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ABSTRACT

Substantial surficial deposits o f many tropical climate regions are covered by tropical 
residual soils The weathering process, forms a layered sloping soil of Grade VI and Grade V 
soil mantle with variable hydraulic conductivities, k^  which creates capillary barner effect at 
the interface of Grade VI and Grade V soil layers. Although the capillary barrier effect 
impedes downward water infiltration, the water diversion capacity is limited and the moisture 
content increases at the interlace that can lead to potential slope failure Hence, this study 
investigates the effects of employing transport layer to increase the diversion capacity at the 
interface of Grade VI and Grade V soil layers via laboratory experiments, field monitoring and 
numerical modelling A laboratory physical slope model was developed to perform infiltration 
tests with five (5) configuration schemes of Grade V and Grade VI soils sandwiched by four 
|4> different types of transport layer, i e. Gravel. Drainage Cell fDCHGravei. Sand and 
DC+Sand and without transport layer. A total of thirty two *32} infiltration tests were 
performed in this study Three research plots i.e a control plot without transport layer and 
two (2) plots with sand transport layer as well as with gravel transport layer were constructed 
s id  mstnsnented to monitor rainfall. runoff, amount of diverted water and matric suction 
distribution. The monitoring was performed during wet penod from September 2014 to 
January 2015 where the soil experienced high water content but low mamc suction 
Subsequently, the two-layered slope with and without the transport layers was numerically 
simulated using a finite element method to validate die field data and to determine the best 
modelling scheme to represent the residual soil slope model with transport lay ers The results 
of the laboratory experiments clearly shows that the transport layer sandwiched between the 
Grade VI and Grade V soil layers was capable of diverting the infiltrating water above die 
interface There was a sgmfieant increase of matnc suction measured at the interface of soil 
layers with EX' 4- Gravel transport layer as compared to that without the transport laser 
especially for 2-hr and 24-hr rainfall intensities while the effect was insignificant for 7-day 
rainfall intensity Field monitoring also indicates that the initial matnc suction value in the 
control plot responded to the infiltration and reached a matnc suction value that corresponds 
to the breakthrough suction of 5.0 kPa after senes of rainfalls However, the initial matnc 
suction values were relatively maintained in the plots with transport layers to Indicate that the 
transpon layer played the role of increasing the amount of diverted water at the interface The 
finding was supported by the results of amotsit of diverted water collected at the research 
plots. Continuum model is capable of modelling the effects of employing transport laser at the 
interface by subdividing the layer into multiple isolated zones with different average The 
results of the analysis demonstrated that the capability of transport layer to maintain the matric 
suction and to divert water was governed by the contrast in the 4„- where the higher k ,̂ of 
gravel shows a better performance as compared to said. A combination of initial suction at 30 
kPa. 0 5 m thickness of sandy silt (Grade VI), 0.3 m thickness of gravel transport layer and 
21 = slope angle resulted In a diversion length of more than 15 m However the lower mitiai 
suction value due to rainfall infiltration during wet period yielded a shorter diversion length
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CHAPTER I

INTRODUCTION

i . I Background of the Study

Several triggering factors, on the failure of unsaturated residual soil slopes have 

been identified and discussed m many literatures These factors include dimatic 

conditions, geological features, earthquake shaking, topography, vegetation, construction 

activities or combination of these factors (Keefer et al.. 1987; Cho and Lee. 2001 Dai et 

a l. 2002. Ost et a l. 2003, Bastie et al 2003; Rahardjo et al., 2005. Rahardjo et aL  

2014). Some of these factors such as construction activities (excavation and filling of 

slopes) and changes m the slope's topography can be avoided However, other factors 

such as climatic condition, earthquake and geological factors are inevitable and peculiar to 

geographical locations

In most of the tropica! regions like Malaysia where the residual soil slope 

frequently exist in unsaturated condition with deep groundwater table, slope failures 

usually occur due to rainfall infiltration Many literatures, have shown that rainfall 

infiltration is the most significant triggering factor to slope instability in tropical regions 

(e.g. Brand. 1984. Anderson and Si tar. 1995 . Lim et a l . 1996. Toll et aL  1999, Tsaparas 

et ai.. 2002: Chen eta!. 2004; Collins and Znidarcic. 2004. Rahardjo et ah, 2007c. Tu et 

a l, 2009; Zhang et a l. 2014. Dou et aL. 2015). Rainfall infiltration certainly affects both 

hydraulic properties and shear strength properties of unsaturated soils, which invariably 

affect the stability of the soil slope ft eliminates the shear strength of the soil, especially 

during monsoon seasons when the soil is subjected to prolonged or intense rainfall events



(Zhang et ai.. 2005). Thus., rainfall infiltration makes rainfall-!educed slope failure a 

major persistent and devastating natural disaster ft results is loss of lives, various form of 

severe injuries, destruction of public infrastructures and considerable loss of properties in 

several tropical climate countries

In tropical regions which experienced period of intense or prolonged rainfall 

events, heavy rainfalls along vrith hot temperature and other humid climatic conditions 

result in the formation of deep residual soil profile This residual soil commonly exists is 

%msaturated conditions, with presence of negative pore-wa&er pressure or matric suction 

The negative pore-water pressure contributes additional shear strength to the unsaturated 

residual soil This additional shear strength normally ceases or reduces considerably 

enough to trigger slope failure due to loss of matric suction as wetting front progresses 

from the ground surface (Fredlund and Rahardjo. 1993; Rahardjo et al., 1995a; Rahardjo. 

e ta i. 2005. Md.Noor. 2011; Fredlund et ai.. 2012)

Residua! soil which can be defined as soils that formed in-stu as a result of 

weathering process, and which have not been subjected to any movement or transportation 

is found to be in abundance and covers substantial surficial deposits in many tropica! 

regions tTaha et ai.. 1997; Agus et aL  2001 Huat and Toll. 2012). Residual soil is 

normally considered as the uppermost layer (Grade VI) of the soil profile according to the 

six-fold weathering classification system of Internationa! Society for Rock Mechanics

i 1SRM. 1981? and it Is considered as true or mature residual soils tor as lateritlc soils) 

which evist over sapfolite. The saprolite refers to that portion of the weathering profile 

where the soil raosrfy preserves the microfabric and volume of its parent rock tAvdin et 

ai.. 2000). Thus, residual soil consists of materials that are predominantly decomposed to 

Grade IV and Grade V of the weathering profile. The mature and the saprolitic soils 

together are often referred to as the tropical residual soils (Bland and Rolls. 1998, Taylor 

and Eggleton. 2001. A'-din. 2006)

One of the common inherent features of tropical residual sod mantle is 

heterogeneity, which occurs due to weathering process. For instance, weathering of parent 

rocks create heterogeneity in the weathering profile which forms zones o f material with 

variable hydraulic conductivities and which are commonly aligned parallel to natural



surface (Chigira, 200] ) Heterogeneity in residual soil causes variations in particle sizes, 

porosity and mineralogy, which in turn causes variations in hydraulic conductivity and 

storage capacitv Thus, it controls water flow through the residual soil profile Tbe water 

tlow is found to govern tbe distribution and variation of negative pore-wafer pressure in 

unsaturated residual soils (Zhan and Ng. 2004).

Some common form of heterogeneity in tropical residual soil mantle such as the 

relict discontinuities are found in saprolitic soil i.e in Completely Weathered - Highly 

Weathered tCW - HW) soils and they significantly affects the permeability of the sod 

mass and often control the mechanisms and locations of slope failure {Novak et aL, 2000. 

Aydin. 2006) The soil permeability generally increases with depth in the residual soil 

mantle in different orders of magnitude. For instance. Agus et a!. (2005) reported a 

variation of saturated hydraulic conductivity of Bukit Trmah residual soil mantle in 

Singapore to be within two orders of magnitude Hence, a contrast in hydraulic 

conductivity between soil layers can facilitates infiltration and movement of water in the 

soil mass, which greatly affects suction distribution in tropical residual soil mantle (Pradei 

and Raad. 1993; Tsaparas. eta! 2002. Cai andUgai 2004: Kassitn, 2011 >

Tbe contrast in the hydraulic conductivity plays a significant role in suction 

distribution and water flow in tropical residual soil mantle (Reid IsKfT) illustrated that 

small contrasts in hydraulic conductivity in layered residual soil slope materials can 

greatly modify suction distribution, effective stress field, and the stability within a slope 

According to Reid fl9§7). small contrast in hydraulic conductivity of soil impedes 

downs!ope water flow, which can create unstable areas with locally elevated pore-water 

pressures This can result in negative pore-water pressure elimination and subsequently 

precede a slope failure Similarly , Deere and Patton. (1971) concluded that when a lower 

permeability layer ov erlain a higher permeability layer parallel to a slope surface, it results 

in development of excess pore-water pressure in the weathered slopes which can precede a 

slope fail tare

The typical arrangement of Grade Y1 over Grade V soil layers according to 

weathering profile, results in fine-grained soil material close to the ground surface 

compared to soil at greater depth Thus, fine material content decreases with increase in



depth (Tuncer and Lohnes. 1977, Rahardjo et ai.. 2004a) Most of ihe rainfall-induced 

slope failures occur as shallow slope failure and often within the Grade VI fatentic 

residual soil layer This is due to the contrast in the hydraulic conductivity between the 

upper Grade VI residual soil and the lower Grade Y layer that impedes downward 

movement of water and creates an unstable area with locally elevated pore-water pressure. 

Rahardjo ei ai (2001} analyses 20 rainfall-induced slope failures that occurred in Nan yang 

Technological University. Singapore and found that 15 out of the 20 occurred within the 

grade Vi residual soil layer, while the remaining occurred at the interface between Grade 

VI and Grade V Therefore, the depth to the interface from ground surface has a great 

influence on stability of slope as it determines the depth o f failure of the slope The top 

grade VI residual soil usually slides along the interface of the rwo layers when the 

interface lies near the slope surface (Rahardjo ei a t, 2001 i

in summary, rhe typical arrangement of Grade V and Grade VI soil layers and the 

inherent feature of heterogeneity in Grade V layer results In contrast in hydraulic 

conductivity between the soil layers. This in turn forms a system of soil with natural 

capillary barrier effect, which relies on variation of hydraulic conductivity as function of 

matric suction potential and creates a capillary break at the interface of grade V and grade 

VI soil The capillary break restricts downward movement of water and facilitates lateral 

flow of water above the interface o f the soil layers i Morris and Stormont. 1997; Li et al.. 

2013)

A capillary barrier system is an earthen cover which comprises o f fine-grained soil 

layer overlying a coarse-grained soil layer {Ross. 1990; Stormont. 1996: Yang et a i. 

2004a) and can occur naturally in layered heterogeneous systems or can be an engineered 

using selected sent material (Oldenburg and Pruess, 1993 Walter et a t. 2000; Lu and 

Likes. 2004. Lu and Godt. 2013) The contrast in panicle sizes o f  rhe two soil results in 

different unsaturated hydraulic properties (i.e. soil water characteristic curve (SWCC} and 

hydraulic conductivity) in the system (Fredlund and Rahardjo. 1993). With a low pore- 

water pressure at the soil interface under unsaturated conditions, the coarse-grained soil 

layer usually has low potential pressure compared to fine-grained soil layer The low 

potential pressure of the coarse-grained soil layer therefore limits the downward 

movement of water Rainwater that infiltrates the upper fine-grained =oi! layer is 

temporarily retained in that soil layer by capillary forces, until it is ultimately removed by



evaporation, evapotranspiration. lateral drainage or percolation (i e breakthrough Into the 

coarse-grained soil layer) Once breakthrough occurs, then the system no longer forms a 

barrier to the downward water movement (Yang. era!.. 2004a).

The concept of capillary barrier effect have been studied and widely applied in 

geoenviron mental engineering applications as a soil cover fix landfills and mining waste 

to reduce water Infiltration into protected waste materials (e g. { Ross. 1990; Yanful et al.. 

1993; Morris and Stormont. 1997; Khire et ai.. 1997. 1999, 2000) However, recent 

studies (e.g. (Tami et al.. 2004a. Taim et ah, 2004b; Rahardjo et al.. 2012. Rahardjo et 

a l. 2013, Lt et al.. 2013; Hamas et ai.. 2014 Zhan et al. 2014 Ng et a i. 2015) have 

demonstrated the effectiveness of capillary barrier system in minimizing rainfall 

infiltration by diverting it above the interface of unsaturated residual soil slope Thus, 

maintaining the negative pore-water pressure and invariably the shear strength of the 

unsaturated soil However, when the amount of infiltrating water is greater than the 

storage capacity o f the fine-grained soil, then rhe fine-grained soil approaches saturation 

and breakthrough into the coarse-grained laver will eventually occur (Morris and 

Stormont. 1997. Morris and Stormont 1998) In a capillary hairier system, saturation may 

occur due to poor drainage along the interface. Once breakthrough occurs, the system 

becomes ineffective as rainwater will continue ro penetrate into deeper depth and 

eliminates the soil matric suction

One of the measures of improving the performance of capillary barrier system is 

the use o f transport layer (or tmsaturated drainage layer) {Stormont and Morris. 1997 

Morris and Stormont 1999) A transport layer is an intermediate layer of different soil 

material of relatively high permeability compared to other soil layers and constructed at 

the finer/coarser interface so that the infiltrating water can flow above and within this 

layer due to the sloping surface The difference in particle sizes between the fine-grained 

soil layer and the transport layer maximizes lateral water -diversion in the system s Ross 

1990. Steenhuis ei ai.. 1991; Stormont 1995; Smesrud and Selicet 2001} A system with 

capillary barrier effects was found to be more effective with transport layer by preventing 

the development of positive pore-water pressure In response to rainfall infiltration (Morris 

and Stormont 1997; Zhan et at.. 2014} The material to be used as transport layer should 

have sufficient moisture to be conductive enough to lateralis divert downward moving



water and yet remain unsatu rated to preserve capillary break wiritin the underlying coarser 

material (Stormont and Morris. 1907)

At present, no much attention was given to the natural capillary bamer phenomena 

that exist in tropical residual soil mantle, which is quite abundance in tropical regions 

Poor drainage in residual soil, renders the capillary barrier phenomena ineffective due to 

development of positive pore-water pressure in response to rainfall infiltration Hie 

development of positive pore-water pressure results in slope failure that is shallow in 

nature Therefore, the poor drainage character.sties of the residual soil mantle can be 

improved significantly by introducing a transport layer

1.2 Problem Statement

Rainfall-induced slope failure is a common geotechnicai problem in many tropical 

climate countries Matric suction or negative pore-water pressure which play a significant 

role in the stability of unsaturated residual soil slope is greatly affected by rainfall 

infiltration which results in reduction of additional shear strength provided b> matric 

suction and trigger slope failure Despite several attempts to mitigate the occurrence of 

this type of problem, several literatures have demonstrated Its occurrence in many 

countries particularly during monsoon seasons where intense or prolonged rainfall 

infiltrations are anticipated Therefore, previous methods for alleviating this type of 

failure such as horizontal drains and surface covers are less effective because horizontal 

drains only lower the groundwater table while surface cover can fail with time

The use of capillary barrier concept for slope stabilization appeared to be an 

effective method However, it may not be implemented in countries like Malaysia due to 

abundance of rainfall especially during monsoon season when the soil is initially wet with 

low matric suction Moreover, capillars barrier effect that form due to natural soil 

arrangement as a result o f weathering process was not given proper attention This is due 

to possible positive pore-water pressure development at the interface, in response to 

rainfall infiltration, and can precede a slope failure Nevertheless, previous findings have 

shown that an unsaturated drainage layer system (i e transport layer system) can be used



to improve the performance of capillary bamer system in landfill system for containment 

of buried wastes However, the use o f transport layer system for the improvement of 

capillary bamer effect for slope stabilization is yet to be explored.

Although the use of capillary bamer effect for slope stabilization have beet? 

explored in many countries such as Singapore. China, iapan. Canada etc.. its application in 

Malaysia is still not fully investigated Therefore, this study focused on possible ways of 

improving the performance and effectiveness of capillary barrier effect that exist naturally 

in tropical residual soil mantle by incorporating various types of transport layer system 

under different climatic conditions

t .3 Research Objectives

Toe aim of this study is to propose a transport laver system for diverting 

infiltrating rainwater in a layered tropical residual soil slope based on mechanism of 

suction distribution and water flow behaviour Hence, to achieve the overall objective of 

the study, The following specific objectives are set forth

ii To determine the effect of local rainfall condition on performance of 

capillary barrier effect in a two-layered residual seal instrumented slope 

with and without transport lava- systems

ii) To analyse the suction distribution in 2 two-layered residual soil slope, with 

and without the transport layer subjected to various rainfall patterns using 

laboratory physical slope model.

iii) To analyze the effect o f different materials as transport layer material in a 

two-layered residual soil slope

iv) To propose material and configuration for transport layer system based on 

measured sucnon distribution and diversion capacity



1.4 Scope of (he Study

The disparity' in me hydraulic conductivity due to weathering process in tropical 

residual soil mantle was investigated in this study This disparity forms a natural capillary 

barrier system. Various types o f transport layers are incorporated at the interface of a two- 

layered residual so?! slope to alleviate tbe problem of localize pore-water pressure 

development due to poor drainage The transport layers were incorporated to increase the 

lateral diversion and delay the breakthrough occurrence in the residual soil mantle Two 

different materials t i e sand and gravel} parted into four various combinations o f transport 

layers (i.e Gravel; Drainage Ceil (DC) Gravel; Sami and DC -  Sand) were tested in the 

laboratory However, the determined suction distribution from the laboratory modelling 

experiments have strongly demonstrated rhe potennal o f using sand and gravel alone as 

transport layer material Therefore, only these materials are used as transport layers in the 

field monitoring work Tbe study focused on a two-layered system (Grade V and Grade 

Vi) of tropical residual soil slope with and w ithout transport layer at their interface. Three 

research approaches that include laboratory modelling, field monitoring and numerical 

simulations were followed in this study

Soil samples were collected from the study area located at Block PIS in die 

Faculty of Electrical Engineering The site is a sloping sue located within the premises of 

Universiti Teknologi Malaysia. Johor Bahru campus These samples were subjected to 

different tests in order to determine the properties of each layer. The determined 

properties are used as input parameters for the laboratory modelling experiments and 

numerical simulations works Furthermore. Atlantis Drainage Cell System, gravel from 

crashed granite and sand were also obtained and used as transport layer materials. 

Relevant laboratory properties of these materials were also determined

The laboratory modelling experiments were performed in a specially fabricated 

two dimensional laboratory dope model which was made from 5 mm acrylic sheet and 

stainless steel frame. The length, height and width of the slope model are 2000 mm 1100 

mm and 100 mm. respectively The slope model was tilted ai two dope angles of IS' and 

2T  These relatively gentle slope angles are chosen because they represent the typical 

slope angle found in natural residual seal slope The study mainly focused on infiltration 

and diversion capacity behaviours in unsaturated residual soils; hence, the dope was not



tested for failure Monitoring instruments with automated data acquisition system were 

installed in the laboratory slope model to allow for continuous negative pore-water 

pressure imatric suction) measurements throughout the selected testing period The 

simulated rainfall intensity were applied through a rainfall simulator which was part of the 

laboratory set up These rainfall intensities were obtained from statistical extreme rainfall 

analysis on rainfall data of Johor Bahru. Malaysia

The selected sloping site at PIS in the Faculty of Electrical Engineering, Universiti 

Teknologi Malaysia was used for the field monitoring work Three research plots are 

constructed and instrumented with tens?ometers, rain gauge, run-off collectors and 

percolated water collectors

The numerical simulations were performed with commensal software SEEP/W 

tGeo-slope International. 2007). The geometry of the slope at PIS was modelled in the 

numerical simulation work. Four months rainfall data recorded during the field 

monitoring work were used in the numerical simulations Moreover the hydraulic 

properties of the tested residual soil and that of transport lays- materials are also used in 

the numerical simulation work. Finallv. the numerical simulation was also used and 

proposed the design parameters o f the transport layer.

However due to rhe difficulties of sampling representative volumes of 

heterogeneous residual soil, the laboratory modelling experiment was subjected to the 

following assumptions

i) The typical soil arrangement in the laboratory slope model is assumed to be 

representative of the soil arrangement at the site

ii) The stsl materials used in each layer of the laboratory slope model are assumed to 

be homogeneous

iti) The ideal environment in the laboratory with control led precipitation and room 

temperature was assumed to be representative of the actual climatic condition



iv) The infiltration rate in the ex pen mem s was obtained from the difference between 

rainfall and runoff rate. Other surface losses from evaporation and orher processes 

were assumed to he very negligible

1-5 Limitations of the Study

Despite the fact that mu in pie methodologies were employed in this study, it is subjected to 

the following limitations

i) Both the laboratory physical slope model and field slope model are not tested for 

failure Therefore stability is not the main concern

ii) Only suction distribution behaviour nas measured in the laboratory modelling 

experiments

mi The simulated rainfall intensity in the laboratory modelling experiment were 

estimated and applied through the rainfall simulator using trial and error method

h ? The suction, runoff, and diverted water measurements in the field were performed 

manually

v) The long term performance of the instrumented slope with transport layer was not 

investigated

1.6 Significance of the Study

The outcome of this study can be utilized as an improved method of using the 

natural capillary barrier effect which normally evist in an unsaturated residual soil mantle 

as a result of weathering process Tbis improved method can be use as slope stabilization 

method to curtail rhe problem of rainfall infiltration that results in rainfall-induced slope 

failure in unsaturated residual soils The best configuration of transport layer m the
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capillary bamer system was also provided The benefits that could be gamed from rhis 

study may include the following

\) Understanding the behaviour of natural capillary barrier effect that exist in 

unsaturated residual soil slope due to weathering process* under critical rainfall 

patterns

ii) Development of an improved capillary barrier system with transport layer at the 

interface using different materials. so as to alleviate the problem of localize pore- 

water pressure development in the layered slope

1.7 Thesis Organisation

This thesis consists of seven chapters The first chapter is an introductory chapter 

that provides an overview on the research topic and describes the background of the 

problem of rainfall-induced slope failure In tropical residual soils and the concept of 

capillary barns' and transport layer Statement of problem, objectives, scope and 

limitation as well as the significance of the research were also highlighted in the chapter.

Chapter 2 provides an extensive review of previous literatures related to the 

research topic Relevant published literatures on rainfall-induced slope failures tropical 

residual seal, unsaturated soil behaviour and capillary harrier principle are provided in this 

chapter Similarly, the methodology and techniques adopted by previous researches 

related to this thesis are also reviewed and presented herein

Chapter 3 discusses the research methodology adopted in rhis study Apart from 

discussing the methods of basic data collection, chapter 3 also explains the methodologies 

followed in achieving the objectives of this study The methods adopted in the laboratory 

modelling experiments, field monitoring works and numerical simulations are well 

explained under this chapter Other methods that are not covered in published standards 

are carefully explained and validated



Chapter 4 presents and discusses preliminary results obtained from the tests 

described in chapter 3 These results consist that o f soil and transport layer 

characterization engineering properties, mmeralogical properties and the hvdraulic 

properties of the materials Moreover, the statistical analyses of historical rainfall data for 

determining the appropriate rainfall intensities and duration for laboratory modelling 

experiments were also presented Trie chapter was concluded with preliminary results of 

field monitoring work performed in this study

Chapter 5 presents the results of laboratory modelling experiments The 

discussions mainly focuses on the results of laboratory experiments considering the effect 

o f natural capillarv barrier system which forms in tropical residual soil as a result of 

weathering process The laboratory experiments also focused on the effect of transport 

layer on suction distribution in a capillary barrier system

Chapter 6 presents the results of numerical modelling performed to model rhe 

effects o f transport layers on mechanism of rainfall infiltration and suction distribution in 

residual sot! slope Several modelling approaches were followed to determine the 

appropriate modelling scheme, which perfect!) modelled the transport layer The best 

modelling scheme determined was finally utilised and proposed a design components of 

transport layer

Lastly. Chapter 7 Is the final chapter of this thesis and covers conclusions drawn 

from the present study and recommendations for f urther researches on the subject



REFERENCES

Abbott P L <2012). Samral Disasters McGraw-Hill Companies, Inc 8th edition New 

York

Abdolahzadeh, A M Lacroix Yachon. B and Cabral. A R. (201 f) Evaluation of tbe 

effectiveness of a cover with capillary bamer effect to control percolation into a 

waste disposal facility. Canadian Geotechnical Journal 4Sf7), 996-1009.

Agassi. M . Shainberg. I and Van der Merwe, D (1994) Effect of water salinity on inter

till erosion and infiltration laboratory study Soil Research 32*3 j. 595-601 

Agus. S S. Leong, E X ' and Rahardjo, H (2005) Estimating permeability functions of 

Singapore residual soils. Engineering Geolftg) 78(1—2), 119-133.

Agus, S S. Leong E. C. and Rahardjo, H (20015 Sosf-water characteristic curves of 

Singapore residual soils Geotechnical <£ Geological Engineering 19(3-4}, 285

309.

Ahmad. F . Yahaya. A S. and Fatooqi. M A (2006) Characterization and Geotechnical 

Properties of Penang Residual Soils with Emphasis or. Landslide? American 

Journal o f Environmental Sciences 2i 4 i: ! 21 - 12S 

Ahmad. K (2004). Improvement of a TropicaI Residual St/ii in Electrokinetic Process- 

PhD Thesis. Universiti Teknologi Malaysia

Ahmad K. B . Taha M. R. and Kassim. K A (2011) Electrokinetic treatment on a 

tropical residual soil Proceedings of rhe institution of Civil Engineers - Ground 

Improvement. 164( 1 j, 3-13 

Akindunni. F F . Gillham. R W and Nicholson. R  V. *19911 Numerical simulations to 

investigate moisture-retenbon characteristics in the design of oxygen-limiting 

covers for reactive mine tailings Canadian Geotechnical Journal 28(3), 446-451 

Alonso, E £., Gens. A and Josa. A. 11990) A constitutive model for partially saturated 

soils Geotechnique. 40, 405-430.



Anderson, S. A and Sltar. S (1995). .Analysis of Rainfall-Indeed Debris Flows Journal 

o f Geofei hnical Engineering 121(7), 544-552 

Anon (1970) The logging of rode cores for engineering purposes Engineering Group 

Working Pam  Report Qumterly Journal o f Engineering Geology 3. 1-24 

A STM (2006a) Standard Test Methods for Maximum Index D ensity and Unit Weight of 

Soils Using a Vibratory Table. Designation D4253 - 00 West Conshohoeken, 

United States.

ASTM (2006b>. Standard Test Methods for Minimum Index Density and Unit Weight of 

Seals and Calculation of Relative Density, Designation D4254—00 West 

Conshohoeken, United States 

ASTM (2008 ) Standard Test Methods tor Determination of the Soil Water Characteristic 

Curve for Desorption Using Hanging Column. Pressure Extractor, Chilled Mirror 

Hygrometer, or Centrifuge. Designation D6836. West Conshohoeken. United 

States

Au. S. C 11986). Decomposed doiente dykes as a cause of slope failure. Hong Kong 

Engineer 14* 2 >_ 3 3-36 

Au. S W. C. (1998). Rain-induced slope instability in Hong Kong. Engineering Geologi 

5 1( I >. 1-36

Auberan. M . Bussiere. B. YanfiiL E K. and de-Souza. L-P (2001) Water flow through 

cover soils using modeling and experimental methods. Journal o f  Geotechnical 

and Geoennmn mental Engineering. 127(9). 810-812.

Auhemn. M . Cifuentes, E.. Apithy. S. A Busslere. B.. Molson, i and Chapuis. R P 

(2009) Analyses of water diversion along inclined covers with capillary barrier 

effects. Canadian Geotechnical Journal 46(10), 1146-1164 

Aung, K K.. Rahardjo. H.. Toll, D. G and Leong, E C (2000) Mineralogy and 

microfabric of unsaturated residual soil. In Toll D G and Leong. E C (Eds ) 

I nsaturated Soils for Asia (pp 317-321}. Rotterdam Baikema 

Aydin. A (2006) Stability1 of saprolltic slopes nature and role of field scale 

heterogeneities. Samral Hazards and Earth System Sciences 6. §9-96 

Aydin. A and Duzgoren-Aydin. N. S (2002) Indices for scaling and predicting 

weathering-induced changes in rock properties Environmental <£- Engineering 

Geoscience. 8(2), 121-135 

Aydin. A . Duzgoren-Aydin. N S and Malpas. j. <2000) A review of igneous and 

metamorphic saprobtes. Journal o f Nepal Geological Society 22. 11-16.



234

Bao. C G . Gong. B VY and Zhan. L. T c 1998). Properties of unsamrated soils and slope 

stability o f expansive soils Kevnote Lecture. Ptrtceedings o f the 2nd International 

Conference on Unsaturated Soils fUXSATVa# Beijing. China. 71-98 

Bardet J P (1997) Experimental Soil Mechanics Prentice Hall. Upper Saddle River. 

New Jersey

Basile. A Mele. G and Tembile. F. {2003 > Soil hydraulic behaviour of a selected 

benchmark soil involved in the landslide o f Sarno 1998. Geoderma 117(3-4). 331-

J - tO

Benson. C. H and Khire. M. V (1995) Earthen covers for semi-and and arid climates 

Proceedings o f the 1995 Landfill ChsuresUi ^Environmental Protection and Land 

Recovery ASCE. 201-217 

Bergado. D T. and Anderson. L R (1985) Stochastic analysis of pore pressure 

uncertainty for the probabilistic assessment o f the safety of earth slopes Soils and 

Foundations 25(2). 87-105 

Bishop A W (1^59} The Principle o f Effective Stress Teknisk Ukehlad. 106(39}, 859-

Bland. W and Rolls D (1*598) Weathering: An Introduction to the Scientific Principles 

Arnold Hodder Headline. PLC 

Blight. B {1997). Origin and formation of residual soils Mechanics o f Residual Soil. 1

15

Blight G. (1982). Residual soils in South Africa. Proceedings o f the Engineering and 

Construction in Tropical and Residual Soils ASCE, 147-17 1 

Blight. G. E (2012). Origin and formation of residual soils, in Blight. G E and Leong, E. 

C {Eds} Mechanics o f  Residual Soils (Second ed . pp 1-40} Boca Raton CRC 

Press. Taylor & Francis Group 

Bouwer, H ( lc*36}. Rapid Field Measurement o f Air Entry V a lu e  and Hydraulic 

Conductivity of Soil as Significant Parameters in Flow System Analysis Water 

Resources Research 2(4}. 729-738 

Brand, E VV (1984} Landslides in Southeast Asia a State-of-the-art Report. Proceedings 

of the 4th International Symposium on Landslides Toronto. 17 - 59 

Brand. E VY and Philipson. H B ( 1985). Sampling and Testing of Residual Soils - A 

Review of International Practices Technical Committee on Sampling and Testing 

of' Residual Soils International Society for Soil mechanics and Foundation 

Engineering. 7-22



Brooks, R H and Corey. A I (1964) Hydraulic Properties o f Porous Media Hydrolog} 

Paper

BSi i 1990) Methods o f  Test for Soils for Chii Engineering Purposev sBS 1377.Part 1-9i 

British Standards Institution. London 

Buss?ere B . Apithy. S . Auberrin. M and Chapuis. R P (2003a) Diversion capacity of 

Sloping Covers with Capillary Bamer Effect Proceedings o f the 56th Annual 

Canadian Geotechnical Conference Wirminpeg, Man.

Bussiere. B.. Aubertin. M and Chapuis. R. P (2003b). The behavior of inclined covers 

ussd as oxygen barriers. Canadian Geotechnical Journal 40(3). 512-535 

Bussiere, B Aubertm. M. and Chapins. R. P (2000) An investigation of slope effects on 

die efficiency of capillary barriers to control AMD. Proceedings o f the 5th 

international conference on acidntck drainage Denver. Colo Society for Mining. 

Metallurgy, and Exploration. Littleton. Colo 969-977.

Bussiere. B , Aufeertin. M. and Chapuis. R. P. (2002) A laboratory set up to evaluate the 

hydraulic behaviour of inclined capillary barriers . Proceedings o f the 

International Conference on Physical Modelling in Geotechnics Si. John s. M . .  

BaJkeroa. U sse the Netherlands. 391-396 

Bussiere. B . Aubertm. M„ Morel-Seytoux. H. J and Chapuis. R P (I99S) A Laboratory 

Investigation of Slope Influence on the Behaviour of Capillary Bamer Effect 

Proceedings o f the 5 h i Annual Canadian Geotechnical Conference Edmonton. 

Alfa, 831-8>6.

Cai. F and Ugai, K {2004} Numerical Analysis of Rainfall Effects on Slope Stability 

International Journal o f Geomechamcs. 4(2). 69-78 

Chen. H . Lee. C E and Law, K T (2004) Causative Mechanisms of Rainfall-Induced 

Fill Slope Failures Journal o f  Geotechnical and Geoemironmental Engineering 

130(6). 593-602.

Chen. H . Wei. C.-F Van. R -T , Chen. P and Vi. P.-P (2010). On The Determination of 

The Soil-Water Characteristic Curve Using The Pressure Plate Extrator In Chen. 

V . Zhan. L and Tang. X. {Eds.) Advances in Environmental Geotechnics Springer 

Berlin Heidelberg

Chen. L and Young. M H {2006). Green-Ampt infiltration model for sloping surfaces.

Water resources research 42(7 }

Chen. R  H Chen. H P . Chen. K. S and Zh-unu. H B (2009 s Simulation of a slope 

failure induced by rainfall infiltration Environmental Geology. 58(5), 943-952



236

Chen. Y M . Wang. L Z . Hu. \  V . Wu. S M and Zhang. Z \  (2000} Stability 

Analysis of a Solid Waste Landfill Slope China Civil Engineering Journal. 33(31 

92- 97.

Chigira. M (2001) Micro-Sheeting of Granite and Its Relationship with Landsiiding 

Specifically after the Heavy Rainstorm in June 1999. Hiroshima Prefecture. Japan 

Engineering Geology. 59 . 2 19-231 

Childs, E. C and Cdlis-George. N {1950) The permeability of porous materials. 

Proceedings o f the Royal Socien- o f London. Series A. Mathematical and Physical 

Sciences. 201(1066). 392-405 

Chin. F K (1988). Construction of Dams. Roads, Air Fields. Land Reclamation in and on 

Tropical Sods-General Report Proceedings of rhe Second International 

Conference on Geimechanics m Tropica! Soils 12-14 December. 1988 Singapore, 

92-102

Cho. S. and Lee. S (2002) Evaluation of Surfidal Stability for Homogeneous Slopes 

Considering Rainfall Characteristics Journal o f Gentechnka! and 

Geoenvironmenial Engineering !23(9>. 756-763 

Cho, S E and Lee. S R. (2001). Instability of unsaturated soil slopes due to Infiltration 

Computers and Geotechnics 28( 3). 185-208 

Choo. L. P and YanfuL E K. (2000) Water flow through cover soils using modeling and 

experimental methods Geotechnical and Geoenvironmenial Engineering. 12-5(4}. 

324-334

Chow. \  T , MaidmenL D R and Mays. L W (1988? Applied Hvdrology McGraw- 

Hill. New York.

Collins. B and Zsidardc. D (2004) Stability Analyses of Rainfall Induced Landslides 

Journal o f Geotechnical and Geoen\ironmentul Engineering. 130(4), 362-372 

Collins. K. and McGown. A (1974) The form and function of microfabric features in a 

variety of natural soils. Geotet hnique 24. 223-254 

Crosia. G B. and Frattini. P. (2003) Distributed modelling of shallow landslides triggered 

by intense rainfall. Saturn! Hazards and Earth System Science 3(1/2). 81-93 

Cruden. D M (1991). A simple definition of a landslide Bulletin o f the International 

Association o f  Engineering Geologi - Bulletin de VAssociatkm Internationale de 

Geologje de Vlngenieur 43( I \  27-29 

Dahal. R Hasegawa. S.. Nonomura. A . Yamanaka. M.. Masuda T and Nishino. K 

(2008). GIS-based weights-of-evidence modelling of rainfal 1 -induced landslides in



small catchments for landslide susceptibility mapping Environmental Gecdogv 

54(2), 311-324

Dahai. R K i 2012 >. Rainfall-induced Landslides in Nepal International Journal of Japan 

Erosion Control Engineering. 5(1). i-S

Dai. F . Lee. C F and Wang. S (1999). Analysis of rainworm-induced siide-dehns Sows 

on natural terrain of Lantau Island. Hong Kong. Engineering Geology 51(4). 279

290.

Dai. F C Lee. C F and Ngai. V V (2002). Landslide risk assessment and management, 

an overview Engineering Geology. 6411). 65-87

Dai. F C . Lee. C F and Wang, S. i  (2003) Characterization of rainfall-induced 

landslides International Journal o f Remote Sensing 24(23). 4817-4834

Day. R and Axten, G (1989) Surffcial Stability of Compacted Clay Slopes Journal of 

Geotechnical Engineering. 115(4). 577-580.

de Campos, L E P and Menezes. M S. S. (1991) A proposed procedure for slope 

stability analysts in tropica! soils Proceedings o f the 6th International Symposium 

on Landslides Christchurch. New Zealand: Balkema. Rotterdam, The Netherlands, 

1351-1355

de Marsily. G Delay, F.. Gonsalves. J . Renard. P . Teles. V and Vioiette. S (2005). 

Dealing with spatial heterogeneity Hydrogeology Journal. 13(1), 161-183.

Dearman. W R (1974) Weathering classification in the characterisation of rock for 

engineering purposes in British practice Bulletin of die International Association 

of Engineering Geology - Bulletin de VAssociation Internationale de Geologic de 

Vlngenieur 9(1). 33-42

Dearman. W. R. (1975) Weathering classification m the characterisation of rock A 

revision Bulletin o f the International Association o f Engineenng Geology - 

Bulletin de VAssociaiion Internatumale de Geologic cle Vlngenieur 14( 1 i 123

127

Deere. D U and Patton. F D (1971} Slope stability in residual soils. Proceedings o f the 

4th Panam. Conf. Soil Meek. Puerto Rico pp 170.

Dou. H. Q . Han. T C , Gong X N.. Qiu. Z. Y and Li. Z N. (2015) Effects of the spatial 

variability o f permeability on rainfall-induced landslides. Engineering Geology 

192(0), 92-100

Eaton. T. T. (2006) On the importance of geological heterogeneity for flow simulation. 

Sedimentary Geology. 18443—4). 187-201



238

Fata. O . Molson J . Aubertin. M. and Bussiere. B (2005) Numerical Modelling o f Flow 

and Capillar, Barrier Effects in Unsaturated Waste Rock Piles Mine Water ami 

the Environment. 24(4 >. 172-185.

Fannin. R i. and Jaakkda. J {1999). Hydrological response of hilislope soils above a 

debris-sHde head scarp Canadian Geotechnical Journal. 36(6). 1111-1122 

Fookes P. G * 1997) Tropica! Residual Soils A Geological Society Engineering Group 

Working Pam Revised Report. Proceedings ofthe Geological Society of London 

Fourie. A B < 1^96} Predicting Rainfall-induced Slope histabilirv Proceedings o f the 

Institution o f Civil Engineers- Geotechnical Engineering. 119, 211-21E 

Fourie. A B.. Rowe. D and Blight, G E. (1999) The effect o f infiltration on the stability 

of the slopes of a dry ash durnp. Geotechnique 49{ I j. 1-13 

Fratta. D . Aguettam. J and Roussel-Smith, L. (2007) introduction to Soil Mechanics 

Laboratory Testing CRC Press. Taylor Sc Francis Group. Boca Raton.

Fredlund D G. (1995). The scope of unsaturated soil mechanics, an overview

Proceedings o f the P in t International Conference on Unsaturated Soils Paris. 

France Balkema. Rotterdam, the Netherlands, 1155-1177 

Fredlund. D G (2006) Unsaturated Soil Mechanics in Engineering Practice Journal o f 

Geotechnical and Geoenvmmmentul Engineering 13 2t 3 j. 286-321 

Fredlund, D G and Morgenstem. N R. ( |9?7). Stress state variables for unsaturated soils 

Journal o f Geotechnical Engineering. 103(GT5), 19 

Fredlund. D G.. Morgenstem. N. R. and Widger, R. A (1978) The shear strength of 

unsaturated soils. Canadian Geotechnical Journal 15(3;. 313-321 

Fredlund. D G. and Rahardjo. H ( 1993V Soil Mechanics for Unsaturated Soils. John 

Wiley &. Sons. Inc

Fredlund. D G., Rahardio. H. and Fredlund. M D (2012). Lnsaturated Soil Sfechanics in 

Engineering Practice. John Wiley & Sons, Inc 

Fredlund. D G., Sheng D and Zhao. J (2011). Estimation of soil sucti^i from the sod- 

water characteristic curve Canadian Geotechnical Journal 48(2) 186-198 

Fredlund. D G and Xing. A (1994). Equations for the Soil Water Characteristic Curve.

Canadian Geotechnical Journal. 31(3). 11 

Fredlund. D G . Xing, A Fredlund, M D and Barbour, S L (19%) The relationship of 

the unsaturated soil shear to the soil-water characteristic curve. Canadian 

Geotechnical Journal. 33(3), 440-448.



Fredlund. D G . Xing. A and Huang. S {1994) Predicting the Permeability Function for 

Unsaturated Soils Using tbe Soil-Water Character Curve. Canadian Geotechnical 

Journal 31(3). 533-546 

Fredlund, M D Wilson. G. W and Fredlund, D G (2002) Use of the grain-size 

distribution for estimation of the soB-water characteristic curve Canadian 

Geotechnical Journal 39(5), 1103-1 i 17 

Fulai. Nf M , Almeida. M S S. and Lacerda. W A (2004) Yield, Strength, and Critical 

State Behavior of a Tropical Saturated Soil Journal o f  Geotechnical and 

Gectemirtmmental Engineering 13Q( 11). I I69-1179 

Gallipoli. D . Geas. A . Sharma. R. and Vaunat. J. (2003). An elasto-plastlc model for 

unsaturated soil incorporating the effects o f suction and degree of saturation on 

mechanical behaviour Geotechnique. 53. 123-135 

Gardner. W (1958) Some steady-state solutions of the unsaturated moisture flow 

equation with application to evaporation from a water table Soil science 85(4), 

228-232.

Garven, E. A. and Vanapalli. S. K (2006) Evaluation of empirical procedures for 

predicting the shear strength of unsaturated soils. Proceedings o f the 4th 

International Conference o f  Unsaturated Soil. VSSAT 2W6 Reston. Va. ASCE 

Geotechnical Special Publication 147 ASCE 2570-2581 

Gasmo. J M . Rahardjo. H and Leong. E. C (2000) Infiltration effects on stability of a 

residual soil slope Computers and Get)technics 26(2). 145-165 

GCO (1984). Geotechnical Manual for Slopes Geotechnical Control Office, {2nd ed.) 

Hong Kong.

Gerscovieh, D M  S Vargas Jr. E. A and de Campos, T Nf P *2006). On the evaluation 

of unsaturated flow in a natural slope in Rio de Janeiro, Brazil Engineenng 

Geology. S8{ I “2)_ 23-40 

Godt J W . §ener-Kaya. B . Lu. X and Baum, R L (2012'} Stability of infinite slopes 

under transient partially saturated seepage conditions Water Resources Research 

48(5), 1-14

Gofar. N and Lee. Ni L (2008) Extreme Rainfall Charactensties for Surface Slope 

Stability' in the Malaysian Peninsular Georisk 2(21. 65-78 

Gofar. N . Lee. M L. and Kassim. A. (2008) Response of Suction Di sin bun on to Rainfall 

Infiltration in Soil Slope Electronic Journal o f Geotechnical Engineering 

13(Bund. EX 1-13



Goh. S G Rahardjo. H and Leong, E C. (2009) Shear Strength Equations for 

Unsaturated Soil under Drying and Wetting Journal of Geotechnical ami 

Geoemironmenial Engineering. 136(4). 594-606 

Gribb. M.. Simunek. j. and Leonard. M <1908} Development of Cone Penetrometer 

Method to Determine Soil Hydraulic Properties Journal of Geotechnical and 

Geoenvironmenial Engineenng 124(9). 820-829 

GumbeL E j i 1958) Statistics o f  Extremes Columbia University Press New York 

Guzzetti. F.. Peruccacci. S . Rossi. M and Stark. C (2008). The rainfall intensity'-duration 

control of shallow landslides and debris flows, an update Landslides 5{ i i  3-17 

Hakonson. T . Lane. L . \yhan. S.. Barnes. F and DePoorrer. G. (1989) Trench-eover 

systems for manipulating water balance on low-level radioactive-waste repository 

sites. Proceedings o f the Low-Level Radioactive- Waste Disposal Workshop. 

Hargreaves. G H and Samani. Z. A (1985). Reference crop evapotranspiration from 

ambient air temperature American Society o f Agricultural Engineers (Microfiche 

collection)(USAj. no. fiche no. *5-2517.

Hamas. F R. Rahardjo. H . Leong. E C and Wang. J. Y (20S4) Experimental Study on 

Dual Capillary Barrier using Recycled Asphalt Pavement Materials Canadian 

Geotechnical Journal 51 (10). 1165-1177.

Head. K H (2006) Manual o f Soil Laboratory Testing: Soil Classification and 

Companion Testv. (3rded Yd. DWhittJes Publishing Scotland. UK 

Head K H and Epps, R J (2011) Manual o f Soil Laboratory' Testing. Permeability, 

Shear Strength and Ctmpressihility Tests (3rd ed Yol 2 AY battles Publishing 

CRC Press. Taylor & Francis group 

Hill el. D. and Baker. R S ( |9g&). A Descriptive Theory of Fingering during Infiltration in 

Layered Soils Soil Sc ience. 146(1), 51-5o.

Hiliel. D and Gardner. W R (1970) Measurement of Unsaturated Conductivity and 

Difrusivity by infiltration through an Impeding Layer Soil Science. 109(3 ). 149

153.

Ho, C K. and Webb. S. W (1998) Capillary barrier performance in heterogeneous porous 

media Water Resources Research 34(4). 603-609.

Huat. B B Ah F H and Mariappan, S (2005) Effect of surface cover on water 

infiltration rate and stability of cut slope In residual soils Electronic Journal of 

Geotechnkal Engineering. 10. 1-13.

240



Huai. B. B K . Ail F H J and Low, T H (2006). Water infiltration characteristics of 

unsaturated soil slope and Its effect on suction and stability Geatechmcal and 

Geological Engineering. 24(5). 1293-1306 

Huat B B K and Toll. D G. (2012). Residual Soils In Bujang B K Huat. Das Id G Toll 

and Prasad. A. (Eds } Handbook of tropicaI Residual Soils Engineering (pp. 536). 

The Neatherland CRC Press.

1AEG (1981) Rock and Sot! Description for Engineering Geological Mapping.

International Assodation of Engineering Geology Bulletin 24. 235-274 

Igwe. O Mode. W . Nnebedum, O Okonkwo. I and Oha. I (2014) The analysis of 

rainfall-induced slope failures at iva Valle> area of Enugu State. Nigeria. 

Environmental Earth Science.',. 71(5), 2465-2480 

SndrawaiL I G B Rahardjo, H and Leong, E C (2007) Drying and wetting 

characteristics of a two-layer soil column. Canadian Geotechnical Journal 44(1}. 

20-32.

Irfan. T V {1999) Characterization of Weathered Volcanic Rocks in Hong Kong.

Ouanerh Journal of Engineering Geology . 32. 3 17-348 

ishak. M F (2014). Tree H ater Uptake on Suction Distribution in Unsaturated Tropical 

Residual Soil PhD Thesis. Universiti Teknologi Malaysia 

ISRM (1981). Basic geotechnical description of rode masses (BGD) International 

Journal o f Rock Mechanics and Mining Science> & Geomechanics Ahstroits 

18(1), 87-110

Iverson. R. M. and Reid, M. E {1992) Gravity-driven groundwater flow and slope failure 

potential. I. Elastic Effect?ve-Stress Model Water Resources Research 28 (3). 

925-938.

Jarvis. N. j (1998) Modeling the impact o f preferential flow on nonpomt source 

pollution In Selim H. M and Ma. L f Eds } Physical Sonequililmum w Soils: 

Modeling and Application t pp 195-221) Chelsea. Michigan. Ann Arbor Press 

Johan, A. Hablbagahi. G. and Ghahramans. A. (2006). Prediction of Soii-Water 

Characteristic Curve Using Genetic Programming Journal o f  Geotechnical and 

Geoenvironmenial Engineering 132(5). 661-665 

Johan. A. and Javadi. A. A. (2011) Prediction of soil water characteristics curves using 

SPSS Proceedings o f the Unsaturated Soils: Theory and Practice Kasetsart 

University. Thailand 345-350



Johnson. K. A and Sltar. N. (19901 Hydrologic conditions leading to debris-fiovx 

initiation Canadian Geoiechmvai Journal 27(6). 789-801 

Johnson. I  . Cartwright. K . Herzog, B and Larson. T {1983) Modeling of moisture 

movement through layered trench covers. Role of the Unsaturated Zone in 

Radioactive and Hazardous Waste Disposal. Ann Arbor Science Publishers. Ann 

Arbor Michigan.pp 11-26.

Kampf. M . Halfelder. T and Montenegro H (1998). inspection and numerical 

simulations o f flow processes in capillary barrier cover systems. Proceedings of 

the 3rd International Conference on Hydro-Science and Engineering Berlin. 

Germany.

Kasim F <1998) Soil-Water Characteristic Curse and Seepage Flow In Unsaturated 

Soils Jamal Teknologi 30i B). 69-86 

Kasim. F. B.. Fredlund. D G. and Gan. J K -M. i 1998) Effect of steady state rainfall on 

long term matric suction conditions on slopes. Proceedings of the 2nd 

International Conference on Unsaturated Soils Beijing. China. 78-83 

Kassim. A <2011) Sictdefling the Effect o f Heterogeneities on Suction Distribution 

Behaviour in Tropical residual Soil. PhD Thesis, Universiti Teknologi Malaysia 

Kassim. K A and Kok. K C. { 1999). Mix Design for Lime Modification and 

Stabilisation. Proceedings o f the Fifth Geotechnical Engineering Conference 

(Geotropica 99/ Johor Bahru Malaysia, 235-244 

Keefer D K . Wilson. R C . Mark. R K.. Brabb. E E . Brown. W M.. Ellen. S D . Harp. 

E L., Wleczorek, 0  F . Alger. C S and Zatkin. R S. {1987) Real-time Landslide 

Warning During Heavy Rainfall Science. 238(4829}. 921-925 

Khalili. N and Khabbaz, M H (1998) A unique relationship for x for the determination 

of the shear strength of unsaturated soils. Geotechnique 48(5). 681 -687.

K'mre. M V.. Benson C H and Bosscher. P i <1997} Water Balance Modeling of 

Earthen Final Covers Journal of Geotechnical ami Geoenvironmenial 

Engineering 123(8). 744-754 

Khire. M. V Benson. C H and Bosscher F. J (1999) Field Data from a Capillars 

Barrier and Model Predictions with UNSAT-H Journal o f Geotechnical and 

Geoenvironmenial Engineenng 125(6), 5 i8-527 

Khire. M V Benson. C H and Bosscher. P J (2000) Capillars Barriers Design 

Variables and Water Balance. Journal of Geotechnical and Geoemironmenial 

Engineering 126(8) 695-708

242



Kim. J.. Jeong. S., Park. S. and S harm a. j (2004) Influence of ram fail-induced wetting on 

me stability of slopes in weathered soils. Engineering Geology. 750-4}. 251-252 

Krisdani. H . Leong. E.-C and Rahardjo. H (2006) Experimental Study of !~D Capillars 

Barrier Model Using Geosvmhetic Material as the Coarse-Grained Layer. 

I nsaturated Soils 2006 

Krisdani. H. Rahardjo. H and Leong. E C (2005) Behaviour of Capillary Bamer 

System Constructed using Residual Soil iVaste Containment and Remediation I- 

15).

Lam. C. C and Leung. V. K (1994). Extreme rainfall statistics and design rainstorm 

profiles ai selected locations in Hong Kong Technical Note No H6 Royal 

Ohser\ Giorv. Hong Kong 

Lee. I M.. Sung. S G and Cho. G. C (2005) Effect of stress state on die unsaturated 

shear strength of a weathered granite. Canadian Geotechnical Journal 42. 624

63 J .

Lee, L. M . Gofar. N. and Rahardjo. H (2009) A simple model for preliminary' evaluation 

erf' rainfall-induced slope instability. Engineering Geology. 108(5-4k 272-285 

Lee. M L f20G8) Influence o f Rainfall Pattern on Suction Distribution and Slope 

Stability. PhD. Universiti Teknologi Malaysia 

Lee. M. L . Ng_ K Y . Huang, V F and LI W. C. (2014) Rainfall-induced landslides in 

Hulu Keiang area. Malaysia Natural Hazards 7(X 1 >. 353-375 

Leong. E C and Rahardjo, fi (1997a) Factors affecting Slope Instablity due to 

Rainwater Infiltration Proceedings o f  the Second Japan National Symposium on 

Emironmetal Geotechnologi November. 20-22. UjL Kyato. Japan. 163-168 

Leong. E C and Rahardjo. H. 11997b) Permeability Functions for Unsaturated Soils 

Journal o f Geotechnical and Geoenxironmentul Engineering. 123( ] 2'k 1118-1120. 

Lepore. C., Kamai. S., Shanahan P and Bras. R (2012) Rainfali-tndnced landslide 

susceptibility zonation of Puerto Rico Environmental Earth Sciences 66<6). 1667

1681

Leroueil. S. and V aughan. P. R. i 1990) The general and congruent effects of structure in 

natural soils arid weak rocks. Geotechnique 40, 467-488 

Li. J H Du. L . Chen. R. and Zhang. L M (2013? Numerical investigation of the 

performance of covers with capillary barrier effects in South China Computers 

and Geotechnics. 48( 0). 304-315



Li. T and Wans. S (1992) Landslide hazards and their mitigation in China Beijing: 

Science Press. 84

Li. W C , Lee. L M .. Cai. H . Li_ H J . Dai. F C. and Wang. M L (2013) Combined 

roles of saturated permeability and rainfall characteristics cm surtldal failure of 

homogeneous soil slope. Engineering Geology. 153(01 105-113.

Li. X . Zhang. L M and Fredlund. D G (2009). Welling front advancing column test for 

measuring unsaturated hydraulic conductivity Canadian Geotecknical Journal 

46(121 1431-1445

Liew. S. S (2005) Soil Nailing for Slope Strengthening Geotechnical Engineering. Gue 

and Partners Sdn Bhd. Kuala Lumpur. Malaysia

Liew, S. S.. Liong, C. H and Low C L (2004). Four landslide investigations in 

Malaysia. Proceedings o f  the 15th SEAGC 22-26 November Bangkok. Thailand.

Lim. T T Rahardjo. H.. Chang M F. and Fredlund. D G (1996> Effect of rainfall on 

matric suctions in a residual soil slope. Canadian Geotechnical Journal. 33(4) 

618-628.

Little. A. L ( i969* The Engineering Classification of Residual Tropscal Soils. 

Proceedings o f she 7th International Conference on Soil Mechanics and 

Foundation Engineering Mexico. 1-10.

Long, j . Gihnour. P and Witherspoon. P A (1985). A Model for Steadv Fluid Flow in 

Random Three-Dimensional Networks of Disc-Shaped Fractures, f Fa ter Resources 

Research 21(8), 1105-i 115

Lu. N and Godi j  W (2013). Hilklope Hydrology and Siahilin. Cambridge University 

Press

Lu N and Likos. W j. (2004) Unsaturated Soil Mechanics Hoboken. New Jersey : John 

Wiley & Son, Inc

Luo, H . Zhao. T . Dong. M Gao. J., Peng X., Guo. \  Wang. Z. and Liang C (2013) 

Field studies on the effects of three geotex tiles on mnoff and erosion of road slope 

in Beijing. China. CATENA 109(01 150-156

Malaysian Meteorological Department (2014) Weather in Malaysia

Maqsoud. A.. Bussiere. B . Aubertin. Vi. Chouteau. M. and Mbonimpa. VI (2010) Field 

investigation of a suction break designed to control slope-induced desaturation in 

an oxygen bamer. Canadian Geotechnical Journal 48( 1 h 53-71

Maqsoud. A . Bussiere B . Mbonimpa. Vi and Aubertm. VL (2004) Hysteresis effects on 

the water retention curve, a comparison between laboratory results and predictive

244



models. Proceedings o f the 57th Canadian Geotechnical Conference and the 5th 

Joint CGS-L4H Conference. 24-27 October 2004 Quebec City BiTech Publishers 

Ltd.. 8-15

Marto. A.. Kasim, F. and Yusof. M F <2002). Engineering Characteristics of Residual 

Granite Sods of Southern Peninsular Malaysia. Proceedings o f the Research 

Seminar on Materials and Construction 29-30 October, 2002 LTniversiti 

Teknologi Malaysia, 315-325 

Marto. A and Novrial {1999) The Effect of Lime-SoU Cylinders on Laterife Slope Model. 

Proceedings o f the Fifth Geotechnical Engineering Conference (Geotropica 99} 

22-24 November, 1999 Johor Bahru. Malaysia. Universiti Teknologi Malaysia,

Matsushi Y . Haiianji. T and Matsukura. Y (2006) Mechanisms of shallow landslides on 

soil-mantled hillslopes with permeable and impermeable bedrocks m the Boso 

Peninsula. Japan. Geomorphologi 76(1-2), 92-108 

McLean. A. C and Gobble. C D (1979). Geology for civil engineers Publication o f 

Aden fGeorge} and Unwin.

Md.Noor. M j <201 U Understanding Rainfall-Induced Landslide UiTM Press 

Universiti Teknologi Mara. Shah Alam. Malaysia 

Mein, R G and Larson, C L (1973) Modeling infiltration during a stead? Rain Water 

Resources Research 9(2 ), 384-394.

Mitchell. J. and Soga. K (2005) Fundamentals o f soil behavior United kingdom John 

Wiley and Sons Ltd

Miyazaki. T (1988) Water flow in unsaturated soil in layered slopes. Journal of 

Hydrology i G2( 11 201-214 

Miyazaki. T (2005) Waterflovt m sails. 2nd ed.. Boca Raton Taylor & Francis. CRC 

Press

Montrasio. L . Valentino. R and Losi. G (2-009) Rainfall-induced shallow landslides a 

model for the triggering mechanism of some case studies in Northern Italy. 

Landslides. 6(3), 241-251 

Moms. C E and Stormont J C ( 1997) Capillary Barriers and Subtide D Covers 

Estimating Equivalency Journal o f Environmental Engineering 123( 1}. 3-10. 

Morris, C E and Stormont J C. (1998) Evaluation of numerical simulations of capillary 

barrier fidd tests Geotechnical & Geological Engineering 16(3). 201-213



Moms, C. E. and Stormont, i C <1999} Parametric Study of Unsaturated Drainage 

Layers in a Capillary Barrier. Journal o f Geotechnical and GeoemironmeniaI 

Engineering 125<12), 1057-1065 

Move. O G (1955) Engineering Geology for Snowy Maintains Scheme Journal o f 

Institution Engineers Australia. 27. 281-299.

Muafem. Y ( 1976). A new mode! for predicting the hydraulic conductivity of unsaturated 

porous media Water resource* research 12(3), 5 13-522 

Muller. J R. and Martel. S J (2O0QY Numerical models o f translational landslide rupture 

surface growth Pure and Applied Geophysics 157, 1009-1038.

Nahiawi. H Bouazza. A. and Kodikara J. (2007). Surface water infiltration in a 1- 

dimensionai soil-geofextile column. Proceedings o f the ICnh Australia Sea 

Zealand Conference on Geomechurtics Brisbane Australian Geomechanics 

Society1. 368-373

Ng. C \ \  Wang, B and Tung. Y K. (2001) Three-dimensional numerical investigations 

of groundwater responses in an unsaturated slope subjected to various rainfall 

patterns. Canadian Geotechnical Journal 38(5). 1049-1062 

Ng, C W VV Liu. j . Chen. R. and Xu. i <2015) Physical and numerical modeling of an 

inclined three-layer (silt/gravdly sand/clay) capillary barrier cover system under 

extreme rainfall Waste Management 38. 210-221 

Ng. C W W and Shi. Q < 1998). A numerical inv estigation of the stability of unsaturated 

soil slopes subjected to transient seepage. Computers and Geotechnics. 22(1), 1

28.

Nicholson. R V . Gillham. R W . Cherry. J A and Reardon. E j. (1989) Reduction of 

acid generation in mine tailings through the use of moisture-retaining cover lay ers 

as oxy gen barriers Canadian Geotechnical Journal 26(1). 1-8 

Niu. S.. Jia. X . Sang, J . Liu. X . Lu, C and Liu, V <2010). Distributions of Raindrop 

Sizes and Fail Velocities m a Semiarid Plateau Climate Convective versus 

Stratiform Rains Journal o f  Applied Meteorology and Climatology 49. 632-645. 

Novak. V . Sim&unek. j. and Genuchten. M (2000). Infiltration o f Water into Soil with 

Cracks Journal o f Irrigation and Drainage Engineering. 126(1). 41-47 

O'Kane, M , Wilson. G VY and Barbour. S L < 1998) Instrumentation and monitoring of 

an engineered soil cover system for mine waste rock. Canadian Geotechnical 

Journal. 35(5 j. 828-846

246



Oldenburg, C. M and Pruess, K (1993) On numerical modeling of capillary barriers 

iVmerResimrces Research 29(4). 1045-1056 

Ost. L.. Van Den EeekhauL M , Poesen. J. and Yanmaereke-Gottignv M  C (2003). 

Characteristics and Spatial Distribution of Large Landslides in tbe Flemish 

Ardennes (Belgium}. Zeitsehripfur G&fmorphologie A F. 47(3}. 329-350 

Parent. S.-E and Cabral. A (2006} Design of Inclined Covers with Capillars Barrier 

Effect GenTechnical and Geological Engineering. 24(3}. 639-710 

Pradd. D and Raad. G 0993}. Effect of Permeability on Surftcial Stability of 

Homogeneous Slopes. Journal o f Geotechnical Engineering 119(2). 315-332 

PubiicWorks Institute Malaysia (19%) Tropical Weathered In-Situ Materials. Geoguides. 

i -

Qian. T . Huo. L. and Zhao. D (2010) Laboratory investigation into Factors Affecting 

Performance of Capillary Bamer System in Unsaturated Sal. Water. Air. and Sod 

Pollution 206(1-4). 295-306 

Queiroz de Carvalho. J. B and Simmons. J V (1997). Mineralogy and microstructure. In 

Blight G E ( Ed.) Mechanics o f Residual Sods A Guide u> the Formation. 

Classification and Geotechnical Properties o f Residual Sods, with Athice tor 

Geotechnical Design (pp. 30-40) Rotterdam A A Balkema 

Rahardjo. H . Aung. K K.. Leong. E. C and Rezaur R B {2004a} Characteristics of' 

residual soils in Singapore as formed by weathering Engineering Geology 73. 

157-169

Rahardjo. H . Lee, I  T . Leong. £  C and Rezaur, R. B (2004b). A Flume for Assessing 

Flux Bcundan m rainfall-induced slope failure studies. Geotechnical Testing 

Journal 27(2). 1-9.

Rahardjo. H. and Fredlund. D. G (1995) Procedures for slope stability analyses involving 

unsaturated soils Developments sn deep foundations and ground improvement 

schemes. Balkema, Rotterdam. The Netherlands. 33-56 

Rahardjo H._ Krisdani. H and Leong E C. (2007a). Application of unsaturated soil 

mechanics in capillary barrier system. Proceedings o f the 3rd Asian Cord on 

i nsaturated Soils Beijing. China Science Press. 127-138 

Rahardjo. H., Knsdani. H Leong, E C Ng V. S.. Foe. M D. and Wang, C L (2007b). 

Capillary barrier as slope cover. Proceedings o f the 10th Australia .Vtn*. Zealand 

Cottf. (jeomectmrics 'Common Ground” St. Ives NSW. Australia Australian 

Geomechanics Society. 698-703



Rahardjo. H.. Lee, T T . Leong. E C. and Rezaur. R. B { 2005} Response of a residua!

soil slope to rainfall Canadian GetHeehnical Journal 42*2). 34*'*-35i.

Rahardjo. H and Leong. E C <2006) Suction Measurements Unsaturated Stnls 2W)6. SI -

248

Rahardjo. H . Leong, E C Michael. S D . Jason. M. G and Tang S k  {2000} Rainfall 

Induced Slope Failures Geotechnical Engineering Monograph 5 NTU-PWD 

Geotec hnical Research Centre. \'Tt Singapore 

Rahardjo. H.. Leong, E C . Satyanaga. A . Song. N. Y . Tuan. T H and Juay. H C 

(2014? Rainfall-Induced Slope Failures and Preventive Measures in Singapore 

Geotechnical Engineering Monograph STL-HDB Research Collaboration. STL . 

Singapore

Rahardjo. FL Lt, X VV . Toll. D G and Leong, E €  (2001) The effect of antecedent 

rainfall on slope stability. Geotechnical and Geological Engineering. 19. 371-399. 

Rahardjo. H . L?m. T T . Chang. M F. and Fredlund. D G. (1995a) Shear-strenjah 

characteristics of a residual soil. Canadian Geotechnical Journal. 32(I}. 60-77 

Rahardjo. H . Ong. T . Rezaur. R. and Leong. E {2007c). Factors Control Is rig Instability of 

Homogeneous Soil Slopes under Rainfall Journal o f Geotechnical and 

Geoen vironmental Engineering 133U21 1532-1543.

Rahardjo. H . Rezaur R. B and Leong. E C (2009). Mechanism of Rainfall-induced 

slope failures in tropical regions. Proceedings o f the 1st Italian Workshop on 

Landslides. H - /0  June 20(19 Napoli, Italy.

Rahardjo, H. Santoso. Y A.. Leong. E C , Ng_ Y S. and Hua. C. J ?2012s Performance 

of an instrumented Siope Covered bv a Capillary Bamer System Journal o f 

Geotechnical and Geoenvironmenial Engineering. 138(4 } 481-490 

Rahardjo. H . Santoso. V. A.. Leong. E. C . Ng, Y. S.. Tam. C P H and Satyanaga. A. 

(2013). Use of recycled crashed concrete and Secudrmn in capillary barriers for 

slope stabilization. Canadian Geotechnical Journal 50(6); 662-673 

Reid. M. E {1997} Slope instability Caused by Small Variations in Hydraulic 

Conductivity Journal o f Geotechnical and Geoenvmmmernai Engineering. 

123(8}, 717-725

Richards, L A {1931} Capillary conduction of liquids through porous mediums Journal 

o f Applied Physics I (5 h 3 18-33 3 

Ross. B. ( 1990). The diversion capacity of capillary- barriers Water Resources Research 

26(10). 2625-2629



Ruxton. B P and Berry L 1 1957)  Weathering of Granite and Associated Erosions!

Features in Hong Kong. Bulletin o f  Geological Society America 68. 1263-1292. 

Seiroos. j O.. Walker. D D . Strom. .A. Gylling. B and FoQin. S {2002) Comparison of 

alternative modelling approaches for groundwater flow in fractured rock Journal 

o f Hydrology. 251 i 1 -4). 174-188 

Sew. G S. and Tan. V. C (2002) Mitigating the Risk o f Landslide on Hill-Ske 

Development in Malaysia, 2nd World Engineering Congress (pp 1-10) Sarawak. 

Malaysia

Simms, P and Yanfui. E. (2004) Estimation of Soil-VVater Characteristic Curve of 

Clayey Till Using Measured Pore-Size Distributions. Journal o f Environmental 

Engineering. 130(8). 847-854 

Singh. H. and HuaL B B K (2004 s Origin, formation and occurrence of tropical residua! 

soils In Huai. B B. K.. Gue. S S and Ali. F H. (Eds.) TropicaI residual soil 

engineering (pp 245). London. UK Taylor and Francis 

Singh H and HuaL B B K (2012} Formation and Classification of Tropica! Residua! 

Soils in HuaL B. 8  K TdL D. G and A run. P (Eds } Handbook o f Tropical 

Residual Soil Engineering (pp 536} London. UK Taylor and Francis.

Smesrud. J and Selker. J (200i >. Effect of Soii-Partide Size Contrast on Capillary Barrier 

Performance Journal o f Geotechnical and Geoenvironmenial Engineering 

127( 10}, 885-888

Soddu S.. Delitala. G.. Sciabica. M and Barrocu, G (2003} Modelling groundwater 

effects on slope stability Materials and Geoenvironment 50, 349-352 

Soil Moisture Equipment Corp {2009a}. Operating Instructions for 15 Bar Pressure Plate 

Extractor Soil Moisture Equipment Corp.. Santa Barbara. California 

Soil Moisture Equipment C ap . (200%). Operating Instructions for 2100F Soil Moisture 

Probe. Soil Moisture Equipment Corp Santa Barbara USA 

Soil Moisture Equipment Corp {2011} Operating Instructions for 2710ARL Tensiometer 

and 2725ARL Jet Fill Tensiometer Soil Moisture Equipment Corp.. Santa 

Barbara. California

Soil Moisture Equipment Corp {2012} Operating Instructions tor 5301 Current 

transducer Soil Moisture Equipment Corp. Santa Barbara. USA 

Sowers. G F (1985). Residual soils in the United States Sampling ami testing o f  residual 

soils: a review o f international practice. Edited by EW Brand and HB Philhpson. 

Scorpion Press, Hong Kong 324-339

249



Steenhms, T S.. Pariange, j and kung. K J. S 11991) Comment on "The diversion 

capacity of capillary barrier* by Benjamin Ross Water Resources Research 

27(8). 2155-2156.

Stormont J C. (1995) The effect of constant anisotropy on capillary harrier performance. 

Water Resources Research 31(3). 785-785

Stormont i C i!996* The effectiveness of two capillary banters on a 10% slope 

Geotechniad & Geological Engineering 14(4), 243-267

Stormont, i C. and Anderson. C E (1999) Capillary Barrier Effect from Underlying 

Coarser Soil Layer. Journal o f  Geotechnical and Geoemimnmenial Engineering 

125(8). 641-648.

Stormf.MiL J C and Moms, t  E (1997). Unsaturated Drainage Layers for Diversion of 

Infiltrating Water Journal o f Irrigation and Drainage Engineering. 123< 5). 364

366

Stormont. i C. and Morris. C E i 1998). Method to Estimate W ater Storage Capacity of 

Capillary Barriers Journal o f Geotechnical and Geoemironmental Engineering. 

124(4). 297-302.

Taha. M R.. Sarac. D : Chile, Z and Nayan. K A (1997) Geotechnical and 

Geuenvirtmmental aspect of Residual Soils. Proceedings o f  the 4th Regional 

Conference in Geotechnical Engineering (GEOTRQPIKA 9?) Universiti 

Teknologi Malaysia. 331-341

Tatni. D.. Rahardjo. H Leong E. C. and Fredlund, D. G * 2004a j. Design and laboratory 

verification of a physical mode! of sloping capillary harrier Canadian 

Geotechnical Journal 41(5). 814-830

Tami. D., Rahardjo. H . Leong E C and Fredlund. D G. (2004b) A Physical Model for 

Sloping Capillary Barriers. Geotechnical Testing Journal 27(2). 1-1 i

Tan. B K. (2004). Country Case Study: Engineering Geology of Tropical Residual Soils 

in Malaysia Tropical Residual Soils Engineering (pp 237-244) London Taylor 

and Francis Group

Taylor, G and Eggleton, R A (2001) Regaiith geoiogy and geomorphology. John Wiley 

and Sons, New York.

TerzaghL K * 1936) The Shear Resistance of Saturated Soils Proceedings o f the 1st 

international Conference o f Soil Mechanics & Foundation Engineering 

Cambridge, 54-56.

250



Tianchi. L. {1990} Landslide management in rise mountain areas of China IClSfOD 

Kathmandu. Occasion Paptr 15 

Tohari. A. Nishigakl. M and Komatsu. M (2007). Laboratory Rainfall-induced Slope 

Failure with Moisture f  oment Measurement Journal of Geotechnical and 

Geoenvironmenial Engineering 13 3< 5 >, 575-587 

Toll. D.. Rahardjo. H and Leong, E { 1999? Landslides in Singapore Proceedings of the 

2nd International Conference on Landslides. Siope Stability and the Safety of 

Infra-Structures Singapore. 27-28 July 1999. Cl-Premier Conference 

Organisation, Orchard Plaza. Singapore 269-275.

Toil, D G (2001) Briefing: Rainfall-induced landslides in Singapore Proceedings ofthe  

Institute o f CM I Engineers - Geotechnical Engineering 149, 211-216 

Trajkovic S (2005) Temperature-Based Approaches for Estimating Reference 

Evapotranspiration. Journal of Irrigation and Drainage Engineering 13 it4k 3 16

323

Tsaparas, I Rahardjo. H . Toll. D G and Leong, E C (2002). Controlling parameters for 

rainfall-induced landslides Computers and Geotechnks 29. 1-2?

Tu X. B . Kwong, A K L . Dai. F. C . Tham. L G and Min. H (2009). Field monitoring 

of rainfall infiltration in a loess siope and analysis o f failure mechanism of rainfall- 

induced landslides. Engineering Geology. 105(1-2), 134-150 

Tuncer E R and Lohnes, R. A (1977? As engineering classification for certain basalt- 

derived lateritic soils. Engineering Geoiogy 11(45.319-339 

van Box el. J. H (1997} Numerical Model for the Fall Speed of Raindrop in a Rainfall 

Simulator Workshop on Wind and water erosion Ghent. Belgium. 

van Genuchten. M T (1980) A closed-form Equation for Predicting the Hydraulic 

Conductivity of Unsaturated Soils Soil Science Society o f America Journal. 44(5). 

892-898

van Genuchten, M T and Pachepsky. Y A  ( 201 i ). Hydraulic properties o f unsaturated 

soils Encyclopedia o f  Agrophysics (pp. 368-376ISpringer 

Vanapalli. S., Fredlund. D . PufahL D and Clifton, A (1996) Model for the prediction of 

shear strength with respect to soil suction Canadian Geotechmcai Journal 33(3). 

379-392

Walter. M T . Kim. J. S . Steenhuis, T S.. Pariange. J Y . Heiiig. A . Braddock. R D . 

Selker. J. S. and Boll, j (2000). Funnel ed Flow Mechanisms In a Sloping Layered 

Soil Laboratory investigation Water Resources Research 36(4.t  841 -849



Vanful. E. k  . Morteza Mousavi, S. and De Souza. L P ( 2006). A numerical study of soil 

cover performance Journal o f Environmental Management SKI). 72-92 

Vanful. E K.. Riley. M. D . Wovshner. M R and Duncan, i 11993} Construction and 

monitoring of a composite soil cover on an experimental waste-rock pile near 

Newcastle New Brunswick, Canada. Canadian Geotechnical Journal. 30(4), 588

590.

Yang. H , Rahardjo, H and Leong. E C (2006) Behavior of unsaturated layered soil 

columns during infiltration Hydrologic Engineering I 114 i. 329-337 

Yang, H.. Rahardjo. H Leong E C. and Fredlund. D. G (2004a) A study of infiltration 

on three sand capillary barriers. Canadian Geotechnical Journal 41(4). 629-643. 

Yang. H , Rahardjo. Wibawa, B. and Leong, E C (2004b) A Sod Column Apparatus 

for Laboratory Infiltration Study ASTM geotechnical resting journal 27(4 k 347

355

Veh. H. F . Lee. C C and Lee, C H (2008) A rainfali-infsltration model for unsaturated 

soil slope stability J. Em iron. Eng. Manage. 18(4). 261-26S.

Yoshioka. M . Takakura. S.. Ishizawa. T and Sakai. N (20151 Temporal changes of soil 

temperature with soil water content in an embankment slope during controlled 

artificial rainfall experiments. Journal o f Applied Gmphwics 114(0). 134-145 

Yunusa. G H . Kassim, A and Rashid. A S. A. (2015) Influence of transport Layer on 

Transient Suction Distribution in a Two-Layered Slope. Jama! Teknologi. 720). 

59-74

Zaslavsky. D and Sinai. G (19Sla? Surface hydrology, HL Causes of lateral flow 

Hvdraul Dn. Am. Soc. Ch . Eng. 107. 37-52.

Zaslavsky. D. and Sinai, G. (1981b? Surface hydrology, IV. Flow in sloping layered soil 

Hydrmtl. Div. Am. Soc. Civ. Eng. 107. 53-64 

Zezere. J L . Trigo, R M and Togo, 1 F (2005). Shallow and deep landslides induced by 

rainfall In the Lisbon region (Portugal) assessment of relationships with the North 

Atlantic Oscillation Sutural Hazards and Earth System Sciencc SO), 331-344 

Zhan. L T Jiao. \ \  Kong. L and Chen. Y M (2014) Long-Term Performance of a 

Capillary-Barrier Cover with Unsaturated Drainage Layer In a Humid Climate 

Geo-Congress 2014 Technical Papers. I S5pp 1890-1899 

Zhan. T and Nig C ( 2004? Analytical Analysis of Rainfall Infiltration Mechanism in 

Unsaturated Soils International Journal o f  Geomechanics 4(4?. 273-284



Zhan T L T . LI. H . Jia. G W.. Chen. V M and Fredlund, D G. (2014) Physical and 

numerical study of lateral diversion by three-layer inclined capillary barrier covers 

under humid climatic conditions. Canadian Geotechnical Jftumal 51(12). 1438

1448.

Zhang. G . Li. D.. Qian. 'S' and Zhao, B (2014). Analysis o f Change Rule of Moisture 

Comem for Sosi-Slope under Rainfall Infiltration Sod Behaxiur and 

Geomechanks.. 214-223 ASCE 

Zhang. L L.. Zhang, j .  Zhang, L M and Tang W H (20111 Stability analysis of 

rainfall-induced slope failure a review Pnx eedings o f the institution o f Civil 

Engineers- Geotechnical Engineering. 164(GE5). 299-316 

Zhang. L. L Zhang. L M. and Tang. W H (2005) Ramfali-induced slope failure 

considering variability o f soil properties. Geatechnujue 5 5 0 .  183- 18S 

Zhang. Q . Wemer. A. D Avivanto. R. F and Hutson, i. L (2009). Influence of soil 

moisture hysteresis on the functioning of capillary barriers Hydrological 

Processes 23(9}. 1369-1375 

ZhiL J H and Anderson S A i 1998} Determination of shear strength of Hawaiian 

residual soil subjected to rainfall-Induced landslides. Geotechnique 4S( 1). 73-82

253


