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ABSTRACT

Slope failure has become a major concern in Malaysia due to the rapid development
and urbanization in the country. It poses severe threats to any highway construction
industry, residential areas, natural resources, as well as tourism activities. The extent
of damages resulted from this catastrophe can be lessened if a long-term early warning
system to predict landslide prone areas is implemented. Thus, this study aimed to
develop key indicator tools to predict shallow slope failure based on soil chemical
properties and soil color variables. The concentration of each soil properties and
chromaticity in both stable and unstable slope soil samples was evaluated using ICP-
MS and Remote DRA Cary-50 chroma meter from two different localities that consist
of 120 soil samples located along the South Highway (PLUS) and the East Coast
Highway (LPT). This study established a marked difference (P<0.0001) of positive
correlation between soil properties concentrations and slope failures. Soil texture, total
organic carbon (TOC), soil pH, iron oxide and aluminium concentration were the
environmental variables that strongly correlated with soil color variables at the studied
area. Indicators that could be used to predict shallow slope failure were high value of
L* (62), low values of c* (20) and h* (66) with indication between 5 YR to 10 YR,
low concentration of iron (53 mgkg™) and aluminium oxide (37 mgkg™), low soil total
organic carbon (0.5%), low soil cation exchange capacity (3.6 cmol/kg), slightly
acidic (pH 4.9), high amount of sand fraction (68 %) and low amount of clay fraction
(20%) in soil particles. The reactions and distinctive changes of soil properties
between stable and unstable slopes were emphasized as results of highly significant
differences were perceived between soil properties, the locations, slope stability and
combinations of all interactions. By identifying the key factors controlling slope
stability, a greater understanding of how the properties of Oxisols influenced the slope
stability in response to interactions with environmental factors would be gained.
Besides, the control of such damaging effects would require proper soil conservation
strategies such as proper land leveling, afforestation, fallowing, terracing and
inclusion of restorative vegetation on the slopes. Therefore, new rating system for
shallow slope failure can be developed by implementing these findings as key
indicators. The approach of using soil properties to predict the landslide prone areas
has never been verified in highway construction industry and also in other industries
in Malaysia. This approach is appropriate to be implemented as an indicator to
categorize the prospective areas of unstable slopes and simultaneously helps in
improving slope stability and safety for future development. Additionally, the mass
movement also can be avoided by identifying the areas with the probability of
experiencing slope failures at the preliminary phase of development.
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CHAPTER ONE

INTRODUCTION

1.1 RESEARCH BACKGROUND: SOIL EROSION AND GLOBAL AGENDA

United Nations (UN) and other international organizations have produced numerous
reports in relation to the need to emphasize on soil studies and the establishment of
adequate soil information. World leaders had adopted the United Nations Millennium
Declaration in September 2000 to set out the Millennium Development Goals
(MDGs). Series of references and recommendation regarding soil health and the
relationship between unhealthy soil and poor soil management were made and
reinforced in the MDG reports (UN Millennium Project, 2005). An annual report of
Human Development was published by UNDP to measure and evaluate the
developmental progress since 1990. The information regarding soils only started to be
reported in 2003 Human Development Report and soils were only mentioned in few
parts of the report which generally directed on the soil degradation and nutrient
depletion and other issue such as indigenous soil was also stated in the sequential
reports. Moreover, the latest report regarding soils discussed on the significance of
soil to perform as sinks and sources of greenhouse gases, soil fertility failure, soil
erosion and the effects to the future development (UNDP, 2007). Essentially, the
information on soils with other related information and their revolution such as new
technologies to solve problems regarding soils in the reports are very crucial as this
global agenda is frequently asked and utilized by the other scientific disciplines,

society, decision and policy makers.



Healthy soils are needed by all communities and societies for various reasons
such as for economic and social well-being and provision of ecosystem goods and
services (Millennium Ecosystem Assessment, 2005). Thus, it is essential to monitor
the quality of soils and to gather the information on their functions and properties.
With these information, numerous benefits can be gained including protection of the
environment via interactions between soils, water and air, maintenance of habitats and
biodiversity, preservation of archaeological residues, establishment of a platform for
structure and provision of raw resources (Blum, 2005). The European Communities
Framework Directive has formed the foundation for the proposed legislative
protection of soils and has recognised the necessities for soil protection and
management within the UK policy framework via the recognised implication of these
functions (Commission of the European Communities, 2006a, b; SEPA, 2001; Defra,
2004; Environment Agency, 2004; Towers, 2006). However, these policies face
several challenging scientific issues as soils are amongst the most complex systems on
the planet.

Soils have been categorised as one of the main features of the natural resources
in terrestrial ecosystems. In order to manage and monitor soils at local, regional and
national-scales, there is a need to improve the list of requirements in the policy. Yet, it
remains unclear which properties of soils are most appropriately monitored due to the
extensive series of goods and services and the inherent chemical, physical and
biological complexities contained in soils. The physio-chemical properties of soils
have hitherto provided the fundamental context in which such functions operate and
have clear utility in assessing ecological status and the majority of soil processes are
driven by the soil biota. Nevertheless, a mechanistic understanding of the interactions

between soil biodiversity and its role is indisputably complex and continuously



indescribable both in relation to the soil as an ecosystem in itself or as part of a greater
ecosystem (Bardgett et al., 2005; Fitter et al., 2005; Hooper et al., 2005).

Generally, industrialized and developing countries give great impacts to Nature
such as soil erosion and land degradation resulting from the increasing population and
enlargement of settlements and life-lines which are located at hazardous areas. To
supervise these natural hazards, major forces and rational land-use procedures by the
third world countries are necessary. But, they are causing difficulties to them since the
costs for the works are expensive. Same goes to the industrialized societies as they are
unwilling to pay the costs in structural procedures that can minimize natural risks. In
addition, the soil erosion trend has increased significantly owing to improper changes
in land usage and ranked10th among the most devastating natural disasters in the
world occurring across almost all terrains with steep slopes singled out as the most
susceptible to sliding (Schuster and Highland, 2003; Highland and Bobrowsky, 2008;
Leroy and Grachera, 2013). Marques (2007) reported an annual rate of soil erosion of
30-40 tonne/ha in developed countries of Asia, Africa and South America. On a
global scale, the annual loss of 75 billion tons of soil costs the world about US$400
billion per year or approximately US$70 per person per year (Eswaran, 2008). Soil
erosion from catchments with natural forests is minimal, but levels of soil erosion tend
to increase when natural forest is changed to tree crop plantations. Significant
dissimilarities usually depend on the soil properties, site influences and management

practices (Towers, 2006).

1.1.1 Soil Erosion and Highway Construction Industry

One of the factors increasing the soil loss is the road construction that involves the

processes of cutting and filling the slopes, removal of forest vegetation and



