  o f  S pecific  G rav ity  fo r 

la te rite  Soil m ix ed  u sin g  T ire  A g g reg a te  and  S ilica ’, pp.

G rigorian , A. A . (1997). P ile  fo u n d a tio n s  fo r b u ild in g s and  structu res in  co llap sib le  

soils: C R C  P ress.

H aeri, S. M . (2016) ‘H y d ro -m ech an ica l b eh av io r o f  co llap sib le  so ils in  u n sa tu ra ted  

soil m ech an ics  c o n tex t’, Japanese Geotechnical Society Special Publication, 

2(1), pp. 25-40.

H assan , A ., Z u lakm al, A . H ., M utalif, A ., Sufian, H ., H arun , S. A. R ., A bdu llah , J. 

S., ... &  M ustafa , M . Z. H . (2013). M an u a l fo r  th e  structu ra l desig n  o f  flex ib le  

pavem ent. Jab a tan  K e ja  R ay a  M alaysia , 85 (P indaan), 38.

H ejazi, S. M ., S heikhzadeh , M ., A btah i, S. M ., and  Z adhoush , A. (2012) ‘A  sim ple  

rev iew  o f  soil re in fo rcem en t b y  u sin g  natu ra l and  sy n th e tic  f ib e rs ’, 

Construction and Building Materials, 30 pp. 100-116.

H ezm i, M . A ., A hm ad, K ., Y unus, N . Z. M ., K assim , K . A ., R ash id , A. S. A ., and 

H assan , N . A. (2019). Compaction characteristics o f lime-treated tropical 

soil. P ap er p resen ted  at th e  IO P  C o n feren ce  Series: M ate ria ls  S cience and  

E ng ineering .

H ilf, J. W . (1956). A n  in v estig a tio n  o f  p o re -w a te r p ressu re  in  com p ac ted  cohesive  

soils: U n iv ersity  o f  C o lo rad o  at B oulder.

H irash im a, K . (1951) ‘H ig h w ay  co n stru c tio n  p ro b lem s in v o lv in g  p las tic  v o lcan ic  

a sh ’, Highway Research Board Bulletin, (44), pp.

156



H o rp ib u lsu k , S., Y ang su k k aseam , N ., C h in k u lk ijn iw at, A ., and  D u, Y . J. (2011) 

‘C o m p ressib ility  and  p erm eab ility  o f  B an g k o k  clay  co m p ared  w ith  k ao lin ite  

and  b en to n ite ’, Applied Clay Science, 52(1-2), pp. 150-159.

H ossain , M . I., K han , A ., H aque, M . H ., and  F erooq , S. M . (2014). Effect o f lime on 

consolidation characteristics o f clay soil. P ap er p resen ted  at th e  In ternational 

C o n feren ce  on  M ech an ica l E n g in ee rin g  and  R en ew ab le  E nergy .

H ouben , H ., and G uillaud , H . (1994). de l'a r tic le /d u  ch ap itre  E arth  construc tion . A  

co m p reh en siv e  guide: d is trib u teu r C raterre-E ag .

H uat, B. B ., A li, F. H ., and  C hoong, F. (2007a) ‘C o llap sib ility  and  V o lu m e C hange 

B eh av io r o f  U n sa tu ra ted  R esid u al S o il’, Pertanika Journal o f Social Sciences 

& Humanities, 15(2), pp.

H uat, B. B ., A li, F. H ., and  C hoong, F. (2007b) ‘E ffec t o f  stress h isto ry  on  the  

v o lu m e change b eh av io r o f  u n sa tu ra ted  residual so il’, Electronic Journal o f  

Geotechnical Engineering, 12(D ), pp.

H uat, B. B ., A lias, A ., and  A ziz , A. A. (2008a) ‘E v alu a tio n , se lec tion  and  assessm en t 

o f  g u id e lin es  fo r chem ical s tab iliza tio n  o f  trop ica l residual so ils ’, American 

journal o f environmental sciences, 4(4), pp. 303-309 .

H uat, B. B ., A ziz , A. A ., A li, F. H ., and  A zm i, N . A. (2008b) ‘E ffec t o f  w e ttin g  on 

co llap sib ility  and  shear streng th  o f  tro p ica l residual so ils ’, Electronic Journal 

o f Geotechnical Engineering, 13 pp. 1-44.

Ib rah im  A ., &  M usa, A. (2021, Jan u ary  5). R M 2 .2  ju ta  baik i ja la n  ro sak  ak ibat 

ban jir. U tu san  M alay sia . h ttp s://w w w .u tu san .co m .m y /b erita /2 0 2 1 /0 1 /rm 2 -2 - 

ju ta -b a ik i-ja lan -ro sak -ak ib a t-b an jir/

Ib rah im , N . A ., M ag in d ran , T., and  Shahrin , M . I. (2020). Sustainable use o f laterite 

soil as compressed cement stabilized earth block for low cost housing 

construction. P ap er p resen ted  at th e  IO P  C o n feren ce  Series: M ate ria ls  

S cience and  E ngineering .

Ikeagw uan i, C. C. (2019) ‘C o m p ara tiv e  assessm en t o f  th e  s tab iliza tio n  o f  lim e- 

stab ilized  la te ritic  soil as subbase  m ateria l u s in g  co co n u t shell ash  and 

co co n u t h u sk  a sh ’, Geotechnical and Geological Engineering, 37(4), pp. 

3065-3076 .

In im , I. J., A ffiah , U . E., and  E m inue, O. O. (2018) ‘A ssessm en t o f  b am b o o  le a f  

ash /lim e-stab ilized  la te ritic  so ils as co n stru c tio n  m a te r ia ls ’, Innovative 

Infrastructure Solutions, 3(1), pp. 1-8.

157

https://www.utusan.com.my/berita/2021/01/rm2-2-


Ism ail, M . S. N ., and  G han i, A. N . A. (2017). A n  o v erv iew  o f  ro ad  dam ages due to  

flooding: C ase  study  in  K ed ah  state, M alaysia . P ap e r p resen ted  at th e  A IP  

C o n feren ce  P roceed ings.

IS O  (2009) ‘IS O  13320: 2009: P artic le  size an a ly sis-la se r d iffrac tio n  m e th o d s’, 

International Organization for Standardization, Geneva, Switzerland, pp.

Jen n in g s JE B , B u rlan d  JB . L im ita tio n s  to  the  u se  o f  e ffec tiv e  stresses in  partly  

sa tu ra ted  soils. G e o te c h n iq u e . 1962 ;12(2):125-144 .

Jha, A. K ., and  S ivapu lla iah , P. (2015) ‘M ech an ism  o f  im p ro v em en t in  th e  streng th  

and  v o lu m e change b eh a v io r o f  lim e stab ilized  so il’, Engineering Geology, 

198 pp. 53-64.

Jia, L. Z. (2018). E ffec t o f  M acro fab ric  and  M atric  S uction  on  C o m pressib ility  

B eh av io u r o f  T rop ica l R esid u al Soil. U n iv ersiti T eknolog i M alay sia  (U T M ),

JK R M  (2019) ‘S tandard  S pecifica tion  fo r R o ad  W o rk s - S ection  18: Soil 

S tab iliza tio n ’, Jabatan Kerja Raya Malaysia, Kuala Lumpur, pp.

Joel, M ., and  E deh , J. E . (2015) ‘C o m p ara tiv e  analysis  o f  cem en t and  lim e 

m o d ifica tio n  o f  Ik p ay o n g o  la te rite  fo r  effec tive  and  eco n o m ic  s tab iliz a tio n ’, 

Journal o f emerging trends in engineering and applied sciences, 6(1), pp. 

49-56.

K am arudd in , F. A ., N ah azan an , H ., K im  H uat, B ., and  A nggra in i, V. (2020) 

‘Im p ro v em en t o f  m arin e  clay  soil u s in g  lim e and  a lka line  ac tiv a tio n  

stab ilized  w ith  in c lu sio n  o f  trea ted  co ir f ib re ’, Applied Sciences, 10(6), pp. 

2129.

K am arudd in , S. B. A ., G hani, N . A. M ., and  R am li, N . M . (2012). Determining the 

best forecasting model o f cement price index in Malaysia. P ap er p resen ted  at 

th e  2012  IE E E  C o llo q u iu m  on  H um an ities , Science and  E n g in ee rin g  

(C H U S E R ).

K am tch u en g , B. T., O nana, V. L., F an tong , W . Y ., U eda, A ., N to u ala , R. F., 

W o ngo lo , M . H ., . . . O ndoa, J. M . (2015) ‘G eo techn ical, chem ical and 

m in era lo g ica l ev a lu a tio n  o f  la te ritic  soils in  h u m id  trop ica l area (M fou, 

C en tra l-C am eroon): Im p lica tio n s fo r ro ad  co n stru c tio n ’, International 

Journal o f Geo-Engineering, 6(1), pp. 1-21.

K asim , N . A ., A zm i, N . A. C ., M ukri, M ., and  N oor, S. N . A. M . (2017). Effect on 

physical properties o f laterite soil with difference percentage o f sodium 

bentonite. P ap er p re sen ted  at th e  A IP  C o n feren ce  P roceed ings.

158



K assiff, G ., and  S halom , A. B. (1971) ‘E x p erim en ta l R ela tio n sh ip  B e tw een  Sw ell 

P ressu re  and  S u c tio n ’, Geotechnique, 21(3), pp. 245-255 . 

d o i:1 0 .1 6 8 0 /g eo t.1 9 7 1 .2 1 .3 .2 4 5

K assim , K ., H am ir, R ., and  K ok , K . (2005) ‘M o d ifica tio n  and  s tab iliza tio n  o f  

M alay sian  co h esiv e  soils w ith  lim e ’, Geotechnical Engineering, 36(2), pp.

K assim , K . A ., and  C hern , K . K . (2004) ‘L im e s tab ilized  M alay sian  co h esiv e  so ils ’, 

Malaysian Journal o f Civil Engineering, 16(1), pp. 13-23.

K azm i, D ., Q asim , S., H arahap , I., and  B aharom , S. (2017) ‘L an d slid e  o f  H ig h lan d  

T ow ers 1993: a case study  o f  M a lay s ia ’, Innovative Infrastructure Solutions, 

2(1), pp. 1-9.

K ho lg h ifard , M . (2014). V o lu m e C hange and  C o llap se  P o ten tia l o f  U n sa tu ra ted  

R esid u al G ran ite  Soil. U n iv ersiti T ekno log i M alaysia ,

K ho lg h ifard , M ., and  A hm ad , K . (2021) ‘E ffec t o f  M atric  S uction  and  D en sity  on 

Y ie ld  S tress, C o m p ressio n  Index  and  C o llap se  P o ten tia l o f  U n sa tu ra ted  

G ran ite  S o il’, KSCE Journal o f Civil Engineering, pp. 1-8.

K ho lg h ifard , M ., A hm ad , K ., A li, N ., K assim , A ., and  K ala teh jari, R . (2014) 

‘C o llapse/sw ell p o ten tia l o f  residual la te rite  soil due to  w e ttin g  and  d ry ing - 

w e ttin g  cy c le s ’, National Academy Science Letters, 37(2), pp. 147-153.

K n igh t, M ., and  K o tha, S. (2001) ‘M easu rem en t o f  g eo tex tile -w a te r ch arac te ris tic  

cu rves u sin g  a co n tro lled  o u tflo w  cap illa ry  p ressu re  c e ll’, Geosynthetics 

International, 8(3), pp. 271-282.

L atifi, N . (2014a). G eo techn ica l and  m icro -s tru c tu ra l b eh av io u r o f  chem ica lly  

stab ilized  tro p ica l residua l soil. U n iv ers iti T ekno log i M alaysia ,

L atifi, N ., E isazad eh , A ., and  M arto , A. (2 0 1 4 b ) ‘S treng th  b eh av io r and 

m icro stru c tu ra l ch a rac te ris tic s  o f  tro p ica l la te rite  soil trea ted  w ith  sodium  

silica te -b ased  liq u id  s tab iliz e r’, Environmental Earth Sciences, 72(1), pp. 

91-98.

L atifi, N ., E isazad eh , A ., M arto , A ., and  M eehan , C. L. (2 0 1 7 a) ‘T rop ica l residual 

soil s tab iliza tion : A  p o w d er fo rm  m ateria l fo r  in creasin g  soil s tren g th ’, 

Construction and Building Materials, 147 pp. 827-836.

L atifi, N ., H o rp ib u lsu k , S., M eehan , C. L ., A b d  M ajid , M . Z., T ahir, M . M ., and 

M o h am ad , E. T. (2 0 1 7 b ) ‘Im p ro v em en t o f  p ro b lem atic  so ils w ith  

b io p o ly m er— an en v iro n m en ta lly  frien d ly  soil s tab iliz e r’, Journal o f  

materials in Civil Engineering, 29(2), pp. 04016204.

159



L atifi, N ., M arto , A ., and  E isazad eh , A. (2013) ‘S tructural ch arac te ris tic s  o f  la terite  

soil trea ted  b y  SH -85 and  T X -85 (n o n -trad itio n a l) s tab iliz e rs’, EJGE, 18 pp. 

1707-1718.

L atifi, N ., R ash id , A. S. A ., S iddiqua, S., and  A b d  M ajid , M . Z. (2016) ‘S trength  

m easu rem en t and  tex tu ra l ch arac te ristic s  o f  tro p ica l residual soil stab ilised  

w ith  liq u id  p o ly m er’, Measurement, 91 pp. 46-54.

L em ougna , P. N ., M elo , U . F. C ., K am seu , E ., and  T cham ba, A. B. (2011) ‘L a te rite  

b ased  stab ilized  p ro d u c ts  fo r  susta inab le  b u ild in g  ap p lica tio n s in  trop ica l 

countries: rev iew  and  p ro sp ec ts  fo r  th e  case  o f  C am ero o n ’, Sustainability, 

3(1), pp. 293-305.

L eroueil, S., and  B arbosa , P. d. A. (2000). C om b in ed  effec t o f  fabric , b o n d in g  and 

partia l sa tu ra tion  on  y ie ld in g  o f  soils. In  Unsaturated Soils for Asia (pp. 527

532): C R C  Press.

L im , S .-M ., Y ao, K ., Jiang , Y ., L im , Z .-C ., and  B akar, I. H . (2021) ‘G eo techn ical 

ch arac te ristics  o f  la te ritic  clay  adm ix ed  w ith  b io m ass  silica  s tab ilise r’, 

Journal o f Cleaner Production, 321 pp. 129008.

L ing , F. N ., K assim , K . A ., and  K arim , A. T. A . (2012). Size distribution analysis o f  

Kaolin using laser diffraction technique. P ap e r p resen ted  at th e  A dvanced  

M ateria ls  R esearch .

L ittle , A. (1967). The use o f tropically-weathered soils in the construction o f earth 

dams. P ap er p re sen ted  at th e  P ro ceed in g s o f  3 rd  A sian  reg ional co n feren ce  on 

m ech an ics  and  fo u n d a tio n  eng ineering , H aifa , Israel.

L ocat, J., B erube , M .-A ., and  C hoquette , M . (1990) ‘L ab o ra to ry  in v estig a tio n s  on  the  

lim e s tab iliza tio n  o f  sensitive  clays: shear streng th  d ev e lo p m en t’, Canadian 

geotechnical journal, 27(3), pp. 294-304 .

L oren tz , S., D urn fo rd , D ., and  C orey , A . (1993). Liquid retention measurement on 

porous media using a controlled outflow cell. P ap er p resen ted  at the 

P ro ceed in g s o f  A m erican  Society  o f  A g ro n o m y -C ro p  S cience S ociety  o f  

A m eric a -S o il S cience S ociety  o f  A m erica  1991 annual m eeting . D enver, 

C olorado .

L o u re n9o, S., T oll, D ., A ugarde, C ., G a llipo li, D ., E vans, F ., and  M edero , G. (2008). 

E v a lu a tio n  o f  suction  m easu rem en t by  th e  ten s io m ete r and  th e  axis 

tran sla tio n  techn ique . In  Unsaturated Soils. Advances in Geo-Engineering 

(pp. 229-234): C R C  Press.

160



Lu, N . and  L ikos, W .J. (2004) U n sa tu ra ted  Soil M echan ics. Jo h n  W iley  &  Sons, Inc., 

H oboken , 30-45.

M ad lo o l, N . A ., Saidur, R ., H ossain , M . S., and  R ah im , N . (2011) ‘A  critica l rev iew  

on energy  u se  and  sav ings in  the  cem en t in d u s trie s ’, Renewable and 

sustainable energy reviews, 15(4), pp. 2042-2060 .

M aher, M ., M arsha ll, C ., H arrison , F ., and  B au m g aertn er, K . (2005). Context 

sensitive roadway surfacing selection guide. R etriev ed  from

M alle la , J., Q uin tus, H . V ., and  Sm ith, K . (2004) ‘C o n sid e ra tio n  o f  lim e-stab ilized  

layers in  m ech an is tic -em p irica l p av em en t d es ig n ’, The National Lime 

Association, 200  pp. 1-40.

M anso , J. M ., O rtega-L opez , V ., P o lanco , J. A ., and  Setien, J. (2013) ‘T he u se  o f  

lad le  fu rn ace  slag  in  soil s tab iliz a tio n ’, Construction and Building Materials, 

40 pp. 126-134.

M arinho , F ., T ake, W ., and  T aran tino , A. (2008). M easu rem en t o f  m atric  suction  

usin g  ten sio m etric  and  ax is  tran sla tio n  techn iques. In  Laboratory and field  

testing o f unsaturated soils (pp. 3-19): Springer.

M atu rid i, A. M . A . M ., K asim , N ., T aib , K . A ., A zahar, W . N . A. B. W ., and  H usain , 

N . M . H . (2020). Rainfall-Induced Landslides in Cameron Highland Area, 

Malaysia. P ap er p resen ted  at th e  IO P  C o n feren ce  Series: M ate ria ls  Science 

and  E ng ineering .

M av ro u lid o u , M ., Z hang, X ., G unn, M . J., and  C abarkapa, Z. (2013) ‘W a te r re ten tio n  

and  co m p ressib ility  o f  a lim e-trea ted , h ig h  p lastic ity  c lay ’, Geotechnical and 

Geological Engineering, 31(4), pp. 1171-1185.

M cD o w ell, C. (1959) ‘S tab iliza tio n  o f  so ils w ith  lim e, lim e-flyash , and  o th er lim e 

reac tiv e  m a te r ia ls ’, Highway Research Board Bulletin, 231(1), pp. 60-66.

M cN ally , G. H . (1998). ‘Soil and  R o ck  C o n stru c tio n  M a te r ia ls ’ ,R ou tledge, L ondon , 

276-282 , 330-341 , 1998.

M engue , E ., M roueh , H ., L ancelo t, L ., and  E ko, R . M . (2017a) ‘M echan ica l 

im p ro v em en t o f  a fin e -g ra in ed  la te ritic  soil trea ted  w ith  cem en t fo r u se  in  

ro ad  co n stru c tio n ’, Journal o f materials in Civil Engineering, 29(11), pp. 

04017206.

M engue , E ., M roueh , H ., L ancelo t, L ., and  E ko , R . M . (2 017b) ‘P h y sico ch em ica l and 

co n so lid a tio n  p ro p erties  o f  com p ac ted  la te ritic  soil trea ted  w ith  ce m e n t’, Soils 

and foundations, 57(1), pp. 60-79.

161



M iasin , S. F. E ., and  C huan, W . H . (2020) ‘A M E N D E D  L A T E R IT E  SO IL  W IT H  

F L Y  A S H  A S L A N D F IL L  L IN E R ’, pp.

M illogo , Y ., M ore l, J .-C ., T raore, K ., and  O uedraogo , R. (2012) ‘M icro stru c tu re , 

geo techn ica l and  m ech an ica l ch a rac te ris tic s  o f  q u ick lim e-la te ritic  g ravels  

m ix tu res  u sed  in  ro ad  co n s tru c tio n ’, Construction and Building Materials, 

26(1), pp. 663-669.

M itch e ll, J. K ., and  Soga, K . (2005). Fundamentals o f soil behavior (V ol. 3): John  

W iley  &  Sons N e w  Y ork.

M oghal, A. A . B ., O baid , A. A. K ., and  A l-R efeai, T. O. (2014) ‘E ffec t o f  

acce lera ted  lo ad in g  on th e  co m p ressib ility  ch a rac te ris tic s  o f  lim e-trea ted  

sem iarid  so ils ’, Journal o f materials in Civil Engineering, 26(5), pp. 1009

1016.

M o h d  Y usoff, S. A. N ., B akar, I., W ijey esek era , D . C ., Z a in o rab id in , A ., and  M adun , 

A. (2015). Comparison o f Geotechnical Properties o f Laterite, Kaolin and 

Peat. P ap er p resen ted  at th e  A p p lied  M ech an ics  and  M ateria ls.

M onroy , R ., Z d ravkov ic , L ., and  R id ley , A. (2008). V o lu m etric  b eh a v io u r o f  

com p ac ted  L o n d o n  C lay  du rin g  w e ttin g  and  load ing . In  Unsaturated Soils. 

Advances in Geo-Engineering (pp. 331-336): C R C  Press.

M orin , W ., and  T oder, P. (1971) ‘L a te rite  and  L a te ritic  soils and  o th er p ro b lem  soils 

o f  A fr ic a ’, Lyon Association Inc.: Kumisasi, Ghana, pp.

M untohar, A. (2009) ‘In flu en ce  o f  p lastic  w aste  fibers on th e  streng th  o f  lim e-rice  

h u sk  ash  stab ilized  c lay  so il’, C iv il E n g in ee rin g  D im en sio n , 11(1), pp. 3 2 

40.

N ord in , N ., T ajudin , S. A ., and  K adir, A. A. (2013) ‘S tab ilisa tion  o f  so ft soil u sin g  

e lec tro k in e tic  s tab ilisa tio n  m e th o d ’, In te rna tional Journa l o f  Z ero  W aste  

G eneration , 1(1), pp. 5-12.

O bianyo , I. I., O nw ualu , A. P ., and  Soboyejo , A. B. (2020) ‘M ech an ica l b eh av io u r o f  

la te ritic  soil s tab ilized  w ith  b o n e  ash  and  h y d ra ted  lim e fo r susta inab le  

b u ild in g  ap p lica tio n s’, C ase  S tudies in  C o nstruc tion  M ateria ls , 12 pp. 

e00331.

O chepo, J., and  S alahudeen , A. (2013). E ffec t o f  oil co n tam in atio n  on lim e and 

cem en t stab ilized  soil fo r  p av em en t structures. P ap e r p resen ted  at th e  2013 

co n feren ce  p roceed in g s, n ig erian  in s titu tio n  o f  civ il engineers.

162



O gbuchukw u , P ., O keke, O ., A h iarakw em , C., and  O zotta , O. (2019) ‘G eo techn ical 

p ro p erties  o f  ex p an siv e  so ils in  A w k a and  env irons, S ou theastern  N ig eria , in  

re la tio n  to  en g in ee rin g  p ro b lem s’, In terna tional jo u rn a l o f  app lied  sc ience and 

research , 2(4), pp. 79-94.

O gundipe, O. M ., and  A dekanm i, J. S. (2019) ‘A ssessm en t o f  th e  E ffec ts  o f  L im e 

and  C em en t on G eo techn ica l P ro p erties  o f  L a te rite s ’, F U O Y E  Journa l o f  

E n g in ee rin g  and  T echno logy , 4 (2), pp.

O juri, O. O. (2012). E ffec t o f  soil suction  on  th e  co m p ressib ility  and  streng th  o f  

N o rth -E aste rn  N ig e rian  b lack  co tton  soil. E lec tro n ic  Jou rna l o f  G eo techn ical 

E ng in eerin g , 17.

O keke, C ., A bbey , S., O ti, J., Eyo, E ., Johnson , A ., N g am b i, S., . . . U jile , M . (2021) 

‘A p p ro p ria te  use  o f  lim e in  th e  study  o f  the  p h y sico ch em ica l b eh a v io u r o f 

stab ilised  la te ritic  soil u n d er co n tin u o u s w a te r in g re ss ’, S usta inab ility , 13(1), 

pp. 257.

O lin ic, T., and  O lin ic, E . (2016) ‘T he e ffec t o f  q u ick lim e stab iliza tion  on soil 

p ro p e rtie s ’, A g ricu ltu re  and  ag ricu ltu ra l sc ience p roced ia , 10 pp. 444-451.

O lu toge, F. A ., B oo th , C. A ., O law ale, S. O. A ., and  A leb iosu , O. A. (2018) 

‘L a te ritic  cem en t-an d  lim e-stab ilised  b rick s  and  b lo ck s fo r  affo rd ab le  

h o u s in g ’, P ro ceed in g s o f  th e  In stitu tio n  o f  C ivil E n g in ee rs-C o n stru c tio n  

M ateria ls , 171(5), pp. 195-202.

O luw atuy i, O. E ., A deo la , B. O ., A lhassan , E. A., N n o ch iri, E. S., M odupe, A. E ., 

E lem ile , O. O ., . . . A kerele , G. (2018) ‘A m elio ra tin g  e ffec t o f  m illed  

eggshell on  cem en t s tab ilized  la te ritic  soil fo r  h ig h w ay  co n stru c tio n ’, C ase 

S tud ies in  C o n stru c tio n  M ateria ls , 9 pp. e00191.

O luy inka, L. G ., and  O lubunm i, O. C. (2018) ‘G eo techn ical p ro p e rtie s  o f  la teritic  

soil as subgrade and  b ase  m ateria l fo r ro ad  co n stru c tio n  in  A beokuta , 

S ou thw est N ig e r ia ’, International Journal o f Advanced Geosciences, 6(1), 

pp. 78-86.

O sula, D . O. (1991) ‘L im e  m o d ifica tio n  o f  p ro b lem  la te r ite ’, Engineering Geology, 

30(2), pp. 141-154.

O w oyem i, O. (2021) ‘E ffec t o f  S aw dust on th e  G eo techn ical P ro p erties  o f  a L ate ritic  

S o il’, Journal o f Mining and Geology, 57(1), pp. 127-139.

163



O yediran , I. A ., and  O kosun , J. (2013) ‘A n  a ttem p t to  im p ro v e  geo techn ical 

p ro p erties  o f  som e h ig h w ay  la teritic  soils w ith  l im e ’, RMZ-M&G, 60 pp. 

287-296.

O yelam i, C ., and  V an  R ooy , J. L. (2016) ‘A  rev iew  o f  the  u se  o f  la te ritic  so ils in  the  

co n stru c tio n /d ev e lo p m en t o f  susta inab le  h o u sin g  in  A frica: A  geo log ica l 

p e rsp ec tiv e ’, Journal o f African Earth Sciences, 119 pp. 226-237 .

P ad illa , J., P erera , Y ., H ouston , W ., P erez , N ., and  F red lund , D . (2006). 

Q u an tifica tio n  o f  a ir d iffu sion  th ro u g h  h igh  a ir-en try  ce ram ic  disks. In 

Unsaturated Soils 2006 (pp. 1852-1863).

P aram an an th an , S., and  T harm arajan , M . (1983) ‘L a te ritic  Soils o f  P en in su la r 

M a lay s ia ’, pp.

P ere ira , J .-M ., R ouain ia , M ., and  M anzanal, D . (2014) ‘C o m b in ed  effec ts  o f  s tructu re 

and  partia l sa tu ra tio n  in  natu ra l so ils ’, Journal o f Geo-Engineering Sciences, 

2(1-2), pp. 3-16.

P ere ira , R . S., E m m ert, F ., M iguel, E . P ., and  G atto , A. (2018) ‘Soil s tab iliza tion  

w ith  lim e fo r th e  co n stru c tio n  o f  fo rest ro a d s ’, Floresta e Ambiente, 25 pp.

P erez , N . (2006). D ev e lo p m en t o f  a P ro to co l fo r th e  A ssessm en t o f  U n sa tu ra ted  Soil 

P roperties . P h .D . D isserta tio n , A rizo n a  S tate U niversity .

P erez-G arc ia , N ., H o u sto n , S. L., H o u sto n , W . N ., and  P ad illa , J. M . (2008) ‘A n 

o ed o m ete r-ty p e  p ressu re  p la te  SW C C  ap p a ra tu s’, Geotechnical Testing 

Journal, 31(2), pp. 115-123.

P opoo la , O. O ., A dekanm i, J. S., and  O law ale, B. O. (2019) ‘S tab iliza tio n  o f  L ate rite  

Soil w ith  C o co n u t W aste  A sh es as a P artia l R ep lacem en t fo r L im e ’, 

American Journal o f Engineering Research, 8(2), pp. 208-217.

P orte linha , F ., L im a, D ., F on tes, M ., and  C arva lho , C. (2012) ‘M o d ifica tio n  o f  a 

la te ritic  soil w ith  lim e and  cem ent: an  econom ical a lte rna tive  fo r flex ib le  

p av em en t la y e rs ’, Soils and Rocks, Sao Paulo, 35(1), pp. 51-63.

P ow er, K .C . (2005). S uction  and  co m p ressib ility  ch a rac te ris tic s  o f  an  u n sa tu ra ted  till. 

M .S c. thesis. U n iv ers ity  o f  O ttaw a, O ttaw a.

Q ingquan , L ., Q ing, W . D ., and  Z h ijing , G. (2004). The Application o f Ono- 

Standard stabilizers to the base course o f rural roads. P ap er p resen ted  at the  

In tern a tio n al C o n feren ce  on S usta inab le  C o n stru c tio n  M anagem ent.

R ao , S., and  R ev an asid d ap p a , K . (2002) ‘C o llap se  b eh av io u r o f  a residual so il’, 

Geotechnique, 52(4), pp. 259-268 .

164



R ao, S. M ., and  R ev an asid d ap p a , K . (2006) ‘In flu en ce  o f  cyc lic  w e ttin g  d ry in g  on 

co llapse  b eh a v io u r o f  com p ac ted  residua l so il’, Geotechnical & Geological 

Engineering, 24(3), pp. 725-734.

R ao , S. M ., and  Sh ivananda, P. (2005) ‘C o m p ressib ility  b eh av io u r o f  lim e-stab ilized  

c lay ’, Geotechnical & Geological Engineering, 23(3), pp. 309.

R ash id , A. S. A ., K a la teh jari, R ., N o o r, N . M ., Y aacob , H ., M oay ed i, H ., and  Sing, L. 

K . (2014) ‘R ela tio n sh ip  b e tw een  liq u id ity  in d ex  and  stab ilized  streng th  o f  

local subgrade  m ateria ls  in  a trop ica l a rea ’, Measurement, 55 pp. 231-237 .

R ash id , A. S. A ., L atifi, N ., M eehan , C. L., and  M an ah ilo h , K . N . (2017) 

‘S usta inab le  im p ro v em en t o f  trop ica l residual soil u sin g  an  en v iro n m en ta lly  

frien d ly  ad d itiv e ’, Geotechnical and Geological Engineering, 35(6), pp. 

2613-2623 .

R aza li, R ., and  M alek , M . S. C. (2019). The usage o f cement for soil stabilisation in 

construction o f low volume roads in Malaysia. P ap er p resen ted  at th e  IO P 

C o n feren ce  Series: M ate ria ls  S cience and  E ng ineering .

R azv i, S. S., B halke, S. B ., W adhave, M . D ., W aghe, A. P ., and  R athod , D . C. (2018) 

‘Soil S tab iliza tion  b y  u s in g  L im e ’, International Journal o f Engineering and 

Management Research (IJEMR), 8(2), pp. 79-86.

R om ero , E. (1999). C h arac teriza tio n  and  th erm o -h y d ro m ech an ia l b eh av io u r 

o fu n sa tu ra ted  B o o m  clay: an  ex perim en tal study. Ph .D . thesis . U n iv ers ita t 

P o litecn ica  de C atalunya.

R om ero , E. (2001). C o n tro lled -su c tio n  techn iques. In  G eh lin g  W .Y .Y . and  Schnaid, 

F. (E ds), P ro ceed in g s 4 S im posio  B rasile rio  de S olos N ao  S aturadoes, (pp. 

533-542). A B M S , P o rto  A lege.

R usku lis , O. (2005) ‘M eth o d s fo r T esting  L im e in  the  F ie ld ’, pp.

Saadeld in , R ., and  S iddiqua, S. (2013) ‘G eo techn ica l ch arac te riza tio n  o f  a c la y -  

cem en t m ix ’, Bulletin o f Engineering Geology and the Environment, 72(3), 

pp. 601-608 .

Sachan, A ., and  P en u m ad u , D . (2007) ‘Id en tifica tio n  o f  m icro fab ric  o f  k ao lin ite  clay  

m inera l u s in g  X -ray  d iffrac tio n  te c h n iq u e ’, Geotechnical and Geological 

Engineering, 25(6), pp. 603-616.

Sadeeq, J., O chepo, J., Salahudeen , A ., and  T ijjan i, S. (2015) ‘E ffec t o f  b ag asse  ash 

on lim e stab ilized  la te ritic  so il’, Jordan Journal o f Civil Engineering, 9(2), 

pp.

165



Saeed, K ., K assim , K ., N ur, H ., and  Y unus, N . (2019). Comparison o f 

Compressibility Behaviour o f Lime-Cement Stabilized Lateritic Clay Soil 

Contaminated by Heavy Metals. P ap er p resen ted  at th e  IO P  C onference  

Series: M ate ria ls  S cience and  E ngineering .

Saeed, K . A ., and  H ash im , S. A. M . (2018) ‘M icro -s tru c tu ra l ch a rac te riza tio n  o f  

cem en t stab ilized  trop ica l L a te rite  c lay  soil co n tam in a ted  by  h eav y  m e ta ls ’, 

Journal o f Engineering and Sustainable Development (JEASD), 22(2  (P art- 

2)), pp.

Saeed, K . A ., K assi, K . A ., N ur, H ., and  A l-H ash im i, S. A. M . (2020). Molecular 

Characteristics o f Cement-Lime Treated contaminated-Lateritic Clay Soil. 

P ap er p resen ted  at th e  IO P C o n feren ce  Series: M ate ria ls  S c ience  and 

E ng ineering .

Saeed, K . A . H ., K assim , K . A ., Y unus, N . Z. M ., and  N ur, H . (2015) ‘P h y s ic o 

chem ical ch a rac te riza tio n  o f  lim e stab ilized  trop ica l k ao lin  c lay ’, Jurnal 

teknologi, 72(3), pp.

Saing, Z ., S am ang, L ., H arian to , T., and  P alanduk , J. (2018). Bearing capacity 

characteristic o f subgrade layer quicklime treated laterite soil. P ap er 

p resen ted  at th e  M A T E C  W eb o f  C onferences.

Saing, Z., S am ang, L., H arian to , T., and  P atanduk , J. (2017) ‘S tudy on charac te ristic  

o f  la te rite  soil w ith  lim e s tab iliza tio n  as a ro ad  fo u n d a tio n ’, International 

Journal o f Applied Engineering Research, 12(14), pp. 4687-4693 .

S alahudeen , A ., E b erem u , A ., and  O sinubi, K . (2014) ‘A ssessm en t o f  cem en t k iln  

d u st-trea ted  ex p an siv e  soil fo r  th e  co n stru c tio n  o f  flex ib le  p av em en ts’, 

Geotechnical and Geological Engineering, 32(4), pp. 923-931.

S elam at, M . R ., R osli, R. N ., and  R am li, M . H . (2019) ‘P ro p erties  o f  L a te rite  Soils 

from  Sources N e a r  N ib o n g  T ebal, M a la y s ia ’, Computational Research 

Progress in Applied Science & Engineering, 5(2), pp. 44-51.

Sherw ood , P. (1993). Soil s tab iliza tio n  w ith  cem en t and  lim e.

Ship ton , B ., and  C oop, M . R. (2012) ‘O n th e  co m p ressio n  b eh av io u r o f  reco n stitu ted  

so ils ’, Soils and foundations, 52(4), pp. 668-681.

S ilveira, I. A ., and  R odrigues, R. A. (2020) ‘C o llap sib le  b eh av io r o f  la te ritic  soil due 

to  co m p ac tin g  co n d itio n s’, International Journal o f Civil Engineering, 18 pp. 

1157-1166.

166



S o le im an i-F ard , H ., K on ig , D ., &  G oudarzy , M . (2022). P lan e  strain  shear streng th  

o f  u n sa tu ra ted  fib e r-re in fo rced  fin e -g ra in ed  soils. A c ta  G eo techn ica , 17(1), 

105-118.

S o ilm o istu re  E q u ip m en t C orp. (2008). P o ro u s ceram ics. [B rochure]. S an ta B arbara: 

S o ilm o istu re  E q u ip m en t C orp.

S toltz, G ., C u isin ier, O ., and  M asrouri, F. (2014) ‘W eath erin g  o f  a lim e-trea ted  

c layey  soil b y  d ry in g  and  w e ttin g  cy c le s ’, Engineering Geology, 181 pp. 

281-289.

S tulz, R ., M ukerji, K ., Ile, S., and  Fur, A. (1993). A p p ro p ria te  B u ild in g  M ateria ls: a 

C ata logue  o f  P o ten tia l S o lu tions (SK A T ).

Sufian , Z., A ziz , N . A ., M ato ri, M . Y ., H ussain , M . Z ., and  A zm i, A. (2009). Full 

depth reclaimed pavements using cement and hydrated lime as stabilizing 

agents. P ap er p resen ted  at th e  13 th  C O N F E R E N C E  O F R O A D  

E N G IN E E R IN G  A S S O C IA T IO N  O F A S IA  A N D  A U S T R A L A S IA -A n a is ... 

Incheon , 2009b.

Sujeeth , A. (2015) ‘A N  IN V E S T IG A T IO N  IN T O  T H E  G E O T E C H N IC A L  

E N G IN E E R IN G  P R O P E R T IE S  O F L A T E R IT E  SO IL S IN  N IL A I, 

M A L A Y S IA ’, pp.

T aha, M . R ., K han , T. A ., Jaw ad , I. T., F iroozi, A. A ., and  F iroozi, A. A. (2013) 

‘R ecen t E x p erim en ta l S tudies in  Soil S tab iliza tion  w ith  B io -E n z y m e s -A ’, 

Electron J  Geotech Eng, 18 pp. 3881-3894 .

T akeda, A ., Y am asak i, S.-i., T sukada, H ., T akaku, Y ., H isam atsu , S. i., and 

T such iya, N . (2011) ‘D e te rm in a tio n  o f  to tal con ten ts  o f  b rom ine, io d in e  and 

several trace  e lem en ts in  soil by  p o lariz in g  en erg y -d isp ersiv e  X -ray  

flu o rescen ce  sp ec tro m e try ’, Soil Science and Plant Nutrition, 57(1), pp. 19

28.

T an, Y ., H u, M ., and  L i, D . (2016) ‘E ffec ts  o f  ag g lo m era te  size on C a lifo rn ia  b ea rin g  

ra tio  o f  lim e trea ted  la te ritic  so ils ’, International Journal o f Sustainable Built 

Environment, 5(1), pp. 168-175.

T erzagh i, K . (1936). T he shearing  resistan ce  o f  sa tu ra ted  so ils and  th e  ang le  b e tw een  

th e  p lan es o f  shear. P roc. 1st Int. C onf. Soil M ech . F ound. E ngng , 

C am bridge, M A  1, 5 4 -5 6 .

T od ing rara , Y . T., T jaronge , M ., H arian to , T., and  R am li, M . (2017) ‘P e rfo rm an ce  o f  

L a te rite  Soil S tab ilized  w ith  L im e and  C em en t as a R o ad  F o u n d a tio n ’,

167



International Journal o f Applied Engineering Research, 12(14), pp. 4 6 9 9 

4707.

Toll, D . (2015) ‘C a lifo rn ia  b ea rin g  ra tio  tests  on a la te ritic  g ravel from  K e n y a ’, 

Transportation Geotechnics, 5 pp. 59-67.

T ow nsend , F. C. (1985) ‘G eo techn ical ch a rac te ris tic s  o f  residual so ils ’, Journal o f  

Geotechnical Engineering, 111(1), pp. 77-94.

U day , K . (2014) ‘C o llap se  P o ten tia l o f  L a te rite  S o ils’, International Journal o f Earth 

Sciences and Engineering, 7(04), pp. 644-649.

U m ar, M ., Y unusa, G. H ., and  A bdu lfa tah , A. Y. (2018) ‘E F F E C T  O F C U R IN G  

P E R IO D  O N  T H E  L IM E  F IX A T IO N  O F S O M E  R E S ID U A L  S O IL S ’, pp.

U ral, N . (2021) ‘T he s ign ificance o f  scann ing  e lec tron  m icro sco p y  (S E M ) analysis 

on the m icro stru c tu re  o f  im p ro v ed  clay: A n  o v e rv iew ’, Open Geosciences, 

13(1), pp. 197-218.

V anapalli, S. K ., N ico tera , M ., and  Sharm a, R . S. (2008). A x is tran sla tio n  and 

n eg a tiv e  w a te r co lum n  tech n iq u es fo r suction  control. In  Laboratory andfield 

testing o f unsaturated soils (pp. 33-48): Springer.

V ilar, O. M ., and  R odrigues, R. A. (2011) ‘C o llap se  b eh av io r o f  soil in  a B raz ilian  

reg io n  affec ted  b y  a ris in g  w a te r ta b le ’, Canadian geotechnical journal, 

48(2), pp. 226-233.

V ilhena, R. M ., M ascaren h a , M . M . d. A ., A ngelim , R. R ., S im oes, T. d. R ., O liveira , 

R . B. d., and  L uz, M . P. d. (2020) ‘E v a lu a tio n  o f  L im e-T rea ted  L a te ritic  Soil 

fo r  R ese rv o ir S horeline  S tab iliza tio n ’, Water, 12(11), pp. 3141.

W ahab , N ., R ash id , A ., R oshan , M ., R izal, N ., Y unus, N ., H ezm i, M ., and  T adza, M . 

(2021). Effects o f Cement on the Compaction Properties o f Lateritic Soil. 

P ap er p resen ted  at th e  IO P  C o n feren ce  Series: M ate ria ls  S cience and 

E ng ineering .

W ahab , N . A ., R oshan , M . J., R ash id , A. S. A ., H ezm i, M . A ., Jusoh , S. N ., N ik  

N o rsy ah aria ti, N . D ., and  T am assok i, S. (2021) ‘S treng th  and  D u rab ility  o f  

C em en t-T rea ted  L a te ritic  S o il’, Sustainability, 13(11), pp. 6430.

W ang , D ., A briak , N . E ., and  Z en tar, R. (2015) ‘O n e-d im en sio n a l co n so lid a tio n  o f  

lim e-trea ted  d redged  h a rb o u r sed im en ts’, European Journal o f  

Environmental and Civil Engineering, 19(2), pp. 199-218.

168



W ang, D ., A briak , N . E ., Z en tar, R ., and  C hen, W . (2013) ‘E ffec t o f  lim e trea tm en t 

on geo techn ical p ro p e rtie s  o f  D u n k irk  sed im en ts in  F ran c e ’, Road Materials 

and Pavement Design, 14(3), pp. 485-503.

W ang , R . Y ., W ang , Q., G ao, Y ., B ao , S. C ., Li, Z. W ., Z hang , Y ., and  X u, P. (2013). 

Multiple Compaction Tests on Laterite. P ap er p resen ted  at the  A pp lied  

M ech an ics  and  M ateria ls.

W heeler, S.J. &  S ivakum ar, V . (1992). D ev e lo p m en t and  ap p lica tio n  o f  a critica l 

state  m odel fo r u n sa tu ra ted  soil. In  Predictive soil mechanics: Proceedings o f  

the Wroth Memorial Symposium held at St Catherine's College, Oxford, 27

29 July 1992 (pp. 709-728). T hom as T elfo rd  P ub lish ing .

W heeler, S. J. &  S ivakum ar, V. (1995). A n  e las to -p la s tic  critica l s tate  fram ew o rk  fo r 

u n sa tu ra ted  soil. G e o te c h n iq u e  45, N o. 1, 3 5 -5 3 .

W hite , D . J., H arrin g to n , D ., C ey lan , H ., and  R up n o w , T. (2005). F ly  ash  soil 

s tab iliza tio n  fo r n o n -u n ifo rm  subgrade soils, V o lu m e I: E n g in ee rin g  

p ro p erties  and  co n stru c tio n  gu idelines. R e triev ed  from

Y aghoub i, E ., D isfan i, M . M ., A ru lra jah , A ., and  K od ikara , J. (2018) ‘Im p ac t o f  

co m p ac tio n  m eth o d  on m ech an ica l ch a rac te ris tic s  o f  u n b o u n d  g ran u la r 

recy cled  m a te r ia ls ’, Road Materials and Pavement Design, 19(4), pp. 91 2 

934.

Y am usa , Y. B ., Y unus, N . Z. M ., A hm ad , K ., A b d  R ahm an , N ., and  S a’ari, R. 

(2018). Effects o f fines content on hydraulic conductivity and morphology o f  

laterite soil as hydraulic barrier. P ap er p resen ted  at th e  E 3S  W eb o f  

C onferences.

Y ang, Y ., W ang , L ., W en d ro th , O ., L iu , B ., C heng, C ., H uang , T., and  Shi, Y . (2019) 

‘Is th e  la se r d iffrac tio n  m eth o d  re liab le  fo r soil p artic le  size d istrib u tio n  

a n a ly s is? ’, Soil Science Society o f America Journal, 83(2), pp. 276-287 .

Y oung , S., Ism ail, G ., and  C hong, A. (2019). Towards innovative design and 

construction standards for lime stabilised subgrades. P ap er p resen ted  at the  

IO P  C o n feren ce  Series: M ate ria ls  S cience and  E ngineering .

Y u, C ., W ang , H ., Z hou , A ., Cai, X ., &  W u, Z. (2019). E x p erim en ta l study  on  

streng th  and  m icro stru c tu re  o f  cem en ted  soil w ith  d iffe ren t suctions. Journal 

o f  M ate ria ls  in  C ivil E ng in eerin g , 31(6), 04019082 .

Y unus, N . Z. M ., M arto , A ., P ak ir, F ., K asran , K ., Jam al, M . A. A ., Jusoh , S. N ., and 

A bdu llah , N . (2015) ‘P erfo rm an ce  o f  lim e-trea ted  m arin e  c lay  on streng th

169



and  co m p ressib ility  ch rac te r is tic s’, GEOMATE Journal, 8(16), pp. 1232

1238.

Z ahri, A . M ., and  Z ain o rab id in , A. (2019). An overview o f traditional and non 

traditional stabilizer for soft soil. P ap er p resen ted  at th e  IO P  C onference  

Series: M ate ria ls  S cience and  E ng ineering .

Z akaria , S. B. (2012). D ev e lo p m en t O f  D esig n  G u id e lin e  F o r R ural L o w  V olum e 

R o ad s In  M alaysia . K e tu a  P en g arah  K e rja  R ay a  K a ta -K a ta  A lu an  T im balan  

K e tu a  P en g arah  K e rja  R ay a  (S ek to r P en g u ru san ) D ari M eja , 29.

Z hang , X ., M av ro u lid o u , M ., and  G unn, M . (2015) ‘M echan ica l p ro p e rtie s  and 

b eh av io u r o f  a p artia lly  sa tu ra ted  lim e-trea ted , h ig h  p lastic ity  c lay ’, 

Engineering Geology, 193 pp. 320-336 .

Z ukri, A ., and  G hani, N . A. A. A. (2015). A study o f soil stabilization by hydrated 

lime at Kampung Kedaik Asal, Rompin, Pahang, Malaysia. P ap er p resen ted  

a t th e  A p p lied  M ech an ics  and  M ateria ls.

Z ur, B. (1966). O sm o tic  contro l th e  m atric  soil w a te r po ten tial. Soil Sciences. 

102:394-398.

170



LIST OF PUBLICATIONS

1. R izal, N . H . A ., H ezm i, M . A ., R aza li, R ., W ahab , N . A ., R oshan , M . J., 

R ash id , A . S. A ., &  H asbo llah , D . Z. A. (2022). E ffec ts  o f  L im e  on  the 

C o m p actio n  C h arac teris tics  o f  L a te ritic  Soil in  U T M , Johor. In  IO P 

C o n feren ce  Series: E arth  and  E n v iro n m en ta l Science (V ol. 971, N o. 1, p. 

012031). IO P  P ub lish ing .

191




