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ABSTRACT: In this paper, the general concept of utilizing geomorphological approach to assess the stability of natural and man-made 
slopes are covered. This approach is based on the effective combination of geological and geotechnical field works and site verification using 
geotechnical primary data capture form (proforma), reliable site tools and topography survey data. The developed proforma can be used in 
the landslide inventory survey. By using this approach, the geological and geotechnical parameters such as instability factors, landslide 
processes and mechanism of slope failures can be identified. This led to a thorough assessment of the slopes. The investigations based on this 
methodological approach has allowed for an adequate consideration of the multiple factors affecting the stability that can be used in the 
design of the slope remedial works, geotechnical stability analysis as well as slope inspection and maintenance works.   
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1 INTRODUCTION 

The uncontrolled excavation techniques and application of 
‘standard’ designs have left a series of many unstable man-made 
slopes.  Some unstable slopes poses high risks to surrounding 
structures and community.  Thus, geological and geotechnical 
investigation are required to identify the hazards and risks of the 
slope instability and propose immediate action if required.  Effective 
investigation techniques are required in order to acquire sufficient 
information of the critical slopes and categorize the slopes into 
appropriate risk classes.  Proper categorization of slopes is crucial as 
this will enable the authorities or land owners to prioritize the 
remedial works for the more critical slopes. 

 
1.1 Background and appreciation of the study 

Slope stability assessment has always been a prominent subject, 
especially when man-made or disturbed slopes are involved.  This 
paper will be discussing on the application of a geomorphological 
approach to assess slope stability and landslide hazard mapping.  
This study is based on slope assessments and rectifications works 
that was done for multiple project sites in Sarawak, Kapit Division.  
Among the project sites, more than fifty slopes were assessed with 
an in house developed proforma and remedial works for three of the 
project sites are currently ongoing at the time of preparing this 
paper. 

Geomorphology is a composite science, a study of landforms 
which includes the recent times and an investigations of the 
processes that causes and alters landforms (Osterkamp, 2008).  It 
can also be defined as a scientific study of the origin and evaluation 
of topographic features created by physical, chemical and biological 
processes.  The geomorphological survey identifies important 
features such as cliffs, landslides, debris chutes/channels and allows 
further understanding of the processes that activities forming the 
current terrain and landscape (Petley, 1998).  The main interest of a 
geomorphological approach for engineering geologists and 
geotechnical engineers are the characteristics to be considered in a 
slope stability assessment and hazard analysis of present and former 
landslides, for such evidence of past instability is frequently the best 
guide to future behavior in the slopes (Varnes, 1984).  

The geomorphological mapping can also provide information 
regarding surface sediment cover and identify relevant 
geomorphological hazards such as mass movements (Bennet & 
Doyle, 1997).  

Penang Local Governments has produced a guideline, Safety 
Guideline for Hillsite Development 2012.  The guideline provides 

detailed geotechnical report formats where engineers and 
engineering geologists are required to assess the site geology, 
produce terrain maps with classifications, carry out necessary site 
investigation works and interpreting the results, carry out the listed 
geotechnical design considerations and also post-construction slope 
and site maintenance (Safety Guideline for Hillsite Development, 
2012). This study was carried out with similar contents listed out in 
the proposed report format in the Safety Guideline for Hillsite 
Development 2012.  

Similar geomorphology methods has been utilized to access 
geology related hazards.  A debris-flow hazard assessments with 
geomorphology was carried out in Bildudalur, Iceland.  The aim of 
the study was to assess debris-flow hazard by taking into account 
geomorphic preconditions, processes and sediment supply.  This 
study was carried out with field mapping and aerial photography to 
determine the general geosystem and the geomorphic situation.  
Followed by a scenario modelling where the morphometric 
parameters are determined, return periods of precipitation events 
were calculated and an analysis of debris flow volumes were 
computed.  Finally, sedimentation calculations were carried out 
determine the accumulation zones as well as potential debris flow 
zones (Glade, 2004).   

 
1.2 Aim and objectives 

Different techniques or tools may be adopted with various 
approaches for determining potentially unstable slopes.  The success 
of a study method is heavily depend on many factors such as scale 
of the study area, the accuracy of expected results and the 
availability of data (Fall et al., 2006).  Additionally, the use of 
simple field sketches may not be able to record all important 
features in a study site to the precision or accuracy required to 
access the overall condition of slopes.  Considering the problems 
mentioned above, a detailed geomorphological approach was 
developed to collect most if not all of the necessary information 
sufficient to categorize the slopes within a project site to several risk 
classes.  This approach is based on a reliable combination of 
successful geological and geotechnical investigations.  The main 
objectives of this paper are to present the following items:- 

 
i. the developed geomorphological approach for slope 

stability assessment and landslide hazard mapping, 
ii. to develop slope stability assessment and categorization 

methodology flowchart, 
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iii. to develop geological and geotechnical primary data 
capture form (proforma) to capture important features 
associated with slope instability and risks, 

iv. to compare the topographical survey data with 
Interferometric Synthetic Aperture Radar (IFSAR) data 
used for slope remedial work designs.  Important 
geomorphological features and sign of instability captured 
in the topographical survey, and  

v. to develop landslide inventory survey and detailed field 
sketches that are useful for design of the remedial works. 

To achieve these objectives, an 8-stages approach has been 
developed in this study. 

Figure 1 shows the developed slope stability assessment 
methodology as well as the relationship between the different work 
stages of the investigation method.  The principal objectives of the 
landslide inventory using proforma was to identify, map and classify 
areas of natural landslides and to assess their state of activity in 
order to establish an accurate and complete database of past and 
present slope movements.  One of the important stages of this 
method is an in depth desk study, where a proforma was first 
developed in order to ensure all-important data will be collected in 
the fieldworks stage.   

Areas of known instability were firstly delimited and base maps 
were prepared to allow site representatives to sketch all important 
features during the site assessment.  Base maps will also enable the 
site representatives to marks out specific coordinates of locations 
requiring detailed soil investigation and topographical survey.  A 
field visit will not be efficient without collecting useful information 
the following stages.  

 
1.3 General geology of the project sites 

The regional geology setting within the entire project site area is 
essentially meta-sedimentary rocks of Belaga Formation. The 
lithology of the Belaga Formation consisting of weakly 
metamorphosed sedimentary sequence of alternations of greywacke 
sandstone, siltstone and shale (Lee et al., 2004).  Generally, Belaga 
Formation comprises of sub-metamorphic and semi-metamorphic 
shale succession of huge thickness with intercalations of greywacke 
and subgreywackey sandstones.  In the Lower Rajang area, lithology 
consists of predominantly dark shale that has dynamically 
metamorphosed to argillite, slate and some phyllite; 
unmetamorphosed shale and mudstone are rare. In addition, 
subordinate greywacke sandstone and rare greywacke conglomerate, 
also occur.  The environment of deposition is fully marine 
conditions.  This rock formation covers the entire Rajang and 
Murum River.  The age of this formation falls under Upper 
Cretaceous to Upper Eocene. 

Belaga Formation can be divided into 5 subdivisions; Kapit 
Member, Pelagus Member, Metah Member, Bawang Member and 
Layar Member.  The project sites in this study were located at the 
Pelagus member area.  Pelagus Member consists of massive 
sandstones beds with substantially thick bands of interbedded 
shales, sandstones and siltstones.  Metah Member is made up of 
interbedded sandstones and shales.  Bawang Member consists of 
hard massive sandstone interbedded with bands of sandstone, shale 
and siltstone and shows weak regional metamorphism. 

 
2 GEOMORPHOLOGICAL APPROACH 

2.1 Data collection / desk study 

Data collection and desk study involves several major processes for 
the assessment; namely, data collection from authorities such as 
Jabatan Mineral dan Geosains (JMG), Department of Irrigation 
Drainage (DID), preparation of base maps with IFSAR data 
purchased and development of proforma. 
 

 
Figure 1 Methodology flowchart  

 
IFSAR data was utilize to generate base maps during the desk 

study stage as IFSAR has wide coverage of the project area, can be 
made available within a short period of time and comes with a 
relatively low price.  The data was sufficient to provide an initial 
guidance of the general terrain of the project site where geologist 
and engineers can sketch the faults and potential hazards on the base 
maps.  Throughout the project, IFSAR data was found to be 
relatively accurate only in sparsely vegetated areas with relatively 
low slopes (NOAA Coastal Services Center, n.d.).  Data for densely 
vegetated areas with rugged terrains were found to be relatively 
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inaccurate with large deviations in height and also horizontal 
distances up to approximately 30m. 

Accuracy variation of IFSAR can be due to the viewing angle of 
the radar or obstructions such as trees and infrastructures (Mercuri 
et. al. 2005).  Figure 2 shows an example of the possible accuracy 
variation of IFSAR compared to a topographical survey.  
Topographical surveys was proposed for locations with slopes that 
were access with high risk of failure (very critical) in order to carry 
out detailed engineering design to rectify the problem. 

 

 
Figure 2 Comparison of IFSAR and topographical survey 

 
A proforma was also developed during the desk study.  The aim 

of proforma was to collect quantitative and objective information on 
a large number of slope instability events by both engineering 
geologists and geotechnical engineers.  The pieces of information 
that are included in the primary data capture forms (proforma) are: 

 location of the tower  
 soil and geology  
 soil plasticity 
 geological structures 
 geomorphology 
 hydrogeological and surface water 
 geotechnical parameters including existing slope protection 

measures 
 any sign of instability 
 suspected failure type (if applicable) 
 damage observed on tower site (if applicable) 
 
Generally, field investigation and mapping were carried out and 

related information has been recorded.  At each location, the 
observation point was determined using GPS.  Important features 
listed are relevant to the geohazard and slope stability assessment 
study; 

 structural geology especially bedding orientation,  
 landslide geometry and extent, 
 landslide scarps,  
 tension cracks,  
 seepages / water flows / runoff,  
 existing artificial drainage or earth drain, 
 water discharge points, 
 severity of gully erosion, 
 vegetated / barren areas, and 
 settlements and sinkhole. 
 

All the relevant observations made on site were recorded in the 
proforma developed during the desk study stage.  Other than 
proforma, the observations were also recorded in the form of; 

 sketches of plan view (Figure 3) and cross sections (Figure 
4) on natural scale, based on IFSAR base maps 

 photographs showing the recent conditions of the project 
sites and their surroundings (with the direction of the 
photographs taken and coordinates) 

 geological terrain maps capturing landslide scarp, erosion 
failure, tension crack, footings of the towers, as well as 
information on geology and geological structures. 

 

 
Figure 3 Plan view sketch  

 

 
Figure 4 Cross section 

 
Tools that have been used during field mapping and site 

investigation are as follow; 
 Laser range finder – to measure distance, angle and height 

of slope, 
 Handheld GPS – to record co-ordinate of any site features; 
 Geological hammer – to be used for field identification for 

rock strength, 
 Pocket penetrometer – to measure soil strength (unit in 

tonne per square feet – t/sf), 
 Camera with time-stamp capability – to provide photos with 

co-ordinates and direction, 
 Compass and clinometer – to measure direction and angle of 

slope, and 
 Measuring tape – to measure small scale features such as 

tension cracks. 
 
All available data recorded during field investigation and 

mapping using proforma will be assessed to rate the project sites.  
The two main contributing documents for the project site rating will 
be the hazard maps and risk maps.  In general, hazard maps were 
mapped based on the physical properties or faults observed on site 
such as soil type, tension cracks, seepage problems and water 
ponding.  Unlike hazard maps, risk maps were mapped based on 
slope terrains and slope types. 

Hazard maps were rated based on 4 main groups, soil and 
geology, geomorphology, hydrological / surface water and 
geotechnical parameters.  Each hazard parameter was allocated with 
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a relative weight to indicate their importance and influence as a 
contributor to potential slope hazards.  The completed hazard score 
or weightage were then cumulated and a hazard rating will be 
allocated to the accessed slopes as shown in Figure 5.  An example 
of hazard rating is shown in Table 1. 

Risk maps were graded based on the combination of two factors 
as shown in Table 2.  The slope gradients were first estimated with 
the available IFSAR data and reconfirmed with the measurements 
taken during the fieldworks.  The slope types, natural slopes or man-
made slopes were differentiated based on the weathering profile of 
the slope and material types on the slope faces.  In general, cut 
slopes usually expose different weathering grades such as exposure 
of rocks on a slope face.  On the contrary, loose materials or 
imported materials are usually found on the face fill slopes.  The 
slope rating and grading of individual slopes within a designated site 
were then accumulated before the slopes are categorized to the 
specific classes shown in Table 3. 
 

 
Figure 5 Hazard map 

 
Table 1 Hazard rating 

Rating Hazard 
I No indicators for slope instability 
II Slope instability problems are unlikely to be 

present 
III Possibility of slope instability problems after 

major change in ground conditions 
IV Significant potential for slope instability with 

relatively small change in ground conditions 
V Very significant potential for slope instability, 

active or inactive landslides may be present 
 

 
Figure 6 Risk map 

Table 2 Slope grading 

Grade 
Slope 

Gradient 

Associated Risk 
Natural 
Slope 

Man-Made Slope 
Cut Fill 

1 0o – 15o Low Low Low 
2 > 15o – 25o Low Low Low 

3A >25o – 35o Medium Medium - 
3B >25o – 35o - - High 
4A > 35o High High - 
4B > 35o - - Very high 

 
Table 3 Slope categorization 

Category Description 
Class 1 
Very Critical 

Slopes within the project sites has been 
identified with high risk of failure and may 
damage the structures and infrastructures 
nearby. Immediate temporary works are to 
be carried out while a detailed rectification 
works is being designed and implemented. 

Class 2 
Priority 

Slopes within the project sites has been 
identified with risk of failure in the long 
run if no remedial works is carried out. 
Conceptual rectification works are to be 
designed and implemented. 

Class 3 
Maintenance and 
continue monitoring 

Slopes within the project sites are to be 
monitored and necessary maintenance 
works to be carried out periodically. 

Class 4 
Maintenance only 

Necessary maintenance works to be carried 
out periodically 

 
Soil investigation works and topographical surveys were then 

proposed for project sites that were categorized as Class 1 (very 
critical) as the sub-surface soil profiles is crucial to carry out detail 
engineering design for the slope rectification works.  Topographical 
surveys were also required as IFSAR data was deemed not 
sufficiently accurate to be utilized for detailed design. 

Possible remedial works for project sites that were categorized 
as Class 2 (Priority) were proposed with the base maps and 
proforma available in order to prepare a preliminary cost estimate.  
Remedial works for project sites that were categorized as class 3 
(maintenance and continue monitoring) and class 4 (maintenance 
only) were not required as the project sites has relatively low risk of 
failure.  It is proposed that temporary surface water run off schemes 
and periodic monitoring were carried out for project sites 
categorized under these two classes. 

The developed proforma was also proposed to be utilized for 
routine engineer inspection for maintenance, before documenting 
the forms into a database recording the project site condition.  The 
slope deterioration pattern, distribution and frequency of landslide 
events become evident and can be matched against specific 
landscape and geologic attributes.  Patterns of failures and 
deteriorations can be utilized as a guide to determine future project 
study area and relative mapping priorities.  Developing such 
landslide intelligence will enable the client to overcome some of the 
significant challenges associated with unforeseen failures or 
operation disruptions. 

 
2.2 Analysis, interpretation and design for remedial works 

The analysis of data collected from the proforma shows that the few 
major causes of the slope instability and deterioration were probably 
due to, surface runoff, ground water seepage, unfavourable geology, 
very steep existing slopes and push over materials from previous 
construction works.  The planned methodology has enabled 
engineering geologists and geotechnical engineers to collect 
valuable data required for the slope rectification design.  Among the 
relevant data collected with the proforma and other mentioned 
methods were, soil surface strength (collected with pocket 
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penetrometer), photographs of soil or rock type of the ground/slope 
surface (camera with the ability to record directions and coordinates 
of the photo taken), photographs of slope failures (Figure 7 and 
Figure 8), seepage locations with the estimated flow rate and 
direction of fallen trees indicating the type of failure. 

 

 
Figure 7 Landslide scarp 

 

   
Figure 8 Tension crack 

 
The collected soil strength of exposed surface plays a crucial 

role in the engineering design as the method of treatment is heavily 
dependent of the soil/rock types.  With only limited numbers of 
borehole information available, the soil strength and soil type 
recorded with the proforma has complemented the soil investigation 
works in a great extent.  Eroded slope surfaces or failed earth slopes 
will require treatments such as removal of loose and unsuitable 
materials before reconstructing the slope with reinforced or 
unreinforced fill material.  On the contrary, exposed rocks will 
require different types of treatments such as shotcreting with or 
without rock bolts/dowels.  Information on the type of rocks and 
rock structures (faults and beddings) enables the designers to refine 
their design.  For example, argillaceous rocks such as sheared and 
brittle shale or mudstone will require shotcreting to prevent the 
material from weathering elements and deteriorating when exposed 
to weathering, whereas, massive sandstones without daylighting 
planes may not require any slope protection.  

Phreatic level of the project sites was modelled with Geostudio, 
Seep/W was calibrated with the ground water seepage flowrate 
recorded during the fieldwork stage and ground water level recorded 
from exploratory boreholes.  A well calibrated model is required to 
produce an optimum design for rectification works.  Phreatic level 
of a slope will determine the need of a drainage blanket and 
horizontal bored drains length required for a slope rectification 
works. 

 
2.2.1 Surface water and groundwater management 

For long-term stability, in order to prevent shallow slips at the slope 
shoulders and softening of the slope toes.  It is prudent to provide a 

continuous layer of sub-surface drainage blanket (Figure 9) to 
effectively cut off the phreatic level from having direct contact with 
the slope shoulders and toes. This design will be able to minimise 
seepage and pore water pressure built-up, both of which may cause 
the slopes to deteriorate over time.  

 

 
Figure 9 Typical sub-surface drainage blanket 

 
Apart from the drainage blanket, double-cased inclined drains 

(Figure 9) will also be provided to the slopes as necessary to 
promote efficient drainage of groundwater from within the rock or 
soil.  Double-cased inclined drains were preferred as the inner 
sleeve of the bored drains can be pulled out for maintenance in the 
event of any clogging problems occur.  The proposed rectification 
works also calls for the provision of berm and toe drains to properly 
channel away the groundwater seepage and surface runoff on the 
slope face.  Provision of efficient drainage system will ensure 
efficient discharge of large volume of water so as to decrease the 
amount of water that infiltrates into the underlying soil layers. 
 
2.2.2 Slope design 

Stability analyses for the slopes within the project sites was done 
using Geostudio Slope/W.  The program uses limit equilibrium 
analysis which assesses the ratio between resisting forces and 
driving forces.  Geostudio Seep/W is used to model the pore-water 
pressure conditions within the slope, which will then be imported 
into Slope/W to compute the factor of safety of the slope as shown 
in Figure 10.  This process will was carried out for all the proposed 
slope remedial works to ensure that the required factor of safety is 
achieved. The lowest factor of safety (FOS) in the analysis is 
assessed by either searching through potential circular / wedge 
failure surfaces and / or analyzing a fully specified failure surface. 

 

 
Figure 10 Geostudio slope stability analysis 

 
In order to construct a stable slope, it is crucial to bench into 

competent ground.  Benches were formed by cutting off the loose or 
unsuitable materials on the original slopes to gradients varying from 
1V:1H to 2V:1.  In order to maintain its stability, each bench is 
limited to a height of not more than 2.0m high (Tensar International 
Limited 2011). 

The final geometry of the proposed rectification work on the 
slope will involve filling of compacted suitable materials to form 
slopes with gradient of 1V:1.5H or 1V:1H for both unreinforced and 
reinforced slopes, as shown in Figure 11.  All fill slopes will have 
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2.0m wide berm to sufficiently accommodate the berm drain while 
leaving adequate access for personnel carrying out routine 
maintenance works in future.  Reinforced slopes are slope 
constructed with mechanically stabilized earth (MSE) methods.  
One of the types of MSE slopes used for these project sites are 
slopes constructed with layers of reinforcing elements such as 
geogrids and geotextile at specific intervals during compaction of 
the earth fill slopes (Research Designs and Standards Organisation 
2005).  The key benefit of MSE systems are; 

 Cost-effective construction technique, 
 Improved soil shear resistance, 
 Improved performance of on-site soil, 
 Minimization of land acquisition as construction of slopes at 

angled at varying degrees are possible and 
 Reduced construction time. 
 

 
Figure 11 Unreinforced and reinforced slopes 

 
Along areas of high and steep cuts, rock bolts and / or shotcrete 

(Figure 12) are proposed as measures for strengthening and/or 
protecting the exposed slope surfaces from further deterioration 
upon exposure to weathering.  This type of protection is especially 
crucial for excavations into sedimentary rock slopes with bedding 
planes daylighting into the exposed slope surfaces, as well as due to 
limitation in vegetation growth as a result of minimal presence of 
suitable soil cover.  Implementation of these slope reinforcement 
methods will be based on the recommendations of the geotechnical 
engineer / engineering geologist once these slopes are cut and its 
inherent geology structures exposed for subsequent geological 
mapping and interpretation.  This method will also be proposed for 
locations where steep cuts on residual soil is crucial due to 
limitations such as space constrains (U.S. Department of 
Transportation, 2015). 

 

 
Figure 12 Slope with shotcrete and soil nails/rock bolts 

The existing condition around the project site was also taken 
into consideration during a rectification design in order to avoid 
damages on the existing slopes.  Merging the newly design slopes to 
the existing slopes is also crucial in order to avoid any undesirable 
steep slopes introduced during and / or after the slopes rectification 
construction stage.  A completed rectification works design with 
combination of several slope rectification methods such as re-
profiling of slopes, shotcreting with rock dowels and ground as well 
as surface run-off management is shown in Figure 13.  The 
geomorphological approach to assess slope stability has been proven 
to be a practical method as detailed designs has been produced with 
the successfully collected data. 

 

 
Figure 13 Completed rectification works design. 

 
3 CONCLUSION 

Slope stability assessments of natural and man-made slopes with the 
geomorphological approach was found to be an effective and 
efficient method based on the completed and also on-going projects.  
Careful planning during the desk study stage is crucial as the 
designers will have to ensure all required data are collected during 
the fieldwork stage in order to prevent abortive or repetitive works.  
Based on the completed field assessments and constructing projects, 
it can be deduced that documents such as proforma and base maps 
were the key success of the projects.  Information collected from 
these documents has enabled engineering geologists and 
geotechnical engineers to successfully access the severity of the 
project sites and select the sites that requires further investigation 
works.  Rectification works for two of the project sites are currently 
on going after detailed designs were carried out based on the soil 
investigation works results and topographical survey.  Project sites 
that were categorized as less critical were designed with only the 
proformas and sketches documented during the fieldworks.  The 
preliminary designs carried out were sufficient to produce general 
design concepts and cost estimated for clients to plan for detailed 
designs as well as remedial works. 
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