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The major geotechnical engineering problems confronted constructions and structure 

designs on Kuala Lumpur Limestone bedrock in Kuala Lumpur are: cavities, sinkholes, 

pinnacles, excavation collapses and irregular surface of limestone bedrock. To address 

these problems, a set of techniques were developed for (1) automatically detecting 

regional geological structures, (2) detecting geological structure intersections 

(dissolution zones) and their associated extreme karst features, and (3) visualizing 

geological structures and their associated karst features. These techniques include 

geological prediction model, hydro-morphological model and moropho-visualization 

model. These techniques were applied to Kuala Lumpur Limestone bedrock in Malaysia, 

by focusing on the adjacent mountainous areas and the geometries of ex-opencast 

mining ponds, depressions, major rivers and soil moisture. These features were spatially 

correlated and clarified by rose diagrams and semivariogram models. 
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Visualizations technique was developed by applying percentile stretching and Soble 

filter with 10% threshold and equalization enhancement to the calculated thematic maps. 

Several new geological fractures (faults, joints and bedding plains) were detected, 

mapped and visualized for the first time using the modified methods. Their orientations 

are dominantly found in NE-SW, NW-SE, WNW-ESE and E-W directions and 

correspond well with regional tectonic zones of the South East Asia. The study revealed 

that the ridge which reflect footwall of fault zone and valley which reflect fault plain 

represent 47% and 41% respectively. 

 

In Kuala Lumpur city centre, the areas having very high probability  occurrence of 

geotechnical engineering problems show an area of 2.66 km² (5%), whereas the areas 

characterized by low susceptibility for the occurrence of natural hazard is approximately 

19 km
2
 (36.2 %) of total Kuala Lumpur area. However, the high probability occurrence 

of geotechnical engineering problems class occupies 6.1 km² (11.7%), while the 

moderate natural hazard susceptibility class occupies 9.49 km² (18%) of the map, 

indicating the overall low and moderate natural hazard susceptible of the Kuala Lumpur 

city center. 

 

In Seri Serdang area, the predictor map shows that the sites distributed on buried ex-

open pit mining ponds, swamps and extensions of geological fractures have high 

probability for the occurrence of environmental and geotechnical engineering problems. 

These sites are in Serdang Lama (east) and Seri Serdang (west) and occupy an area of 

about 2.6 km
2
, which is 42.7% of the Serdang areas (6.5 km

2
).  
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Results obtained using the developed techniques were compared to those of subsurface 

geological fractures reported by means of geophysical survey and field investigation. 

Results demonstrated the effectiveness of the modified techniques combined with 

integration of geophysical survey and field survey in detecting and visualizing 

subsurface geological structures and karst features precisely over multiscale. The 

modified techniques may be useful for mapping geological fractures in areas of high soil 

moisture where geophysical survey is difficult and/or not available and is also highly 

applicable in other parts of Malaysia or south East Asia, permitting a better 

understanding of the geotectonics and geotechnical engineering setting of the study area.   

STRAK 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 v 
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PEMBANGUNAN MODEL VISUALISASI UNTUK MENGESAN KERETAKAN 

BATU KAPUR KUALA LUMPUR BATU KAMPUR BAGI TUJUAN AKTIVITI 

KEJURUTERAAN GEOLOGI 

 

 

Oleh 

 

SAMY ISMAIL MOHAMED MOHAMED ELMAHDY  

 

 

April 2012 

 

 

Pengerusi : Profesor Shattri Bin Mansor, PhD 

 

Fakulti      : Institute Technology Maju  

 

Masalah kejuruteraan geoteknikal yang utama dalam rekabentuk pembinaan dan struktur 

hamparan batu kapur Kuala Lumpur Limestone di Kuala Lumpur merangkumi: 

kewujudan kaviti, lubang benam dan “pinnacle”, risiko runtuhan penggalian, dan juga 

permukaan hamparan batu kapur yang tidak teratur. Satu set teknik telah diajukan untuk 

mengatasi masalah-masalah seperti ini bagi tujuan (1) mengesan struktur geologi 

serantau secara automatik, (2) mengesan sempadan perantaraan struktur geologi (zon 

disolusi) beserta ciri-ciri kars terlampau yang berkenaan, dan (3) meramalkan struktur 

geologi beserta ciri-ciri kars yang berkenaan. Teknik-teknik ini termasuklah model 

peramalan goelogi, model morfologi-hidro dan model visualisasi-morofo. Teknik 

tersebut ini telahpun diguna-pakai pada hamparan batu kapur Kuala Lumpur Limestone 

di Malaysia, dengan menumpu kepada kawasan berbukit yang saling bersebelahan, dan 

juga geometri kolam lombong terguna-pakai, kawasan rendah, sungai utama dan tanah 
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lembap. Ciri-ciri ini adalah saling berhubung-kait, dan boleh dijelaskan melalui Rajah 

Rose dan Model “Semi-Variogram”. Teknik visualisasi dicipta-pakai dengan 

mengaplikasikan persentil regangan dan Tapisan Soble dengan 10% nilai ambang dan 

formula persamaan tambah-baik yang kemudiannya dikembangkan ke atas peta tematik 

yang dikira. Beberapa retakan geologi baharu (kecacatan, sendi dan dataran “bedding”) 

telahpun dikenalpasti, dipeta dan divisualisasikan untuk pertama kalinya dengan 

mengaplikasikan kaedah modifikasi ini. Orientasinya kerap dijumpai di arah NE-SW, 

NW-SE, WNW-ESE dan E-W, dan ianya bersesuaian dengan perantauan zon tektonik di 

Asia Tenggara. Kajian telah menjurus kepada penemuan bahawa “ridge” yang merujuk 

kepada kaki-dinding zon bermasalah, dan lembah yang merujuk kepada dataran 

bermasalah, adalah masing-masing 47% dan 41%.  

 

Di bandar utama Kuala Lumpur, kawasan-kawasan yang berpotensi besar mengalami 

kejadian masalah kejuruteraan geoteknik merangkumi kawasan 2.66 km
2 

(5%), 

menakala kawasan-kawasan yang paling kurang potensi mengalami kejadian sedemikian 

merangkumi 19km
2 

(36.2%) daripada jumlah keluasan kawasan Kuala Lumpur. Walau 

bagaimanapun, kelas berpotensi tinggi mengalami kejadian masalah kejuruteraan 

geoteknik merangkumi 6.1 km
2 

(11.7%), manakala kelas berpotensi sederhana 

mengalami kejadian sedemikian merangkumi 9.49 km
2
  (18%) daripada peta 

keseluruhan. Keadaan ini sejurus menggambarkan gambaran keseluruhan kawasan 

berpotensi rendah dan sederhana mengalami kejadian berbahaya di bandar utama Kuala 

Lumpur.  
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Di kawasan Seri Serdang, peta peramal menunjukkan bahawa taburan tapak di kolam 

perlombongan terguna-kambus, paya dan kawasan lanjutan retakan geologi, mempunyai 

kemungkinan tinggi mengalami kejadian masalah persekitaran dan kejuruteraan 

geoteknik. Tapak ini terletak di Serdang Lama (timur) dan Seri Serdang (barat), dan 

menempati jumlah kawasan seluas kira-kira 2.6km
2 

, iaitu 42.7% daripada keseluruhan 

kawasan Serdang seluas 6.5km
2
. 

 

Keputusan yang didapati melalui teknik ini dibandingkan dengan retakan geologi 

subpermukaan yang dilaporkan melalui pendekatan kaji-selidik geofizikal dan 

penyiasatan luaran. Keputusan daripada perbandingan ini menunjukkan keberkesanan 

teknik pengolahan ini yang digabungkan dengan integrasi kaji-selidik geofizikal dan kaji 

selidik luaran dalam mengesan and meramalkan struktur geologi subpermukaan dan ciri-

ciri kars dengan tepat berbanding “multiscale”. Teknik pengolahan ini adalah berguna 

untuk memetakan retakan geologi di kawasan tanah berkelembapan tinggi di mana kaji-

selidik geofizikal sukar dijalankan atau langsung tidak dapat dijalankan, dan juga 

banyak berguna di tempat-tempat lain di Malaysia atau Asia Tenggara. Teknik ini secara 

keseluruhannya, memberikan pendekatan yang baik untuk mendalami pemahaman 

dalam bidang kajian kejuruteraan geoteknik dan geotektonik 
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CHAPTER 1 

 

 

INTRODUCTION 

 

1.1    Background 

 

About 40% of Kuala Lumpur, Malaysia is found on highly fractured limestone bedrock and 

extreme karst features. The only outcrop of Kuala Lumpur Limestone is in Batu Caves in the 

form of hill of 213 m in height. Kuala Lumpur Limestone is carbonate rock metamorphosed 

into marble rock by thermal metamorphism (Tan, 1986a). Urban development in areas 

underlain by highly fractured limestone presents unique problem and challenge for 

geotechnical engineers and directly impacts on constructions and designing structures.  

 

Several unpredictable environmental and geotechnical engineering problems have occurred 

during construction and designing structures over Kuala Lumpur Limestone. For example, 

the Petronas Twin Towers have been shifted 500m away from their proposed location to one 

entirely within the Kenny Hill formation (meta-sediments).  

 

This is due to the geological fractures and karst features forming an irregular surface of 

Kuala Lumpur Limestone bedrock, described as the worst terrain in the world (Tan, 1986a; 

Tan, 1986b; Tan, 1987; Azam et al., 1996; Gue et al., 2001; Xeidakis et al., 2004; Zabidi et 

al., 2006; Samy et al., 2010a,b; Samy et al., 2011a,b).  In addition to cavities and sinkholes, 

geological fracture displacements show unpredictable piling problems.  
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Although construction sites were basically scanned and tested using an integration of 

geophysical methods and boreholes, several unpredictable geotechnical engineering 

problems in terms of piling stuck, piling deflection and wall excavation collapses were 

encountered. The limitations of these methods come out from the fact that the fault zones 

may extend for more than 500 m width and hundred kilometers in length. This demonstrates 

the need for a powerful tool to precisely map the geological and karst features on a large 

scale, whilst at the same time being time and cost effective.  

 

The use of remote sensing permits the revealing and mapping of geological fractures that are 

associated with unpredictable geotechnical engineering and piling problems. In general, most 

mapping and modelling of geological fractures has been applied from optical remote-sensing 

using visual interpretation (Arlegui and Soriano, 1998; Leech et al., 2003; Ricchetti and 

Palombella 2005; Hung et al., 2005), and directional and non-directional filters (Koch and 

Mather 1997; Suzen and Toprak, 1998; Samy 2006; Rammli et al., 2009). 

 

Geological fractures have been modelled using the study of the periodicity of geological 

fractures in a digital elevation model using semivariogram and Fourier transform analysis  

(Harrison and Lo 1996; Jordan et al. 2005; Koike et al., 2006), and the use of wavelet 

transform analysis to study the spatial pattern and morphometry of a single geological 

fractures (Curran, 1988; Jordan et al., 2005).  
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Several computer softwares and automatic detection algorithms have been used to extract 

geological fractures in mountainous areas (Koike et al., 1995; Koike et al., 1998; Karnieli et 

al., 1996; Arlegui and Soriano, 1998; Argialas and Mavrantza, 2004; Kocal et al., 2004; 

Mostafa and Bishta, 2005; Hung et al., 2003; Masoud and Koike, 2011). Most of these 

studies have dealt with surface geological fractures in rough mountainous areas, using optical 

and active remote sensing where the geological features can be easily discriminated.  

 

The most important geomorphic elements for both studying and revealing subsurface 

geological fractures are average elevation, average slope and organization strength (Guth, 

2003). Average elevation represents a primary controlling on climate for precipitation and 

erosion; slope depicts the surface roughness of the landscape, while organization values 

measure the tectonic activity responsible for terrain deformation (Guth, 2003). Terrain 

characterization, flatness parameters and organization of relief are methods of spatial analysis 

which involve rules of correspondence between real entities (ridges and valleys) and 

numerical forms (classes).   

 

In this study, geological fracture extraction and analysis using optical images presents three 

main problems. The first is environmental, a result of the areas underlain by limestone being 

covered by urban development (subsurface limestone). The second problem is that the extent 

of the geological fractures revealed in optical images is constrained by cloud and vegetation 

cover, which produce bias. The third problem is that the study area has a characteristically 

low slope and relief.  
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The use of a RADARSAT images and the digital elevation model (DEM) can be used to 

recognize and map the geological and geomorphological features of areas covered by 

vegetation and urban development.  

 

These features include the ridges which reflect the footwall of subsurface faults and valleys 

(channels) which reflect the subsurface fault zones. The integration of visual interpretation 

and topographical fabric algorithm (Guth, 1999b) via the use of a digital elevation model 

(DEM) to create a map of ridges and valleys has proven particularly successful.  

 

The use ridges and valleys represent an advance in terrain characterization and subsurface 

geological fracture extraction in a DEM, but cannot reveal and detect a regional fault zone 

curvilinear in shape (Jordan et al., 2005). Thus, visual and automatic methods are also 

required for geological fracture extraction. In this research, we developed morphometric 

techniques to map, visualize and spatially analyze the surface and subsurface geological 

fractures that are associated with unpredictable geotechnical engineering and piling 

problems.  

 

The most remarkable aspect of the integration of the developed techniques is its application 

on a terrain analysis basis. The main objective of this research is therefore to precisely detect, 

visualize and analyze the spatial pattern of subsurface geological fractures and their 

associated karst features of the Kuala Lumpur limestone bedrock.  
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We also aim to provide a more detailed view of the geotectonic and geotechnical engineering 

setting of one of the worst (fractured) terrains in the world and compare them with adjacent 

mountainous areas (granite and Kenny Hill formation).  

 

The developed method was found on establishing spatial association between structural 

geology, geomorphology and hydrology. It should be based on integrating surface and 

subsurface modelling. The model can be established based on significant relationship 

between its parameters namely aspect, slope, plan convexity (planc), cross sectional 

curvatures (crosec), minimum curvatures (minic) and maximum curvatures (maxic), streams 

and topographic wetness index (TWI) and geological fractures and their associated karts 

features. Following such a philosophy, this study was started by studying the regional 

geologic setting and their influence on the trends and patterns of geological fractures, ex-

opencast mining ponds and rivers in the study area.  

 

Such methods can help to establish advantages and disadvantages of several modeling 

techniques and thus, can facilitate in choosing an appropriate model for detecting geological 

fractures and their associated karst features development. In addition, provide answers that 

contribute to solve the unpredictable geotechnical engineering and environmental problems 

that are closely associated with regional geological fractures and their associated karst 

features development. 
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1.2    Problem statements  

 

The major problems confronted by engineers designing structures in karst terrain are the 

difficulties in excavation, collapse of the roof over subsurface voids, subsidence of cover soil 

over sinkhole, difficulties in finding a structure over an irregular or pinnacled rock head, loss 

of water from dam reservoirs and pollution of groundwater (Chan and Hong, 1985; Tan, 

1986a; Tan, 1987; Xeidakis et al., 2004; Zabidi et al., 2006; Samy et al., 2010a; Samy et al., 

2011b). These problems have been known to be related to fault displacements, geological 

fractures intersections and their associated extreme and well- developed karst features 

(Waltham and Fookes, 2003). Geological fractures, including fault zones, joints, and bedding 

plains are essential parameters that affect the development and distribution of karst features, 

thus piling stability during construction and design (Figure 1.1).  

 

 
 

Figure 1.1: Several forms of unpredictable environmental and geotechnical engineering 

problems such as sinkholes (a), excavation collapse (b), earth surface subsidence (c), 

building collapse (d), and piling problems owing to irregular surface of limestone (e). 

These are a result of subsurface geological fractures displacements and dissolution 

zones in Kuala Lumpur limestone bedrock 
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For better understanding of the geological and geotechnical setting of the Kuala Lumpur 

Limestone, many questions can be arisen: (1) What are the spatial correlations between the 

surface and subsurface geomorphological and geological features?, (2) What is the spatial 

association among geological fractures, karst features development, drainage pattern, 

topographic wetness and surface curvature?, (3) What is the spatial relationship between 

morphometic features such as ridges, channels, peaks and pits and geological fractures and 

their karst features development?, (4) How the multi-elevation cavities and the pinnacles 

(karst features) are developed?, (5) How to detect the buried cavities and pinnacles locations 

as well as surface topography of limestone bedrock?, (6) Where are the areas that will 

succumb of geohazard and geotechnical engineering problems?, and (7) How we model the 

subsurface limestone bedrock in high urbanisation areas are covered with dense vegetation 

using remote sensing technique?  If the answers to these questions are positive, is it possible 

to detect and model the subsurface geological fractures and their associated karst features 

development? This study will address these concerns. 

 

1.3   Objectives  

 

The aim of this study is to develop a visualization model for detecting fractures in Kuala 

Lumpur Limestone for engineering purposes where most bedrock is covered by vegetation 

and urban. Such model must be a multi-disciplinary in geomorphology, hydrology, structural 

geology and geophysical survey. More elaborately, this study has the following objectives,  
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 To delineate the geological fractures cutting across the Kuala Lumpur Limestone 

bedrock by focusing on the only Kuala Lumpur Limestone outcrop in Batu Caves, the 

ex-open pit mining ponds, and the adjacent mountainous area.  

 

 To study the spatial correlation between patterns of surface geological fractures 

crosscut the Kuala Lumpur Limestone outcrops and their adjacent mountainous areas 

and subsurface geological fracture crosscutting the Kuala Lumpur Limestone by 

analysing and interpreting SAR imageries and DEM using the integration of visual 

and semi-automated methods.  

 To develop geological fractures and their associated karst features detection 

visualisation method by applying percentile stretching and a 3×3 non linear filter with 

10% threshold and equalisation enhancement to the thematic maps produced by 

Wood’s algorithm. 

 

 To develop a methodology for quantifying the spatial association between geological 

fractures and morphometric and hydrologic parameters as inputs to geotechnical 

engineering predictive mapping of geotechnical engineering problems where limited 

geological information are available.  

 

 To construct predictor maps of the areas underlain by Kuala Lumpur Limestone 

bedrock using the features extracted.   
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The above objectives are to be met by integrating various geological, hydrological and 

geomorphological database and information sources. This involves integrating geological, 

hydrological and geomorphological database into GIS environment and integration 

procedures.  

 

1.4   Scope of Study 

 

This study focuses on development of geological fractures detection visualization model in 

karst terrain using remote sensing data with the support from field observation and 

geophysical survey. This study includes the application of remote sensing and GIS in 

detection visualisation of geological fractures and karst features.  

 

The significant spatial association between geological fractures and morphometric 

parameters, elevation, slope, aspect, openness and surface curvature, and geomorphomteric 

features, stream networks and soil wetness was used to detect, map and visualise geological 

fractures and their associated karst features in Kuala Lumpur Limestone bedrock.    

 

The SAR imageries and DEM in conjunction of LiDAR data set, sets of morphometric and 

geomorphometric parameterisation and modelling together with image processing and GIS 

functionality are widely used for spatial and statistical analysis of the results in the study. The 

results were validated by conducting field investigation in selected sites and comparing the 

results of geophysical survey with modified methods. The results of modified methods 

coincide with the results from field observation and geophysical survey.   
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1.5   Significance of Study  

 

The remote sensing may increases the benefits of detection, modelling and visualisation of 

subsurface geological fractures and their associated kast features in limestone bedrock over 

multi-scale that are time and cost effective.  

 

In tropical regions, the common limitation of geophysical instruments is that soil moisture 

and traffic noise attenuate electromagnetic waves. Furthermore, the geophysical instruments 

cannot scan regional fault zones of tenth kilometers in length and hundred meters in width.  

 

This study, the first attempt, presents a geological fractures and cavities detection and 

visualization model based on integration between geomorphology, hydrology and structural 

geology by using remote sensing data, GIS and geophysical survey in karst terrain for 

engineering purposes to the Kuala Lumpur Limestone. The proposed model offers better 

understanding of the geologic, geotechnical and geomorphologic settings of Kuala Lumpur 

Limestone and could be the reference for the geologists and the geotechnical engineers. This 

model presents precise mapping and accurate results and solves the bias of geological 

fractures and their associated karst features detection by using geophysical instruments. 
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1.6   Thesis organisation  

 

This dissertation synthesises results of the research work to develop geological fractures and 

cavities detection visualisation model in karst terrain for engineering purposes.  

This research an anthology of ten scientific articles published in conference proceedings and 

peer-reviewed international journals since 2008. This thesis is organised into five chapters. 

The first chapter is the introduction that explains the background of geotechnical engineering 

problems that are closely associated with geological fractures and cavities. It also includes 

the objectives, scope and the significance of the study.  

 

Chapter two is about the literature review that presents the methods, models and concepts 

done in geological fractures and their associated karst features using geophysical survey, 

remote sensing and GIS. The study area, datasets description, includes DEM accuracy 

assessment, established and new and modified methods for detection and visualisation 

geological fractures and their associated karst features. Chapter three presents the procedures 

and techniques that used for modelling approach. These include data preprocessing, data 

processing, feature recognition and geophysical survey and field observation. Chapter four 

presents the results, main findings and discussions. Chapter five presents the summaries of 

the research and provides suggestions for further research. 



© C
OPYRIG

HT U
PM

 

 

223 

REFERENCES 

 

Abarca, M.A.  2006. Lineaments extraction from digital terrain models case study san 

Antonio del Sur area, South -Eastern area, MSc. Thesis, the international institute of 

geoinformation and earth observation.   

 

Al-Dossary, S. and Marfurt, K.J. 2006. Multispectral estimates of reflector curvature and 

rotation. Geophysics, 71: 41-51. 

 

Ambrosi, C. B. 2006. Large sackung along major tectonic features in the Central Italian Alps, 

Large Landslides: dating, triggering, modelling, and hazard assessment. Eng Geol 

83(1): 183–200 

 

Argialas, P. Mavrantza, O.D. 2004. Comparison of edge detection and Hough transform 

techniques for the extraction of geologic features. In: Proceedings of the geo-imagery 

bridging continents XXth ISPRS Congress, Istanbul, Turkey.  

 

Arlegui, L.E, Soriano M.A. 1998. Characterising lineaments fromsatellite images and field 

studies in the central Ebro basin (NESpain). Int J Remote Sens 19(16):3169–3185 

 

Azam, T., Hashim, H., Ibrahim, R.  1996.   Foundation design for Petronas Twin Towers at 

Kuala Lumpur City Center, 12
th

 SEGAGC, 6-19, Kuala Lumpur , p485-492  

 

Benson, R. and La Fountain, L. 1984. evaluation of subsidence or collapse potential due to 

susbsurface cavities, proceedings of the first multidisciplinary confenrence on 

sinkholes, Orlando, Florida, pp. 201-214.  

 

Bhatt, C.M., Litoria, P.K. Sharma, P.K.  2008. Geomorphic Signatures of Active Tectonics in 

Bist Doab Interfluvial Tract of Punjab, NW India. J. Indian Soc. Remote Sens. 

(December 2008) 36:361–373 

 



© C
OPYRIG

HT U
PM

 

 

224 

Bredehoeft, J.D., Belitz, K., Sharp-Hansen, S. 1992. The hydrodynamics of the Big Horn 

Basin: a study of the role of faults. AAPG Bull 76:530–546 

 

Canny, J. 1986. A computational approach to Edge detection. Computer Society,  Vol. 8. 

( pp. 679 – 698)  Washington, DC, USA.    

 

Casas, S. 1995. Salinity Assessment Based on Combined Use of Remote Sensing and GIS, 

Use of Remote Sensing Techniques in Irrigation and Drainage. FAO, Rome, Italy, pp. 

141–150. 

Chapman, C.A. 1952. A new quantitative method of topographic analysis: American Journal 

of Science, vol.250, pp.428-452.  

Chan, S.F. and Hong, L.P. 1985. Pile foundations in limestone areas of Malaysia. In: Proc. 

8th S.E. Asian Geotech. Conf., K.L. March 11-15, 1985, 4-17 to 4-28. 

 

Chikambwe, E.M. 2002. GIS-based predictive mapping for aquamarine-bearing pegmatites, 

Lundazi area, northeast, Zambia. M.Sc thesis, International Institute for Geo-

information Science and Earth Observation,. Enschede, The Netherlands. 

 

Chopra, S., Marfurt, K.J., and Alexeev, V. 2006. Practical Aspects Of Curvature 

Computations From Seismic Horizons. 76th Seg Annual International Meeting, 

Expanded Abstracts, 1712-1715. 

 

Chopra,  S. and  Marfurt, K.J. 2007a. Curvature attribute applications to 3D seismic data. The 

Leading Edge, 26,404-414. 

 

Church, R. H. and Webb, W. E.  1985. Evaluation of a Ground penetrating radar system for 

detecting subsurface anomalies, Bureau of mines, U.S. Department of the Interior. 

 



© C
OPYRIG

HT U
PM

 

 

225 

Clarke, K.C. 1986. Computation of the fractal dimension of topographic surfaces using the 

triangular prism surface area method: Computers & Geosciences, vol.12, no.5, 

pp.713-722. 

 

Clarke, K.R. 1993. Non-parametric multivariate analysis of changes in community structure. 

Aust. J. Ecol. 18, 117– 143. 

 

Cortes, A.L, Maestro, A., Soriano, M.A, Casas, A.M. 1998. Lineaments and fracturing in the 

Neogene rocks of the Almaza0n Basin, northern Spain. Geol Mag 135:255–268 

 

Cooper, A.H., Farrant, A.R. Adlam, K.A.,  Walsby, J.C. 2001. The development of a national 

geographic information system (GIS) for British karst geohazards and risk 

assessment: proceedings of the 8
th

 multidisciplinary conference on sinkholes and the 

engineering and the environmental impacts of karst. Harrisburg/Hershey, 

Pennsylvania: PELA. 

 

Cross, A.M. 1988. Detection of circular geological features using the Hough transform. Int J 

Remote Sens 9(9):1519–1528. 

 

Cox, R.T. 1994. Analysis of drainage basin asymmetry as a rapid technique to identify areas 

of possible Quaternary tilt-block tectonics: an example from the Mississippi 

embayment. Geological Society of American Bulletin 106: 571–581 

 

Cuong, N.Q., Zuchiewicz, W.A., 2001. Morphotectonic properties of the Lo River Fault near 

Tam Dao in North Vietnam. J of Natural Hazards and Earth System Sciences 1:15–22 

 

Curran, P.J. 1988. The Semivariogram in Remote Sensing: An Introduction. Remote Sensing 

of Environment, 24:493-507. 

 

Daniels, J.J. 1996. Surface Penetrating Radar. The Institution of Electrical Engineers, 

London, UK. 



© C
OPYRIG

HT U
PM

 

 

226 

Davis, J.C. 1986. Statistics and data analysis in geology. John Wiley, New York. 646pp.  

 

Davis, J. Annan, A. 1989. Ground penetrating radar for high-resolution mapping of soil and 

rock stratigraphy. Geophys Prospect 37:531–551. 

 

Degnon, J.R., Clark, S.F. Andmoore, R.B., 2001. Lineament and surface geophysical 

evidence of bedrock-fracture zones in southern New Hampshire. U.S. Geological 

Survey.  

 

Destephen, R.A., and Wargo, R.H. 1992. Foundation Design in Karst Terrain. Bull. Assoc. 

Engng Geologists, vol.XIX (2), pp.165-173. 

 

Dragut, L., and Blaschke, T. 2006. Automated classification of landform elements using 

object-based image analysis. Geomorphology, 81, 330−344. 

 

Elewa, H.H., and Qaddah A.A. 2010. Groundwater potentiality mapping in the Sinai 

Peninsula, Egypt, using remote sensing and GIS-watershed-based modeling. 

Hydrogeology Journal DOI 10.1007/s10040-011-0703-8 

 

Environmental Systems Research Institute (ESRI), 2007. ArcGIS 9.2 Software and user 

manual. Environmental Systems Research Institute, Redlands, CA. 

http://www.esri.com.Cited June 2009 

 

Evans, I. S. 1972. General geomorphometry, derivatives of altitude, and descriptive statistics. 

In R. J. Chorley (Ed.), Spatial analysis in geomorphology (pp. 17– 90). London7 

Methuen. 

 

Fedoseev, A.P. 1959. Soil moisture and terrain topography. In: Konyukhov, N.A. (Ed.), 

Agricultural Meteorology. Hydrometeorological Press, Moscow. in Russian 

 



© C
OPYRIG

HT U
PM

 

 

227 

Fitton, N.C. and Cox, S.J. 1998.  Optimising the application of the Hough transform for 

automatic feature extraction from geoscientific images. Computers & Geosciences, 

24(10): 933-951. 

 

Florinsky, I.V., 1996. Quantitative topographic method of fault morphology 

recognition.Geomorphology, 16(2): 103-119. 

 

Florinsky, I.V. 2000. Relationships between topographically expressed zones of flow 

accumulation and sites of fault intersection: Analysis by means of digital terrain 

modelling. Environmental Modelling and Software, 15: 87–100  

 

Gao, Y., Alexander, E.C. & Tipping, R.G.  2002. The development of karst feature database 

for south –eastern Minnesota. Journal of cave and karst studies, 64(1), 51-57.  

 

Ganas, A., Pavlides, S. and Karastathis, V. 2005. DEM-based morphometry of range-front 

escarpments in Attica, central Greece, and its relation to fault slip rates. 

Geomorphology, 65(3-4): 301-319. 

 

Garrigues, S., Allard, D., Baret, F., Weiss, M. 2006. Quantifying spatial heterogeneity at the 

landscape scale using variogram models, Remote Sensing of Environment 103 (2006) 

81–96 

 

Gelfand, I.M., Guberman, Sh.A., Izvekova, M.A., Keilis-Borok, V.I., Ranzman, E.Ja., 1972. 

Criteria of high seismicity, determined by pattern recognition. Tectonophysics 13, 

415–422. 

 

Geological Survey Malaysia (GSM) 1995. Geological map of Kuala Lumpur and 

surrounding areas Wilayah Persekutuan Series L8010, Part of Sheet 94a, 94b, 94d, 

94e & 94f, Digital process 1995 

 



© C
OPYRIG

HT U
PM

 

 

228 

Geological Survey Malaysia (GSM) 2001. Geotechnical map wilayah persekutuan, scale 

1:25000, series L8010 part of sheets 94a,94b,94c,94d,94e and 94f 

 

Geological survey of Malaysia (GSM) 2006. Seismotectonic Map of Malaysia scale 

1:5000,000 third edition.  

 

Gerasimov, I.P. and Korzhuev, S. S. (Eds.) 1979. Morphostructural Analysis of the Drainage 

Network of the USSR. Nauka, Moscow 304 pp., in Russian. 

 

Gerrard, A.J. 1981. Soils and Landforms an Integration of Geomorphology and Pedology. 

George Allen and Unwin, London 219 pp. 

 

Gobbett, D.J. 1964. The Lower Paleozoic Rocks of Kuala Lumpur, Malaysia. Federation 

Museum’s Journal, 9, 67-79 

 

Goossens, R., De Dapper, M. Gad, A. Ghabour, T. 1993. A model for monitoring and 

prediction of soil salinity and waterlogging in the Ismailia area (Egypt) based on 

remote sensing and GIS. In: Proceedings of the International Symposium on 

Operationalization of Remote Sensing, vol. 6. ITC Enschede, The Netherlands, pp. 

97–107. 

 

Gue, S.S. 1999. “Foundations in limestone areas of peninsular Malaysia”. Civil and          

Environmental Engineering Conference (C&EEC) New Frontiers & Challenges, 

Bangkok, Thailand. 

 

Gue, S.S. &  Tan, Y. C. 2001. The foundation system for Berjaya Times Square. Seminar on 

Mega projects: A Study on Civil Engineering Projects, University Technology 

Malaysia, Johor Bharu, Malaysia. 

 



© C
OPYRIG

HT U
PM

 

 

229 

Guth, P.L. 1995. Slope and aspect calculations on gridded digital elevation models: 

Examples from a geomorphometric toolbox for personal computers: Zeitschrift für 

Geomorphologie N.F., Supplementband, 101, 31–52. 

Guth, P.L. 1999b. Quantifying Topographic Fabric: Eigenvector Analysis Using Digital 

Elevation Models: in 27th Applied Imagery Pattern Recognition (AIPR) Workshop: 

Advances in Computer-Assisted Recognition, 14-16 Oct 1988, Washington, DC, R.J. 

Merisko, ed., Proceedings of SPIE [The International Society for Optical 

Engineering] vol.3584, p.233-243.  

Guth, P.L. 2003. Terrain Organization Calculated from Digital Elevation Models: in Evans, 

I.S., Dikau, R., Tokunaga, E., Ohmori, H., and Hirano, M., eds., Concepts and 

Modelling in Geomorphology: International Perspectives:  Terrapub Publishers, 

Tokyo, p.199-220. Available online at http://www.terrapub.co.jp/e-

library/ohmori/pdf/199.pdf    

Guth, P.L. 2008. Geomorphometry in MICRODEM, In Hengl, T., Reuter, H.I. (eds), 

Geomorphometry: concepts, software, applications. Developments in Soil Science 

Series, Elsevier, SBN-13: 978-0-12-374345-9, p.351-366.  

Gutierrez, F. 1996. Gypsum karstification induced subsidence: effects on alluvial systems 

and derived geohazards (Calatayud Graben, Iberian Range, Spain). Geomorphology 

16:277–293  

 

Harrison, J.M. and Lo, C. 1996. PC-based two-dimensional discrete Fourier transform 

programs for terrain analysis. Computers & Geosciences, 22, 419– 424. 

 

Haralick, S.Z. 1987. Image Analysis Using Mathematical Morphology, IEEE Transactions 

on Pattern Analysis and Machine Intelligence, Vol. PAMI-9, No. 4, July 1987, pp. 

532-550. 

 

http://www.terrapub.co.jp/e-library/ohmori/pdf/199.pdf
http://www.terrapub.co.jp/e-library/ohmori/pdf/199.pdf


© C
OPYRIG

HT U
PM

 

 

230 

Haneberg, W.C. 1995. Steady-state groundwater flow across idealized faults. Water Resour 

Res 31:1815–1820 

 

Heddi, M., Eastaff, D.J. and Petch, J. 1999. Relationships between tectonic and 

geomorphological  linear features in the Guadix-Baza basin, southern Spain. Earth 

Surface Processes and Landforms, 24(10): 931-942. 

 

Hengl, T., Gruber, S. and Shrestha, D. 2003. Digital Terrain Analysis in ILWIS, Lectures 

notes and user guide. International Institute for Geo-information Science and Earth 

Observation,Enschede. 

 

Hung, L.Q.,  Batelaan, O. 2003. Environmental geological remote sensing and GIS analysis 

of tropical karst areas in Vietnam. In: Proceedings of the IEEE International 

Geoscience and Remote Sensing symposium (IGARSS), Toulouse, France, vol 4, 

2964–2966. 

 

Hung, L.Q., Batelaan, O., De Smedt, F. 2005. Lineament extraction and analysis, comparison 

of LANDSAT ETM and ASTER imagery. Case study: Suoimuoi tropical karst 

catchment, Vietnam. Remote sensing for environmental monitoring, GIS applications, 

and geology. In: Ehlers M, Michel U (eds), Proceedings of SPIE, vol 5983 

 

Ibrahim, O.B., and Fang, H.T. 1985. Piled Foundation in limestone formation. In: 

Proceedings of the 8th Southeast Asian Geotechnical Conference, Kuala Lumpur, 11-

15 March, 1985, 1. Kuala Lumpur: Organising Committee, 1985, P4/45 -P4/52. 

 

ILWIS Academic 3.5  2009. International Institute for Geo-information Science and Earth 

Observation. P.O.Box 6,7500 AA-Enschede, the Netherlands.  

 

Isaaks, E.H., Srivastava, R.M. 1989. An Introduction to Applied Geostatistics. Oxford 

University Press, New York, NY (561pp). 

 



© C
OPYRIG

HT U
PM

 

 

231 

Jarvis, A.H., Reuter, A.,  Nelson, E., Guevara, 2008. Hole-filled seamless SRTM data V4, 

International Centre for Tropical Agriculture (CIAT), available from 

http://srtm.csi.cgiar.org. 

 

Jennings, J.N. 1982. Principles and problems in reconstructing karst history. Helicite  

20(2),pp. 37-51. 

 

Jenson, S.K., and Domingue, J.O. 1988. “Extracting Topographic Structure from Digital 

Elevation Data for Geographic Information System Analysis". Photogrammetric 

Engineering and Remote Sensing,Vol. 54, No. 11, November 1988, pp. 1593–1600. 

 

Jordan, G., and Csillag, G. 2001. Digital terrain modelling for morphotectonic analysis: A 

GIS framework. In H. Ohmori (Ed.), DEMS and geomorphology. Special Publication 

of the Geographic Information Systems Association, vol. 1. (pp. 60– 61) Tokyo7 

Nihon University. 

 

Jordan, G. 2003. Application of digital terrain modelling and GIS methods for the 

morphotectonic investigation of the Kali Basin, Hungary. Zeitschrift für 

Geomorphologie, 47(2): 145-169. 

 

Jordan, G., and Schott, B. 2005. Application of wavelet analysis to the study of spatial 

pattern of morphotectonic lineaments in digital terrain models. A case study.  Remote 

Sensing of Environment 94 (2005) 31–38.   

 

Karakhanyan, A.S. 1981. Recognition of amply-dimensional landslides and rock blocks torn 

and slipped down by gravity with the use of remotely sensed data. Izvestiya Vysshikh 

Uchebnykh Zavedeny,Geologiya i Razvedka 3, 130–131 in Russian. 

 

Karnieli, A., Meisels, A. Fisher, L., Arkin, Y. 1996. “Automatic extraction and evaluation of 

geological linear features from digital remote sensing data using a Hough 

Transform”, Photogrammetric Engineering & Remote Sensing, 62, 525–531. 

http://srtm.csi.cgiar.org/


© C
OPYRIG

HT U
PM

 

 

232 

Kanisawa, S., Yoshida, T. Yokoyama, R. Sirasawa, M. Kikuchi, Y. Ohguchi, T. 2000. 

Digital maps synthesized from 50m-mesh DEM: (2) Examples of typical geological 

information. The Joint Meeting of Earth and Planetary Science. 

 

Keller,  E.A., and  Pinter, N. 1996. Active tectonics: Earthquakes, uplift and landforms. New 

Jersey, USA7 Prentice Hall. 

 

Kienzle, S. 2004.  The effect of DEM raster resolution on first order, second order and 

compound terrain derivatives. Transactions in GIS, 8(1): 83-111. 

 

Kirkby, M.J., Chorley, R.J. 1967. Throughflow, overland flow and erosion. Bulletin of the 

International Association of Scientific Hydrology 12, 5–21. 

 

Kocal,  A., Duzgun, H.S., Karpuz, C. 2004. Discontinuity mapping with automatic lineament 

extraction from high resolution satellite imagery, In: Proceedings of the XXth ISPRS 

Congress, Istanbul, Turkey. Available online: http://www.isprs.org/istanbul2004/ 

comm7/papers/205.pdf. 

 

Koch,  M., Mather, P.M. 1997. Lineament mapping for groundwater resource assessment: a 

comparison of digital Synthetic Aperture Radar (SAR) imagery and stereoscopic 

Large Format Camera (LFC) photographs in the Red Sea Hills, Sudan. Int J Remote 

Sens 27(20):4471–4493 

 

Kofman, L.,  Keisar, J., Katzir, M., Levin, M. 1998. Caves and voids location along base of 

supporting wall by ground penetrating radar. Israel Geological Society (IGS), Ann. 

Meet., pp. 74 (in Hebrew). 

 

Koike, K., Nagano, S., Ohmi, M. 1995. Lineament analysis of satellite images using a 

Segment Tracing Algorithm (STA). Comput Geosci 21(9):1091–1104. 

 

http://www.isprs.org/istanbul2004/


© C
OPYRIG

HT U
PM

 

 

233 

Koike, K.,  Nagano, S., and Kawaba, K.  1998. Construction and analysis of interpreted 

fracture planes through combination of satellite-image G. Jordan, B. Schott / Remote 

Sensing of Environment 94 (2005) 31–38 37. 

 

Koike, K.,  Ichikawab, Y. 2006. Spatial correlation structures of fracture systems for deriving 

a scaling law and modeling fracture distributions Computers & Geosciences 32 1079–

1095 

 

Korobeynik, V.M., Komarova, M.V., Shtengelov, Ye.S., 1982. Permeable-faults of the Earth 

crust in the Crimea and the north-western Black Sea area. Doklady Academii Nauk 

Ukrainskoi SSR, Series B 2, 13–16 in Russian with English abstract. 

 

Korup, O., Schmidt, J. and McSaveney, M.J.  2005. Regional relief characteristics and 

denudation pattern of the western Southern Alps, New Zealand. Geomorphology, 

71(3-4): 402-423. 

 

Kristensen, L., Juliussen, H., Christiansen, H.H., Humlum, O. 2009. Structure and 

composition of a tidewater glacier push moraine, Svalbard, revealed by DC resistivity 

profiling. Boreas 38, 176–186. 

 

Lane, E.  1986. karst in Florida, the bureau of geology, special publication No. 29. 

 

Lee, Jong-Sen, 1980. "Digital image enhancement and noise filtering by use of local 

statistics" IEEE Transactions on Pattern Analysis and Machine Intelligence, Vol 

PAMI-2, No.2, March 1980, pp. 165-168. 

 

Leech, D.P., Treloar, P.J, Lucas, N.S., Grocott, J. 2003. Landsat TM analysis of fracture 

patterns: a case study from the coastal Cordillera of northern Chile. Int J Remote Sens 

24(19):3709–3726 

 



© C
OPYRIG

HT U
PM

 

 

234 

Li, Z., Zhu, Q., Gold, C. 2005. Digital Terrain Modeling: Principles and Methodology (CRC 

Press: Boca Raton, FL), 323 p. 

 

Lei, M., Jiang, X., Li, Y.  2002. New advances of karst collapse research in china: 

proceedings of the 8
th 

Multidisciplinary conference on sinkholes and the engineering 

and environmental Impacts of karst. Harrisburg/Hershey, Pennsylvania. 

 

 Lopez, D. and Smith, L. 1996. Fluid flow in fault zones: Influence of hydraulic anisotropy 

and heterogeneity on the fluid flow and heat transfer regime. Water Resour Res 

32:3227–3238 

 

Lukin, A.A. 1987. Experience in Development of Morphostructural and Hydrological 

Analysis Technique. Nauka, Novosibirsk 111 pp., in Russian. 

 

Mah, A. Taylor, G. R. Lennox, P. Balia, L. 1995. Lineament analysis of Landsat Thematic 

Mapper Images, Northern Territory, Australia.Photogrammetric Engineering and 

Remote Sensing 61, 761–773. 

 

Masoud, A., Koike, K., Teng, Y., 2007. Geothermal Reservoir Characterization Integrating 

Spatial GIS Models of Temperature, Geology, and Fractures. Proc. 12th Conference 

of International Association for Mathematical Geology, Beijing,China, August 26-31, 

(on CD-ROM). 

 

Masoud, A.A and Koike, K., 2011. Auto-detection and integration of tectonically significant 

lineaments from SRTM DEM and remotely-sensed geophysical data. ISPRS Journal 

of Photogrammetry and Remote Sensing Volume 66, Issue 6, November 2011, Pages 

818–832 

 

Meshcheryakov, Y. A. 1965. Structural Geomorphology of Plain Lands. Nauka, Moscow 390 

pp., in Russian. 

http://www.sciencedirect.com/science/journal/09242716
http://www.sciencedirect.com/science/journal/09242716
http://www.sciencedirect.com/science/journal/09242716/66/6


© C
OPYRIG

HT U
PM

 

 

235 

Mitas, L., Mitasova, H.  1999. Spatial Interpolation. In: P. Longley, M.F. Goodchild, D.J. 

Maguire and D.W. Rhind (Editors), Geographical Information Systems: Principles, 

Techniques,Management and Applications. Wiley, pp. 481-492. 

 

Mitasova, H., Mitas, L., Brown, B. M., Gerdes, D. P., Kosinovsky, I. 1995. Modeling 

spatially and temporally distributed phenomena: new methods and tools for GRASS 

GIS. InternationalJournal of Geographical Information Science 9, 443–446. 

 

Mitchell, J.M. 1985. Foundation for the Pan Pacific Hotel on pinnacled and cavernous 

limestone, Foundation Problems in Limestone Areas of Peninsular Malaysia, Proc.8
th

 

South East Asian Geotechnical Conference, Kuala Lumpur, Vol. 1, pp29-44 

 

Monckton, C. 1994. An investigation into the spatial structure of error in digital elevation 

data, Innovations in GIS 1, pp.201-211, London: Taylor and Francis. 

 

Monteiro Santos, F.A., Mateus, A. Figueiras, J. and Gonçalves M.A. 2006. Mapping 

groundwater contamination around a landfill facility using the VLF-EM method – a 

case study, J. Appl. Geophys. 60, 115-125. 

 

Moore, I. D., Grayson, R. B., & Ladson, A. D.  1991. “Digital terrain modeling: a review of 

hydrological, geomorphological and biological applications. Hydrol. Process., 5(1): 

3-30. 

 

Moore, I.D. Grayson, F. and Ladson., R.  1994. Digital terrain modelling: a review of 

hydrological, geomorphological and biological applications. In: K.J. Beven and I.D. 

Moore (Editors), Terrain analysis and distributed modelling in hydrology. Advances 

in  hydrological processes.Wiley & Sons, Chichester, pp. 7 - 34. 

 

Morelli, M., And Piana, F., 2006. Comparison between remote sensed lineaments and geolo- 

gical structures in intensively uncultivated hills (Monferrato and Langhe 

domains,NWItaly). International Journal of Remote Sensing, 26, pp. 1463–1475. 



© C
OPYRIG

HT U
PM

 

 

236 

Morozov, V.I., Kovalenko, A.P., Pasynkov, A.A., 1988. Sites of abnormallyhigh discharges 

of the Crimean Mountains. Geologichesky Zhurnal 2, 65–69 in Russian with English 

abstract. 

 

Mostafa, M.E., Bıshta, A.Z. 2005. Significance of lineament patterns in rock unit 

classification and designation: a plot study on the Gharib-Dara area, northern Eastern 

Desert, Egypt. Int J Remote Sens 26(7):1463–1475. 

 

Nagarajan, R., Roy, A., Kumar, R.V., Mukherjee, A., Khire, M.V. 2000. Landslide hazard 

susceptibility mapping based on terrain and climatic factors for tropical monsoon 

regions. Bull Eng Geol Environ 58:275–287 

 

National Mapping Malaysia (NMM). 1991. Topographical map, 1:50000, series 7030, 

edition 1-PPNM sheet 3757.  

 

Neoh, C.A. 1998.  “Design & construction of pile foundations in limestone formation” 

Journal – Institution of Engineers, Malaysia. Vol. 59, No. 1, pp. 23 – 38. 

 

Ogden, A.E. 1984. Methods for describing and predicting the occurence of sinkholes, 

procedings of the first multidisciplinary conference on sinkholes, Orlando, Florida. 

Pp.177-182. 

 

Oguchi, T. Aoki, T.  and Matsuta, N. 2003. Identification of an active fault in the Japanese 

Alps from DEM-based hill shading. Computers & Geosciences, 29(7): 885-891. 

 

O’Learly, D.W. Friedman, J.D. Pohn, H.A. 1976. Lineament, linear, lineation: some 

proposed new standards for old terms. Bulletin of the Geological Society of America 

87, 1463–1469. 

 

Ollier, C.D. 1981. Tectonics and landforms.Geomorphology texts, 6. ongman Group Limited, 

NewYork, 324 pp. 



© C
OPYRIG

HT U
PM

 

 

237 

Orellana, E. 1972. Prospeccion geolectrica en corriente continua.Ed. Paraninfo, Madrid. 

 

Paton, J.R. 1964. The origin of the limestone hills of Malaya. Journal Tropical Geography, 

18, 134 – 147. 

 

Panizza, M., Castaldini, D. Bollettinari, G. Carton, A. and Mantovani, F. 1987. Neotectonic 

research in applied geomorphological studies. Zeitschrift für Geomorphologie, 63: 

173-211.  

 

Ping, X. 2003. Digital elevation model extraction from ASTER In support of the coal fire and 

environmental research project, China. MSc. dissertation, International Institute for 

Geo-information Science and Earth Observation(ITC), Enschede, The Netherlands.  

 

Poletaev, A.I. 1992. Fault Intersections of the Earth Crust. Geoinformmark, Moscow 50 pp., 

in Russian. 

 

Pollalis, S. 2002. The Petronas Twin Towers, Kuala Lumpur, Malaysia. International 

Cooperation and Information Transfer in the Realization of the World’s Tallest 

Buildings. Harvard School Design. Publishing Division, Harvard Design School, 1 -

33. 

 

Porsani, J.L. 1999. Ground Penetrating Radar (GPR): Proposta metodolo´ gica de 

empregoem estudos geolo´ gico-geote´cnicos nas regio˜es de Rio Claro e Descalvado-

SP. DSc thesis, Instituto de Geocieˆncias da UNESP, Campus de Rio Claro-SP, 

Brasil. 

 

Porwal, A. 2006. Mineral Potential Mapping with Mathematical Geological Models. PhD 

Dissertation, International Institute for Geo-information Science and Earth 

Observation(ITC), Enschede, The Netherlands.  



© C
OPYRIG

HT U
PM

 

 

238 

Prost, G.L. 1994. Remote sensing for geologists. A guide to image interpretation. 

Amsterdam7 Gordon And Breach Science Publishers. ANNALS OF GEOPHYSICS, 

VOL. 46, N. 5, October 2003 

 

Pucci, S. Marco P.M., Pantosti, D.,and Valensise, G., 2003. Geomorphology of the Gubbio 

Basin (Central Italy): understanding the active tectonics and earthquake potential. 

Annals of Geophysics, Vol. 46, N. 5, October 2003 

 

Parkes, A.A.,  Waller, R.I., Knight, P.G. Stimpson, I.G., Schofield, D.I., Mason K.T. 2009. A 

morphological, sedimentological and geophysical investigation of the Woore 

Moraine, Shropshire, England Proceedings of the Geologists’ Association xxx (2009) 

xxx–xxx 

 

Pucci, S., Marco De Martini, P., Pantosti, D., and Valensise G. 2003.Geomorphology of the 

Gubbio Basin(Central Italy): understanding the active tectonics and earthquake 

potential 

 

Raghavan, V., Masumoto, S. Koike, K. Nagano, S. 1995. Automatic lineament extraction 

fromdigital images using a segment tracing and rotation transformation approach. 

Comput Geosci 21(4):555–591. 

 

Raj, R., Bhandari, S., Maurya, D.M. and Chamyal, L.S. 2003. Geomorphic indicators of 

active tectonics in the Karjan River Basin, Lower Narmada Valley, western India. Jof 

Geological Society of India 62:739–752 

 

Ramsay, J. and Huber, M. 1987. The techniques of modern structural geology. Volume 2: 

folds and fractures. Academic Press Limited, London. Research Systems, Inc., 2005. 

IDL Online Help. 

 



© C
OPYRIG

HT U
PM

 

 

239 

Ricchetti, E. Palombella, M. 2005. Application of Landsat 7 ETM+ imagery for geological 

lineament analysis of Southern Italy. In: Proceedings of International Geoscience and 

Remote Sensing symposium (IGARSS), Seoul, Korea, pp 5200–5203 (IEEE) 

 

Rizzo, E., Suski, B., Revil, A., Straface, S., Troisi, S. 2004. Self-potential signals 

associatedwith pumping tests experiments. J Geophys Res 109:B10203, 

doi:10.1029/2004JB003049 

 

Rode, A.A. 1953. Toward the origin of microrelief of the Northern Caspian Lowland. In: 

Glazovskaya, M.A., Gvozdetsky, N.A. (Eds.), Problems of Geography. 

Geographizdat, Moscow. in Russian 

 

Robert,  W. 2005. Excellence in Tunnel Design SMART Project, Kuala Lumpur. TIA 2005 

 

Roberts, A. 2001. Curvature attributes and their application to 3D interpreted horizons. First 

Break, 19, 85-99. 

 

Ross, H.P., Mackelprang, C. E., Wright, P. M. 1990. Dipole–dipole electrical resistivity 

surveys at waste disposal study sites in Nothern Utah. In: Ward, S.H. (Ed.), 

Geotechnical and Environmental Geophysics, Investigations in Geophysics n. 5, vol. 

II.Society of Exploration Geophysicist Press, pp. 145– 152. 

 

Rutzinger,  M. Maukisch,  M. Monteferri1, F. P. Stötter, J. 2007. Development of Algorithms 

for the Extraction of Linear Patterns (Lineaments) from Airborne Laser Scanning 

Data Proceedings of the Conference ‘Geomorphology for the Future’, Obergurgl 

2007 

 

Saha, A.K. Gupta, R.P. Arora, M.K. 2002. GIS-based landslide hazard zonation in the 

Bhagirathi (Canga) Valley, Himalayas. Int J Remote Sens 23(2):357–369 

 



© C
OPYRIG

HT U
PM

 

 

240 

Samsudin, A.R. Abu Shariah, M.  Umar, H. 1998. The use of electrical and seismic methods 

for imaging shallow subsurface structure of limestone at Batu Cave, Kuala Lumpur- 

Malaysia.GEOSEA’98 17- 19 August 1998. Shangri- La Hotel-KL. Malaysia. 20 

Pages (Extended Abstract 72-73). 

 

Samy, I. 2006. Remote sening for hydrological application in the vacinity of AlDhied, UAE. 

M.Sc thesis, University Technology Malaysia (UTM), Malaysia. 

 

Samy, I. Shattri, B. M., Rodzi, A. M. 2009. Development Detection of Fractures and Cavities 

Model for Engineering Purposes: Case Study of Kuala Lumpur Limestone 

International Symposium and Exhibition on Geoinformation 2009. August 10-11, 

2009, Kuala Lumpur 

 

Samy I.  Shattri, M.,  Rodsi, A. M.  Bujang, B. K.   2010a. Geotechnical modeling of 

fractures and cavities that are associated with geotechnical engineering problems in 

Kuala Lumpur of limestone, Malaysia, Environmental Earth Science journal 

1007/s12665-010-0497-3 

 

Samy I., Shattri, M., Bujang B. K., Ahmad R. M. 2010b. Topographic openness algorithm 

for characterizing geologic fractures of Kuala Lumpur limestone bedrock using DEM, 

Journal of Geomatics. Vol 4 No.2 October 2010. 

 

Samy,  I., Shattri, M., Bujang, B.K.,  Ahmad, R.M., 2011a. Application of terrain analysis to 

the mapping and spatial pattern analysis of subsurface geological fractures of Kuala 

Lumpur limestone bedrock, Malaysia. International Journal of Remote Sensing Vol. 

33, No. 10, 20 May 2012, 3176–3196 

 

Samy,  I., Shattri, M., Bujang, B.K.,  Ahmad, R.M., 2011b. Structural geology control the 

limestone bedrock that associated with piling problems using remote sensing and 

GIS: a modified geomorphology method. Environ Earth Sci. DOI 10.1007/s12665-

011-1440-y 



© C
OPYRIG

HT U
PM

 

 

241 

Satinder, C., Kurt, J. Marfurt, Ha, T. Mai 2009. Using automatically generated 3D rose 

diagrams for correlation of seismic fracture lineaments with similar lineaments from 

attributes and well log data 

 

Sander, P. 2007. Lineaments in groundwater exploration: a review of applications and 

limitations. Hydrogeol J 15:71–74 

 

Schaber, G., Mccauley, J. and Breed, C. 1997. The use of multifrequency and polarimetric 

SIR–C/X–SAR data in geologic studies of Bir Safsaf, Egypt. Remote Sensing of 

Environment, 59, pp. 337–363. 

 

Shahzad, F., Mahmood, S.A., Gloaguen, R., 2009. Drainage Network and Lineament 

Analysis: An Approach for Potwar Plateau (Northern Pakistan). J. Mt. Sci. (2009) 6: 

14–24.DOI 10.1007/s11629-009-0206-4 

 

Shary, P.A. 1995. Land surface in gravity points classification by complete system of 

curvatures. Mathematical Geology 27, 373–390. 

 

Siegal, B.S. and Gillespie, A. R. 1980.  Remote Sensing In Geology New York7 John Wiley 

and Sons. 

 

Smith, L. Forster, C. Evans, J. 1990. Interaction of fault zones, fluid flow, and heat transfer at 

the basin scale. In: Neuman SP, Neretnieks I (eds) Hydrogeology of low permeability 

environments. Verlag Heinz Heise, Hanover, Germany, pp 41–67. 

 

Smith, M. J. and Clark, C. D. 2007. Methods for the visualization of digital elevation models 

for landform mapping. Earth Surface Processes and Landforms, 30(7): 885-900. 

 



© C
OPYRIG

HT U
PM

 

 

242 

Speight, J.G. 1974. A parametric approach to landform regions. In: Brown, E.H., Waters, 

R.S. (Eds.), Progress in Geomorphology. Papers in Honour of D.L. Linton. Institute 

of British Geographers, London. 

 

Solomon, S. Ghebreab, W. 2006. Lineament characterization and their tectonic significance 

using Landsat TM data and field studies in the central highlands of Eritrea. J Afr 

Earth Sc 46(4):371–378. 

 

Sowers, G.F. 1976. Failures in limestone in humid subtropics. Jour. Geotech. Eng. Div., 

Proc. Am. of Civil Engineers. 101, pp. 771–787.   

 

Stangland, H.G. and Kuo, S.S. 1987. Use of Ground Penetrating Radar Techniques to Aid in 

Site Selection for Land Application Sites. Karst Hydrogeology. Proceedings 2nd 

Conference, Orlando, Florida. pp.171-177. 

 

Star, J. Estes, J. 1990. Geographic Information Systems: An Introduction, Prentice Hall, 

Englewood Cliffs, N.J., 303p. 

 

Stauffer, P.H. 1968. The Kuala Lumpur fault zone: a proposed major strike-slip fault across 

Malaya. Newsletter Geological Society Malaysia, 15, 2-4. 

 

Süzen, M.L. and Toprak, V. 1998. “Filtering of Satellite Images in Geological Lineament 

Analyses: An Application to a Fault Zone in Central Turkey”, International Journal of 

Remote Sensing, 19(19), pp.1101-1114.  

 

Tan, G.Y., Ting, W.H., Toh, C.T. 1985. Foundation for Srimara Complex, Kuala Lumpur. In: 

Proceedings of the 8th SoutheastAsian Geotechnical Conference, Kuala Lumpur, 11-

15 March, 1985, 1. Kuala Lumpur: Organising Committee, 1985, P4/68 -P4/72. 

 



© C
OPYRIG

HT U
PM

 

 

243 

Tan, B.K. 1986a. Geological and Geotechnical Problems of Urban Centres in Malaysia. In: 

Proceedings of LANDPLAN IISymposium, Kuala Lumpur, April 1984, Association 

of Geoscientists for International Development, Kuala Lumpur, 10-14. 

 

Tan, B.K. 1986b. Use of Standard Penetration Test of ground interpretation – some examples 

from Peninsular Malaysia. In:Proceedings of the 5thCongress of the International 

Association of Engineering Geology, Buenos Aires, 839 – 846. 

 

Tan, B.K. 1987. Geology and urban development of Kuala Lumpur, Malaysia. In: 

Proceedings of LANDPLAN III Symposium, Hong Kong, December 1986, 

Association of Geoscientists for International Development, Hong Kong, 127-140. 

 

Tan, B.K. and Komoo, I. 1990. Urban geology: case study of Kuala Lumpur, Malaysia. 

Engineering Geology, 28, 71-194 

 

Tan, B.K. 1996. Project KLCC: Geology, soils and foundations. Warta Geology, 22 (2), 73-

74. 

 

Temesgen, B. Mohammed, M.U. Korme, T. 2001. Natural hazard assessment using GIS and 

remote sensing methods, with particular reference to the landslides in the 

Wondogenet area, Ethiopia. Phys Chem Earth Part C 26:665–675 

 

Ting, W.H. 1986. Foundation problems in limestone areas, Foundation Problems in 

Limestone Areas of Peninsular Malaysia, Geo. Eng. Tech. Div., IEM. 13-24. 

 

Trifonov, V.G., Makarov, V.I., Safonov, YU.G., Florensky, P.V. (Eds.), 1983. Space 

Information for Geology. Nauka, Moscow 535pp., in Russian with English contents. 

 



© C
OPYRIG

HT U
PM

 

 

244 

Vassilas, N. Perantonis, S. Charou, E. Tsenoglou, T. Stefouli, M. Varoufakis, S. 2002. 

Delineation of lineaments from satellite mdata based on efficient neural network and 

pattern recognition techniques. In: Proceedings 2nd Hellenic conference on 

AI,SETN-2002, Thessaloniki, Greece, pp 355–366. 

 

Waltham, A.C. and Fookes, P.G. 2003. Engineering classification of karst ground conditions 

/ Speleogenesis and Evolution of Karst Aquifers 3 (1), www.speleogenesis.info, 20 

pages, re-published from Quarterly Journal of Engineering Geology and 

Hydrogeology,  vol. 36, pp. 101-118. 

 

Wang, J. Howarth, P. 1990. Use of Hough transformation in automated lineament detection. 

IEEE Transactions on Geoscience and Remote Sensing 28 (4), 561–566. 

 

Wang, Y., Liao, M., Sun, G., Gong, J., 2009. Analysis of water volume, length, total area and 

inundation area of the Three Gorges Reservoir, China using SRTM DEM data. 

International Journal of Remote Sensing 26 (18), 4001–4012. 

 

Willenberg, H., Eberhardt, E.,  Loew, S., Mcdougall, S.,   Hungr, O. 2008. “Hazard 

Assessment And Runout Analysis For An Unstable Rock Slope Above An Industrial 

Site In The Riviera Valley, Switzerland” Landslides, DOI 10.1007/s10346-009-0146-7. 

 

Whitman, D. & Gubbels, T. 1999. Application of GIS to triggering phenomena of sinkholes 

in central Florida: Porceedings of the 7
th 

multisciplinary conference on sinkholes and 

the engineering and environmental impacts of karst. Hesrshey, Penn.:PELA. 

 

Wilson, W.L. and. Beck, B.F. 1988. Evaluating Sinkhole Hazards in Mantled Karst Terrain. 

Geotechnical Aspects of Karst Terrains Special Volume. New York, NY, American 

Society of Civil Engineers, pp. 1-25 

 



© C
OPYRIG

HT U
PM

 

 

245 

Wilson, W.L. 1998. Basic Principles of Ground Penetrating Radar, Subsurface Evaluations, 

Inc., Tampa, Florida, 27 p. 

 

Wise, S. 1998. The effect of GIS Interpolation errors on the use of digital elevation models in 

geomorphology. In: S.N. Lane, K.S. Richards and J.H. Chandler (Editors), Landform 

Monitoring, Modelling and Analysis. British Geomorphological Research Group 

Symposia. John Wiley & Sons Ltd, Chichester, pp. 139-164. 

 

Wobus, C., K. Whipple, E. Kirby, N. Snyder, J. Johnson, K.Spyropolou, B. T. Crosby, and 

D. Sheehan, 2006, Tectonics from Topography: Procedures, Promise and Pitfalls, in 

S. D. 

 

Wood, J. and Fisher, P. 1993. Assessing interpolation accuracy in elevation models, IEEE 

Computer Graphics and Applications, 13 (2), pp.48-56. 

 

Wood, J.D. 1996. The geomorphologic characterization of digital elevation models. PhD 

Dissertation, University of Leicester, UK. 

Woodcock, N.H. 1977. Specification of fabric shapes using an eigenvalue method: 

Geological Society of America Bulletin, vol.88, p.1231-1236.  

Xeidakis, G.S.,  Torok,  A., Skias, S., Kleb, B. 2004. Engineering Geological Problems 

Associated With Karst Terrains: Their Investigation,Monitoring, And Mitigation And 

Design Of Engineering Structures On Karst Terrains. Bulletin of the Geological 

Society of Greece vol. XXXVI. 

 

Yeap, E.B. 1985. Irregular topography of the subsurface carbonate bedrock in the Kuala 

Lumpur area. In: Proceedings of the 8
th

 Southeast Asian Geotechnical Conference, 

Kuala Lumpur, 11-15 March, 1985, 1. Kuala Lumpur: Organising Committee,1985, 

P4/1-P4/12. 

 



© C
OPYRIG

HT U
PM

 

 

246 

Yokoyama, R., Sirasawa, M. Kikuchi, Y. 1999. Representation of topographical features by 

openness. Journal of the Japan Society of Photogrammetry and Remote Sensing 38 

(4), 26–34 (in Japanese with English abstract). 

Yokoyama, R., Sirasawa, M., Pike, R. J. 2002. Visualizing topography by openness: A new 

application of image processing to digital elevation models: Photogrammetric 

Engineering & Remote Sensing, vol.68, no.3, p.257-265.  

Yoshida, T., Kanisawa, S., Yokoyama, R., Sirasawa, M., Ohguchi, T. 1999. Refinement of 

geological map by referring to highresolution DEM and the derived digital maps. 

Application to the Study of Late Cenozoic Caldera Swarm in the NE Honshu Arc, 

Japan. AGU 1999 Fall Meeting, EOS, Trans., vol. 80,p. F1088. 

 

Yoshida, T., Kanisawa, S., Yokoyama, R., Sirasawa, M., Prima, O. D. Hasenaka, T., 

Ohguchi, T. 2000. Digital maps of synthesized from 50m-mesh DEM: (3) 

Identification of volcanic landforms.The Joint Meeting of Earth and Planetary 

Science. 

Young,  A. 1972. Slopes. Oliver and Boyd, Edinburgh 288 pp. 

Zabidi, H. and De Freitas, H., M.  2006. Structural Studies For The Prediction Of Karst In 

The Kuala Lumpur Limestone, The Geological Society of London 2006 IAEG2006 

Paper number 264. 

 

Zhou, Q., and Liu X. 2004a. Error analysis on grid-based slope and aspect algorithms. 

Photogrammetric Engineering and Remote Sensing 70: 8, 957–962. 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

 

263 

BIODATA OF STUDENT  

 

Samy Ismail Mohamed Mohamed Elmahdy was born in Al Qalubia government, Egypt in 

1964. He obtained his early education at Al Qalag Primary School and Al Kankah Secondary 

School. He studied geology at Ain Shams University, Cairo, Egypt where he obtained his 

B.Sc. degree in 1987. He then joined ministry of education, Dubai, UAE as a geology senior 

teacher during the period from 1991 to 2004. Then he proceed with his master degree in 

remote sensing at the department of remote sensing, University Teknologi Malaysia in 2006. 

His current research interests include geology, hydrology and remote sensing applications. 

Now he is a PhD student in Institute of Advanced Technology, Universiti Putra Malaysia 

(ITMA). Currently, he is a potential reviewers for Hydrology journal, journal of 

contamination hydrology and journal of geological and geotechnical engineering.   

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

 

264 

LIST OF PUBLICATIONS  

 

Proceedings  

 

 

SAMY,  I., SHATTRI, M., BUJANG, B.K.,  AHMAD, R.M., 2009 (abstract)."Geohazard 

Aspect And Geological Engineering Parameters Estimation of Kuala Lumpur 

Limestone", south east Asia congress (SEASC) 2009 at Bali, Indonesia. 

 

SAMY,  I., SHATTRI, M., BUJANG, B.K.,  AHMAD, R.M., 2009 (abstract). 

Geotechnical Modeling Of Fractures And Cavities That Associated With 

Geotechnical Engineering Problems In Kuala Lumpur Limestone, Regional 

Conference on Environmental and Earth Resources “Conservation & Sustainability” 

7th – 8th December 2009 at MS Garden Hotel, Kuantan, Pahang, Malaysia. 

 

SAMY,  I., SHATTRI, M., BUJANG, B.K.,  AHMAD, R.M., 2009. Development 

Detection of Fractures and Cavities Model for Engineering Purposes: Case Study of 

Kuala Lumpur Limestone, International Symposium and Exhibition on 

Geoinformation 2009. August 10-11, 2009. 

 

SAMY,  I., SHATTRI, M., BUJANG, B.K.,  AHMAD, R.M, 2009. Automatic Detection 

of Buried Fractures Signature in Karst Terrain Using Remote Sensing and GIS, 

International Advanced of Technology Congress (ATCi), PWTC, Malaysia. 

November 3-5, 2009. 

 

SAMY,  I., SHATTRI, M., BUJANG, B.K.,  AHMAD, R.M, 2010 (abstract). Application 

of Digital Terrain Parameterization To The Study Of Spatial Pattern Of Buried 

Geological Fractures In Karst Terrain' 2010 IEEE International Geoscience and 

Remote Sensing Symposium (IGARSS), July 25 – 30, 2010, Honolulu, Hawaii, USA. 

 

 



© C
OPYRIG

HT U
PM

 

 

265 

SAMY,  I., SHATTRI, M., BUJANG, B.K.,  AHMAD, R.M, 2010. Characterization And 

Mapping Of The Buried Geologic Fractures And Karst Features From DEM-Derived 

Raster Maps: Case Study Of Kuala Lumpur Limestone, Malaysia. World Engineering 

Congress 2010, 2nd – 5th August 2010, Kuching, Sarawak, Malaysia Conference on 

Geomatics and Geographical Information Science 

 

Peer review international journals  

 

SAMY,  I., SHATTRI, M., BUJANG, B.K.,  AHMAD, R.M., 2010a. Geotechnical 

modeling of fractures and cavities that are associated with geotechnical engineering 

problems in Kuala Lumpur limestone, Malaysia Environ Earth Science DOI 

10.1007/s12665-010-0497-3. 

 

SAMY,  I., SHATTRI, M., BUJANG, B.K.,  AHMAD, R.M., 2010b. Topographic 

openness algorithm for characterizing geologic fractures of Kuala Lumpur limestone 

bedrock using DEM, Journal of Geomatics. Vol 4 No.2 October 2010. 

 

SAMY,  I., SHATTRI, M., BUJANG, B.K.,  AHMAD, R.M, 2011a. Application of terrain 

analysis to the mapping and spatial pattern analysis of subsurface geological fractures 

of Kuala Lumpur limestone bedrock, Malaysia. International Journal of Remote 

Sensing Vol. 33, No. 10, 20 May 2012, 3176–3196 

 

SAMY,  I., SHATTRI, M., BUJANG, B.K.,  AHMAD, R.M, 2011., 2011b. Structural 

geology control the limestone bedrock that associated with piling problems using 

remote sensing and GIS: a modified geomorphology method. Environ Earth Science. 

DOI 10.1007/s12665-011-1440-y 

 

 

 

 

 

 


	ITMA 2012 15.pdf
	DEVELOPMENT OF A VISUALIZATION MODEL FOR DETECTING FRACTURESIN KUALA LUMPUR LIMESTONE FOR GEOLOGICAL ENGINEERING PURPOSES
	Abstract
	TABLE OF CONTENTS
	CHAPTER 1
	REFERENCES




